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FOREWORD 

One of the most remarkable feats of large-scale staffing for a highly techni
cal occupation was the replacement of approximately 11,000 air traffic con
trollers by the Office of Personnel Management and the Federal Aviation 
Administration (FAA) following the PATCO strike in August 1981. This was 
enabled, in part, by extensive research regarding air traffic controller 
performance requirements and by the new Air Traffic Controller Selection Test 
Battery developed by FAA research scientists. When adopted for use in October 
1981, this controller selection battery reduced attrition in controller 
training from 57 percent to 29 percent. 

A major part of this report consists of an integrated presentation of the 
significant research efforts that resulted in the adoption of the new selec
tion test battery. The final section of the report describes the new National 
Airspace System plan, announced by the FAA's Administrator in December 1981. 
It analyzes the implications of this new automation program for the future of 
the controller job and for selection of controllers in the new system. The 
analysis presented suggests that much coordination may yet be needed between 
systems engineers, who are designing the hardware and computer software, and 
human factors specialist·s, who are concerned with the compatibility of the 
system and the human operator, before a viable system is finalized. 

This report not only brings together in one integrated volume the previously 
scattered and largely unpublished results of a successful research activity of 
the utmost importance to American aviation, it also sets the record straight 
on many widespread misconceptions about air traffic controllers--such as 
stress and the impact of prior aviation experience, age, sex, and education on 
controller job performance. It presents a history, an up-to··-1ate account of 
the current situation, and a view of the future. 
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Chapter 1 

INTRODUCTION AND OVERVIEW 

S. B. Sells and Evan W. Pickrel 

Two events around the end of 1981 marked the culmination of develop
ments, initiated considerably earlier, that must be regarded as major 
landmarks in the history of the National Airspace System (NAS) of the United 
States. These were the adoption of the new selection test battery for ATC 
applicants, in October 1981, and the announcement of the new Airspace System 
Plan, in December 1981 (Federal Aviation Administration, 1981). The new 
test battery is the outcome of a test development and validation research 
program of a caliber comparable with that of the pilot selection program of 
the United States Army Air Forces in World War II, and has already reduced 
attrition in ATC training from 57% to 29%. One of the major purposes of 
this book is to present the relevant research on the ATC test battery, pre
viously widely scattered in published and unpublished technical reports and 
memoranda, in a single, systematic document. 

The new NAS Plan will not only replace aging and obsolescent equipment 
with modern, state-of-the-art, solid-state, computers and communications 
equipment, for greatly increased safety and efficiency, but will also intro
duce higher levels of automation, modernize the flight service station 
network to improve the dissemination of flight and weather data to pilots, 
and deploy new radar, communications, and airport landing systems to further 
enhance safety and provide more efficient traffic flow. By the year 2000, 
the system is expected to provide automated decision-making. One of the 
salient effects of the new system, that requires the most careful study, 
will involve changes in the role of the air traffic controller and possibly 
new requirements for controllers at some point in the transition. A second 
purpose of this book is to review the new NAS Plan from the vantage of con
troller selection and to begin to identify changes in the role and functions 
of the controller in the future, as the system evolves from its present 
(1982) form. The Plan is to introduce changes in an evolutionary fashion 
and projections concerning controller functions must take account of the 
expected status of the system at different stages of the replacement process. 

The new test battery for controller selection must be regarded as a 
major advance in the application of scientific, actuarial methods to the pre
employment selection of personnel for a highly skilled technical specialty. 
It involved both innovation in test content, compared to the approaches that 
had become standard since World War II, and comprehensive concern with virtu
ally every detail of a complex, sensitive area. The story of this outstanding 
program, which is reported in the first 23 chapters (Parts I through IV), is 
both a research document of major importance and a reference document for 
professionals and students in the field of personnel selection. 

At almost the same time that the new test battery became operational, 
the announcement of the new NAS Plan gave warning that changes would be re
quired in the selection program, perhaps within the next 10 years, depending 
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on the rate at which new computers, radar; and communications systems come 
on line and pre-empt the customary functions of the controllers, and the ex
tent to which the resulting changes levy new requirements for those who will 
perform the new functions. These issues are addressed in Part V, which sum
marizes the projected developments, examines the changes expected in the job 
of the controller, and suggests new research and development to bring the 
selection procedures in line with requirements. Much of this analysis is 
necessarily speculative. However, the first step in every new research enter
prise must be concerned with conceptualization, formation of hypotheses, and 
definition of alternatives, and at the outset must be considered speculative. 

ISSUES IN PRE-EMPLOYMENT SELECTION RESEARCH 

The purposes of pre-employment selection for any job, but particularly 
for those such as airline pilot and air traffic controller, that are highly 
technical and involve special skills, are to identify, within a population of 
applicants, the subset that is most likely to complete technical training and 
perform the job successfully at the entry level, and to advance to higher 
levels of skill and responsibility, with experience on the job. The appli
cation of scientific methods to selection, based on field validation of 
objectively scored tests and other predictors, against reliable measures of 
performance of the job, was demonstrated on a large scale in programs to 
select pilots and other air crew members by the Aviation Psychology Program 
of the United States Army Air Forces in World War II. More extensive discus
sions of the issues addressed in this section can be found in Guion (1965), 
Magnusson (1966) and other textbooks. 

Actuarial selection, as this is generally called, stands in contrast to 
clinical·selection, which is based most commonly on interviews by personnel 
specialists, supervisors, or psychologists. The critical differences between 
the two approaches are that: (1) actuarial selection is based on probabili
ties generalized from empirical experience, using a scientific research design, 
while clinical selection is more intuitive, depending on the judgment and ex
pertise of the interviewer, for which probabilities are not usually calculated; 
and (2) in actuarial selection, probabilities are used for groups or "batches" 
of applicants who have attained particular scores, but not for individual 
applicants, whereas clinical selection attempts to form a judgment concerning 
each applicant. The history of pre-employment selection favors the accuracy 
of actuarial selection for occupations involving large numbers of employees, 
by an overwhelming margin, but only in those instances where the methods have 
been appropriately employed. · 

Actuarial methods are very demanding and require research designs for 
validation in which special attention is required to the samples of subjects 
tested, the selection of predictor measures, the conditions of data collection, 
the criteria used as measures of job success, and the type of analysis per
formed. Each of these components is critical, as discussed briefly below. 

Subject samples. Because scores based on selection tests and other pre
dictors have probabilistic implications, prediction equations must be based on 
large samples of applicants (or incumbents, as discussed later). Although the 
definition of "large" may vary with the situation, sample size should generally 
exceed several hundred and several thousand would be preferred. In order to 
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generalize experimental data to operational conditions, it is desirable that 
the composition of the test population be comparable to that of the target 
population with respect to status at the time of testing, and proportions by 
age, sex, race-ethnic group, educational background, and other variables 
deemed to be relevant. 

Selection of predictor measures. Since the utility of a selection instru
ment (e.g. test) or battery of instruments depends mainly on its correlation 
with an acceptable criterion of job success (that is, its validity), and since 
testing and validation of experimental predictors is expensive and time
consuming, it is desirable to start out with a set of candidate predictors 
that are likely to correlate well with the chosen criterion. This is a most 
important step that should not be taken without insightful job analysis, to 
identify the critical aptitudes, background, knowledge, skills, and other 
human attributes involved in learning to do the job and performing it success
fully. This implies intimate knowledge of the target job·with respect to the 
environment, equipment, procedures, and organizational structure involved, the 
training and prior experience required, the criteria for distinguishing effec
tive from ineffective performers, and the characteristics of effective and 
ineffective performers. Whenever any of these parameters changes, it is im
portant to assess the effects of such change on the person requirements. 

The predictors that are finally selected from among all the candidate 
measures tried out experimentally will be those that correlate most consis
tently and most highly with the criterion and that do so independently of 
other predictors. It should be understood that reasonably high correlation 
between a predictor and a criterion implies that individuals who score high 
on that predictor also score high on the criterion (of job performance) , and 
vice-versa. This is the acid test of predictive validity for any test or 
person characteristic assumed to be relevant to job performance. 

All predictors that pass this test are relevant, but some that are con
sidered relevant may not predict. Failure to predict may reflect: (1) that 
the proposed predictor is not related to the criterion (not relevant), or 
(2) that virtually all candidates have similar scores (there is no variance) 
on the predictor (e.g., if basic literacy were included as a test for air 
traffic. controllers), or (3) that the factor measured by the predictor is 
either not represented in the criterion or unimportant in the criterion as 
measured (this is frequently the case'with such personality variables as 
social adaptability and dependability). Of course, predictor tests, parti
cularly those that measure these and other personality variables, must also 
be assumed to have demonstrated validity as measures of. what they purport to 
measure, before they are accepted for try-out. 

Predictive validity, as represented by the correlation of experimental 
predictors with criteria, is an objective, empirical test of the acceptability 
of proposed predictors in selection research. If "expert" opinion is valid, 
it can be confirmed by such a test. If it fails the test, there is a data
based reason to reject it. In dealing with human behavior, almost anyone can 
be an expert, but validation research is the only dependable test. 

In selection researr.h in general, the best results have been obtained 
with tests of cognitive and motor skill aptitudes and abilities and with tests 
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of technical knowledge, which are most commonly well-repr~sented in the cri
terion measures. On the other hand, results with personality and temperament 
measures have been at best marginally successful, partly because of limita
tions of the personality measures commonly employed, and partly because of 
the way that criterion measures are defined. In addition, an impo~tant re
quirement for all measures used, both predictor and criterion, is reliability, 
or consistency, which places an upper limit on any correlations that may be 
obtained. All too often, the graveyard of failed selection studies is marked 
by unreliable predictors or criteria, or both. 

Conditions of data collection. The term prediction is frequently used 
as a goal of correlation, in the sense that a high correlation enables the 
prediction of the .criterion based on knowledge of the (predictor) ·test scores 
{by means of a regression equation). Prediction is also used in another 
meaning, to distinguish between two types of study design. The first is the 
Predictive Study, in which the subjects are job applicants and the criteria 
are determined at a future time (at the end of training or on-the-job after 
completion of training) for those who are hired. The other is the Concurrent 
Study, in which the subjects are all employees (in training or further along 
on the job) and the criteria are determined concurrently (or sometimes even 
retrospectively). 

There are advantages and disadvantages to both approaches. The predic
tive design captures the competitive motivation of job applicants, to do 
well on the tests, and is therefore realistic. However, it requires time 
delay for the criterion measures to mature and this may be administratively 
objectionable. The concurrent design utilizes subjects who have already been 
hired and their motivation in completing the tests might adversely affect the 
test results. However, it produces results more quickly and often appeals to 
administrators because of the convenience of the procedure. 

Some investigators have arranged for tests taken in concurrent studies 
to be treated confidentially, so that individual scores are withheld from the 
employer. This is a desirable practice since it assures the employees tested 
that their test scores will not affect their employment status. 

Both designs are affected by the fact that since their data are based 
only on employees, who are presumably qualified for the job, the range of 
test scores and criterion measures is restricted, compared to the range that 
would be observed in a population of applicants. Restriction of range has 
the effect statistically of reducing the magnitude of correlations for any 
data set, and therefore ·of underestimating the validity coefficients computed 
by employee samples. The studies reported in this book reflect both types 
of design and include procedures developed to make corrections for restric
tion of range, in order to estimate the true correlations (validity 
coefficients). 

Criterion measures. Perhaps the greatest limitation observed in selec
tion research, over the years, has been in the shortcomings of measures 
adopted as criteria of job success, with respect both to their reliability 
and also to the extent to which the measures used in various studies have 
truly represented actual job performance. Obviously, assessment of job 
performance is difficult; for example, questions such as how well does an 
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airline captain perform his job? or an EnRoute or Terminal tower controller? 
require complex decisions concerning behaviors to be included and design of 
tailored instruments to measure them. Without going into detail at this 
point (this topic is addressed in Part Ill), it is common knowledge that the 
most reliable, quantitative, and comprehensive criterion measures for selec
tion purposes have involved measures representing assessment of performance 
during training, such hs ~ass-fail of the training program, course test 
scores, and grades, and comprehensive final assessments. For on-the-job 
performance, global ratings by supervisors are generally believed to be less 
reliable than differential, task-oriented, behavior-based supervisor ratings, 
but both have been used successfully in carefully structured situations; 
trait-oriented rating forms (e.g., honest, reliable, motivated, etc.) have 
been found to be generally worthless. 

The criterion measures employed in the research reported throughout this 
book included both during-training and on-the-job assessment, and the ration
ales, methods of data collection, and in most cases, the reliability of the 
measures used, are reported in the text. 

Analytic methods. The correlation of a predictor measure with the cri
terion is a "raw" validity coefficient. The extent to which this figure can 
be generalized for future operational use of the predictor as a selection 
instrument depends on the representativeness of the sample with respect to 
the target population; the sample size, which affects the stability of the 
data; the conditions of test administration and data collection with respect 
to the status of the persons tested as applicants or as employees; and confi
dentiality. Some of these issues can be examined statistically; for example 
it is possible to test the representativeness of sample data; to analyze vari
ations among subgroups defined by age, sex, race-ethnicity, or other factors; 
to calculate reliability estimates and standard errors of estimate; and to 
estimate "true values," making adjustments for unreliability of measures and 
restriction of range. 

The correlation between a single predictor and a criterion is designated 
by the symbol "r," while the multiple correlation between a set (or battery) 
of predictors and a criterion is designated by the symbol "R." The prediction 
equation calculated from the data used in computation of ~ is called a 
regression equation, and from !• a multiple regression equation. The weights 
assigned to predictors in a multiple regression equation, indicating their 
differential contribution to the total, composite prediction score, are 
called regression weights, and these may be expressed in standard score form 
(beta weights) or raw score form (b weights). 

A procedure that has become common practice in validation research is 
that of testing the stability of miltiple regression results by cross-validation 
on one or more independent samples. Failure to replicate results by cross
validation throws doubt on the initial results, while successful cross
validation increases the likelihood that the results will generalize by the 
product of the probabilities obtained independently in the samples investigated. 

Interpretation of the magnitude of ~ or !• which affects the accuracy 
of predictions based on the relationship denoted, is based on the coefficient 
of determination, obtained by squaring~ or R. The squared correlation (r2or R2) 
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indicates the percentage of common variance, or the extent to which the pre
dictor(s) and criterion reflect common factors. Figure 1 shows that r2 
(or R2) is initially lower and then increases by progressively larger steps 
as r(or R) increases in uniform steps from zero to unity, illustrating that 
the magnitude of the relationship changes with equal increments of the cor
relation coefficient. Thus, a correlation of .40, which is in the higher 
range of correlations usually obtained in industrial pre-employment selection 
research, accounts for only 16% of variance in common with the criterion, 
while a correlation of .20, which appears half as great, accounts for only 4%. 
It should be noted that correlations in the range of .40 to .60 can provide 
extremely effective selection, when compared with alternatives that correlate 
with the same criteria at levels below .20. 

Significance and causality. A universal condition of human measurement 
is that of error, which is reflected in test scores as a result of a myriad 
of causes, such as ambiguities and other shortcomings of tests, distractions 
or other aspects of the testing situation, variations in individual effici
ency, attitude, and well-being at the time of testing, errors in scoring, 
transcribing, and processing of data, and many others. Consequently, psycho
metricians assume that an actual, obtained score, as well as statistics 
computed, such as means, is composed of the true score plus error. While 
every effort is made to exclude error that can be controlled by the examiner 
(by maximizing test reliability and validity, standardizing testing and pro
cedures, and checking all data carefully), probability statistics are employed 
to estimate error and to guide interpretation and adjustments to compensate, 
where possible. For example, the reliability of a test can usually be in
creased by increasing the number of items, assuming that a pool of relevant, 
unambiguous, and properly constructed items is available initially, and the 
statistical significance of a correlation coefficient can be increased by 
increasing the size of the sample of persons tested, assuming that the age, 
sex, ethnic, and other background mix remains the same, if additional sub
jects are available. 

Significance tests are usually evaluated in terms of probability. For 
example, the standard error of a correlation coefficient is used to calculate 
the probability that the obtained correlation differs significantly from 
zero, and this is conventionally expressed as a~ (probability) value. The 
borderline value p < .05, generally accepted as indicating significance, 
means that the chances are less than 5 in 100 that a'correlation of the mag
nitude obtained would occur by chance alone (between the variables involved) 
in an infinite series of replications of the data. Similar interpretation 
applies for p < .01 (one chance in 100) and other values that may be calculated. 

Since the standard error (and p value) is a function of sample size, 
a distinction must be made between statistical significance, which, refers to 
the probability of approximating the true correlation for the population from 
which the study sample was drawn, and practical significance, which refers 
to the power of prediction afforded by the correlation obtained, regardless 
of statistical significance. A correlation of .10, obtained for a sample of 
10,000 applicants, would be highly significant (p < .001) statistically, but 
would not afford significant predictive power. 
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Another important distinction to be understood is between correlation, 
which describes the degree of covariation between a pair of variables, and 
causality, which implies that the relationship between them is such that the 
occurrence of one results in a predictable effect with respect to the other. 
Often, the correlation between two .variables may be the result of their com
mon relation to a third variable, as for example, height and scores on a 
school achievement test correlate fairly well (around .60) because of their 
common relation to age. As a general rule, one should make no inferences 
concerning causality from correlation data alone. 

Utility of proposed tests. After the predictive validity of a proposed 
test or test battery is determined, there still remains the task of analyzing 
its utility for operational use. This involves a number of considerations, 
including (1) the development of composite predictor scores, (2) the gain, 
over existing selection procedures, in the percentage of successful candi
dates, at various levels of predictor score (cutting scores), which can be 
demonstrated by means of some form of expectancy table, (3) the consistency 
of various cutting scores for subgroups of the applicant population (men, 
women, race-ethnic groups, etc.), (4) the yield in successful cases in rela
tion to ~esting time required; and (5) assessment of the consequences of 
shortening the battery (if necessary), in terms of yield. Related consid
erations, such as the feasibility of including tests that require special 
apparatus for administration, and the inclusion of items that may for any 
reason be controversial, should be addressed in the preliminary stages of 
the research. Finally, problems of security of tests and scoring keys must 
be addressed in order to prevent compromise, should control of vital infor
mation be lost. This usually implies the necessity of constructing sufficient 
alternate forms of tests to enable replacement immediately should a need arise. 

Fairness. In a diverse, multi-ethnic population, such as that of the 
United States, and also in bilingual populations, as in Canada, it is possible 
to give an advantage to one group over others that may result in significant 
differences in test scores, by choosing test items that afford differential 
facility in responding, because of differential linguistic, cultural, educa
tional, and economic background. Indeed, this problem even applies to sex 
groups, since male and female developmental experience, and hence knowledge, 
skills, and physical capabilities are in many ways a function of prescribed 
sex roles. 

Concern with this general problem arose in the United States in the 
1930's, when it was claimed that mean differences, often as high as 15% to 
20% between white and black school children on intelligence and other verbal 
tests were attributable to built-in cultural bias in tests, designed mainly 
by middle and upper-middle class white psychologists, rather than to biologi
cal differences between the "races." The controversy on this issue has raged 
for over 50 years and is not yet resolved. However, efforts have been made 
in educational testing to devise "culture fair" and "culture free" tests, 
but with extremely modest success. 

In the area of pre-employment testing, the issue of fairness is compli
cated. Although it is considered desirable to give every applicant an equal 
opportunity to be selected for a job for which he or she applies, without 
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penalty for race, color, sex, age, or other personal attribute, it is also 
imperative that persons selected, particularly for such critical jobs as air
craft pilot and air traffic controller, be capable of performing the job suc
cessfully. Both of these issues were recognized by the Equal Employment 
Opportunity Commission, the Civil Service Commission (now the Office of 
Personnel Management), and other cognizant federal agencies, and the Uniform 
Guidelines in Employee Selection Procedures, adopted for federal employment 
in 1978, provide what is generally regarded as an equitable solution. This 
is explained ir. Chapter 22 in relation to the new controller selection test 
battery adopted in October 1981, and e~sentially prescribes that if adverse 
impact for any sex, age, or racial minority groups is found for any proposed 
selection procedure, then a positive demonstration of predictive validity 
{job relevance) and fairness (in application of regression results) must 
be made. 

WHAT AIR TRAFFIC CONTROLLERS DO 
AND THE SYSTEMS IN WHICH THEY WORK 

The purpose of Air Traffic Control (ATC) was described in a report on 
Air Traffic Control Specialist (ATCS) training (Henry, Kamrass, Orlansky, 
Rowan, String, & Reichenbach, 1975), as follows: 

"The purpose of air traffic control (ATC) is to ensure safe 
and efficient movement of aircraft. Control of aircraft in the 
National Airspace System (NAS) is done from the ground, and it is 
designed to keep aircraft separated from each other and to expedite 
the flow of traffic. Control facilities develop information from 
a variety of sources, including long-range surveillance radars, 
local airport radars, adjacent control areas, and by direct vision 
from towers. Air traffic control is exercised at terminals and 
between terminals. Control between terminals is called en route 
control. En route control in the continental United States is 
distributed among 20 air route traffic control centers (ARTCCs) 
for aircraft operating on instrument flight rules (IFR). Terminal 
control facilities can be divided into those capable of handling 
traffic operating on IFR and those that can handle only aircraft 
op~rating under visual flight rules (VFR). Controllers are usually 
classified by the kind of facility in which they operate, i.e., en 
route, IFR terminal, and VFR terminal. Training programs for 
controllers are designed for each of these specialties" (p. 7). 

Air traffic controlling involves many human tasks that have been clus
tered into a set of jobs that comprise the ATCS occupation. In broad terms, 
the skills required to perform these jobs include problem solving, decision 
making, information processing, oral communication, coordination, and equip
ment operation. The knowledge requirements are extensive and relate to 
regulations, operating procedures, air navigation, piloting, weather, and 
sector mapping. Since the critical skills are cognitive, selection proce
dures emphasize assessment of cognitive facility. 

The jobs of the ATCS can be described in terms of these categories, 
located at Terminal (Tower) , Air Route Traffic Control Centers - ARTCCs 
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(EnRoute Centers) and Flight Service Stations (Stations). Flight Service 
Station (FSS) specialists provide advisory services only, to general avi
ation pilots. The following discussion of these specialties includes 
excerpts from the description of the new NAS Plan (Federal Aviation 
Administration, 1981). 

Terminal Air Traffic Control. The Terminal air traffic controller 
works with aircraft during takeoff and landing, using direct vision, radio 
communication, or radar to obtain information concerning the position and 
course of the aircraft, and communicating with pilots by radio. 

"The three major types of facilities used in terminal air traffic con
trol are the airport traffic control tower (ATCT), terminal radar approach 
control (TRACON), and terminal radar approach control in the tower cab 
(TRACAB). Located on airports, the ATCTs are the most common,. as well as 
the most visible, of the three. Their purpose is to separate aircraft, 
sequence aircraft in the traffic pattern, expedite arrivals and departures, 
separate aircraft on the landing areas, and provide clearance and weather 
information to pilots. 

"The second most common are the TRACONs that control airspace around 
airports with high-density traffic. TRACON controllers separate and sequence 
both arriving and departing flights. Normally, each TRACON is associated 
with one ATCT and located within the same building. However, a TRACON may 
be remotely located and may serve more than one ATCT. The third type, the 
TRACAB, serves a function similar to that of the TRACON. TRACABs are loca
ted within tower cabs at airports with low-traffic density. 

"All terminal air traffic control facilities are equ~pped with radio 
communications to aircraft, telephone communications to air· route traffic 
control centers and flight service stations, and have a variety of equip
ment for observing, detecting, receiving, and displaying weather information. 

"Radios and telephones are major tools of the terminal controller. 

"Terminal ground-to-air communications are conducted with VHF or UHF 
transmitters and receivers. Current ATC ground-to-air communications require 
many frequency changes as aircraft move through the system. Terminal ground
to-ground communications use a variety of old switching.systems. These 
systems are leased and range in complexity from the systems used in many 
small ATCTs to Western Electric 301, and 301A systems used at TRACONs. 

"The display of information on aircraft position in the traffic pattern, 
aircraft identity, and aircraft altitude greatly assists the controller. 
This information, obtained by surveillance radar, is required in areas of 
high traffic density. Radar information assists in separating aircraft, 
expediting the traffic flow and allowing separation minima to be greatly 
reduced from those in non-radar operations. Terminal radar information is 
provided by airport surveillance radar (ASR); i.e., primary radar and air 
traffic control beacon interrogators (ATCBI) (i.e., beacon). 

"Radar information currently is processed and displayed by a variety of 
automation and display equipment depending on traffic density, required 

10. 

I 
I 

L 



capabilities, and the display environment. Current automated processing and 
display equipment came into general use during the 1970s. 

"Computers not only have relieved the controller of routine tasks but 
also give the controller information that assists in maintaining aircraft 
identification. In addition, information such as altitude and aircraft speed, 
which must be provided by the pilot in a non-automated environment, can be 
displayed by means of alphanumeric symbology. 

"The TPX-42, which is the 1east sophisticated of the terminal automation 
systems, is a non-programmable, numeric beacon decoder system. That is, 
information from an aircraft's transponder is decoded and displayed for the 
controller in numeric form along with normal radar data. It provides air
craft identification and altitude information for suitably equipped aircraft. 
TPX-42 is used at lower activity facilities. 

"The automated radar terminal system (ARTS II) is a programmable, non
tracking data processing system. Although it does not provide tracking, the 
ARTS II system does provide meaningful information to the controller, such 
as aircraft identification and altitude. Like TPX-42, the ARTS II derives 
its information from the aircraft's transponder. The ARTS II system may be 
interfaced with the ARTCC computer for the automatic exchange of information. 
The ARTS II is used for facilities having low-to-medium activity. At present, 
ARTS II has no unique software other than the basic operational program. 

"The automated radar terminal system (ARTS III) is a programmable, 
beacon tracking system. Based on information from the aircraft's transponder, 
the ARTS III detects, tracks, and predicts the position of aircraft in the 
terminal area. The information is displayed on the controller's radar scope 
by means of computer-generated symbols and alphanumeric characters, along 
with normal radar data. The computer displays aircraft identification, 
altitude, ground speed, and flight plan data. In addition, the ARTS III is 
interfaced with the ARTCC computer, allowing the computers to pass informa
tion between facilities. 

"As of 1982, ARTS III has been installed at medium-to-high activity 
terminal facilities and has provided two unique features, through programming. 
The first is the minimum safe altitude warning (MSAW). MSAW is a function 
of the ARTS III computer, that will alert the controller when a tracked air
craft, with altitude reporting capability, is below or is predicted by the 
computer to go below a predetermined minimum safe altitude. The second is 
conflict alert. Terminal conflict alert (CA) is a computer function that 
alerts the controller to the situation that aircraft are in close proximity 
and possibly require attention or action. 

"The automated radar terminal system (ARTS IliA) is an enhancement of 
the existing ARTS III system designed to meet increasing traffic demands in 
terminal airspace. The ARTS IliA is capable of tracking radar targets as 
well as transponder-equipped. aircraft. Thus, all aircraft that are within 
radar coverage of an ARTS IliA facility are candidates for computer process
ing. Like ARTS III, ARTS IliA interfaces with the ARTCC's computer and 
contains unique software features of MSAW and CA. 
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"Flight data entry and printout (FDEP) is not, in and of itself, auto
mated equipment. However, it does provide an automated means of printing 
terminal flight progress strips. FDEP equipment interfaces with the ARTCC's 
computer and is used extensively throughout the system to automatically pass 
flight plan information from ARTCCs to terminal approach control facilities 
and associated control towers. 

"Bright radar indicator tower equipment (BRITE) is a supplemental radar 
display system designed for use in the bright light environment of the ATCT cab. 

"The current terminal ATC system consists of over 400 ATCTs and nearly 
200 TRACON/TRACABs" ·(Federal Aviation Administration, 1981). 

EnRoute Center (ARTCC) Air Traffic Control. Controllers at Centers 
monitor some general aviation and all commercial aviation flights while they 
are en route to their destinations. They also issue instructions to pilots 
on proper altitudes and flight headings that they decide are necessary to 
maintain legal separation from other aircraft. They instruct pilots to 
ascend or descend to new altitudes or to change course to avoid severe weather 
or restricted flight areas. 

"A typical center is responsible for more than 100,000 square miles of 
airspace and hundreds of miles of airways in the sky which are like electronic 
highways to pilots. A center's geographic area is uaually divided into 30 
or more sectors, with a team of controllers responsible for each sector. 

"There are 20 air route tre.ffic control centers in the continental United 
States. There are five offshore centers located at Anchorage, Honolulu, San 
Juan, Panama, and Guam. The San Juan, Panama, and Guam centers are combined 
center radar approach controls (CERAPs). 

"Another integral part of the en route system is the central flow con
trol facility in Jacksonville, Florida. Central flow control serves as a 
focal point for evaluating and approving traffic flow redistribution, nation
wide management of air traffic flow, and provides authority for initiating 
systemwide flow control. Central flow control, associated with the airport 
reservations office (AR), relieves congestion at the busiest airports. When 
associated with the central altitude reservation function (CARF), it supports 
military operations and provides coordination of other activities requiring 
airspace protection. 

"These en route centers control all aircraft in the United States opera
ting under instrument flight rules (IFR) and not under control of military 
or other facilities. They provide separation services, traffic advisories, 
and weather advisories.· In addition, they track aircraft operatin~ under 
distress. The FAA en route system is, of course, an integral part of this 
country's national defense.system. 

"The air traffic control system determines correct aircraft separation 
based on radar data input. It also provides visual flight rules (VFR) traffic 
advisories, and fixed route clearances based upon separation. 

12. 

.. 



r 
"Most flight data, after being processed, are now displayed on paper 

strips torn from flight strip printers. This is a mechanical system requir
ing manual coordination and input by the air traffic controllers. Handoffs 
of aircraft from one controller to another, together with the required fre
quency changes, are also done manually. 

"The en route centers presently use 9020 computers developed in the 
1960s. The three offshore control centers use en route automated radar 
tracking systems (EARTS) computers to perform similar but more limited radar 
and flight data processing" (Federal Aviation Administration, 1981). 

Flight Service Station Specialists (FSSS). The FSS function is mostly 
advisory to the general aviation community (as distinguished from commercial 
air carriers). It includes the following specific services: accepting and 
closing flight plans, briefing pilots, en route communications with pilots 
flying VFR, assisting pilots in distress, disseminating aviation weather 
information, monitoring radio navigation stations, originating notices to 
airmen, working with search and rescue units to locate missing aircraft, and 
operating the national weather teletypewriter systems. 

There are more than 300 FAA Flight Service Stations. 

"At certain locations, flight service stations take weather observations, 
issue airport advisories, provide en route flight advisory service, and advise 
customs and immigration officials of .transborder flights. The stations also 
have communications equipment for relaying information to towers and air 
traffic control centers and for various other emergency services. 

"Of all the FSS services, none are more important to safety than those 
related to weather. 

"The FAA aviation weather system collects weather information and distri
butes it to both pilots and agency operations personnel. Weather information 
is collected largely with electromechanical devices that give wind direction 
and velocity and measure cloud ceilings. Facsimile weather maps and low-speed 
teletype equipment also are used. 

"FAA long-range air traffic radars also give two levels of contours to 
outline weather on en route radar displays for controllers and for center 
weather service unit (CWSU) meteorologists at the en route centers. Other 
aviation weather information comes from the National Weather Service, 
Aeronautical Radio, Inc. (ARINC), pilot reports, and observations made by 
agency personnel. 

"To get weather information to pilots, the agency depends on telephones 
and radio voice broadcasts, including advisories made over VOR radio stations 
used for navigation. At some locations, voice recordings disseminate mass 
weather information. For pre-flight briefings and in-flight advisories, 
direct communications between the pilot and flight service station specialist 
are used" (Federal Aviation Administration, 1981). 

Career path. Terminal and EnRoute air traffic controllers have a career 
program ladder that extends from the entry level (GS-7 for competitive 
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appointees from the OPM register or GS-5 for noncompetitive appointees) to 
GS-13, and GS-14 for Full Performance Level (FPL) journeyman radar control
lers. Following initial centralized training at the FAA Academy at Oklahoma 
City, the graduate works initially as a Developmental controller at the facil
ity at which he or she was hired. Developmental controllers receive on-the
job training and performance assessment and may progress through a series of 
competency levels that terminate with achievement of FPL, journeyman status. 

The FPL designation implies that an ATCS is fully certified to work at 
any controller position at a facility. Developmental training may require 
5 or more years to accomplish FPL status. Previously, unsatisfactory pro
gression was a basis for termination of employment at any stage of develop
mental training. However, as pointed out in Chapter 6, the system was 
changed in 1981 after the PATCO strike. In the new personnel system radar 
training is an advanced course at the Academy, for which developmental no.n
radar controllers must qualify. Non-radar controllers who fail to qualify 
for or to pass the radar course may now work out their careers in the non
radar status. Those who do qualify for and complete radar training, and who 
advance to FPL status, are expert professional specialists who have passed 
through rigorous screening, training, and on-the-job developmental training 
to qualify for this certification. 

PROJECTED NATIONAL AIRSPACE SYSTEM CHANGES 

In December, 1981, the Federal Aviation Administration announced the new 
National Airspace System, which is intended to reach high levels of automation 
around the year 2000. A detailed analysis of this plan, taking account of 
its impact on the ATCS function, is presented by Neal A. Blake, in Chapter 24. 
The conceptual approach and planned evolution of the Terminal, EnRoute, and 
FSS portions of the planned system are explained in the following extracts 
from the FAA December, 1981 NAS Plan report. 

Terminal System 

"The objectives of the terminal system improvement plan are to maintain 
a very high level of safety, impose minimum constraints consistent with effi
cient use of the system and at the same time minimize FAA operations costs. 
This involves extended use of automation and consolidation of the number of 
air traffic control facilities required. For the near term this means making 
hardware and software improvements to existing ARTS automation systems, and 
improvements to the facilities .and voice communication switching which co
exist with them. Over the intermediate term it involves replacement of the 
automation equipment to provide capacity for traffic growth, higher system 
reliability and the addition of safety and efficiency enhancements. 

"A common family of computers and smart sector suites will eventually 
be employed to improve air traffic productivity and provide significant cost 
savings by reducing the multiple life-cycle costs for training, supply support, 
engineering and software associated with TPX-42, ARTS II, ARTS III, and 
ARTS IliA. Computers provided to hub TRACONs will be subsets of those used 
for the en route centers and will employ common software. Sector suites used 
at hub TRACONs will be identical to those developed for the en route ARTCC 
and have identical processing capability. 
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"A modular version sector suite will be developed for ATCT use. It will 
contain identical processors but have unique displays for use in the space
limited, high intensity light environment of the ATCT cab. Sector suites 
will draw on terminal, en route, and FSS data bases and will satisfy the traf
fic control requirements for radar flight position, intent and identify infor
mation, flight data information, weather data information, and flow planning 
information. 

"In the long term, automation will be extended to create an integrated 
flow management system which will maximize airport capacity, smooth traffic 
flow and reduce aviation fuel consumption. Consolidation of terminal air 
traffic control facilities will be undertaken to increase controller and 
technician productivity. The 188 TRACON/TRACABs which currently exist will 
be consolidated into 30 newly established hub TRACONs or existing ARTCCs by 
the mid-1990s. The trend over the period will be to blend separate functions 
of terminal and en route air traffic control into 48 major ATC facilities 
and supporting ATCTs. Facility consolidation is expected to reduce the 
flight coordination between pilots and controllers and result in significant 
savings in equipment, personnel and operating costs. Upgrading automation 
and voice communication switching will be the cornerstones of facility 
consolidation." 

Near Term - to 1985. Near term improvements (to 1985) will "focus on 
higher productivity among air traffic controllers and Airway Faciliti2s 
maintenance technicians and control of communication costs. ARTS II machines 
will be upgr~ded. Software for conflict alert and MSAW safety improvements 
will be provided. Software to enhance conflict alert at ARTS III locations 
will be provided to reduce nuisance alarms. Enhancement of the controller 
training capabilities at ARTS III locations will be provided to expedite 
strike recovery. 

"ARTS III memory will be expanded to provide capacity for traffic growth. 
The capability to hand off aircraft and transfer flight data automatically 
between ARTS II and ARTCC facilities will be added to approximately 50 loca
tions to reduce controller workload. A similar ARTS-to-ARTS direct interface 
will be created. An automated ATC capability in the R-2508 restricted area 
of California will be created to prevent midair collision of civil and mili
tary aircraft. 

"Radar remoting to satellite ATCTs will be provided to reduce collision 
risk. Vacuum tube BRITE I and II displays will be replaced to improve tech
nician productivity. TRACON BRITEs will be eliminated to improve working 
conditions. An integrated communications switching system (ICSS) will be 
purchased on a competitive basis to decrease leased communications costs. 
Power conditioning systems will be provided to ARTS III locations to improve 
reliability. Research and development will start on sector suite and com
puter modernization with a host machine. 

"Research and development of automated airport advisory services are 
underway to determine the operational performance of a system targeted to 
supplement or replace VFR tower service. 0perational test of concepts to 
improve airport capacity will be conducted. Operational test of a runway 
configuration management system will be conducted at Chicago O'Hare. Research 
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on integrated flow management is underway. 
ernization and relocations will continue. 
will begin. . 

Sustaining ATCT and TRACON mod
Construction of hub terminals 

Intermediate Term- 1990. "During the intermediate term (1990), TPX-42s 
will be replaced and software for conflict alert and MSAW will be provided. 
Terminal hub consolidation and terminal-to-center consolidation will be well 
underway. Sector suites, tower sector suites, voice switching and control 
systems, and subsets of en route host computers will be combined to allow 
operations personnel to handle increased traffic without a proportional 
increase in staffing. Tower communications switching systems will be pro
vided to ATCTs which have not received ICSS in the near term to (1985). 
The large geographic areas of the new 30 hub TRACONs and the absorption of 
TRACON facilities into the ARTCCs will increase the similarity of terminal 
and en route systems. Improved weather product utilization'will result from 
the computer and sector suite. ATCT sustaining relocations and modernization 
will continue along with research into integrated flow management. 

Long term (to 2000). "Over the long term (2000), the FAA plans to com
plete terminal hub consolidation and terminal-to-center consolidation. 
Computer software will be implemented for integrated flow management products. 
Data link coverage will be extended down to 6,000 feet MSL and will be uti
lized to provide weather and clearances to aircraft. 

EnRoute System 

"Despite their capabilities, the current 9020 computer systems are not 
expected to prove adequate for handling the projected growth in aviation 
traffic beyond the late 1980s. 

"Major enhancements to the operational software are not possible because 
of capacity limits. For instance, the system is incapable of ensuring 100 
percent functional reliability or availability necessary for upgrading auto
mation. These higher levels of automation are being developed to further 
reduce operational costs, improve safety, and provide fuel savings for air
craft users. 

"In addition to its high hardware and software operating and maintenance 
costs, the present en route system is labor-intensive~ Moreover, equipment 
manufacturers cannot continue to support the system indefinitely, regardless 
of the cost. 

"FAA plans call for replacement of the central computer complex 9020 
computers in the mid-1980s with a host computer. (A ho&t computer is a 
replacement computer which uses existing software from another computer 
system.) This host computer will be capable of running the present 9020 
software package with minimal modifications. This will provide immediate 
relief for capacity restrictions from anticipated air traffic growth. 

"The new computer system will be designed for approximately 100 percent 
functional availability and reliability of en route services. Moreover, the 
new computers, software programs and displays, now under development, will 
be capable of providing both en route and terminal services. This will enable 
the agency to consolidate and.reduce the number of facilities needed. 
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Significant savings in manpower, rents, utilities, and energy costs will be 
realized. Use of the same system in en route and terminal facilities will 
also eliminate or considerably diminish the present, somewhat arbitrary, 
demarcation of services and thereby reduce operational overhead. 

"At the same time. the agency will begin action to procure new sector 
suites which include distributed processing minicomputers capable of handling 
the functions now resident in the display channel computers. This contract 
will also provide for development of replacement software programs parti
tioned to run in the host computers and sector suites. Major operations 
requiring centralized processing will be accomplished in the host, with all 
remaining functions performed within the individual sector suites. This will 
minimize the impact of most failures to a single sector, with sufficient back
up capability to provide 100 percent functional reliability. It will also 
minimize the adverse impact of a major technical and operational transition. 
Additional safety and productivity functions will be included in the new 
software. 

"The sector suite will consist of three displays providing situation 
display information, such as: radar/beacon coupled with the introduction of 
real-time weather, electronic tabular display (eHmdnating the need for the 
manual flight strip processing), and a third display for planning information 
and advanced functions associated with AERA. Connection to various universal 
busses will allow the sector suites access to all necessary information shared 
with other systems. 

"The capability of the system to accomplish processing of both en route 
and terminal input and functions allows for the consolidation of terminal 
facilities into the centers and the use of the same or a downsized system in 
the terminal environment for consolidation of terminal radar approach control 
(TRACONs). Standardization, flexibility, and expandability of the system's 
design will allow more universal application, significantly red~ce total 
operations costs, and facilitate accommodations of future requirements and 
enhancements. 

"Integration of a voice switching. and control system into this environ
ment will provide further productivity gains through automatic switching of 
communications. This capability will allow resectoring consistent with 
demand requirements. Implementation will reduce leased line and equipment 
costs and permit eventual integration of voice and data communications over 
a satellite-based system. This will even further reduce transmission costs. 

"During this period, the agency's replacement of the central flow 
control computer complex system at Jacksonville will improve central flow 
control and allow expansion to cover more of the system. The long-range goal 
will be its coupling with en route and terminal programs for a total national 
flow control concept. This will be more predictive and include consideration 
of essentially all of the National Airspace System. 

"In summary, FAA's present en route plans are designed to replace cur
rent air traffic control systems to meet future needs of greater capacity and 
reliability. With higher levels of automation, present en route plans will 
improve both safety and productivity. The new system will be capable of pro
viding both en route and terminal services, thereby enabling the agency to 
consolidate and reduce the total number of facilities needed to do the job. 
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"Near Term (to 1985). Over the near term (to 1985), the FAA will de
velop a replacement for its 9020 computers with a new host computer capable 
of running slightly modified 9020 software programs. The new host computer 
is slated for complete development in 1985. It will provide the additional 
capacity needed to handle the growth in air traffic expected beyond the mid-
1980s. 

"During this same period, agency plans call for more automated interfaces 
between en route and terminal facilities providing better coordination of 
operations. 

"Near-term agency plans also call for improving weather information by 
combining center weather processing capability with weather information from 
flight service stations. Replacement of mechanical, labor-intensive flight 
strip printers (FSP) and flight data entry and printout (FDEP) equipment with 
more reliable and faster electronic equipment is expected to improve produc
tivity. Near-term software improvements will be aimed at improving airspace 
efficiency, safety, and reliability. 

"The agency plans to implement new en route metering for high-altitude 
traffic. This should also cut back on delays and produce optimized fuel 
descent profiles. Conflict alert will be expanded to include detection of 
aircraft equipped with Mode C transponders when they intrude into controlled 
airspace. Additional software improvements will include development of con
flict resolution logic that will assist controllers in preventing violations 
of separation standards. Other planned software changes will improve the 
detection of hardware element errors and at the same time configure operating 
elements into a working system. 

"Similarly, the software for the en route automated radar tracking sys
tems (EARTS) will be improved over the near term to provide c6nflict alert 
and minimum safe altitude warning systems. Among the first improvements to 
oceanic control systems will be automated conflict probes along with logic 
needed to decide on the most fuel-efficient routing. 

"Capability of the backup direct access radar channel (DARC) will be 
expanded to provide full data information tags and individual display 
switching. This will eliminate the need to convert the displays to a hori
zontal position, to use shrimpboats, and to switch six displays at a time to 
the backup channel, as is now the case. 

"Successful completion of these near-term programs will enable the air 
traffic control system to handle the growth in traffic forecast for this 
period. There will also be benefits to the users in the forms of: 
(1) greater efficiency through en route metering and direct route p~ocessing, 
and (2) improved safety and airspace utilization vi& better weather information. 

"During this period, the 9020 computer at the Jacksonville, Florida, 
central flow control computer complex will be replaced by an interim IBM 4341 
computer and the complex will be relocated to Leesburg, Virginia, for better 
coordination with FAA's Washington headquarters. The manual altitude reser
vation facility (CARF) and airport reservations office (ARO) functions will 
also be automated at that time. ln. the near term, standard remote control 
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equipment will be developed and implementation of the 2,400 tone control 
channels will begin. 

"Currently, there are 25 air route traffic control centers (including 
three CERAPs). By 1985, consolidation will reduce that number to 21 air 
route traffic control centers (including one CERAP). 

"Intermediate Term (to 1990). During this period the display channel 
processors and displays will be replaced by sector suites, including soft
ware development of redistributed processing between the host computer and 
sector suite processors. This will also allow for the integration of ter
minal functions within the ARTCC and serve as a basis for future levels of 
automation. 

"Mode S will provide a major system enhancement by 1990. Mode S will 
furnish improved surveillance, especially in high-density terminal areas. 
In addition, data link provides rapid dissemination of control and other 
information to specific aircraft. 

"These activities will result in enhanced safety levels through the use 
of IFR/VFR conflict alert and conflict resolution advisories. Greater 
government and user efficiency will be realized through: improved flight 
planning using sector suite facilities, reduced en route separation using 
Mode S with monopulse, expanded use of area navigation, and oceanic probes 
with displays. 

"A complete voice switching and control system, which complements the 
capabilities of the new sector suite, will be developed and implemented 
during the intermediate period. This will allow dynamic reconfiguration of 
sectors, further reducing workload. 

"The central flow control function will be significantly upgraded with 
the introduction of a new computer system. Along with software to enhance 
its ability to project and estimate NAS congestion and delay levels, it will 
evaluate alternate flow management strategies based on: arrival/departure 
messages, capacity, estimates from major terminals, data input from the 
flight service data processing system (FSDPS) on VFR flight plans, and input 
from the aviation weather processor (AWP) for national weather information. 

"Sixteen ARTCCs in the continental United States, two offshore ARTCCs, 
and no CERAPs will exist by 1990. Center building and plant modernization 
will be concentrated in the 16 continental centers that will remain after 
the intermediate period. 

"Long Term (to 2000). Activities early in this time period will provide 
the capacity and informational framework for higher levels of automation. 
Tools for operator use of the system at higher levels of automation will be 
installed. During this period, the AERA functions will be implemented incre
mentally in the following sequences: (1) direct fuel-efficient routing, 
(2) flow planning and traffic management, (3) strategic clearance delivery, 
and (4) full tactical control. The central flow control function will have 
been further upgraded to work with AERA and integrated flow management (IFM) 
functions. Direct user access capability will also be provided for the 
flying public. 
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"These activities will result in higher levels of safety and efficiency 
through the use of automated conflict probe and resolution, systemwide direct 
routing, and the capability to operate a sector with one person. 

"Services provided by this country's future en route system will be 
significantly better and more cost-effective; system reliability will be 
much higher. The increased use of automation will significantly improve 
both safety and efficiency. Introduction of more advanced automation functions 
into the system will result in ever greater fuel savings. 

Flight Service Stations 

"Flight services will be improved for pilots by giving them direct access 
to: ·weather information; flight delay information, both in the air ~nd on 
the ground; and flight plan filing. Aviation weather service will be improved 
in quality and timeliness. 

"Automation and improvement of flight service stations and related avi
ation weather systems will allow consolidation of facilities, reducing 
operating costs significantly. Weather radar and current weather information 
will be provided to en route and terminal controllers. 

Near Term (to 1985). Procurement of new computer systems for the auto
mation of flight service stations is already underway. "FSS specialists will 
be provided with more timely national weather data at their display consoles. 
Automation will greatly accelerate retrieval of weather information along 
flight routes and the entry of flight plans. 

"Also during the near term, limited direct access for pilots will be 
provided by the interim computer-generated voice response system. This will 
permit pilots to retrieve information from an automated weather data base via 
telephone. Replacement of low-speed teletype with data terminal equipment 
also will begin. Development of improved weather sensors and products will 
continue. 

"Automated weather sensors will provide current airport weather infor
mation directly to pilots and to the agency aviation weather collection system. 
Satellite weather photos will be available at certain locations over facsimile 
recorders, displaying the location of cloud cover and weather systems. 

"Low-level wind shear equipment will be added at more airports to detect 
hazardous wind conditions along the final approach. Six levels of weather 
radar contouring, outlining storms, will be on television displays fo~ en 
route meteorologists and the automated flight service station specialists. 

"Intermediate Term (to 1990). Major improvements to flight service 
automation will allow direct pilot access to weather and system delay data 
bases by telephone or through remote terminals. Flight movement data pro
cessing will be improved. Computer-aided direction finder triangulation 
will expedite locating and assisting lost aircraft. Flight service stations 
will be consolidated. Because they are covering larger areas, the remaining 
61 automated facilities will be expanded. New communications switching sys
tems will improve pilot access and expedite coordination with flight service 
specialists. The replacement of low-speed teletype equipment will be completed. 
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"Using data link, automated weather information will be available to 
pilots flying above 12,500 feet mean sea level and at certain airports. 
Request-reply weather service will be available as will significant meteoro
logical reports from center meteorologists. 

"VOR radio navigation stations will provide the routine weather broad
casts. Computer-generated voice weather broadcasts will be presented 
continuously over a national VOR network with coverage at 2,000 feet alti
tude and higher above the terrain. These automated weather broadcasts will 
give current weather and significant meteorological reports to the large 
number of general aviation and helicopter pilots who fly at the lower alti
tudes. Automated weather sensor voice outputs will be broadcast over VOR 
stations giving airport surface weather information and allowing lower 
weather minimums for landings. Flight service station voice communications 
with pilots will take place over other local and remote communication outlets. 
Additional automated weather sensors will be installed at airports. 

"The center weather processor at air route traffic control centers will 
distribute current weather radar to the flight service specialist, center 
meteorologist, central flow control, and tower cabs at major airports. 
Weather radar will be distributed to displays used at the center and by the 
terminal radar approach controllers. 

"In addition, the center weather processor will provide automated dis
tribution of alphanumeric and graphic weather information to operating 
positions in flight service stations, via the flight service data processing 
system (FSDPS). More accurate and timely weather radar information will be 
provided through improved FAA terminal radar weather channels. 

"Long Term (to 2000). Data link coverage will be extended downward from 
12,500 to 6,000 feet altitude above mean sea level, giving automated weather 
service to aircraft at lower altitudes. Improved weather radar data for op
erational displays and automated air traffic control functions will continue 
as the next generation of weather radar systems, called NEXRAD, are added. 

"Ongoing development programs, such as wake vortex, wind shear, and 
hazardous weather detection, will continue with more accurate and timely 
weather data presented to pilots and ~gency operations personnel" (Federal 
Aviation Administration, 1981). 

ORGANIZATION OF THIS BOOK 

Part I presents a historical overview of past research on air traffic 
controller selection. This work has occurred almost exclusively in the 
United States and Chapter 2, by Thomas F. Hilton and S. B. Sells, opens the 
discussion with an explanation for the up-to-now predominance of the United 
States in this area. As a result of changing circumstances, it appears that 
other. countries are finding it necessary to follow suit. The next three 
chapters, by Leland D. Brokaw (Chapter 3), William E. Collins, James 0. Boone, 
and Allen D. VanDeventer (Chapter 4), and Evan W. Pickrel (Chapter 5), .review 
the developments in air traffic controller research, both in historical per
spective and from the vantage of the contributing organizations. The early 
research, up to around 1960, took place in the Air Force and by contract 
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between the Civil Aeronautics Administration (CAA), predecessor to the Federal 
Aviation Administration (FAA) and the Air Force, with highly promising results. 
This work was continued and extended by psychologists at the FAA Civil Aero
medical Institute (CAMI), which was established in.l960, where the contri
butions of David K. Trites, Bart B. Cobb, and James 0. Boone, along with 
numerous others, have been of major importance. The contributions of psy
chologists John T. Dailey and Evan W. Pickrel, of the FAA Office of Aviation 
Medicine (OAM) and their colleagues, in the design of innovative new tests 
that constitute the new selection battery, and in personality screening, per
formance measurement, and other aspects of the overall selection program, 
round out the research review. The final chapter in Part I, by Evan W. Pickrel, 
describes the adjustments made by the FAA after the massive dismissal of con
trollers who refused to return to work, in August 1981, following· the strike 
by the Professional Air Traffic Controllers Organization (PATCO). In addi
tion to activation of the new selection battery, some major changes were made 
in the structure of the controller jobs and in the training curriculum of the 
FAA Academy. 

The two chapters in Part II present important information about the men 
and women who comprise the Air Traffic Controller Specialist occupation and 
about several important aspects of their careers, namely aging, stress, and 
performance assessment. In Chapter 7, on controller characteristics, John 
Dailey brings together extensive information, from a variety of sources, that 
has not been published previously and that furnishes significa~t insights 
concerning the ability profiles of successful controllers. Contrary to ex
pectation, Dailey found that a series of detailed job analysis studies, 
although highly useful for the guidance of training, were of limited value 
for understanding requirements for test battery design. 

In Chapter 8, Joseph A. Tucker, Jr. presents information concerning con
troller careers and aging, and on stress, that may correct widely held mis
conceptions created in the popular literature. Based on official employment 
records, he found that controllers' careers, prior to the PATCO strike, had 
been longer than other federal careers and that controllers evidenced strong 
staying power, with reference both to average retirement age and length of 
service. With respect to stress, his analysis is that air traffic controllers 
as a group score low on trait anxiety and that the controller job is not a 
uniquely stressful occupation, although it makes a high demand for mental 
concentration. In the final section of this chapter, Tucker discusses the 
development of objective performance assessment, to enable meaningful recog
nition and reward for good performance and to supplant the subjective methods 
that have been predominant in the past. 

The last theme is pursued in Part III, edited by Jack M. Greener. There 
are four chapters on performance measurement during tralning. In Chapter 9, 
James 0. Boone describes the ATC training program at the FAA Academy and the 
methods that have been developed for the assessment of student performance 
in the ~erminal and EnRoute options. This is followed by Evan Pickrel, in 
Chapter 10, on assessment of student performance in the Flight Service Station 
option. These discussions place emphasis on the assessment of pass-fail in 
the respective courses. Chapter 11, by Evan Pickrel and Jack Greener, des
cribes one of the objective measures developed for training assessment, the 
Controller Skills Test, and Chapter 12, by Joseph Tucker, describes the devel
opment of paper-and-pencil job simulation tests, which will eventually serve 
an important function in the "objective assessment of training performance as 

22. 



well as on-the-job proficiency. In Chapter 13, Jack Greener reviews measures 
that have been used to assess post-training, on-the-job performance and the 
prospects for system-based, computer-scored measures. His review of the 
state-of-the-art of controller performance assessment concludes Part III. 

~ 

Edited summaries.of technical reports related to the development and 
validation of new tests and to the development, validation, and utility 
assessment of the new selection battery, comprise the text of Part IV. The 
new tests are the Multiplex Controller Aptitude Test (MCAT), in Chapter 15, 
and the Occupational Knowledge Test (OKT), in Chapter 16, both by John Dailey 
and Evan Pickrel. Chapter 17, by John J. Convey, reports research on person
ality characteristics of controller applicants and the development of a 
psychiatric screening test that is currently in use by the FAA. The next 
five chapters (18 through 22) summarize studies that have for the most part 
appeared only in technical reports, that provide the main documentation for 
the new selection battery, and the final chapter -- 23, summarizes conclu~ 
sions and recommendations for operational use of the test battery. With the 
exception of two contract studies by Joseph G. Colmen and his associates at 
Education and Public Affairs, Inc. (EPA), a private firm, (reported in 
Chapter 18), the authors of the remaining studies are Donald B. Rock, 
John T. Dailey, James 0. Boone, and Evan W. Pickrel of FAA and Herbert Ozur 
of the Office of Personnel Management (OPM), formerly the Civil Service 
Commission. Chapters 18. through 23 were prepared in final form by S. B. Sells. 

The final two chapters, in Part V, address the expected changes in the 
NAS, as announced in the new Plan, the expected changes in the job of the 
controller, assuming that the Plan is implemented on schedule, and new re
search on controller selection that appears to be indicated, based on the 
information and assumptions presented. 

Chapter 24, by Neal A. Blake, discusses the new Plan, commenting on the 
new hardware and software that is to be developed, the time frame in which 
various i terns and procedural changes can be expected to come "on line," 
barring unforeseen obstacles, and the expected effects of the new equipment 
and procedures on the job and role of the controller in the system. 

Using this and other published and unpublished information as sources, 
the final Chapter (25), by S. B. Sells and Evan Pickrel, attempts to charac
terize the job and role of the controller .in the system, both in the near term 
(up to 1985) and beyond, and discusses new research that appears to be indi
cated to anticipate changes in controller selection that may be required to 
keep up with system changes and system requirements. 
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PART I. 

HISTORICAL OVERVIEW OF CONTROLLER SELECTION RESEARCH 

Research on the selection of air traffic controllers in the United 
States can be described in terms of two periods, an early period related 
to the development of the Civil Service Commission Test Battery which 
was adopted for operational use in 1964 and continued in use until 1981, 
and later, the development of the new OPM-ATC Selection Battery, which 
extended from around 1970 to 1981, when the new battery was formally 
adopted. 

The 5 chapters in Part I. discuss this research in historical per
spective. Chapter 2, by Thomas F. Hilton and S. B. Sells, presents a 
rationale for understanding the unilateral development of scientific, 
actuarial methods of controller selection as a uniquely American need 
as well as a uniquely American solution. As a result of recent social, 
economic,and technologic changes, the American methods have been borrowed 
by other countries, and current practices in a number of countries are 
described. 

Early research on controller selection, mainly in the military, 
spanning the period from 1941 to 1963, is described in Chapter 3 by 
Leland D. Brokaw, who had major responsibility in this area at the Air 
Force Personnel and Training Research Center. This period overlapped 
the first three years of the important work of the group at the FAA 
Civil Aeromedical Institute (CAMI), established in 1960, during which 
cooperative research by Brokaw and David K. Trites of CAMI took place, 
and set the stage for later work by Trites, Bart B. Cobb, James 0. 
Boone, and other CAMI scientists that contributed significantly to 
both the 1964 and the 1981 batteries. The CAMI contributions were 
extensive and are summarized in some detail in Chapter 4, by William E. 
Collins, James 0. Boone, and Allan D. VanDeventer. 

Another organization within the FAA, that took primary leadership 
in the conceptualization and basic new test development for the 1981 
battery, is the headquarters Office of Aviation Medicine (OAM), in which 
John T. Dailey and Evan W. Pickrel were principally responsible for the 
controller selection activities. Chapter 5, by Evan W. Pickrel, describes 
the contributions of the OAM group. 

The final chapter of Part I, also by Pickrel, discusses the adjust-
ments that were made in the Air Traffic Service as a result of the strike; 
on August 3, 1981, by the Professional Air Traffic Controllers Organization 
(PATCO), when over 11,000 controllers who failed to return to work were 
dismissed. This chapter describes several significant changes, including 
a major restructuring of the controller jobs, that occurred too recently 
to be reflected in the extensive research reported throughout this book. 
It also reports the most recent results of the use of the new selection 
battery, first administered in the fall of 1981, which were highly confir
matory of the performance expected on the basis of the developmental research. 

S. B. Sells 
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Chapter 2 

AIR TRAFFIC CONTROLLER SELECTION IN THE UNITED STATES 
AND OTHER COUNTRIES. AN INTERNATIONAL OVERVIEW 

Thomas F. Hilton and S. B. Sells 

Although the selection of air traffic controllers is a worldwide problem, 
it has received little research attention outside of the United States. With 
the exception of the United States, there is practically no published research 
validating the standards, instruments, and procedures used to screen appli
cants for employment or training as ATC specialists. What is currently known 
about the value of certain testing instruments and background standards has 
been provided by research within and sponsored by the United States Federal 
Aviation Administration (FAA). 

This chapter addresses some of the reasons for the paucity of validation 
research on ATCS selection in other countries, and reviews the standards em
ployed by many major European and Eastern countries in the free world. 

FACTORS LEADING TO UNITED STATES DOMINANCE 
IN ATCS SELECTION RESEARCH 

The high degree of American involvement in ATCS selection research and 
development appears to be the result of several related factors. First, the 
United States became the early leader in the expansion of commercial and civil 
aviation, thereby causing an early need for some form of air traffic control 
on a large scale. At the same time, the United States was the dominant country 
in the development of technological innovations employed in ATC operational 
support. And finally, the United States has been the early leader and prin
cipal center of psychological measurement, including pre-employment tests and 
other screening instruments. 

The United States Role in Civil and Commercial Aviation 

The requirement for air traffic control was a result of the post World 
War II boom in American civil aviation. A number of factors contributed to 
this boom, including (a) a large number of experienced ex-military pilots, 
(b) the availability of a large surplus of decommissioned (and affordable) 
postwar aircraft, (c) a number bf highly productive aircraft manufacturers, 
faced with a dwindling market for war planes, and (d) a national economic 
situation free of the burden of postwar reconstruction (Solberg, 1979; 
Whitnah, 1966). 

The large number of postwar pilots, coupled with the availability of 
affordable aircraft, led to rapid growth in both commercial and civil avi
ation traffic. Many pilots obtained loans to purchase planes for cargo and 
passenger transport. Others purchased or rented planes for pleasure or per
sonal transportation. Aircraft manufacturers also began to exploit new 
commercial and civil aviation markets in hopes of maintaining their wartime 
gains in productivity. 
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By the mid-1950's, most major airports had implemented radio controlled 
airspace to coordinate takeoffs and landings due to increased' traffic den
sity (Gilbert, 1973). Nevertheless, there remained serious limitations to 
the dependability of passenger and freight service, caused by frequent deteri
oration of weather and the difficulty of safe nighttime air navigation. As a 
consequence of economic pressures for expanded commercial air service, the 
U.S. Civil Aviation Administration began, around the end of the 1950's, to 
develop improvements in its air traffic system on a nationwide scale 
(Frederick, 1961; Solberg, 1979). 

The United States' Role in Air Traffic Control Technology 

The radio traffic control system employed in the coordination of airport 
landings and takeoffs had proven that enroute daytime control under visual 
flight rules was workable. The assistance of radar approach control developed 
by the military during World War II had also provided a useful tool for the 
control of airport traffic congestion. By establishing air routes, highways 
in the sky, it became possible to control aircraft enroute between airports, 
even at night, using a system of radio beacons. Although collision-avoidance 
was still primarily a matter of pilot vigilance, the airspace was made suffi
ciently predictable to enable nighttime air traffic. This was a boon to the 
profitability of commercial aviation. 

Had American science and industry not been ready to provide superb radio 
and radar technology, enroute traffic control, dependable enough to enjoy 
almost unlimited consumer confidence, would not have been the almost "instant 
success" that it appears to have been. However, the U.S. Civil Aviation 
Administration (CAA), predecessor to the FAA, was ready with facts and figures 
and proclaimed air travel as safer and faster than its most serious competi
tor-- trains. By the late 1950's, the CAA's campaign had critically damaged 
passenger rail service in favor of flying (Frederick, 1961). This resulted 
in continued mammoth commercial aviation expansion and continued air traffic 
density. 

Despite gains in enroute traffic control systems, weather continued to 
present ~ serious problem in the 1950's and cancellations, delays, or re
routing were not uncommon. However, with the approach of the 1960's, United 
States radar technology was producing instrument landing systems capable of 
reducing the weather minimums that restricted timely flight arrivals and 
departures. This advance caused even broader use of air travel and enabled 
expanded radar control and bad weather flying (Whitnah, 1966). By the mid-
1960's, air traffic density throughout the visual and instrument airspace 
was approaching an almost unmanageable level. Mistakes were increasing in 
frequency, and system reliability was under question (Boyle, 1975). 

Again, American technology provided an answer, this time through the 
application of commercially developed data processing computer systems. 
The integration of computers within the air traffic system permitted air 
traffic control specialists to handle more flights with greater precision, 
and presumably, safety. However, this did ~ot afford much relief to the 
system. Right on the heels of the installation of computerized enroute 
control systems in the mid-1960's, commercial jet aircraft came on line and 
jet air traffic began another rapid expansion. 
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The jet aircraft placed a new burden on controllers because it could 
travel both higher and faster than propeller craft. This necessitated a 
revision of· flight rules throughout the world (Burkhardt, 1967). Enroute 
control had little trouble in the maintenance of jet-prop separation, since 
the faster jets also flew at higher altitudes than their slower prop cousins. 
However, in the congested airspace around major air terminals, separation 
posed serious problems. To meet this challenge, new systems were developed 
that permitted interface between computers, radar, and inflight radio trans
mitters. These systems provided information to controllers directly on 
their radarscopes and thereby enhanced their ability to identify and monitor 
planes of various types in congested airspace (Gilbert, 1973). 

American leadership in the design and manufacture of hardware for the 
nationwide air traffic control system ensured the expansion of our national 
commercial aviation industry. It also enabled the United States to advance 
commercial and civil aviation at a pace unprecedented in the industrialized 
world. However, this advancement was not entirely an engineering triumph; 
sophisticated technological hardware has required human participation in 
system operation and maintenance as well. Between 1945 and 1965 the nature 
of the ATCS task changed dramatically, and the system changes that occurred 
required associated changes in controller qualifications artd training. 
In 1945, controllers relied on voice radio and visual contact to manage a 
moderate number of similar types of aircraft during daylight landings and 
takeoffs in clear weather. By 1965 controllers were managing ·large numbers 
of aircraft of diverse design and capabilities under positive control, 
24 hours a day, in all wea(her conditions, using very sophisticated equipment. 
Rapid expansion and technical complexity posed two serious problems: 
(a) finding a large number of personnel with aptitudes sufficient to the 
mastery of the new technological systems and .{b) developing methods for 
training those selected. 

Personnel Selection and Training in the United States 

Because of its geographic size and burgeoning aviation industry, the 
United States has experienced problems unique to its own economic success. 
As commercial aviation expanded, the demand for trained ATCS's began to out
strip the supply of experienced applicants, and formal selection and training 
programs were urgently needed. 

In the early years, air traffic controllers were drawn from the ranks 
of personnel with military air traffic control experience. However, by the 
1960's, demand seriously exceeded the available pool of experienced appli
cants (Cobb, Lay & Bourdet, 1971). Already in the mid-1950's research had 
been initiated to examine the traits of qualified ATCS's, in anticipation of 
increased demands for personnel. In addition to requirements to fill new 
ATCS slots, positions were being vacated due to retirement and the inability 
of some controllers to adjust to new task demands. Large scale standardized 
programs were established to insure minimal technical competence {Henry, 
Kamrass, Orlansky, and others, 1975). A centralized school and standardized 
aptitude screening have been in place since the early 1960's. 

As the pool of experienced ATCS applicants became exhausted and the 
number of training failures grew to acute proportions, experience variables 
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and education minimums were inadequate to screen successful trainee appli
cants. In addition, job turnover became problematic as new hardware systems 
outpaced the ability of a number of older controllers to handle the pressure 
of operating them. It was clear that a high school diploma and interest in 
aviation were inadequate applicant qualities (Corson, 1970; Cobb, 1971). 

Here, too, American science and technology provided means to address 
the developing problem. During World War II, American psychologists had 
demonstrated the effectiveness of methods used in screening applicants for 
a wide range of technological jobs, using standardized and validated multiple 
aptitude paper and pencil tests (Flanagan, 1947; Anastasi, 1968). These 
aptitude tests were inexpensive to administer, and within the limits of 
standardization, could be given in a variety of settings. The postwar boom 
in psychological testing permitted the civil aviation authorities to capi
talize on this new technology to aid in solving their staffing problems. 

New programs were established, based on this psychological testing 
technology, which enabled the selection of qualified trainees from large 
pools of applicants with diverse backgrounds, in order to meet staffing needs. 
These programs required the investigation and identification of critical vari
ables that could predict successful training outcomes and on-the-job success 
for the purpose of demonstrating their validity (Brokaw, 1959; Trites, 1961). 
The resulting research,.to which this book is dedicated, not only aided in 
the improvement of test utility, but it also increased knowledge of the 
hu~an attributes essential to job performance. 

In retrospect, the most valuable information affecting personnel deci
sions was an outgrowth of the research related to the development of selection 
variables and instruments. Maximum age limits for entry and retirement were 
identified, to insure job efficiency (Cobb, Young, & Rizzuti, 1976). The 
role of previous aviation-related experience was clarified, as were other 
types of experience, such as education and military service (Trites & Cobb, 
1963). The kinds of cognitive and psychomotor skills essential to task mas
tery were explored (Cobb, 1962; Cobb, et al., 1971), and personality variables 
were examined (Karson & O'Dell, 1970, 1974). Many of these variables were 
shown to mediate training and job success, while others were dismissed as not 
relevant. Therefore, test research created information that went beyond the 
assessment of selection instruments. It also helped to understand the factors 
related to successful ATCS work (Cobb & Nelson, 1974). 

ATCS Personnel Selection Outside the United States 

As mentioned earlier, ATCS selection research and development have been 
virtually nonexistent in the world scientific literature outside the United 
States. In our opinion, this reflects three major factors: (a) slower post
war economic growth outside the United States, (b) the smaller geographic 
scale and complexity of most other commercial aviation systems, and (c) dif
ferences between the characteristics of ATCS applicants in the United States 
and other countries. 

After World War II, most countries of the world suffered severe economic 
hardship. Only North and South America were spared destructive land battles, 
and only North America could claim a vital industrial economy. This delayed 
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the rapid boom in commercial air transport elsewhere that had been experi
enced in the United States. Most countries were left with few undamaged 
aircraft manufacturing plants. Even though ex-military pilots were abundant, 
aircraft production was quite limited, and so was passenger demand. In Europe, 
especially, the small geographic size and physical proximity of the countries 
gave rail transportation an economic edge (Sealy, .1957). Trains were reli
able, fast, and inexpensive, and they could be restored after the war without 
the high technology skills of aircraft mechanics. 

Air transportation has always been expensive, more expensive than any 
land or sea transport system. Only two elements make air travel worth the 
cost; limited time and limited accessibility (Gronau, 1970). The old adage 
that "time is money" reflected the desire of salesmen and executives, oper
ating in world markets, to hasten the pace of their schedules to meet or beat 
their competitors in the escalating postwar economy. For example, Danes could 
compete with Germans for business in Egypt, if they both could travel there 
in hours. Therefore, commercial aviation among industrial countries tended 
to develop along the lines of passenger service. 

Developing countries, on the other hand, have no need for rapid passen
ger travel. For them, accessibility problems such as impassible terrain or 
large scale geography can make it cost-effective or even necessary to use air 
cargo rather than surface carriers. In developing countries, land-based 
transportation is often limited. Perishable commodities, such as medicine 
and foods, can best be transported over larger distances to and from inacces
sible locations by air. Geological exploitation exemplifies how it is, in 
the long run, economical to be able to fly in small survey teams and technical 
equipment to determine whether resources warrant the construction of roads 
and rail lines. 

A consequence of the interaction of economic factors and geography has 
been to emphasize passenger air travel in industrial nations, and air cargo 
in those developing countries, where passenger travel was neither in demand 
nor economical (Groenewege .& Heitmeyer, 1964). Only in the United States 
did the two factors exist simultaneously -- strong industrial growth and 
inaccessible geographic regions (predominantly in the western United States)-
thereby encouraging both passenger and cargo air transport. 

The slower, more homogeneous expansion of commercial aviation outside 
the United States helped to restraiq its growth and to make it more manage
able. As a result, air traffic control was more orderly, and technological 
ATC system innovations when required, had typically already been debugged, 
so to speak, during development in American aviation, 

By 1960, commercial aviation expansion was evident in almost every 
country in the world. European air terminals were rapidly reaching traffic 
densities common to major cities in the United States, and by the mid-1960's, 
jet transportation insured the need for technologically advanced ATC systems 
throughout the industrialized world. Even in so-called "third world" coun
tries sophisticated terminal ATC systems were necessary to insure passenger 
service to major urban centers in order to promote tourism and economic trade 
with industrialized nations. 
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However, the geoeconomic constraints on air transportation outside the 
United States held in check the staffing demands for ATC systems. Small in
dustrialized countries had limited airspace capacity, and enroute/IFR traffic 
did not require large complex radar and radio nets because planes seldom ex
ceeded the radar range of one country before being handed off to the control 
of another country's air traffic system (Great Britain Department of Industry, 
1977). In other words, enroute flight paths were shorter and under more radar 
scrutiny than was possible in the United States. 

Finally, apart from the smaller scale of commercial air traffic in other 
countries, cultural factors made selection requirements less problematic out
side the United States. The United States has been somewhat unique in its 
political and cultural principles of equal opportunity for all citizens. 
In particular, the principle of univers.al education has provided that all 
citizens are entitled to education through the 12th grade. However, unlike 
the competitive examinations that are required in the British and European
type educational systems, where continued education is contingent on demon
strated aptitude and mastery of the prescribed curriculum, American schools 
have evolved a policy of "social promotion." Under its various manifestations, 
this policy has enabled students to obtain high school diplomas based on 
criteria ranging from scholarly achievement to mere persistence in attendance 
(Carver, 1981). 

When screening is based initially on educational certification, in a 
country using a strict examination system, the air ministry (and other em
ployers) can depend on the reliability of educational quality control to 
provide a minimal aptitude level. In the United States, on the other hand, 
a diploma provides considerably less differentiation between candidates. 
In some cases, it does not even insure literacy (Barzun, 1981). Therefore, 
the heavy reliance, in the rest of the world, on interviews as a method of 
screening has not affected selection as seriously, since most candidates 
certified as having the equivalent of a secondary school education could be 
assumed already to possess considerable aptitude based on educational 
achievement. 

Cultural homogeneity in most countries outside the United States has 
also contributed to increased training effectiveness, in that failures in 
training due to cultural differences between the trainees and those who 
develop training curricula are likely to be fewer. In the United States, 
egalitarian policies require special consideration of persons of both low 
socioeconomic status and ethnic minority status. In addition, cultural and 
class differences between candidates and personnel officers (outside the 
United States) have been shown to result in less favorable evaluation of 
applicants (McGuigan, 1979). This is believed to have reduced the likeli
hood of selecting trainees of diverse ethnic backgrounds, thereby reducing 
the likelihood of failure due to a confusing curriculum. 

Social and economic differences between the United States and many other 
countries also affect relative job turnover. In most countries, only well 
educated people have high job mobility. However, .for many years, the United 
States has offered many more job opportunities than other countries, and 
mobility has been comparatively high at all levels; this has applied to air 
traffic control trainees and controllers as well as to other occupations. 
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In view of the arguments outlined above, it appears that ATCS recruiting, 
selection, and training problems in the United States reflect different under
lying factors than those in most other countries. These involve a greater 
dependence on testing and screening devices than appears to be necessary in 
other countries, and also greater emphasis on retention of personnel, in view 
of the mobility of the working population. 

One country with a pattern of civil aviation expansion similar to that 
in the United States, and with similar cultural diversity, geographic scale, 
education system, and economic history, is Canada. Until the late 1960's 
Canada's commercial aviation expansion was slower but parallel to that of the 
United States (Manchester, 1968). It was slightly slower in development, 
possibly as a result of having a smaller postwar population, which was spread 
thinly across ·a large geographic area. However, with a rising birth rate and 
an influx of immigrants, the 1960's saw Canada come into its own as an eco
nomic power in the world. Through its close ties with its southern neighbor, 
the United States, expansion of the air traffic system was timely and nearly 
"state of the art" by the early 1970's. Air traffic density in Canada was 
also beginning to parallel that of the United States, with a large number of 
jet aircraft, mixed with private and commercial propeller craft. 

About this same time, Canada began to realize trainee attrition as ex
perienced earlier by the United States. By the late 1970's Canada began to 
look at its selection procedures seriously in the hope of meeting its problems 
through the utilization of standardized, validated screening instruments 
developed and employed by the United States (McGuigan, 1979). 

The similarity of experience of the United States and Canada support the 
prediction that similar problems may develop in other countries as they con
tinue to expand their commercial aviation and as population diversity and 
related problems become more acute (Harrison, 1975). Recently, the Inter
national Federation of Air Traffic Controllers Associations (IFATCA) estab
lished a review of worldwide aptitude testing procedures as the sole agenda 
of its Standing Committee on Training (SCT) for 1982 (IFATCA, 1981). 

PROGRESS IN WORLDWIDE ATCS SELECTION METHODOLOGY 

A major consequence of the factors unique to America has been an ongoing 
commitment to research' and development in personnel selection.of ATCS's for 
nearly two decades. This research did not go unnoticed by the air ministries 
of other countries, despite their lack of activity in selection aptitude testing. 

Countries with relatively homogeneous populations and smaller manpower 
requirements have apparently not found it necessary to develop sophisticated 
selection tests. The impression has been gained that they consider their pro
cedures to have functioned acceptably. Nevertheless, research in the United 
States has had some impact on the screening procedures in a number of countries. 

Foremost has been the finding that as' controllers advance in age, their 
performance becomes less effective (Cobb et al., 1976). As a result of this 
finding, and the then held belief that ATCS work is more psychologically and 
physiologically stressful than other occupations, the Congress of the United 
States passed Public Law 92-297 in 1972. This law set the normal retirement 
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age for active ATCS control at 55 (and even earlier, with 18 years on the 
job). To control aircraft beyond this age required special permission based 
on excellent performance, and in no case beyond age 60. Table 1 presents 
data on the maximum age of ATCS's for a number of countries for which infor
mation was available. Fully half of these retire operational controllers 
before the widely accepted age of 65. 

Within the trainee population, older trainees have been shown to have 
higher attrition rates both during and after training (Cobb, Nelson, & 
Mathews, 1973) and lower job performance ratings than their younger class
mates (Cobb & Nelson, 1974). Hopkin (1979) has suggested that older control
lers seem to be less flexible in learning ATCS work and in adapting to new 
systems and procedures resulting from technological advances. Therefore, in 
light of the shorter career length for active air traffic control mandated 
by early retirement, and as a result of the findings cited above, the FAA 
established regulations in 1973 limiting the maximum ATCS entry age to 
30 years. Subsequently, other countries have begun to limit entry age, 
typically ranging between the mid-twenties and mid-thirties. 

The role of prior experience and education has also been investigated 
in the United States, and with the exception of radar-IFR controller experi
ence, other experience variables and education have been found to be unreli
able indicators of ATCS training and job success. The requirement for 
experience as aircraft pilot has often been demanded by the pilots being 
controlled; this and other aspects of aviation and controller experience 
have nevertheless shown little relationship to competence in job performance 
(Cobb & Nelson, 1974). In addition, education above high school graduation 
has proven unrelated (or sometimes negatively related) to trainee performance. 
It may be that a college degree may lead some trainees to perceive ATC work 
as insufficiently challenging or meaningful (Cobb et al., 1976). College 
training also provides such individuals with increased job mobility. Despite 
this, because ATC work is continuing to become more technologically sophisti
cated, some countries are beginning to push for 14 or more years of education 
in anticipation of a more rigorous curriculum and the development of yet more 
complex automated ATC systems. 

CURRENT SELECTION PRACT~CES IN OTHER COUNTRIES 

Based predominantly on research in the United States and the experience 
of the respective governments, the standards for ATCS's are today relatively 
consistent for all nations. Table 1, in the preceding section, reflects 
this with respect to retirement age. 

At present, only the United States employs a comprehensive aptitude 
battery validated on large samples in training and on the job, to screen job 
applicants. Such information as we have been able to obtain indicates that 
the current FAA-OPM selection battery stands alone in having up-to-date pub
lished validity research to recommend its use. Canada is working toward 
development of a selection battery, but at present is using a version of the 
United States Multiplex Controller Aptitude ·Test (MCAT) and the Occupational 
Knowledge Test (OKT), on an experimental basis (Note, 1). 
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Table 1. 

Age Limits for Active Controllers in Selected 
Major World Countries* 

Country Maximum Age 

Austria 65 

Belgium 60 

Canada 65 

East Africa 55 

Finland 65 

France 55 

West Germany 53 

Greece 65 

Hungary 55 

Ireland 65 

Israel 65 

Norway 65 

Portugal 70 

South Africa 65 

Spain 65 

Sweden 63 

United Kingdom 60 

United States 55 

Venezuela 60 

Yugoslavia 60 

*Based on data published by The International Federation of Air Traffic 
Controllers Associations (IFATCA) in the second edition of its Information 
Handbook (1979), and by informal surveys conducted by The Institute of 
Behavioral Research (IBR) in "1979 and 1982. 
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Recent information obtained from six major countries indicated that the 
pre-employment interview is relied on heavily for personnel screening. 
Nevertheless, some testing is being conducted or considered. Table 2 summa
rizes the results of a limited inquiry. These data reflect that one or more 
general aptitude tests are frequently used. In most cases, however, these 
are tests of limited ~s~ and unpublished validity for use in screening con
trollers. It is questionable that such tests are very useful for discrimi
nating ATCS candidates, and few countries rely heavily on them. Based on 
FAA research, the cognitive capacity to interpret radar scope information 
seems to demonstrate the best discriminatory power to date (Dailey & Pickrel, 
1977; Boone, 1979a). The MCAT was developed for this purpose, and some form 
of ATCS simulation is common during the interview phase of several countries. 
The United Kingdom, Canada, and the Netherlands are each currently experi
menting with MCAT-type test protocols. 

Table 2 also suggests that a maximum entry age is used, while prior ex
perience is receiving limited weight, which is consistent with the American 
research reported above. 

Finally, the United States has pushed for increased minority represen
tation in an otherwise racial majority, male-dominated occupation, but with 
limited success, especially in the case of racial minorities. However, the 
example of the United States seems to be reflected in increased willingness 
of most countries today to accept female candidates into the ATCS ranks. 

SUMMARY AND CONCLUSIONS 

ATCS selection research and development has been slow in developing out
side the United States, apparently reflecting a number of historical, economic, 
social, and geographic factors. Nevertheless, the continued expansion of 
ATC systems and increased job complexity throughout the world are beginning 
to have impact as the need to consider the use of standardized selection pro
cedures and criteria is becoming recognized. Social pressures from controller 
organizations are also building pressures for installation of personnel 
screening procedures of demonstrated validity and fairness to applicants. 
This will probably have favorable influence in view of the high content and 
criterion-related validity of recently developed tests, such as the Multiplex 
Controller Aptitude Test and the Occupational Knowledge Test. 

An informal survey of major European and Eastern countries conducted by 
IBR in 1979 reflected widespread interest in undertaking selection research. 
A study conducted by IFATCA in 1979 reported that most countries use some 
form of general intelligence or aptitude testing, although the majority rely 
heavily on nonspecified interview criteria. An inquiry similar to that of 
IBR by Canada's Air Transport Ministry (McGuigan, 1979) supported the IBR 
and IFATCA conclusions. In each survey, validation studies of aptitude in
struments seem to be almost nonexistent. 

The International Civil Aviation Organization (ICAO) is a likely organi
zation to coordinate standardized applicant screening, since it already 
standardizes ATCS qualification and licensing internationally. In the long 
run, this may be a prudent step. It could also enable centralized ATCS 
training. This could make licensing practices more valid and effective, as 
well as economical. 
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Table 2 

Current ATCS Selection Practices in Selected Countries 

Min. Max. 
Entry Entry Years TeSts 

Country ~ ~ Sex Education ~titude Intell·igence Interviews Prior Experience 

Australia 21 36 M&F 12 Yes Yes Motivation, verbal Prefer pilot, air 
expression, general radio, ground control 
suitability 

Canada 18 35 M&F 12 Yes No Verbal expression, Prefer prior ATC 
motivation, responses assistant, radio 
to simulated ATC operator 
problems 

Netherlands 21 26 M&F 12-14 Yes Yes Psychological: stress None required 
tolerance, occupational 
knowledge 

' w 
"' Sweden 19 c.27 M&F 12-14 Yes No Stress tolerance, Prefer pilot or air 

motivation, cooperation, navigation 
initiative, responses to 
simulated ATC problems 

Switzerland 18 25 M&F 12-14 Yes No 3-dimensional percep- ATC assistant appren-
tion, logic, responses ticeship, prefer 
to simulated ATC problems 

United Kingdom 18 34 M&F 12 Yes No Logic, motivation, None required 
stress tolerance 

United States 20 30 M&F 12-16 Yes No Logic, motivation, 12 years education, 
stress tolerance plus 3 years manage-

ment experience or 
prior ATCS or avia-
tion-related work 



Finally, the most likely reason for standardized selection research 
and development will originate from political forces arguing for the increased 
appearance of fairness and objectivity in screening of ATCS applicants. Most 
ICAO member countries also have affiliate organizations in IFATCA, which have 
become increasingly vocal and are not without influence in many of these 
countries. Personnel selection methods may well become a more sensitive 
issue in coming years; and this is an area where most countries are vulnerable 
to the criticism of benign neglect. The United States has laid the groundwork 
for such research and it seems that the world community could readily exploit 
this opportunity. 

REFERENCE NOTE 

1. Derived from phone conversation between Evan Pickrel and Dennis Kirby, 
Canada Air Ministry, December 1981. 

37. 



Chapter 3 

EARLY RESEARCH ON CONTROLLER SELECTION 

1941 - 1963 

LELAND D. BROKAW 

The selection of air traffic control personnel has been a matter of con
tinuing study since 1941. Constantly increasing air traffic, technological 
change, and an imposed legal requirement for demonstrable job relevance have 
contributed impetus to the research. Mahlon V. Taylor (1952), in a report of 
research by the American Institute for Research (AIR), cited an unpublished 
study by Dewey Anderson in 1941 in which 28 tests, including 17 Thurstone 
Primary Mental Ability measures, were given to most controllers in the mili
tary service. With job performance ratings as criteria, the four highest 
validities were attained by a measure of perceptual speed and accuracy en
titled "Three Higher," a space relations test called "Flags," and tests of 
reasoning and integration entitled "Letter Series," and "Pedigrees." These 
factor areas were included in a test battery assembled by AIR in 1951 in the 
accomplishment of a contract for the Civil Aeronautics Administration (CAA), 
to develop and validate tests to screen applicants for jobs in air traffic 
control (Note 1). 

The AIR Contract Study 

In addition to the measures designed to probe the factorial areas found 
valid in the earlier work, predictor tests were prepared to address specific 
content areas identified in a job analysis, and others were designed to serve 
as job samples. AIR personnel solicited critical incidents from supervisors 
in both air route control centers and control towers. The critical activities 
and accompanying aptitude components identified by AIR appear in Table 1. 
Because of a Civil Service Commission policy that restricted selection tests 
to paper-and-pencil measures, measures of auditory perception, writing rapidly 
and legibly, copying behind, speaking intelligibly at optimal speed, verbal 
fluency, and the long term aspects of memory could not be included. 

In all, 18 tests were included, that measured the aptitude components 
as they might occur in real job situations. After preliminary tryout and 
refinement, the test battery was administered to 211 persons, 90 from Air 
Traffic Control Centers, 75 from Terminal control towers, and 46 from communi
cations stations. Applied research in operational environments often encounters 
difficulty in obtaining samples of subjects for study and this work was no 
exception. The 90 persons from centers were tested in five locations; the 75 
from towers, in 12 locations; and the 46 from communications stations, in 
seven places. These small samples made assembly of comparable criterion data 
difficult; indeed, the accompanying loss of cases made it impossible to vali
date within the communications samples. Nevertheless, a process of validating 
within each subs~mple and deriving average validity correlations through 
Fisher's z-transformation provided analytic samples of useful size. 
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I Tllble 1 

CllllcBI Actlvltletl lllld Incidents lllld Aptitude Component~~ fol' All' Roul!e 
Tl'llfllc Control (RJ, Akp«t Tl'llfllc Collflol (P}, lllld Aln:l'lllt 

ComtrNm/clltol' (All-Ground} (C/8 

Percent of 
Critical Incidents& 

Critical Activity and Aptitude Components R p c 
1. Receiving Oral Messages: Auditory Perception 8 11 ~ 

Verbal Comprehension 
2. Recording Oral Messages; Writing Rapidly and 9 9 23 

Legibly, Copying Behind, Encoding, Memory 
for Interrupted Tasks 

3. Recording Self·Orlglnated Data; Visual 9 6 9 

Perception, Carefulness 
4. Displaying Flight Data; Memory for Interrupted 11 8 1 

Tasks, Visual Perception, Carefulness 
5. Requesting Information: 8 11 12 

6. Coordinating (Clearances, etc.): Memory for 21 11 3 

Interrupted Tasks, CarefulneBB, Integration, 
Assimilating Symbolized Data, Comprehending 
Unseen Movements 

7. Devising Clearances: Carefulness, Integration, 11 8 0 
Short Term Memory, Judgment. Visual Perception 
of Tlme-Diatance Relationships, Assimilating 
Symbolized Data, Comprehending Unseen Movement 

B. Devising Taxiing, Takeoff, and Landing lnatruo- 2 13 0 

tlons: Carefulness, Integration, Short Tarm 
Memory, Judgmant. Visual Perception of Time-
Distance Relationships, ABBimllatlng Symbolized 
Data, Comprehending Unseen Movement 

9. Issuing Oral Communications: Carefulness, Verbal 10 10 13 

Fluency, Speaking Intelligibly at Optimal Speed 
10. Evaluating Priority of Communications: Judgment. 7 11 17 

Integrations, Short Term Memory 
a. Taken tram Taylor -1962 
b. Theae are percents of all critical Incidents reported for a given job 

during the teat validation (799 for Air Route Traffic Control. 1193 
for Airport Traffic Control. 160 for Communications) 
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Several kinds of data were collected in conjunction with development of 
the criterion measures. Biographical data and existing official evaluations 
were obtaiaed for personnel of the facilities.at which tests were given. In 
addition, supervisors were requested to record incidents of critical perform
ance on the Airways Operations Performance Records, which has been developed 
for the job analysis, and to provide overall performance records of personnel 
who were tested. 

Quoting from Taylor (1952, pp. 11-13) "In general all the measures were 
useful as criteria, although there was considerable variability among facili
ties in this respect, and it was felt advisable to select and combine, for 
each of the seve~ facilities, the measures (aside from supervisors' ratings) 
proving most satisfactory for the given facility. The correlations between 
supervisors' ratings and these composite measures average~ .81, indicating 
that both •••. were measuring the same thing." 

As indicated above, when the tests were administered in the field, prac
tical'difficulties made themselves felt. Both personnel to be tested and 
testing time were in short supply; as a result, the sample sizes were adequate 
for determination of validities for only fourteen of the tests. Table 2 
presents the validities obtained for sixteen qf the tests, but tests numbered 
12 and 13, because of very small 'sample sizes, were not considered when the 
recommended battery of nine tests was selected. 

In summarizing the results of the study, Taylor (1952) indicated that 
although the battery was·suitable for use with candidates who had prior ex
perience in flying, or in some controller function, he felt that use of the 
tests with naive candidates would require extensive revision of the directions 
by experienced test development personnel, and that add.itional experimental 
testing would be required. 

Although the AIR delivered a recommended battery of tests for the selec
tion of air traffic controller trainees, it was not implemented. 

The next study resulted from a visit by CAA representatives to the 
Personnel Laboratory, Air Force Personnel and Training Research Center, at 
Lackland Air Force Base, Texas, in February 1956. Their visit was prompted 
by a desire to revise selection procedures for trainees in the CAA Air Traffic 
Controi School. Up to the time of their visit, air'traffic controller selec
tion was based upon previous on-the-job experience and a physical examination. 
A foreseen need to increase the numbers of trainees imposed the requirement 
for a method of selection from a naive population. 

Joint Air Force/Civil Aeronautics Administration Study. 

The visit of the CAA representatives to the AF Personnel Laboratory re
sulted in a joint Air Force/Civil Aeronautics Administration study. A battery 
of 37 tests, yielding 90 scores, was administered to entering trainees in the 
ATC school (Brokaw, 1957). The battery was heterogeneous, selected to cover 
most of the variance believed relevant to success in training. Commercial 
tests, Air Force tests, and the more effective tests devised by the AIR were 
included. Initial validation was accomplished against available training 
criteria, including an average lecture grade, individual instructor ratings 
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Tllble2 

AA- Ro&tt. Tnlltlc Conflol 8IJd A/rpol't Tnll1lc Conflol Av.,... 
Tat v...,.._ with C~JmptM~ee at,.. 8IJd with 

s...r ..... -,,.. 

1. Locating Data I 
2. Locating Data II 
3. Air Traffic Math I 
4. Air Traffic Math II 

*5. Memory Flight Information 
*6. Air Traffic Problems I 
*7. Air Traffic Problems II 
*8. Flight Location 

*10. Coding Flight Data I 
12. Taxiing Aircraft 
13. Control Judgment 

*14. Memory for Aircraft Position 
15. Threa Dimensional VIsualization 

*16. Circling Aircraft 
*17. Aircraft Position 
*18. Flight Paths 

•· Dote extroctocl from Taylor 1162 

Composite 
Crltaria 
..!.. Nb 
.06 71 
.06 71 
.06 71 
.04 54 
.20 53 
.49 52 
.53 52 
.18 52 
.29 68 
.21 19 
.39 37 
.33 76 
.22 27 
.38 44 
.28 44 
.17 44 

Supervisors' 
Ratings 

r N 
.09 83 
.08 71 
.06 83 
.19 54 
.24 53 
.51 64 
.43 64 
.32 74 
.29 80 
.28 19 
.38 37 
.22 88 
.08 41 
.28 56 
.38 56 
.37 56 

b. The r. are aa reliable ae If computed from a single Hmple w1th the given N. 
• Tnta Included In the recommended battery. 
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of student performance, and a composite instructor rating based upon dis
cussions among the three or four instructors who had dealt with each class. 
There were about 20 students in each class; of 197 students who completed 
the experimental battery, training criteria were accumulated for 130. 

In addition to tests covering aptitude factors believed relevant, and 
some job-sample tests, there were measures of temperamental factors seem
ingly relevant to the ATC task. Temperament tests included were the Cali
fornia Test Bureau (CTB) Occupational Interest Inventory, CTB Mental Health 
Analysis, CTB Test of Mental Maturity, and the CTB California Test of Per
sonality. Aptitude tests included were the CTB Survey of Space Relations 
Ability, CTB Survey of Working Speed and Accuracy, CTB California Capacity 
Questionnaire, CTB Personnel Selection and Classification Tests, the Differ
ential Aptitude Tests published by the Psychological Corporation, and United 
States Air Force tests of numerical, verbal, reasoning, mechanical, and 
spatial factors. Job sample tests were the AIR Air Traffic Problems and 
Locating Data. 

This study was intended to provide a test battery to replace a previous 
system involving experience variables. In that context the contribution of 
experience to school success was also sought. Background and experience 
variables included in the study were age, educational level, marital status, 
and previous air traffic experience. Experience was studied in the following 
five categories: 

l A. Any air traffic control experience versus no such experience. 
B. Experience in air traffic control versus no such experience. 
C. Experience in ground control approach versus no such experience. 
D. Senior CAA ratings versus no such ratings. 
E. CAA certification versus no such certification. 

Validation correlations were computed against the three training cri
teria (1. Average lecture grade, 2. Average instructor rating, 3. Composite 
instructor rating). All of the variables included in the validation study 
are presented in Appendix A. None of the temperament measures showed useful 
levels of prediction and these results have been omitted from the tables. 
The validities for the aptitude and job sample measures are reported in Table 3. 
Although the measures were not uniformly significant i~ prediction of the 
three criteria, all measures showed useful levels qf validity for at least 
one of the criteria, and most measures were valid at a significant level for 
all of the criteria. 

The background and experience variables were moderately related to the 
three criteria, although it was found that educational level and previous 
flying experience were not predictive. Age was negatively related at a sig
nificant level, while ATC experience variables were generally relevant. 
The validities of the background and experience variables are presented in 
Table 4. 

Multiple correlations were computed to evaluate the contribution of the 
various measures to the prediction of school success. Two criteria were 
chosen for this purpose: the average lecture grade, and the composite instruc
tor rating. These data appear in Table· 5. It should be noted that only the 
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Tllble3 

Valtii'IIN of &peilr»....,tlll T..a hN Thtwe 
Air Tnlfllc School c,;,...,. 

N=130 

Validityb 
Content Area Test 1C 2 
Computational and Arithmetic Reasoning 

Dial and Table Reading lAir Force) .43 .~ 
California Capacity Questionnaire 161 .17 .22 
Number Series (Mental Maturity) .21 .18 
Numerical Quantity (Mantal Maturity) .28 .21 
Arithmetic, Personnel Selection & Classif. .33 .28 
Numerical Ability, OAT .32 .28 
Air Traffic Problems I, AIR .30 .31 
Arithmetic Reasoning (Air Force) .38 .27 

Perceptual and Abstract Reasoning 
Calif. Capacity Questionnaire (5) .33 .29 
Abstract Reasoning, OAT .18 .15 
Space Relations, OAT .21 .15 
Aerial Landmarks, Air Force .16 .27 
Spatial Orientation, Air Force .13 .22 
Instrument Comprehension, Air Force .26 .23 

Verbal Tests 
Calif. Capacity Questionnaire 171 .18 .18 
Reading, Personnel Selection & Classif. .28 .16 
Language Usage, Sentences, OAT .22 .18 
Verbal Test. Air Force .21 .15 

Perceptual Spead and Accuracy 
Code Translation, Calif Test Bureau .27 .24 
Counting, Calif Test Bureau .29 .24 

Temperament Tests 
Family Relations, CTB, Cal. Test of 
Personality .09 .19 
Nervous Manifestations, CTB, Cal Test 
of Personality ·.08 .07 

a.-Taken frOm BrokaW 1967 
b. Correlations of .17 are significant at the 6% level; .23 at 

the 1'11> level. 
c. Criterion 1 Ia average lecture grade. 2 Ia Independent instructor 

rating of overall performance. 3 Ia an Instructor composite rating 
baaed upon the joint judgment of three or foUr Instructors 
teaching each claae. 
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.38 

.24 

.23 

.24 

.32 

.31 

.37 

.26 

.28 

.20 

.20 

.27 

.18 

.23 

.18 

.16 

.15 

.13 

.27 

.19 

.15 

.06 



Tllble 4 

VIJIIIdltlw of Sa'ee:red Bllt:lcgtound and Expflllence Fectora 
fw Thtwe All Tl'llfllc Control School Clltailfll 

N=130 

Variable Mean so ...E 
Age 26.21 4.20 -.04 
Education 12.59 1.22 .16 
Martial Statusd .68 .46 .16 
Previous Flying Experience .17 .37 .09 
Airport Traffic Control .65 .48 .22 
Ground Control Approach .41 .49 -.06 
Any Air Traffic Experience .78 .41 
Senior CAA Rating .91 .40 
CAA Certification in Any Status .41 .49 

a. Taken from Brokaw 1967 
b .. 17 significant at the 5% level, .23 significant at the 1% level. 
c. Criterion 1 Is average lecture grade. 2 Is Independent instructors' 
rating, 3 Is a composite rating baaed upon the joint agreement of 
three or four instructors teaching each class. 
d. Marital Status and subsequent entries are dichotomized and 
computed as polnt·blaerial correlations. 
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.04 

.26 

.26 

Valldityb 
_L ...!... 
-.24 -.24 
-.11 -.07 

.05 .08 
-.10 -.11 

.24 .24 

.16 .14 

.23 .24 

.26 .24 

.39 .38 



Tllble6 

N=130 

Variable Val Beta Wel&htsb 

2-Var 3-Var 4-Var 6-Var 

Averase Lecture Grade 
· Arithmetic ·Reasoning .43 .38 .38 .33 .30 .38 .31 .28 .30 
CAA Certification Status .32 .23 .22 .26 .23 
Air Traffic Problem I .30 .21 .20 .22 .27 .29 .29 .28 
Symbol Reasoning .34 .21 .25 .22 .26 
Locating Data AIR -.02 -.22 -.22 -.25 -.24 
Code Translation .24 .15 

Multiple Correlationc .49 .48 .52 .51 .66 .66 .59 .57 

Composite Instructor Rating 
• Air Traffic Problems I .36 .33 .31 .29 .31 .24 .27 .24 .26 
CAA Certification Status .37 .33 .30 .32 .29 
Arithmetic Reasoning .32 .28 .24 .22 .20 .20 .17 .21 
Symbolic Reasoning .28 .20 .20 .15 .19 
Code Translation .27 .17 .13 .16 .12 
Family Relations .26 .14 

Multiple Correlation .49 .45 .54 .49 .56 .51 .66 .63 

a. Taken tram BroKaw 1967 
b. In each-- pair of columns the flm selection Ia fro."' all variables. the eeci)ha Is from tut varillblee onlY. 
c. All significant at the 1% level. 
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26 
26 
24 
15 

57 

Z6 

!1 
19 
12 
14 
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general variable of CAA certification status was sufficiently unique to appear 
in the multiple correlations. Its zero-order validity was of the same magni
tude as 'those for the test variables, and i.ts contribution was significant. 

In May 1957, the trainees who had received the experimental battery were 
followed onto the job, and various criteria of their work performance were 
collected (Brokaw, 1959). The ratings collected from the supervisors were 
parallel to those collected from the instructors during the training phases 
of the study. The CAA also collected data on the time spent on the job by 
each controller before he was recommended for promotion from the trainee level 
to the helper level. The correlation between the instructor rating (during 
training) and ·the supervisor rating (on the job) was .59; that between the 
average training school academic grade and the supervisor rating was .33. 
In the sample of 133 controllers these values were both· significant at the 
one-percent level. The time elapsed before recommendation for promotion 
peaked around the third and fourth month on the job. There was very little 
variance on this measure and the associated correlation was .18 with the 
supervisor rating, indicating that it was of little use for this study. 

The higher validities among the experimental tests were found for the 
arithmetic reasoning, computational, and numerical speed tests. The AIR Air 
Traffic Problems test showed acceptable validity for both academic criteria 
and supervisor ratings. The majority of tests in this group were predictive 
of the supe'rvisor ratings. 

The abstract reasoning and perceptual tests showed useful levels of 
predictive efficiency for the supervisor ratings, but the verbal and clerical 
speed and accuracy measures were not significantly related to this job per
formance criterion. The background and experience variables tended to be 
only marginally predictive of job performance. 

A comparison of the multiple validities of four tests in relation to 
instructor ratings and supervisor ratings appears in Table 6. Although the 
validities are not spectacular, they are significant and indicate that the 
proposed battery would have had potential for prediction of performance on 
the job. 

Federal Aviation Administration Follow-up of AF/CAA Study 

The data base developed by Brokaw in the 1956-57 period provided predic
tor variables for a follow-up study by Trites, in 1961. The Trites study 
addressed the extent to which the data would be predictive of job performance, 
retention in air traffic control work, and medical history over a five-year 
period. 

As reported by Trites (1961), "Regional offices of the Federal Aviation 
Agency were able to supply current FAA facility addresses, or other infor
mation on all but 10 of the original 197 subjects •..•• Of the remaining 187 
subjects, 16 had failed the training course and left the FAA early in 1957, 
15 had passed the training course and had left the FAA, two were deceased, 
replies were not received for two, and three were with the FAA but no other 
information was available. This left 149 subjects (including four training 
course failures still with the FAA) for whom relatively complete criterion 
data were _obtained." 
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Tllble6 

Mull/pie Vai:Mty af S.._,led Tesflr fol 
Tflllnlng 8lld O.fhe.Job en ..... 

Test 
Air Traffic Problems 
Arithmetic Reasoning 
Symbolic Reasoning and 
Perceptual Speed 
Code Translation 
Multiple Correlations 

a. From Brokaw 1969 
b. Significant at the 1'lfl level 

Instructor Ratings 
IN= 130 Students) 

Beta Wt Validity 
.27 .36 
.20 .32 

.20 .28 

.13 .27 
.51b 
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Supervisor Ratings 
IN= 133 Controllers) 
Beta Wt Validity 

.20 .26 

.11 .23 

.16 .22 

.06 .14 
.34b 



The performance criterion measures collected included (1) average super
visory rating, (2) active vs inactive controller, (3) with the FAA vs not 
with the FAA, (4) mean hours of sick leave, (5) no symptoms vs symptoms, and 
(6) no disciplinary action vs disciplinary action. Definitions of these 
measures, extracted from Trites (1961), appear in Table 7. 

Using individual predictor data provided by Brokaw from his 1957 and 
1959 studies, Trites ran multiple regressions of psychological test and bio
graphical variables against the academic and supervisory criteria defined and 
applied by Brokaw. Two equations were derived for each criterion, the first 
based upon the psychological test variables defined in Table 3, and the second 
involving these psychological variables and the biographical measures of age, 
education, and marital status. 

Two of the equations involving all the variables were found to be iden
tical, so a sixth equation was derived involving the psychological tests, 
the three biographical variables, the 1956-1957 average lecture grade, and 
the composite instructor rating, as predictors of the 1957 average supervisor 
rating (Trites, 1961). 

Finally, a seventh equation was derived by approximating raw score regres
sion weights for the predictor set recommended by Brokaw (1959). The results 
of the first six equations are presented in Table 8. The regression coeffi
cients appear in Table 9. 

The significant correlations between the derived composite scores and 
the criterion measures described in Table 7 appear in Table 10. Partial cor
relations were computed to eliminate the effects of age. Regression equation 2, 
alone, was significantly related to the disciplinary criterion, and that was 
at a relatively low level. Regression equations 5, 6, and 7 were significantly 
related to the 1961 average supervisor rating. 

According to Trites (1961), "If we note the correlations between the 
1956-1957 criterion measures and the 1961 criteria •..• (see Table ll) ••.• it is 
not surprising that Regression No. 6, which included the Composite Instructor 
Rating as a predictor variable had the highest correlation with the 1961 
Average Supervisor Rating. What was surprising was the remarkably high cor
relation between the Composite Instructor Rating and the 1961 Average Super
visor Rating. Obviously, the instructors in 1956- were making exceptionally 
valid judgments concerning a trainee's potential for air traffic control work." 

It was also noted that the composite recommended by Brokaw in 1959 re
mained significant, leaving no doubt that a valuable contribution can be made 
to the selection of air traffic controllers by the use of psychological tests. 

Two biographical variables, Previous Flying Experience, and Any Air 
Traffic Experience were significantly related to the 1961 Average Supervisor 
Rating, but when the effect of age was removed, these relationships became 
nonsignificant. Thus, none of the biographical variables representing previ
ous experience was related to subsequent job performance. It appears that 
the experience variables may make a valuable contribution to selection for 
training, but have little impact upon performance after completion of the 
school and some years of experience. 
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Tllble 7 

DfMctlptlon of the 11671111d 1161 Clftedon Meeaww 

Criterion Variable 
1967 Average Lecture Grade: 

The Lecture Grade Attained by Each Student In the 
Training Course. 

1967 - Composite Instructor Rating: 
A Numerical Transformation of the Conaeneus of ATC 
lnatructora Relative to the Student's Standing In Nina 
Topical Araae Relating to Work Habits. Ability, Emotional 
Stability, and the Exercise of Judgment and Reasoning. 
llatlngo Were Obtained After Briefing lnatructoro on 
lletlng Theory, Halo Effect. ond ObJectivity. 

1967- Average Supervisor Rating: 
A Numerical Traneformatlon of the Consensus of Supar
vlaor8 Relative to the lndlvldual'a Standing on Eleven 
Areeo Relotlng to Work Hablta, Ability, and tho Exercloa 
of Judgment and Reaaonlng. Form Was Almost Identical 
to One Unci by Instructors Except for Two Additional 
Items Concerned wfth Demonstrated Aptitude for ATC 
Work and Potential Ability. Forma and Rating lnatruc
tlono Were Supplied by Mall 

1981 - Average Supervisor Rating: 
A Numerl~l Transformation of Ratings Collected from 
1 to 4 Supervisors of Each Individual on a Form Con
taining the Same Items Uead for the 1967 Average 
Suparvleor Rating. Three New Items Related to the 
Individual's Emotional Stability and Relatlonehlpe to 
Others w .. Added. Forme and Rating lnetructlone 
Wore Supplied by Moll. !Using lndlvlduolo with 2 or 
Mora Forme. a Corrected split-Half Reliability of .76 Wae 
Obtained for the Derived Scores.) 

1981 -Active vs. Inactive Controller: 
lndlvldualo Ware Olchotomlzad ao Being Either Still 
Active In Controller Work or Not Active. 

1981- With the FAA vs. Not with the FAA: 
Individuals Were Dichotomized ae Being Either with 
the Federal Aviation Agency or Not with the FAA. 

1981- Mean Hours of Sick Leave: 
The Mean Number of Hours of Sick Leave Taken In the 
Yeoro 1967 Through 1980 Weo Computed lor Each 
Individual. 

1981 - No Symptoms vs. Symptoms: 
A Dichotomy Representing Medical Complaints of Indi
viduals ae Known to and Reported by their Facility 
Chlelo. 

1981 - No Disciplinary Action vs. 

Taken from Trltao, 1881 

Disciplinary Action: 
A Dichotomy Representing the Preeence of or Absence 
of Dleclpllnary Actions Taken 81 a Result of Control 
Error8. Reported by Facility Chlofo of Individuals. 

so. 

N Mean 
196 92.4 

188 9.93 

170 27.1 

149 33.9 

189 .822 

189 .882 

142 41.1 

148 .829 

148 .824 

Std. Dav. 
4.20 

5.42 

5.95 

8.37 

.382 

.323 

34.9 

.ln 

.380 



TllbleB 

Moat Blkt'Wit Combll.atlona of Pll'jt:ltolof/l T--. B/oglaph/clll Var1161e._ -.d the 11167 
School Cl'ltedon At...... for Plfldlc:flon of Avwage 1.et:11re Gnlde ~ 1 & 4}, 
Cotrrpode iMtlut:t.ol Rilling (E,...,. 2 & 61, -.d the 11167 A VIllage Super,_, 1181/ng 
{Equtltlona 3 & BJ 

Regression Equations, 
Psych. Teats, 
Blog. & 1967 

Psych. Tests & Biog. Psych. Tests Only School 
Criteria 

Variable 1 2 3 4 5 6 
lllo. Daacrlptlon Bt r* li r B r 8 r li r B r 
Teat Varta61as 
1 Dial & Tabla Reading (AFI 20 40*'* 27 37** 22 33** 14 40** 25 37** 
2 Verbal Knowledge & Reasoning 23 30** 28 30** 

(Teat 6, Cal. Capacity Quast.) 
7 Air Traffic Problems I 17 25** 25 32** 16 25** 24 32** 
8 Arithmetic Reasoning. AC 2A 24 39** 21 39** 
9 Symbolic Reasoning & Perceptual 21 35** 20 27** 19 35** 19 27** 

Spaacl (Test 5, Cal. Capacity 
Ouest.) 

10 Abstract R-onlng. OAT 22 27** 23 27** 
·12 Aerial Landmarks, AFOQT -18 07 -17 07 
18 Reading. Pars, Select. & Class. 16 28** 

Test 
21 Family Relations, CTB, Cal. Test 19 22** 50 22** 

of Pars. 
22 Nervous Manifestations, CTB, 21 22** 26 22** 

Mental Health Analysis 
Biographical Variables 
2& Marital Status 16 09* 16 09* 
1957 Criterion Variables 
Composite Instructor Rating 60 56** 

Multiple Correlations .~·· 50** 48** 59** 47** 65** 

11ntercorrelatlon matrix for equations we1 based on • common N of 136 trainees who completed the training course. All decimal pointe have 

been omitted from table -· 
lllognoaion Coelftclenta IBetllal lor otandardlzod ......,.. 
IVelldlty Coefll-
'Significant at leoo than the .06 level. 

"&lgnlllcem at leoo then the .01 level. 
•Point blsarlel correlation 

tokan 11om Trltel. 1881 
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Table I 

/legl ass'an CoeffLIMfl fol Sfaldlf•' ed ScrJr.. ,..,_ ReptJI'Iied by 
Blalraw 8lld u.d fD ,.,., /Equlll/on Number 7" 

No. 
7 
8 
9 

19 

Variable 
DescriPtion 

Air Trefflc ProDiems I 
Arithmetic Reuonlng, AC 2A 
Symbolic Reasoning end Perceptual SP..d 
(Teat&. Cal. Capacity Quest.) 
Code Trenaletlon. Survey of Working Speed 
end_ Accuracy 

Regression Coefflclen~T 
•:to 

11 

18 

*Tobie ontrleo -• taken from: Brokaw, LD. School end Job volldetlon of oolectlon 
meoouroo for olr traffic control training. WADC. TN-38, Pore. Lob., WADD, USAF, 
Lockland AFB, Texaa. 1968 

TDeclrnel points omitted. 

Token from Tr!Mo. 1881 
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Tllble 10 

lhf C1nllr end IWI/ttl Corrahtlona BeCWBM the 111111 Clflwlon ~ the 11167 Clll»>lon 
Jilin,.. end Scrar88 Pl&dlctad flom Regna#Dn ~ IMJerw the Flnlt Onlar CowalattUJ. 
wllh the 111111 Qlflwtl Al8 _....,, 

Criterion r 
Criterion Age with Age 

Criterion Variable r' N r N Partlaled Out 

Age -23** 149 

'i ~ 
Average Lecture Grade 24** 148 -06 136 23** 
Composite Instructor Rating 46** 149 -18* 136 43** 

c ! 1967 Average Supervisor Rating 33** 143 -07 136 32** 
Ragr-lon Equation 6 17* 143 -14 133 14 

Iii Regr-ion Equation 8 44** 127 -09 133 43** .. 
Regraulon Equation 7 23** 143 -11 133 21* 

ii.l 
Age -16*' 189 

J~J 
Average Lecture Grade 28**• 168 -14 196 24** 
Composite lnatructor Rating 24**. 189 -24 168 21** 
1967 Average Supervisor Rating 24••· 162 -11 170 23** 

~ ~·~ Age -03· 189 
Composite Instructor Rating 16*' 189 -24 188 16* 

~ij 1967 Average Supervisor Rating 20·· 162 -11 170 20* 

hjti Age -02· 133 
1967 Average Supervisor Rating 28··· 142 -07 136 28** 

0 '& .. i Regression Equation 2 17*' 138 -06 133 17* z Q 

' Doclmol polnto hove been omlttod. 
• Significant lit - then the .06 level. 
''Sitnlllcent lit IH8 then the .01 level. 
• Polnt·bleerlal correllltlone. 
Token from Trlteo. 1981 
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Tllble 11 

Fbt Orrlet' .wJ P& IIIII CorNiadaivls Between the 11111'1 Clltwlon Mr .. ,... tmd P.r'Chologk:al 
Test tmd /llogli4Jh/Ctl/ ~ WIJarw the Fbt Orrlet' CorNklbu with the 11111'1 Cl"""*' Al8 

Stwtlatlcely SUriiiBe&lt 

Criterion r 
Variable Criterion Age with Age 

~rit&rlon lllo. 15eacrlptlon r• Ill r Ill Partlaled Out 

a 23 Age -23** 149 

1 9 Symbolic Reasoning & 
Perceptual Speed (Test 

tl 
5. Cal. Capacity Quest) 21** 149 -17* 136 18* 

10 Abstract Reasoning. OAT 18** 149 -28•' 136 13 
11 Space Relations, OAT 18* 148 -06 136 17* .. 13 Spa11al Orientation, 

~ AFOOT 23** 143 -10 136 21* ... 28 Previous Flying Exper. -19*' 139 &7••• 136 -06 i ... 29 Any Air Traffic Exper. 18*' 139 -67*·· 136 06 

~ .... 23 Age -15*' 169 

·"'1l 21 Family Relations, CTB 

J-8. Cal. Test of Personality 21**• 150 -03 175 21** 

~~~ 23 Age -03' 169 

~-1 
24 Education -16*' 168 44** 196 -16* 

c ~ !l 
~~~ 23 Aga -18*' 142 

'Decimal points have been o-
*Significant et Ieee than the .o& level. 

**Significant at Ieee than the .01 kwel. 

•Polnt-bleerlal correlations. 

Taken from Trltee. 1981 
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Expansion of the ATC Research Battery by Cobb 

During the period that Trites was collecting the criterion data for 
the five-year follow-up of the sample tested by Brokaw,Cobb began collecting 
data on a test battery composed of measures that would be available to the 
Federal Aviation Agency for operational use (Cobb, 1962). 

Brokaw (1957, 1959) had found that certain tests administered in 1956 
were predictive of both school and on-the-job criteria; Trites (1961) demon
strated the enduring validity of those measures for significant periods of 
performance on the job. The need for the research initiated in 1960 becomes 
apparent when the following issues, cited by Cobb (1962) are considered: 

"(1) Differences in method and content between the 1956 and the 1960-
61 training course. 

"(2) The possibility of differences between aptitude levels for the 
1956 and the 1960-61 training groups, 

"(3) The nonavailability of United States Air Force aptitude tests for 
extended use with a civilian population. 

"(4) The inclusion of psychological tests measuring factor areas not 
previously covered by the 1956 experimental battery. 

"(5) The desirability of additional evidence to substantiate the 
general findings reported by Brokaw and Trites." 

Cobb's project was begun in August 1960, with the administration of an 
extensive battery of tests to incoming ATC students. After initial testing 
the battery was revised in September 1960, and this stabilized battery was 
administered to all entering students through April 21, 1961 (Cobb, 1962). 
A complete listing of variables included in Cobb's analysis appears in Table 
12. 

Cobb used four criterion measures in his 1962 analyses: (1) The 
Combined Academic-Laboratory Grade Average, This was the mean of two 
composite means: (a) the arithmetic mean of all examination grades 
achieved by the student at various training levels for seven academic 
subjects, and (b) pass vs fail, based upon final performance grades for 
laboratory-simulated air traffic control work; (2) Pass-Fail in the school. 
All students who successfully completed the training course were classified 
as "pass"; those who were eliminated for deficiency during training were 
classified as "fail." Students who left the course for other reasons were 
dropped from the study; (3) The Scaled Objective Personality Rating. Two 
psychologists evaluated statements made by instructors in a personality 
profile included in every passing student's final evaluation form. The 
statements concerned (a) performance. under stress, (b) attitudes toward 
instruction, (c) ability to work with others, and (d) job interest. The 
psychologists rated every statement as positive or negative and the score 
was the algebraic sum of the ratings. The value assigned to each student 
was the mean of the two psychologists' ratings, which were found to corre
late highly (.92); and (4) The Scaled Subjective Personality Rating. The 
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Table 12 

Listing of Variables Included in the Analyses 

(Descriptions are provided for only those psychological test variables 
which regression analyses indicated as being significant in the predic
tion of training course criteria.) 

Criterion Variables: 

A. The Combined Academic-Laboratory Grade Average. 
B. The Pass-Fail Criterion. 
c. The Scaled Objective "Personality" Rating. 
D. The Scaled Subjective "Personality Rating. 

Background Variables: 

1. Age When Tested. 
2. Sum of Coded Relevant Experience. 
3. Coded Educational Background. 

Psychological Test Variables: 

• 

·variables 4-8 represent subtests of the Bennett-Seashore-Wesman 
Differential Aptitude Test (DAT) Battery, Form A. 

4. DAT-Space Relations. A 45-item test of ability to visualize objects 
and forms in two or three dimensions. The task, for each item, is 
to indicate how many of five depicted solid figures can be made from 
an unfolded pattern. 

5. OAT-Numerical Ability. A 40-item-test presenting a series of rela
tively simple numerical problems. Provides a measure of "number" 
ability. 

6. OAT-Abstract Reasoning, A 50-item test wherein the task is to indi
cate, for each item, which of a series of choices (figures) properly 
carries out a principle of logical development exhibited by a sequence 
of figures. The test provides a nonverbal measure of reasoning. 

7. OAT-Language Usage, Part II. 

8. OAT-Mechanical Reasoning. 

Variables 9 and 10 represent Part I and Part II of the Air Traffic 
Problems Test which was developed under contractural arrangement in 
1952 by the American Institute for Research for the Civil Aeronautics 
Administration. 

9. Air Traffic Problems, Part I. A 30-item test presenting highly sim
plified versions of Air Traffic Control situations. Good performance 
is not necessarily dependent on past ATC experience. Flight data 
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displays are presented for several inbound aircraft, all flying 
the same speed and course, but at different altitudes and with 
different ETA's. Given a basic 5-minute time separation rule, 
the examinee must decide, for each item, whether or not sufficient 
time separation exists between certain aircraft to permit changes 
to certain specified altitudes. 

10. Air Traffic Problems, Part II. 

Variables 11-28 represent 18 scales of the 480-item California 
Psychological Inventory (CPI) booklet. The scales provide a com
prehensive survey of the individual from a social interaction 
viewpoint, and are referred to below in terms of the factors 
measured. 

11. CPI-Ac (Achievement via Conformance). 

12. CPI-Ai (Achievement via Independence). 

13. CPI-Cm (Communality). 

14. CPI-Cs (Capacity for Status). An index of an individual's 
capacity for status (not his actual or achieved status). The 
scale attempts to measure the personal qualities and attributes 
which underlie and lead to status. 

15. CPI-Do (Dominance). 

16. CPI-Fe (Femininity). 

17. CPI-Fx (Flexibility). 

18. CPI-Gi (Good Impression). 

19. CPI-Ie (Intellectual Efficiency). The degree of personal and 
intellectual efficiency which a person has attained. 

20. CPI-Py (Psychological Mindedness). The degree to which the indi
vidual is interested in, and responsible to, the inner needs, 
motives, and experiences of others. 

21. CPI-Re (Responsibility). 

22. CPI-Sa (Self Acceptance). 

23. CPI-Sc (Self Control). 

24. CPI-So (Socialization). 

25. CPI-SP (Social Presence). 

26. CPI-Sy (Sociability). Outgoing, sociable, participative temperament. 
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27. CPI-To (Tolerance). 

28. CPI-Wb (Sense of Well Being). A scale identifying persons who 
minimize their worries and complaints, and who are relatively 
free from self-doubt and disillusionment. 

29. 

30. 

31. 

32. 

33. 

34. 

Variables 29-40 pertain to twelve subtests of the California Test 
of Mental Maturity (CTMM, Advanced Form A, 1957 edition). 

CTMM-Immediate Recall. 

CTMM-Delayed Recall. 

CTMM-Sensing Right and Left. 

CTMM-Manipulation of Areas. 

CTMM-Opposites. 

CTMM-Similarities. 

35. CTMM-Analogies. A 15-item test, wherein seven drawings of different 
objects are presented for each item. The first object has a definite 
relationship to the second which the student must recognize in order 
to identify, by analogy, the drawing among the last four which is 
similarly related to the third drawing. 

36. CTMM-Inference. A 15-item test, wherein printed statements for each 
item present two premises. The student must select the logical con
clusion, based on those premises, from the four possible alternatives 
offered. 

37. CTMM-Number Series. 

38. CTMM-Numerical Quantity, Coins. 

39. CTMM-Numerical Quantity, Arithmetic, 

40. CTMM-Verbal Concepts. 

Variables 41-47 are representative of seven tests of the Moran 
Repetitive Measurements (RPM) battery. The battery is composed 
of highly-speeded perceptual, coordination, and memory tests. All 
RPM scores used in the present study were measures of-performance 
representing initial administration. 

41. RPM-A, Aiming. This test measures the ability to carry out 
quickly and precisely a series of movements requiring eye-hand 
coordination. Specifically, the student's task is to place a 
stylus point through the centerofrandomly positioned printed 
circles of .08-inch diameter. 

42. RPM-FC, Flexibility of Closure. 

43. RPM-NF, Numerical Facility. 
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A4. RPM-PS, Perceptual Speed. 

45. RPM-SC, Speed of Closure. 

46. RPM-V, Visualization. 

47. RPM-SM, Social Memory. This test measures the ability of a student 
to remember faces· or photographs. After studying a group of 16 
photographs (faces) for one minute, the student must turn a second 
sheet and indicate recognition of the 16 faces from among a group 
of 32 pictures. Only 16 of these faces are the same. The three 
parts that compose the test are similar but different photographs 
are invqlved in each part. 

Taken from Cobb, 1962 
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same statements categorized' in the Objective Personality Rating were 
evaluated on a normalized nine-point scale, The ratings of the two 
psychologists, correlating .90, were averaged to determine the final 
value for each student, 

Background variaples for the analysis included age, to the nearest 
birthday, and a sum of telated experience, coded on a nine-point scale 
for each of ten types of experience, including three types pertaining 
to communications, six to air traffic control, and one to -ground control 
intercept. Educational background was coded on a nine-point scale, such 
that a high school non-graduate was coded 1, and an individual with six 
years of college was coded 9. 

Cobb (1962) described his test battery as heterogeneous, consisting 
mainly of commercially developed aptitude, attitude, and perceptual ability 
tests. Some were highly speeded and others were power tests. The selec
tion of tests for this battery was based on a number of considerations. 
Some of the tests were those which Brokaw had reported as being highly 
predictive of training-course and on-the-job performance; several repre
sented substitutions for USAF tests; and others were included on the 
assumption that they provided more comprehensive and reliable measures 
of certain areas or because they provided measures relevant to new or 
different areas. 

Three samples of subjects were included in Cobb's analysis (1962):-

"Sample 1, or Experimental Sample. One hundred twenty-four cases 
(95 pass and 29 fail subjects) from five 1960 EnRoute classes were desig
nated as an experimental sample and scheduled for analyses aimed at the 
development of criterion prediction equations. 

"Sample 2, or Validation Sample. A second group, composed of 172 
cases (136 pass and 36 fail subjects) fromeight 1961 EnRoute c'!asses, 
was established as a validation sample on which to test the prediction 
equations derived from the analysis of the experimental sample. 

"Sample 3, or Terminal Tryout Sample, One hundred forty-eight cases 
(137 pass and 11 fail subjects) representing thirteen 1960-61 Terminal 
classes, constituted a sample on which the prediction equations developed 
for the EnRoute classes could be tested for appropriateness in forecasting 
performance criteria for the Terminal course." 

The intercorrelations of the four criteria in these three analytic 
samples are presented in Table 13. It is apparent that the academic
laboratory criterion was not highly related to the personality criteria, 
but that the personality criteria were highly related to each other. 

Seven regression analyses were accomplished on data of the experi
mental sample. The first four were based on data of the combined pass 
plus fail cases (N=l24) and resulted in the development of two prediction 
equations for the academic-laboratory criterion, and two for the prediction 
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Tllble 11 

Aced. Pas• Obj. Subj. 
Sample end Variable Lab. Fell Pare. Pare. 

EXjlerimental Semple 
Peee Plus Fells: Aced-Lab. 1.00 .88 

--- i>aa&ioiiiY: ------A"ciiJ.Gili.---,110 ---------.~r- -")1-
obJ. Pare. .30 1.00 .80 
Subj. Pare. .28 .80 1.00 

Validation Sample 
Pus Plus FeHa: Aced-Lab. 1.00 .71 

---iiaiiaei r>r.iY:- --- --A"c&a:rab.----,.M- -------. .--- -;.-,-
obJ. Pare. .38 1.00 .81 
Subj. Pars. .41 .81 1.00 

Terminal sample 
Peas Plus Fells: Aced-Lab. 1.00 .62 

--'P8e"i8ii"l>n1Y:- ----A'ciicT-!Ab.- --;.clil-- ----- -:!8- --:-a-
ObJ. Pare. .38 1.00 .81 
Subj. Pare. .46 .81 1.00 

Taken from Cobb. 1118Z 
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of the pass-fail criterion. For each criterion, one of the two equations 
was based on data for the psychological tests, while the other considered 
the tests, as well as age, experience, and education. The other three 
analyses were based on the 95 pass cases, and resulted in development 
of prediction equations for the two personality ratings and the academic
laboratory criterion. Additional regressions, designated eight and nine, 
consisting of a set of five tests designed to be very similar to the space 
relations, abstract reasoning, and air traffic problems found valid by 
Brokaw and by Trites, were computed for the experimental sample. 

The results of Cobb's analysis of the comparative contributions of 
psychological and experience variables are presented in Table 14. It 
should be noted that regressions 1 and 3 are based upon the 95 pass cases 
of the experimental samples, while regressions 2 and 4 are based upon all 
124 cases in the sample. The analytic technique was the iterative method 
described by Greenberger and Ward (1956), which sequentially selects that 
variable from the available set which makes the largest contribution to 
the derived multiple correlation. Under this system only one of the ex
perience variables was chosen for each criterion, suggesting that available 
valid variance in those measures had been captured mainly by the psychological 
tests. 

In light of the small sample sizes used in the analysis of a large 
number of predictor variables the relatively small shrinkage found when 
the composites were applied to the validation sample suggested that effi
cient prediction would be obtained in an unselected sample. 

Comparison of the prediction of the personality ratings with the pre
diction of the academic-laboratory criterion appears in Table 15. Although 
the personality ratings were not as predictable as the performance criterion, 
validities at useful levels were found for them. Although substantial 
shrinkage occurred in the cross validation, useful prediction could be 
made with the personality ratings. 

Of particular interest were the validities replicating the Brokaw and 
the Trites studies, appearing in Table 16. The observed values closely 
approximated the optimal prediction possible within the test battery, and 
cross-validation shrinkage was somewhat less. 

Experience as a Predictor of ATC Performance 

Following World War II, and in the period following the Korean conflict, 
the Federal Aviation Agency based its selection of air traffic control per
sonnel primarily upon prior experience--either in the air traffic control 
field, or as a pilot. Significant numbers of persons who had relevant mili
tary experience were seeking employment. Brokaw (1959), Trites (1961), 
Trites and Cobb (1963), and Cobb (1962) had all demonstrated that prior 
experience was relevant to performance in training, although Trites (1961) 
could find no continuing impact in the prediction of job proficiency. In 
1963 Trites and Cobb reported a more comprehensive study of the validity 
of experience as a predictor of training and job performance. 

The experience variables evaluated and the aptitude test battery in
cluded in the study are described in Table 17, extracted from the Trites and 
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Tllble 14 

O.WIIopmsnt and App/lcBtJon of Regn1811ion Equ/ltJoiM fOI' Predlt;tlon of Actldemlc 
LilboiBIDiy Gtade Aventge and ,.,.F!l/1 Sf8CUir of A TC En Roue. SCudenttl 

Variables 

Criterion: 
A. Acad.·Lab. Grade Avg. 
B. Pass-Fall Status 

Tests: 
5. OAT-Numerical Ability 
6. OAT-Abstract Reasoning 
9. Air Traffic, Part I 

14. CPI·Cs, Capac. For Status 
19. CPI·Ie, lntell. Eff. 

· 26. CPI-Sy, Sociability 
26. CPI·Wb, Sense Well Being 
36. CTMM·Analogles 
36. CTMM-Inference 
41. RPM·A. Aiming 

Background: 
1. Age When Tested 
2. Coded Sum of Experience 

Multiple Correlations and Beta Weights Derived 
Via Regression Analyses of Data for Exp. Sample 

When Only Psych. Tests 
Are Considered 

Regr. No. 1 Regr. No. 2 

R=.66 

Bew 
Wt. 

.33 

.22 

.25 
-.24 

.19 
-.14 

Valid· 
lty* 

.54 

.40 

.29 
-.04 

.42 
-.10 

R=.52 

Beta 
Wt. 

.33 

-.21 

.19 

.21 

-.17 

Valid· 
ity* 

.40 

-.03 

.20 

.35 

-.15 

When Psych. Tests Are 
Supplemented by Back· 

Ground Variables 
Regr. No. 3 Regr. No. 4 

R=.69 

Beta 
Wt. 

.17 
.31 
.16 

.21 
-.21 

-.15 

-.26 

Valid· 
ity* 

.41 

.54 

.40 

.29 
-.04 

-.10 

-.38 

R=.60 

Beta Valid· 
Wt. ity* 

.32 .40 

.21 .35 

.21 .21 
-------------------------------------------

Criterion: 
A. Acad.·Lab. Grade Avg. 
B. Pass-Fall Status 

Validation Sample*: Correlation of Predicted 
Criterion Values with Actual 

.49 .56 
.35 

I£XP. Sampla: N •124, 96 pasa plus 29 fall subjacts of five 1960 En Route Classes. 

"Vol. Sample: N•172. 138 pass plus 38 fall subjects of eight 1961 En Route Clasaes. 

.38 

*Validity coefficients greater than .18 are significant at the .061evel and those greater than .21 are significant at the .01 level. 

Taken from Cobb, 1982 
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Tllble 16 

Dellfllopment lllld Apftllcetlon of RtlfliBar'Gn Et/u1111Dn6101' A ... flun of Q,.,.. 101' 
Only the Pea S«'6/8CO of the ATC En /IDUifl Cocne 

Multiple COrrei8tiOna and B8tll Welghta Diii'lY8d 
Via Represalon Analwes of Date for Exp, SempleB 

Variables Regr. No. 6 Regr. No. 8 Regr. No. 7 

Criterion: 
A. Academic-Laboratory Grade Avg. R=.82 
C. Objective Personality Rating 
D. Subjective Personality Rating R•.43 

--------------------------------------------
Bate Valid· Bate Valid- Bate Valid-
Wt. ity* Wt. lty* Wt. lty* 

Test Variables: 
4. OAT-Space Relations .20 .42 
6. OAT-Abstract Reasoning .18 .21 

19. CPI-Ie, Intellectual Eff. .33 .39 .17 .16 
20. CPI-Py, Psych. Mindedness .14 .08 
35. CTMM-Analogies -.18 -.10 
36. CTMM-Inference .23 .33 -.18 -.07 
47. RPM-SM. Social Memory .24 .19 .29 .22 

Background Variables: 
1. Age When Tested -.26 -.35 .16 -.00 
3. Educational Background -.36 -.29 -.36 -.29 

-----------------------------------------
Validation Sampleb: Correlation of 

Predicted Criterion Valuea with Actual 
Criterion Variables: 

A. Academic-Laboratory Grade Avg. .37 
B. Objective Personality Rating .29 
C. Subjective Personality Rating .20 

•Exp. Sample: 96 paaa students of five 1980 En Route cla ... e. 
bVal. Sample: 138 paaa students of eight 1981 En Route clll .... . 
*Validity coefficients exc-lng .19 ere •;gnlflcent at the .03 level 8[nd- ex-ng .211 .... olgnlflcent at the .01 level. 

Taken from Cobb. 1962 
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Tllble 11 

Dew~t .nd Appl#alltlon of R.,...,., EquaiiDIM Basad on eon.Jdetrltlon of Data 
Fol Only Fin S.'Wctad TesCir 

Variables 

Criterion: 
A. Academic-Laboratory Grade Avg. 
B. P ... Fall Status 

Teat: 
'I· OAT .Space Relations 
6. OAT-Numerical Ability 
8. DAT·Abstract Reasoning 
9. Air Traffic, Part I 

36. CTMM·Analogles 

Criterion: 
A. Academic-Laboratory Grade Avg. 
B. Pas•Fall Status 

Multiple Correlations and Bate Weights Derived 
Via RegreBBion Analyses of Data for Exp. Sample" 

Regr. No. 8 Regr. No. 9 

R=.&O 
R=.47 

Bate Valid· Beta Valid-
Wt. lty* Wt. lty* 

.03 .35 -.08 .22 

.13 .43 .12 .32 

.34 .54 .27 .40 

.19 .40 .06 .23 

.11 .38 .22 .35 

Validation Sampleb: Correlation of 
Predicted Criterion Values With Actual 

.54 
.40 

•Exp. Semple: N •124; 86 peoa pl .. 211 fall oubjecto of live 1860 En Route Cl-aa. . 
"Vel. Semple: N •172; 138 peoa pl .. 38 fall subjects of eight 1981 En Route Cia ..... 
"Validity coefllclenta gr- then .18 are olgnlllcont et the .06 level and thoee greeter then .21 are significant 
•• the .01 level. 1-----------------------------------------------------------

Taken from Cobb 119821 
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Experience Varlablaa 

Variable Name & 
Abbreviation* 

1. Pilot Exporlonce (Pill 

2. Radio Operator: Air to Ground Communication• 
IRodlo: Alr/Grnd) 

a Ground Control Intercept IGCIJ 

4. Station (Stat) 

6. Ground to Air Communications (Ground/Air} 

8. Point to Point CommunlcatloneiP to PJ 

7. VFR Tower (VFR Tow) 

8. Approach Control: Tower (App Con Tow) 

9. Radar Approach Control: Tower (Rad App Con Tow) 

1,0. Center (Cent) 

11. Ground Controller Approach (GCA} 

12. Radar Approach Control Center (RAPCONI 

13. Sum of Communications Experience ('I CommJ 

14. Sum of Air Traffic Experience (:I An 

16. Sum of Relevant Experience I:I Rei) 
Demographic Variables 

18. Ago 

17. Education lEduc) 

Tllble 17 

Description of Varlablaa 
Description and Coding 

Coding for Varlablaa 1 & 2 

Amount of Experience 

No Experience Reported 
Lese than 1 Year 
12 Montha Through 23 Montha 
2 Yaara Through 4 Years 
& Yaara Through 8 Yeare 
7 Years Through 8 Years 
9 Years Through 10 Years 
11 Yeara Through 16 Yeara 
16YearaorMora 

CodOI 

1 
2 
3 
4 
6 
8 
7 
8 
9 

Long Range, High Altitude Interception Technique Und by Military 
Aircraft Control and Warning Unite 

A Unit Primarily Engaged In Ground to Air CommunlctloM and Pilot 
Brlaflnga 

Communications from One Axed Ground Pol~t to Another Fixed 
Ground Point 

A Tower Controlling Air Traffic Under VIsual Flight Rules tvFRJ 

A Tower Capable of Controlling Air Traffic Under Instrument Flight 
Rules (IFRI but without Acceu to Radar 

A Tower with Acceu to Radar aa an Aid In Controlling Air Traffic 

An Air Route Traffic Control Center 

A Ground Radar System Used to Aulat Aircraft Dwlng Landing 

USAF Radar System Uaed for Approach Control at Air Force 
Airfields; Similar System In Use by the Navy Ia CeUed a Radar Air 
Traffic Control Center (RATCCJ 

Coding for Variables 3 Through 12 
Amount of Experience Codoo 
No Experience Reported 
Through 3 Months 
4 Through 8 Months 
7 Months Through 1 Year 
13 Months Through 2 Years 
26 Months Through 3 Yea,. 
37 Months Through 6 Years 
8 Years Through 10 Years 
11 Years or More 

Sum of Individual Experience Varlablea Noa. 4. 6. & 8 

Sum of Individual Experience Varlablea Noa. 7 Through 12 

Sum of Experience Variables Noa. 3. 13. and 14 

1 
2 
3 
4 
6 
8 
7 
8 
9 

Chronological Age to Neareat Birthday on Date of Entry Into ATCS 
Training 

Coding for Education 
Amount of Education 
None Reported 
Lno than High School Graduate 
High School Graduate 
Leu than 1 Year of College 
1 Year of College 
2 Yea,. of College 
3 Years of College 
4 Years of College 
6 Yooro of College 
8 or More Years of College 
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Blank 
1 
2 
3 
4 
I 
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Aptitude Vorlobloo 

118. DAT Spoco Relatione CSpl CWoillht • 61 

111. DAT Nurnorlcel Ability CNuml CWolght = 131• 

Ia. DAT Abotrect Roeoonlng lAbel CWolght • 141 

Int. CTMM Anologloo CAnologl CWolght • 481 

0 "22. Air Trofflc Problema IATPI CWolght • 181 

23. Compo- Aptitude Toot Score CCompl 

Tllble 11 Continued 

Identify Solid Flguree then Con Be Modo from on Unfolded Pattern 
140 Items; Scored; Rillhto Mlnuo Wrongo) 

Toot of Arithmetic or Computotlonel Skill 140 ltemo; Scored; Rlghto 
Minus % Wrongs) 

lndlcote which of o Serleo of Cholcoe Cflgurn.l Properly CorriM Out 
a Principle of Logical Development Exhibited by a Sequence of 
Flgureo 160 ltemo; Scored; Rlghto Mlnuo % Wrongol 

Seven Drawings of Different Objects Are Preeented for Each Item. 
The Flrot Object Hoo a Definite Relotlonohlp to the -nd Whlcti 
Muot be Recognized In Order to Identify, by Anelogy, the Drawing 
Among tho Laot Four which lo Similarly Rollted to the Third 
Drewlng 116 ltemo; Scored: Rlghtol 

Determine Whether Aircraft May Be Permitted to Change Altitude 
without violating a Specified nm•Seperetlon Rute (30 lteme; Scored: 
Rlghtl: Mlnua Wrongs) ' 

Sum of Aptitude Toot Varlebloo Noa. 18 Thr-h 22. Each Weighted 
as Indicated. 

• Abbreviations are given In parentheele following the names of the varlabiH. 
I Pert of tho Differential Aptitude Toot CDATI Bottory, Form A. 1847, published by the Po~ Corpol'8tfon, New York, N.Y. 

11 Port of tho Collfornlo Toot of Mentel Moturlty CCTMMI, Advanced, Form A. 1167 publlohod by tho ClllfomJ. T- ,_,, Loo Angolu, 
California 

•• Originally developed by the Amwk:lln /IMfltute for RNfiiUCh. Plttt:burg, Pa., under contract with the Civil Aeronautic. Admlnletretlon In 
1160. Form uHd In the present re..arch waa an extensive revision of the original teet. Revlelon prepared by the Selection Section. 
Psychology Branch. Civil Aeromedical Rae .. rch Institute. 

Taken from Trites end Cobb. 1983 
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Cobb report (1963). The training criteria included Academic Grade Average 
(Acad,), Laboratory Grade Average (Lab.), Combined Academic plus Laboratory 
Grade Average (A+L), and Pass or Fail (P-F) in the training course. The 
job performance criterion variable was a supervisor rating collected approxi
mately ten months after the trainees had graduated from the FAA Academy. 
The value used was an average based upon ratings by supervisors on a 15-
item checklist ev~luation form. The form contained items relating to work 
habits, ability, judgment, reasoning, emotional stability, and relationships 
with others. Possible ratings were: Excellent, Very Good, Good, Fair, and 
Unsatisfactory. The average rating was computed by assigning weights of 4 
through 0 to ratings of Excellent through Unsatisfactory, respectively, 
summing all of the items rated by all supervisors, and dividing the sum by 
the number of items rated, It was not possible to secure four supervisory 
ratings on all subjects; the average number of forms completed was 3.8. 

In an earlier study, a corrected split-half reliability of .75 was 
obtained for Average Supervisor Ratings computed from rating forms con
taining 12 of the 15 items used in the present form (Trites & Cobb, 1963). 

The analytic sample included 745 trainees, of whom 505 were assigned to 
EnRoute control stations and 240 Terminal assignees had participated in an 
experimental aptitude testing program. Statistical comparisons of the test 
samples with the total samples showed equivalence in age, academic grade, 
laboratory grade, and supervisor rating (Trites & Cobb, 1963). 

Trites and Cobb concluded that different kinds of pre-employment job
related experience had differential value for the prediction of training 
performance. In general, experience most directly related to air traffic 
control work was a positive predictor; experience relating to communications 
and piloting was negative. It was also shown that for EnRoute trainees only, 
a composite variable representing the sum of tower, GCA, RAPCON/RATCC, and 
center experience had a statistically significant, but low relationship with 
ratings of job performance. By contrast, aptitude tests were superior to 
the experience variables for the prediction of all training course performanc< 
measures of both types of trainees, with the exception of the Laboratory per
formance of Terminal trainees, For the Terminal trainees, the composite ex
perience variable was superior to the tests. For job performance, it was 
found that only ratings of EnRoute trainees could be predicted by the tests 
and that although the tests were superior to experience as predictors, the 
relationships were small. As determined in other studies it was again shown 
that age at entry into training was negatively related to training and job 
performance, and that the negative relationships were greatest with grades 
in simulated air traffic control work in the training school laboratories. 
The findings of the study led to the recommendation that selection of indi
viduals for Air Traffic Control Specialist training be based upon an aptitude 
test battery and pre-employment, job-related experience in tower, GCA, RAPCON/ 
RATCC, and center work. 

The statistical data upon which these conclusions are based appear in 
Appendix B. 
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Conclusions 

There is a common trend across these studies for measures of spatial 
perception, verbal and non-verbal reasoning, and the mental manipulation 
of verbal or numeric concepts to be predictive of success in air traffic 
control training and in air traffic control assignments. Measures of prior 
experience in air-traffic related occupations 'tend to be predictive of 
success in training but to lose their predictive power when related to 
later job performance. Measures of personality, or of temperament, have 
shown little predictive efficiency for criteria of school or job success. 

Significant difficulties were encountered in the collection of criterion 
data. Early studies were nearly useless because of the small groups of per
sons with homogeneous experience available for criterion purposes. Although 
later studies generated larger criterion samples, it is probable that sub
sets of subjects within those samples worked in dramatically different 
environments. The consistent findings of significant correlation in the 
presence of attenuation of common variance from this cause suggests that 
the predictor sets were reasonably powerful in their action. 

The strong, stable relationship discovered by Trites between super
visory ratings of job performance and instructor ratings collected five 
years earlier suggests that the environment in air traffic control training 
and work situations is sufficiently structured to permit objective ratings 
of pertinent behaviors. 

A crucial element in the accomplishment of air traffic control pro
cedures lies in the efficiency of communication between controllers and 
aircrew members. This aspect of the controller function has not been 
addressed in the research reported here--restriction of test content to 
materials presentable in a paper-and-pencil group-test format effectively 
eliminates opportunity to measure the trainee's ability to understand what 
he or she may hear or the efficiency with which he or she transmits control 
information to the aircraft. Short-term and long-term memory in the context 
of the work situation also a,e effectively barred. 

The reported research has shown that air traffic control performance 
can be predicted, in part, by aptitude tests in recognized areas. It has 
also shown that asses.sment of performance through classic subjective ratings 
can be reasonably objective and stable over time. The absence of attention 
to behaviors that seem to be crucial elements of the controller task indi
cates significant opportunity for the application of more sophisticated 
testing techniques. Advances in computer technology with accompanying re
ductions in cost will make the testing feasible in situations that simulate 
the work environment more accurately. 

REFERENCE NOTE 

1. John C. Flanagan supervised the AIR contract effort, with the advice 
of Elmer D. West, and Miss Marion Shaycoft. Paul M. Fitts, Jr., served 
as research adviser and rendered useful criticism throughout the project. 
L. Dewey Anderson an4 Bryce Hartman were consultants at early stages of the 
project. 
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Appendix A 

Tllb/eA-1 

U8llng al Experimental Tests and Dedved Va/IJitlw al 
Ak FotceiCIIIH Allt'OIIIIIIIlt: Adtninl6trBtlon BlllltNy. Sllmple: 130 CAA 

Ak Tl'lllllc Contlol Student& &tlacllad from Btolcllw, 11167. 

1. Average Lecture Grade 
2. Average Instructor Rating (Pooled Independent Ratings) 
3. Composite Instructor Rating (Instructors as Group Rate Students) 

Validity* 
Test Title Mean so 1 _2_ _!_ 

PUBLICATIONS OF THE CALIFORNIA TEST BUREAU 
Survey of Space Relations Ability 62.54 16.64 .06 .07 .08 
Occupational Interests Inventory 

Personai·Social 17.52 5.27 -.02 -0.1 .01 
Natural 20.85 6.78 -.03 .01 .04 
Mechanical 20.98 5.56 .13 .09 .07 
Business 20.85 5.85 .08 -.03 -0.5 
The Arts 16.72 5.71 -.23 -.12 -.12 
The Sciences 22.94 4.83 .08 .01 .03 

Types of Interest 
Verbal 9.52 3.52 -.09 -.10 -.08 
Manipulative 10.58 1.69 -.07 -.03 -.07 
Computational 9.73 3.51 .06 .03 .01 

Level of Interest 73.56 7.03 -.01 -.06 -.02 
Mental Health Analysis 

Uabilities 
Behavioral Immaturity 14.n 2.99 .13 .07 .03 
Emotional Instability 15.58 3.30 .07 .05 .04 
Feelings of Inadequacy 16.79 2.33 .14 .02 -.01 
Physical Defects 19.57 .92 .14 .09 .09 
Nervous Manifestations 18.02 2.00 .25 .08 .10 
Total Uabilities 84.75 8.76 .18 .06 .04 

Assets 
Close Personal Relations 18.32 2.04 -.14 -.08 -.07 
Interpersonal Skills 17.50 2.17 -.08 -.08 -.07 
Social Participation 14.47 3.n. -.05 -.03 -.05 
Satisfying Work & Recreation 15.65 2.50 -.03 .00 .00 
Adequeate Outlook and Goals 18.58 1.58 -.05 -.06 -.08 
Total Aasets 84.52 9.41 -.09 -.06 -.06 

*.17 significant at 5-per-cent level, .23 at 1-per-cent level. 
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Table A-1 Continued 

Validity* 
Test Title Mean so ; 2 3 ----Publications of the California Test Bureau (Continued) 4 Test of Mental Maturity 

Sensing Right and left 17.72 2.06 .09 .06 .08 
Manipulation of Areas 8.90 2.36 .08 -.02 .06 
Similarities 7.01 2.05 .11 .00 .07 
Inferences 13.16 1.44 .19 -.01 .04 
Number Series 7.52 3.44 .21 .18 .23 
Numerical Quantity 1Q.42 2.04 .28 .21 .24 
Verbal Concepts 37.26 5.64 .09 -.01 .06 

Survey of Working Speed and Accuracy. 
Number Checking 120.52 22.01 .09 .16 .16 
Code Translation 130.90 28.10 .27 .24 .27 
Finger Dexterity 82.98 16.58 .00 -.03 -.02 
Counting 39.65 10.01 .29 .24 .19 

California Capacity Questionnaire 
Test 1 (Right or Left) 17.14 2.32 .07 .00 .03 
Test 2 (Vocabulary, Arithmetic 

Reasoning and Syllogisms) 13.85 1.11 .11 .03 .10 
Test 3 (Symbolic Reasoning, 

Perception) 10.92 2.10 .24 .02 .04 
Test 4 (Vocabulary, Arithmetic .. 

Reasoning, Syllogisms) 12.36 2.02 .09 .04 .12 
Test 5 (Symbolic Reasoning, Perception) 7.22 2.30 .33 .29 .28 
Test 6 (Vocabulary, Arithmetic 

Reasoning, Syllogisms) 6.85 3.18 .17 .22 .24 
Test 7 (Vocabulary) 3.78 3.56 .18 .18 .18 

California Test of Personality 
Personal Adjustment 

Self-Reliance 12.38 1.94 -.02 -.09 -.07 
Sense of Personal Worth 13.17 1.82 .03 .03 .02 
Sense of Personal Freedom 13.61 1.61 -.08 -.06 -.06 
Feeling of Belonging 13.95 1.71 .08 .02 .02 
Withdrawing Tendencies 13.18 2.44 .04 -.06 -.07 
Nervous Symptoms 13.58 1.n .08 .07 .06 

Social Adjustment 
Social Standards 12.62 1.66 .01 -.03 -.01 
Social Skills 12.10 2.03 -.01 -.12 -.12 
Anti-Social Tendencies 13.93 1.69 .03 -.05 -.06 
Family Relations 13.92 1.70 .09 .19 .15 

*.17 significant at 5-per-cent level •. 23 algnlflcant at 1-per-cent level. 
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Ttlble A-1 (Cont/nUflt/J 

Valid!!%* 

Test Title Mean ..§Q. _1_ _L _3 _ 

Publications of the California Test Bureau (Continued) 
Occupation Relations 13.11 1.78 .16 .06 .01 

Community Relations 13.19 2.20 .07 -.01 -.01 

Personnel Selection and Classification Test 
Reeding 36.12 3.47 .26 .16 .16 

Arithmetic 18.49 4.29 .33 .26 .32 

Vocabulary 37.70 6.30 .16 .06 .14 

Mechanical Dexterity 
Dotting 21.01 4.17 .13 -.04 -.02 

Pursuit 23.66 6.93 .01 -.07 -.09 

Blocks (Counting) 37.42 13.80 .12 .08 .10 

Total Mechanical Factors 82.26 18.21 .12 .03 .04 

Social Adaptability 24.46 3.30 -.02 -.02 -.09 

Dependability 24.87 2.92 .06 .00 .01 

Oral Directions 21.99 2.36 .06 .11 .13 

DIFFERENTIAL APTITUDE TEST BATTERY PUBLISHED BY THE PSYCHOLOGICAL CORP. 

Verbal Reasoning 33.85 7.96 .21 .12 .17 

Numerical Ability 26.66 6.79 .32 .26 .31 

Abstract Reasoning 36.74 6.61 .18 .16 .20 

Space Relations 67.65 15.24 .21 .16 .20 

Mechanical Reasoning 61.65 7.44 .10 -.02 .01 

Clerical Speed and Accuracy 63.78 16.12 .00 .00 .01 

Language Usage 
Spelling 67.03 20.93 .17 .06 .10 

Sentences 41.82 13.19 .22 .18 .16 

AIRWAYS OPERATIONS APTITUDE TEST BATTERY-AMERICAN INSTITUTE FOR RESEARCH 

Air Traffic Problems I 18.88 6.23 .30 .31 .37 

Air Traffic Problems II 15.33 3.96 .26 .15 .18 

Locating Data 31.87 8.67 -.02 .26 .26 

UNITED STATES AIR FORCE TESTS ADMINISTERED EXPERIMENTALLY 

Airman Classification Battery AC-2A Booklet 2 
Arithmetic Reasoning 7.45 1.61 .36 .27 .26 

Verbal Test 7.36 1.64 .21 .06 .13 

•.17 significant at 5-per-cent level •. 23 significant at 1-par-cent level. 
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Tllble A-1 (ConllnuedJ 

Test Title Maan so 1 
.Valid?* 

3 

United States Air Force Tasts Administered Experimentally (Continued) 

Mechanical Tast 8.76 1.76 .24 .00 .01 
Tool Functions 8.08 1.92 .24 -.01 .01 
Figure Recognition 8.18 1.98 .19 .07 .07 

Airman Classification Battery AC-2A Booklet 
Technical Information 7.38 1.34 .30 -.01 .03 
Patterns 5.97 1.82 .20 .14 .17 

Dial a11 J Tabla Reeding BP822-821A 7.49 1.29 .43· .38 .38 

Air Force Officer Qualifying Test Booklet 2 
AarJal Landmarks 26.84 7.84 .18 .27 .27 
Spatial Orientation 4.15 2.23 .13 .22 .18 

Air Force Officer Qualifying Test Booklet 3 
Instrument Comprehension 17.78 5.85 .28 .23 .23 
Aerial Orientation 12.15 5.88 .18 .08 .12 
Visualization of Maneuvers 10.57 5.24 .11 .14 .14 

Criterion 1, Average Lecture Grade 93.58 2.83 .50 .51 
Criterion 2. ·Average Instructor l)ating 8.85 4.82 .93 
Criterion 3, Composite Instructor Rating 8.92 5.11 

•.17 olgnlft- 8t the 6-pw......t level, .23 olgnlflcent 8t the ,..,.,_ level. 
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General 

The Test Should Be Composed of Materials Approprlata for Use with Juniors and Seniors In High School. Test 
Directions and Explanatory Material Should Be Suitable for Usa in Junior High School Because There Is Evidence 
that Varbel Skill, as Such. Is Not Particularly Valid as a Selection Device for this School. The Content of the 
Technical Portions of the Test. However, Should Be at the Senior Level In High School. 

Arithmetic Reasoning 
Figure Analogies 
or 
Symbolic Reasoning of tha 

type of Test 5, California 
Capacity Questionaire 

Air Traffic Problems 
Code Translation 

Test Outline 

No. of ltams 
30 
30 

30 

30 
70 Word Passage 

Tima Limit 
25 Minutas 
15 Minutas 

7 Minutas 

5 Minutas 
5 Minutas 

Passing of Matarials and Administrative Diractions Will Require an Additional Ten to Flftaen Minutas, Making 
the Total Test Tlma Somewhere Batween an Hour and an Hour and Tan Mlnutas. 

Scores Derived from the Four Item Types Employad Should Be Equated by Conversion to Normalized Standard 
Scores and Combined with the Following Suggestad Weights: 

Arithmetic Reasoning 3 
Symbolic Reasoning 2 
Air Traffic Problems 3 
Coda Substitution 1 
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Appendb. B 

Stlttlatlnl 7ll6la &.6•1811 from ,.,._ D. K., Md CaiJit4, s.t. PloiJil!lm8 In M- 71afti: 
Ar....,_, N: ~of Au ol!b..,rn~ Job.Re/IJI8d l!1ipNience wllh Aplllude 
T_,. .. Aei£-flt»s of 71MitJgMdJob ~ ofM- name Cou6al.,_,.1 ta. 
OlrdliitGm8 ~ ~ Aeromedlctll Rrru r:l1 ~ Awlllfiorl MI._,~ F«<tJnnl 
Awllllbln AQency. fCAR/f8.11, 1168) 

Variables 

Age 
Academic Gd. 
Lab Gd. 
A+ LGd. 
Supervls. Rating 

T_,.B-1 

Cctmparlmn of Cet1aln Cllal•twlaflca of the TotBI Md the 
.Aplllut»T_,., fiilllla of the EIIIOUte Md T., S.1 ... 

Enroute Terminal 
Tested Totel Tested 

x S.D. N. x S.D. N. X S.D. N. X 

28.6 6.3 470 28.6 6.4 601 27.8 5.9 212 27.9 
83.6 7.4 470 83.6 7.3 602 87.0 5.3 2n 87.1 
78.1 13.0 467 78.0 13.0 499 83.3 6:2 207 83.3 
80.8 9.3 468 80.8 9.2 499 86.0 6.6 211 86.0 
. 2.46 .54 301 2.46 .63 318 2.42 .87 180 2.43 

,...,.B-2 

Totel 
S.D. N. 

6.9 241 
6.3 241 
5.4 237 
6.6 241 
.66 204 

-.. Md SlaildtllrllkiJtltltMII of the ExptJtlence VatiiiJ- Tat V~ Md Eductltlon 
S..rd an the Madrlcnl Po11lrle Number of TIM!ersln the EIIIOUte Md TermlnBI r-.-. s..,.,., 

Mean Std. Dev. N 
Variables E T E T E T 

1. Pilot 2.36 1.92 2.64 2.16 603 242 
2. Radio: Air/Grnd 1.38 1.28 1.23 1.13 603 242 
3. GCI 1.39 1.23 1.42 1.07 603 242 
4. Stetion 1.39 1.10 1.38 .66 603 242 
6. Grnd/Air 2.12 1.72 2.22 1.88 603 242 
6. P toP 1.39 1.23 1.34 1.08 603 242 
7. VFRTowar 2.66 4.19 2.30 2.61 603 242 
8. App Con Tow 1.80 2.63 1.66 2.16 603 242 
9. Rad App Con Tow 1.14 1.14 .n .72 603 242 

10. Center 1.44 1.20 1.28 .78 603 242 
11. GCA 2.21 2.28 2.14 2.25 603 242 
12- RAPCON 1.76 1.46 1.66 1.36 603 242 
13. l: Comm 4.89 4.07 3.51 2.57 603 242 
14. l: AT 11.01 12.81 4.83 4.21 603 242 
16. l: Rei 17.28 18.10 6.06 4.46 601 242 
17. Educ 2.90 2.79 1.69 1.49 489 241 
18. Space 80.79 68.98 18.93 19.62 472 212 
19. Numerical 22.17 21.68 8.13 7.62 474 212 
20. Abatract 33.92 34.48 7.14 7.16 474 212 
21. Analogies 6.80 6.71 1.99 2.03 476 212 
22. ATP 13.46 13.34 5.84 6.06 475 212 
23. Composite 1703. 1686. 383. 376. 471 212 
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TllbleN 

Emoute Ssmp/tl: Fht-Onltw ~ 111111 Pait/el CorNI&Iio.v (Age Held CoiUtant 
Ststbtk»//y} Betw_, E'lpfl'#ence Variablu 111111 Clttenon Af-n. 

A+L P- F• Acad Lab Super 
Variables r Partoal r r Partial r I r Partial r r Partial r r Partial r 
1. Pilot -12** 07** -17** 02 01 14** -18** 02 -17** -07 
2. Radio: Air/Grnd -23** -19** -15** -11** -20** -18** -20** -16** 03 07 
3. GCI -14** -13** -12** -11** -16** -16** -10* -09* -01 00 
4. Station -11* -11* -11* -11* -17** -17** -06 -06 -02 -01 
5. Grnd/Air -15** -15** -13** -13** -23** -22** -09* -09* -06 -05 
6. P toP -12** -12** -15** -15** -21** -21** -05 -04 -15** -15** 
7. VFR Tower 14** 09* 16** 11* 21** 18** 09* 03 11* 08 
8. App Con Tow 17** 16** 16** 14** 19** 18** 13** 11* 03 01 
9. Rad App Con Tow 06 06 06 07 08 08 04 04 02 02 

10. Center 14** 13** 08 07 08 07 15** 14** 09 08 
11. GCA 13** 10* 18** 18** 14** 13** 11* 09 09 08 
12. RAPCON 16** 12** 15** 11* 14** 11* 15** 10* 05 02 
13. :!: Comm -18** -18* -18** -18* -29** -29** -10* -10* -10 -09 
14. :!: AT 29** 24** 30** 25** 31** 29** 23** 18** 16** 12** 
15. :!: Rei t 11 06 13** 08 05 02 12** 07 09 06 
16. Age t -27** -28** -15** -30** -18** 
Total N 499 495 502 499 318 

1Polnt·biserial correlations; all other correlations are product-moment. Decimal points omitted from all correlations. 
• Significant at less than the .06 level. 
**Significant at less than the .01 level. 

Age 
r 

64** 
18** 
04 
02 
03 
03 

-21** 
-09 

01 
-05 
-10* 
-17** 

03 
-24** 
-19** 

501 

tfor ~ Reland Age the Ns used In the correlations with Acad and Lab were 500 and 498. respectively. For the other correlations In these 
columns, the Ns were as indicated in the Total N row. 

Tllble B-4 

TennlnBI Sample: Ftnlt·OI'tltN CtNre~Btionslllld Ptut/el COI'I'&IalioM (Age Held COIJS1llnt 
StatisticBIIYJ Between Experience VllliBbleB 111111 Criterion M8IIIIUI"fl8 

A+L p- F• A cad Lab SUj!er Age 
Variables r Partial r r Partial r r Partial r r Partial r r Partial r r 
1. Pilot -12 -02 -13* -01 04 10 -32** -18** -17** -14* 51** 
2. Radio: AiriGrnd -07 -04 03 07 -07 -06 -09 -06 -17* -16* 15* 
3. GCI -06 -01 -04 01 -03 -01 -11 -04 01 03 21** 
4. Station -10 -10 02 03 -15* -15* -07 -07 01 02 03 
5. Grnd/Air -07 -08 03 02 -13* -14* -06 -08 -01 -02 -04 
6. P toP -08 -10 -02 -04 -09 -10 -10 -12 06 05 -04 
7. VFR Tower 08 03 13* 09 -01 -03 26** 21** 02 00 -20** 
8. App Con Tow 20** 20** 06 07 10 10 25** 27** 02 02 00 
9. Rad App Con Tow 06 09 06 09 04 05 06 11 03 04 12 

10. Center 05 04 08 05 07 06 01 -02 01 00 -09 
11. GCA 04 06 01 03 01 02 03 06 -01 -01 09 
12. RAPCON 11 11 03 03 09 08 11 11 06 05 -03 
13. :!: Comm -11 -12 02 01 -17** -17** -10 -11 02 02 -03 
14. :!: AT 22** 22** 15* 14* 10 10 35** 35** 05 04 -07 
15. :!: Rei 13* 13* 14* 14* -01 -01 25** 26** 06 06 -03 
16. Age t -21** -25** -09 --34** -09 
Total N 241 240 241 237 204 241 

1Point·biserial correlations; all other correlations are product-moment. Decimal points omltted from all correlations. 
• Significant at leas than the .06 level. 
••Significant at lass than the .01 level. 
tCorrallltlona between Age and the flrst four criteria were computed with an N which waa one less than the Ns given in the Total N row. 
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Tllble/Ui 

l'h;n_... ol T,.._ /lepol1/ng Varfow Types ol e.,-a-lllld Chi Sqo.re TNfa 
o1 the E1tpedeMe No~ ~·v .,.. ....._ Ftllllllld Abo ... llllfrlw the 

Appnurtnef8 Me ... ol Acadamlc plw I.Mbolatu.y Gnlde A.,.,.,. 

Enroute Enroute: A+ L Grade Terminal: A + L Grade 
Vartablea Fall Pass Total )(2 "i83 2o84 Total )(2 S86 ~86 Total )(2 

1. Pilot 45 80 I 9211125 8.57* 80 45 1581 125 7.11 25 21 1251 45 NS* 
2. Radio: AlriGrnd 23 27 I 371 50 11.47 40 11 1241 51 13.97 13 4 I 91 17 7,00 
3. GCI 14 22 I 271 36 NS 27 11 1181 38 4.98 9 3 I 71 12 4.39 
4. Station 17 23 I 301 40 6.10 25 15 1191 40 NS 5 1 I 31 6 NS 
5. GrndiAir 39 71 I 811 110 6.47 71 39 1511 110 6.67 22 11 1181 33 6.81 
8. PtoP 21 22 I 32J 43 12.67 34 10 1201 44 10.78 9 3 I 71 12 4.39 
7. VFR Tower 33 166 11471 199 15.51 S8 111 1921 199 11.98 71 92 1891 183 NS 
8. App Con Tower 11 95 I 781 106 17.21 41 63 1501 107 12.97 30 61 1491 91 9.47 
9. Rad App Con Tow 2 16 I 131 18 NS 9 9 I 81 18 NS 4 7 I 61 11 NS 

10. Center 9 50 I 441 &9 4.06 20 39 1271 59 10.56 8 9 I 91 17 NS 
11. GCA 17 130 11091 147 22.79 61 87 1691 148 13.20 33 39 1391 72 NS 
12. RAPCON 10 86 I 711 96 15.12 29 58 1451 97 27.45 10 21 1171 31 NS 
•• Total N 129 386 495 258 231 499 110 131 241 

I Numbers In perenthun are expected values for Pass or Above Median trainees computed from a 2 x 2 contingency tabla. If the expectad 
vetue Ia leu than the obeerved value, the sign of the relationship Is positive; If greater, negative. 

• With 1 degree of freedom a X2 value o~~84 Is aJgniflcent at the .(16 level, 6.84 at the .01 level, and 10.83 at the .001 lev ... NS replacu X2 
values not reaching the .116 efgniflcanca level. Yates correctfon was not applied . 

.. Total N Is the maximum poulbla frequency which could occur as an entry In each column. From the Total Nand the tabla entries, the 
2 x 2 contingency tables can be reconstructed. 

Tllble lUi 

EIIIDUttl Sample: l'llaNNrltN Cona{atltMs lllld Parllal Conelaliom (Age Held Conatllnt 
Bfllllsllcally) ol Test V.....,.,..lllld Eductltlon with the C.ibwlon ~ 

A+L p- ft Acad Lab Su2er ~ 
Variables ' Partial r ' Partial r ' Partial r ' Partial r ' Partial r ' 17. Educ -03 05 -08 00 03 07 -06 03 -08 -01 28** 
1S. Space ·34** 31** 30** 26•• 37** 35** 28** 24** 04 00 -18** 
19. Numerical 36** 39** 26** 30*• 43** 46** 27** 30*" 09 11 08 
20. Abstract 46** 43** 36•• 33** 44** 43** 39** 36** 12* 09 -17** 
21. Analogies 28** 25** 18** 15** 30** 28** 23*• 20*" 13* 11* -14** 
22. ATP 37** 34*• 28*• zs•• 32** 30** 35** 31** 15* 12" -17** 
23. Composite 62** 49** 39*• 37** 53** 62** 44** 41** 17** 14" -17** 

Max. 487 483 4S8 486 310 489 
Range of N 

Min. 458 454 470 467 301 470 

1Polnt-tNserlal correlations; all other correlations are product-moment. Decimal points omitted from all correlations. 
• Significant at lass than the .06 lava . 
.. Significant at less than the .01 laval. 

Tllble B-7 

T..,., Sample: Flnrt Otrlfw Conelatlona lllld Parllal ConaltJtlona (Age Held Conatllnt 
Stallatlwlly) ol Test V.....,.,..lllld Eductltlon with the Crltetion ~ 

A+L P- Ft Acad Lab S~r 3!..._ 
Variables ' Partial r ' Partial r ' Partial r ' Partial r ' Partial r ' 17. Educ 00 04 -03 01 06 06 -08 -03 01 00 16* 
18. Space 14* 12 20•• 17• 26** 25** 06 02 01 -01 -11 
19. Numerical 33** 34** 19** zoo• 46** 45** 14° 15° 10 10 01 
20. Abstract 40*" 37** 36•• 35*• 45** 44** 30•• 24** -03 -06 -25** 
21. Analogies 12 10 09 08 22** 22** 02 -01 01 00 -08 
22. ATP 37** 34*• 33** 29** 38** 37** 31** zs•• 07 05 -22** 
23. Compostte 38*" 35** 33** 30** 49** 48** 23** 18** 06 03 -18** 

Max. 240 239 240 236 203 240 
Range of N 

Min. 211 210 211 207 180 212 

tPolnt·biNflal correlations; all other correlatfons are product-moment. Decimal points omitted from all correlations. 
• Slgntflcant at laas than the .06 laval. 
••S.gnlflcant at len than the .01 l&vtll. 77. 



Chapter 4 

THE SELECTION OF AIR TRAFFIC CONTROL SPECIALISTS: 
CONTRIBUTIONS BY THE CIVIL AEROMEDICAL INSTITUTE 

William E. Collins, James 0. Boone, and Allan D. VanDeventer 

HISTORICAL REVIEW 

Eligibility for Air Traffic Control Specialist (ATCS) training with 
the Federal Aviation Administration (FAA) has traditionally included con
sideration of an applicant's preemployment experience, educational back
ground, the outcome of an interview with management officials, and the 
results of a medical examination. Previous relevant experience, parti
cularly in military air traffic control, has always been heavily weighted 
in the selection process. Experience as a pilot and various type of pre
vious work in communications and air surveillance have also been consis
tently viewed as important assets. In general, however, ATCS selection 
programs prior to 1962 involved no formal assessment of mental abilities 
or aptitudes (Cobb, 1971). 

ATCS Selection Research 

Historically, research on ATCS selection is rooted in a 1950 contract 
by the Civil Aeronautics Administration (CAA--predecessor to the FAA) for 
the development of aptitude tests that could be used to select ATCS trainees. 
The results of that contracted study: (1) indicated that aptitude tests 
potentially could make an effective contribution in the selection process, 
and (2) provided the format for an Air Traffic Problems (ATP) test (Trites 
and Cobb, 1964a). 

In 1956, Brokaw of the United States Air Force's Personnel Laboratory, 
in a joint effort with the CAA, administered a large number of aptitude 
te.sts to 197 ATCS trainees. His findings (Brokaw, 1959) indicated that a 
composite aptitude test score formed by adding together scores on tests of 
arithmetic reasoning, symbolic reasoning, code translation, and the ATP 
test could effectively predict instructors' ratings of training performance 
and supervisors' ratings of job performance approximately a year after 
training. 

Then in 1959, a number of ATCS trainees were recruited on an experi
mental basis using the Federal Service Entrance Examination. For a 
variety of reasons, the results of that experiment were considered in
conclusive (Trites and Cobb, 1964a). 

A continuing research program on ATCS selection began in 1960 with the 
establishment of the FAA Civil Aeromedical Research Institute (now the Civil 
Aeromedical Institute--CAM!) in Oklahoma City, Oklahoma. The first study 
(Trites, 1961) was a followup of the 197 trainees tested by Brokaw in 1956 • 

. Job performance ratings were obtained by Trites from supervisors of 143 of 
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the former trainees; the vast majority of the latter were fully qualified 
ATCSs. To evaluate the effectiveness of the aptitude tests recommended 
by Brokaw, the 143 men were classified as either satisfactory or marginal 
in their job performance as determined from the ratings and comments of 
their supervisors. The distribution of the composite scores based on the 
four aptitude test~ g~ven each trainee in 1956 was divided into fourths 
and the percentages of satisfactory and marginal individuals in each fourth 
were computed (see Figure 1). Scores achieved on the aptitude tests given 
at the beginning of training were clearly related to job performance evalua
tions obtained 4 to 5 years after training. 

Concurrently with the collection of the facility performance data on 
the trainees tested in 1956, extensive experimental psychological testing 
of all EnRoute and Terminal trainees who entered the FAA Academy in Oklahoma 
City for basic ATCS training was begun in August 1960 (Trites and Cobb, 
1964a). All of these trainees had been selected by medical and experience 
requirements and none by aptitude tests. The group of commercially available 
tests with which experimentation was started required 8 hours for administra
tion. It included tests previously found most useful for prediction of ATCS 
training and job performance plus tests of a number of aptitude areas not 
previously examined and yielded 44 different scores. These tests were either 
commercially published instruments or aptitude assessment devices developed 
under contractual arrangement for the FAA; no Civil Service Commission (CSC-
now known as the Office of Personnel Management, OMP) tests were included in 
the research prior to July 1961 (Cobb, 1971). By that time a series of 
multiple-regression analyses, accomplished by Cobb and Trites in connection 
with followup studies of several hundred men, had identified a total of 8 
tests (from a group of 27) from which a variety of summary measures having 
validity for prediction of ATCS trainee performance might be derived. Seven 
of the eight tests were commercially published instruments; the remaining 
one was the contractually developed ATP test. 

While the seven published instruments of that experimental battery are 
referred to as "tests," they were actually parts, taken from rather lengthy 
and comprehensive aptitude-measuring devices. Three of the seven were sub
tests of the Psychological Corporation's Differential Aptitude Test (DAT), 
namely, DAT Space Relations, DAT Numerical Ability, and DAT Abstract 
Reasoning. The first test measures the ability of an examinee to visualize 
objects and forms in two or three dimensions, the second is a test of arith
metical or computational skill, while the third provides a measure of non
verbal reasoning (specifically, determining, for each item, which of a 
series of choices-figures properly carries out a principle of logical 
development exhibited by a sequence of figures). The remaining four 
were subtests of the California Test Bureau's Test of Mental Maturity 
(CTMM, Advanced Form A Edition; Sullivan, Clark, and Tiegs, 1957). In 
each item of CTMM Analogies, the examinee must recognize the relationship 
between a pair of drawings (objects) in order to identify, by analogy, 
one of four choices as being similarly related to a third. CTMM Inference 
involves the comprehenSion of statements that present premises underlying 
the derivation of logical conclusions. The subtest designated as CTMM 
Numerical Quantity-Arithmetic measures the ability to solve word-presented 
arithmetic problems, while CTMM Numerical Quantity-Coins involves the mental 
manipulation of interrelated amounts of money and numbers of coins. 
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Under the time conditions available, no single group of trainees was 
ever administered all eight tests (the se.ven commercial tests plus Air 
Traffic Problems); one class was examined with seven, and several successive 
classes were administered either six or five of the eight instruments. When 
an average of the academic and laboratory grades was computed for each Aca
demy trainee and employed as the criterion, the validities of the composite 
measures, derived from the performance scores on five, six, or seven tests, 
were found to range from .35 to .54 (Pearson product-moment coefficients). 
More importantly, an analysis revealed that about 70% to 80% of the cases 
classified as training-course failures were, in most instances, represented 
in the lower half of the distribution of scores derived with each respective 
group of tests. Moreover, the Academy attrition rates were averaging over 
30% despite the fact that most trainees were former military controllers. 

Composition of a test battery for the CSC. The potential value of the 
tests for screening purposes was thus recognized, and, when similar results 
were obtained with additional samples, the FAA and the esc agreed that apti
tude-test measures should be employed on a tentative basis in the selection 
of some of the nonexperienced applicants (Cobb, 1971). However, commercially 
published tests could not be used because such instruments were deemed more 
susceptible to compromise than those subjected to rigid esc control proce
dures. Commission officials therefore examined their extensive file of 
esc tests and selected several instruments that, in terms of factor content, 
appeared to approximate a number of the validated commercial tests. Since 
the ATP test had been developed specifically for the FAA and was still com
pletely controlled, it was adopted officially as a esc test. In addition, 
CAM! researchers were provided a number of other esc tests to administer 
and evaluate. 

Commencing in August 1961, all incoming classes of Academy ATCS 
trainees were assessed experimentally with the entire group of tests ex
tracted from the esc files and with the ATP test. The restricted time 
available for each testing session precluded examination of each class 
with the complete and previously validated battery of commercial tests. 
Nevertheless, time beyond that required for the CSC tests was available 
to permit administration of a portion of the commercial battery. Follow-
up studies of Academy trainees examined with the revised battery during 
the next 10 months revealed that composite scores based on five of the 
CSC tests and the ATP test could be used effectively to predict training 
outcomes (Cobb, 1971). Composite scores of 190 and higher were attained 
by approximately 55% of all the examinees. Of these, about 70% success
fully completed their training course and were certificated as ATCSs. In 
contrast, almost 75% of those with scores of 189 and lower failed to graduate 
and were eliminated from further FAA training. These results approximated 
those obtained in earlier analyses (with other groups) for the "commercial 
seven-test composite." Three of the tests involved in the six-test CSC 
composite were those that had been selected as "counterparts" of three 
commercial tests; they measured numerical, spat.ial, and nonverbal abstract
reasoning abilities. The new composite also included the ATP test (an 
extensive revision of the original test), an instrument known as Letter 
Sequence (a new test, not identified in the original research, which 
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measured reasoning ability), and a test of following oral directions. The 
esc battery was connnonly referred to as "The esc ATC Aptitude Screening 
Test" and its six elements as "subtests." 

CAM! was requested to continue its experimental testing program and 
obtain additional validation data including, now, Flight Service Station 
(FSS) ATCS trainees for whom no previous experimental data were available. 
However, an early analysis, in which the aptitude test scores of the first 
302 examinees were validated against the Academy training criteria, yielded 
findings that were highly similar to those later obtained for the complete 
sample and that prompted esc and FAA officials to authorize use of the 
battery, beginning in July 1962, for the screening of applicants who were 
unable to establish training eligibility in terms of the normally pre
scribed qualification standards (i.e., qualifications with respect to 
aviation-related experience and/or education). Several thousand such. 
applicants were operationally examined with the battery during the follow
ing 18 months, and although about half of them established training eli
gibility by achieving raw composite scores of 190 or higher (i.e., per
centile scores of 70 or better), very few were selected (Cobb, Young, 
and Rizzuti, 1976). Candidates who qualified on the basis of previous 
ATC work and other aviation experience generally attained higher overall 
CSC eligibility ratings than those screened with the battery. Moreover, 
training quotas continued to decline and were usually met by the selection 
of candidates with esc percentile ratings of 90 or higher. In order to 
attain a percentile rating of 90, an applicant with insufficient ATe
related experience to qualify for any credit points was required to 
achieve an exceptionally high aptitude test score of 257. Aptitude~ 
screened applicants were, therefore, seldom able to compete effectively 
for the available training positions. In fact, most of the relatively 
few aptitude-screened candidates selected for training prior to January 
1964 possessed at least some ATC-related experience that, although in
sufficient for exemption from the test screening requirement, warranted 
credit points to supplement ratings reflecting excellent levels of per
formance on the test battery. 

Academy training performance records for the last of the 893 candi
dates examined with the esc test battery for research purposes only were 
not available until October 1963. By that time, Cobb and Trites had 
completed several sets of analyses of Academy performance (see Figure 2) 
and had collected post-Academy· information on training progress, experi
mental ratings of job performance, and other data for several hundred 
of the examinees who had successfully completed their basic training 
course some 12 to 18 months earlier. 

A series of validation analyses completed shortly thereafter yielded 
findings of timely interest to officials seeking to improve ATCS selection 
(Cobb, Young, and Rizzuti, 1976). Perhaps the most important of the 
analyses was one which, in support of the ·preliminary findings obtained 
in the August 1961 to May 1962 analyses, revealed that about two-thirds 
of the 271 Academy attritions among the 893 experimentally examined 
trainees scored no higher than 189 on the esc battery, whereas two-thirds 
of the 622 graduates scored 190 or higher. In another analysis based on 
the entire sample, statistically significant correlations were obtained 
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N=71J1 ~ T817J1tM(. Md FSS »*••• Combined (from Tdfa Md Ca6#4. 11B4/. 
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between the aptitude test variable and most of the Academy training-per
formance measures (i.e., grades). However, for Academy graduates only, 
the aptitude-test scores (particularly those above 210) failed to predict 
either Academy training performance or promotions, ratings of job performance, 
or attrition-retention status during the first 12 to 18 months of facility 
training. These latter findings were not surprising in view of the restric
tion of range caused by the absence in this sample of data for Academy 
attritions, the majority of whom were low-aptitude trainees. 

Adoption of the CSC Batterv. These results prompted a revision in 
selection standards. Beginning in January 1964, _the CSC battery was in
corporated in the screening of all applicants regardless of pre-FAA ex
perience. Aside from other factors, eligibility required a composite esc 
score of at least 210. Retention of a screening score of 190 was con
sidered, but 210 was eventually adopted because it was contemplated by 
FAA officials that a further reduction in the number of ATCS trainee posi
tions would be necessary pending an increase in congressional appropriations. 

Revised aptitude-screening procedures. The screening program insti
tuted in January 1964 required that all applicants for ATCS training be 
examined with the esc battery. However, they were screened on the basis 
of three different aptitude-test-performance qualification standards. In 
accordance with procedures prescribed for each specific training option 
and for the entry pay grade specified by the applicant, an individual's 
preemployment experience and/or level of education determined which of 
three tables was to be used in converting the applicant's composite raw 
score on the test battery to a percentile score. A percentile score of 
70, was established as a mandatory eligibility requirement, but this 
corresponded to a raw score of 210 on one conversion table, 225 on another, 
and 240 on the third. For example, for candidates for Tower or Center 
training at the GS-6 (General Schedule pay grade) entry level, it was 
required that ATC-rated applicants (usually former military controllers) 
score at least 210 on the battery; 225 was considered minimally qualifying 
for instrument-rated, aircraft-pilot personnel or applicants having navi
gator ot< air-dispatcher certificates, and 240 served as. the screening 
standard for those having low-to-moderftte amounts of aviation-related 
experience, a 4-year college degree, or certain diverse experiential and 
educational backgrounds. Moreover, the procedures stipulated that each 
applicant's percentile score, if 70 or higher, be supplemented with credit 
points awarded for those types of experience that had warranted use of 
either of the two lower test-score screening standards, in order to derive 
the individual's overall eligibility rating (Cobb, Young, and Ruzzuti, 
1976). Inasmuch as the majority of the applicants possessed aviation 
experience of some sort, the dual consideration of that experience in 
the qualification process enabled them to establish training candidacy 
in far greater numbers, and generally with higher eligibility ratings, 
than those with nonaviation backgrounds. 

These relatively high screening stand.trds, of 210, 225, and 240 for 
the respective training options remained in effect from January 1964 until 
August 1968, and resulted in the screenout of more than half of the appli
cants. However, no shortage of qualified candidates developed. Continuing 
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budgetary limitations kept training quotas unusually low throughout the 
entire 56-month period and consequently nearly all ATCS trainees were 
selecteq from among candidates with very high eligibility ratings-
reflecting exceptional qualifications with respect to aptitudes, 
experience, and education. 

Medical examination. Eligibility for ATCS training within the FAA 
has required applicants, after having met other qualifications, to pass 
a rigid medical examination. The procedures relating to medical certi
fication of ATCS personnel were amended in 1966 to include considera-
tion of personality attributes as well (Cobb and Nelson, 1974). Since 
that time, Cattell's Sixteen Personality Factor (16 PF) Questionnaire 
(Cattell and Eber, 1962) has been used in the screening of all applicants. 
Medically qualified individuals for whom the 16 PF Questionnaire results 
indicate no significant emotional or mental problems have been granted 
medical certification. Others, usually a small minority of the applicants, 
were referred for a psychiatric examination, the results of which could 
constitute grounds for ineligibility. 

New screening standards. In August of 1968, a program for rapid 
expansion of the National Airspace System was initiated and a revised 
set of trainee-selection standards was adopted. The new selection 
program was highly similar to that of the preceding 56 months, but two 
new screening standards were implemented as a means of insuring an ade
quate supply of candidates (Cobb, Young, and Rizzuti, 1976). One of the 
new standards allowed applicants with highly specialized ATC experience 
(particularly in radar control) to be granted waivers of the aptitude
screening requirement and also to be appointed to training at pay grade 
GS-9 or higher rather than the normally prescribed en.try grade of GS-7 
or lower. It was reasoned that such personnel would be able to complete 
developmental training more rapidly than others and would more quickly 
alleviate the shortage of full-performance-level controllers. The second 
standard established a score of 210 on the esc test battery as a common 
screening standard for most other applicants. The screening standard of 
210 applied to: (1) former military controllers unable to qualify under 
the "specialized experience" standard, (2) pilots, navigators, air dis
patchers, and others who would have confronted a test-score screening 
hurdle of 225 if they had applied in earlier years, {3) 4-year college 
graduates with records of superior academic achievement, and (4) appli
cants having master's degrees. A test score of 240 was prescribed for 
screening of applicants with no aviation-related experience, most of whom 
were college graduates of less than superior academic achievement (Cobb, 
Young, and Rizzuti, 1976). The ",specialized experience" standard remained 
in effect until April 1972. Throughout that time, however, less than one
fourth of the ATCS selectees entered as GS-9's or higher with waivers of 
the aptitude-screening requirement (Cobb and Nelson, 1974). 

Post-Academy Attrition 

Only 710 (18.9%) of 3,751 trainees who arrived at the FAA Academy 
during November l968 and the ensuing 17 months for basic ATCS training 
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entered the FAA as GS-9's or higher on the basis of highly specialized 
ATC experience (Cobb, Lay, and Bourdet, 1971); 446 of these enrolled in 
the Academy's basic En Route course, and 264 entered the Terminal course. 
A study revealed that 16% of the 446 En Route trainees of GS-9 level and 
higher failed the En Route course, compared to 18.2% for the 2,526 who 
enrolled in the same training course as GS-7's or lower. Only 14% of 
the 264 Terminal trainees recruited with waiver of aptitude-screening 
failed the Terminal course, compared to a significantly higher elimina
tion rate of 21.9% for the remaining 515 Terminal students (Cobb and 
Nelson, 1974). However, a later CAMI study by Cobb, Mathews, and Nelson 
(1972) in which December 1, 1971, served as a common date for determina
tion of the attrition-retention status of every student who successfully 
completed either EnRoute or Terminal basic training at the Academy during 
1969, indicated that the trainees selected under the "specialized ex
perience" standard had slightly higher post-Academy attrition rates than 
those who were appointed to training at pay grades of GS-7 and lower. 
The difference between the post-Academy (i.e., facility-training) elimina
tion rates of the two differently selected Terminal subgroups was somewhat 
greater than that obtained between the EnRoute subsamples, but neither 
difference was statistically significant. Had the results not been con
founded by aging effects, Cobb and his associates would have concluded 
that specialized ATC experience was of little or no value to most trainees 
after Academy graduation. However, almost 23% of the higher graded trainees 
of the combined EnRoute and Terminal options were 35 years of age or older, 
whereas slightly less than 14% of those appointed as GS-7's or lower were 
older than 34 (Cobb and Nelson, 1974). 

Unpublished research by Cobb, cited by Cobb and Nelson (1974), in
volving several hundred ATCSs who had successfully completed either En
Route or Terminal basic training at the Academy in 1969, revealed highly 
significant differences between the post-Academy attrition rates (by 
December 1, 1971) for trainees aged "35 and older" vs, those "34 and 
younger." For Academy graduates at GS-9 level and higher, the facility
training attrition rates were 42% and 17.5% for the older and younger 
subgroups, respectively. About 25% of the ATCSs at GS-7 level and lower, 
who were over 35 years old, attrited after returning to their home faci
lities, whereas the post-Academy elimination rate of the younger ATCSs 
having similar pay grades was only 18%. Moreover, several earlier studies 
(Cobb 1968a; Cobb, Mathews, and Lay, 1972; Trites, 1964; Trites and Cobb 
1964a) had consistently shown chronological age to be inversely related 
(at highly significant levels) to scores on numerous aptitude tests, 
various indices of Academy training progress, and ratings of journeyman
level job performance, 

As early as 1965, it was the view of some FAA officials that a special 
early retirement program was needed for controllers and that the recruit
ment of ATCS trainees should be restricted to qualified applicants who 
were relatively young •. However, such proposed policies ran counter to 
the CSC regulations pertaining to all Federal service employees except 
those specifically exempted by congressional legislation. Research con
cerning age-related effects upon ATCS performance was intensified and, 
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in 1972, the cumulative body of findings prompted congressional legis
lation authorizing the FAA and esc to establish a screening standard 
with respect to age (age 30) for all ATCS applicants and to develop and 
implement a proposed ATCS "Second-Career Program." The congressional 
bill, Public Law 92-297, became operational on August 14, 1972. Since 
that time, ATCSs receive credit for 1.4 years of Federal service for 
each year of active control work; the normally prescribed minimum-age 
requirement of 55 does not apply to control personnel; early retirement 
is not mandatory but retention as an ATCS requires maintenance of job 
proficiency, and, for a time, ATCSs were also offered training for othe 
jobs (i.e. , "Second-Career Training"; this section of the legistlation 
has not been funded by Congress since 1979). 

Selection and Training Programs to Aid Minorities and Women 

During the 1960's,Government-wide awareness of the social need to 
provide opportunities for certain economically and culturally disad
vantaged groups prompted the FAA to implement a new source of recruiting 
for the ATCS occupation. The new project was originally proposed in an 
FAA Organizational Bias Seminar, and was committed by the Administrator 
to the Secretary of Transportation in 1968. It was termed the "150 
Program." The purpose was to provide a predevelopmental program, with 
entry into the ATCS occupation at the GS-4 level rather than the previous 
GS-5 minimum accession level. The Predevelopmental program was designed 
to provide training primarily for persons of underprivileged backgrounds, 
as a means of hiring increased numbers of minorities in ATCS positions, 
which constitute about half of all FAA positions. 

The program involved a training agreement with the esc, in which 
positions were allotted on a 6-month recycling basis. Special 6-month 
qualification training was given at the FAA Academy upon the trainee's 
entrance on duty. The courses were designed to provide the GS-4 ATCS 
with a general background of aviation knowledge prior to entering the 
Academy. On October 1, 1969, the CSC approved training agreements 
covering ATCSs for a 2-year duration. This allowed for accelerated 
promotion from the GS-4 entrance level to GS-5, after completion of 6 
months of Academy training (FAA Office of Personnel·, Note 2). 

Since inception of the "150 Program," evaluation has taken place 
in several ways. For the first 21 ATCS trainees who entered the Academy 
on February 9, 1970, biographical backgrounds were compared with proposed 
course content, and course refinements were introduced. Those classes 
were graduated in July 1970. End-of-course critiques completed by trainees 
and instructors were evaluated, and further critiques were mailed and com
pleted at field installations where graduates were subsequently assigned 
in February 1971. Several refinements in the program were made as a 
result of the initial evaluation process (FAA Office of Personnel, Note 1). 

In early 1971 the FAA Office of Personnel conducted an informal evalua
tion based primarily on discussions with students, faculty members, and 
regional personnel staff. Refinements were made in recruiting efforts as 
a result of this study. A more formal evaluation of the "150 Program" was 
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performed by the Office of Personnel in September, 1971. The general 
conclusion of the study was that the program "provided an additional 
rung in the ladder" for a high percentage of minorities who otherwise 
would not have become agency employees. A later study by the same office 
verified this general conclusion (FAA Office of Personnel, Note 2). 

Boone (1978) performed a path analytic study of the "150 Program" 
to determine whether the program had a direct impact on the trainee's 
ability to achieve success in Academy training. Tbe two previous in
formal studies had shown that the "150 Program" resulted in a higher 
percentage of women and minorities in ATC work; however, no explicit 
evaluation had been performed to demonstrate that the increase in the 
number of women and minorities resulted from the instruction received in 
the program rather than from a mere increase in the number of women and 
minorities recruited and hired through the "150 Program." The parti
cipants in the study consisted of all persons who came through the Pre
developmental program during calendar years 1974 through 1976. The 
effect of the program on Academy success was reviewed for nonminority 
men and women and for minority men (there were too few minority women 
to form a basis for analysis). The general conclusion of the study 
was that, overall, the Predevelopmental program aided the disadvantaged 
to achieve success in the FAA Academy. This general effect, however, 
was not true for the subgroups. The path models indicated that non
minority men and women (especially women) were aided by the programs. 
However, minority men (predominantly Blacks) were not; rather, the re
cruitment and selection testing procedures could have produced this 
differential effect. 

Research Related to the Uniform Guidelines on Employee Selection 

The recent development of a set of uniform guidelines on employee 
selection procedures, rooted in the 1964 Civil Rights Act Title VII, as 
amended by Congress in 1972, prompted an additional research focus at 
CAM! beginning in 1976. This coincided with the start of a new pass/fail 
ATCS training program at the Academy and an accelerated pace of FAA-CSC 
activity to develop a new ATCS selection battery. 

By 1976 two separate sets of guidelines were in existence. One set 
was developed by The Equal Employment Opportunity Commission (EEOC) and 
the other by the Department of Justice and the CSC. In 1977, the Carter 
administration authorized an effort to unify the two guidelines and in 
1978, the EEOC, CSC, Department of Labor, and Department of Justice adopted 
the Uniform Guidelines on Employee Selection Procedures (1978). 

The Uniform Guidelines require that "employer policies or practices 
which have an adverse impact on employee opportunities of any race, sex, 
or ethnic group are illegal... unless ~ustified by business necessity." 
The guidelines go further in defining adverse impact as a selection policy 
that results in a selection proportion for any race, sex, or ethnic group 
that is less than 80% of any other race, sex, or ethnic group. Business 
necessity is defined as a properly performed validation study. The validation 
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procedures must involve a statistical study; expert or professional 
opinion is not acceptable in lieu of a proper statistical study. 

The 1978 guidelines answered several important questions about dis
criminatory selection practices. However, they raised other questions 
specifically related to ATCS selection procedures that would have to be 
taken i.nto account in efforts to devise a revised battery of ATC aptitude 
tests. A pertinent feature of these efforts was the fact that data on 
new tests were based for the most part on ATCS trainees, a population 
that had already passed screening hurdles, thus restricting the range of 
scores in test samples. Boone and Lewis (1978) developed a new procedure 
to make maximum use of available information in the adjustment of validity 
coefficients for restriction of range due to selection. This new proce
dure provided a more accurate method to correct spuriously low correla
tions between selection .and measures of ATCS job performance for samples 
of persons already selected for ATCS training. The procedure was com
pared to the well-known procedures developed by Gulliksen and Thorndike 
and gave more accurate corrections, especially in cases in which restric
tion was extreme. 

To assess the impact of the requirement of the Uniform Guidelines, 
of test fairness to racial, ethnic, and sex groups, Lewis (1979) used 
Monte Carlo data with characteristics similar to those of current ATCS 
selection samples to compare three well-known models of fairness; (1) 
Thorndike's Constant Ratio Model, (2) Darlington's Conditional Proba
bility Model, and (3) Einhorn and Bass' Equal Probability Model. The 
models were compared for robustness in relation to sample size differences, 
different predictor and criterion correlations, and different selection 
and success ratios. Essentially, the study demonstrated that the models 
were equally fair under certain specified conditions and the application 
of the models depended on the goals and aims of the agency involved. 
Lewis emphasized the modification of minority recruitment practices as 
an effective means of complying with the Uniform Guidelines without 
necessitating the development of new selection devices. 

In another study, the effect of recruitment procedures on correction of 
validity coefficients for restriction of range was examined by Boone and 
Lewis (1980). This study demonstrated that different recruitment proce
dures can result in widely varying (unrestricted) variances in applicant 
groups. Highly specific restriction results in greater homogeniety in 
applicant groups, which reduces variances on selection tests and thus 
reduces the magnitude of validity coefficients. Recommendations were 
offered in the study to help minimize this problem. Boone (1979b), in 
response to an expressed need from the FAA Office of Aviation Medicine, 
delineated a mathematical procedure for eliminating outlier data in dis
tributions of experimental aptitude test scores which have a small proba
bility of belonging to the remaining group of data under study. Basically, 
the process assumes a multivariate normal distribution and uses the 
Maholanobis D distance function to determine the probability that a 
particular data vector belongs·to the remaining group of data. Examples 
applying the procedure to experimental test batteries for ATCS selection 
were given. The products of these efforts are currently being used in 
continuing validation research at CAMI. 
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DEVELOPMENT OF NEW SELECTION TESTS: 
CONTRIBUTIONS TO THE 1981 OPM SELECTION BATTERY 

Research Toward a New Selection Battery 

Recent efforts to update and improve ATCS selection procedures were 
rooted in part in recommendations by a task force commissioned by the FAA 
in December 1974 to review the agency's selection policies. These were 
recommendations to concentrate furthe~ research and development in the 
following areas: (1) the testing and screening of applicants for ATC 
work, (2) the CSC rating guide used to grant additional points for certain 
types of related prior experience, and (3) the evaluation of further re
cruitment and testing practices for cultural bias against women and racial 
minorities. As a result of that review, major studies were begun almost 
immediately and extensive new research and development activi·ties were 
undertaken at CAM! and in the FAA Office of Aviation Medicine, (described 
in Part IV Chapters 15 through 23). These efforts contributed to the new 
test battery adopted in the Fall of 1981. 

The EPA studies. The first of the new studies was carried out under 
FAA contract by Colmen and his associates at Education and Public Affairs 
(EPA), a private company, to determine the potential of an experimental 
test battery to predict ATCS success, defined by a composite of super
visory assessment and career progression measures: This study is summarized 
in Chapter 18, Part II, and was an extension and expansion of an earlier 
EPA contract study in 1972 (see Chapter 18, Part I). 

The EPA work provided 
currently employed ATCS's. 
18, Part Ill) investigated 
on a sample of applicants, 

data-based predictions based on samples of 
A later study by Boone (1979, see Chapter 

the prediction of Academy laboratory grades 
using most of the same tests. 

The Boone study. Boone's study undertook further evaluation of the 
relative value of the tests that had demonstrated potential in the EPA 
studies. It was enabled by the Civil Service Commission, which in 1977 
administered two of the experimental instruments, the Multiplex Controller 
Aptitude Test (MCAT, see Chapter 15) and the Directional Headings Test 
(DHT), to approximately 7,000 ATCS applicants in conjunction with the 
regular esc ATC test battery. These data were used by Boone (1980) along 
with data collected by CAM! on new recruits to correct for restriction in 
range in predictor data (Boone 1980). The corrections were made using a 
previously developed new procedure (Boone and Lewis, 1978; 1980). The 
data were based on trainees selected for ATCS work beginning May 1976 
through April 1978. During their first day at the Academy, new trainees 
were tested by Boone and Lewis with experimental test batteries which 
included a Biographical Questionnaire, a Dial Reading Test (DRT), the 
MCAT, and the DHT. Only ATCSs who had a complete data set were included 
in the final sample of 1,828 trainees. 

The DRT used in the Boone study was Part I from the U.S. Air Force's 
Dial and Table Reading Test (Guilford and Lacey, 1947); The examinee is 
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presented with seven dials for each set of six questions and is required 
to read the correct value on the appropriate dial in order to select 
the tight answer from among five given alternatives. The MCAT (Dailey 
and Pickrel, 1977, see Chapter 15) presents pictures of simulated air 
traffic r~· ' ··' '' 1cy, ~nd a table of altitudes, speeds, 
routes, and ident:itJ.ers. lne test is speeded and reflects changes in 
aircraft position in successive items. A primary task is to predict 
violations of aircraft standards while other questions measure aptitudes 
such as table reading, spatial visualization, and arithmetic reasoning. 
The DHT (Cobb and Mathews, 1973) is a highly speeded test of perceptual
discrimination and coding skills developed at CAMI. Items on the DHT 
present one to three pieces of information reflecting the cardinal points 
on a compass. The examinee must very quickly determine the compass direc
tion (or its exact opposite) represented by the pieces of information and 
determine if the bits of information agree or are in conflict. Promising 
results obtained by Cobb with this test, had been confirmed by Milne and 
Colman (1972) in a study of journeymen controllers. 

Scores on the DRT, MCAT, and DHT and on the tests comprising the 
1974 CSC battery were correlated by Boone (1980 see also Chapter 21) 
with averaged laboratory scores from Academy training. The tests that 
made a significant contribution in predicting Academy scores were then 
used to form composite scores, and six regression models were explored, 
represe~ting combinations of the esc tests and the new (experimental) 
tests. Two of the c9mbinations demonstrated a statistically significant 
increase in the multiple correlation over the old test battery. Of the 
two models, one involved use of the MCAT with two current CSC tests 
(CSC 24, Computations; CSC 157, Abstract Reasoning), the other involved 
no current CSC tests but included the MCAT, DHT, and DRT. 

Based on the analyses by Boone at CAMI, by EPA, and on later studies 
(in 1981) by CAMI and OPM regarding fairness of the tests (see Chapter 22), 
a new selection battery was formed consisting of two versions of the MCAT 
and one version of the Abstract Reasoning Test from the earlier battery. 
The new test battery was officially adopted for use in October 1981. By 
coincidence, this occurred just in time to meet the demand for thousands 
of new ATCSs following the ATCs strike and the subsequent firing of 
approximately 12,000 controllers (see Chapter.5). Data from the new 
selection tests are being maintained and monitored as a part of the CAMI 
data base. 

Current Status of Selection Standards 

The ATCS selection procedures remained essentially unchanged from 
August 1968 until April 1973. At that time, two important procedural 
changes in the selection process were made: (1) selection at the GS-9 
level on the basis of "specialized experience" ceased (April 2, 1973) 
and mandatory aptitude-screening was reinstated for all applicants, and 
(2) the selection procedure was modified to limit eligibility of applicants 
to those 30 years of age or younger. With the exception of these two 
aspects, the 1973 select'ion program was highly similar to that of 1968. 

92. 



From 1973 until October 1981, the selection process remained essen
tially unchanged. However, the period from 1973 until August 1981 (when 
the ATCS strike occurred) saw a drastic decline in recruiting demand. In 
fact any candidate during this era had little chance for an appointment 
unless his or h~r overall eligibility rating far exceeded that which would 
have warranted selection during the 1968-73 period. In addition, the 
Academy training program was modified in 1976 to include new pass/fail 
criteria based on a curriculum that assumed zero ATC knowledge on the 
part of trainees. CAM! was assigned the task of maintaining the longi
tudinal data base for all trainees beginning with the revised Academy 
program. That computerized base includes CSC (now OPM) selection test 
scores, biographical information, all Academy training scores, and sub
sequent field performance data on Academy graduates. 

In the final quarter of 1981, subsequent to the ATCS strike and the 
firing of striking controllers, the new selection battery was made opera
tional. Simultaneously, use of the Occupational Knowledge Test (OKT, see 
Chapter 16) was initiated. OKT scores are now used to add 0, 3, 5, 10, or 
15 points to the aptitude test composite, after the applicant establishes 
eligibility by scoring 70 or better on the new battery and by meeting the 
experience and/or education requirements. OKT points replace the prior 
method of granting extra points on the basis of related experience. Rank
ing on the register is achieved on the basis of this total score, plus 
any applicable veterans preference points. A sharply increased recruiting 
schedule was implemented in October 1981 as part of the "Air Traffic Re
covery Program." This schedule result.ed in the selection of over 500 
former military ATCSs at the GS-9 level (based on similar criteria used 
to select GS-9s during the 1968-73 period) and drew 125,000 applications 
for ATCS positions. By January 1982, approximately 26,000 applicants were 
certified as eligible on the ATCS OPM registers. An estimated 8,000 new 
air traffic controllers were planned to be added to the workforce by the 
end of 1983. 

SIGNIFICANT AREAS INVESTIGATED AT CAM! 

Attrition During and Subsequent to Training 

It had been ascertained in CAMI's primary validation study with the 
893 pre-1964 ATCS trainees that Academy-basic-training attrition rates 
were: (1) 30.3% for the total group, (2) only 16.4% for the 317 who 
attained composite raw scores of 210 and higher on the esc test battery, 
and (3) 38% for the group of 576 with scores of 209 and lower (see Figure 
3). Adoption of the CSC battery for operational screening purposes re
sulted in a reduction of the attrition rate at the Academy from approxi
mately 30% to about 22% for the 2,822 men who met the aptitude screening 
requirement and who entered the Academy during November 1968 through March 
1970 (Cobb and Mathe~s, 1973). 

Cobb, Mathews, and Nelson (1972) took a detailed look at the variations 
in characteristics of the ATCS trainees and their attrition rates for the 
periods 1960-63 and 1968-70. This study involved comparisons of Academy 
basic training elimination rates and post-Academy attrition and retention 
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rates of personnel who were recruited during these widely separated time 
periods for each of three different types of ATCS training. Data were 
obtained for a total of 6,367 former trainees. Exactly 2,000 of these 
trainees had entered the Academy during September 1960 through August 
1963, before the esc battery became operational in the screening of most 
applicants. The 2,000 included 733 Terminal trainees, 1,008 EnRoute 
trainees, and 259 FSS personnel. The remaining 4,367 trainees, the vast 
majority of whom were required to qualify on the esc test, had entered 
the Academy during October 1968 through March 1970; of the 4,367", 935 were 
Terminal trainees, 3,159 were EnRoute personnel, and 273 were FSS personnel. 

Percentages reflecting the Academy elimination rates for the earlier 
versus the later time periods, respectively, were: 20.9% and 19.3% for 
the Terminal personnel, 32.0% and 17.9% for the EnRoute trainees (this 
difference was statistically significant), and 18.5% and 12.8% for the 
FSS personnel. The mean Academy elimination rate of 26.2% for the 2,000 
pre-1964 trainees was significantly higher than the 17.0% rate obtained 
for the 4,367 more recent recruits (Cobb, Mathews, and Nelson, 1972). 
Moreover, the 17.9% rate was only slightly higher than a rate of 16.4% 
that Cobb had projected on the basis of results obtained in an earlier 
study of the 893 pre-1964 trainees examined experimentally with the CSC 
battery before it was adopted for operational use. 

Followup procedures were employed in which Academy graduates who were 
still in ATC work on December 1, 1971 were designated as "retentions," 
while those eliminated after completion of Academy training were designated 
as "post-Academy attritions." The post-Academy attrition rates for the 
Terminal, EnRoute and FSS entrants of 1960-63 were 16.0%, 22.8%, and 18.1% 
respectively, whereas the corresponding rates for the recruits of 1968-70 
were 10.1%, 20.3%, and 5.9%. The EnRoute option was the only one for which 
the difference between the rates was not statistically significant. 

Analyses pertaining to subgroups, each comprising one to four former 
incoming classes of the Academy's Terminal, EnRoute or FSS training courses, 
yielded significant inverse relationships between the Academy elimination 
rates and post-Academy attrition rates (see Figure 4). Such findings were 
remarkably consistent for personnel who entered each type of training 
during either of the two time periods. These findings also suggested 
the possibility that the basic training courses could have been utilized 
more effectively to prevent the advancement of some borderline and un
qualified recruits to facility training from which they were· eventually 
eliminated. 

An analysis for 645 Academy Terminal graduates and 2,162 EnRoute 
graduates between January 1969 through March 1970 revealed a post-Academy 
retention rate for Terminal trainees of 87.8% and for EnRoute a signifi
cantly lower rate of 75.7%. A series of analyses in which no distinction 
was made with respect to trainees' pay grades or qualifica.tions at entry 
into training indicated that the retention rates varied appreciably from 
facility to facility. However, the retention rates did not appear to 
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be related, positively or negatively, to the traffic-density levels of the 
facilities. For example, the mean retention rate of assignees to the 12 
Level-IV (or top-ranked) Terminal facilities was 89.2%, whereas the re
tention rates of trainees averaged 87.9% at all Level-l and Level-l! 
facilities and 87.0% at the Level-III installations. Although signifi
cantly lower than those obtained fpr Terminal personnel, the mean re
tention rates of EnRoute personnel at the.l3 Level-l! Centers (75.4%) 
and 14 lower ranked Centers (75.8%) were highly comparable. 

Cobb, Mathews, and Nelson (1972) also found that personnel who 
qualified for entry into training at the GS-9 level and higher on the 
basis of pre-FAA specialized experience had significantly higher 
Academy graduation rates than the conventionally recruited trainees. 
However, at the Level-IV and Level-III Terminal facilities, post
Academy attrition rates of the higher rated trainees averaged about 
twice that of the less experienced trainees, also, their mean attri
tion rate at the 13 top-ranked Centers was higher, though not signifi
cantly so, than that of other trainees. It was only at the Level-l 
EnRoute Centers and Terminal facilities of the two lowest levels that 
the mean attrition rates reflected favorably on these more experienced 
trainees--and then only by one percentage point. 

Although other types of occupations that make use of initial screen
ing tests and formal. centralized training are not directly comparable 
to air traffic control work (nor to each other), their attrition rates 
were examined to provide at least some perspective from which ATC Aca
demy attritions of 1968-70 might be viewed. For example, published 
reports available at that time (circa 1970) about several occupational 
groups that were carefully prescreened prior to entry-into-training re
vealed training-attrition rates ranging from 22% to 43%. Among these 
were attrition rates for Peace Corps volunteers (Gordon, 1967); nursing 
students in their first year of training (Katzell, 1968); nursing turn
over in a teaching hospital (Saleh, Lee, and Brien, 1965); Army officer 
candidates during 23 weeks of training (Peterson and Lippitt, 1968); and 
naval aviation students (Bale and Ambler, 1971). 

' 
Since ATCSs make up about half ·of the FAA work force, some compari

sons of their annual attrition rates with r-1:tP~ of non-1\'T'rS nP.rponnel 
provided another occupational perspec.tivt~, .c:Je f.Lt:;·t: .:d'_. __ :,Jd.:.l above 
with regard to comparison of different types of occupations (as well as 
different GS-grade levels and other characteristics), applies to these 
comparisons. Cobb, Mathews, and Nelson (1972) calculated the average 
attrition rate for all FAA employees not in the air traffic control occu
pational specialty and it was approximately 13.5%, 9.3%, and 9.1% for 
calendar years 1969, 1970, and 1971, respectively (averaging 10.6%). 
The rates during the same time periods for all ATCSs were 5.7%, 7.8%, 
and 5.0% (averaging 6.3%). If the assumption were made that those who 
attrited from the FAA Academy would have been later ATCS attritions anyway, 
then, following selection and Academy screening, the attrition rates of 
ATCSs would have dropped to approximately 3.3%, 5.6%, and 4.9%, respec
tively, for 1969, 1970, and 1971 (a 3-year attrition rate averaging 4.6%). 
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These 3-year attrition rates were also examined by means of longi
tudinal comparisons. between ATCSs and noncontroller FAA personnel hired 
from October 1968 through March 1969. During that period, 949 ATCSs 
(including many who entered the Academy during April or later) were 
hired at the GS-5 through GS-9 levels; a total of 217 non-ATC employees 
were also hired at those same levels. The overall attrition rate (as 
of December 1971) for the 217 noncontrollers was 32.7%; for the 949 
ATCSs, the rate was 24.6% (including Academy failures). 

Age Limit for Applicants 

Perhaps the most important of all the CAM! studies on ATCS selection 
were those demonstrating the effects of age on training and job perfor
mance. Training records for groups of ATCS personnel recruited since 
1960 and a number of unpublished earlier CAMI studies consistently re
vealed a definite relationship between chronological age and probability 
of attrition, 

To enter ATCS training at the time CAM! began its research program, 
an individual had to be at least 21 years old, but there was no upper age 
limit. It had long been felt by training and supervisory personnel 
even in 1960 that a marked negative relationship existed between age at 
entry into training and subsequent performance. 

In CAMI's first assessment of ~his relationship, the data in Figure 5 
were compiled by Trites and Cobb (1964a) from several different samples of 
ATCS trainees. In the figure, "Fails" were those who did not complete 
training, "Separated" were individuals who complet·ed .training but were no 
longer employed by the FAA, "Marginals" were individuals who were still 
with the FAA but about whom a job supervisor had some reservations con
cerning adequacy of job performance or potential; and "Satisfactory" 
individuals were those who were working satisfactorily in their ATCS 
specialties. The negative relationship between age at entry into training 
and job performance is obvious. The older the trainee, the less likely 
he or she was to complete training or to remain with the FAA. In an un
published 6-year followup study on 688 trainees (who comprised the successive 
classes of the Academy's basic training courses during August 1961 through 
March 1963), Cobb found that (1) 72% of 118 men age 36 and over failed their 
initial training course whereas only 33% of 570 younger students failed, 
and (2) older trainees who did pass the Academy also tended to experience 
greater difficulty than their younger colleagues in subsequent phases of 
on-the-job training. In a later published study that included these ATCSs 
and later trainees, entry age proved to be inversely related to both the 
aptitude test scores and criterion measures (Cobb, 1968a). The consensus 
that older controllers generally performed their duties less effectively 
than younger ATCSs was supported by several studies (Cobb, 1968a; Trites 
and Cobb, 1964a, b), all of which indicated that performance, as evaluated 
by supervisors or peers, was apt to decline after age 40 without regard 
to tenure or experience in ATC work (Cobb, Lay, and Bourdet, 1971). 

These and other CAM! investigations, dating back to 1961, also indi
cated that the training attrition rates of groups of trainees over age 30 
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were generally two to three times higher than those of the younger 
trainees (see Table 1). In studies by Cobb, Nelson, and Mathews (1974) 
in which experimental ratings of job performance were collected on 
journeyman-level ATCSs from both their supervisors and their peers, 
the mean performance ratings of controllers within every age category 
beyond 40 were significantly lower than those of the younger subgroups 
(see Figure 6). Such findings and other unpublished anaiyses that 
Cobb provided at the request of the FAA and the esc played a decisive 
role in enabling the FAA to obtain Congressional enactment of legisla
tion in 1972 permitting the establishment of an optional early retire
ment program for controllers and also the imposition of an upper age 
limit of 30 in the recruitment of controller trainees. (Note: Neither 
the maximum age limit of 30 nor the early retirement program applies to 
FSS personnel.) 

Aviation-Related Experience as a Selection Factor 

Throughout the history of the FAA and CAA, ATCS selection programs 
have included standards predicated on the philosophy that almost any 
type of aviation-related experience should be of value for prediction 
of success in ATCS training and work. Inasmuch as previous experience 
in air traffic control (usually acquired in military service) has always 
been considered of paramount importance, standards have invariable pre
scribed that it be heavily weighted, directly or indirectly, as a selec
tion factor. Other types of aviation experience traditionally regarded 
as important, but generally weighted more moderately than prior ATC work, 
included experience (military or civilian) as aircraft pi~ot, navigator, 
communications expert, radar surveillance specialist, and flight dis
patcher. Prior to implementation of mandatory aptitude-test screening 
procedures in 1964 (and exclusive of brief trial periods for procedures 
that resulted in selection of relatively few trainees), the eligibility 
ratings of medically qualified ATCS applicants were determined primarily 
on the basis of assessment of aviation-related experience and education. 

Briefly stated, selection programs have always been formulated to 
maximize the recruitment of controller trainees who, in addition to other 
qualifications, possessed previous ATC experience. The appropriateness 
of this policy had been confirmed repeatedly by CAM! followup studies 
of personnel who entered ATCS training during tne decade ending in 1970 
(Cobb, Young, and Rizzuti, 1976). Unfortunately, however, the pool of 
former military controllers has diminished over the years, and the FAA 
has necessarily recruited increasingly greater proportions of ATCS trainees 
with other aviation backgrounds and also from those having no aviation 
experience of any type--but who qualified on the basis of aptitude-test 
measures and of education. 

Cobb and Nelson (1974) reviewed several unpublished studies in which 
biographical data were collected and analyzed for large samples of ATCSs 
recruited from the 1960's through the early 1970's, and concluded that in 
general, 40% or more were former military controllers and that 40% to 45% 
of the remaining selectees held aircraft-pilot ratings. The results of 
several early CAM! studies cited above suggested that various types of 
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pre-FAA ATC experience were beneficial to the ATCSs primarily during 
the basic training phase only, whereas all other experience, including 
aircraft-pilot experience, appeared to be of questionable value at any 
stage of the training. Yet, little or no information had been gleaned 
through the 1960's to indicate whether the pilot-experience standards 
should be abolished, drastically revised, or modified only slightly. 

Under the standards, a total of five points was (until the adoption 
of the new battery in 1981) credited toward the overall eligibility rating 
of each pilot-rated applicant having 350 or more hours of logged flight 
time. A cursory review of biographical-questionnaire response data for 
several hundred pilot-rated ATCS trainees recruited during 1969 revealed 
that about half of them possessed no more than a private pilot license 
and 350 to 500 hours of logged flying time, and less than 30% had 1,000 
hours or more (Cobb and Nelson, 1974). 

,Increased skepticism regarding the validity of pilot experience for 
ATCS selection followed publication of the Corson Report (1970) of the 
Air Traffic Controller Career Committee in January 1970. This report 
stated that no evidence could be found indicating any type of pre-FAA 
experience other than ATC work to be useful for prediction of FAA ATCS 
training progress or subsequent job performance. The committee recom
mended "elimination of credit for pilot experience" in the selection 
process. The same recommendation was made in a contract study report 
to the FAA by Colmen (1970). However, neither of these reports cited 
any studies other than those by CAMI, as a basis for their conclusions 
and recommendations concerning pilot experience, and the studies cited 
did not necessarily imply that all such experience should be completely 
disregarded. None of the studies had focused directly on the issue of 
pilot experience; none included determination of the attrition-rate 
probabilities for ATCSs relative to flying time or types of ratings held 
(e.g., private license, commercial license, instrument rating, air trans
port rating, etc.); and the interaction effects of age, aptitude, and 
education on the validities of pilot experience and other types of ex
perience had never been assessed and compared. In order to address the 
issue a comprehensi~ longitudinal s.tudy was undertaken by Cobb and 
Nelson (1974). 

That study was based on data for 4,092 ATCS trainees and examined the 
validities of various types of aviation-related experience, separately and 
in combination, for prediction of success in FAA ATC work. Success was de
fined as retention status within the ATC system several years after entry 
into training. Of the 4,092 ATCSs, 1,740 entered Academy basic training 
during September 1960 through August 1963, before the CSC ATC battery be
came operational in the screening of most applicants. The remaining 2,352 
ATCSs, the majority of whom were selected from among aptitude-screened 
applicants, entered Academy training during 1969. Both groups entered 
prior to establishment of the current age eligibility standard of age 30. 
The results clearly demonstrated that suecess in FAA ATC work was far more 
contingent on entry age than on type of aviation-related experience, level 
of aptitude, or level of education. The findings led Cobb and Nelson to 
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suggest that ATCS applicants who meet the existing age and aptitude 
screening standards should not be awarded credit points toward their 
eligibility ratings for any type of experience other· than ATC work 
(see Figure 7), and that even the latter should be assessed and 
weighted conservatively in the selection process, particularly with 
respect to military control experience that involved no instrument 
flight rule (IFR) operations. Cobb and Nelson noted parenthetically 
that if such a procedural change were followed, an indirect result would 
likely be a relative improvement in the competitive ranking of women 
and minority candidates who, for various sociocultural reasons, probably 
do not obtain the types of pre-FAA experience for which credit is given 
in selecting ATCS candidates. 

Candidates with only pilot experience when they entered ATCS train
ing during either of the two widely separated time periods had unusually 
low retention rates, even lower than those of groups with no aviation
related experience of any type. Speculation that many of the pilot-rated 
ATCSs might have attrited voluntarily in order to take jobs more compatible 
'with their flying interests or at higher pay, prompted a search of the 
standard personnel records of all FAA employees; only 14 of the 254 
attrited pilot-rated ATCSs of 1969 were still in the FAA (in non-ATC 
jobs) at the beginning of 1973. Of the 14, six were aviation safety 
officers (five of them were GS-12's); one was a GS-12 in an educational 
training program, and the other seven were in various jobs (e.g., elec
tronics technicians, flight data ~ids, wage board employees, clerks, 
etc.) at lower pay grades. Unfortunately, data were not available for 
a similar followup study of the remaining 240 attrited pilots who had 
left the FAA. 

ATC experience that involved only visual flight rule (VFR) operations 
proved to be considerably less valid than ATC-IFR experience for predic
tion of success in either the EnRoute or Terminal option. Cobb and Nelson 
therefore ·concluded that, when possible, all EnRoute and Terminal trainees 
should be selected from among the best qualified of the aptitude-screened 
candidates younger than 31 who possessed pre-FAA IFR control experience. 
However, this recommendation was counter to the CSC's traditional policy 
of evaluating virtually all types of preemployment experience in the 
selection of personnel for almost any occupational specialty within the 
Federal service. Cpbb, Young, and Rizzuti (1976) expressed the view that 
the FAA should press vigorously for changes such that aviation experience 
other than ATC would be evaluated very conservatively in the selection 
process. 

In a later study, Lewis (1978a), investigated the feasibility of 
using scores on the OKT, a test of general ATC information, to determine 
the quality of an applicant's ATC knowledge as an alternative to the giving 
of extra points for experience. The OKT had been developed from older test 
items provided by the FAA Academy with the intent of being "job-knowledge 
specific" (Mies, Colmen, & Domenech, 1977). It was developed to provide an 
instrument for screening of applicants with previous ATC experience who would 
enter at higher grade levels (see Chapter 14). The Lewis study revealed that 
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the assignment of extra credit subjectively on the basis of verified 
experience (which was usually difficult to define) resulted in a sig
nificantly higher failure rate than by use of the OKT. Consequently, 
Lewis concluded that use of the OKT to assign extra credit for specialized 
experience was more fair than use of "verified'' experience. 

Under the October 1981 selection standards, any ATC experience or 
any FAA or military rating (i.e., control tower operator, center or 
FSS ATCS navigator, navigator bombardier, IFR pilot, VFR pilot with 
350 hours or more as copilot or higher, or Air Carrier Dispatcher Cer
tificate) may be used in lieu of education reuirements to establish eli
gibility for ATCS applicants who score 70 or better on the new aptitude 
battery. After eligibility is established, experience bonus points are 
added only on the basis of the applicant's score on the OKT. 

Education as a Selection Factor 

The ATCS selection programs have always included a mandatory minimum 
educational requirement of a high school diploma or evidence, such as a 
General Education Development (GED) certificate, of an equivalent educa
tional background. Education beyond the high school level, although not 
mandatory, has traditionally received significant weight, directly or 
indirectly, in the overall eligibility rating. Selection programs have 
invariably included provisions whereby applicants without background in 
aviation, could substitute college-level education for such experience. 
Regardless of experience, however, applicants with 4-year· college degrees 
usually had no difficulty in establisning training candidacy. As men
tioned earlier, in one period, college graduates with records of superior 
academic achievement were allowed an aptitude test score standard con
siderably below that designated for screening of comparably experienced 
and otherwise equally qualified applicants. A similar policy at one time 
applied to all college graduates, irrespective of academic records. How
ever, the greatest emphasis on education· as a selection factor was during 
1971 and 1972 when applicants with 4-year college degrees, at least 1 year 
of graduate work, and 12 months of specialized ATC experience could be 
granted waivers of the aptitude-test-screening and be appointed to training 
at grade GS-9 rather than GS-7 (Cobb, Young, an~ Rizzuti, 1976), 

However, with regard to this policy, numerous early CAMI studies 
(based on trainees who entered ATCS training in the decade of the 1960's) 
in which education was a variable along with age, preemployment experience, 
and aptitude test performance, indicated that the training attrition rates 
of ATCS personnel tended to increase (rather than decrease) in accordance 
with the preentry levels of education (Cobb, 1964; Cobb, Mathews, and Lay, 
1972; Cobb and Nelson, 1974; Trites and Cobb, 1964a; Trites, Miller, and 
Cobb, 1965). Several unpublished CAMI studies mentioned by Cobb, Young, 
and Rizzuti (1976), based on trainees recruited during various time periods, 
had shown that college graduates generally had significantly higher attri
tion rates than selectees with either high school diplomas only or 1 year 
or less of college. 
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With this background, Cobb, Young, and Rizzuti (1976) undertook a 
definitive study, focused specifically on education. This was based on 
data for 2,352 ATCS recruits who entered the Academy basic training 
phase in 1969 (1,858 EnRoute and 494 Terminal trainees). They found 
that all educational variables, both before and after adjustment for 
age and other selection factors, were negligibly and inversely related 
to success in ATCS training as defined by Academy graduation status and 
retention in the ATC system 3 to 4 years following recruitment (see 
Figure 8). 

Major courses of study listed by some 925 of 1,265 ATCS trainees 
who attended college were found to have little potential for prediction 
of training outcomes. The overall retention rate as of January 1, 1973, 
for 1,265 former college students in the sample was 56.7%. When cate
gorized on the basis of college majors, only those (N=l41) who majored 
in social sciences had a retention rate (41.8%) that differed signifi
cantly from that of the combined categories. Moreover, 53 recruits for 
whom major college courses were judged to be more directly related to 
aviation than all others combined, had a retention rate (56.6%) almost 
identical to that of the entire group. · 

Sex as a Factor in Performance and Attrition 

Based on the FAA's in~erest and participation in programs to eliminate 
sex as a discriminating factor in the selection of new Federal employees, 
Cobb, Mathews, and Lay (1972) carried out a comparative study of female 
and male ATCS trainees. The study was also prompted by the fact that 
women had never represented more than a very small proportion of all 
personnel directly involved in air traffic management. Since experience 
is heavily weighted in calculations of eligibility ratings, the "best 
qualified" by normal standards are usually male veterans with experience 
in military ATC work or as pilots (Cobb, 1962, 1964; Trites, 1961; Trites 
and Cobb, 1964a, 1964c). 

The study compared age, education, pre-FAA experience, aptitudes, 
training-course performance measures, and post-Academy attrition rates 
of the 83 women who entered basic ATC training at the FAA Academy during 
the 17-month period between November 20, 1968 through March 27, 1970 with 
those of various samples of the 3,760 males who entered training during 
the same period. There were no significant differences between the means 
of the female and male trainees with respect to age and educational level. 
On performance on 36 different aptitude tests, only four mean differences, 
all of which favored the women, proved statistically significant. Only 
45.8% of the 83 women had pre-FAA ATC-related experience, compared to 
63.9% for a sample of 798 men; the difference was statistically signi
ficant. The means of training course grade averages for the two groups 
differed by only three-tenths of one point, and there was no significant 
difference between the Academy attrition rate of 20.5% for the women and 
23.2% for the 798 men. However, the groups differed markedly with respect 
to post-Academy attrition rates; as of December 1971, 48.5% of the 66 
women who completed Academy basic training but only 22.5% of the 613 men 
(within the sample of 798) who graduated from the Academy attrited sub
sequently. 
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These attrition rates, which showed (1) no sex differences in the 
proportion of trainees who completed FAA Academy training, but (2) a 
percentage of women who subsequently left ATC work that was over twice 
that of male graduates, led to several studies of sex differences in 
job attitudes and attrition (Mathews, Cobb, and Collins 1975; Mathews, 
Collins, and Cobb, 1974a, 1974b). The category that accounted for most 
of the difference in post academy attrition rates between the sexes was 
family-related (marriage, children) attrition cited by about one-third 
of the women, a finding that agrees with results of other studies of 
different occupational groups (Mathews, Collins, and Cobb, 1974a). 

Research on Military ATCS Trainees 

CAMI has had a long-standing interest in the selection and training 
of military ATCSs reflecting the fact that former military controllers 
have always represented a prime source for the recruitment and selection 
of FAA ATCS trainees. As a result, the FAA has maintained awareness of 
the effectiveness of the controller selection and training programs in 
the U.S. Air Force, Army, Navy, and Marine Corps. 

In 1965, representatives of the Glyno Naval Air Station, Georgia, 
visited CAMI for indoctrifiFtion regarding the srreening and selection 
of applicants for FAA ATCS training. Naval oL.J.cials subsequently 
discussed the possibility of using the operational battery of esc tests 
for experimental administration and validation at Glynco. Since a number 
of policy reasons precluded this approach, Cobb suggested an alternate 
plan, subsequently accepted, involving the seven commercially published 
tests that had been validated in previous research with FAA trainees 
(Cobb, 1971). After completion of the Glynco study (Cobb, 1968b), 
officials of Keesler Air Force Base, Mississippi, asked that a parallel 
study be conducted on samples of Air Force and Army ATC trainees. 

Although two of the seven commercially published tests which were 
administered experimentally to the military ATCS training schools failed 
consistently to correlate significantly with the training-performance 
measures of every group (CTMM Analogies and CTMM Coins), composite scores 
based on the entire seven-test battery correlated with the academic plus 
laboratory grades of every group at somewhat higher levels than measures 
based on any other combinations of the test scores. At the same time, 
in every instance, the validity of the "commercial seven-test composite" 
score was closely approximated by that of a composite measure reflecting 
performance on DAT Space Relations, DAT Numerical Ability, DAT Abstract 
Reasoning, and CTMM Inference (Cobb, 1971). 

Both composite scores correlated significantly better with the 
training-course performance measures than did the Air Force's General 
Aptitude Index (GI) and the Marine Corps' Military Screening and Classi
fication (MSC) test score, and at about tqe same level as the aptitude 
screening measures used by the Army and Navy. 

On the basis of these results, Cobb concluded that the military ser
vices had the capability, if desired or required, of upgrading their 
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screening of ATCS personnel without new or additional tests, by establish
ing higher minimum MSC requirements. Any changes in the military require
ments would be of direct interest to the FAA since the agency has and will 
probably continue to select significant proportions of its ATCS trainees 
from among those applicants who have pre-FAA ATC experience and who also 
are able to qualify on the esc ATC Aptitude Screening Test battery. As a 
byproduct of this research, Cobb was able to outline the relationship 
between military selection/training procedures and the screening and ~.•try 
of ex-military personnel into the FAA ATCS program. 

The Multiple Task Performance Battery 

While paper and pencil tests have done an efficient job in the iden
tification of individuals who possess the "elemental skills and knowledge 
necessary to become satisfactory controllers, they do not measure one kind 
of ability that is believed to be relevant for a good controller--the 
ability to perform several different tasks simultaneously (Chiles, Jennings, 
and West, 1972). A technique that could provide an objective, reliable 
index of the ability to time-share multiple tasks relevant to the ATCS 
job, was considered of value as an adjunct to existing selection devices 
and hence the CAMI Multiple Task Performance Battery (MTPB) was developed. 

The MTPB was originally designed for the Air Force as a device for use 
in research on complex performance of the sort demanded of aircrew personnel 
(Chiles, Alluisi, and Adams, 1968). The elements of the MTPB were selected 
to provide objective measures of "psychological or behavioral functions" 
of relevance to Air Force operations. The functions measured include moni
toring, information processing, mental arithmetic, visual discrimination, 
and interindividual interaction in the execution of procedures. These 
functions appeared to be relevant, not only to aircrew activities, but to 
complex jobs in general and to the job of the ATCS in particular. Moreover, 
the tasks, as used routinely over a number of years, have been structured 
to impose varying levels of demand on the subject with respect to the re
quirements for time-sharing. Good performers on the MTPB not only possess 
ability on the individual tasks but also are readily able to shift their 
focus of attention from one kind of activity to another without disruption 
of the'ongoing process. 

During the period from May 1970 to January 1971, exploration studies 
were carried out by Chiles, Jennings, and West (1972) to examine the 
potential usefulness of a performance measurement device as a predictor 
of the future performance of ATCSs. Five groups totaling 229 ATCS trainees 
were tested on the MTPB, and the predictor scores that were derived were 
correlated with ratings provided by FAA Academy instructors. Chiles and 
West (1974) checked the official FAA personnel roster as of January 1, 
1973 to determine whether each trainee who participated in the earlier 
study was still actively employed with an ATCS job code. Although further 
validation is required to assess the potential of the complex performance 
battery approach to ATCS selection, di,..ect support for the predictive power 
of the MTPB was obtained in the trair. >tudy. Indirect support was also 
provided in that (1) the instructor ratings were predictive of the retention 
criterion and (2) the MTPB was a good predictor of the instructor ratings, 
(Chiles, Jennings, and West, 1972). 
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SUMMARY 

For over two decades the FAA Civil Aeromedical Institute (CAMI) has 
engaged in active research programs exploring most aspects of the selec
tion of air traffic control specialists (ATCSs). The results of those 
efforts contributed directly to the establishment of ATCS selection 
standards employed by the Civil Service Commission (CSC). Early studies 
on the validity of aptitude tests for prediction of successful comple
tion of Academy training led to a decision to use such tests for part of 
the CSC screening standard. Later studies led to the establishment of a 
maximum age standard of 30 years for entry into ATCS training. Most recent 
studies contributed to the validation of the current aptitude selection 
battery (made operational in 1981). CAM! researchers have evaluated the 
validity of existing standards, have examined numerous variables and 
alternative aptitude measures, and have provided a number of data-based 
recommen~ations that resulted in upgrading of the effectiveness of ATCS 
selection. This chapter has emphasized research on aptitude screening 
measures, attrition, age, prior experience, education, sex, minority 
status, military ATCS training, and the Uniform Guidelines on Employee 
Selection. 

,REFERENCE NOTES 

1. Federal Aviation Administration, Office of Personnel, ATCS intake 
study, 1971. 

2, Federal Aviation Administration, Office Personnel, Evaluation of the 
"150" program, 1973. 
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Chapter 5 

RESEARCH CONTRIBUTIONS AT THE 
OFFICE OF AVIATION MEDICINE (OAM) 

Evan W. Pickrel 

The Office of Aviation Medicine (OAM) is the principal Federal 
Aviation Administration (FAA) staff element responsible for b\omedical 
and behavioral, and generally human oriented research, including research 
on selection, training, measurement of proficiency on the job, and 
performance assurance. Its mission is to apply knowledge gained from 
its own research program and from the work of others to the promotion 
of safety in civil aviation and to the health and safety oJ agency 
employees. In order to accomplish its mission, OAM conducts research 
on various aspects of the human element in aviation. Offices and ser
vices of the FAA, such as Air Traffic, Personnel and Training, Flight 
Operations, and the Technical Center (hardware research) identify their 
human-oriented problems for resolution through OAM research. As the 
research is accomplished, its products are provided to the requestors 
and assistance is given in the translation of these products into opera
tional applications. Most of the research efforts are conducted at the 
Civil Aeromedical Institute (CAMI) located at the FAA Aeronautical Center, 
Oklahoma City, Oklahoma. They are supplemented by research contracts 
granted to other government agencies or to private institutions by CAMI 
or by the OAM. 

The OAM has a small but uniquely qualified research cadre, with 
extensive experience in government and industry. This office annually 
sends out a formal request to the other offices and services to make 
known their aeromedical research requirements, and annually transmits 
these to CAMI in the form of a research program guidance and current 
policy statement. Aperiodic requirements also are received and resolved 
in accordance with the operational need and the research resources available. 
Members of OAM accomplish some of this research; unique examples include 
the highly publicized hijacker profiles for passenger boarding gate 
screening in defense against hijackers, and flight personnel tactical 
programs for inflight defense against those who ~anage to get on board 
(Dailey & Pickrel, 197Sa,b). Many research requirements, including these 
unique examples, originate within the OAM itself. 

Psychiatric screening. The Office of Aviation Medicine has an opera
tional need to evaluate the health status of FAA personnel, and to deter
mine the job relatedness of their medical needs and fitness for duty. To 
do this, it is necessary first, to determine the medical and psychological
psychiatric status of those personnel before they become employees, so that 
responsibility is not assumed for conditions that existed prior to job 
entry. Past behavioral histories are an excellent basis for predicting 
psychological-psychiatric fitness of Air Traffic Controller Specialist 
(ATCS) applicants, and the Office of Personnel Management (OPM) provides 
historical information, gathered by government agencies, including the 
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Federal Bureau of Investigation, State Department, and Immigration and 
Naturalization Services, for use when screening for this sensitive posi
tion (ATCSs control military aircraft if the nation is under attack). 
Military records also are obtained for this use when available. Samuel 
Karson (1969), a member of the Washington staff, did extensive research 
on personality tests, toward developing quantitative measures for use in 
such screening, but under existing OPM and Equal Employment Opportunity 
guidelines, government agencies are precluded from using personality 
tests for selection purposes. However, the FAA has used the Cattell 16 
Personality Factor Questionnaire (16PF) for a number of years as a diag
nostic aid, as a case identifier for ATCS physiological-psychiatric 
screening. When questionable cases are identified, these persons are 
referred for extensive psychological and psychiatric examination, and 
the results are used in a medical determination to reject or not reject 
the applicant. It was estimated that profile analysis of the 16PF iden
tified between one and two percent of all applicants who warranted closer 
medical examination, and that half of these were found medically dis
qualified for service (Colmen, 1977). Use of the profile analysis of 
this measure has since been replaced by a customized key developed by 
John T. Dailey for this (ATCS case identifier) application (See Chapter 
17), but the statistics on number of cases identified and rate of medical 
disqualification remain very similar to those experienced with the more 
elaborate, detailed profile scoring procedures. 

Development of new screening tests. Among the recommendations of a 
1970 FAA management Air Traffic Controller Career Committee (Corson, 1970), 
was one dealing with improvement of the selection process as a means of re
ducing an unacceptably high attrition rate both in formal training and 
during on-the-job developmental training. An extensive research program, 
both within the OAM and by contract was initiated in response to that 
need. Colmen (Milne and Colmen, 1972) identified available tests to in
crease the predictive validity of the existing battery, and suggested 
areas for construction of new tests. One of these involved filmed simu
lation of air traffic moving across a radar scope, in response to which 
the observer was required to predict any potential conflicts that appeared, 
as soon as they were observed. This instrument, named the Controller De
cision Evaluation technique (CODE), by Buckley and Beebe (1972), added 
significantly to a composite for predicting on-the-job success, but the 
equipment and space required for its administration generally were not 
available in Civil Service Commission decentralized testing situations. 
Therefore, test development procedures were initiated by OAM personnel 
to derive measures of the same skills in a format that would meet Civil 
Service needs. This eventually resulted in the development of a completely 
new test, the Multiplex Controller Aptitude Test (See Chapter 15). 

Prior experience in air traffic control work has been considered to 
be a favorable factor in the selection of ATCS applicants, and those with 
previous military controller experience have been a prime source for candi
dates. Many other types of experience, such as private and commercial pilot, 
work in communications, and even general work experience and academic train
ing, have also been regarded as favorable factors. The Civil Service 
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Commission used a Rating Guide to evaluate applicant claims of past experience, 
and the variety among applicant claims made them difficult to evaluate. Thus 
an operational need was recognized for the development of a quantitative 
measure to evaluate the usefulness· of various types of experience claimed 
by applicants. The Offices of Aviation Medicine, Personnel and Training, 
and Air Traffic, or.ganized a two-week workshop, held in Washington in June 
1970, which was attended by 18 journeymen from all 3 ATC options, to address 
this problem. John T. Dailey and others instructed these subject matter 
experts on the purpose and specifications for an occupational knowledge 
test, and instructed them in the initial item writing. At that time over 
300 items were prepared, and these were reviewed and edited by members of 
the Examination and Certification Section at the FAA Academy. OAM test 
construction experts used these items during development of initial and 
subsequent forms of the Occupational Knowledge Test (See Chapter 16). 

Early identification of potential failures; reduction of post-Academy 
attrition. Between 1970 and 1976, ATC Academy pass fail training was sus
pended while a new training program was being developed and evaluated. 
During this period, trainees who ultimately "washed out" of the program 
served between 18 and 24 months, on the average, before separation occurred. 
The rate of hiring of new applicants was between 1700 and 2000 persons 
annually, and attrition rates in the two to five year training program 
required to reach full performance (or journeyman) level ranged from 25% 
to 40%. Such high attrition rates were not only costly to the FAA, both 
in time and dollars, but also unfair to those who were failing. A major 
part of this attrition was attributed to lack of proficiency, the students' 
inability to demonstrate the skills and knowledge needed to progress satis
factorily and to succeed in training. An operational need was identified 
for early identification of potential failures, and it was expected that 

-this could be done during selected phases of initial training, using appro
priate methods to evaluate interest as well as potential. Thus it was 
decided to validate and re-introduce a pass-fail training program at the 
FAA Academy. 

Personnel from the Office of Aviation Medicine, Personnel and Training, 
and Air Traffic reviewed the measures available for use in pass-fail evalua
tion and recommended modifications as necessary. The achievement tests 
that measured possession of academic information taught in the classroom 
were judged to be adequate, but a new test, the Controller Skills Test, 
was created by the OAM staff arid Air Traffic subject matter experts to 
measure application of knowledge and skills during the first months of 
ATCS training (See Chapter 11). The major purpose of this test was to 
augment over-the-shoulder ratings of performance on laboratory criterion 
problems and instructor ratings of each student's potential for successful 
future performance as a controller. OAM personnel accomplished field 
validation of this new Controller Skills Test and other tests to be used 
for pass-fail purposes and also accomplished the criterion reliability 
and validity analyses necessary prior to introduction of the new pass-fail 
training program (Dailey and Moore, 1979). 

The success of this new program is discussed by Boone in Chapter 9. 
Attrition rates for the two to five year training program from entrance to 
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the attainment of journeyman status have remained at approximately 25% 
to 40%; however, with selected phases of pass-fail training centralized 
at the FAA Academy, the average length of service before separation, for 
those who "wash out," has been reduced to five month's. This up-to-one-and
one half year earlier identification of potential failures has provided an 
estimated cost avoidance of ten to twelve million dollars a year when hiring 
rates were 1700-2000 persons annually. 

Development of a new ATC Selection Test Battery. Cost avoidance 
through early identification of potential failure was highly desirable; 
nevertheless, overall attrition rates of 25% to 40% have remained a 
serious concern. When the hiring rate was 1800 new employees (trainees) 
annually, a 24% attrition rate before reaching journeyman status equated 
to an investment loss of about $43 million each year. More detailed 
training and attrition costs have been presented by Rock, Dailey, Ozur, 
Boone, and Pickrel (See Chapter 21). Salary and training costs for the 
initial FAA Academy qualification training program have approximated $10 
thousand for each student who entered, and with an annual enrollment of 
2000 students, an average 30% attrition rate could be translated into a 
$6 million a year expense. The Civil Service Commission (CSC) test battery 
used for initial screening of ATCS applicants had remained unchanged since 
1964. That test battery was composed of generalized, factor-pure measures; 
it was believed that tests customized to ATCS activities would provide a 
more precise basis for prediction of the criterion. 

Applicant statements describing prior aviation-related experience 
were another element in the selection process, and there were weaknesses 
in the evaluation and weighting of experience as presented in the applica
tion forms. Improvements in those selection procedures seemed a feasible 
way to reduce FAA Academy attrition rates, Work cited above, initiated 
early in the 1970's, had resulted in development of the MCAT and OKT to 
aid in meeting these operational needs. As described in Part IV, these 
tests had been administered to all entering students at the FAA Academy 
(who had also taken the esc tests) since January 1976, for test development 
and validation. The results of a series of prediction studies, which in
cluded these measures along with others, led to the development of a new 
selection battery that was adopted in August 1981. 

Research results reported in these prediction studies (summarized in 
Chapter 18) supported the conclusion that a new test battery comprised of 
the MCAT plus two measures from the old battery, Abstract Reasoning 
(CSC-157) and Arithmetic Reasoning (CSC-24) provided consistently high 
correlation with the criterion measures. It was also shown that the OKT 
provided a better measure of aviation-related knowledge than the OPM Rating 
Guide then used to evaluate experience, and that it demonstrated a signi
ficant relation to success in the ATC occupation that added to the validity 
obtained from the test battery. 

The final step was a study to validate a proposed new test battery 
composed of two parallel forms of MCAT pl~s CSC-157, CSC-24, and OKT. 
The sample used included 953 trainees attending the FAA Academy during 
the period of June 1978 through December 1978 (See Chapter 21). The MCAT 
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was the major component in the validities obtained with the new battery, 
and CSC-157. also contributed to the multiple correlation for predicting 
ATC performance criteria, but CSC-24 did not. · Weighting the tests con
tributed to the validity of the battery. When annual training invest
ment losses through application of the old operational battery were 
compared to those expected with application of this new test battery 
for selecting 1800 applicants, the potential cost avoidance was estimated 
to be in the order of $3 million a year. However, many thousands of 
applicants had already been screened with the old battery and were await
ing an opportunity to enter training. There would have been no early 
need for more applicants unless there had been an unusual event, such 
as a PATCO strike and dismissal of those who refused to return to work. 
This created an immediate need to open the register and screen more can
didates and as a result the new battery was pressed into service shortly 
after the strike occurred, as discussed in Chapter 6. 
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Chapter 6 

ADJUSTMENTS IN THE AIR TRAFFIC SERVICE 
FOLLOWING THE PATCO STRIKE 

E. W. Pickrel 

On August 3, 1981, the Professional Air Traffic Controllers Organi
zation (PATCO) declared a strike against the Federal Aviation Administra
tion (FAA), and there was a walkout of about 13,000 of the 17,275 con
trollers actively engaged in control of air traffic. Some of the strikers 
returned, but about 11,400 did not and were subsequently dismissed. This 
left the air traffic control system with a significantly reduced capacity, 
and there was a very immediate, real operational need to maintain the 
system and rebuild the workforce. Past research, including ATCS selection 
research, made a considerable contribution toward meeting that need. Some 
of the activities that took place are described below. 

IMMEDIATE WORK FORCE 

The Air Traffic Service management and staff was composed of ex-Full 
Performance Level (FPL) controllers who had elected to progress upward 
within the management structure. Long before contract negotiation time, 
they had ~een alerted to the PATCO intent to strike and the detailed pre
parations that were being made. Management had prepared a hierarchy of 
system contingency plans, with variations dependent upon the number of 
persons expected to be available to operate the system. All management 
personnel completed refresher training as necessary to renew their FPL 
proficiency, so that they could be available to control air traffic. 
With advent of the strike, these management people returned to the con
trolling of aircraft, and six-day weeks became the rule. Vacations were 
postponed. Sixty low-level activity terminals were closed and the non
striking controllers of these terminals were transferred to busier facili
ties. Approximately 800 controllers were borrowed from the Department of 
Defense, to assist until the rebuilding of the workforce was accomplished. 

POSITION RESTRUCTURING 

One of the earliest adjustments was a restructuring of positions at 
the larger facilities. This involved identification of three basic job 
categories of work performed: flight data specialist, non-radar controller, 
and radar controller. These newly structured positions are progressive on 
the pay ladder. The flight data specialist position is important, but 
does not involve traffic control directly and is not included in the 
GS-2152 (Air Traffic Control Specialist) series. Employees who are hired 
for this position, but fail to complete the necessary training are ter
minated. Initially, unemployed pilots were hired to fill GS-7 and GS-9 
levels, and borrowed military controllers also worked these jobs until 
they were checked out in EnRoute sector or Terminal tower cab positions. 
Approximately 1300-1400 of these have been established as permanent posi
tions that formerly had been filled by developmental controllers. These 

119. 



specialists issue clearances to pilots, but do not formulate them; they 
also handle flight strips and make sure that they are posted. They have 
the opportunity to apply for FAA Academy training by taking the same examina
tion that others take. 

The maximum grade level for the nonradar controller ranges up to GS-12, 
depending on the facility. Progression from nonradar to radar controller 
is competitive, with initial promotion based upon satisfactory completion 
of training prerequisites, as well as available positions and time-in-
grade requirements. Chances for advancement depend on the number of 
vacancies available, job performance and qualifications compared to 
other competitors, and in some cases willingness to transfer to other 
locations. All three categories of. work are staffed in Air Route Traffic 
Control Centers and in those Terminal facilities that are equipped with 
cab/radar. Other Terminal facilities require the use of only one or two 
of the categories, because of facility size or specialized operational 
function. This restructuring of jobs enabled the employment of persons 
of lesser aptitude in positions below that of full performance level con
troller. At the same time, it was efficient in that it freed FPLs from 
lesser, non-control duties, and reduced the number of FPLs needed in the 
system. 

A system study of the National Airspace System (NAS) was initiated to 
identify potential modifications to increase the efficiency of the total 
system. An airways realignment and air route traffic control resectoring 
was initiated to make departure-destination routes more direct, reduce the 
distance and time that aircraft are on the network, and optimize sector 
workloads. The pre-strike national NAS structure of 790 sectors was re
duced to 655 sectors, with an expected further reduction to 550 sectors. 
Some Terminal resectoring also is possible, and as each sector requires 
staffing of radar scope and other positions, this has resulted in a con
siderable reduction in manpower requirements. 

FLOW CONTROL 

Prior to the PATCO strike, all aircraft had unconstrained access to 
the National Airspace System (NAS). As a result there were extremely 
high controller workloads at dawn and dusk as aircraft were departing or 
arriving at destinations; workloads during the remainder of most days were 
low. Nevertheless, manpower levels were programmed to meet peak traffic 
demands. If aircraft departures and arrivals could have been distributed 
more evenly throughout each day, and departing aircraft held on the ground 
to be released as space became available in the NAS, there is no doubt that 
they could have been controlled all along by a considerably smaller work 
force. 

Computer programs and a central flow control facility were available 
to assist in meeting this need. These had been created approximately five 
years earlier, at the time of the OPEC fuel crisis, to help airlines avoid 
costly fuel delays in holding patterns during flight. In the present crisis, 
it was realized that control over all aircraft using the NAS would impose a 

120. 



dramatic increase in the demands placed on this facility, and it was moved 
from Jacksonville, Florida to FAA Headquarters in Washington, where greater 
manpower and communication capabilities were available. Its introduction 
resulted in a more even distribution of workload, with daily optimizing 
of traffic load in accord with available controller capability. Some air 
traffic had to be curtailed at the busiest facilities but, with deferred 
takeoffs to achieve a better distribution of the day's traffic, 83% of the 
pre-strike traffic could be accommodated by a workforce only 42% the 
size of the pre-strike force. Under the new system, the rate of operating 
errors was also 36% lower than that of the pre-strike workforce for a similar 
workload. This was a far more efficient system and it reflected the efforts 
of a. highly motivated work force. 

EXPANDED TRAINING 

Only eight days after the strike was called, the first group of 144 
students entered the FAA Academy. These represented appointments from the 
register of 9000 persons tested with the old Civil Service Commission (CSC) 
ATCS battery that had been used without revision since 1964. Plans were 
implemented for a new group of 500 students eae;h month, a total of 6000 

.a year in training, un~il the end of 1983, when it was expected that the 
work force would again be up to full str·ength. The procedure followed was 
for FAA Regional Office personnel to select the names of applicants, in 
sequence off the top of the register, to fill vacancies in their facilities. 
Each selected applicant received notification of the available position with 
a description of the work and, if interested, was asked to proceed to the 
nearest facility of that type for interview and a medical examination. 
Following completion of these and a security check, the applicant was 
notified when an entry into training would be available at the Academy. 
To meet this new training requirement, the schedule of the FAA Academy 
was expanded to two shifts a day, and a contract with the University of 
Oklahoma was utilized as a source for hiring additional instructors. 
Most of those hired were retired FAA controllers and instructors who 
volunteered to help in the crisis. 

A student's first few days (Phase I) at the Academy are spent in per
sonnel processing. The Phase II activity, C<Jmmon to all options, is class
room training in fundamentals of air traffic control, such as weather, 
federal aviation regulations, and air traffic control communications. 
This is followed by non-radar training that is specialized for each option, 
and includes extensive laboratory training to prepare the student for imme
diate performance of duties at the facility. Under the new procedures, 

' initial Academy training is completed at the conclusion of the non-radar 
phase. Radar training was removed from the Academy entrance training 
syllabus and the graduates go directly to facility non-radar control tasks. 

After successful completion of this training, and a period of success
ful non-radar performance, these developmental controllers become eligible 
for radar training. They receive initial radar training on simulators at 
their home facility and are given a test to qualify for radar training at 
the Academy. If succesful, they return to Oklahoma City for the six week 
Radar Training Facility (RTF) course. If unsuccessful, they may remain in 
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the non-radar controller status. Theoretically, these persons would 
have been washed out in the old program. Now non-radar positions are 
considered career positions for those who do not progress further. Since 
many Academy graduates do not go to facilities that have radar, radar 
training would be a waste of time for them and for the FAA, and this 
restriction of RTF training for only those who move on to radar positions 

·has effected considerable savings of both t.ime and dollars. Facility 
training is customized to the location and position where each person 
will be working, while Academy RTF training is generalized. 

NEW ATCS SELECTION BATTERY 

Although the number of applicants identified through the old selection 
procedures and still on the old register was considerable, their availability 
had been greatly reduc.ed with the passage of time. There was a need for new 
recruiting, and the Office of Personnel Management (OPM) began to plan for 
autumn testing and screening of an unexpectedly large number of ATCS appli
cants. This provided a timely opportunity to introduce a new selection 
battery that had been under development since around 1970 (See Part IV), 

OPM personnel were familiar with the new ATCS selection battery, inas
much as some of them had participated in work on its validation. In order 
to facilitate consideration, the FAA. provided OPM with a detailed report 
documenting the developmental research (Rock, Dailey, Ozur, Boone, and 
Pickrel, 1982) and recommended the use of the new battery in fall testing 
for the new register. In a review of the FAA report, the responsible OPM 
personnel noted that "The report shows extensive criterion-related vali
dity evidence for the battery. It also shows that the test battery did 
have adverse impact for minorities and women in the research sample; how
ever, analysis of fairness showed .that the tests were not unfair to either 
subgroup. In addition, the report describes an effective upward mobility 
program which minimizes the effect of the adverse. impact on selection 
(Note 1). They ·recommended that the new battery be implemented as a 
business necessity, and the Director, Office of Personnel Research & 
Development, approved its use. 

On August 17, 1981, a team of test development specialists in OPM's 
Examination Services Division was assigned to prepare the new battery for 
operational use. Test items from the final validated test forms were re
viewed for technical adequacy, clarity, and statistical parameters. They 
were then assembled into three parallel series or test batteries, based 
on statistical and content parameters. This redundancy was necessary to 
meet such requirements as retest of persons who request it, variation of 
test content for control over compromise, and substitution of a different 
battery should compromise occur. After the parallel forms were reviewed 
and approved by an FAA representative, camera-ready copies were prepared 
and 100 thousand copies of each series of the new tests were printed. 
These were shipped directly to OPM examination points nationwide. Career 
field brochures with test descriptions an4 sample items were prepared, 
printed, and distributed to all applicants. Scoring procedures and key 
clearances were prepared. 
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Following an announcement of the coming examination, 125,508 appli
cations were received. During the first scheduled test period, October 
15 to November 30, 1981, 47,345 individuals were tested. Scoring was 
carried out by the Staffing Services Center in Macon, Georgia, with key 
clearance on a sample of the first 500 answer sheets scored for each 
series administered. This procedure included preparation and review 
of item analysis data to identify questionable items, and review of 
each questioned item by subject matter experts, for errots in printing 
or content. Item and key approval or changes were made as appropriate 
to complete the key clearance. Scoring began approximately November 2 
and was completed by the end of December. 

The final rating for each applicant is based on the scores on the 
battery, consisting of two forms of the Multiplex Controller Aptitude 
Test (MCAT) (each form weighted 2) and the OPM Abstract Reasoning Test 
(weighted 1). In addition, up to 15 collateral points are given for 
perfor~nce on the Occupational Knowledge Test (OKT) and 5 or 10 addi
tional points are awarded by law for veterans preference. The rating 
may not exceed 100 before the addition of veterans preference points. 
A newly created Special Examining Unit Staff (SEUS) at Oklahoma City 
was assigned the responsibility to ·add veterans preference points, to 
establish the ratings for the register, and to maintain and distribute 
registers for FAA personnel to use for the selection of new students in 
the GS-2152 occupational series. The old register was closed and the 
new register distributed on ~pproximately the first of December 1981. 

Comparative Performance, New versus Old Register Students 

The first classes of students that entered the FAA A:cademy in 1982 
included persons selected from the old register and the new register. 
Summary statistics for comparison of their pass-fail performance are 
presented in Table 1. The pass rate for 479 old register students was 
43%, while the pass rate, for 965 new register students was 71%. This 
improved pass rate, which was expected based on the research reported in 
Part IV of this book, was very welcome, since 6000 students were scheduled 
to move through this training in the next two years. To illustrate using 
these figures, with a 43% pass rate, it would be necessary for 13,953 
students to proceed through Academy Training before 6000 graduates were 
obtained. At a 71% pass rate, only 8,451 students would be required. 
The projected savings in time necessary to rebuild the workforce would 
be the primary return. The cost avoidance in Academy training, estimated 
at $10 thousand per student, would also be great. The comparatively small 
cost of creating these new tests, customized to better simulate situations 
calling for the skills needed by successful controllers,. seems well re
warded by their successful performance. 

NEW RESEARCH REQUIREMEKTS 

At the beginning of 1982, a workforce only 42% of the size of the pre
strike force was handling 83% of the pre-strike traffic, and there was 
considerable pressure to increase the traffic load even further. This 
smaller workforce was working long hours, six hours per day in active 
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Tllble 1. 

FAA Acrrdemy ,.._,.. PedotrnenceB, 111112 
T., Groups 1-3, En Routs G~ 1-4 

Cotnplll'lson &~tween Old & New Rfii/Mtrw Resultll 

Total Males Females Minorities Non-Minorities 
Terminal umber Pass% Number Pass% Number Pass% Number Pass% 
New Regista 260 81 17 88 4 76 246 81 
Old Reglstar 99 68 78 56 21 57 7 57 92 68 

Eo Route 
New Reglste 715 67 643 67 72 69 27 56 630 67 
Old Register 380 37 301 38 79 30 14 50 134 42 

Totals 
New Reglste 965 71 876 70 89 73 31 68 876 71 
Old Register 479 43 379 45 100 36 21 52 226 53 
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control of traffic (periodic breaks are needed when staring at spots of 
light moving across a cathode ray tube), and 60-hour weeks were common 
immediately following the strike. Much concern was expressed concerning 
the stress and fatigue experienced by this work force and the possible 
consequent effects on•ai~ safety. Management responded by cutting back 
the work week so that it average 44 hours and cut back time on the boards 
to an average of five hours per day. Independent studies by the Flight 
Safety Foundation (1982) and National Transportation Safety Board (1981) 
declared that the system was safe, but also indicated the desirability 
of establishing a system to monitor worker stress and fatigue. 

The Air Traffic Service had earlier requested the Office of Aviation 
Medicine to develop a proficiency testing and quality assurance program 
for Full Performance Level controllers, and the FAA Office of Personnel & 
Training had requested a similar program for those in developmental train
ing at the facilities. Joseph A. Tucker of the FAA Office of Aviation 
Medicine developed models of such a system in concept papers, (Tucker, 
Note 2). This included a tracking system and a data bank to describe 
each individual's past and current capabilities, the use of a simulator 
for periodic verification of job proficiency levels or need for remediation 
by refresher training or medical assistance, and on-the-job monitoring to 
assure quality peformance of the man-machine system and man in that system. 
This latter quality assurance monitoring activity is designed to give each 
controller more frequent, immediate feedback about his activities during 
control of air traffic, to help him or her achieve, and to maintain quality 
performance during his or her career. This is particularly important at 
every point, as new controllers enter facilities and proceed through de
velopmental training to certification at the Full Performance Level. The 
expressed operational need for a system to monitor stress and fatigue is 
met as these elements are identified with the total system effectiveness/ 
efficiency monitoring system. 

SUCCESS OF THE ADJUSTMENTS 

At the end of the first year following the PATCO job action, air 
traffic seemed to be moving smoothly. The strike hurt the airlines, but 
not as much as a recession that was already biting deep into air travel. 
The airways were judged to be safer than before the strike, as traffic 
was lighter and planes were spaced farther apart in the air. Concern was 
expressed in Congress and by the aviation industry about continued restric
tion on traffic, but the air traffic in the western third of the nation 
again had been given unconstrained access to the NAS. The effect of the 
PATCO strike was the accumulation of proof that facilities had been greatly 
overstaffed, and plans were made to replace only about 7800 of the 11,400 
people that were dismissed. As of August, 1982, 2300 new controllers had 
sompleted their initial training at the FAA Academy and returned to their 
facilities for on-the-job training. The Secretary of Transportation was 
quoted to the effect that as more graduate, the last strike-related restric
tions will be lifted by the end of 1983 (Washington Post, 1982). 

A new NAS system plan was introduced in 1982, and an engineering de
velopment program was initiated that will greatly increase the use of 
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computers in air traffic control and eventually reduce the system's dependence 
upon man as an operator or active controller. Around the year 2000, computerized 
control, with backup computerized control in event of failure, is expected to 
be able to handle aircraft from their flight plan programmed point of de-
parture to destination. The role of the man-in-the-loop (the controller) 
may only be to handle deviations from the flight plan, and to input changes 
to the computer in order to coordinate such changes, when requested by pilots. 
It has been projected that this new system will permit a work force half the 
size of that found at today's EnRoute facilities, to handle twice as much air 
traffic. The implications of such changes for research on testing and pro
ficiency measurement are presented in Part v. 
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PART II 

JOB ANALYSIS AND CHARACTERISTICS 
OF AIR TRAFFIC CONTROLLERS 

This entire book is about air traffic controllers, but Part II 
presents information focused specifically on who they are, what they 
do, and about their careers. 

John T. Dailey addresses the first two questions in Chapter 7, 
Characteristics of Air Traffic Controllers. This chapter discusses 
the job analysis of the various controller positions and then presents 
a fascinating profile of the men and women in the occupation. It also 
speculates about the probable impact of the projected automation of 
the air traffic system. In Chapter 8, Joseph A Tucker, Jr. addresses 
three important issues concerning the career performance of the con
troller. These are: aging, stress, and job performance assessment. 
The treatment of each issue complements the descriptive information 
presented by Dailey. 

Chapters 19 and 20, in Part IV, also present normative data on 
the esc and experimental tests, prior aviation-related experience, and 
eligibility for veterans preference credit for men and women and race
ethnic groups (the latter in Chapter 20). 

S. B. Sells 
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Chapter 7 

CHARACTERISTICS OF THE AIR TRAFFIC CONTROLLER 

John T. Dailey 

Much confusion regarding the Air Traffic Controllers and their 
problems has been caused by the fact that, technically speaking, there 
is no such thing as "The Air Traffic Controller." The air traffic control 
system is manned by a great variety of individuals, all of whom are coded 
by the manpower system as Personnel Code 2152, Air Traffic Control Specialists. 
These specialists are sub-coded according to their current skills and assign
ments and will have a succession of such designations during their careers 
in the Air Traffic Control System. Initially the ATC Specialist is desig
nated as a Trainee, and may progress to the status of Journeyman or Full 
Performance Level. During a normal career a large proportion of the Code 
2152 group become management or technical specialists assigned to ATC in
stallations. It is misleading, in thinking of Air Traffic Control per
sonnel, to consider only the individual at the console as a controller, 
and every one else in the system as "Management." Virtually without excep
tion, the Air Traffic Control system, from top to bottom is run by personnel 
who have been trained and have proven themselves as full-performance-level 
controllers before going on to more responsible administrative and technical 
assignments in the system. 

The Air Traffic Control Specialist may be assigned to a variety of 
installations, differing widely in size and function. The Specialist 
could be assigned to a Flight Service Station, a non-radar terminal, a 
radar terminal, a flight control center, or to a number of managerial, 
training, or liaison positions. The personnel in the system may move 
several times during their careers. A fairly typical progression might 
be from a small non-radar terminal to a small radar terminal and then on 
to a large radar terminal. Further progression might then be to a super
visory position, often involving a move to another installation, for 
further career advancement. The ATC center personnel are less mobile 
but they also often go on to fill supervisory and technical positions 
in the center or in supporting organizations. 

The dynamics of mobility ahd career progression greatly complicate 
the study of "the Air Traffic Controller" over periods of time. The popu
lation of full-performance-level (or journeyman) controllers with different 
amounts of experience includes significantly different groups as more and 
more of the journeymen rise to more responsible or more technical assign
ments. Since it is quite possible that promotion tends, to some extent, 
to go to the more competent journeymen, any adverse job effects would be 
mixed up with the factor of progressive selection out of the status of 
full performance level. The problem is further complicated when the 
journeymen at a specific installation are studied, since they frequently 
transfer to higher graded journeyman positions at larger installations. 

The situation is, in many ways, similar to the careers of men in the 
field of education. There the career flow is from rural schools to urban 
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schools, small schools to larger schools, .and from the lower grades to 
junior and senior high school. After a few years, a teacher may work 
up to a classroom teacher in a well-paying large school. Further career 
progression is then into administration, specialties such as counseling 
and the like, or into college teaching. Only a small minority of men 
starting out as public school classroom teachers make it to retirement 
age as classroom teachers. still in public schools, and those who do are 
atypical. Consider how complicated it would be to study the effects of 
twenty or thirty years of elementary school teaching on men. teachers. 
The complexities involved in studying the long-term effects of working 
as a full-performance-level controller are even more formidable. 

The situation at the ATC Terminal at O'Hare Airport at Chicago is 
an example of some of these complexities and the serious misunderstandings 
that can be caused by them. Several years ago many of the controllers at 
O'Hare believe that a few years service controlling traffic at O'Hare 
would "ruin" a controller and cause serious medical consequences. At 
the time, there were almost no journeymen controllers with more than a 
few years experience at O'Hare. However, when groups of journeymen from 
O'Hare were studied in a cohort design, it was found that they had a very 
high promotion rate to administrative positions at O'Hare as well as 
other installations. It is likely that a record of controlling traffic 
at O'Hare (because of its reputation as being number one in size) was a 
strong competitive factor when bidding on a desirable promotion. It was 
found also that the medical disqualification rate there was about average 
for large terminals. Most of the "alumni" of O'Hare are "alive and well" 
and filling key administrative positions and technical positions all over 
the ATC system. 

Currently many controllers are concerned that relatively few con
trollers make it to retirement. However, in actual fact, very few who 
were journeymen controllers twenty to thirty years ago did not advance 
to administrative or technical positions by the time they retired. In 
the future, however, a much higher proportion may serve an entire career 
as a journeyman. Fortunately the ATC system provides progress to the top 
pay grades for journeymen with no administrative or technical duties. 

Studying the tasks of the air traffic controller is complicated by 
the.fact that the controller performs a very large number of apparently 
critical tasks and it has been found to be extremely difficult to reduce 
this number to a manageably small number of prime tasks. Various approaches 
have been made to achieve a valid simulation of the tasks of the controller 
and to quantify performance on the tasks. These have produced from approxi
mately forty to eighty separate performance measures that show no strong 
clustering that would enable reduction to a few prime measures. These 
task analyses have been helpful in the establishment of training programs 
for the controller, but have been of minimum value to the problem of deter
mining how to select controller trainees. 

JOB ANALYSIS 

Through the years a number of studies have been made of the tasks and 
skills of the air traffic controller. Among the first of these was a pair 

129. 



of studies in 1960 by Davis, Kerle, Silvestro, and Wallace. Their studies 
were oriented toward the training aspects of the job. The first study was 
based on interviews with training supervisors at .twenty-four towers and 
twelve cent~rs. From them were obtained detailed accounts of the current 
training programs, their problems, and ways in which the program could be 
improved. The second study was based on data collected through the use of 
highly structured interviews with over 350 controllers at more than 40 
facilities. Empirical job descriptions were obtained of all the opera
ting positions in the towers and centers. The study also resulted in 
curriculum suggestions regarding: 

A. Standardization of training. 

B. Areas of non-standard training. 

C. Sequences of upgrade training and career progression. 

D. Transferability of personnel. 

One early comprehensive study of human factors aspects of air traffic 
control was made by Older and Cameron, in 1972. They presented an over
view of human factors problems associated with the operation of the then 
current system and of future projected air traffic control systems. 
Descriptions were included of those activities and tasks perfor.med by 
air traffic controllers at each occupational position within the current 
system. Judgmental data obtpined from controllers concerning psychological 
dimensions related to these tasks and activities were also presented. The 
analysis included considerations of psychophysiological dimensions of human 
performance. This study described the role. of the human controller in the 
then current air traffic control system, partfcularly as.'that role was ex
pected to change as a.result of the system's evolution toward a more auto
mated configuration. Special attention was directed toward problems of 
staffing, training, and system operation. A series of specific research 
and development projects was recommended. 

The report included a basic list of the skills of the air traffic con
troller, which were divided into three major categories: 

I. Input skills, including visual display monitoring,visual 
monitoring (non-display), auditory monitoring, and reading. 

II. Processing skills, including information organization, 
selecting among alternatives, and information storage. 

III. Output skills, including recording, reporting, and control 
operations. 

A massive series of studies of the tasks and skills of the air traffic 
controller was carried out by the System Development Corporation (SDC) 
between 1972 and 1975. There were eleven reports in this series. The 
first of these, in 1972, covered Phase II - Local controller, ground con
troller, and radar controller. An earlier, Phase I, study had demonstrated 
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that it was feasible to develop objective performance standards and measures 
for air traffic controllers. 

Task data, performance standards, performance measures, and rating 
scales were developed systematically and analyzed for the EnRoute Radar 
controller pos.ition. • After a series of field evaluations, the final recom
mended scales, measures, and standards and the procedures for use of the 
system by first-line supervisors were presented for use in the air traffic 
control system. Detailed work on the Phase II controller flow diagrams was 
also reported. 

Performance rating instruction booklets were developed for the Cab 
(Tower) controller and the Center controller. A package of procedures 
and materials was presented for "over-the-shoulder" ratings and performance 
standards. This package was based on performance standards for work ele
ments, and included 53 standards for the local controller, 36 for the 
ground controller, and 38 for the center controller. 

In 1974, a report was completed of the FAA Tower (Cab), presenting 
descriptions and flow diagrams of control functions. This provided detailed 
descriptions of the functions associated with four air traffic control posi
tions in terminal towers (Local control, Ground control, Flight data, and 
Clearance delivery). Detailed flow diagrams were presented to give a clear 
presentation of the duties performed in each position on a day-to-day basis. 
The flow diagrams were based on information obtained through direct obser
vation of controllers performing their duties, from existing manuals, and 
through interviews with off-duty controllers. The flow diagrams were re
viewed at selected facilities throughout the country in order to assure 
that they would be nationally representative. In 1974 a similar report was 
completed for the Air Route Control Center, including a report on the 
controller over-the-shoulder training review instruction manual. 

Another 1974 report included an Air Route Traffic Control Center con
troller extended performance rating instruction manual. This described 45 
functions of the radar controller and 46 for the manual controller. Rating 
on a work sheet was on a seven point descriptive rating scale. 

The series of SDC studies was completed in 1975, with four reports 
on the terminal option; Terminal Option Controller Performance Evaluation 
Report, Terminal Area (Tracon/Cab) Air Traffic Control Facility controller 
performance rating instruction manual, Terminal Area (Tracon/Cab) air 
traffic control facility controller training review instruction manual, 
and Terminal Radar Approach Control Facility (Tracon) descriptions and 
flow diagrams of control functions. 

The series of studies by SCD was a truly massive analysis of the many 
skills involved in ait traffic control and provided much valuable assis
tance in the training of a~r traffic controllers and in their utilization. 
However, it was of limited value in supporting work on the basic task of 
selection of controllers, because of the great number and complexity of 
the controller skills and functions reported. 
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One of the best comprehensive analyses of the skills of the air 
traffic controller was that by Whitfield and Stauuners, in 1978. They 
attempted to describe the major features of the controller's job and 
of the underlying skills, with particular emphasis on the processing 
of cognitive skills. Consideration was given·to the influence of equip
ment development on the human skills required in relation to new develop
ments in computer application. More sharing of tasks between men and 
computers was anticipated. These involved human factors problems in 
design of the controller-computer interface, particularly determination 
of the balance of responsibility between man and machine, or between 
controller and computer programmer. Optimal forms of computer assis
tance were considered, but it was stated that there was little real 
evidence for the optimum assignment of these decision-making functions. 
Consideration was given to the effects of automation on the attitudes 
and job-satisfaction of the controllers involved. 

In 1978, Stammers briefly considered several aspects of human factors 
in air traffic control. The area of airfield air traffic control was in
troduced and potential increases in demands were outlined. The tasks in
volved were described as an initial approach to the problem of developing 
improved systems. The various methods of information collection and or
ganization for such tasks were discussed. Possible future developments 
in systems were mentioned, together with their associated ergonomics aspects. 

Hopkin, in 1979 briefly considered the problem of mental workload in 
air traffic control. After considering a number of approaches to workload 
measurement he concluded that none of them had proved to be helpful; all 
of the approaches tended to yield a large number of relatively independent 
variables, with little tendency toward meaningful clustering. 

In 1974, Karson and O'Dell studied personality differences between 
air traffic controllers and the general population and also differences 
between male and female controllers. They found controllers to be some
what superior to the general population on several scales of the Cattell 
Sixteen Personality Factor Questionnaire, but found few differences be
tween male and female controllers. (Karson & O'Dell, 1974a,b,c) 

Smith and Hutto, in 1975, studied the vocational interests of air 
traffic control personnel on the Strong Vocational Interest Blank. An 
Interest scale for air traffic controllers was developed, which differen
tiated between controllers and men in general, as well as men in other 
occupations. There were no substantial differences between the interest 
patterns for the three different ATC options. However, it was found that 
dissatisfied controllers scored lower on the overall air traffic controller 
scale than did satisfied controllers. In another similar study in.l979, 
Smith compared the job attitudes and interest patterns of air traffic 
and airway facility personnel, who are responsible for the installation 
and maintenance of the various electronic, electro-mechanical, computer, 
and engineering systems that provide communication, radar, and navigation 
services to the aviation community. Both groups completed the Strong 
Vocational Interest Blank and questionnaires concerning job satisfaction. 
There was general agreement about areas of job satisfaction and dissatis
faction. However, ATCS's reported more satisfaction than AFT's from 
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various aspects of the work itself and from salary, while AFT's were more 
satisfied with responsibility, working conditions, and Civil Service re
tirement. The AFT's were also more favorable to management than were 
the ATCS's. 

From the selection point of view, the most important task simulation 
has been that developed by Buckley and Beebe (1972) at the FAA National 
Aviation Facilities Experimental Center. They produced a series of 
motion pictures, consisting of photographs of radar scopes with realistic, 
computer-generated air traffic. These were presented along with informa
tion such as course, altitude and speed of the aircraft in the form of 
a test, the Controller Decision Evaluation test (CODE). The purpose of 
the films was to evaluate comparatively various display configurations 
in terms of air traffic control decision making. It was noticed that the 
task (CODE) also produced a distribution of individual differences in 
socres among controllers which tended to correlate with their scores 
on other criteria. The attempt in the CODE simulation was not to repro
duce or simulate actual air traffic control, but rather to abstract the 
essential decision-making processes involved, in a greatly simplified 
environment. The controller here does not control the traffic--rather 
a traffic situation is observed as it unfolds in a film as if the subject 
were watching "over the shoulder" of another controller. The task is to 
predict whether there will be violations of the separation standard and 
to write on the answer sheet the identities of the aircraft believed to be 
involved in conflictions. The test score is derived by comparing the pre
dictions made with the conflictions known to occur in the film. Both the 
conflictions correctly detected and the "false positives" (i.e., pairs 
of aircraft predicted to conflict, which do not actually do so) are 
counted in the scoring. 

A coded clock is shown continuously on the screen during the CODE test 
in order that the subject may record on the answer sheet the exact instant 
when the decision was made. Accordingly, it is possible to obtain a score 
on.earliness of decision as well as accuracy of decision. An unlimited 
number of scores can be derived from the CODE test, but they are mostly 
variations or combinations of the following three basic scoreable factors: 

1. Earliness of prediction of a confliction. 

2. Number of conflictions detected. 

3. Number of non-conflictions predicted as conflictions. 

The first two types of scores differentiated strongly between experienced 
full-performance-level controllers and newly hired controllers with no 
prior ATC experience. However, the third type of score did not discriminate. 
The experienced controllers were able to detect a higher proportion of the 
conflictions and to detect them a longer period before they occurred. But 
the older controllers made more, rather than fewer, errors in predicting 
conflictions that did not really occur. This suggests that this sort of 
score did not really reflect a true core skill in eir traffic control. 
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Apparently, the trained, expereinced controller tended to call the "near 
confliction" cases as conflictions when he was making the decision well 
ahead of time. This seems to make sense under the conditions of the air 
traffic control system. 

The central skill of the controller seems to be the ability to respond 
to a variety of quantitative inputs about several aircraft simultaneously 
and to form a continuously changing mental picture to be used as the basis 
for planning and controlling the courses of the aircraft, In the CODE film 
simulation of the air traffic control task, this was approximated by an 
integration of measures of the percentage of conflictions detected and the 
earliness with which they were detected. In this scoring each item (pair 
of targets) was converted to a nine-point stanine scale. Stanine values 
2-9 were assigned on the basis of the earliness of correct prediction of 
the confliction. A stanine value of 1 was assigned if the confliction 
was not detected, was predicted after the 12-mile point, or was predicted 
but later crossed out. The stanine scale is a nine-point standard score 
with a mean of five and a standard deviation of two. Each step is equal 
to one-half of the standard deviation of the normative group. The norma
tive group used was the total sample of journeymen plus new hires for 
towers, centers and Flight Service Stations. 

The measures of speed of decision and accuracy of decision need to be 
integrated. One good way of doing this is to prepare a normative bivariate 
distribution where each point represents a combination of speed of decision 
and accuracy of decision. This distribution can then be sliced nine ways 
on the diagonal to produce a bi-variate stanine. This can be done for any 
pair of scores and is often a very useful way of combining two variables. 
This score was found to discriminate strongly between new controllers and 
experienced ones. The differences in means between the two categories was 
more than one standard deviation for a sample of 52 controllers. 

In preparation for these decision-making functions, the air traffic 
controller must master a vast library of manuals, maps, .regulations, letters 
of agreement, and similar publications that guide the planning and decision 
making. These cover such areas as weather, communications, navigation, 
geography, flight service, aeronautics, and flight regulations. All of 
these are constantly changing and the controller must keep up to date on 
them continuously. The controller must also be adept at reading maps, charts, 
and tables and performing merital arithmetic on the data read. The combination 
of these mental demands requires that the controller be a "perceptual
discrimination" athlete. This means that the job of the air traffic con
troller is beyond the capability of the average person and therefore a 
high degree of selection is required for the occupation. 

CHARACTERISTICS OF AIR TRAFFIC CONTROLLERS 

In order to obtain a comprehensive profile of the basic skills and 
aptitudes of two representative groups of air traffic control specialist 
trainees, a group of 52 entering trainees at the Air Traffic Control 
Academy was tested on November 19, 1968 with the various Dailey Vocational 
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Tests, and another group of 291 journeymen air traffic controllers was 
tested in 1970. These tests were designed to measure the potential of 
young people for a wide range of occupations. They measure a number 
of the most important skills found to be associated with preference for 
training, occupational choice, and performance. The sub-tests measure 
knowledge of electricity, electronics, mechanics, physical sciences, 
arithmetic reasoning, elementary algebra, vocabulary and spatial 
visualization. An electrical composite score was derived, based on 
scores from the electricity, electronics, mechanics, and physical 
sciences tests. A mechanical composite score was based on the mechanics 
and arithmetic reasoning tests, A scholastic composite score was based 
on the arithmetic reasoning, elementary algebra and vocabulary tests. 
These tests were modeled after the tests used by the United States Air 
Force and Navy for many years, for the selection and classification of 
technical trainees. 

The test results were translated into percentile rank by grade 12 
male norms. A percentile rank of 71 would mean that the average person 
in the group was better than 71 percent of the normative group, which happens to 
be a nationally representative sample of males in the twelfth grade. Con
versely, a percentile rank of eleven would mean that the average' person 
in that group would be better than only eleven percent of the normative 
group. By definition, the average score for twelfth grade males would 
be at the fiftieth percentile in this situation. 

It was found that air traffic controller students vary tremendously 
in their relative average level of skill or aptitude in these various 
areas. They range from the eighty-sixth percentile in electronics and 
mechanics down to the fortieth percentile in elementary algebra. 

Air traffic controller students were exceptionally high in mechanics 
and also extremely high in electricity and electronics. On the other hand, 
rdative to this high level, they were at a far lower level in such things 
as physical sciences, arithmetic reasoning and elementary algebra. They 
were quite high in vocabulary and, of course, very high in overall score. 
They were also very high relatively til spatial visualization; indeed, they 
were the highest group of all in spatial visualization and also tied for 
highest with airframe repair students in mechanics. This is an extremely 
interesting finding. They may be extremely high in spatial visualization 
just because the air traffic controller aptitude tests stress measures of 
spatial visualization. However, the air traffic controller aptitude tests 
have no mechanical tests whatever, so this exceptionally high degree of 
mechanical aptitude must come by the indirect screening of the types of 
people who want to be air traffic controllers and the kinds of prior ex
perience they have had. Nearly all air traffic controller students have 
had considerable prior experience with some aspects of the utilization of 
complex equipment in the communications, air control, or similar fields. 
This apparently is what generates their exceptionally high level of 
mechanical comprehension. 

They are also extremely high in vocabulary, although the aptitude test 
did not include measures of vocabulary as such. Apparently many of the 
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indirect screening factors tend to generate a group that is very high in 
vocabulary. The kroup predominantly had little prior college training; 
many of the students did not complete high school, but acquired a high 
school diploma by examination. The low points on the profile in physical 
sciences, arithmetic reasoning, and algebra are typical for groups without 
college training. 

In Figure 1 one can see the estimated average total score performances 
on the Technical and Scholastic tests (T & S) of a large number of groups. 
The scores'on the T & S Test were estimated from the scores on the Infor
mation Test of Project .Talent. In 1960 Project Talent tested 500,000 high 
school students and began a series of followup studies. In Figure 1 are 
shown students in various college or non-college groups, one year after 
graduation from high school. Major state universities were at about the 
seventy-second percentile, while all college students were at about the 
sixty-third percentile. Junior college students were at about the fifty
third percentile, whereas grade twelve students were at about the forty
second percentile. 

Of primary interest are the non-co1lege groups shown on the right of 
the figure. These range from waiter, at about the fourth percentile, to 
electronic technician, at about the seventieth percentile. As can be seen, 
the average air traffic control specialist student averaged at about the level 
of the electronic technician and,was only slightly below the level of major 
state university students. They were above the average for all college 
students. These are students entering the academy and no attrition had 
occurred at the time of testing. One year later, undoubtedly their average 
score would have been considerably higher, since there would have been an 
appreciable amount of attrition in school and on the job, and past experience 
has shown that this attrition is highly related to aptitude level. It can 
be seen then that the air traffic controller group is an exceptionally high 
level group aptitude-wise, and indeed, is at a higher level than the average 
of all college students. They are considerably higher than the average 
senior college student. 

Figure 2 shows the aptitude profile of an air traffic controller group, 
compared to norms for the male twelfth graders. Also sho~ on the chart 
are results for electronics students in specialty schools, airframe repair 
students in specialty schools, secretarial students in specialty schools 
and a group of broadcasting students in specialty schools. It can be seen 
that the air traffic controller group is a unique group. They have the very 
high technological aptitude of the electronics and airframe repair students, 
but also the high verbal level of the broadcasting students. 

All of the groups shown in Figure 2 share a tendency to be relatively 
low in regular school achievement and this is a reflection of the fact that 
they are noncollege groups. The group of secretarial students was put in 
to show that such occupational groups have a profile that is exactly the 
inverse of that of the air traffic control group. This probably is one of 
the major reasons why wo~en do not go. into air traffic control in significant 
numbers. The reason is probably the same for why they do not go in sub
stantial numbers into electronics maintenance, air frame maintenance or any 
other occupations or professions with a sizable technological component. 
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Figure 2 is of interest relative to the problem of cross-training 
air traffic controllers for other occupations or professions. It may be 
necessary in the future to convert some of the present air traffic con
trollers to other maintenance or computer programmer specialists or to 
other types of specialists than straight air traffic control. It appears 
from the profile of the air traffic controller students that there should 
be no difficulty in converting them into maintenance type jobs since they 
are very high inthat area, showing a high degree of interest and basic 
preparation for any sort of maintenance or technological work. On the 

· other hand, in converting them to any jobs requiring formal educational 
achievement, in particular basic arithmetic or simple mathematical skills, 
there may be trouble unless a combination of screening and preparation is 
utilized. 

Experimental Testing of Journeymen Air Traffic Controllers 

Test data are now available on a sample of 140 journeymen air traffic 
controllers, at the GS-12 and 13 levels. These data are shown in Table 1. 
This table also shows distributions of aptitude composite scores of those 
entering the Academy as trainees in 1961 through 1963 and the proportion at 
each aptitude level that survived to remain on the job six years later. It 
can be seen that, at any level, some of the trainees survive training and 
on-the-job-attrition and still remain several years later, presumably 
doing an adequate job. Those at the lower level of test aptitude who 
succeed in training and on the job do so because they have additional 
skills, motivation, and other characteristics not measured by the tests. 
At the very highest level of aptitude, all of the students were still on 
the.job six years later. The proportion remaining after six years becomes 
smaller asthe score levels looked at become lower. 

Relative to the distribution of aptitudes in the general public, a 
composite qualifying score of 190 on the recently superseded OPM test 
(formerly the Civil Service Commission test) is extremely high and only 
a very small proportion of the general public could achieve that level. 
However, it can be seen that 80% of the air traffic controllers now on 
the job scored at a level of 190 or above and the median score for incum
bents was 226. The last qualifying scqre of 210 (prior to adoption of the 
·new selection battery), is very high. Despite the extremely high level of 
this standard, approximately two-thirds of the incumbents in the sample 
examined were above it. This indicates that air traffic controllers as 
a group, although they were not specifically screened on the Civil Service 
Aptitude Tests, are an extremely high level group on these aptitudes. 
They are at as high a level, aptitude-wise, as most professional groups 
that normally require college graduation for entry. This distribution of 
test scores by incumbent journeymen, as compared to the general popula
tion, tends to indicate that the tests were generally appropriate for use 
as a prescreening standard for air traffic control trainees and that a 
relatively high standard for this test seems to be reasonable. The new 
test battery adopted in October, 1981 represents an improvement over the 
previous battery. 

In 1969 the author described the basic nature of ~he ATCS job as 
follows: "The air traffic control system is a man-machine system which 
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places primary reliance on the human component, and the human operator is 
often the limiting factor in system output. The air traffic control system 
violates the first tenet of man-machine design--that is--'to design the 
system so the average man with an average amount of effort can carry out 
his part in the system.' Unfortunately, there seems to be no feasible 
way to do this and so the system requires a controller who ~s highly 
selected and highly trained. The controller bears a heavy load on his 
memory and his ability to keep many things in mind while arriving rapidly 
at well-reasoned solutions to complex problems under conditions of stress. 
Controlling air traffic is not necessarily a stressful activity, but in 
situations with a high traffic density, the job of the air traffic control 
specialist becomes stressful because it requires pushing man's capability 
to its limit to maintain continous peak performance. 

This description is still valid as of 1982, but according to current 
research and development plans, the job and tasks of air traffic control 
may be vastly different within a few years. The plans call for automa
tion of various controller tasks, one enhancement at a time until the job 
becomes mainly that of a passive observer whose main function is to stand 
by, ready to take over in the rare event of a system failure. 

It appears that the anticipated stepwise automation would cause a 
gradual withering away of the air traffic controller specialty, to become 
a completely different and far less demanding occupation. 

If this occurs, then the main problems of the occupation would become 
those of maintaining alertness while doing very little active work, instead 
of the present problems of coping with the stress of a heavy and demanding 
active workload. 

It is believed that such a semi-automated air traffic control system 
as that planned for the next few years should continue to give the air 
traffic controller an active role in planning and managing the traffic 
for which he or she is responsible. The planned automation should be 
supporting this role of active controller. This may require some minor 
modification of the planned system in terms of how much active work the 
controller is expected to do. It would be desirable that this participa
tion be as much as is reasonable rather than as little as possible. 

It is doubtful that the planned automation during the next few years 
will make it possible to control more traffic with fewer controllers, 
where traffic is dense and more complex. However, it might well make 
it possible to permit more traffic in a given restricted airspace, if 
properly implemented. 
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Chapter 8 

AIR TRAFFIC CONTROLLER PERFORMANCE: 

THREE CURRENT ISSUES 

Joseph A. Tucker, Jr. 

The Federal Aviation Administration (FAA) is the primary employer 
of Air Traffic Controllers and has management responsibility over all 
aspects of that employment including selection, orientation, training, 
retention, progression and retirement. An important aspect of this 
responsibility involves the assurance and periodic evaluation of the 
continuing readiness to perform of each air traffic controller. That 
responsibility is met operationally through selected missions of the 
FAA such as these assigned to the Office of Aviation Medicine (OAM) 
and Civil Aeromedical Institute (CAMI). This chapter reports on three 
concerns that relate to job performance--aging, stress, and job per
formance assessment. The data referred to were taken from studies 
conducted prior to the Professional Air Traffic Controllers (PATCO) 
strike in August 1981. That action does not affect the findings of 
this chapter, but may affect future projections to some extent since 
it has prompted changes in operating procedures and management practices. 

Aging 

The facts about air traffic controller aging and retirement present 
a varied picture. The information presented here is from an Air Traffic 
Controller Loss Study prepared in August 1980, by Headquarters, FAA 
(Van Vuren, Note 4). A well documented fact is that controllers' careers 
are longer than other federal careers. The length of a controller's 
career is related to the retirement option selected. Over the decade 
of the 70's, the average controller selecting the normal retirement 
option worked to age 60, about two years longer than the average of 
other FAA employees and two years less than the average U.S. Government 
employee. Disability retirees averaged about 23 years of service and 
retired at an average age of about 47 years. Controllers who selected 
the Early Out option averaged about 28 years of service and retired at an 
average age of 52. Up to 1975, most retirees selected the normal retire
ment option. Between 1975 and 1981 the disability option was selected 
most frequently. The current trend is such that it is projected that by 
1985, the normal retirement choice will be most often selected, followed 
by ATC Early Out and Disability, in that order. But the fact remains 
that the Air Traffic Controller career within FAA is one in which con
trollers evidence strong staying power, both as to average retirement 
age and length of service. These data have been stable for ten years. 
In fact, average length of service has increased one full year since 
1971. Air traffic controllers enter service at an age younger than most 
federal employees and a very large percentage make it a working life career. 

Age of entry into service has been shown to have a strong inverse re
lationship to successful performance in training and subsequently on the 
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job. Research by Cobb, Mathews, and Nelson (1972) documented that the 
attrition among new selectees who were in their thirties or older was 
so high that FAA management limited selection for the EnRoute and 
Terminal options to applicants under age 31. This implies that air 
traffic control is a young person's occupation •. A report by Cobb (1968) 
in the mid-and late 1960's supported the entry age cut-off by demonstrating 
that the job proficiency of full performance-level ATCS's or journeyman
level controllers generally tended to decline progressively after age 40. 
Evidence based on job performance ratings, that this decline has a signi
ficant detrimental effect on system performance, is not available. There 
is medical evidence of physiological changes with age, as is to be expected. 
Yet Booze (1978) concluded, after studying the morbidity experience of 
over 28,000 air traffic controllers over a ten year period, "that experience 
does not appear excessive when compared with the experience of other outside 
groups studied, except for psychoneurotic disorders. Additionally, a lack 
of association between disease occurrence and occupation is observed in 
the data correlating disease occurrence with length of service and age." 

Pickrel (1979), in validity studies undertaken to support the use of 
a pass-fail criterion at the FAA Academy, documented the fact that air 
traffic controller performance improved for the first several years on 
the job. Decrements associated with continuing service occurred primarily 
among controllers assigned to administrative duties. Aging, per se, was 
not a factor. 

A study by Thackray and Touchstone (1980a,b), on the effect of age on 
the ability to sustain attention during performance on a simulated radar 
task, showed that mean target detection time, errors of omission, and errors 
of commission increased significantly with age; performance impairment 
occurred earlier in the 2-hour experimental session, with increasing 
age. Physiological measures of visual scanning activity and skin con
ductance level, as well as subjective measures of fatigue, bordeom, and 
attentiveness all failed to provide adequate explanations for the greater 
decline in performance with age. 

J.W.K. International (1981) conducted a study of Flight Service 
Station Specialists (FSSS) to provide information needed for a deter
mination of whether Early Out policies for EnRoute and Terminal air 
traffic controllers should be extended to the FSS option. Emphasis was 
directed toward the effect of age and length of service on job performance. 
The study ended with the conclusion that: "Where there is a negative 
relationship between age and job performance as measured in this study, 
it explains only a small portion of the variance in FSS performance. It 
is fair to infer that chance or other factors not measured in this study 
could have an equal or greater effect on FSS job performance." (p, 116) 

Thackray's work, some medical findings, and evidence of performance 
decrements suggest that research into the effect of aging must continue, 
but it must get closer to the actual career experience of the air traffic 
controller. There is much diversity of activity among the three air 
traffic control options. There are seven Flight Service Station positions 

144. 



and three levels of facilities. The Terminal positions include radar 
control, VFR, and movement of traffic on the ground. The Air Traffic 
Control Centers similarly have a variety of positions. In addition, 
workloads vary from facility to facility and from shift to shift. 
It is important to determine whether the aging controllers are being 
used selectively in a manner significantly different from the utiliza
tion of younger controllers. In other words, if there is an implicit 
recognition of performance decrement with increasing age among air 
traffic controllers, is it being managed within the sys·tem in some 
manner? 

In addition to the on-going research at CAM! and other FAA agencies 
on the aging process, several other approaches to research may be in 
order. The Personnel Management Information System should be evaluated 
as to how well it is tracking key career decisions by controllers and 
should be improved where necessary. Longitudinal studies are likely 
to be more informative than the cross-sectional studies so often used 
in this area. And, finally, the writer recommends strongly that con
sideration be given to use of the modern, sophisticated Naturalistic 
Inquiry Methodology (Guba, 1981), which would be aimed at finding out 
what really does happen career-wise among controllers as they build up 
lengthy periods of service. The lack of conclusiveness of the research 
on aging at this point suggests that we might not yet have identified 
the right questions to ask. The Naturalistic Inquiry Methodology could 
lead at least to the identification of the "right questions." 

Stress 

Since the experience of stress is subjective and personal, it is 
very difficult to state a concise, objective operational definition of 
the concept. The experience "stress," has physiological, emotional 
and intellectual correlates, all of which help to define the scope of 
the concept. The word "stress" has many meanings in the English language. 
The definition in terms of "emotional or intellectual strain or tension" 
(meaning six in Funk and Wagnalls, 1963), is perhaps most common. Within 
the context of that definition, strain is "overexertion," and tension is 
mental strain or intense nervous anxiety, 

The job of air traffic controller is one that requires cognitive 
facility and emotional stability. It is an active, participative job 
rather than a passive one. However, it is not a physically demanding 
job. The work itself does not lead to physical overexertion and physical 
fatigue. Consequently, when terms that have physiological overtones such 
as fatigue and stress are used for the air traffic controller job, it is 
assumed that they have an emotional origin._ It is less often recognized 
that they also have an intellectual cognitive origin. 

The workload of an air traffic controller can vary during a shift, 
or as a function of location, from low activity to high activity. Emo
tional tension can be associated with all levels-of job activity and the 
question of what level of activity in air traffic cpntrolling correlates 
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with the minimum of emotional tension is an important human factors ques
tion. 

Stress of an intellectual, cognitive origin can arise from an infor
mational processing overload. In the following discussion, stress is con
sidered first, in terms of information processing overload and then, as 
anxiety. 

Information processing. An important article by Finkelman and 
Kirschner (1980), defined stress in information processing terms. They 
assumed that the air traffic control tasks place unusually high infor
mation processing demands upon controllers for extended periods of time, 
so that they must work close to the limits of their channel capacity. 
The summary of their article includes the following interesting statement. 

"The effort required to process information, maintain continuous 
concentration, and render timely and reasonable decisions is likely to 
be very stressful. Although stress-related performance decrements would 
not be acceptable in the typical air traffic control situation, the 
effects of stress may manifest themselves in social and family relation
ships and in physical and mental health. It is possible that laboratory 
measures of information processing (such as the delayed digit recall 
subsidiary task) could be used to evaluate reserve capacity and thereby 
predict the ability to cope with stress. Air traffic controllers with 
higher channel capacities may be less likely to make errors under condi
tions of stress and less likely to suffer the physiological consequences 
associated with high information processing demands." (p. 161) 

The current lack of empirical support for common sense conclusions 
that one can draw about the role of information overload upon air traffic 
controller stress and illness should not deter human factors research 
based on informationprocessing theory. Channel capacity, an obvious 
analogy, is the key concept. The trained air traffic controller is 
assumed to have an ability to process air traffic that is relatively 
stable in each controller, but varies as to capacity from controller 
to controller. 

Each is assumed to have a reserve capacity that can supplement the 
normal capacity, and this capacity is also assumed to vary from controller 
to controller. Under conditions of heavy workload, the controller with 
a relatively low normal capacity would have to call upon this reserve 
capacity sooner than a controller with a high normal capacity. The low 
capacity performer would be likely to experience stress sooner and ex
perience it longer, and possibly be more potentially prone (predisposed) 
to a performance error than the high capacity performer. 

The theory is helpful in explaining the relationship between stress 
and job performance. Emotional stress arising from sources other than 
the work itself, such as family, social or non-task-specific work environ
ment situations, is assumed to degrade channel capacity, especially the , 
"reserve capacity." This implies that the controller's capacity to perform 
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satisfactorily may be reduced by stress which has an effect (for him) of 
raising the work load, In this instance, emotional stress is assumed to 
function as an independent variable, A linear relationship is implied but 
may not be warranted, as is pointed out later. 

The theory also implies that a continued demand for production under 
conditions that restrict channel capacity can lead to stress or to exacer
bation of existing stress. In this case, stress acts like a dependent 
variable, but is a moderator of the true dependent variable, performance 
(or output), If it were assumed, as is often done, that stress, as a 
dependent variable, can interact directly with job performance, then 
three possibilities exist. 

One, a high level of emotional stress can lead to potentially poorer 
job performance. The evidence for this is controversial at best, even 
though the hypothesis seems to make common sense. 

Two, a moderate level of emotional stress causes increased mental 
alertness and facilitates job performance, There is evidence that this 
may be the case, although words like "stimulating, energizing," etc., 
would be preferred, rather than stress. 

Third, there may be little relationship between emotional stress and 
job performance when each is viewed as a dependent variable. Stress may 
affect family and social matters and possibly long term commitment to a 
career, but not necessarily the work itself. 

A preferred explanation of the effect of stress arising from high 
workload is that though it arises from the workload and is, then, dependent 
on it, it feeds back upon channel capacity in the same manner as other, 
independent (e.g., emotional) sources of stress and can degrade channel 
capacity. From that view it acts as an independent variable upon job 
performance, even though it may remain an intermediate dependent variable 
for other effects upon the controller (Danoher, 19&0) until some plausible 
"theory of action" can explain its effects. 

Previously, I referred to intellectual or cognitive stress in relation 
to information processing, This leads to the hypothesis that a heavy work
load leading to excess demand on channel capacity can cause cognitive stress 
that degrades performance, without emotional stress as a causal counterpart. 
Overload, in this case, creates a situation in which the individual may per
ceive his response capacity to be inadequate, and may induce a state of 
stress. Sells (1970) emphasized several important points related to this 
process: (1) Factors other than overload (e, g., distraction by personal 

·problems, illness, or external factors in a situation), as well as the de
mand of the task, or a combination of these, may cause an individual to 
perceive himself unable to perform as required; (2) The consequences of 
failure to respond effectively depend on the personal involvement of the 
individual in the performance, which is determined mainly by the importance 
of successful performance to the individual. Thus stress intensity depends 
on the importance of individual involvement and the individual's assessment 
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of the consequences of his inability to respond effectively to the 
situation. Sells stated as advantages of this definitional paradigm, 
first, that it provides a general concept of s.tress, independent of 
specific mechanisms, thus embracing a wide range of situations, 'per
sonalities, and events; second, that it indicates an unrestricted range 
of measures to mitigate stress, by conditioning, training, equipment and 
system design, preparatory communication, warning, and perhaps even mani
pulation of costs and rewards; and finally, that it requires no special 
concepts of stress behavior, but rather utilizes established principles 
of behavior while providing a new principle to distinguish stress from 
other phenomena of human behavior, such as emotional arousal, fatigue, 
fear-anxiety, anq others. 

These conceptions have implications for selection, training and 
performance assessment and are researchable. Laboratory studies by 
Thackray (1981) at CAM! support the existence of information overload 
phenomena. Research into selection instruments that may detect tolerance 
for high information overload seems justified, particularly, at a time 
when increases in air traffic controller workload are forecast. 

In summary, stress, from an information processing viewpoint, can 
both affect an individual's job performance and be affected by job de
mands. A plausible conceptual relationship to "channel capacity" can 
be postulated ·and tested. The relationship between stress and other 
variables msy be non-linear and require careful plotting. 

Anxiety. Anxiety has been defined psychiatrically as "a tense emo
tional state characterized by fear and apprehension regarding the future." 
(Funk & Wagnalls, 1963) As a psychological construct it has been thoroughly 
developed, tested, and correlated to many trades and professions, including 
air traffic control, and is considered to be a form of emotional stress. 
Frequently used assessment instruments include the Manifest Anxiety 
Scale (Taylor, 1953) and the State-Trait Anxiety Inventory (Spielberger, 
Gorsuch, & Lushene, 1969), both of which have rationales based on the 
Hull-Spence learning theory (Gaudry and Spielberger, 1971). 

Prompted in part by recommendati~ns in a NTSB (National Transportation 
Safety Board) 1981 special investigation report,the Federal Aviation Admin
istration is proceeding with the development of a fatigue/stress detection 
program for air traffic controllers. Although the NTSB found in its 
October 1981 report no evidence of performance decrements for the then 
current work force, that agency recommended that FAA monitor stress and 
fatigue because of increased work hours. The NTSB also identified an 
immediate need for improved journeyman air traffic controller performance 
assessment procedures. It is likely that ultimately a stress/fatigue de
tection program will become a component of an overall performance assessment 
system. 

Tucker (Notes 2 and 3), in two internal Office of Aviation Medicine 
Memoranda, proposed broad requirements for both a stress/fatique detection 
program and a performance assessment system. David J. Schroeder (Note 1) 
at CAMI, is doing in-depth research into the stress/fatigue phenomena. 
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A problem that continuing·research and development must address is the 
ambiguity of the concept of stress as it is used in relation to air 
traffic controller performance. Spahn (1977), in a study by MITRE 
Corporation of the human element in air traffic control, reported 
that stress as categorized in the System Effectiveness Information 
System (SEIS), has 'sub-categories that are disparate in meaning, 
varying from illness tb job attitude. Stress never was identified 
as a direct cause of a system error in over 1200 system error reports, 
and was identified as a contributing cause in only five; age and length 
of experience were not factors contributing to systems errors (Kinney, 
Spahn, & Amoto, 1977). The discussion of stress continues under anxiety, 
below. 

Smith (1980) has reported on a decade of research concerning 
stress, anxiety, and the Air Traffic Control Speciality. Smith's 
ten studies included attitude surveys, the State-Trait Anxiety Inven
tory, other anxiety inventories and physiological measures. Smith 
found air traffic controllers, in general, to score low on trait anxiety. 
There is little reason to assume that trait anxiety, as a personal charac
teristic of air traffic controllers, acts to degrade channel capacity, 
with a possible effect on job performance. 

State anxiety, on the other hand, is sensitive to shift length and 
work loads. State anxiety scores are higher toward the end of the shi~t, 
a condition true of many professions. These scores also tend to be higher 
on night shifts as opposed to day shifts. However, the state anxiety score 
levels observed among air traffic controllers were too low to suggest im
pairment either of job performance or of channel capacity. Smith con
cluded that: 

"There is little evidence to support the notion that ATCS's are en
gaged in an unusually stressful occupation. That is not to say that ATCS's 
never encountered unusual stress on the job; however, it does appear that 
this is the exception rather than the rule. ACTS's appear both well quali
fied and well suited for air traffic work. The demands of air traffic 
work do not appear to place unusual stress on ATCS's; this professional 
group appears quite capable of handling requirements offue job without 
distress. The notion that this occupational group is being pressed to 
the psychological and physiological limit is clearly unjustified." 

A study conducted by the Institute of Social Research, University of 
Michigan (1975) compared stress factors in 23 different occupations. 
Although largely subjective and based on only about 100 men per occupa
tion, this report appeared to support the position that air traffic control 
is not necessarily the most or even a uniquely stressful occupation. 
Nevertheless, the study concluded that in regard to the demand for mental 
concentration on the job, train dispatchers and family physicians were 
rated with ATCS's at the highest levels. 

Much depends on the criteria chosen in assessment of stress. In fact, 
the report asserted that "if one were to peek at the most stressed occupa
tional groups, they would tend to be the machine-paced assembly line 
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workers," an effect of boredom, dissatisfaction with the work load, and 
dissatisfaction with the job as a whole. 

This brings up the topics of boredom and monotony in relation to 
air traffic control work, for there is anxiety among human factors 
specialists that increased automation may produce such an effect for 
air traffic controllers (Nealey, Thornton, Maynard, & Lindell, 1975). 
Thackray (1980) studied this matter recently at CAMI, and concluded 
that: 

"The available data offer no support for the belief that boredom, 
monotony, or under-stimulation per se produce the syndrome of stress. 
However, monotony coupled with a need to maintain high levels of alert
ness, which might exist if controllers lacked sufficient confidence in 
an automated system, could represent a combination capable of eliciting 
considerable stress." 

Performance Assessment 

Job performance is the principal basis for decisions concerning 
controller retention and progression. Job knowledge is critical but 
does not appear to be a satisfactory criterion for distinguishing between 
good and poor performance. 

Controllers evaluate each other. In training, the evaluations are 
based on laboratory exercises, instructor ratings, and skills tests. 
When proficiency is reached, s·upervisors' ratings are the primary indi
cator of acceptable performance. 

Elimination rates at the FAA Academy have varied from 20% to 40%. 
Subsequently, in the field, the elimination rates may reach 20%, However, 
elimination percentages aside, the fact is that controllers believe that 
they can distinguish between good and poor performers and do so using the 
job or job-related data in making pass-fail decisions. The impressive 
predictive validities reported in Part IV of this book testify in part 
to the reliability and validity of the proficiency assessment measures. 

For over ten years, research and development concerning performance 
assessment of journeyman air traffic controllers.has been directed toward 
the development of more objective measures and the reduction of the dependence 
on subjective, "over-the-shoulder" ratings by supervisors. This work has 
also contributed to the establishment of aggregate criteria for research 
on the validation of selection and progression instruments. Mies, Colmen, 
and Domenech (1977) developed an aggregate criterion consisting of measures 
of training performance, job performance, and attrition. Buckley, House, 
and Rood reported in 1978 on nearly a decade of research that led to an 
approach to objective measurement of radar control performance of air 
traffic controllers by means of air traffic control simulation exercises. 
The Institute for Defense Analysis, in a report on the training of air 
traffic controllers (Henry, Kamrass, Orlansky, Rowan, String, & Reichenback, 
1975), made a strong recommendation that the FAA develop objective job per
formance assessment procedures. This report pointed to the work of Buckley 
and associates as evidence of its feasibility. 
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Kinney, Spahn, and Amoto (1977) reported on some innovative studies 
of system errors and pointed out the difficulties of assessing the human 
factor component of the air traffic control system in the absence of ob
jective normative data. Their report contained recommendations for assess
ment and control that have not been presented by other investigators. Boone, 
VanBuskirk, and Stein (1980) reported on the continuing research at the FAA 
Academy to develop objective performance measures for use at the new radar 
training facility. Mohler (1980), in a report dealing with the health and 
safety of air traffic controllers, recommended that the FAA "develop a 
more meaningful recognition and awards program for controllers that is 
directly related to quality performance." Pickrel (1979) has used per
formance measures to establish pass-fail cut-offs for Academy training 
and hss urged the use of Controller Skills Tests to support the reliability 
and validity of laboratory scores. Collins, Boone, and VanDeventer (1980, 
See Chapter 3) have discussed the objective criterion problem in their 
report on contributions by the Civil Aeromedical Institute. Tucker (1981) 
has been investigating the feasibility of using paper-and-pencil micro
simulations for objective skills testing both at the FAA Academy and at 
air traffic control facilities; a further discussion of this work is pre
sented in Chapter 12. 

As an aftermath of the PATCO strike, the FAA is now proceeding to 
investigate the feasibility of developing an objective ATCS performance 
assessment system. The NTSB report concerning the safety and efficiency 
of the air traffic control system published in December 1981 presented 
40 conclusions that include the following: "(18). The foundation of 
adequate ATC system capacity is the capacity and proficiency of the indi
vidual controller. The over-the-shoulder training evaluation is not pro
ductive and should be replaced by a more meaningful evaluation program." 
These conclusions point to the need for an objective assessment system. 

Currently, the Office of Aviation Medicine has been assigned the task 
by the Director, Air Traffic Service to undertake a formal program "as soon 
as possible because of the urgency associated with the rebuilding of the 
air traffic control system" (Van-Vuren, Note 5). Tucker (Note 3) has pre
pared a preliminary statement of the scope of such a formal program. This 
work will proceed immediately, based on a sound research foundation. How
ever, the determination of what constitutes mastery among air traffic con
trollers, and the differentiation of the best controllers from the acceptable 
ones awaits a theory of cognitive behavior that is descriptive of how the 
cognitive repertoire of the controller is used in the control of air traffic 
(Hopkin, 1980). 
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PART III 

MEASUREMENT OF AIR TRAFFIC CONTROLLER PERFORMANCE 

Accurate measurement of controller performance is essential both to 
the validation of selection tests and to operation and management of the 
air traffic control system. Since the focus of this book is on controller 
selection, controller performance measures are generally discussed as 
criteria, to reflect their role in validation research. Nevertheless, 
other uses are mentioned throughout the following chapters. 

The availability of reliable and valid criterion measures is criti
cal to the empirical determination of the predictive validity of any 
selection instrument. Validity is indicated by the extent to which the 
standing of an applicant on the selection composite score corresponds to 
his or her standing on a performance measure acceptable to the employer 
as a criterion of job performance. As a general rule, the reliability 
of the criterion sets an upper limit to the validity that could be ex
pected for any empirical sample. 

The criterion measures employed in controller selection research can 
be divided into two categories, representing measures obtained during 
initial training, while the individual is still in the status of student, 
and post-training, on-the-job 1 which includes both developmental status 
and full performance level (FPL) or journeyman status. Use of initial 
training measures, such as pass-fail in the FAA Academy, is meaningful 
in relation to the effect of the quality of student input on Academy 
attrition, but is enhanced by evidence that training performance is also 
predictive of later, on-the-job performance. Predictive validity of con
troller selection implies prediction of both during-training and post
training criteria. 

Criterion measures at both levels are complex and confidence in the 
selection program depends on their credibility. Chapters 9, 10 and 11 
describe the training program (up to August, 1981) and the approach taken 
by FAA to measure student performance. Chapter 9, by James 0. Boone, 
describes the training for Terminal ~nd EnRoute students and the assess
ment of student performance in these options. Chapter 10, by Evan W. 
Pickrel, covers similar ground for the Flight Service Station (FSS) 
students, Chapter 11, by Evan Pickrel and Jack Greener, provides a 
discussion of a separate proficiency test used in the past to measure 
student progress in the Terminal and EnRoute training programs, but which 
is being adapt~d also to similar use in FSS training, The latter develop
ment, as well as the development of an entire genre of paper~and-pencil 
proficiency tests, for use both during and subsequent to training, is 
reported by Joseph A. Tucker, in Chapter 12. 

The conceptual as well as operational complexity of post-training 
performance measures is vastly greater than that of during-training measuresf 
This is reflected in Jack Greener's report on post-training, on-the-job 
measurement of controller performance, in Chapter 13 1 which describes and 
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evaluates measures that have been used as criteria in the selection 
research reported in this book. 

The final chapter of Part III (Chapter 14), also by Jack Greener, 
summarizes the state-of-the-art in performance measurement, with parti
cular emphasis on the air traffic controller job. This chapter addresses 
in addition new measures ·that have either not been used, or investigated 
only experimentally in controller selection research, but that may be 
available in the automated system environment of the future. These include 
computer-scored measures based both on system simulation and on sampling 
of ·actual performance on the job. 

Jack M. Greener 
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Chapter 9 

THE FAA AIR TRAFFIC CONTROLLER TRAINING PROGRAM, 
WITH EMPHASIS ON ASSESSMENT OF STUDENT PERFORMANCE 

James 0. Boone 

EARLY DEVELOPMENTS--1947 to 1976 

1947. Decentralized Training 

Air traffic control specialist (ATCS) training began in Oklahoma 
City in February 1947, at what is now called the Mike Monroney Aeronau
tical Center. Six students started that training in a small classroom 
in the rear of wooden barracks located southwest of the city at a con
verted war-time military airfield. In the ensuing period, from February 
1947 to March 1956, the ATCS training program expanded from its early 
beginnings to become the major centralized ATCS training program in the 
world. Three different programs were offered. International students 
from Europe and the Near and Far East were administered a 23-week basic 
ATCS training program, covering both EnRoute (air traffic between air-· 
port areas) and Terminal (air traffic in and around airports) airspac~ 
control. Military flight facility officers (military airport tower 
chiefs) received a 12~eek course consisting of a general ATC orienta-
tion and an introduction to EnRoute and Terminal control and Flight 
Service Station functions (facilities where flight plans are filed, 
and weather information can be obtained). A third 2-week course was 
taught for aviation executives, which covered the basic principles of 
air traffic control. However, there was no centralized program for 
civilian controllers. While the Civil Aeronautics Administration (CAA-
predecessor to the FAA, which replaced it pursuant to the 1958 Federal 
Aviation Act) administered the Aeronautical Center operation, its own 
air traffic controllers were not trained at the facility. They were 
trained at the various ATC operational facilities, using training materials 
developed by the Oklaho~a City staff. 

1956. First Centralized Programs 

In 1955-56 the CAA became concerned over the lack of standardization 
in ATCS training. This concern led to the establishment, in March 1956, 
of a centralized ATCS training program at the Aeronautical Center. This 
program consisted of an 8-week pass-fail course covering both EnRoute and 
Terminal airspace control. The training was divided into two phases, an 
academic phase and a laboratory phase. Few failed the academic portion; 
however approximately 30% of the entrants failed the laboratory portion, 
in which simulated problems were graded by instructors who trained and 
assessed the students throughout the training. Failing candidates were 
returned to their respective regions as soon as it was determined that they 
did not possess sufficient potential to continue. At the termination of 
training, the surviving students were assigned to field facilities by a 
process in which regional representatives met with instructors and assign
ments were based on demonstrated potential, available positions, and the 
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candidates' preferences. This program continued until June 1957. 
national students and military flight operation officers continued 
trained at the facility during this time. 

1957. Decentralization 

Inter
to be 

The mid-air collision of two commercial airliners over the Grand 
Canyon in 1956 resulted in a strong impetus to increase the number of 
ATCSs in the field (Holbrook, 1974). In July 1957, centralized training 
at the Aeronautical Center was closed and training was transferred to the 
field. The Aeronautical Center group continued to provide the field with 
training materials. Simultaneously with this action, the military trans
ferred its training to the newly established Biloxi, Mississippi.ATCS 
training center. International students continued to be trained at the 
Aeronautical Center, and indeed have been continuously trained at the 
facility until the present. During the later 1950's and the 1960's the 
European countries and the more sophisticated Eastern countries developed 
their own training centers. At present most of the international ATCS 
training provided at the Oklahoma City facility is for the less well de
veloped ;,third world" countries. 

1958. Return to Centralized Training - AOS Program, Separate Options 

Beginning in January 1958, and continuing through September of that 
year, a 4-week centralized ATCS academic training program was implemented 
at the Aeronautical Center on a pass-fail basis. The course was based 
totally on an academic curriculum known as the 7-part Airways Operations 
Specialists (AOS) course. It covered both EnRoute and Terminal airspace 
control, and included topics such as communications, weather, and prin
ciples of flight. On the last day of the course a 7-part test, covering 
each of the topics, was administered and a passing score was required on 
five of the seven tests. Those who failed one or two topics were retested 
on the failed topics on the following Monday, and a passing score was re
quired on all previously failed topics. The program resulted in a 10% 
failure rate. 

Increasing concern for standardization in ATC led to the development, 
in 1958, of a course on flight strip-writing at the 'Aeronautical Center. 
Flight strips are small strips of paper placed tn removable holders and 
used by controllers to record with various symbols the history of each 
flight passing through their airspace. In October 1958, a 2-week pass
fail course in Flight .Strip-Writing was added to the 4-week, 7-part AOS 
course. Because of differences in the airspace and strip-writing features 
of EnRoute and Terminal ATC, a separate laboratory and grading laboratory 
was established for each option. This was the first time that candidates 
were assigned, trained, and assessed at the Aeronautical Center in separate 
options. This process of early option assignment set a pattern that has 
continued until the present. With the addition of strip-writing, the 
Terminal failure rate remained, as before, at 10%, while EnRoute, which 
has a more complicated strip-writing process, had a 15% failure rate. The 
program remained in this status until December 1959. During this period, 
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mid-1958, the training program was moved into its present classroom facili
ties and was officially titled the FAA Academy. 

1960. Centralization of FSS Training, Addition of a Laboratory Phase 

In order to establish a pass/fail course, better founded on actual 
demonstrated ability to control aircraft, the Academy pass-fail program 
was modified in January 1960, to an 8-week program, containing a laboratory 
phase in addition to the 7-part AOS course and flight strip-writing course. 
Six laboratory problems were administered, and a passing score of 70 was 
required on four of the six problems. In January 1960, a centralized 
training program was initiated for the Flight Service Station segment of 
ATC. Failure rates for the pass-fail EnRoute and Terminal programs were 
28% and 18%, respectively. 

1962. Decentralization Again 

From December 1962 through December 1965, a sharp curtailment in 
ATCS recruitment led to the elimination of centralized training at the 
Academy. New automation systems, the Automated Radar Terminal System 
(ARTS) and the Stored Program Alpha-numerics (SPAN) system, were purchased, 
with the expectation that a reduction in manpower would be achieved. These 
projections, however, did not take into account the sharp increases in air 
traffic that developed, and the reductions were not realized, During this 
period, specialized courses were provided at the Academy to journeyman con
trollers, first-line supervisors in air traffic, and regional office per
sonnel. The Academy also continued to provide field training curriculum 
materials. To assist in developing course materials, a section of educa
tional specialists was added to the staff, Assistance from educational· 
specialists in course development has continued to the present. 

1966. Resumption of Centralized Training, JTA-Based Curriculum, Technical 
Assessment. 

The 1960's saw the development in general educational theory of a 
systems approach to educational programs, based on job task analysis 
(JTA). Since the air traffic control occupation had changed considerably, 
as a result of the automated systems, the agency embarked on the develop-
ment of a new ATCS centralized training program based on job task analyses 
(Cobb, 1962; Trites, Miller, and Cobb, 1965;), In December 1966, the 
Academy began anew its centralized training, based on a JTA. The primary 
change that occurred, based on JTA, during this era was in the academic 
areas, During 1966-68, the pass-fail program consisted of academic topics 
only, At first, these were limited to the 7-part AOS course, with a slow 
evolution to the JTA-based curricula, New JTA-based academic curricula were 
completed in 1969 and replaced the previous 7-part AOS course, Academic 
evaluation consisted of a comprehensive phase test over the entire aca-
demic curriculum. When laboratory problems. were introduced, the assessment 
process for laboratory problems was modified. In addition to the instructor's 
assessment on a 0 to 100 scale that had been previously used to score candi
dates, a count of various errors was used, termed a technical assessment, 
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On the technical assessment, a student began the problem with 100 points 
and various points were subtracted from the 100 points, according to the 
type of error. The final laboratory problem grade consisted of an average 
of the instructor assessment and the technical assessment. Laboratory 
problems during this time were configured where the EnRoute and Terminal 
sectors were adjacent and interactive. This program resulted in a 25% 
EnRoute failure rate and a 15% failure rate for Terminal. 

1971. Retention of centralization, Fair Employment Practices, Corson 
Committee Recommendations 

The 1960's was also a time of social introspection for the Federal 
system. Concern about prejudice on the basis of sex and race in deci-
sions affecting employee's status resulted in the 1966 congressional 
adoption of a set of Uniform Guidelines for Employee Selection (the 
development of the guidelines is described in detail in the most recent 
revision, 1978). The guidelines established criteria to be used in deter
mining the validity of all governmental programs that resulted in decisions 
affecting the employment status of any employee. While data had been 
collected previously on various facets of the Academy pass-fail program, no 
systematic data base had been established to demonstrate satisfaction of the 
guidelines criteria. Further, the assessment process was based largely on 
expert judgment by full performance level controllers. The Air Traffic 
Controller Career Committee report (Corson, 1970) pointed out inadequacies 
in the reliability and validity of the program. During this period, the 
agency was also experiencing labor relations problems with The Professional 
Air Traffic Controller Organization (PATCO), in the form of "sick-outs" 
over various complaints, among which were training deficiencies. Be-
cause of these various considerations, beginning July 1971, centralized 
training was continued, but pass-fail at the Academy was suspended until 
a fully validated program could be established. From 1971 through June 
1975, ATCSs who had been in field training for approximately 1 year were 
brought to the Academy for qualifications training. They were trained 
and assessed on their ability to operate simulated air traffic on sectors 
taken from their home facility. The previously described assessment pro
cedure was continued during this (no pass-fail) era; however, the scores 
were simply returned with the ATCSs to their facilities, to be used pri
marily for placement decisions. 

1975. Development of Valid&ted and Standardized Central Pass-Fail Training 
Program 

From 1970 through 1975, a series of studies was performed by the Air 
Traffic Controller Career Committee (Corson, 1970), the Institute for Defense 
Analysis (Henry, Karmrass, Orlansky, Rowan, String, and Reichenback, 1975), 
and the Committee on Government Operations (1976), listing several recom
mendations relating to ATCS training. In summary, the reports recommended 
the development of a validated, standardized, and centralized pass-fail 
training program, designed to screen as early as possible those persons 
who lacked sufficient potential to become fully certified ATCSs. The 
primary burden of early screening was to be focused on the Academy program, 
in order to relieve the field facilities for more on-the-job type training. 
Early Academy screening was to consist of both a nonradar and radar training 
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phase. Further, the Systems Development Corporation (1972) completed 
an updated JTA to be used as a basis for training curricula. To meet 
the increasing demands in ATC, brought about by increasing air traffic, 
further automation was also sought. Recognizing this need, Congress 
enacted the 1970 Airport and Airway Development Act, beginning a trust 
fund as a source of revenue to purchase automation equipment (Holbrook, 
1974). 

The FAA responded to these new requirements by forming a task group 
to review and formulate a comprehensive program for ATCS staffing, 
screening, and training. This group set in motion the establishment 
of a fully validated, centralized Academy pass-fail training program 
with a tracking component, to utilize a continuing data base to monitor 
the quality and effectiveness of the program, and to maintain compliance 
with the Uniform Guidelines for Employee Selection (FAA Task Force Report, 
1975). This brings the historical review up to the present program, which 
is discussed in detail below. 

CURRENT ACADEMY TRAINING PROGRAM, SINCE 1976 

Student Assessment - Academic Phase 

In January 1976, the present pass-fail Academy program was implemented, 
based on nonradar ATC. In July 1980, a new radar training facility, discussed 
later, was opened and began training students on a non-pass-fail basis. The 
structure of the present ATCS pass-fail Academy program is similar to the 
preceding 1971-75 program; only the methods employed for student assess-
ment and the time of entrance for candidates have been changed. Following 
a 1-week orientation, new selectees in the present program are sent directly 
to the Academy. EnRoute training consists of two pass-fail Academy phases, 
and the Terminal curriculum consists of two pass-fail Academy phases and one 
non-pass-fail phase. (The Flight Service Station program which is not con
cerned with the control of transiting aircraft, is not included in this 
review.) Both EnRoute and Terminal training have an academic phase and a 
laboratory phase. Terminal has an additional non-pass-fail Visual Flight 
Rules (VFR - noninstrument flight) tower training phase. The academic 
phase contains the same material for·both EnRoute and Terminal activities. 
while the laboratory phases conform to the specifics of EnRoute or Terminal 
airspace control. 

Block and Phase Tests. The academic phase consists of ten blocks of 
instruction, listed in Table 1. Following each block of instruction, a block 
test is administered to determine how well each candidate has mastered that 
block. After all blocks have been covered a comprehensive phase test (CPT) 
is administered to measure retention for each student across all the academic 

.material. Scores for block tests average around 95, and CPT scores average 
around 92. 

Nonradar Laboratory Instructor Evaluation. The laboratory phase is 
the most important portion of the assessment process. Laboratory problems 

.•are based on control of simulated nonradar air traffic. An instructor seated 
behind the candidate maintains a log of the errors commi~ted by the candidate 
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Table 1 

Subject Areas of Phase II 

1. Air Traffic Service 
2. Principles of Flight 
3. Aircraft Types and Characteristics 
4. Meteorology 
5. Navigation 
6. Federal Air Regulations (FARs) 
7. Air Traffic Control Communications 
8. Flight Assistance Service 
9. Fundamentals of Radar 
10. National Airspace Systems 
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on a structured worksheet (see Appendix 1 for a sample copy). Errors 
are categorized as (1) separation errors, a violation of rules related 
to minimum distances between aircraft or obstructions(2) coordination 
and procedure errors, primarily violation of rules in interfacing with 
adjacent airspac~ sectors or facilities and procedures that result in 
·excessive delays, and (3) other errors,a miscellaneous category which 
includes strip-writing errors and incorrect phrasing of air traffic in
structions to aircraft. 

The frequency of errors in each category is transferred to an evalua
tion form for calculation of the problem grade (see Appendix 2 for a sample 
copy). A candidate begins the problem with 100 points. For each separa
tion error, 15 points are subtracted, to a maximum of 50 deductible points; 
coordination/procedure errors result in a loss of 4 points for each error, 
to a maximum of 40 deductible points, and other errors are deducted at the 
rate of 1/2 point each to a maximum of 10 deductible points. The score 
received from the error counting process is termed the technical assess
ment (TA). At the bottom of the evaluation form a rating scale from 40 
to 100 is provided for an instructor assessment. The instructor assess
ment for each problem is based on the instructor's evaluation of how well 
the candidate demonstrated the potential to become a fully certified ATCS 
on that problem. It is based on attributes not inherent in the error 
counting process. such as selection of appropriate separation methods 
and how the candidate structured the air traffic. This rating is termed 
the instructor assessment (IA). The total score for the problem is the 
arithmetic average of the TA and IA. A score of 70 is considered passing. 
The IA is limited on the low end at 40 points to insure that no candidate 
who scored 100 on the TA could have a failing problem total score due to 
the IA. When the evaluation form is completed and the problem total score 
is calculated, the results are reviewed with the candidate and the candi
date and instructor sign the form. 

The entire laboratory phase for both EnRoute and Terminal training 
consists of six graded problems of increasing difficulty. (A large number 
of practice problems are interspersed among the graded problems.) The 
laboratory average is formed by weighting the first two problems 10% each 
and the last four problems 20% each. 

Controller Skills Test. The last measure of the Academy assessment 
process is a standardized achievement test, consisting of 50 multiple 
choice items requiring application of ATC principles to solve a variety 
of ATC problems. The test was developed and validated using field facility 
and military ATCSs as subjects, and is continually updated by placing un
scored items in the test, for item analysis, which are used in later forms 
of the test. It is titled the Controller Skills Test (CST). (Development 
of the CST is reported in detail in Chapter 11.) 

Ca~culation of Pass Fail Composite. The total composite used to determine 
pass-fail is a weighted sum of (1) the averaged block test scores, weighted 2%, 
(2) the comprehensive phase test score, weighted 8%, (3) the laboratory average, 
weighted 65%, and (4) the CST score weighted 25%. To allow for the possibility 
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--
of one unreliable laboratory problem, the best combination of five of 
the six laboratory problems (the five that maximize the composite score) 
are employed in calculating the total composite grade. The weight of 
the dropped problem is distributed proportionately across the remaining 
five problems in computing the composite score.. A score of 70 or higher 
is required to pass the Academy program. 

ANALYSIS OF ACADEMY OUTPUT 1976-80, ATTRITION RATES 
IN ACADEMY A.~D ON THE JOB 

The entire ATCS Academy program is monitored by the Avaiation Psycho
logy Laboratory at the FAA Civil Aeromedical Institute (CAM!), using a 
comprehensive program evaluation model. (Development of materials and 
assessment instruments is a joint effort involving technical content experts 
and a staff of educational specialists at the Academy, with occasional 
input from CAMI psychologists.) The model covers four areas: (1) design 
evaluation, (2) implementation evaluation, (3) formative evaluation, and 
(4) summative evaluation. Design evaluation is an assessment of the com
prehensive implementation plan; implementation evaluation is a determina
tion that the plan is implemented completely and accurately according to 
prescription; formative evaluation is a continual monitoring of the program 
to keep the process reliable, stable, and on track; and summative evaluation 
monitors the product of the training program. The design evaluation relies 
on the task, knowledge, and skills analysis and on the documents in the 
implementation plan. The implementation evaluation makes use of data from 
frequent status studies. Formative and summative evaluations make use of 
statistical reports and mathematical modeling, primarily linear regression 
models, to monitor the process and products of the program and to estimate 
and determine the impact of changes made to the program (Boone, 1982). 

Academy Pass Rates, 1976-1980; Terminal and EnRoute Options 

Several routine formative evaluation reports are used as information 
in monitoring the program; however, this discussion is limited to summary 
data. Figure 1 contains a summary of the formative data collected on pass
fail rates. The su~ry covers the period from January 1976 through December 
1980. Pass rates, shown in Figure 1 indicate that.the Terminal program had 
a success rate approximately 8% higher than the EnRoute program. Since 
candidates were assigned to an option (Terminal or EnRoute) based on 
available job openings rather than on some measured attribute, it appears 
that the Terminal program is the easier of the two options. The same 
pattern holds when the pass rates are distributed across the years of 
1976-80, as shown in Figure 2. It should also be noted in Figure 2, that 
during 1976-77, while the program was being refined and more weight was 
placed on the laboratory scores in computing the composite score, a decline 
in pass rates occurred. Since then, the pass rates have been somewhat more 
stable. 

Tables 2 and 3 and Figures 3 and 4 show pass rates by sex and minority 
group. The general trend is that nonminority men had the highest pass rates; 
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Table 2 

Terminal Nonradar Lab Phase Mean Scores 

1976 Through 1980 Entries 

Total Women Men Minority Nonminority 

No, of Entries 3962 669 3293 526 340 
Pass Rates 74.41% 65.62% 76.19% 55.32% 77.36% 
Composite 75.28% 73.05% 75.72% 70.16% 76.02% 
Block Tests 95.39% 95.36% 95.39% 94.26% 95.54% 
Phase Test 91.65% 91.02% 91.77% 89.59% 91.95% 
Controller Skills Test 76.42% 74.34% 76.83% 71.05% 71.19% 
Lab Average 72.83% 70.18% 73.35% 67.43% 73.61% 
Technical Assessment (TA) 65.35% 61.44% 61.12% 57.68% 66.51% 
Instructor Assessment (TA) 76.87% 75.24% 77.20% 71.74% 77.65% 
IA- TA 11.52% 13.80% 11.08% 14.06% 11.14% 

165. 



Table 3 

Enr6ute Nonradar Lab Phase Mean Scores 

1976 Through 1980 Entires 

Total Women Men Minority Nonminority 

No. of Entries 4129 598 3530 434 3647 

Pass Rates 66.55% 57.69% 68.05% 58.06% 67.59% 

Composite 73.74% 71.48% 74.11% 71.08% 74.08% 

Block Tests 95.67% 95.42% 95.71% 94.71% 95.79% 

Phase Test 93.73% 93.09% 93.84% 92.56% 93.86% 

Controller Skills Test 77.01% 74.17% 77.47% 72.65% 77:5 5% 

Lab Average 69.77% 67.53% 70.13% 67.22% 70.09% 

Technical Asses.sment (TA) 61.32% 57.81% 61.88% 58.94% 61.64% 

Instructor Assessment (IA) 75.90% 74.13% 76.19% 73.76% 76.15% 

IA- TA 14.58% 16.32% 14.31% 14.82% 14.51% 
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nonminority women had the next highest pass rates; and minorities had the 
lowest pass rates. In the years 1978-79, in the Terminal option, the pass 
rates for nominority women were nearly equivalent to those for nonminority 
men, This was an effect of a special recruitment program to increase the 
number of women and minorities in ATC (Boone, 1978). As Figure 3 demon
strates, the primary effect of the program was on nominority women. For 
a variety of reasons, the program has been discontinued. 

Tables 2 and 3 also show the average scores across all the measures 
included in the computation of the total composite score, which has been 
used to determine pass-fail. Mean scores on the academic phase block 
tests and comprehensive phase test have been quite high, at 95 and 92 
respectively. The applied measures, such as CST scores and laboratory 
scores have been much lower, with means of 75 and 71 respectively. The 
difference between the technical assessment and instructor assessment 
on laboratory problems shows what appears to be a slight halo effect 
in favor of uomen and minorities. 

Effects of Experience Variables on Pass Rates 

The effects on pass rates of having past ATC experience, related 
aviation experience (e.g,, pilot experience), or no related experience 
are illustrated in Figures 5 and 6, for Terminal and Enroute trainees 
respectively. Across the years, from 1976-80, the highest passing rate 
was obtained by persons having prior ATC experience. Specifically, this 
effect reflects high pass rates for students who entered the Academy with 
prior Instrument Flight Rules (IFR) radar ATC experience; candidates who 
entered with prior Visual Flight Rules (VFR) ATC experience had pass rates 
similar to those of the "related aviation experience" group, which was 
second highest. While candidates who entered with prior aviation ex
perience passed the Academy training with higher rates, CAMI studies 
have shown that they attrited at a higher rate than the "no experience" 
group (the group having the lowest Academy pass rates) during subsequent 
on-the-job training in the field; as a result, the overall attrition rate 
was approximately equal. The lowest attrition rates at the Academy and 
in on-the-job training occurred among candidates who entered the Academy 

·with prior IFR ATC experience. These results are consistent with earlier 
studies (Trites and Cobb, 1964; Cobb, Nelson, and Mathews, 1974) 

Post-Academy Attrition by Sex and Minority Status 

Post-Academy attrition rates by sex and minority status are listed in 
Table 4. Summative evaluation data used to monitor the quality of the 
ATCS output from the Academy are collected for candidates beginning around 
1.5 to 2 years after graduation. Approximately 3.5 to 4 years. are usually 
required to become a full performance level FAA certified ATCS. In the 
discussions of Tables 2 and 3, it was noted that the Academy pass rates 
for women and minorities were lower than for nonminority men. In Table 
4 the post-Academy attrition rates are shown for these groups and they 
were almost precisely equal, with the exception of nonminority women. How
ever, when attrition was analyzed separately for Post-Academy failure and 
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Figure 5. Terminal program pass-fail rates for 3 categories of prior 
experience, by year, 1976-1980. 
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Table 4 

Post-Academy Attrition Rates 

May 1977-January 1978 Entries 

Non-
Men Women Minority Minority Total 

Post-Academy Active Rate 85.1% 79.2% 84.4% 84.5% 84.5% 
Loss Rate 14.9% 20.8% 15.6% 15.5% 15.4% 
Failing 6.0% 6.2% 6.7% 6.0% 6.0% 
Other Reasons 8.9% 14.6% 8.9% 9.5% 9.4% 
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other (usually personal) reasons, the post-Academy failure rates were 
almost equal for all groups. The higher attrition rate for women was 
attributed mainly to "other" reasons, which according to CAM! studies, 
include pregnancy, getting married, unwillingness to be career mobile, 
and the like (Mathews, Collins, and Cobb, 1974). This evidence demon
strates that while disparities exist in Academy pass rates, according 
to sex and minority status, the Academy produces a uniform product with
out regard to sex or minority status. CAM! studies across time have 
also shown that while the field training failure rate is strongly 
affected by Academy training, as reflected by the pass rates, attri
tion for other reasons remains stubbornly around 10% (Trites, 1961; 
Cobb, Mathews, and Nelson 1972). Since attrition for other reasons 
is a result of factors outside the scope of FAA training, most efforts 
designed to reduce field attrition have been aimed at improvement of 
skills. 

Analysis of Field Supervisors' Global Ratings; Support for Centralized 
Training, and Early Screening of Ineffective Controller Candidates 

One part of the summative evaluation is a supervisor rating of 
each candidate in several areas of performance and an overall global 
rating of proficiency in ATC. The global rating scale is a judgment 
by the supervisor as to whether the candidate is inadequate, marginal, 
below average, average, very good, excellent, or outstanding. Table 5 · 
shows how these ratings distribute across the Academy laboratory scores. 
Since only those who score above 70 are passed to field training, labora
tory scores for the candidates start at 70. In the column labeled Inade
quate, Marginal, Below Average, the percentage of graduates rated in 
these categories dropped consistently from 28.5% for laboratory scores 
between 70-74 to 0.0% for laboratory scores between 90-100. All the 
columns followed a similar pattern except the mid-level Very Good column, 
which remained essentially constant over the range of laborato.ry scores. 
In the laboratory score range of 85-89, only 2% were rated as below 
average while 96% were rated as very good to outstanding. In the 90-100 
laboratory score range, 100% of the graduates were rated as very good to 
outstanding. Reading across columns in the laboratory score range of 70-
74, the Inadequate, Marginal, Below Average column accounted for 29% of 
the graduates, while the Excellent-Outstanding column accounted for 31%. 
The high percentages of low scores in the Very Good, Excellent, and Out
standing categories are believed to illustrate the commonly observed "halo 
effect" in supervisor ratings. However, the remaining laboratory score 
range categories across columns do not follow the halo pattern. The con
clusion drawn from this table is that a high relationship exists between 
Academy laboratory scores and supervisor rating of proficiency in on-the
job performance 1.5 to 2 years after Academy graduation. 

What is the bottom line benefit to the FAA of Academy training and 
screening? Table 6 presents a comparison of training failure attrition 
rates in the Academy and in the field for two time periods: (1) the 
1971-75 era, during which the Academy was not organized on a pass-fail 
basis, and {2) the period 1976-80, during which the present pass-fail 
system has been in practice, For the earlier period, no training failure 
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Academy 

Table 5 

Performance in Field Training 1.5 to 2 Years after Academy 
May 1977-January 1978 EnRoute Entries 

Percentage of those in lab score category 
who were rated by field supervisor as 

Lab Phase Inadequate Excellent 
Score Marginal Very Out-
Category Below Avg. Avg. Good Standing 

70-74 28.5% 17.1% 23.6% 30.9% 
75-79 15.1% 18.5% 22.7% 43.7% 
80-84 11.4% 14.4% 18.9% 55.3% 
85-89 2.0% 2.0% 22.4% 73.5% 
90-100 0.0% 0.0% 22.2% 77.7% 
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Table 6 

Bottom Line on Academy Screening 

Time Period 

Prior to Academy pass/fail 
Post Academy pass/fail 

175. 

Academy 

30% 

Attrition 

Field 

38% 
7% 



occurred at the Academy and the field attrition rate was 38%. The average 
length of time that these attritees worked for the FAA was 2 years (FAA 
Task Force Report, 1975). The primary attrition in the field occurred 
during radar (IFR) ATC training. During the 1976-80 period, a rate of 
30% attrition occurred at the Academy with an average employee tenure 
before attrition of about 15 weeks. The current 7% attrition rate 
attributed to field training failures occurs after an employee tenure 
of 2 years. The estimated cost avoidance due to early Academy screening, 
according to figures provided by the Office of Management and Budget (OMB), 
is approximately $14 million annually, a substantial savings for an effec
tive screening program. This information must be s~asoned with the under
standing that these estimates speak only to the effectiveness of the 
screening, not to the efficiency of Academy screening. Indeed, while 
the information taught at the Academy is essential for all students, it 
is conceivable that a highly tailored and streamlined computer-based in
struction (CBI) program using simulation, could be more efficiently em
ployed at field facilities with the same success in screening without 
incurring the additional millions of dollars in per diem and travel expense 
required to bring the trainees to the Academy. The feasibility of such a 
program operated under the auspices of the Academy is presently being 
evaluated. 

DESCRIPTION OF THE ACADEMY RADAR TRAINING FACILITY 

As previously stated, the Academy completed a Radar Training Facility 
(RTF) in 1980, which was designed to provide some radar training and at 
the same time to screen out those who failed to demonstrate sufficient 
potential to advance to radar ATC. The primary objective of the RTF is 
to duplicate closely the specialized operational environment existing at 
automated Terminal and EnRoute facilities, with the capability to synthesize 
and present a wide variety of air traffic control situations. The plan for 
the RTF is to utilize situations based on a reference data base created 
through scenario programs with a full range of control necessary to establish 
realistic simulation of actual aircraft traffic under a variety of conditions. 

To accomplish this objective, four independent laboratories are utilized. 
Figure 7 describes how the laboratories are configured. 

Positions 

There are Trainee positions and Supervisory and Support positions/ 
stations corresponding to each radar training sector. At each "position," 
the operating personnel have input/output (I/O) equipment access and in 
addition, are equipped with voice communications for monitoring, instructing, 
and supervisory functions. 

Trainee Position 

1. Radar Control Position (R). The R controller positions (six in 
each lab) have a display console, (PVD) for EnRoute and (DEDS) for Terminal. 
They have associated voice communications. The displays and voice communi
cations are similar to those at field facilities. Displays include maps, 
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weather, aircraft position symbols, alphanumeric readouts, and other 
digital and symbolic data. 

2. Nonradar Controller Position (HO/D). The D controller for EnRoute 
and the HO position for Terminal (six in each lab) have the capability of 
making and accepting handoffs. This position also permits training for 
manual or nonradar control by using flight progress strips generated by 
the flight strip printers. 

3. Pilot Position (P). Three P positions are associated with each 
sector (18 in each lab). These positions are in a separate room. Each 
position operator performs at a console with a tabular display and key-
board for data entry with associated voice communications. These operators 
simulate aircraft pilots during exercises by actual response to ATC clearances/ 
instructions. 

4. Ghost Position (G). This position is associated with each Rand/or 
HO/D position. There are .six G positions in each lab. The position console 
and display are identical to those of the P position. The G position opera
tor adds realism to the exercise by performing related functions of adjacent 
centers, terminals, flight service stations, and position/sectors. Functions 
include initiating handoffs, accepting handoffs, and general ghosting func
tions of other facilities/sectors. 

Supervisory and Support Positions/Stations 

1. Instructor Station (I). An instructor station is provided at 
each sector (six in each lab). The instructor has voice communic.ation 
with each student and monitors the overall exercise from behind the trainee 
positions. 

2. Pilot Supervisor Station (PS). This position (one in each pilot 
room) has voice communications for supervision, monitoring, and instructional 
operation of P positions as well as for coordinating activities with the 
master instructor station and the system monitor position. 

3. Master Instructor Station (MI). This position (one in each lab) 
controls the exercises within the laboratory. The position has a tabular 
display, a data entry keyboard, and associated voice communications with 
each trainee and with each operator of G,I, and P positions in the lab. 
The MI permits the setting of clock time, starting, monitoring, freezing, 
backing up, replay, and restarting of the exercises. This position also 
provides for data recording and analysis of the exercises. 

4. System Monitor Position (SM). One SM position is provided for 
each lab. This position has voice communications with two MI positions 
and two PS positions, and permits computer operation and operational and 
maintenance monitoring. 

Figure 8 describes the system configuration for operation of the 
positions and stations in each laboratory. The training sectors are 
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controlled by a Digital Equipment Corporation (DEC) PDP 11/60 computer 
with a PDP 11/34 computer serving as an interface between the PDP 11/60 
and the operating positions. 

The training pro~ess involves three sequential systems of operation: 
(1) SCENARIO GENERATION'--/ (2) REAL-TIME--/ (3) PERFORMANCE MEASUREMENT. 
Scenario generation, illustrated in Figure 9, is the non-real-time process 
of building exercises and evaluation problems for the system. Aircraft 
characteristics, flight plans, and other essential information of this 
type are stored in the Universal Data Files (UDF). Exercises are built 
by first selectively retrieving intermediate files and then creating 
other intermediate data files from the universal data base through the 
scenario management program. 

The real-time component, illustrated in ·Figure 10, utilizes the 
scenario management files to generate the actual radar simulation exercise. 
The real-time component drives the display at the radar position. Air
craft movement is controlled through the P and G positions according to 
the instructions that the operators of those positions receive from the 
controller trainee or, in some cases, from a scenario prompt which appears 
on the cathode-ray tube (CRT) at the P or G positions. During the opera
tion of a real-time training exercise, all actions taken during the exercise 
are recorded. 

Student Assessment in Radar Training 

At completion of an exercise, the computer analyzes the recorded 
actions to determine violations of separation standards and to quantify 
other pertinent performance information, such as delay times, in order 
to evaluate student performance and demonstrated ability to move air 
traffic "safely and expeditiously." The process of student performance 
measurement is illustrated in Figure 11. 

Table 7 presents a list of the computer-derived measures employed 
in the valuation of student performance on problems. Studies performed 
by CAMI (Boone, 1980) indicate that the computer-derived measures show 
promise for application in the assessment of student performance, but 
at present software limitations and a need for further research preclude 
their use. 

The curriculum design and assessment process for radar follows closely 
the design and process in the nonradar training phase. There are blocks 
of·academic instruction, with block tests and a comprehensive phase test 
weighted 2% and 8% respectively, in the composite score, a laboratory 
phase weighted 65% in the composite, and a CST, weighted 25%, which is 
the same process as in nonradar. Laboratory problems are scored oyer-the
shoulder by an instructor on the same forms described in nonradar training. 
The basic difference between the radar and nonradar laboratory involves the 
radar screen, where students visually see the aircraft and associated ATC 
information related to each aircraft. The separation standards in the radar 
phase allow aircraft to fly closer together, and this increases the number 
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Table 7 

Computer-Derived Measures and Their Corresponding 
Reference Numbers Employed in the NAFEC Study 

1. Conflicts (S-mile separation) 
2, Conflicts (3-mile separation) 
3. No. Start Point Delays 
4. Start Point Delay Time 
5. No. Turn and Hold Delays (turns longer than 100 seconds) 
6. Turn and Hold Delay Time 
7. Aircraft Time-in-System 
8. No. Aircraft Handled 
9. No. Completed Flights (transfers to 130,5 must be from ghost position) 
10. No. EnRoute Departures (Code 2) 
11. No. Terminal Arrivals (Code 3) 
12. No. Terminal Departures (Code 4) 
13. No. Air-to-Ground Contracts (subject only) 
14. Air-to-Ground Communications Time 
15. No. Altitude Changes (pilot keyboard messages) 
16. No. Heading Changes (pilot keyboard messages) 
17. No, Speed Changes {pilot keyboard messages) 
18. No. of Handoffs From Feeder Position to Subject 
19. Handoff Delay Time 
20. No. Beacon Re-Idents 
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of. aircraft that the student controls in the radar setting. The radar 
program is now undergoing validation studies and is not yet in a pass
fail mode; as a result, quantitative information is not available for this 
program.· However, early indications show a·failure rate of approximately 
10% in radar training. When the program moves to a pass-fail basis, a 
further reduction is expected in post Academy field training attrition. 

THE PATCO STRIKE; EFFECTS ON THE SYSTEM; SYSTEM RECOVERY 

In August 1981, an unprecedented strike of government employees was 
staged by members of the Professional Air Traffic Controller Organization 
(PATCO). Approximately 12,000 of the 18,000 ATCS workforce participated 
in the strike.· Emphasizing the illegality of the strike, President 
Ronald Reagan first ordered the strikers to return to work within 48 hours 
and subsequently ordered the discharge of those who did'not return. At 
the end of August 1981, the ATCS workforce consisted of approximately 
6,000 controllers. Within a few weeks a recovery effort was in progress 
to rebuild the system. 

While no changes occurred at the Academy in the curriculum of the 
pass-fail program, changes in the planned and actual Academy operations 
were necessary. First, the RTF· screening program which was scheduled 
to occur immediately following the nonradar phase, was moved to phase X 
about 1.5 to 2 years into field training, and just prior to.radar training 
in the field. Successful completion of the RTF is required for advancement 
to radar ATC. Secondly,,the FAA considered the Academy a major pivot point 
in rebuilding the ATC system. The Academy had previously trained and screened 
approximately 1,800 candidates per year. The recovery program required that 
number to be increased to approximately 6,000 per year for 2 years, September 
1981 through December 1983, while maintaining the same quality product, in 
order to keep field attrition at a minimum. Recently retired ATCSs and 
those medically disqualified to operate live air traffic were recruited, 
screened, and hir~d on contract by the University of Oklahoma to perform 
as Academy instructors, and a 3-shift operation began in October 1981. On 
4-week cycles, 288 candidates in EnRoute, and on 5-week cycles, 216 candi
dates in Terminal began training. As of January 1982, four EnRoute inputs 
and one Terminal input have entered the Academy. Two of the EnRoute inputs 
have completed training. At present the Academy recovery effort appears 
successful; however the next two years most certainly will be challenging 
years for the FAA Academy. 

SUMMARY 

The history of centralized ATCS training reveals au evolutionary 
process of development leading to the present Academy program. Centralized 
training at the Academy has been a cyclic process reverting back and forth 
from centralization of training at the Academy to decentralized training at 
field facilities. The same process is true with regard to pass-fail at the 
Academy. Lack of standardization in field training at field facilities and 
costly high attrition rates too far into training seem to have pressed the 
pendulum toward centralized pass-fail training. However, lack of evidence 
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concerning program reliability and validity have on occasion led to various 
attacks within and outside the agency, and these have tended to push the 
pendulum back toward decentralized field training, with pass-fail more 
firmly based on long term on-the-job training. The present program, which 
has been operative since 1976, has a strong data support system. This has 
enabled defense of,the program, and it has survived and functioned success
fully up to the preaeht. It is expected that the addition of the sophisti
cated Radar Training Facility described earlier will enhance future Academy 
success. The FAA continues to evaluate new methods to improve the effective
ness and efficiency of its Academy program in areas such as computer-based 
instruction. The recovery from large ATCS losses, due to the August 1981 
strike, should prove to be the most strenuous challenge and test of Academy 
ATCS training and screening, 

NOTE 

The history of the air traffic controller Academy was obtained primarily 
from interviews with Benjamin Demps, Edwin Harris, Morris Friloux, Fred 
Fairweather, and Charles Hough whose combined experience as students, 
instructors, and administrators of the Academy span almost 30 years. 
The data presented on the Academy program from 1976-80 were collected 
and stored on computers by Drs. Mary Lewis, now with PPG Industries, James 
Boone, and Allan VanDeventer. The latter two summarized the data into the 
figures and tables presented in this report. 
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LABORATORY WORKSHEET DATE !£_/t/22. 

c~hn 
r 1 

STUDENT NAME Dae. PROBLEM NUMBER /,'[ -l SECTOR POSITION nz 
6J 

TOTALS 
SEPARATION 1 3 4 5 6 7 8 9 10 11 12 13 14 15 2 
PROCEDURES & 1 2 3 G) 5 6 7 8 9 10 11 12 13 14 15 '1. 
COORDINATION 

OTHERS 1 

2 --=--~--=---~---~---~---=---=~---==---=~---==---=~---==-_______ jt __ 

AC Form 3120-87 (12-76) 

Appendix 1. Laboratory worksheet. 
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9 8.5 (!) 7.5 
6 7 
7 6.5 

8 9 10 11 12 13 
6 5.5 5 4.5 4 3.5 

OTHER 
10% 

~ My performance on this 
problem has been reviewed 
with me by the instructor. 

____/'. Questions I have asked 
[!] O . regarding my performance 
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Chapter 10 

ASSESSMENT OF FLIGHT SERVICE STATION STUDENT PERFORMANCE 

Evan w. Pickrel 

OVERVIEW 

A new Flight Service Station (FSS) pass-fail training program was 
implemented in 1978. It was designed to provide previously screened can
didates with a training and evaluation curriculum to ensure that the great 
majority of them would achieve readiness for journeyman assignments, and 
at the same time, to eliminate the few whose performance in training indi
cates a high probability of failure on the job. This training program in
volves approximately 4 months at the FAA Academy, after which the student 
is assigned to a field facility to receive approximately 6 months of de
velopmental training, and finally checkout as a Full Performance Level 
(FPL) specialist. This 10-month program is rapid, compared to the training 
for the Terminal and EnRoute options which may extend ·for 2 to 5 years before 
a student reaches the FPL level. (A discussion of early developments in 
air traffic controller specialist training appears in Chapter 9). 

Training in each of the ATC options is keyed to an improved screening 
system that extends beyond initial selection testing and incorporates 
measures of the candidate's performance during training. In the FSS 
training program, pass-fail evaluation depends on evaluation in Phases II 
and III of the training program. When a student completes a phase in a 
satisfactory manner, he or she is advanced to the next phase. The calculus 
of pass-fail does not include Phase I, which involves 2 weeks of indoctrina
tion on agencies, regions, and facilities, at a field facility. FSS Phase 
I is comparable to Phase I of the Terminal and EnRoute programs. 

Phase II consists of 4 weeks of classroom training at the FAA Academy, 
and is almost identical to Phase II for the Terminal and EnRoute programs, 
but with more emphasis on weather, flight assistance service, and navigational 
aids. Training in this phase usually results in the. achievement of high per
formance levels, and failures seldom occur. This is the initial ATC Academy 
pass-fail point; scores earned in Phase II are used to determine advancement 
to Phase III, but are not included in the composite for Phase III. 

Phase Ill involves approximately 11 weeks of laboratory training and 
evaluation at the FAA Academy on the following duties: Preflight and In
flight Operations, emergency services to Aircraft, Weather Observer, Broad
cast, Teletype, and Flight Data. The first three involve functions which, 
if not fulfilled, could have potentially catastrophic results and impact 
the safety of the air traffic system. These are also the more complex opera
tional activities, requiring some performance of most of the duties of the 
other positions, and thus are at the top of the FSS position hierarchy. Final 
School Grade (FSG) at the FAA Academy is derived from a weighted composite of 
grades in Phases II and III, and is a determiner of career·progression to 
Phase IV. 
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Phase IV, Position Qualification and Facility Certification, occurs 
in the field and may require up to 26.weeks. The purpose is to provide 
facility oriented operational training, leading to Position Qualification 
and Facility Rating on operational functions and knowledges which are 
unique to the individual Flight Service Stations. 

Some proposed changes in Phase III have been under review. These 
were occasioned by the FAA program to automate the Flight Service Stations 
in the near future, and are expected to require some adjustments in the 
training program. Changes will be based on experience in the existing 
pass-fail program, together with information about the Flight Service 
Automated Station (FSAS) equipment and experience with present automated 
systems. The major changes proposed are elimination of the Broadcast, 
Flight Data, and Teletype blocks of instruction. A new block,. called 
Systems Data Coordinator, is proposed for supportive skills required to 
operate within an FSAS environment. Broadcast requirements are to be 
incorporated in the Inflight snd Pilot Briefing blocks. The effects of 
these changes on the current pass-fail procedure will be evaluated as the 
changes are implemented. 

EVALUATION 

The student evaluation procedure is designed to be both an integral 
part of training and a component of the in-depth ~creening process. This 
requires the utilization of measurement instruments that are representa
tive of the job areas found in Flight Service Stations and the inclusion 
of a sufficient number of measures to permit reliable pass-fail assessment. 
Further, it must assess both job knowledge and readiness for job performance. 
Thus, it must include measures of academic classroom achievement and ability 
to perform job-like tasks in a laboratory environment. ·Table 1 shows the 
numbers and types of activities and measurement instruments available for 
student pass-fail evaluation, by phase of training. Block tests are 
utilized in Phase 2, and achievement tests, graded laboratory problems, 
and skills tests, in Phase 3. 

The evaluation procedure places primary emphasis (80%) on laboratory 
problem performance and on assessment of the primary FSS skills of pilot 
preflight briefing and inflight and emergency services by means of skills 
tests. These skills are most crucial to the FSS mission and scores on the 
tests have shown considerable differences between performance levels of 
FSS controllers and developmental students. The secondary skills of Weather 
Observer, Teletype, Broadcast, and Flight Data receive a combined weight of 
15% and are measured in laboratory exercises. They are supportive of the 
primary skills, but have shown less discrimination between FSS controllers 
and developmental students. The academic component of seven block tests 
{Phase II) receives a combined weight of 5%. Although scores on the Block 
tests have tended to be high and have not shown predictive discrimination 
among developmental students, these tests have been included in the weighted 
score to encourage the developmental students to perform seriously on them. 

Phase II 

Table 2 shows the means and standard deviations of the Phase II Block 
tests (expert-prepared multiple choice tests) for a sample of the first 118 
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Activity 

Broadcast 

Teletype 

Weather Observer 

Flight Data 

Preflight 

Inflight 

Emergency Services 

_Table 1 

Measurements available 
for 

Pass-fail evaluation 

Phase II Phase III 
Block Tests Achievement Graded Laboratory FSS 

1 

1* 

1 

1* 

1 

1 

___jl~sts Problems Skills Tests 

3 

4 

2 

4 

4 

4 

1 

1 

*Certification examination by the National Weather Service 
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Table 2 

Means and standard deviations of a sample of FSS students 
on Block Tests (Phase II) at the FAA Academy. 
N = 118 (Classes 78-01 to 9006). 

Standard 
Mean Deviation 

Weather Observer 90.87 5.25 

Teletype 85.61 8.33 

Broadcast 90.10 5.50 

Flight Data 86.52 7.27 

Preflight 88.37 7.10 

Inflight 84.70 6.92 

Emergency Services 86,25 7.48 
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students in the new program. The mean scores on the Block tests were at 
the mid-eighty percentage levels and higher and this indicates that the 
training objectives for Phase II were be~ng achieved. Attrition from 
this phase has generally been rare and for reasons other than proficiency. 

Phase III 

Phase III, laboratory training, involves an attempt to simulate the 
operational environment. It provides the opportunity for each student to 
practice what has been learned in the classroom, and is the best available 
phase of ATC Academy training for measurement of the ability to perform 
the duties ~f the various FSS operations positions. Ability to perform 
those duties is assessed during the accomplishment of laboratory problems 
and also by use of FSS skills tests • 

• 
Laboratory problems: Four graded laboratory problems are prescribed 

for each of the primary Preflight, Inflight, and Emergency Services acti
vities, as well as four for Weather Observer, and two for Flight Data. 
A different instructor scores the student on each problem and without 
awareness of other instructors' ratings of the students in other laboratories 
or in earlier performance. This procedure involving multi.ple raters; each 
one grading each student independently, adds objectivity to the grading 
process. It also provides an excellent defense in cases in which students 
may proteBt failing grades with complaints of bias or unfairness related 
to race, religion, or sex. 

Problem scores are derived by over-the-shoulder observation, using 
checklists developed by task analysis of operational work performance. 
The observer indicates whether each step. has been successfully achieved, 
The checking of behavioral task elements on these checklists tends to 
minimize subjectivity in the assessment process. Sample copies of the 
forms used in the Inflight position over-the-shoulder evaluations and the 
evaluation record and worksheets are presented in the Appendix. Instructor 
evaluations have also been used as part of the process of determining student 
aggregate scores in the Terminal and EnRonte courses, adding a new element 
and increasing the stability of pass-fail assessment on each problem. In
corporation of the instructor's numerical assessment of each student's per
formance on a problem and predicted potential p~rformance on future problems, 
were also added to the checklists used in the FSS Training Program. 

Skills tests. (See also Chapter 12.) Skills tests were developed to 
help support evaluations in the laboratory for the critical areas of Pre
flight, Inflight, and Emergency Services. These tests are scored by objective 
keys, which serve to minimize the impact of instru~tor bias. These new tests 
have been administered to samples of developmental students and journeymen at 
operational Flight Service Station facilities and of FSS students at the ATC 
Academy, for validation, relation to on-the-job performance, and for standardi
zation purposes. Since norms have been developed to describe performance 
of these groups, a new student's scores on the skills tests can be compared 
to those of FSS field personnel as well as to those of other FSS students at 
the Academy. Thus Pass-Fafl evaluations are based on standards derived from 
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the analysis of actual job performance data. Unacceptable student per
formances, resulting in failing scores, are determined by reference to 
the normative data. 

The Preflight Briefing Skills Test presents in written form the 
kind of dialogue th~t takes place when a pilot communicates by radio 
or telephone for a briefing. For the Weather Skills Test, the student 
is supplied with weather data sheets from which to supply this kind of 
information, and must complete multiple choice questions regarding the 
appropriate responses to the pilot's questions. The Inflight Skills 
Test presents in written form the kind of dialogue that takes place be
tween those working this position and pilots who are airborne. The 
student is provided weather data, a flight service area map, and an 
action list of 19 possible actions from which to select responses for 
the questions. As multiple actions should be taken in most situati~ns, 
the student may erroneously omit some actions that should be identified 
and include actions that would be inappropriate or wrong. These omis
sion and commission errors seem to be quite independent negative scores 
or forms of error measurement. The data suggest that a combination of 
the two scores (omits + wrongs) is an eminently useful score for the 
Inflight Skills Test. The Emergency Services Skills Test was first a 
Very High Frequency Omnidirectional Range System (VOR) orientation prob
lem, utilizing a branching technique to present the student with optional 
paths to follow in locating a lost aircraft. If the student makes a poor 
decision, opportunities are provided in the form of Minor Error paths, 
for a return to the better '~ajor Decision" path. Phraseology questions 
also were provided in the test. The Phraseology and Major Decisions 
subscores seemed to be parallel measures of the same skill. A combina
tion of these provides a reliable single measure. The Minor Error path 
has much logical appeal to specialists in air traffic control and is 
needed to maintain the simulation. A total score which combined these 
sub-scores, was recommended for use in determining Pass-Fail for the 
Emergency Services Skills Test. This test was later expanded into a 
combination of VOR Orientation, Automatic Direction Finding, (ADF), 
(Manual) Direction Finding (DF), and Time and Distance problems. 

Information concerning the suitability and operational usefulness 
of the FSS skills tests was obtained empirically by administering them 
to one sample of 253 practicing Air Traffic Controllers at field opera
tional facilities, who ranged in grade from GS-5 to GS-12 and over (the 
majority, 169, at GS-11) and in experience from less than 1 year to well 
over 3 years, and also to a sample of 273 ATC FSS students in 1977-1978. 
The two samples were fairly similar in demographic and background char
acteristics, ·as shown in Table 3. 

Detailed data on the relationships between the scores of both groups 
and other relevant variables were reported by Pickrel (1979). For the 
field controllers, improvement was found in mean test performance scores, 
related to: increased experience on the job (e,g., between those with 
less than 2 years experience and those with over 2 years experience), 
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Table 3 

Comparison of the ATC Academy Sample (N = 273) and the Field FSS 
Sample (N = 253) on sex, education, and pilot qualification. 

Sex 

Male 
Female 
No response 

Education 

MA degree 
BA degree 
Co 11 ege 3-4 yrs 

2 yrs 
1 yr 

HS diploma 
No HS diploma 

Pilot Certificate 

Instrument 
Colllllerci a 1 
Private 
Student 
None 
No response 

Percentages 
ATC Sample Field FSS Sample 
N = 273 N = 253 

79 

20 
1 

3 

25 
11 
23 
16 

22 
<1 

12 

13 

11 
5 

59 

195. 

87 
11 
2 

1 

16 

19 

19 

18 

27 
1 

7 

18 

11 
6 

57 
1 



advancement in GS grade level (peaking at GS-11), the holding of commer
cial or instructor pilot certificates, compared to lesser or no pilot 
experience, training in EnRoute Flight Advisory Service (EFAS), compared 
with those without that additional training, FAA Academy training (al
though those who completed Academy training over a year previously ex
ceeded those "old-timers" who never attended the Academy; the "old tim
ers" did exceed those who completed the Academy during the past year), 
and assignment to a facility having a full-time Evaluation Professional 
Development Specialist (EPDS), compared to assignment to a facility with
out such a specialist. No differences were found related to sex. 

For the student sample, the FSS skills tests correlated well with 
scores on the Fundamentals of Air Traffic Control, a multiple choice 
general information test (.37 to .41), with average laboratory grade 
(.32 to .38), and with each other (.27 to .42). 

The performance of students in the new training program initiated 
in 1978, on the skills tests, was compared with that of students who 
studied in the old program. The improved performance in the new program 
has been noteworthy. For example, the average number of errors on the 
Inflight Skills Test was lower than in the old program by 17 and total 
scores on the Emergency Services Skills Test averaged 10 points higher. 
Cutoff scores were set for each skills test, based on data on 118 stu
dents in classes 78-01 to 9006 (the initial classes in the new program). 
As shown in Table 4 (upper part), these eliminated 10.2% (Preflight), 
6.8% (Inflight), and 5.9% (Emergency ·services), respectively, of the 
students in this sample. To facilitate the calculation of phase grades, 
the raw scores were converted to a scale of 0-100 and the cutoff on each 
scale was set at a converted score of 70. 

PERFORMANCE STANDARDS 

Scores of operational personnel and of former students were used 
to establish performance standards to be required for new students to 
become eligible for acceptance into the operational facility work force 
(See Pickrel, 1979). These reflected the general view that the capabil
ities of a total work force will gradually improve if an entrance eligi
bility requirement is adopted for new personnel which sets their minimum 
acceptable test performance at a level that exceeds the performance level 
of the lowest 5% of a current work force, and this principle was embodied 
in the empirical procedures followed. 

The new standards were adopted as pass-fail criteria in FAA Academy 
FSS training and were based on detailed analysis of data obtained on 253 
active FSS air traftic control specialists at field operational facili
ties, and 473 students from the last eight classes (78-1 through 78-8) 
in the "old" training program and the first eight classes (78-01 through 
9006) in the "new" training program that was adopted in 1978. In order 
to complete ATC Academy training, students are now required to meet this 
standard as evidence of their readiness for an operational assignment. 
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Skills Test 

Preflight 

. Inflight 

Emergency 
Services 

Laboratory 

Preflight 

Inflight 

Emergency 
Services 

Table 4 

Cutoff scores for skills test and laboratory grades 
for ATC Academy students from classes 78-01, 78-02, 
and 9001 to 9006 (N ~ 118) 

Type of Scores Cutoff Students Below Cutoff 

Rights 

Negative: 
Wrongs plus 
omissions 

Rights 

Average 

Average 

Average 

Less than 11 

Greater than 
32 

Less than 15 

Less than 70 

Less than 72 

Less than 76 

197. 

Number 

12 

8 

7 

8 

6 

7 

Percent 

10.2 

6.8 

5.9 

6.8 

5.1 

5.8 



The performance of 118 students in the first eight classes 78-01 through 
9006, in the new training program were the statistical base for deriva
tion of pass-fail cutoffs. 

LABORATORY GRADES 

With the development of improved laboratory procedures for the ~e~ 
FSS training program, in 1978, the number of graded problems was increased, 
instructor evaluations were incorporated into the grading process, and 
stricter, more objective quantitative grading procedures were introduced 
to provide an improved scoring base for the identification of weak stu
dents. Cutoff scores for the new training program, below which approxi
mately 5% of the students scored, are given in the lower part of Table 4. 
The cutoffs for passing Preflight, Inflight, and Emergency Services are 
laboratory problem score averages (4 problems) of 70, 72, and 76, respec
tively, which would fail 6.8%, 5.1%, and 5.8% of the students in these 
classes. 

FINAL GRADES 

The final grade is derived from a weighted composite of all phase 
grades, and is based on academic block tests, secondary position graded 
laboratory problems, primary position graded laboratory problems, and 
primary position skill tests. The sum of these scores, a weighted com
posite, in then converted to a phase grade. The weighted composites are 
calculated according to the following linear combination: 

5.0% Academic Average (average of all block tests) 

15.0%. Graded Laboratory problem averages for Weather Observer, 
Teletype, Broadcast, and Flight Data 

15.0% Preflight Laboratory Average (4 graded problems) 

15.0% Preflight Skills Test Converted Score (Table 5) 

12.5% Inflight Labiltatory Average (4 graded problems) 

12 .• 5% Inflight Skills Test Converted Score (Table 5) 

12.5% Emergency Services Laboratory Average (4 problems) 

12.5% Emergency Services Skills Test Converted Score (Table 5) 

Each of the foregoing measures is based on a grading metric from 0 to 100. 

In order to provide normative data for future classes, all weighted 
composite scores were computed for classes 78-01 to 9006 according to 
this linear combination. These were standardized using the mean (82.84) 
and standard deviation (4.54) of the weighted composite scores. Then 
they were re-scaled to convert weighted composite scores to final Phase 
Grade. 
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FAILURE CRITERIA 

A student can fail Phase 3 in two ways, by Position Failure or Phase 
Grade Failure. A Position Failure occures when a student fails both the 
skills test and the laboratory problems in one of the primary positions -
Preflight, Inflight, or Emergency Services; any of these is a basis for 
failure of Phase III. The Phase Grade entry for that student is the word 
FAIL, with no numerical score. A Phase Grade Failure occures when a stu
dent achieves a final Phase Grade below 70; in that case, he or she fails 
the course. The final Phase Grade is derived from a weighted composite 
of all phase grades. 

SUMMARY OF DATA, ALL VARIABLES 

Table 5 presents means and standard deviations (at the right) and in
tercorrelations of scores on the block tests, graded laboratory problems, 
and the FSS skills tests for the student population in the new training 
program. Scores on the graded laboratory problems for the several posi
tions correlated well with each other, and were generally higher than the 
laboratory problems in the old training program. The measures of student 
performance in the training program correlated well with the final Phase 
Grade. This Phase Grade is the best available measure for determination 
of pass-fail. The classroom block test, laboratory, and skills test 
scores, by position, correlated fairly well with each other and this sup
ports their use as a composite; however, the final Phase Grade is consid
ered to be a superior measure. 

The Multiplex Controller Aptitude Test, MCAT, a new measure for use 
in initial screening of applicants, correlated .49 with the Final Grade. 
This test was designed to measure aptitude for the type of work being 
taught in the new training course, and a correlation of this magnitude is 
a mutually supportive indicator. The final Phase Grade has demonstrated 
a desirably high relation to student aptitude for this work. Members of 
the Academy instructional staff who counsel stumbling students during 
training are allowed access to MCAT scores to judge whether the source 
of difficulty lies in lack of aptitude for the work. Office of Aviation 
Medicine and FSS Academy personnel have continued research and development 

, work to refink and strengthen the performance standards. 
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N 
0 
0 

Block 
Tests 

Laboratory 
Grades 

Skills 
Tests 

Final Grade 

1'arial>lo 

Veather Obaer 1 

Teletype 2 

Broadcast 3 
nl.;;ht Data 4 

Prenis~>t 5 
In!ll&ht 6 

El:>ergenc7 Serr 1 
~e=ic .&Te 8 

Yeather Ob Lab ' 

~letypo Lab 10 

~ca.ot Lab 11 

n1&ht Data Lab12 

Laborator,r ATe 13 
Preni&ht Lab 14 

Inni&ht Lab 15 

IIIDer Serr Lab 16 

Prefii&ht Teet 17 

O:::iaaicma 18 

\lrcngs 19 

IJ)!ll.;;ht Teet 20 

Qoer Serr Test 21 

!CAT 22 

orr 23 

Total (!C.l'l'-Orl' )24 

25 

TABLa 5 
Dm!ltCOitREI-'TIONS OF PRASE IU TEstS, 11!11 TIAINIIIG PIIOGRAII 

CIJISSES 78-ol to 9006 

2 ' 4 -~ 6 7 8 9 10 11 12 n 14 1~ 16 17 18 19 20 21 

45 35 20 51 30 36 69 56 17 26 25 39 24 25 . 31 14 -14 -30 -29 1C 

31 24 29 17 28 64 43 39 21 43 53 23 38 29 12 -11 -32 -27 o:l 

19 39 25 24 58 28 16 40 16 29 28 15 28 14 ...03 _;~3 -10 ...()! 

25 20 19 ~2 23 18 36 41 38 18 17 " 24 -15 -o6 -15 ~ 

44 52 11 54 ...01 31 24 20 30 28 35 35 -25 -17 -30 11 

24 58 27 05 22 16 18 19 24 25 05 -25 00 -20 1• 

66 32 -11 21 25 17 21 " 42 31 -12 .;q, -14 25 

59 19 43 42 51 37 42 50 31 -24 -24 _, 1• 

27 31 40 64 27 31 39 27 -36 -29 -46 1i 
22 42 11 21 15 04 ~3 ...02 -11 ..OS -1: 

38 ~ 43 39 35 19 -25 -14 -28 01 

~293329 15 -16 -10 -19 ...()! 

40 39 " 19 -22 -23 -32 -o• 
52 " 23 00 -05 ...03 11 

46 31 01 -18 -10 0! 
35 -19 -27 -32 11 

-26 -10 -27 01 

01 81 ...()7 

60 o:l 

~ 

22 2~ 21 2~ • l!eU1 SD 

25 18 25 37 118 90.87 5.25 

22 12 28 41 118 85.61 8,33 

03 19 13 23 118 90.10 5.50 

13 24 21 32 118 86.52 7.27 

37 28 40 50 118 88.37 7.10 

21 36 34 30 118 84.70 6.92 

39 25 38 46 118 86.25 7.48 

38 38 45 60 118 87.48 4.35 

41 26 40 58 118 83.75 8.12 

11 15 16 21 118 83.44 14.01 

41 19 31 47 118 82.96 6.22 

31 31 45 46 118 76.82 11.92 

41 34 45 55 118 81.79 7.20 

29 -o2 17 58 118 80.12 6.66 

3008 21 62 118 84.36 6.12 

52 17 40 65 118 87.69 6.30 

23 08 19 59 118 14.64 3.01 
-22 -22 -27 -35 117 14.43 5.07 
-18 -16 -20 -25 117 6.67 3.72 

-29 -27 -34 -43 117 21,10 6.31 

13 ...()7 04 54 118 31.86 9.28 

39 84 49 92 ~-75 13.54 
82 16 92 45.64 12.55 

40 92 122.39 21.82 

18 82.32 4. 76 



u,lt;Hl. SERVICE STATION EVALUATION FORM INFLIGHT 
OJ"! 

_PROGRESS 
_ QUALIFICATION HOURS TRAINING TO DATE'-------------
- 0\'F.R TilE SHOULDER 

_ REQUALIFICATION FOR lllE PERIOD OF --------------

S·SATISFACTORY U·UNSATISFACTORY N·NOT OBSERVED 

EVALUATION FACTOR EXPECTED PERFORMANCE PERFORMANCE INDICATOR OBSERVED 
PERFORMANCE 

1. ·PRIORITY-~;-~~;-;--" -··~~~;;;-;-~R~ORITY ;;r;:--PERF~m ALL POSITIO 

2. POSITION RELIEF 
BRIEFING CHECKLIST 

--,. MONITORING FUNCTIONS 

DUTIES FUNCTIONS IN ACCORD
ANCE WITH LOCALLY 
PUBLISHED PRIORITY 
OF DUTIES. 

PERFORMS POSITION 
CHECKLIST 

ENSURES OPERATING 
STATUS OF NAVAIDS AND 
COMMUNICATION EQUIP'
MENT. 

1. PERFORMED REQUIRED 
NAVAID DIAL FUNCTIONS

1 
___ _ 

2. PERFORMED REQUIRED 
AI~ORT LIGHTING 
CHECKS. 

3. COMPARED CONSOLE 
INSTRUMENTS AS 
REQUIRED. 

4. MADE TIME CHECK IN 
ACCORDANCE WITH 
PRESCRIBED LOCAL 
PROCEDURES. 

1 5. RESET CLOCKS WHEN 
REQUIRED. 

6. OBTAINED RELIEF 
BRIEFING. 

1. PROMPTLY RESPONDED 
TO AURAL/VISUAL 
ALARMS. 

2. PERFO!UIED REQUIRED 
DIALING FUNCTIONS TO 
RESTORE NAVAID 
OUTAGES. 

3. NOTIFIED MAINTENANCE 
OF EQUIPMENT MAL
FUNCTIONS IN ACCORD
ANCE WITH PRESCRIBED 
LOCAL PROCEDURES. 

- 4. OPERATE CO~l!>n.TNICATION 1. 
AND OTHER POSITION 
ASSOCIATED EQUIPMENT 

OPERATE POSITION 
EQUIP~IE"-"T .USING 
PRESCRIBED PROCE
DURES 

1. USED TRANS!aTTERS/ 
RCVRs SELECTIVELY. 

2. USED STANDBY TRANS
MITTERS/RECEIVERS IN 
ACCORDANCE WITH 
PRESCRIBED PROCEDURE 

201. 

3. USED LA.>;DLINE CO~~ru-1-----
NICATIOI"S EQUIPHENT , 
IN ACCORDANCE 1·7ITH j 
PRESCRIBED PROCEDURE, 

I 
! 



Jl.IGHT SERVICE STATION EVALUATION FORM INFLIGHT 
OJT 

__ PROGRESS 
_ QUALIFICATION HOURS TRAINING TO DATE. ____________ -------
- 0\'F:R TilE SP.OULDER 
__ REQUALIFICATION FOR THE PERIOD OF ----------- --·-

S-SATISFACTORY U-UNSATISFACTORY N-NOT OBSE~"ED 

EVALUATION FACTOR EXPECTED PERFORMANCE PERFORMANCE INDICA~OR OBSERVED 
PERFORMANCE - ··- -... ··--- - .. _ .. ·~·-.-..... , __________ 

. ~-· -- .. -... ~- ..... -..... 

4. USED PROPER MICRO-
PHONE TECHNIQUE 
(VOICE LEVEL, MIKE 
POSITION, HEADSET 
OPERATION) 

5. ACTIVATED/DEACTIVATED 
AIRPORT LIGHTING 
CONTROLS AS PRESCRIBE . 

2. OPERATE DIRECTION 1. CHECKED BEARING 
FINDING EQUIPMENT ACCURACY TO TARGET 
USING PRESCRIBED TRANSMITTER. 
PROCEDURES. 2. TURNED OFF TARGET 

TRANSMITTER AFTER 
BEARING CHECK 
COMPLETED. 

3. CHECKED STROBE LINE 
BEARING SIMULATION 
SWITCHES. 

4. RETURNED INNER SWITCH 
TO OPR POSITION AFTER 
ALIGNMENT CHECK 
COMPLETED. 

5. USED INTERROGATION 
SWITCH TO STABILIZE 
BEARING FLUCTUATIONS 
OF THE STROBE LINE. 

6. SET DIRECTION FINDER 
GAIN TO HIGH POSITION 
TO LENGTHEN A SHORT 
STROBE LINE RESULTING 
FROM A WEAK SIGNAL. 

7. MAINTAINED THE DIREC-
TION FINDER GAIN IN 
NORMAL POSITION AT 
ALL OTHER TIMES. 

8. USED ALIDADE AS A 
BEARING REFERENCE. 

9. MAINTAINED QDM/QDR 
S\1ITCH IN QDM POSI-
TION WHEN OBTAINING 
HOMING INFORMATION. 

I 
10. USED SQUELCH CONTROL 

• AS PRESCRIBED • I 

Ill. NOTIFIED MAINTENANCE 
OF MALFUNCTION IN 

I ACCORDANCE Wn ii FRE-
I SCRIBED LOCAL PROCE-
• DURES • 
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5. 

6. 

7. 

8. 

OJ'f 
__ PROGRESS 
__ QUALIFICATION HOURS TR.UNING TO DATE'--------------
-- 0\'f.R 'Ill!: SP.OULDER 
__ REQUALlFICATION FOR 'Il!E PERIOD OF --------------

S-SAl'lSFACTORY U-UNSATISFACTORY N-NOT OBSERVED 

EVALUATION FACTOR EXPECTED PERFORMANCE PERFORMANCE INDICATOR OBSEllVED 
PERFORMANCE ... _ ..... ..__ --··· ... ---·--·----·-· -··--------··-~-- ... -- -·- -CONTINUALLY ANALYZE MONITOR Ah~ UPDATE ALL 

tffiTEOROLOGlCAL AND WEATHER AND AERONAUT!-
AERONAUTICAL lNFORMA- CAL DATA AS AVAILABLE 
TION 

PIREP SERVICE SOLICIT, INTERPRET AND 
DISSEMINATE PlREPs AS 
PRESCRIBED. 

DETERMINED AIRCRAFT INITIATES REQUIRED 
OVERDUE ACTION ON OVERDUE 

AIRCRAFT 

SERVICES TO EN ROUTE CORRECTLY PROVIDES 
AIRCRAFT SERVICES TO EN ROUTE 

AIRCRAFT IN ACCORDANCE 
WITH PRESCRIBED PRO-
CEDURES 

. 

203. 

1. KEPT WEA'Il!ER AND 
AIRMEN INFORMATION 
CURRENT. 

1. SOLICITED PlREPs 
WHEN CRITERIA EXISTS. 

2. DISSEMINATED PlREPs 
AS PRESCRIBED. 

3. PREPARED PlREPs IN 
PROPER FORMAT. 

1. INDICATED RECOGNITION 
OF OVERDUE AIRCRAFT. 

2. ATTEMPTED RADIO CON-
TACT AS PRESCRIBED. 

3. INITIATED LOCAL 
COMHUNICATIONS SEARCH 

4. INITIATED QALQ IN A 
ACCORDANCE WITH PRE-
SCRIBED LOCAL PROCE-
DURES. 

1. PROHPTLY RESPONDED TO 
AIRCRAFT CALLS. 

2. PROVIDED ALL REQUIRED 
DATA. 

3. USED PRESCRIBED 
PHRASEOLOGY 

4. RECORDED ALL AIRCRAFT 
CONTACTS AS PRESCRIBE 

5. USED PRESCRIBED 
STRlPtUUU{ING SYHBOLS/ 
CHARACTERS. 

6. PROVIDED HAZARDOUS 
AREA REPORTING SERVIC 
AS PRESCRIBED. 

7. PRO\'IDED ADVISORIES/ 
PILOT BRIEFI~GS AS 
PRESCRIBED. 

8. PROVIDED VFR CRUISING 
LEVEL ADVISORIES AS 
PRESCRIBED • - -, 9. RELA'iED AIR T,.__\,FIC • 
CONTROL CLEA.i\i,:;c t.S, 
ADVISORIES Mm 
REQI:ESTS VERSATI~!. 



9. 

ll.IGHT SERVICE STATION EVAWATION FORM INFI.::GHT 
OJT 

_PROGRESS 
__ QUALIFICATION HOURS TRAINING TO DATE'-----------
-- 0\'F.R TiiE SP.OULDER 
_ REQUALIFICATION FOR TiiE PERIOD OF ----------

S·SATISFACTORY U·UNSATISFACTORY N·NO'I OB'>ERVED 

EVALUATION FACTOR EXPECTED PERFORMANCE PERFORMANCE INDICATOR OBSERVED 
PERFORMANCE . 

10. FORWARDED IFR DE~AR-

c TURE, PROGRESS, AND 
ARRIVAL REPORTS AS 
PRESCRIBED. 

11. PROCESSED VFR MOVE-
MENT AND CANCELLATION ,. 
DATA AS PRESCRIBED. 

12. REQUESTED REQUIRED 
BACKGROUND INFORMATIO 
AS PRESCRIBED. 

13. ISSUED ALTIMETER 
SETTINGS AS PRESCRIBD 

14. PROVIDED FLIGHT PLAN 
SERVICES AS PRESCRIBD . 

15. TRANSFER 
RADIO CALLS AS 
PRESCRIBED. 

AIRPORT ADVISORY PROVIDE COMPLETE AIR- 1. PROVIDED AS PRESCRIBEl ; 
SERVICE PORT ADVISORY SERVICE Wlt,'D DIRECTION/ 

AS PRESCRIBED. VELOCITY. 
2. FAVORED/DESIGNATED 

RUNWAY. 
3. ALTIMETER SETTING. 
4. WEATHER. 
5. OBSERVED/REPORTED 

TRAFFIC. 
6. CAL7IONARY INFORMATIO 
7. DENSITY ALTITUDE 

8. 
ADVI~Y. 
NOTAM NFORMATION. 

9. AIRPORT BRAKING 
ACTION. 

10. ISSUED UPON REQUEST; 
TAXI ROUTES AND 
TRAFFIC PATTERNS. 

11. INSTRUMENT APPROACH 
PROGRESS INFOFJIATION. 

12. TIME INFORMATI .JN. 
13. AIRCRAFT EQUIPMENT 

INFORMATION. 
14. STATED "NO C0NTROL 

TOWER IN OPERATiON" 
WHEN REQUIRED, 

15. FOLLOWED PRESCRIBED 
PROCrDU~E, CONCERNING 
REQUEST£ FOR SIMULATE ~ 
INSTRUMEt:'~ .IJ'PROACHE~ 

16. USED FREQUENCIES AS 
PRESCRIBED WHEN PRO-· 
VlDING ALL ADVISORIE 
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·10. 

11. 

' 

12. 

" 

" 

l1.1GHT SERVICE STATION EVALUATION FORM INFLIGHT 
OJ'f 

_PROGRESS 
__ QUALIFICATION HOURS TRAINING TO DATE.._ ___________ _ 
__ 0\'F.R THE SP.OULDER 
_ REQUALIFICATION FOR THE PERIOD OF --------------

S-SATISFACTORY U·UNSATISFACTORY 

EVALUATION FACTOR EXPECTED PERFORMANCE 

CIRCULAR SLIDE RULE CORRECTLY SOLVES 
PROBLEM USING CIRCULAR 
SLIDE RULE. 

AIRCRAFT ESTIMATES CORRECTLY DETERMINE 
AIRCRAFT ETE AND ETA 

PROVIDE VOR ASSISTANCE PROVIDE ASSISTANCE TO 
AIRCRAFT USING PRE-
SCRIBED VOR 
ORIENTATION PROCEDURES 

N•NOT OBSERVED 

PERFORMANCE INDICATOR OBSERVED 
PERFORMANCE -

17. PROVIDED SVFR SERVICE 
IN ACCORDANCE WITH 
PRESCRIBED LOCAL 
PROCEDURES. 

1. CORRECTLY SOLVED 
PROBLEMS FOR TIME 

2. DISTANCE 
3. SPEED 

1. CORRECTLY DETERMINED: 
ETE 
ETA 

1. OBTAINED REQUIRED 
PRELIMINARY INFORMA-
TION 

2. ADVISED AIRCRAFT TO 
REMAIN VFR AT ALL 
TIMES 

3. GAVE WEATHER/ 
AERONAUTICAL INFOR-
MATION AS PRESCRIBED. 

4. VERIFIED AIRCRAFT 
HOG/ALTITUDE ONLY 
AFTER HEADING INDI-
CATOR AND ALTIMETER 
WERE ISSUED. 

s. USED PRESCRIBED 
PROCEDURES TO ORIENT 
AIRCRAFT 

6. PASSED COMPLETE/ 
ACCURATE DATA TO AIR 
TRAFFIC CONTROL 

7. GAVE ACCURATE HEADING 
INFO TO AIRCRAFT 

B. ACCl~TELY FIXED 
AIRCRAFT POSITIO~ 

9. PROVIDED ADDITIONAL 
GUIDANCE IF 
REQUESTED. 

10. USED PRESCRIBED 

' 
PHRASEOLOGY 
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l1.IGHT SERVICE STATION EVALUATION FORM INFLIGHT -b-

OJT 
_PROGRESS 
__ QUALIFICATION HOURS TRAINING TO DATE. _______ ------
-- OVF.R TIII: SHOULDER 
__ R£QUALIFICATION FOR THE PERIOD OF -----------·---

S-SATIS'FACTORY U-UNSATISFACTORY N-NOI OBSERVED 

EVALUATION FACTOR EXPECTED PERFORMANCE PERFORMANCE INDICATQR OBSERVED 
PERFORMANCI'! . 

13. PROVIDE DF ASSISTANCE PROVIDE DF ASSISTANCE 1. OBTAINED REQUIRED 
TO AIRCRAFT, USING PRELIMINARY INFORMA-
PRESCRIBED PROCEDURES TION. 

2. ADVISED AIRCRAFT TO 
REMAIN VFR AT ALL 
TIMES. 

3. GAVE WEATHER/AERONAU-
TICAL INFORMATION AS 
PRESCRIBED. 

4. VERIFIED AIRCRAFT 
HDG/ALTITUDE AS 
PRESCRIBED ONLY AFTER 
HEADING INDICATOR AND 
ALTIMETER WERE ISSUED 

5. USED DF EQUIPMENT 
TO DETERMINE AIRCRAFT 
BEARING. 

6. PASSED COMPLETE/ 
ACCURATE DATA TO ATC 

7. ACCURATELY PLOTTED 
DF READINGS/BEARINGS 

8. GAVE ACCURATE HEADING 
INFO TO AIRCRAFT 

9. ACCURATELY FIXED 
AIRCRAFT POSITION 

10. INDICATED RECOGNITION 
OF STATION PASSAGE 

11. PROVIDED ADDITIONAL 
DF GUIDANCE AS 
REQUESTED. 

12. USED PRESCRIBED 
PHRASEOLOGY 
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N 
0 ..... 

NAME __________________________ __ 

CLASS ______________ _ 

DATE ---------------

INSTRUCTOR ASSESSMENT: 
INEFFECTIVE 

I 
30% 

MARGINALLY 
EFFECTIVE 

I 

4 10 11 12 

PERFORMANCE RATING: 
Error 0 1 

21% Score 21 I8 

PROCEDURES Additional Errors: 

Error 0 
21% Score 21 

COORDINATION Additional Errors: 

14% 
Error ..Q_ ]_ 
Score 14 12 

Q!!lli! Additional Errors: 

Error 0 1 
7% Score 7 6 

STRIP MARKING Additional Errors: 

7% Error 0 1 
Score 7 6 

PHRASEOLOGY Additional Errors: 
----- -

My performance on this problem 
has been reviewed with me by the 
instructor. 

Developmental Specialist's Signature 

1 

I. 

NATIONAL AIR TRAFFIC TRAINING PROGRAM 
FLIGHT SERVICE OPERATIONS 

INFLIGHT LABORATORY EVALUATION RECORD 

2 
15 

8 

EFFECTIVE 
I 

17 18 19 20 21 

3 
12 

9 

2 

4 
9 

10 

HIGHLY 
EFFECTIVE 

I 

25 26 27 

5 
6 

3 
16 IT 6 

5 6 7 8 

2 .l.. ...i.. ..L 
lo 8 6 4 

8 9 10 11 

2 3 4 5 
5 4 3 2 

8 9 10 11 

2 3 4 5 
5 4 3 2 

8 9 10 11 

11 

9 

6 
1 

6 
1 

\P'>-- _,'- .~-c 

EVALUATION NUMBER ____________ _ 

VARIATION NUMBER ____________ __ 

6 
3 

~ 
2 

EXTREMELY 
EFFECTIVE 

I 

30 

7 
0 

12 

4 
0 

10 

7 
0 

12 

7 
0 

12 

7 
0 

12 

SCORE 

% 

___________ % 

___________ % 

----------- % 

-----% 

% 

TOTAL EVALUATION SCORE 
____ % 

Instructor's Signature 
fAA /IIC. 81·2•78 FEB 81 



N 
0 
00 

NAME 

CLASS 

DATE 

AIRCRAFT 
IDENTIFICATION 

AAC-933C 

NATIONAL AIR TRAFFIC TRAINING PROGRAM 
FLIGHT SERVICE OPERATIONS 

INFLIGHT LABORATORY EVALUATION WORKSHEET 

PROCEDURES 
p = 1 2 3 4 .5 6 7 8 9 10 11 12 13 14 15 16 17 18 

COORDINATION 
c = 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 

OTHER 
0 = 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 

STRIP MARKING 
s = 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 

PHRASEOLOGY 
PH= 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 

ERROR AIRCRAFT ERROR 
CATEGORY DESCRIPTION OF ERROR IDENTIFICATION CATEGORY 

EVALUATION NUMBER 

VARIATION NUMBER 

19 20 

19 20 

19 20 

19 20 

19 20 

DESCRIPTION OF ERROR 

; 

SEP 7 
FMMC-J't.JGO 



A stud~nt who fails P.Cl"!ll the Laboratory Problems and the Skills Test in the 
·l'rcflir,ht !'osition o;-lhc Inflight Position or the Emergency Services l'ositi• 
fails Phase Ill, Course 50223. 

J>REFI.IG!lT I'OSJTJQ;~ 

J,fiBCI!ATORY PROBLENS: 

82 04 

---+ ---+ --~ + --- - -=-::-=::-:-;:-::-=---::-:-:~ 
(llliLOH 28 0 = !'AlL) 

"' SKILLS TEST: -~~----~-------(llELOH 70 = FAIL 

PROBLEHS: 

#1 02 03 

ti'l<---- + + ---- + ---- - =:::-:==-::---:::-:-::-:-:-
(llliLOfl 288 = FAIL) 

&2 03 04 
___ + ___ + ___ + ___ .. 

(BI>LOW 304 ~ l'J.lL) 

(lli>LO;J 70 - !'AlL 
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_!!LOCK TESTi 
BC 1m TT IF 

+ + + + 

BROADCAST GRADED PROBLDlS 
-ul 02 03 04 

+ + + 

FLIGHT DATA GRADED PROBLEHS 
Ul 02 

+ -
TELETYPE\..'RI'fER GRADED PROBLEHS 
ill 02 

+ 

INrLICBT GRADED PRORLEllS 
ttl 02 113 114 

+ + + 

INFLIGIIT SKILLS TEST D 

-

PF ES 

+ + 

PREFLIGHT (PILOT BRIEFI!;G) GRADED PROBLEHS 
01 U2 03 #4 

+ + + -
PREFLIGHT (PILOT BRIEFING) SKILLS TEST ~ 

EHERGENCY SERVICES GRADED PROBLEHS 
01 H2 03 U4 

+ + + -
~NCJ SERVICES SKIJ.LS TEST D 

>'EATIIF.R OJ;SERVATION GRADJ:J) PROBLEMS 
U 1 02 H3 H4 

+ + + -

WO 

- + 7 a X .05 -

+ 4 - X .0375 • __ 

+ 2 • X .0375 • 

+ 2 • X .0375 • __ _ 

X .03125 • 

X .125 • --

X .0375 • ---

X .15 ---

X .03125 • 

X .125 ---

+ 4 • X ~0375 • ----

WEIGHTED COMPOSITE SCORE 

NAME 
-----------CLASS-----

!'!lASE GRADE SCORE c: 
210, 



Chapter 11 

CONTROLLER SKILLS TEST 

Evan W. Pickrel and Jack M. Greener 

The Controller Skills Test (CST) is actually a family of proficien
cy tests developed originally by personnel from the Office of Aviation 
Medicine, the Office of Air Traffic Service, and the Office of Personnel 
and Training of the FAA to supplement various other performance and skills 
assessments used to evaluate students in the non-radar control laboratory 
phase of the new FAA ATC Academy Training Program, implemented in January 
1976. The actual weighting of the CSTs in conjuction with other training 
measures to assess overall training performance is described in Chapter 9. 

The initial CSTs, one each for the Terminal and EnRoute options, 
were designed to reflect the application of knowledge and skills devel
qped during the laboratory phase of training and included three basic 
~ements for evaluation: (1) application of separation standards in 

,.-aponse to situations described by flight strips and/or controller 
~arts, (2) responding to or forwarding information that pertained to 
~ordination with other controllers and (3) other items, such as board 
'~nagement, timeliness of actions, and phraseology. 

Development of the tests involved initially a pool of approximately 
items on viewgraphs, which were presented ATC personnel at several 

~!~:~:::·~ and EnRoute centers in various locations. Analyses of the re-
• data led to the construction of an operational, 50-item, multiple 
~~••:e, paper and pencil CST for each of the two career options. Subse

enhancements by personnel at the FAA Civil Aeromedical Institute 
included expansion of the CSTs to allow for inclusion of an addi
fifty experimental items for the purpose of building a data base 

could be used to develop alternate forms of the tests. Thus, al
the current versions of the tests contain 100 items each, only the 

50 operational items are scored for operational purposes. The 
have a one hour time limit and utilize a "rights only" scoring 

Two kinds of data were presented as being indicative of the initial 
ty of the CST (FAA, Note 1; Dailey & Moore, 1979). The first in
comparison of the CST scores of trainees and controllers with dif
levels of training and experience. Although the actual mean scores 

not presented, one FAA note (1976) concluded: 

Scores on the tests showed substantial differences 
between developmental and full performance level 
controllers in centers and IFR terminals and showed 
substantial differences between· groups of develop
mental trainees in different phases of ATC training. 
The Controller Skills Tests also have been found to 
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reflect substantial gains in skills during the Non
radar Control Lab Course in 1975. 

Dailey and Moore (1979) reported similar findings from an examina
tion of CST performance corresponding to levels of controller experience 
for a sample of 226 controllers from six Terminals and four EnRoute cen
ters: 

On the non-radar subject matter of the prototype 
CST, it took a considerable time for ATC's to 
achieve mastery. Few, even with extensive ATC 
experience, made much of a showing on either 
test until their second or third year on the job. 
By then, however, the facility controllers did 
relatively well on the test. This indicates 
that the CST is relatively independent of prior 
experience and measured skills learned on the 
job. On the written test taken from the Academy 
battery, the peak of performance was reached 
after about 12 to 21 months, and the rate of 
mastery seems to begin to fall off after 22 to 
39 months' experience on the job. On the CST, 
the peak of plateau was reached by those with 
22 to 39 months experience on the job, and the 
fall off did not begin until 40 to 69 months' 
experience. 

These findings led Dailey and Moore to conclude that the CST does in
deed measure the application of the subject matter rather than just the 
knowledge of it. 

A second kind of data used to evaluate the CST consists of a com
parison of CST scores with concurrent performance on laboratory train
ing problems. The latter data were also reported in the Dailey and 
Moore (1979) paper. Laboratory performance was an average score for 
each of four problems, computed from an objective point total for the 
problem and a subjective, instructor's rating of problem performance. 

Results for a sample of 94 academy trainees in the EnRoute course 
indicated that the mean correlation between the CST and four problem 
averages was .18, as compared to a mean correlation of .23 among the 
four problem averages. The fact that the CST correlated with the prob
lem averages nearly as weli as they correlated with each other was in
terpreted as indicating that the CST was measuring substantially the 
same things as the laboratory problems. 

Data for 108 Terminal option trainees indicated that alternate forms 
of the CST correlated substantially lower with the laboratory problems 
than they corrected with each other (.08 vs •. 29). The authors inter
preted this finding as indicating tha~ the Terminal CST was not measur
ing the same thing as the laboratory problems; it was believed that the 
CST was measuring other aspects of the laboratory phase training which 
are least likely to be known or easily learned on the basis of prior ex
perience. 
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More recently collected data (Mies, Colmen and Domenech, 1977) have 
reported that the correlation between the CST and a six-problem lab av
erage was .50 for 454 trainees in the Terminal option and .54 for 473 
trainees in the EnRoute option. 

The generally positive contribution of the Terminal and EnRoute 
CST as an additional objective measure of the application of knowledge, 
procedures, and skills developed in laboratory phases of training, has 
led to the extension of the skills test concept to other FAA training 
programs. An experimental controller skills test bas been developed 
for the Radar Training Facility (RTF) program and skills tests in the 
form of written simulations of laboratory problems have become in in
tegral part of the Flight Service Station (FSS) program. The latter 
tests are discussed in more detail in Chapters 10 and 12. 

The achievements of Tucker (Chapter 12), in extending the skills 
test concept to actual written simulations of laboratory problems in 
the FSS program, has in turn led to consideration of applying the same 
extensions to the EnRoute and Terminal programs. An experimental En-

. Route CST was developed that was a paper-pencil simulation of labora
tory problems and FAA Academy persons were trained in the development 
of similar simulations of Terminal problems. These were intended for 
use in addition to the existing measures, but the completion of this 
work was postponed at the time of the PATCO strike. 
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1. Federal Aviation Administration. Controller Skills Test. 
Unpublished Research Note, 1976. 
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Chapter 12 

DEVELOPMENT OF DYNAMIC PAPER-AND-PENCIL 
SIMULATIONS FOR MEASUREMENT OF AIR TRAFFIC 

CONTROLLER PROFICIENCY 

Joseph A. Tucker, Jr. 

BACKGROUND 

The job of Air Traffic Controller is one that involves progres-
sive mastery of successive and more demanding skill levels before full 
proficiency is acquired. This process, involving both periods of 
training and on-the-job experience, takes several years to complete. 
The dropout rate during this developmental period was deemed to be un
acceptably high by the House Government Affairs Committee, U.S. Congress, 
in a 1977 report. As Pickrel (1979) has reported, the FAA response has 
been to devise and implement new selection procedures and to adopt per
formance based screening procedures that can be "used at the FAA Academy 
as well as later in the training programs to ensure that unsuccessful 
controllers are eliminated early in the training process.~· 

The Pass-Fail evaluation procedures reported by Pickrel are based 
on "over-the-shoulder" rating during job simulation exercises performed 
in a laboratory and upon "paper-and-pencil tests that simulate the lab
oratory problem." The purpose of the objective-paper-and-pencil skills 
test is to increase the relability of the overall Pass-Fail criterion. 

The paper-and-pencil skills tests used for performance evaluation 
have had varying test item formats ranging from multiple choice (most 
frequent) to selection among alternatives. However, all have required 
response to single items or stimulus situations, in contrast to respond
ing to dynamic stimulus situations, as is required by the job simulation 
laboratory problems. In the latter case, the consequences of a previous 
response become part of the stimulus for the following response. Since 
the dynamic situation is conceptually more valid (job like), the FAA has 
investigated the feasibility of using dynamic paper-and-pencil skills 
tests as a component of its Pass-Fail Performance Evaluation Program. 
This Chapter reports upon the results of that investigation to date. 
Sections one through four discuss the concept and theory of paper-and
pencil simulations. Sections five and six report on and present examples 
of the FAA applications that have been tried. Sections seven and eight 
present alternative delivery possibilities and alternative uses. 

THEORETICAL CONSIDERATIONS 

Section One - The Concept 

McGuire, Solomon and Bashook (1976) used the 
tiona rather than paper-and-pencil stimulations. 
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written simulations to be highly effective when applied to problem solv
ing and decision making tasks. They stated that: 

"A written simulation focuses on a total problem. The student as
sumes 4n active role as the problem solver and is in full command of 
the situation, determining both the general approach to follow and the 
specific activities to engage in. Feedback on the decisions the student 
makes is neither evaluative nor explanatory. Indeed, it is not even 
corrective - except in the sense that feedback about changes in the 
conditions of the problem situation, resulting from the student's de
cisions, is informative. The branching that occurs is clearly a conse
quence of another person having imposed additional tasks. In short, 
written simulation is much more nearly analogous to tightly constructed 
role playing exercises that rely on training surrogates than it is to 
programmed instruction of any form. Like role playing, it is dynamic 
and evolving, as is a real-life experience." 

and: 

"These characteristics of written simulation are now seen as common 
to all varieties of simulation, including those that employ the most ad
vanced technology our society can provide. And the benefits of learning 
and/or being tested in a controlled, but realistic, environment which 
offers the same challenges as does life itself are now seen as applica
ble to all areas and levels of education. The wide generalizability and 
high flexibility of simulation technique commend it to all who teach and 
test." 

The relevance of the written simulation technique to the Air Traf
fic Controller job can be seen in the following statement about problem 
solving presented by McGuire: 

"In order to cope effectively with any problem, individuals must 
be able to: gather, process and interpret data; use a variety of re
sources (including expert advice); order priorities of data seeking and 
decision making; take appropriate action; manipulate the situation to 
alter it; monitor the effects of these manipulations, and readjust de
cisions or actions to respond to changing conditions. While the speci
fic demands of particular situations may modify the relative importance 
of these several skills, all are potentially involved in competent de
cision making." 

That general statement fits the Air Traffic Controller job exactly. 
It establishes that there is no conceptual reason to doubt the appropri
ateness of using a paper-and-pencil simulation for evaluating Air Traf~ 
fie Controller decision making. The practicability of it is demonstrated 
in section five. 

Section Two - Simulation Theory 

Simulation theory applied to human performance postulates that the 
greater the resemblance of the training or evaluation condition to the 
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task performance condition, the more effective and valid the training 
or evaluation will be. This can be restated as a principle, that in 
theory, the best training is that which is conducted in the task situ
ation or situation that closely approximates it. However, since most 
training is conducted in situations that differ in varying degrees 
from real life task situation, it is important to assess the effective
ness of training conducted in less realistic situations in comparison 
to training conducted under conditions of high realism. This compari
son identifies the basic transfer of training issues relevant to simu
lation theory as identified by Gagne, Foster and Crowley (1948). High 
simulation requires the trainee to behave realistically in a realistic 
environment. The two broad dimensions of simulation, then, are stimu
lus fidelity and response fidelity. Abstraction or divergence from 
realism can occur along both of these dimensions. The degree of ab
straction ranges from completely realistic stimuli and responses to 
purely symbolic stimuli and responses. The paper-and-pencil simula
tion often involves a maximum of abstraction along the stimulus dimen
sion while maintaining relatively realistic decision response condi
tions. 

Dimensional analysis, as a feature of the process of operational
izing simulation theory, has been a negLected area of methodological 
research over the past twenty years. French (1956) investigated prob
lem solving (troubleshooting) training and developed a part-task train
ing device called a Malfunction and Circuitry Trainer. In conjunction 

'·with this work, he proposed a number of qualitative dimensions which 
provide a basis for the classification of training and testing devices 
that are intended to be used as simulators. 

According to French: 

"Before generalizations concerning training device characteristics 
and the corresponding training characteristics can be formulated or 
tested empirically these device characteristics must be translated from 
the unique to the general. The first step toward generality is the 
establishment of the relevant dimensions along which features of each 
device may be classified. 

"Although many additional or alternative categories might be sug
gested, the following dimensions are offered as being particularly rele
vant to training characteristics. It is proposed that training devices 
such as the MAC-1 might be classified in terms of (a) degree of freedom 
of action, (b) degree of remoteness from the field situation, (c) de-· 
gree of specificity of operational information; (d) degree of symbolic 
representation." 

These four dimensions include two that are for stimulus fidelity and 
two for response fidelity. French's work is one of the few systematic 
attempts at dimensional analysis reported in the simulation literature. 
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CHART 2 

Conceptual Plan for a Flight Service Station 
Emergency Skills Test 

ITEM TYPES 

RELEVANT - IRRELEVANT INFORMATION 
Decide whether the questions provided 
are relevant or irrelevant. 
These items test procedures. 

SEQUENCING ITEMS 
Put the steps provided for each item 
in the correct order. 
These items test procedures. 

ERROR IDENTIFICATION 
Identify errors in emergency intervention. 
These items test evaluation skills. 

MINI-CASES 
Rank order the following intervention 
strategies. 
These items test evaluation skills. 

WX MINI-CASES 
What would you do next? 
These items test performance. 

BRANCHED ITEMS 
Simulation. 
These items test performance • 

. ROLE-PLAYING 
Simulation 
Final Assessment. 
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NO. OF POINT TOTAL 
ITEMS VALUE POINTS 

2 5 10 

10 1 10 

5 2 10 

5 4 20 

10 2 20 

2 10 20 

1 10 10 

TOTAL = 100 



Lawrence (Note 1) prepared a taxonomy of simulation alternatives. 
that reflects increasing abstraction from a realistic setting (Chart 
1), which accounts for both the stimulus and response dimensions. Long 
and Tucker (Note 2) developed a conceptual plan for a skills test that 
includes both conventional and dynamic items (Chart 2). The item types 
are arranged in an ascending hierarchy moving toward dynamic simula
tion, which appears at item type six. Items one through five are con
sidered achievement test items but not performance test items since they 
do not require two or more successive responses with an interspersed 
altering of the stimulus conditions. All of the item types are of a 
paper-and-pencil format except for type seven. Both Lawrence, and Long 
and Tucker suggested that a written simulation represents the maximum 
abstraction from a realistic setting that meets the minimal performance 
simulation criteria. 

Section Three - Part-Task Evaluation and Training 

Most performance situations require the use of a combination of 
complex human skills, in particular, psychomotor and cognitive skills. 
''Whole-task" simulation attempts to provide an opportunity for the 
trainee to practice all task skills realistically. "Part-task" simula
tion attempts to provide training on critical skills that represent 
segments of a total task. The assumption is that this will result in 
"positive transfer" to performance on the whole task. Writing within 
the context of equipment based tasks, Adams (1957) stated that "In 
whole-task simulators an explicit attempt is made to provide compre
hensive simulation for mission training. In part-task simulators the 
simulation is explicitly limited to a crucial, difficult portion of 
the total job." The dynamic simulations of Air Traffic Controller 
proficiency with which this chapter is concerned are of the part-task 
type. Emphasis is upon decision making simulation, apart from the use 
of procedural skills involving communication and psychomotor manipula
tions. 

Section Four - Profiles 

All human performance leaves a record or track of an individual's 
activities. Even in activities t~at are largely cognitive, such as 
problem solving, there is a record of the overt steps taken by the per
former. Both the process and results can be evaluated against models 
of excellence (standards). 

The evaluation procedure used in laboratory situations is accom
plished most frequently by an observer who evaluates performance as it 
is occurring. The evaluation may also include an overall rating at the 
end of the performance. Where there is computer monitoring of perform
ance, it is possible, in theory, for the computer to be programmed to 
provide the evaluation. 

Another procedure of particular relevance to paper-and-pencil simu
lation is to limit the number of recoFds that the performer can produce, 
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but sti_ll allow for dynamic performance. This permits the pre-evalua
tion of each of the possible records (patterns, profiles) against a 
model of excellence. This profiling bas been used for the ATC paper
and-pencil si~ulations discussed in Sections five and six. The pre
evaluation process enables the assignment to each of the possible pro
files of a value relevant to a criterion. The profiles are unique in 
that they may not be further subdivided. The total number of unique 
profiles gives the complete ultimate breakdown of the problem investi
gated. H. A. Toops (1948) has developed the basic theory of unique 
patterns. 

Tucker (1951) demonstrated empirically that the unique pattern 
technique can be used effectively for prediction and need not be limited 
to classification only. He demonstrated that restriction of the number 
of categories on the score axis - a necessary control for the use of 
unique patterns - is not a methodological limitation, but rather a de
sirable empirical practice. 

Tucker's research, along with Toops' theoretical postulates, sup
ports the use of unique profiles for personnel evaluation. Since a 
unique profile can be a representation of a performance under part-task 
simulation conditions, both research and theory support the validity of 
using part-task simulation for evaluating purposes. 

Section Five - The Flight Service Station Application 

The development of the Bass-Fail evaluation procedure for Air Traf
fic Controllers is discussed by Pickrel (Note 3) in Chapter 10. He se
lected the Emergency Service job function of the Flight Service Station 
(FSS) Controller fro the investigation of alternate items and test forms 
that might be used for skill measurement. Then, Long and· Tucker (Note 2) 
developed seven item types (Chart 2) for review. Item Type 6, a branching 
performance item, was selected for further development. 

Item Type 6 is a profile item (Note 2). The following presents a 
description and an example of this type of item. 

The profile item. In many real-life situations a person must per
form to meet two or more conceptually discrete requirements simultaneously. 
Consider the following excerpt from a communication between the pilot of 

small aircraft and an air traffic controller (radio). 

Pilot: OKC Radio, Cessna 77466, over. 

Radio: Cessna 77466, Oklahoma City Radio, go ahead . 

Pilot: 
• 

Radio, I seem to have gotten stuck on top. 
breaks in the clouds to get down. Can you 
fly instruments. 

Can't find any 
help me? I can't 

Radio: 466, state your type of aircraft, fuel remaining, and 
weather at your altitude. 
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Pilot: I'm Cessna 172, have about two and a half hours fuel. 
Weather is clear above the clouds. Looks like the tops 
are about 4000, seems almost like a low stratus deck. 

Radio: Roger. Remain VFR at all times. Advise me if a heading 
or altitude change is necessary to remain VFR. PWA alti
meter is 29.87. While in straight and level flight, reset 
your heading indicator to agree with your magnetic compass 
and advise me of your altitude and heading. 

Pilot: I'm at 5500 and heading 145. 

Radio: Roger. Why type navigational equipment do you have and 
are you transponder equipped? 

Pilot: My VOR doesn't seem to be working right. I have a trans
ponder. 

Radio: Squawk 7700 on your transponder. You are north of PWA 
D/F site. Standby. 

Radio: Center, Oklahoma City Radio with a lost aircraft. 

Center: Go ahead. 

The objective of the air traffic controller was to obtain, quickly 
and efficiently, information to be give to an Air Traffic Control Center 
for use in locating the lost aircraft by radar. An evaluation of the 
air traffic controller's performance could have included: 

a) Essential information 

Obtained essential information only, 
no omissions or non-essentials 

b) Sequence 

Obtained information in a preferred sequence 

c) Phraseology 

Used standard, tested terminology. 

The introduction of a preferred or essential s·equence aS' a di'men
sion of evaluation permits a test developer to prepare a performance 
test from a "real life" case, as the following example using the vi
gnette above demonstrates'. The example uses two dimensions -- sequence 
and essential information. A preferred sequence of information collec
tion by the air traffic controller is assumed to be important. 

The following example consists of five pages from a 26-page profile 
test. The profile test presents all logical variations of the three 

222. 



Prototype FSS Skills Test 
Profiles and Scores 

Profiles Page Choices Profile Score Information Score Total Score 

Jlest Sequence All Essential Information la,2a,5b 9 20c a 1 9 or 10 

Average Sequence All Essential Information la,2b,6b 8 20c • 1 8 or 9 
4a,3b,9a 27d = 1 8 or 9 

Poor Sequence All Essential Information lb,3c,l0c 7 18d - 1 7 or 8 
lc,4b,l2a 19d .. 1 7 or 8 

Average Sequence 1/3 Information Missing la,2b,6a 6 14c ,. 1 6 or 7 
la,2a,5a 8b = 1 6 or 7 
lb,3b,9b 13Ic=l 6 or 7 

"' Unnecessary Information la,2b,6c 5 15a • 1 S or 6 "' Average Sequence .... . la,2a,5c 16a ,. 1 S or 6 
1b,3b,9c 16a = 1 S or 6 

Poor Sequence 1/3 Information Missing lb,3c,l0a 4 2lc • 1 4 or 5 
1c,4b,l2b 13d - 1 4 or 5 
1c,4a,llb,l2a 19d = 1 4 or 5 
1c ,4a,llb ,12b 13I - 1 4 or 5 
lc,4a,llb,l2c 15a = 1 4 or 5 

Poor Sequence Unnecessary Information 1b ,3c ,lOb 3 22d - 1 3 or 4 
lc,4b,l2c 1Sa,. 1 3 or 4 

Poor Sequence Limited Information la,2c, 7a 2 7lc • 1 2 or 3 
1b,3a,8a Slc "' 1 2 or 3 
lc,4c,l3a 23b - 1 2 or 3 
1c,4a,lla 24b - 1 2 or 3 

Poor·Sequence 2/3 Information Missing la,2c,7b or c 1 71c • 1 1 or 2 
1b,3a,8b or c 81c • 1 1 or 2 
1c,4c,13b or c 13Ic • 1 1 or 2 



statements of essential information in the excerpted dialogue above. A 
performer can make a minimum of three or a maximum of five page selec
tions along the alternative paths to obtain the essential information 
to contact the Control Center. Sequence can be evaluated as Best, Av
erage, or Poor. Essential information can be evaluated as Complete, 
1/3 missing, 2/3 missing, and/or unessential. These evaluation alter
natives can be averaged into nine scoring categories, into one of which 
each of the 25 performance profiles can be classified. Chart 3 presents 
the evaluation code for each of the performance alternatives. 

The profile la, 2a, 5b implies that a performer selected choice a, 
Page 1; choice a, Page 2; and choice b, Page 5. This "best" profile 
chosen by the performer replicates exactly the model communication pre
sented in the dialogue above. The sequence arises from the first chosen 
three pages. Page 20 presents a check item that verifies that the per
former knows what information he obtained. Each of the 25 available pro
files ends with a variation of the check item. This item is scored sep
arately from the performance item. 

The profile la, 2c, 7b means that a performer selected only one use
ful information page but took advantage of the multiple choice format on 
the check item on Page 7 to report to the Control Center information not 
obtained by his preceding performance. The value of scores 1-9, Chart 3 
results from assigning values to each of the possible profile categories. 

Application. Subsequently, the item was developed into a prototype 
skills test - FSS Skills Test, Emergencies 1, Form A. Based on critiques 
by expert FSS controllers, the test sequence category was dropped and 
measurement was limited to obtaining information. Chart 4 r.eflects the 
changes in structure and scoring based on the critique. 

The test was tried out in a pilot study at the ATC Academy using 8 
instructors, 17 new graduates, and 31 trainees in the 6th week of train
ing. The results showed a 16% error rate for information and a 23% error 
rate for the Evaluation item. The test did not discriminate between in
structors, graduates, and students. The test did show a range of per
formance among the subjects. However, it was judged to be too easy for 
operational use. 

Since the pilot study did support the feasibility of using a paper
and-pencil performance test for skills assessment, a decision was made 
to develop a completely new test. Mr. Jack Nimmo, working with the 
writer, developed FSS Skills Test, Emergency Services II, a VOR Orienta
tion problem. This test measures decision making and phraseology, and 
differs considerably in format from Emergency Services I. It includes 
both fixed and branching sequences. Scoring is done, not by profiles 
but by assigning a weight of 1 point for each of the 12 phraseology items 
and 5 points for each of the major decisions items. The test included 
an option of 3 points for a minor decision, but this was dropped when it 
proved to be nondiscriminating. It also includes a plotting exercies, 
but this is not scored. 
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Example 

Situation: 

PILOT: 

RADIO: 

PILOT: 

(Page 1) 

Aircraft Lost 
Pilot not IFR rated or capable 

OKC Radio, Cessna 77466, over. 

Cessna 77466, Oklahoma City, go ahead. 

Radio, I seem to have gotten stuck on top. Can't 
find any breaks in the clouds to get down. Can 
you help? I can't fly instruments. 

As RADIO: Which of the following statements would you make 
next? Place a check in the appropriate blank. 

A. 466, state your type aircraft, fuel remaining and 
weather at your altitude. 

B. 466, remain VFR at all times. Advise me if a 
heading or altitude change is necessary to remain 
VFR. PWA altimeter is 2987. While in straight 
and level flight, reset your heading indicator 
to agree with your Magnetic Compass and advise me 
of your altitude and heading, 

C. Roger, 466. What type navigational equipment do 
you have and are you .transponder equipped? 

If you selected a-Go to Page 2, 
If you selected b-Go to Page 3. 
If you selected e-Go to Page 4. 
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PILOT: 

RADIO: 

A. 

B. 

c. 

(Page 2) 

I'm a Cessna 172, have about 2 1/2 hours fuel. 
Weather is clear above the clouds. Looks like 
the tops are about 4000. Seems a lot like a 
low stratus deck. 

Check which of the following statements you 
would make next. 

Roger. Remain VFR at all times. Advise me if 
------ a heading or altitude change is necessary to re

main VFR. PWA altimeter is 2987. While in 
straight and level flight, reset your heading 
indicator to agree with your magnetic compass 
and advise me of your altitude and heading. 

______ Roger, what type navigation equipment do you have 
and are you transponder.equipped? 

______ Center, Oklahoma City Radio with a lost aircraft. 

If you chose a-Go to Page 5, 
If you chose b-Go to Page 6. 
If you chose e-Go to Page 7. 
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PtLOT: 

RADIO: 

A, 

B. 

c. 

(Page 5) 

I'm at ~500 and heading 045, 

Which of the following statements would you make 
next? 

______ Center, Oklahoma City Radio with a lost aircraft. 

______ Roger, what type navigational equipment do you 
have and are you transponder equipped? 

______ Roger, state destination and number of people 
on board. 

If you chose a-Go to Page 8. 
If you chose b-Go to Page 20, 
If you chose e-Go to Page 16, 
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(Page 7) 

CENTER: Go ahead, 

RADIO: Which of the following statements could you make 
at•this time? 

A. Cessna 77466, Cl72, 2 1/2 hours fuel, VFR on top 
lost not instrument rated, request radar help. 

B. Cessna 77466, Cl72, 2 1/2 hours fuel, VFR on top 
altitude 5500, heading 045, not instrument rated, 
request radar help. 

C. Cessna 77466, Cl72, 2 1/2 hours fuel, VFR on top, 
altitude 5500, heading 045, squawking 7700, D/F 
Bearing 010. Request radar help and D/F help. 
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PILOT: 

RADIO: 

RADIO: 

CENTER: 

RADIO: 

(Page 20) 

My VOR doesn't seem to be working right, I 
have a transponder. 

Squawk 7700 on your transponder, You are north 
of PWA D/F site, Standby, 

Center, Oklahoma City Radio with a lost aircraft. 

Go ahead. 

Which one of the following 4 possible statements 
contains the minimum essential information re
quired by the Center to assist Radio in aiding 
Cessna 77466, 

a. ( ) Cessna 17466, VFR on top, heading 045, 1 person 
on board, squawking 7700, D/F bearing 010, Re
quest radar and D/F help, 

b. ( ) Cessna 77466, Cl72, 2 1/2 hours fuel, VFR on top, 
altitude 5500, heading 045, squawking 7700, D/F 
bearing 010, Request radar and D/F help, 

c. ( ) Cessna 17466, Cl72, yellow, 1 person on board, 
2 1/2 hours fuel, VFR on top, altitude 5500, 
heading 045, squawking 7700, D/F bearing 010. 

d, ( ) Cessna 77466, Cl72, yellow, 2 l/2 hours fuel, VFR 
on top, altitude 5500, heading 045, squawking 
7700, D/F bearing 010, destination Oklahoma City, 
departed Waco. Request radar and D/F help. 
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CHART 4 

FSS SKILLS TEST 
Emergencies .., 1 
Scoring 

Selections INFORMATION INFORMATION CORRECT MAXIMUM POINTS 
SCORE COORDINATION PER SELECTION 

la, 2a, Sb, 20b In these sequences all 9 20b 1 9 or 10 
la, 2b, 6b, l9d information required by the 9 19d 1 9 or 10 
lb, 3b, 9a, 17d ARTCC was collected 9 17d 1 9 or 10 
lb, 3c, lOc, 18d 9 l8d 1 9 or 10 
lc, 4b, 12a, 25d 9 25d 1 9 or 10 
lc, 4a, llb, 12a, 25d 9 25d 1 9 or 10 

la, 2b, 6a, 14a One third of the information 6 14c 1 6 or 7 
la, 2a, Sa, 8b required by the ARTCC was 6 8c 1 6 or 7 
lb, 3b, 9b, 13b not collected 6 13c 1 6 or 7 
lb, 3c, lOa, 2la 6 2lc 1 6 or 7 
lc, 4a, 12b, 13d 6 13c 1 6 or 7 
lc, 4a, llb, 12b, l3d 6 13c 1 6 or 7 

N lc, 4a, llb, 12c, 15b 6 15d 1 6 or 7 ..., 
0 . 

la, 2b, 6c, 15b One third of the Information 5 15d 1 5 or 6 
la, 2a, ·sc, 16a required was not collected, 5 16d 1 5 or 6 
lb, 3b, 9c, 16a Information not required by 5 16d 1 5 or 6 
lb, 3c, lOb, 22d ARTCC was collected 5 22b 1 5 or 6 
lc, 4b, 12c, 15b 5 15d 1 5 or 6 

la, 2c, 7a Two thirds of the information 3 7c 1 3 or 4 
la, 3a, 8a required was not collected, 3 Be 1 3 or 4 
lc, 4c, 13a 3 13c 1 3 or 4 
lc, 4a, lla, 23b 3 23c 1 3 or 4 

lc, 4a, llc, 24d Two thirds of the required 2 24a 1 2 or 3 
information was not collected 
Information not required by 
ARTCC was collected 



·In May 1977, the test was give a provisional trial at the ATC Acad
emy, using 8 instructors, 7 graduates, and 31 students as subjects. The 
resdlts showed a mid-point score of 36 for instructors, 28 for graduates 
and 21 for the students. Scores ranged from 2 to the maximum of 42. The 
favorable discrimination plus a wide range of scores led to a decision to 
validate the test for operational use. 

The test was administered to 253 FSS controllers' at operational fa
cilities and 273 students at the Academy. The results showed a favorable 
discrimination in favor of the operational personnel and a wide range of 
performance scores. This permitted the establishment of a reliable lower 
5% failure cut-off score for the Emergency Services II Test. Consequent
ly, the test was incorporated into the overall FSS pass-fail evaluation 
procedure used at the Academy. Pickrel's data (Note 3) for the valida
tion of Pass-Fail performance standards include the data for the Emergency 
Services II test. 

The success of the FSS dynamic paper-and-pencil simulation is empiri
cal evidence of the utility of that type of performance measure as a com
ponent of a performance based evaluation system. Next, the feasibility 
of the technique was investigated for the non-radar EnRoute controller 
specialty. 

Section Six - The EnRoute Applications 

The non-radar EnRoute Traffic Control sepcialty is subject also to 
the pass-fail performance evaluation procedure. The use of dynamic paper
and-pencil simulations might be an important feature of skills testing if 

·the meaningful application of simulation principles were technically fea
sible. The EnRoute controller handles a complex of activities continuous
ly, rather than handling a single problem to completion, as does the FSS 

.. controller. The progress thus far in on-going research on paper-and
•pencil simulation of non-radar controller procedures is reported in this 
aection. 

This research has focused on three questions: (1) Is it technically 
feasible to develop practical, meaningful paper-and-pencil simulations 

.for non-radar? (2) If so, to what extent can non-radar procedures be simu
lated? (3) What scoring procedures are most valid for non-radar skills 

sment? 

. Working with Mr. Robert Van-Gilder and Mr. James Dwyer, ATC control-
·lers, Leesburg, VA. ARTCC, the writer has addressed these issues. After 

trail-and-error activity, six paper-and-pencil performance tests 
developed, three for the job function of separation, two for coordi-

and one for emergency services. The separation and coordination 
begin with a control condition involving four or five aircraft. 

of the six tests requires five cbntrol responses from the student. 
there are three response options at each choice point, each test 

243 unique performance profiles - a reasonable, but minimal simulation 
the complexity of the non-radar control function. Each of the tests 
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represents a situation that can be administered as a non-radar proce
dures laboratory exercise. Consequently, each can be considered a 
part-task, mini-case exercise. Since the conceputal difficulty level 
of the three tests is low as compared to most laboratory exercises, 
stringent scoring criteria are both appropriate and required. Chart 
5 presents the first page of a coordination test as an example of the 
format. 

Using the first separation test, a pilot study was conducted at 
Leesburg with a sample of 13 controllers (2 full proficiency, 5 GS-9, 
4 GS-7, and 2 developmentals). The scoring procedure was the number 
of best choices out of five attempt~d. The results were that five of 
seven full proficiency and grade level 9 controllers had three or bet~ 
ter best choices; two of six grade level 7 developmental controllers 
had three or better best choices, a trend in the direction expected. 
Four of the six scoring categories were used. These results encouraged 
the authors to continue with the development of the Coordination and 
Emergency Services tests. Further data about the tests is discussed 
below in conjunction with a review of scoring. 

Chart 6 is a copy of the Non-radar Procedures Profile used by in
·Structors to evaluate trainee performance on a laboratory exercise. 
The Separation paper-and-pencil test covers the evaluation factor, 
shown in Chart 6 as Separation-!, Not insured or instructor had to in
tervene. However, the test has no provision for instructor interven
tion. For the next category, Coordination and Communication, Item 2, 
Coordination is not thorough, is covered by the Coordination test, but 
Items 1 and 3 are observational variables that cannot be covered. 

For the category, Traffic Management and Control Judgment, Items 
1 through 4 are covered in the Emergency Services and Separation test. 
Item 5 is partially covered by the present separation test and might 
be covered more adequately in a subsequent paper-and-pencil simulation. 
Item 6 is not covered. The paper-and-pencil simulation tests are too 
limited procedurally for Item 7 to be evaluated effectively. 

The next category is Operating Methods and Procedures. In this 
category, the Emergency Services test covers Items 2 and 3, and a 
future exercise could cover Item 4. While Item 1 can be checked in 
principle, discrepancies in flight strip posting procedures among field 
locations make it impractical. Validation would be very difficult to 
accomplish. 

The Category, Equipment, Phraseology and Other, is difficult to 
cover. Item 4, Makes Unnecessary Transmissions, is covered by all three 
tests. Items 2 and 3 cannot be checked. Items 5, 6, and 7 are not cov
reed in the present three tests. Item 1, Phraseology, can be measured 
in paper-and-pencil simulations, but its coverage complicates greatly 
the development of the simulations. It appears preferable to use other 
testing procedures to check on recognition of correct phraseology. 
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CHART 5 

Coordination Exercise 

Aero Center N4141P over Enid at 1700 level 
at 80 estimating OKC at 1732 requests to 
change destination to OKC. 

A. N4141P Roger, stand by. 

B. N4141P, cleared to Karns via Vl, maintain 
80. 

C. N4141P Roger, cleared to OKC via Vl, 
maintain 80. 

If you chose A - turn to page 2. 
If you chose B - turn to page 3. 
If you chose C p turn to page 4. 
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CHAR! 6 

HOHRAOAR PROCEDURES PROFILE 

1. Nome (Loot, First, Ml) 

0 
0 0 

:z 0 0 0 
;:: .. 1. Not insured or instructor had to intervene, 0 0 " .. .. 

0 0 w 
~ 

1. Professional •&nner is not aaintaiRed.• 0 0 
2. Coordination is not thorot.Wa. 0 0 
3. CCIIIIIl\llication is \l'lolear, not o-onoise. 0 0 

0 0 
1. Awareness is not aainta.ined • 

2. Poor control j u:lpent is applied. 
0 0 

3. Control aotiofls are incorrectly planned, 

0 0 4, Positive control or situatiOJ\ is not provided. 

5. Pr011pt action to correct errors is not taken. 0 0 
6. Aircraft identity is not maintained. 0 0 
? • Board aanagement is not maintained. 0 0 

1. Flight strip postinp are iacaaplete or 0 0 incorrect. 

2, ·Clearance deliver;y is incorreot/incaaplete/ 0 0 
ll1tiu~. 0 0 

) • Ltrs or A&re•ent/aenter clireotiv8s aot adhered 0 0 to. 

~. Handoft prooedures incorrectly performed, 

1. Standard phraseology is not adhered to. 
0 0 

2. Uses poor voi~• quality. 0 0 
3. Speech rate is incorrect. 0 0 
4 • Makes tl'lntoessar.t transmissions • 0 0 
5. Equipsent .tatus inror.etion not •ei.ntWecs. 0 0 
6. Ccaputer entriet are inoorreot. 0 0 
7. Equipment capabilities not fully utilized/ 0 0 

Wlderstood. 

llenature 

~~ ...... ,,""' 11••-.. 
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This critique shows that paper-and-pencil stimulations can give 
very good coverage of the "priority" areas of air traffic control func
tion. For emergency services it can be used to evaluate knowledge of 
procedures in a realistic context, although it cannot be said to be 
capable of evaluating emergency services technique over a wide range 
of emergency sit~ations. Since it is difficult to conceive of meaning
ful paper-and-pencil simulations of the non-priority areas, it may be 
necessary to augment the simulation exercises with more traditional 
test items, in order to form a complete EnRoute skills test. 

Scoring of written simulations raises complex issues. One objec
tive is to devise a standardized procedure that can be used from exer
cise to exercise. This can be done by considering each step in an exer
cise to be an independent item and scoring it as right-wrong or in the 
case of three alternatives, by 2, 1, 0 if the alternatives are hierarchi
cal. The five-response format of the three EnRoute simulations lends 
itself to this type of "achievement" scoring. The item scores can be 
aummed over all three tests. It should be noted that this procedure 

not evaluate the sequence or profile. 

However, since sequence is important in simulation, it may include 
\~~oerformance variance not evaluated if the items are scored as independent 

One method of scoring for profile is to weight the score on 
subsequent item based on the quality of the score on a preceding item. 

would weight the profile and still provide a score directly additive 
tests. 

tests are constructed to have best, acceptable, unaccept
response alternatives at each response point, this weighting proce
is feasible. However, while it weights performance based on the 

t previous step, it does not weight performance on the total profile. 
example, the best alternative at response 4 might be to separate 
aircraft, for which a top item score would be given; but, the separa

should have occurred not later than response 3. 

The difficulty with the scoring procedures mentioned above (which 
take a variety of forms) is that they are not sensitive to the sub

of performance inherent in each exercise. The writer has not 
found a standardizeft procedure that would fit all three tests accept-

(The problem would not be recognized by developing a standardized 
,eeclut~e using one test only). What was needed was a scoring procedure 

would evaluate performance in the same way that an "over-the.Ushoul
laboratory instructor would do it, one that would be responsive to 

range of performance quality inherent in the test. As a result, the 
set aside the search for a "directly additive" scoring procedure 

the possibility of obtaining performance scores for each 
ly and then developing a procedure for summating scores 

each paper-and-pencil test problem by James Dwyer re
of the key activities of each and an identification 
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of the sequence points by which each activity should have occurred; un
fortunately, the criteria differed widely from test to test. Next, a 
two-stage scoring procedure was devised for each test. Stage 1 set a 
minimum Pass performance standard. Then, in Stage 2, each of the 243 
profiles was given a score based on the standard. The result was a 
weighted scoring procedure for each test that clearly separated pass 
from fail, and allowed superior and very poor performance to be identi
fied. Since each test is considered to be of equal performance, a pro
file of performance over a series of tests (i.e., six or more) could be 
developed and a percentage passed cut-off criterion set. 

To acquire data for checking the performance characteristics of the 
three tests, two classes (36 subjects) of newly graduated (Phase III) 
EnRoute controllers were administered the tests as the ATC Academy in 
July 1979. They, along with two developmental controllers tested at 
Leesburg, provided test results upon which technical decisions could be 
made. One issue was: How many simulation tests can be included to form 
an overall skills test that could be administered during a 1-hour testing 
period? The Separation test had a median of 6 minutes, with a range from 
4-10 minutes. The Coordination test had a median of 3 minutes, with a 
range of 2-8 minutes. The Emergency Services test had a median of 3 
minutes, with a range of 2-7 minutes. Actually 6 minutes was sufficient 
time for the last two tests with few exceptions. These results sug
gested that up to eight tests could be administered in a one hour period. 

The tests were administered by two instructors without difficulty. 
The instructions took not over 5 minutes to present, including distribu
tion of materials. The trainees had no difficulty with the materials. 
During debriefing a large majority indicated that they found the tests 
challenging, fair, and more acceptable than conventional tests. The 
results suggested a need for some revisions in the structure of the 
tests, particularly in the Coordination test, and these have been made. 

The question of the degree of similarity between achievement scoring 
and performance scoring has been checked using all 55 subjects who have 
taken the separation test under contolled administrative conditions. The 
achievement score was based on a 3-2-1 allocation to each response for a 
maximum of 15. The performance score was based 'on 5 points for a correct 
decision with a maximu score of 25. The Pearson product moment correla
tion between the two was .71, which indicates about 50% common variance. 
The common variance should be close to 90% for the two scores to be equiv
alent. 

An analysis completed for the Coordination test also indicated dif
ferences between achievement and performance scoring. The performance 
scoring for the Coordination test provides five possible scores 0, 5, 10, 
15, and 20, with 15 considered passing (1 error). An analysis of 9 pro
files that provide a score of 20 showed them to be functionally equiva
lent since each required 4 correct decisions out of 4 possible: A 2, 1, 
0 achievement scoring procedure was checked for functional equivalence, 
with the result that some equal achievement scores (a score of 8, for 
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example) were assigned to profiles that were not qualitatively equal, 
using performance scoring (some with 1 error, others with 2). This 
meant that tracks receiving a failing score of 10 using performance 
scoring would pass using achievement scoring. This supports the 
writer's belief that achievement type scoring is not appropriate for 
these exercises. 

Following the investigations of the utility of paper-and-pencil 
simulation exercises for EnRoute and Terminal applications, an effort 
was made to determine whether FAA Academy course developers could de
vise such exercises cost effectively. In July 1980, the writer con
ducted a two week workshop at the FAA Academy with course developers 
as participants. The workshop demonstrated that course developers 
readily acquired the "know-how" to develop the simulations. Improve
ments were made in the prototype non-radar exercises and new ones were 
planned. In addition, procedures were developed for the preparation 
of radar simulations for both EnRoute and Terminal applications. This 
increased greatly the generality of the technique for air traffic con
troller evaluation and training. 

By the summer of 1981 plans were complete for developing both 
radar and non-radar skills tests and training simulations. In July 
1981, the writer conducted a training workshop for five development 
teams each consisting of a course developer and an education specialist. 
TWo instructors from the Predevelopmental Phase II program at the Uni
versity of Oklahoma attended also. These teams were working on the 
development of paper-and-pencil simulation exercises when the occur
rence of the Professional Air Traffic Controllers (PATCO) strike re
eulted in personnel reassignments that terminated the development 
work for the present. 

Another application planned for paper-and-pencil simulations was to 
use them to provide Pre-developmental controller trainees with simulated 
job experiences to aid them in making a choice of assignments to the 
Terminal, EnRoute, or Flight Service career options. However, following 
the PATCO strike, the entire Pre-developmental program has been closed 
down for up to one year. Currently, research and development continuea, 

. to develop these simulation procedures and to investigate application• 
using a computer based instruction mode. The more general term, micro
aimulation is being used to identify this work, which is moving beyond 

paper-and-pencil application. 

Up to this time, paper-and-pencil formats have been used with the 
tests and the prototype EnRoute tests. A limitation of this proce-
is that a student may be tempted to "peek ahead" to check a response. 
breaks the "simulation set" that the students should be followiJII. 

J•••••ou1gn this behavior is controlled in p~rt by scrambling the responaes 
by tight time limits, the potential exists for student non-confo~nce. 
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McGuire recommended the use of a latent-image response sheet that re
quires a student to respond before he can get information as to how to 
proceed. However, the coding of 243 responses would be a formidable 
task for the EnRoute simulations. 

Other available modalities include oral, audiovisual and computer 
assisted. (Chart 1) Any paper-and-pencil simulation can be arranged 
for presentation by a variety of information retrieval devices including 
the auto-tutor and the new Vis-a-com devices. Also, they can be pre
sented by any computer assisted instruction system. These alternatives 
are feasible if already in place for other reasons. Generally, the 
cost-effective decision is to use an inexpensive latent-image response 
sheet to insure response simulation. 

Section 8 - Conclusions 

It is a curious historical fact that the initial use of part-task 
trainers and written simulations was for evaluation rather than for 
training and other uses. Both French and McGuire referred to this fact 
from quite disparate settings. Crowder's work (1954) leading to the de
velopment of branching programming was preceded by his research on the 
development of performance troubleshooting tests. The training potential 
of the testing instruments has been recognized by all developers. Often 
a training application has been developed, based on a test, because of 
student demand. The EnRoute controller graduates included in the summer 
1979 testing stated that they would have like to have had the tests as 
training exercises followed by a critique. It is possible that the ATC 
Academy may include such simulation exercises among its curricular ma
terials. 

The development of written simulations must be based on a thorough 
task analysis of controllers' procedures. The anaysis directed by the 
writer provides considerable insight into the conceptual activities of 
the performing controller. The analytical procedures can be used in 
basic research into controller functions. 

In the future, it is possible that part-task simulations can be 
developed that can be a feature of the initial assessment process. Such 
simulations could be developed using the stimulus approaches included in 
the MCAT tests. 

One can conclude that written simulation can be an important tech
nique in the study, initial assessment, evaluation and training of Air 
Traffic Controllers. 
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Chapter 13 

POST-TRAINING CRITERION MEASURES IN VALIDATION 
OF CONTROLLER SELECTION PROCEDURES 

Jack M. Greener 

INTRODUCTION 

The preceding four chapters have addressed criterion measures based 
on performance during and up to the end of Academy training. In this 
chapter attention is drawn to criterion measures based on performance 
on the job at various career points subsequent to completion of Academy 
training. Ideally validation of a selection program should include 
both training level and post-training criteria, the latter including 
job performance at the most highly qualified level of the job. In the 
studies that have been carried out, attention has been given to both 
the relationships among different criterion measures at each level (train
ing and post-training) and also to the relationships between training and 
post-training measures. The latter are of particular importance because 
significant relationships between training and post-training performance 
were assumed in the final validation of the new test battery adopted by 
the FAA in the fall of 1981 and described in Part IV of this book. 

Measures of controller performance used as criteria for prediction 
are integral to the validation of selection instruments because the 
basic design of validation requires the establishment of predictor-cri
terion relationships. Performance measurement also serves other pur
poses such as the basis for administrative decisions regarding job assign
ments and promotion decisions and feedback to employees for employee de
velopment purposes. Criterion measures are commonly distinguished on 
the basis of whether they reflect performance during training or post
training. In addition, both types of measures may also be subjective 
or objective. 

During-training criteria usually focus on the rate and extent to 
which students learn job-related information, while post-training meas
ures emphasize competence in typical performance of the job. In some 
cases, the latter has been approached in terms of global indications of 
tbe value of an employee to the organization with respect to one or more 
dimensions of performance. In general, during-training criteria have 
been better predicted by preemployment tests than post-training criteria. 

Although performance during training may on occasion be regarded 
'as an end in itself, as when reduction of high training costs is an 

issue, the use of during-training criteria for validation of selection 
instruments usually implies the assumption that the training criteria 
are correlated with post-training criteria at an acceptable level. 

241. 

l 

I ! 



The distinction between subjective and objective criteria refers pri
marily to the relative objectivity of the performance recording and 
scoring process. Objective measures lend themselves to clear cut and 
ready determination of response classification and scoring, while sub
jective measures require observers to apply personal interpretation 
and judgment in scoring or evaluating individual responses. Examples 
of subjective criteria include observer and supervisor ratings while 
examples of objective criteria include structured response tests, 
counts of individual production output and measures of employee attri
tion. Objective criteria are usually favored over subjective criteria 
since they are subject to less bias and measurement error. 

A review of the major FAA studies involving post-training control
ler performance measurement since 1956 indicates that a considerable 
range of possible performance measures has received consideration over 
the years. Major types of measures indicated include: 

attrition 
disciplinary action vs no disciplinary action 
medical complaints vs no medical complaints 
amount of sick leave taken 
job progression - time to promotion recommendation 
job progression - from low complexity to high complexity facilities 
peer ratings of controller proficiency 
supervisor ratings - experimental ratings 
supervisor ratings - administrative ratings 
observer ratings - "over-the-shoulder" 
computer-derived measures - simulator based 

The number of studies reviewed was fairly large, but they tended 
to be based upon a smaller number of data sets collected at various 
times. The central criterion issues of reliability and criterion in
terrelationships received extensive coverage in only one or two studies 
related to each data set. It is noteworthy that the most frequently 
used measures were attrition and experimental (not administrative) 
ratings by supervisors. 

DESCRIPTION OF MEASURES 

Attrition. Attrition has been the most widely used criterion meas
ure in ATCS selection research, extending from early research by Trites 
(1961) to the present, as reported by Boone in Chapter 9. The populari
ty of attrition as a criterion measure appears to reflect three factors. 
First, it is a rather visible expense item in the cost of maintaining 
the public air traffic control system and cost estimates for recruiting 
and training of replacement controllers, in a system with a prevailing 
attrition rate of 25% to 40%, have led to recommendations that the FAA 
develop special programs to reduce attrition costs (Pickrel, 1979; Mies, 
Colmen, & Domenech, 1977). Second, much of the FAA research reflects 
an underlying belief that attrition results mostly from poor performance 
due to inadequate ability to perform critical traffic control tasks and 
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C-at improved aptitude screening would reduce attrition. Third, meas
Vfes of attrition are more readily and accurately obtained than other 
.. asures of job performance. 

Although it might appear that attrition is a very straightforward 
,. •d objective criterion measure, its use in FAA selection research has 
: "t been without definitional problems, particularly since most of this 
.111earch has tended to focus on the prediction of attrition due to poor 
'IJrformance. For example, most studies of attrition during initial 
.~ademy training have tended to exclude individuals who withdrew for 
"rsonal reasons unrelated to poor performance. In addition, the Acad
lfy attrition rate has obviously been influenced by the manner and de

to which Academy pass-fail standards have changed over time. 

By contrast, measures of post-Academy attrition have rarely been 
'tfjusted for separation from the active controller ranks for reasons 
tpch as resignations unrelated to poor performance or promotions from 
~tive controller status to higher level management positions. The 

for not attempting to do so appear to be two-fold: first, 
Jltt··Ac:adlemy performance has tended to be assessed in a much less pre

manner than Academy performance, with the result that it has been 
difficult to determine whether attrition in any particular case 

due to poor performance; and second, the time and expense involved 
conducting the review of individual performance records would have 

substantially the feasibility of even conducting such a study. 

At least one study (Trites, 1961) has implicitly addressed the is
of whether attrition should be defined as "no longer with FAA" or 
narrowly as "no longer working as an active controller," by ac-

ly including both measures in the same study. Although the actual 
lation between the two measures was not reported, both had similar 
lations with supervisor ratings obtained four years earlier. One 
study of ATCS performance measurement (Trites, Miller & Cobb, 
used "separation from FAA" as the attrition measure, but more re

studies have tended to define attrition as "no longer employed by 
in an ATCS job code" (Cobb, Mathews, & Nelson, 1972; Mathews, Col
' & Cobb, 1974; Mies, Colmen, & Domenech, 1977). 

The study by Mathews, Collins, and Cobb (1974) focused on the 
'!~::~:~e~f~or attrition and included data from job-exit forms, telephone 
,l , and questionnaires. Only the reasons related to family 

appeared to be relatively stable from job-exit to later follow-

action, sick leave, and medical com laints. One early 
by Trites included disciplinary action, sick leave, and 

_.,.~<:•• complaints as criterion measures. These data were supplied by 
chiefs of the facilities where the 187 controllers in the study were 

Disciplinary action was scored dichotomously to represent 
occurrence or nonoccurrence of disciplinary actions taken against 
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the controller as a result of violations of air traffic rules or proce
dures. Medical complaints were scored dichotomously as ·~o Symptoms 
vs Symptoms" of medical complaints of controllers which were known to 
and reported by their facility chiefs. Sick leave was scored as the 
mean number of hours of sick leave taken during the years 1957 through 
1960. 

Progression. Although not widely used as a criterion measure in 
ATCS research, job progression has been included in at least two studies 
(Brokaw, 1959; Mies, Colmen, & Domenech, 1977). The early study by 
Brokaw (1959) defined job progression in terms of time to recommenda
tion for promotion and included recommendation to first promotion and 
recommendation to second promotion as separate criterion measures. His 
data analyses revealed that there was little variation among individuals 
on either measure and this led him to conclude that the nearly standard 
timing of these recommendations on the basis of longevity (or seniority) 
limited their value as criterion measures. 

Mies, Colmen, and Domenech (1977) utilized a progression criterion 
based on job complexity rather than rate of progression. They postu
lated four general levels of operational complexity among the ATC fa
cilities, ranging from Flight Service Station (FSS) at the least complex 
level, to Visual Flight Rules (VFR) Terminal facilities at the next com
plex level, to Instrument Flight Rules (IFR) Terminal facilities, to 
EnRoute Centers at the most complex level. Progression was scaled di
chotomously, with a "1" assigned to individuals who, at the time of the 
study, were working in a less complex facility than their initial assign
ment and a "2" assigned to those whe were working in a facility of the 
same or higher complexity level than their initial assignment. Since 
both initial assignment and subsequent transfers have always been highly 
influenced by available vacancies, as well as personal preference, the 
progression measure could not be considered to be a strong measure of 
job proficiency. Nevertheless, the rationale underlying the use of the 
progression criterion was that the controllers who progressed to or re
mained at more complex facilities provided a better return on the FAA's 
selection and training investment. 

Peer evaluations. Peer evaluations were collected as criterion 
measures in two FAA studies which focused on the relationships between 
age, job experience, and job performance of controllers. The first was 
a major project which inc1uded a variety of objective and subjective 
measures of controller performance and actually resulted in several 
separate publications utilizing the same samples and criterion measures 
(Cobb, 1967; Karson, 1967; Buckley, O'Connor, & Beebe, 1969). 

Cobb (1967) used an anonymous coworker's nomination procedure, in 
which all controllers, from assistant controller to crew chief at each 
of four major EnRoute Centers, were requested to nominate the four in
dividuals whom they considered to be ~'most outstandingly effective" and 
four whom they considered to be "next most effective." A score of 2 
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was assigned for each "most effective" nomination and a score of 1 as
signed for each "next most effecitve nomination." The nominations were 
standardized within each facility and correlated about .55 with super
visor ratings for a sample of 525 controllers. 

The second study (Mathews & Cobb, 1974) involved a sample of 613 
journeyman controllers from 17 radar-equipped Terminals and included 
experimental ratings on a 7-point scale by supervisors, crew chiefs, 
and co-workers, who were in each case familiar with the work on the in
dividual to be rated. Analysis of correlations among the ratings within 
••ch group indicated that the highest interrater correlations occurred 
' those by immediate supervisors (.61), the next highest among those 
ere~ chiefs (.46), and the lowest among those by peers (.39). 

Supervisor ratings have been used widely as 
controller selection research. There are 

reasons for the popularity of supervisor ratings: (1) Super
~••n•·•' ratings have considerable face validity, nothwithstanding their 

subjectivity; (2) They •are relatively easy and inexpensive to 
llltoLlE~ct:; and (3) There has been a general lack of suitable alternatives. 

Although the FAA adopted a formal field performance review system 
the mid-1960's, which included periodic "over-the-shoulder" profi

evaluations as well as more global administrative evaluations, 
deficiencies in the administrative evaluations for use as 

measures have generally led to the collection of special (not 
ial use) ratings for research purposes. Several studies (Cobb, 

Milne & Colmen, 1972; Henry, Kamrass, Orlansky, Rowan, String, & 
~~henll>ac:k, 1975) have noted deficiencies in "over-the-shoulder" ratings, 

the fact that those that have been used were not scored quan
ively and were designed primarily for diagnostic and remedial pur

Such forms which were originally designed for other purposes 
generally not suitable for criterion purposes. 

One significant trend in the use of supervisors' ratings as cri
measures has been in the direction of increased behavioral spec
of the fac·tors rated. The contrast between the rating forms 
Trites, Miller, and Cobb (1965) and Mies, Colmen, and Domenech 

is quite striking. Trites et al. included 14 items on a 5-point 
plus 2 items answered yes or no, while Mies', Colmen, and Domenech 

items on a 7-point scale, plus 4 additional items in varying 
, pertaining to overall evaluation. The form used in the latter 

contained nine major categories of rating factors, such as know
judgment, traffic management techniques, and performance under 

, with several items in each category, while the items in the 
et al. form generally corresponded to the category level of the 
al. form. An illustration of this contrast is shown in Table 1. 

e trend toward behavioral specificity of rating factors was pri
the result of an effort to imprgve the objectivity and relia-
of the ratings. This effort was based on the belief that if 
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Table 1 
Comparison of two supervisor rating forms illustrating two degrees of specificity 

Low Specificity 
(Trites ~tal., 1965) 

Study attenttOft to .ort and. c:onduct. 
Jbtttty to org~ntze and IItke IDSt effective use 
of tt•. equt.,.nt. and tnfonn~tton currently 
IMilable. 
DeMonstrated attitude and chlncter. 
Rate of continued t-.ro.,..,.t . 
Ability to understind 1nd 1pply controller 
procedur-es • 
Abtltty to Nke deciSIOfiS required by hh 
position. 
Dtspllly of good Judfllent. 
EMotiOMl sUblltty under pressure. 
u.onstrated aptttudt for air traffic control 
Kttvtttes. 
Potential for conttnuH e..otton~l st.lbltlty tn 
atr traffic control acttvtttes. 
Abt1ity to get alon9 well with others. 
Abt11ty to work coo.,eratt~ly with others. 
Present perforNnce of OJT duties (cOIIPiete only 
for tralntH}. 
Potent Ill abt It ty to perfo,. Joumf11111n duties 
(cQIIPlete only for' trainees). 
Oo tile controller acttvttles of thh lndhlduil 
ever have an undHtr•ble effect on atr traffic 
safety? Yes·No 
If you wen 1 factltty dltef. would you wnt ttlh 
tndtvfdual on your sUff 1s •n active controller? 
Yes-No 

·Hi~h Specificity 
(Mies et al., 1977) 

LUI. lOGE 
I. uf Procedures. 
Z. Of Equt,.ent. 
3. Of Rules. letten of agrlllllftt, etc. 

PERCEH!Oil 
4. Oftec:tlng crtticll aircraft, r1dar targets, obstacles. 
5. Identifying aircraft and radar targets. 
6. lnter11rettng dtsplay data. 
7. Scanning efficiently·- towe"· bolrds. radar. 
8. Attending to operationll status of equt.,_,.t. 
9. Obsentng we.~ther and updating weather reports. 

11). Detectirt9 critical or potenttlllJ haz11'"dous IOCil 
weather conditions and takirt9 a1111roprt•te 1ctton. 

t.c:Jf'r.EitEMSION 
1~. Getting. holding and regainin"g the picture. 
IZ. Scanning f1tght strips for stgntftcant dati. 
13. Making required cQIIPUUtions of speed, direction 1ncl 
I dtsLJnce. 

l,t. Keeping up with air trafftc dati. 
15. Mating accurate assU~Ptions 1b0ut 1fr speed. altitude, 

position. /16: Cc.prehendtng stgnfftcance of • sttY&tfon; seeing a 
probl.- developing~ dtsttngutshtng between routine 
and potentially dangerous situations. 

17. Storlnq current. short-ten~~ 1tr configuration and 
f11ght pl1n daU wtth •tniwwal needs for lll!ll)ry aids. 

18. Retaining lonq·te,. lnfoiWitlon on Miles, regulations, 
procedures. 

27. 

·----··- -· standlrd ATC phraseology. 
Comuntcltlng concisely outside of stlndard ptlnseolov. 
-· ·· - - ··- 1nd telephone voice 1nd deltvery. 

1 tnterpretln9 r1dlo .-ssages. 
ONily. 

or fnforwtion to pttots rw others. 
or verbll cCIIIIIUIItcatton. 
· or other equt.-nt for •lnUtnt~~g 

_. ... ct. 
0ttectf"9 And reporting hlzardcM loc11 atr tnfflc 
conditions to tht proper c011trol sector. 

JUIIGIENT 
~nntng which balances 111 relevant factors for 

operational decisions. 
29. Coordhwttng In 1 tl•ly lftCI effective •twttr. 
30. lntttattwe tn tlklng unllatenl 1ctton as reQuired. 
31. AnttcfPAtfnt future sUtus of atr space dfectlng 

decisions. 

orderliness. 
expeditiousness. 

)l. Ca.~ncl of sitY&ttons. 
35. Uper1ttng radar, beacon artd/or other equfp~~ent. 
36. l;ntering flight data into flight strips or CCIIIIPuter 

IS required. 
37. Rec:etvtng, processing and delivering flight plan 

tnfor'WIIItion. 
38. Servicing flight strip printer. 
39. Coordin.lltfng FOP proble.s wtth error referral 

posttton and controller, as required. 
.a. Reviewing and correcting flight plan as needed. 
41. Uhsatnattng relays or delivering operational 

tnfoi'Ntion to appropriate receivers. 

P£RFORJIWICE liiOE:R STRESS 
4z. H.tndhng unusual situations sYC:h as e."}enetes. 
43. Functioning under periods of short-te,. hH'IJ' 

traffic. 
U. Functioning under periods of protracted heavy 

traffic. 
4S. SOetd of re~cthtg in ruching decisions. 
46. Abt Hty to function effectively In periods of 

alternating ltght 1nd heawy traffic conditions. 

IIITERPERSOMI. SKILLS 
41. Ass•• ng role as a llellber of a tllll. 
Q. Accepttnt instructions or SU99fttlons. 
49. Manner of Nklnt siiiJC)estfons to others. 

Ollt[R SltiLLS 
50. Oitng IWIN of, and COIIIPIMatittg frw, 011111 lt•tU

tion in perfon~~~~nce of operltiONI duties. 
St. Mutllizfng awn strengths In perfo,..nce of 

operattOMl duties. 
S2. lltkhlf efforts towlrd self·fiiii•Oue•ut 111 perfor

lllftee of opeNttOftll duties. 
53. Displaying respaMtbtltty tcMn:l job and ATC service 

111 perf.,..nce of opentt ... l duties. 
SC. Adlpttng to dtlltfiS In operetiOMl polfctes, procedures, .... 
OVERALL 
sr.-liit wfllfng would )'OU be to 1SSf911 tttts Specialist to an 

operatiOM1 posftfOII wheN traffic was exti"'IIIIIY hNwy? 
SG. Holl often does this Spect11tst hlwe an Yndesfrable effect 

011 air trtfftc oper1tlons? 
57. Would JOII be willing to p,_te tilts tiiPloret to a htg~ter 

level Spect•ltst position or to a hither deMitJ factltty 
sa. Tlktng tnto account all the f1ctors specified tn the above. 

questions, how would tftts Sptc:la1tst riM relative to 111 
SDeclillfsts of lite !INde __ ~tr_tel..YGU hne known7 



the dimensions to be rated were presented in terms of more specific 
observable behaviors, raters would know more precisely what they were 
supposed.to observe and evaluate and would respond accordingly with 
more precise evaluations. 

Simulation and Computer-derived measures. Simulator studies of 
air traffic control problems have been reported in the literature 
since the 1950's. However, most of the early research was directed 
toward the evaluation of effects of work-load variables and changes in 
control procedures on overall system performance and therefore was not 
directly relevant to individual performance assessment. Boone, Van 
Buskirk, and Steen (1980) provided an excellent review of this early 
air traffic control simulation research. 

Buckley, O'Connor, and Beebe (1969) reported what in many respects 
must be considered a benchmark study in applying dynamic simulation of 
air traffic control problems in the evaluation of controller performance. 
This study included both a full-scale dynamic simulation of the National 
Aviation Facilities Experimental Center (NAFEC) Model A simulator and 
a mini-simulation called the Controller Decision Evaluation (CODE), 
which did not require use of the Model A simulator. 

In addition to the objective, simulator-based performance measures, 
various other measures were collected, including "over-the-!lhoulder" 

'':observer evaluations and physiological stress indicators. The special 
.'purpose supervisor and peer ratings described in the Cobb (196 7) study, 

discussed earlier, and recent official Employee Appraisal Record (EAR) 
ratings were also included for comparison purposes. 

The CODE procedure was not developed to be a representative simula-
tion of the traffic controller's job, but rather was seen as an encapsu

component critical to successful controller 
the ability to detect potential air traffic conflictions. 

1~!1uc1klE!y et al. (1969, p. 6-1) described the CODE procedure as follows: 

The basic concept of the technique involves running a 
film of a radar display portraying air traffic. The 
subject controller is asked to pretend he is observing 
another controller and the other's manner of handling 
traffic. His task is to indicate when action should 
be taken to avoid a confliction. He of course must 
scan the changing traffic pattern to detect possible and 
developing conflictions. Failure to indicate that action 
is required reflects his failure to detect the confliction. 
In this manner, the technique concentrates on the percep
tual and decision-making. element of the controller's job. 
Since the traffic flow is preprogrammed on the film, the 
correctness of his decisions can be objectively determined 
and scored. 
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Initially the sample for the CODE analyses was to include all 36 
controllers from the full dynamic simulation study; however, equipment 
problems reduced the CODE sample to 18 of the original 36 journeyman 
EnRoute controllers. Two basic criterion measures were collected: 
number of conflictions correctly identified and number of non-conflic
tions incorrectly. identified as conflictions. Although the sample was 
small and the run-to-run reliabilities were rather low for the two lower 
traffic densities, reliabilities in the .50-.60 range were obtained for 
the highest traffic density and the CODE scores correlated .50 and 
higher with both field ratings and scores on the full-scale simulation 
criteria. 

The results of this study were considered prom1s1ng both for per
formance evaluation and controller selection applications. 

The full-scale dynamic simulation, in contrast to the CODE simula
tion, actually al1owed the controller to direct the activities of a 
sample of simulated air traffic, performing characteristic functions, 
such as ordering changes in aircraft speed or flight path and limiting 
the number of aircraft in the sample sector at particular times by re
jecting traffic handoffs from adjacent sectors. Data were collected 
on a substantial number of potential simulator indices of controller 
performance, including 12 single measures and 16 ratio measures based 
on combinations of the single measures, as shown in Table 2. In add.i
tion, there were 12 composites computed from combinations of the single 
and ratio measures. 

Utilizing factor analytic procedures, Buckley et al. concluded that 
the fundamental dime.nsions of system functioning could be measured ade
quately with the following nine measures: 

Conflicts per aircraft handled 
Conflicts per delay 
Delays per aircraft handled 
Delay time per aircraft scheduled 
Aircraft time in system per aircraft scheduled 
Proportion of complete flights scheduled actually completed 
Contacts per aircraft handled 
Communication time per contact 
Proportion of aircraft scheduled that were handled. 

Buckley and his associates at NAFEC, aided by improved simulation 
technology (involving conversion from analog to digital simulators) have 
continued to refine the simulation procedures in a series of small sample 
studies (Buckley, 1976; Buckley and Rood, 1977). In 1978, Buckley, House, 
and Rood outlined the research design for a large scale field study to 
develop a normative data base necessary for the validation of simulator 
performance parameters that could be operationalized for training and 
field performance evaluation. Unfortunately this study was not funded. 
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Table 2 

Dynamic Simulation Performance Measures 
(Buckley, O'Connor, & Beebe, 1969) 

Single Measures 
li. 

Number of Conflictions 
Number of Delays 
Delay Time 
Number of Aircraft Delayed 
Aircraft Time in System 
Aircraft Time in System for Completed Flights 
Flight Time Deviation for Completed Flights 
Number of Completed Flights 
Number of Control Instructions 

t' Number of Contacts 
ct Communication Time 
.t~> Number of Aircraft Handled 

"tio Measures 

fl Number of Conflictions/Number of Aircraft Handled 
Number of Conflictions/Number of Delays 
Number of Delays/Number of Aircraft in Sample 
Delay Time/Number of Delays 
Delay Time/Number of Aircraft Delayed 
Delay Time/Number of Aircraft in Sample 
Number of Aircraft Delayed/Number of Aircraft in Sample 
Aircraft Time in System/Number of Aircraft in Sample 

"·' Aircraft Time in System for Completed Flights/Number of Completed 
F1 ights 

Flight Time Deviation for Completed Flights/Number of Completed 
Flights 

Number of Completed Flights/Number of Completed Flights Scheduled 
Number Control Instructions/Number of Atrcraft'Handled 
Number of Contacts/Number of Aircraft Handled 
Communication Time/Number of Aircraft Handled 
Communication Time/Number of Contacts 
Number of Aircraft Handled/Number of Aircraft in Sample 
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RELIABILITY OF POST-TRAINING CRITERION MEASURES 

Concern about the reliability of the ratings provided by observers, 
instructors, and supervisors has been expressed repeatedly over the 
course of controller research from 1950 to the present. Henry et al. 
(1975) provided an extensive review of research of the reliability of 
ratings of controller performance up to the time of their study, and 
only one reliability study has been reported since their review. Ap
parently, this has been a result of a new FAA operational procedure, 
in which supervisors rotated shifts with the same crew and thus quali
fied alternate evaluators were not available to provide the multiple 
evaluations of the same person required for interrater reliability analy
sis (Milne & Colmen, 1972). 

Estimates of the reliability of ratings have frequently been dif
ficult to compare across studies because some reports have failed to 
specify clearly whether coefficients reported were average correlations 
(Pearson r) or correlations corrected for the number of raters by ap
plication of the Spearman-Brown prophecy formula. As noted by Ebel 
(1951), if the issue at hand is the reliability of individual ratings, 
one whould use the average correlation among the ratings of several 
raters, whereas if the concern is the reliability of a composite rating 
that combines ratings from several individual raters, the average cor
relation among the individual ratings should be adjusted for the number 
of raters to determine the reliability of the composite. One should 
also note that Spearman-Brown corrected reliability estimates are not 
comparable across studies unless they are based on the same number of 
raters per ratee. 

Another issue in the comparison of reliabilities from study to study 
is whether a reliability estimate is an index of interobserver agreement 
regarding performance observed at the same time by all raters or whether 
the reliability estimate is based on ratings of performance observed at 
different times. If multiple observers provided independent ratings of 
performance for the same work sample, the reliability coefficient would 
reflect the reliability of the observation and evaluation process among 
the raters. However, if the ratings were obtained from observers who 
observed individuals performing at different times, then the reliability 
coefficient would be influenced both by unreliability due to observer 
disagreement and unreliability due to variations in individual performance 
from one observation period to the next; in that case, the two components 
of unreliability would be confounded and it would not be possible to esti
mate their relative influence. 

Nagay (1950) conducted a study in which 48 senior controllers ob
served and evaluated 42 controllers in nonradar control for several weeks. 
He reported reliabilities of .43 when supervisors observed the same con
trollers at the same time and .22 when the supervisors observed the same 
controllers at different times. The ratings were based on observed in
stances of outstanding and unsatisfactory controller behavior on 23 ele
ments of specific, predefined control behaviors. 
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Brokaw (1959) reported data indicating an average intercorrelation 
of ,69 among the independent summary ratings by four FAA instructors 
of the performance of a sample of 20 ATC students. The raters in this 
study were given training in rating theory and used a 5-point scale with 
nine items, covering proficiency, ability, attitude, and emotional sta
bility. 

In a follow-up of the Brokaw study, Trites (1961) collected ratings 
by mail from supervisors on a subset of 149 controllers, using a form 

.· similar to that used in the Brokaw study. He reported a Spearman-Brown 
corrected reliability of .75 based on the ratings of those controllers 

. ;. who received ratings from two or more different supervisors. The propor
tion of the total sample of 149 controllers who were included in the re

analyses was not reported. 

Trites, Miller, and Cobb (1965), in a study of the criterion meas
•lares .used in FAA selection research during the early 1960's, reported 
O:~eliabilities for supervisor ratings made at about the same time versus 
I~:~:~:~~~i;~lities of ratings made up to several years apart. The uncorrected 
[' ions between two average ratings made 10 to 12 months after scad

graduation were .58 for 468 EnRoute controllers and .78 for 262 Ter-
1 controllers, while the uncorrected correlations between the average 

the first year ratings and average ratings one or two years later were 
for 367 EnRoute controllers and .47 for 244 Terminal controllers. 
ratings were based on the sum of the first 14 items given in the 

1, rated on a 5-point scale . 

... , Cobb (1967) reported results from a study that included a comparison 
·ratings by the same supervisors, using items of a more general nature, 
IJI!)lllted by Form B, versus ratings using items of a more specific and 
~·•••:a• nature, designated Form C. Although the actual items used were 

reported, the 14 items in the general form (Form B) were apparently 
· -.similar to those reported in the first part of Table 1, while the 

in the specific form (Form C) were the same as those in the semi
"over-the-shoulder" field rating from in use at the time, but 
to provide a quantitative indication of performance. Both forms 

scale to indicate level of performance. Based on samples 
ouz·ox•~•<ely 300 controllers with multiple ratings, Cobb reported 

intercorrelations of .35 for Form B and .29 for Form C. He con
the observed reliabilities to be lower than expected and commented 

raters were not as well informed as others (Cobb, 1967, p. 5): 

In those instances where an individual was the recipient 
of multiple ratings, only one represented an evaluation 
by his immediate supervisor; others were by other super
visory personnel who may have been less knoledgeable re
garding the individual's proficiency. In retrospect, it 
became obvious that the .procedure should have included 
the collection of such ratings from only the immediate 
supervisors. 
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Another study by Mathews and Cobb (1974) provided additional data 
in support of Cobb's (1967) observation of the importance of using raters 
who are most familiar with work of each controller rated. This study 
compared the reliabilities of ratings by supervisors with the reliabili
ties of ratings by crew chiefs, who were one level of supervision removed 
from the controllers. With a sample of over 100 Terminal controllers, 
reliabilities of .62 were obtained for ratings by supervisors, compared 
to ,46 for ratings by crew chiefs. 

None of the reliability studies reviewed to this point have actual
ly focused on the situation where two or more observers provide an evalu
ation of an individual observed in a very focused sample of controller 
behaviors, which is the explicit condition necessary for a meaningful 
"over-the-shoulder" rating. Data appropriate for evaluation of the re
liability of over-the-shouulder ratings are scarce, but three studies 
have reported some relevant data. 

Henry et al. (1975) summarized the "new" controller performance 
rating procedures developed by the System Development Corporation (SDS) 
under contract to the FAA during the period from 1970 to 1974. In ad
dition to reviewing significant features of the SDC rating sytem, which 
were designed to contribute to improved quality ratings, they reported 
interrater reliabilities of .65 and .67 for over-the-shoulder evalua
tions in two fieM studies; this information was provided ~n a private 
communication from one of the SDC researchers. 

The Buckley, O'Connor, and Beebe (1969) study described in the 
previous section investigated the performance of 36 journeyman con
trollers, using a dynamic computer simulation at NAFEC. In addition 
to obtaining objective, computer-based measures of performance (re
ported later in this chapter), each controller was observed and rated 
by over-the-shoulder procedures by three observers on two one-hour 
simulation runs at each of three simulated traffic densities. For these 
ratings, Buckley et al. reported interobserver agreement coefficients 
(intraclass correlation) for four of nine items rated plus traffic con
fliction errors as determined by observer judgment (Table 3). It is 
interesting to note (1) that the overall evaluation was considerably 
more reliable than the more specific technique-oriented items, (2) that 
interobserver agreement was relatively unaffected by variations in 
traffic density, and (3) that interobserver agreement with respect to 
overall performance was in the same range as their agreement in judging 
conflictions. The interobserver agreement reliabilities for the over
all evaluation were .59, .76, and .67 for three increasing traffic den
sities. When these agreement coefficients are adjusted for the number 
of observers (3), the corresponding reliability estim&tes are .81, .90, 
and .86 for the respective densities. 

In contrast to the data just reviewed, which address the issue of 
the reliability of the observation ·and evaluation process· for multiple 
observers observing the same individual at the same time, additional 
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Table 3 

Interobserver Agreement Coefficients 
for Dynamic Simulation Observer Ratings 

(Buckley, O'Connor, & Beebe, 1969) 

Intraclass Correlation Coefficients 
Density 2 Density 3 Density 4 

Run 1 Run 2 

,J;T!!chn,i oLtl! I nvo 1 ves 
king .43 

.11 

.45 

.60 

.63 

.40 

.40 

.46 

.57 

.72 

253. 

.28 

.36 

.64 

.75 

.70 

.38 

.30 

.57 

.77 

.77 

.30 

.33 

.58 

.70 

• 81 

.20 

.33 

.52 

.64 

.70 



data were collected to address the issue of the reliabilities of observer 
ratings and system measures on the same subjects from one simulation 
trial to another. In this case the reliability estimates for the ratings 
include the influence of both interobserver agreement and variations in 
individual performance from one time to the next while the reliabilities 
of the system measur~s, with the exception of observer-judged conflic
tions, include only the influence of variations in individual performance 
over time. 

Table 4 contains illustrative reliability data for selected observer 
rating and system performance measures. Reliabilities varied considera
bly for various rating dimensions and the overall evaluation was more 
reliable than most of the more specifically focused rating items. Some 
of the rating items, such as "technique involves risk-taking," had rela
tively low reliabilities which declined considerably with increasing 
density, while others such as "prompt performance" were fairly reliable 
and generally unaffected by variations in traffic density. 

The reliabilities of the simulator system measures tended to be 
more variable than those of the rating measures with respect to both 
differences between measures and differences from one traffic density 
to another for the same measure. Since reliabilities of the system 
measures tended to increase with increases in traffic density for some 
measures and to decrease with increases in traffic density for other 
measures, combining the system measures into composites tended to at
tenuate the effects of the two opposing trends. Thus the reliabilities 
of the system measure composites were more stable across the varying 
levels of traffic density. 

Buckley et al. reported median corrected reliabilities of .63, .65, 
and .78 for the 12 single simulation measures listed in Table 2, com
pared to median corrected reliabilities of .75, ,70, and .56 for the 9 
over-the-shoulder observer ratings. In general, the reliabilities of 
the objective simulator measures increased with increases in traffic 
density, while the reliabilities of observer ratings declined. However, 
it should be noted that the highest traffic density was judged to be 
more difficult than that typically encountered under operational condi
tions. 

The most significant findings of the Buckley, O'Connor, and Beebe 
study were: (1} Controller performance varied considerably from one 
trial to the next, (2} Objective simulator performance measures were 
not much more reliable than the subjec~ive over-the-shoulder observer 
ratings, and (3) Two independent simulator trials of one hour duration 
each were required to produce reliabilities in the .70 range for both 
objective simulator measures and subjective observer ratings. 

Boone, Van Buskirk, and Steen (1980) reported a simulation study 
comparing over-the-shoulder ratings with computer-derived measures, in 
an effort to evaluate the feasibility of using computer-derived measures 
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Table 4 

Comparison of Run to Run Reliabilities for Selected 
Observer Ratings and Simulator System Measures 

(Buckley, O'Connor, & Beebe, 1969) 

Observer Ratings 
Densit~ 2 Densitx 3 Densitx 4 
r r * 

.•.. ·Technique involves Risk-taking 
Separation is Assured 

· ·· Prompt Performance 
.· Overall Evaluation 

System Measures 

of Conflictions 
of Delays 
t Time Deviation for 
Completed Fl ts 
of Aircraft Handled 

.. 2-Vari able Composite 
c!i'I2-Vari able Composite 

.53 

.49 

.64 

.69 

.60 

.26 

.68 

.06 

.54 

.66 

c r 
.69 .24 
.66 .54 
.78 .59 
. 82 .51 

.75 .62 

.41 .43 

. 81 .48 

.11 .36 

.70 .62 

.80 .59 

rc r rc 
.39 .11 .20 
.70 .52 .68 
.74 .58 .73 
.68 .35 .52 

.77 .34 .51 

.60 .67 .80 

.65 .46 .63 

.53 .72 .84 

.77 .38 .55 

.74 .59 .74 

the 2-variable composite includes No. Conflicts I No. Aircraft Handled 
and Delay Time 1 No. Aircraft in Sample; the 12-variable composite 
includes all 12 single measures listed in Table 2. 

indicates the Spearman-Brown corrected reliability of the performance 
measures averaged over two one-hour simulation runs. 
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to evaluate student performance···in simulated air traffic control prob
lems. Twenty-four EnRoute and 24 Terminal students tested at the NAFEC 
Dynamic Simulation Facility on five radar problems of increasing com
plexity received instructor evaluations following the standard format 
described in Chapter 9, for evaluation of laboratory problem performance. 
These included over-the-shoulder ratings of a problem average score 
(tabulation of specific errors) and instructor assessment of performance 
for each problem, a total score combining the problem average and in
structor assessment for each problem, and a global rating to the student's 
potential for becoming a full performance level radar controller. Re
liability coefficients for the over-the-shoulder evlauations and global 
ratings are presented in Table 5. The reliability coefficients reported 
for the problem average were actually agreement indices, based on the 
ratio of the number of agreements to the total number of errors recorded 
by two instructors during simultaneous observation of the same student, 
rather than conventional correlations of the total number of errors re
corded by each instructor for the same student. In addition, the prob
lem average reliabilities appear to have been based only on observations 
of problems 4 and 5, while the reliabilities for the instructor assess
ments and global ratings were intraclass correlations across all five 
problems. Thus, these data did not provide a direct comparison of in
terobserver reliabilities and situational stability reliabilities on the 
same measures. 

RELATIONSHIPS AMONG CRITERION MEASURES 

One central issue to be considered when different criterion meas
ures are used to assess performance, either in the same study or in 
comparing one study to another, is the relationships among the various 
measures. In some cases different measures are thought to be measures 
of essentially the s.ame underlying performance dimensions or comparable 
alternate measures of overall performance and thus are expected to be 
highly correlated. In other cases, various measures are thoug~t to be 
measuring different and possibly independent dimensions of performance 
and thus are not expected to be highly correlated. 

A related issue is the stability of individual job performance 
across career stages; if relative performance were known to change 
considerably from one career stage to another, then it would be very 
important to specify the career stage for which selection instruments 
are to be validated. 

Trites. {1961) reported correlations among training grades, ins true-· 
tor ratings, and supervisor ratings of job performance, within the first 
year after training. As can be seen in Table 6, all of the correlations 
were significant, positive, and in the low to moderate r·ange; correla
tions were generally higher between similar measures collected closer 
to the same point in time. Table 6 also shows ~ correlation of .28 be
tween supervisor ratings collected in 1957 and the absence of discipli
nary action during the period 1957 through 1960. 
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, Tenninal 

EnRoute 

Table 5 

Reliability Coefficients for the Over-the-Shoulder 
Evaluation and Global Rating by Option 
(Boone, Van Buskirk & Steen, 1980) 

Problem 
Average 

.33 

.29 

Instructor 
Assessment 

.58 

.56 

257. 

Total 
Score 

.43 

.43 

• 

Global 
Rating 

.23 

.27 



Table 6 

Correlations Among 1957 and 1961 Criterion Measures 
(Trites, 1961) 

Note- All entries are significant at the .05 level. N=l45 

* Data not available . . 
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Table 7 presents correlations between training performance measures 
and late-r job performance measures, as reported by Trites, Miller, and 
Cobb (1965). Academic grades, laboratory grades, and instructor ratings 
all had generally modest but significant correlations with supervisor 
ratings obtained approximately one year after Academy graduation (super
visor rating-1) and supervisor ratings obtained up to three or four 
years following Academy graduation (supervisor rating-2). Post Academy 
attrition (separated from FAA) had a low correlation with instructor 
reservations about a trainee's ability to become a controller, for 
both EnRoute and Terminal samples, and was also correlated with labora
tory performance for the EnRoute sample. In addition, the correlations 
between supervisor ratings obtained several years apart were .43 and 
.47 for the EnRoute and Terminal samples, respectively. 

Buckley, O'Connor, and Beebe (1969), in the simulation study re
ported earlier, had access to recent official supervisor ratings (EAR) 
and the experimental field ratings (global - Form B, specific - Form C, 
peer nominations) collected by Cobb (1967), as well as the observer 
ratings and objective simulator measures collected on their sample of 
36 controllers. The correlations among the summary scores for these 
measures are shown in Table 8. Although the overall pattern of these 
correlations is somewhat erratic and limited by both the small sample 

·and the limited reliabilities of some of the measures, there appears to 
be a common thread of moderate positive correlations among the various 
measures. The field ratings on Form C, with the more specific item 
format, generally had the lowest correlations with the other measures. 

~Cobb (1967) reported correlations in the .50 range between the peer 
· .. nominations and Form B and Form C ratings for his larger sample, 
_ ,compared to con elations in the • 30 range for the same variables in the 

,-'Buckley, O'Connor, and Beebe sample, possibly indicating a slight re-
. striction of range sample bias in the latter study. 

A study by Mathews and Cobb (1974), which included ratings of 
several hundred Terminal controllers by peers, supervisors and crew 

·-chiefs, indicated a range of correlations among the three sources of 
ratings, from .56 to .59. 

Chiles and West (1974), in a study of the validity of the CAMI Mul
•·zl:lp•<e Task Performance Battery described in Chapter 4, reported a cor

of .41 between FAA Academy instructors' estimates of each 
inee's potential to become a fully rated air traffic control specialist 
retention as a controller 2 to 2~ years later for a sample of 214 

A correlation of .• 29 was obtained for post-Academy retention 
when the 10 Academy failures were excluded from the sample. 

Mies, Colmen, and Domeneck (1977) in a major validation study dis
;~t•sa.ed in Chapter 18, Part 11, used an aggregate success criterior which 
~ton••u•u~:u measures of training performance, supervisor ratings, progres

and attrition. The only correlation reported among the individual 
was .10 between progression and supervisor rating. However, 

part-whole correlations of the four respective individual measures 
the aggregate were .93, .94, .36, and .72, respectively. 
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Table 7 

Correlations Between Training Performance and 
• Later Job Performance 
(Trites, Miller, & Cobb, 1965) 

Acad. & 
Academic Laboratory Lab. Instructor 

Grades Grades Grades Rating 

Supervisor Rating-1 

En Route .19** .29** .28** .33** 
Terminal .31** .07 .23* .24** 

Supervisor Rating-2 

En Route .08 .20** • 17** .34** 
Terminal .30** .19** .29** .27** 

Separated from FAA 

En Route .06 • 16** .14** . 02 
Terminal .02 .oo . 01 .04 

N -ranges from approximately 125 to 675. 
*p<05 
**p<Ol 
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Instructor 
Reservations 

. 15* 

.11 

. 16* 

.22* 

. 11* 
• 14* 



Table 8 

Correlations Among Objective Simulator Scores, Simulator 
Observer Ratings, and Field Performance Ratings 

(Buckley, O'Connor, & Beebe, 1969) 

Simulator 
Peer Rating Rating Observer 

EAR Nomination Form B Form C Rating 

Density 2 
Density 3 
Density 4 

Nomination 
B 
c 

. 13 

.25 

.26 

.30 

.03 

.01 

.54* 

.34* 

. 31 

.29 

.30 

.22 

.26 

.35* 

.28 

.35* 

.30 
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.39* 

.39* 
• 19 

. 12 

.20 

. 33* 

.87* 

.11 

.24 

.oo 

-.03 
.08 
.25 . 

.54* 

.52* 

.29 



Boone (Table 5, Chapter 9) compared relationships between Academy 
laboratory performance and field performance ratings 1~ to 2 years fol
lowing Academy graduation for EnRoutetrainees who entered training be
tween May 1977 and January 1978. The relationship presented in that 
table corresponds to a correlation in the low .40 range. 

SUMMARY AND EVALUATION 

Although numerous post-training criterion measures have received 
consideration in air traffic controller selection research since the 
1950's, attrition and supervisor ratings have been predominant in use. 
Objective computer-derived measures have received experimental atten
tion in simulation studies and have shown promise in feasibility studies 
but, at present, have not been sufficiently developed and validated for 
operational use. 

Considerable effort has been put forth to refine supervisor rating 
procedures, presumably to increase their objectivity and reliability. 
These efforts have led to more emphasis on rating scales with large 
numbers of very specifically focused items to be completed (ideally) 
under conditions where the supervisor directly observes the controller 
"over-the-shoulder" while he or she engages in traffic control activi
ties. 

Reliability studies have not yielded particularly impressive re
sults for either the over-the-shoulder format or the more traditional 
global rating format. However, one should recognize that many of the 
studies were conducted under conditions that tend to produce low re
liability estimates. In particular, the use of alternate raters who 
are not familiar with the work of the controller and the comparison of 
ratings obtained several years apart are likely to reduce reliability 
indices. In more recent studies, reliability analyses have not even 
been conducted as a result of FAA operational procedures which have 
supervisors and subordinates on the same shift rotation schedule and 
thus preclude the availability of well qualified alternate raters. 

Studies of criterion interrelationships have shown low to moderate 
correlations between training performance and later job performance, 
moderate correlations among job performance ratings from peers, super
visors, and crew chiefs, and moderate correlations between supervisor 
ratings obtained several years apart. Although post-Academy attrition 
has shown only low correlations with either training performance or 
supervisor ratings, it has been shown that post-Academy attrition is 
substantially reduced by increasing Academy attrition through the use 
of more stringent Academy pass-fail standards. 

The implication of the findings reviewed in this chapter are dis
cussed in the following chapter. 
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Chapter 14 

OVERVIEW OF CRITERION MEASUREMENT IN 
CONTROLLER SELECTION RESEARCH 

Jack M. Greener 

INTRODUCTION 

in Part III have described the research and 
and practices in the measurement and evaluation of controller 
during and after training and have reviewed the FAA research 

such measures were used as criteria in selection studies. This 
~·p•:er considers the nature of criterion measures used in selection 

ion research and presents an assessment of those utilized in 
by and for the FAA. It also provides a critical view of new 

IMIIlStlre,s that have become popular, at least in discussion if not in prac
as a result of progress in computer-electronic technology. 

ISSUES IN CRITERION DEVELOPMENT 

Measures and Performance Assessment 

It is widely recognized that the evaluation of employee performance 
many purposes within organizations and is an essential requirement 

organizational functions. Among the most commonly recognized 
of performance evaluation are: (1) to serve as a basis for ad

trative decisions, such as employee compensation and promotion, 
provide feedback to employees for employee development, (3) to 

as criteria in studies to evaluate personnel selection and train
' and (4) to serve as criteria in programs to evaluate work 

and procedures. 

any specific performance measure could serve 
more than one of the purposes outlined must be evaluated i~ 

of particular circumstances. In general, however, perform
•ea.sulres designed and collected for specific purposes are usually 

appropriate for other purposes. The appropriateness of a 
measure for any one purpose may even vary depending on the 

objective or question at hand. For example, the "number of 
delays" may be a useful measure in the evaluation of a training 

air traffic control procedures, but this measure might not 
,any indication of the degree to which trainees actually used the 

taught in the course. It is important that the investigator 
explicitly whether the objective is to examine the impact of 

course on controller management of traffic delays or whether 
is to determine the extent to which trainees learn to ap

chniques taught. Use of 'the traffic delays measure as a cri
answer the latter question would be appropriate only if the 

taught in the training program were the sole methods' avail-
traffic delays. 
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Many of the considerations in evaluating performance measures for 
criterion purposes also apply to performance measures used for other pur
poses, and in view of the cost of collecting good performance evaluation 
data, it is desirable to have systems of data collection which serve more 
than one purpose. However, whenever performance assessments are used for 
administrative purposes, supervisors may be under much pressure to weaken 
the evaluation process because of the potential consequences to the in
dividuals evaluated. 

Characteristics of Criterion Measures 

Within the field of personnel psychology the following five considera
tions have been advocated as a basis for evaluation of criterion measures: 
(1) reliability, (2) freedom from contamination or bias, (3) relevance, 
(4) freedom from deficiency, and (5) practicality. 

Reliability. In its simplest form, reliability refers to the con
sistency or repeatability of a measure, or in other words, whether in
dividuals tend to obtain the same scores on different occasions. If 
scores or ratings were to vary markedly from one measurement occasion 
to another, the measure would be of limited use for determination of the 
degree to which individuals actually exhibit the characteristic or be
havior being measured. For most personnel applications the absolute 
amount of variability from one measurement occasion to another is not of. 
major concern, provided that individuals maintain the same relative stand
ing with respect to each other over repeated measurements. Thus the cru
cial consideration is whether the amount of variability between indivi
duals on spearate occasions exceeds the amount of variability within in
dividuals across occasions. 

Unreliability in measurement may be caused by numerous factors, in
cluding deficiencies in the measurement device itself (such· as problems 
of calibration or lack of precision), deficiencies in the measurement 
process (such as lack of standardization of the measurement procedure), 
and actual changes in the behavior of 'the individuals measured. Changes 
in·the behavior of individuals may be transitory and short term, such 
as variations due to motivation, .anxiety, distraction, and fatigue, or 
they may be relatively enduring, long term changes in the circumstances 
of employees' lives, jobs, or capabilities (e.g., the acquisition of new 
knowledge or skills). 

Freedom from contamination or bias. The issue here is the presence 
of systematic bias. The basic question to be asked is: "To what extent 
does the performance measure under consideration reflect influences 
other than the effortg and ability of the individuals whose performance 
is being measured?" Examples of contaminated criterion measures include 
production rates in situations where individuals do not have comparable 
equipment, sales volume for non-equivalent customer bases, accident 
frequency under conditions of differential exposure or risk, and per
formance ratings which are differentially influenced by level of job 
responsibility. 
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In essence, a criterion measure would be considered totally free 
from contamination only if each individual being evaluated had an equal 
opportunity to achieve the maximum score. System output measures from 
which individual performance is inferred appear to be much more sus
ceptible to contamination than measures that focus on actual individual 
job behaviors. 

Relevance and freedom from deficiency. These considerations gen
e erally go hand in hand. In assessing the relevance of a proposed cri

_·: terion measure one wishes to determine that the proposed measure as-
• aesses one or more significant, non-trivial aspects of performance 

I,C:-&enoa"te ,to the objective or purpose for which it is to b.e used. De
iency addresses the completeness of the criterion with respect to 
objectives being assessed and requires one to ask whether there 
other relevant and significant aspects of performance which should 

included. 

~r~~~~;~n Smith (1976), among others, has suggested the ad-
••••un.,ouL t that criterion measures be practical in terms of 

ity, plausibility, and acceptability to the individuals in 
organization who will use them in decision making. Certainly it 

easy to recognize that some excellent measures of job performance, 
of the previous four criteria, might require very costly data 

ion procedures and inordinate amounts of employee and supervisor 
of the potential consequences of the decisions being made 

than mere ~dministrative convenience. 

of the most perplexing problems in criterion development and 
~rmance evaluation is that of the dimensionality of job performance. 

"job performance" is commonly used as though it represents a 
concept. Indeed, many of the pbjectives of performance measure

a need to distinguish between varying levels of overall job 
or to distinguish between acceptable and unacceptable job 

Nevertheless, it is widely recognized in the field of 
psychology that performance of most jobs actually consists of 

of intertwined dimensions of performance that are not easily 
ented as a single variable (Ghiselli; 1956; James, 1973; Ronan and 
1966; Smith, 1976). 

(1949) introduced the theoretical concept of the "ultimate 
representing the complete fi-nal goal of a selection program, 

~~••••r••n~iated from intermediate criteria and immediate criteria 
of scope of job activities covered and the point in time in an 

1 s job tenure that the measure becomes available. The ultimate 
was seen as being a complex and multidimensional construct 
rarely be directly measurable. Actual validation criteria 

necessity nearly always be substitute, partial, intermediate 
criteria related to the ultimate criterion on a rational 
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basis. Immediate criteria were seen as partial criteria representing 
the first significant early indicators of an individual's training or 
job success to provide a basis for evaluation of the validity of a selec
tion program in order to enable needed selection decisions about new ap
plicants during the sometimes lengthy time period before other inter
mediate parliai criteria become available at later stages during train
ing or on the job. 

Ghiselli (1956) further elaborated the complexity and multidimen
sionality of criteria by explicating three separate aspects of the di
mensionality of criteria. Static dimensionality was proposed as the 
aspect which describes the various kinds of possible measures (e.g., 
speed of work, errors, absences) which could be used to measure per
formance on a particular job. Dynamic dimensionality was the term used 
to describe the phenomena where relative competence on a particular per
formance measure changes over time. Individual dimensionality, the 
third aspect of criterion dimensionality proposed by Ghiselli, recog
nized that the contributions made by different individuals could be of 
equal value to the organization and yet be made along qualitatively dif
ferent dimensions. In the latter,case, it would be inappropriate to 
use the same dimensions to evaluate everyone's performance. 

Ronan and Prien (1966) in a review of the empirical literature of 
investigations of thec,interrelationships among various perfoi'l!llince cri
teria for the same job, reported results which document the contentions 
of Thorndike (1949) and Ghiselli (1956) that, in fact, different cri
terion measures for the same job are frequently not highly intercor
related and that correlations between the same criterion measure col
lected at different stages.of employee careers frequently decline over 
time. The obvious implications of these findings for selection research 
are that (1) different criterion measures are not readily interchangeable 
or substitutable for one another, (2) predictors which show validity in 
relation to one criterion measure should not necessarily be ex~ected to 
have comparable validity for another criterion measure, and (3) pre
dictors which have validity for predicting job performance at one career 
stage should not be assumed to be valid predictors of job performance 
at some later stage. The need for empirical demonstration at different 
career stages is therefore clear. 

Criterion Validity 

The considerations of criterion relevance, defi~iency, and mu<~'LaJL• 
mens.ionality have led a number of reaearchers (Guion 1 1976; Jamesc, 
Wallace, 1956) to argue convincingly that meaningful achievementsc in 
validation of selection programs require examination of the validity of 
the criteria as well. Validation of criteria usually requires a con
struct validation approach, in which criterion measures are treated as 
theoretical constructs which are represented by sets of relationships· 
among various dimensions of job performance as well as relationships 
tween various predictors and various measures of job performance. 
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Guion (1976, p. 794), in the Handbook of Industrial and Organiza
tional Psychology, made this point in the following passage: 

Criterion measures are operational definitions of in
ferred constructs. Development of the construct is a matter 
of knowledge and wisdom; development. of the corresponding 
measure is matter of technology. . . . . Only one point 
will be stressed. 

That point is the need to assess the construct va
lidity of measures chosen as criteria. There are many ap
proaches, such as systematic investigations of various 
sources of bias through correlational, experimental, or 
factor analytic methods. This is, admittedly, a prescrip
tion for hard investigative work, but a casual approach to 
the development and evaluation of criteria can only be ex· 
pected to provide casual results. It is reasonable to 
suppose that prediction can be improved if criterion con
structs are carefully thought through and the operational 
measures carefully studied for construct validity. 

CRITERION MEASURES IN CONTROLLER SELECTION RESEARCH 

Recent controller performance evaluation efforts within the FAA 
included training performance measures, post-training job pro

~iE!nc:y measures, and experimental computer-derived measures which may 
applicable to both training evaluation and later job proficiency 

sment. Training performance measures have consisted of academic 
grades, laboratory grades based on over-the-shoulder instructor 

:•u••~•.ou,~, objective controller skills test scores, and pass-fail 
at the end of Academy training. Post-training measures have 

non-quantitative over-the-shoulder supervisor evaluations . 
fOl.agnos~ic and administrative purposes, summary supervisor ratings 
•&~itlistrative purposes, quantitative supervisor evaluations for 

purposes, post-academy attrition, and progression from low 
job facilities to higher complexity job facilities. The 

~ra1n1n~ measures have been used for both administrative and 
purposes, while separate post-training evaluations have been 

for administrative and research"purposes. 

Measurement During Training 

~r111"1'ng level controller performance measurement procedures in 
(described in Chapters 9, 10, 11, and 12) generally represent 
the art methods. The written tests (academic exams and con

skills tests) have been subjected to considerably psychometric 
at the individual item level and normative analyses have been 
across a number of samples. The controller skills tests were 
specifically to provide more objective measures of the appli

of knowledge and procedu~es taught during the laboratory phases 
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of training than were otherwise possible, considering the subjective 
nature of instructor evaluations of laboratory problem performance. 
Although the subjective instructor evaluations have been retained in 
the laboratory performance evaluation system, considerable effort has 
been put forth to standardize the problem scoring systems, in the hope 
that this would reduce some of the subjectivity in the scoring process. 
Further attempts have been made to minimize the effects of potential 
instructor bias by requiring that trainees have different instructors 
for different problems; thus the overall laboratory grade reflects 
evaluations by multiple instructors. Reliabilities of the individual 
instructor problem evaluations have been estimated to be about .40; 
however, when combined over six problems the reliability of the six 
problem composite was estimated to be about .80, which is generally 
regarded as acceptable in personnel research. 

The work of Tucker (Chapter 12) on the development of dynamic paper
and-pencil simulations of air traffic controller problems for objective 
controller proficiency measurement represents a contribution that should 
be recognized as a significant advance of the state of the art in profi
ciency measurement. Although Tucker mentioned that the basic rationale 
and theoretical bases have been available for some time, dynamic written 
simulations have not been widely used for proficiency evaluation. Cer
tainly Tucker's work has demonstrated the feasibility of applying the 
technique to the assessment of some aspects of controller activities and 
with additional research may be shown to be much more widely applicable 
than was initially considered possible. 

A Radar Training Facility (RTF) was added to the FAA Academy at 
Oklahoma City in 1981 (See Chapter 9). The RTF has the capability of 
providing automatic computer-derived measures of student performance 
in moving computer controlled simulated air traffic, and one small
scale study (Boone, Van Buskirk, & Steen, 1980) was conducted to explore 
the feasibility of using objective computer-derived measures in place 
of subjective over-the-shoulder instructor evaluations for the measure
ment of student performance on the radar control laboratory problems. 
Considerably more research will be needed to validate the computer-de
rived measures, but the developments in this area certainly appear to 
be highly encouraging. The consideration of computer-derived measures 
is discussed further in a later section of this chapter. 

The FAA has tended to utilize very elaborate weighting methods to 
determine overall scores and pass-fail status in the various phases of 
training; in these procedures, the more difficult problems and laboratory 
performance received higher weights (as described in Chapters 9 and 10). 
These weighting procedures have undergone extensive normative analyses, 
have received considerable scrutiny from technical experts, and have been 
shown to give higher weights to the components that differentiate between 
trainees and full performance level controllers. However, no data have 
been reported to validate the weighting schemes against actual job per
formance criteria. 
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As indicated in Chapter 13, very little research has addressed the 
relationship between training performance and later on-the-job performance. 
However, the research that has explicitly addressed this issue has indi
cated that instructor ratings and training grades correlate in the low 
.40 range with subsequent supervisor ratings of on-the-job performance. 
This is considered to be high for data of this kind. 

The state of the art of training performance measurement in industry 
difficult to determine, but does not appear to have much to contribute 
the enhancement of controller performance measurement. Common prac

tices range from instructor ratings to written quizzes to work sample 
tests to simulator performance evaluations, with considerable variation 

psychometric quality within each type. In some instances the train
performance measures have been examined critically in relation to 
issues as possible bias, degree of differentiation among trainees, 

,.,,.l.aoility, and relationship to later job performance. However, in 
other instances, training performance measures have been accepted at 
value. 

Performance Measurement 

Attrition. Post-training attrition has been a major criterion in 
roller selection research, undoubtedly reflecting concern with the 

costs and time involved in bringing a controller trainee up to 
performance level status. Attrition research in the FAA has been 

on the assumption that most controller attrition is the result 
failure by developmental trainees who lack ability to control air 

effectively. Hence it has generally been believed that attri-
could be reduced by increased selectivity at the point of entry, 

the use of pre-employment aptitude tests. 

validity of the belief among FAA executives that aptitude de
are causes of controller attrition has been supported by 

studies which have found that instructor ratings of potential 
a full performance level controller were predictive of re

two years following initial training (Chiles and West, 1974) 
that post-academy attrition dropped from 38% to 7% after the im

of pass-fail standards in academy training, with a 30% acad
.failure rate (Boone, Chapter 9). However, Boone has also observed 

a controller attrition rate of about 10% occurs for reasons unre
to poor academy performance. 

study which attempted to relate aptitude test per
post-training attrition (Mies, Colmen, and Domenech, 
significant and consistent relationship between the 

signficiant correlation of approximately .22 was reported between 
and previous experience as measured by the Pre-Employment Ex

Questionnaire (PEQ) described in Chapter 18. 
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In a recent review of the current literature in personnel selection, 
Tenopyr and Oeltjen (1982) noted that employee turnover (attrition) has 
not been a common criterion predicted by selection procedures. The gen
eral finding in turnover research has been that cognitive ability tests 
are not very predictive of turnover and that biographical information 
measures have typically yielded better results. 

Muchinsky and Tuttle (1979) have recommended that turnover should 
be analyzed in terms of subgroups such as voluntary versus involuntary 
terminations, since on the empirical level studies that have made this 
distinction have found differential results for the two groups and on 
the theoretical level the explanatory mechanisms underlying the termina
tions are quite different. 

Lofquist and Dawis (1969) have proposed a conceptual model of work 
adjustment in which turnover is a function of both job satisfactoriness 
and job satisfaction, where satisfactoriness is defined as the corre
spondence between individual abilities and the ability requirements of 
the job and satisfaction is defined as the correspondence between in
dividual needs and the reinforcer system of the work environment. In 
this model turnover is predicted for individuals who do not achieve mini
mal levels of both satisfactoriness and satisfaction. 

Most of the current turnover research outside the FAA has focused 
almost exclusively on issues related to the satisfaetion component of 
the Lofquist and Dawis model (Mobley, Griffeth, Hand, and Meglino, 1979) 
while controller attrition research by the FAA has focused almost ex
clusively on the satisfactoriness component of the Lofquist and Dawis 
model. The difference in focus reflects the relative uniqueness of the 
air traffic controller situation, in which a major portion of the attri
tion occurs before the controller reaches full performance level. status, 
primarily due to poor performance. It seems that any efforts to achieve 
further reductions in the controller attrition rate need to be based on 
an explicit differentation between attrition that is related to lack of 
job proficiency and attrition that occurs for other reasons. 

'Job progression. Job progression has been used as a criterion meas
ure in only one recent controller validation study (Mies, Colmen, and 
Domenech, 1977, also reviewed in Chapter 18). These investigators ranked. 
the four controller options, FSS, Terminal VFR, Terminal IFR, and 
in order of respective job complexity and recorded a progression score 
of 2 if a controller was currently assigned to either a more complex op
tion or the same option as his initial assignment, and a progression 
score of 1 if the current assignment was a less complex option than the,, 
initial assignment. The progression score was based on a time period . 
ranging from two to six years subsequent to initial assignment for 
samples from classes that entered in different years. 

Under the best of circumstances, job progression must be cons 
to be a rather crude and global indicator of individual performance. 
fortunately the progression criterion used by Mies, Colmen, and Domene•~ 
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further limited by the confounding facts that (1) the initial assign
could be in any of the four options, depending on availability of 
ion openings rather than beginning at the lower rung of a natural 

~o:~r••ssion with an initial assignment in the FSS option, and (2) later 
to other options of either lower complexity or higher com-

were influenced by a number of personal choice and organiza
factors unrelated to controller performance or capability. 

The only relationship between progression and other criteria that 
be computed in the Mies et al. study was with the supervisory rat
The correlation between progression and supervisor's ratings was 

low (.10). In addition the progression criterion was not very 
from the selection instruments: r = .12 for the test bat

.08 for the Personal Experience Questionnaire, and r = -.06 
Occupational Knowledge Test. 

Progression, in terms of promotion rates and level of management 
~hi~e••ed has been utilized as a global criterion in seveal major manage

selection studies at Standard Oil of New Jersey; Sears, Roebuck and 
cmt>an,v; and American Telephone and Telegraph (Campbell, Dunnette, Law

Weick, 1970). However, in those studies progression was de-
essentially in terms of. upward movement from lower entry level 

to higher level management positions, since downward movement 
uncommon. In those studies progression was usually used in conjunc
with supervisory rankings and salary history as a global indicator 

managerial success.~ 

The "option complexity" job progression criterion appears to be of 
utility as an indicator of controller ~ffectiveness or sue-

It is recognized here that the purported rationale for including 
~011re:ssion as a criterion was that downward movement represented inef

in terms of extra training cost as well as ineffective con
performance. However, combining it in an aggregate measure of 

success, where all of the other criterion components were 
to represent controller proficiency, seems toe--require an im~ 

assumption that movement to a lower complexity controller option 
primarily due to lack of ability. If the administrative struc

of initial assignment and movement from one option to another were 
change, the progression criterion might become more meaningful, but 
present it appears to be a highly contaminated measure of questions-
validity and very limited predictive utility. 

Subjective performance evaluations. Subjective performance evalu
conducted by the controller's immediate supervisor have been the 

widely used measure of controller performance on the job. Over 
the FAA has placed more and more emphasis on over-the-shoulder 

ratings conducted "on-line,'" while observing the controller's 
job performance, as opposed to the common industry practice of 

peitic>di.cally having supervisors rate, from recall, the typical perform
of an employee over a period of several months to a year. 
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The over-the-shoulder ratings have the advantage of focusing on 
observation of what the controller actually does during the limited 
duration work sample observed, but are correspondingly deficient in 
the respect that they do not provide an indication of the controller's 
day to day perfo~ance on the job. All too often, there may be a 
discrepancy between the two, as when motivation or attention lags. 
Provided that the traffic sample used for the check is sufficiently 
challenging, the over-the-shoulder rating should more properly be 
thought of as a maximum performance measure of the controller's 
capabilities, while the usual recall ratings are more representative 
measures of typical performance. The operational field performance 
evaluation system used by the FAA actually utilizes a system in which 
the detailed over-the-shoulder evaluations are used nonquantitatively 
for diagnostic and remedial training purposes; on a less frequent 
schedule, quantitative ratings are generated from a review of recent 
over-the-shoulder evaluations and any other relevant information that 
may be available (Henry, Kamrass, Orlansky, Rowan, String, and Reichen
bach, 1975). 

At first glance the over-the-shoulder evaluation procedures, es
pecially when they incorporate carefully specified performance factors 
derived from job and task analyses, give the appearance of being more 
objective and thus more reliable than the traditional global ratings. 
However, Henry et al. have argued that, not only are the over-the
shoulder ratings subject to the same subjective biases as the global 
ratings, but when collected during real traffic control situations 
are subject to additional unreliability as a result of lack of compara
bility or standardization of the traffic samples being observed. No 
definitive comparison of the reliability of the two types of evaluation 
has been reported. 

A related trend in controller evaluation has been the increasing 
use of rating forms with large numbers (30 to 50) of specific rating 
items, as opposed to forms composed of a smaller number of more global 
rating items. Research that. has compared the two formats has found that 
the differences in reliability between the two have been slight and may 
actually favor the more global format (Cobb, 1967). Although it may 
seem that increased specificity should enhance objectivity and relia
bility, the increased number of items that need to be attended to at 
the same time by the rater easily exceeds normal human memory capacity 
and leaves the ratings subject to the considerable influence of selec
tive recall and general impressions of the performance observed. 

As noted in Chapter 13, current FAA staffing and field performance 
evaluation procedures preclude the opportunity routinely to obtain re
liability estimates of the ratings, because of the unavailability of 
qualified alternate supervisors. Earlier reliability studies have pro
duced varied findings, with reliability estimates of about .43 for 
typical field ratings and reliability estimates in the .65 to .75 range 
for carefully controlled studies using trained raters. 
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Supervisor field ratings of controller performance have been found 
to correlate in the .40 range with training performance and have been 
modestly predictable from pre-employment selection instruments, as shown 
by the respective correlations of .18, '.17, and .15 with an experimental 
test battery, the Pre-employment Experience Questionnaire, and the Oc
cupational Knowledge Test, in the Mies, Colmen, and Domenech (1977) 
study. 

A review of the performance evaluation literature outside of the 
area of controller performance assessment reveals that current practices 

the FAA are generally close to state of the art and that practices 
industry offer little in the way of models for improvement. 

Subjective judgmental indices of performance, usually some form of 
ing or ranking completed by the employee's immediate supervisor, 

been by far the most common criteria used in industrial selection 
earch. These subjective performance measures continue to be widely 

in spite of the continuing lament regarding their subject'ivity and 
tionable reliability and validity. 

In view of the popularity of subjective rating measures and the 
criticism of their recognized deficiencies, it should not 

surprising that performance ratings have been subject to extensive 
earch in an effort to develop improved evaluation methods and for

A number of different rating formats have been developed (e.g., 
ratings, behavioral expectation scales, forced choice ratings, 

check lists, alternation ranking, critical incidents) each 
its own purported advantages and disadvantages. However, none has 
shown to yield consistently superior results in empirical studies 

and Oeltjen, 1982). 

Behavioral expectation scales, developed using a retranslation 
reported by Smith and Kendall (1963), have received a great deal 

attention since they include several properties that should be ex
to result in superior ratings. These include (1) a focus on ac-

job behaviors reported by supervisors, and (2) selection of be
anchors on which independent supervisors generally agree with 

to both the dimension of performance and .the level of perform
described. 

Although the importance of reliability in criterion measures is 
recognized, studies which actually estimate and report relia

of the criterion measures used are in the minority. Recent 
•-a:naJCYtic research on the topic of validity generalization, which 

to aggregate results over multiple studies, has heen 
rely on assumed distributions of criterion reliabilities 

the actual criterion reliability estaimtes for individual stud-
rarely been reported. Based. on reviews of available data, 

and his colleagues (Schmidt:c and Hunter, 1977; Schmidt, Hunter, 
uaJlL•an, 1981) have developed assumed criterion reliability distri

with means of .60 to .70 for use in their research. They 
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reported that these distribution are probably overestimates of the ap
propriate reliabilities since they generally were based on ratings 
provided at approximately the same point in time and thus did not re
flect any changes in job performance over time. 

Performance rating research provides little in the way of accepted 
guidelines for achieving high qua1ity performance ratings, but three 
generally accepted conclusions suggest that: (1) scale development with 
respect to item selection and definition should receive very careful 
attention regardless of the type of rating format employed, (2) train
ing of raters, including periodic retraining, in the use of the rating 
procedure and common rating errors to be avoided, tends to produce 
better quality ratings, and (3) special experimental ratings collected 
for criterion purposes generally yield less halo, greater variance, and 
higher reliability than ratings used for administrative purposes. 

Keeping in mind the fact that research results reported in profes
sional journals no doubt represent somewhat better practices than the 
typical practice in industry and that none of the research reported 
suggests any proven methods demonstrably superior to those currently 
used for controller performance evaluation,. current controller rating 
procedures must be considered to represent near state of the art meth
ods. However, one noticeable area where controller ratings have not 
been on a par with better industry practices is the failure to specify 
anchors or descriptions of controller behaviors in the rating items 
that would be representative of different performance levels (poor, 
standard, superior). 

Continued efforts to refine rating practices might produce some 
improvements, but considered in the context of the finding of Buckley, 
O'Connor, and Beebe (1969) that the underlying behaviors that are as
sessed tend themselves to be somewhat unreliable and to vary from one 
time to the next, one has to recognize the futility of trying to solve 
the reliability problem through changes in the rating process alone. 

Simulation and Computer-Derived Measures 

There are two rather independent issues in the use of job simula
tions for performance evaluation purposes. The first involves the op
portunity to manipulate and standardize the parameters and procedures 
used to create the simulated work exercises, and the second involves 
the possibility of using an automated system to record the actions 
and results of the actions of the subject. Although standardization 
of the simulation exercise is an essential and integral part of any 
simulation used for individual performance assessment, automated per
formance recording is neither essential nor integral to the simulation 
process and in many cases may be no more feasible than automated per
formance recording of the job itself. 
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Automated performance recording is actually an independent con
sideration which may be applicable to either the job itself or the 
simulation of the job or selected job activities. The critical con
siderations in the decision to adopt automated performance recording 

ems are (1) that the recording process not interfere with or 
the job itself and (2) that the behavior of interest be amena-

to automated recording. In addition, as with all performance 
systems, the expected benefits from the system must be 

idered to be worth the cost of developing, installing, and op-
ing the system. Computer based job environments and simulations 
good candidates for automated performance recording since corn

monitoring of system outputs can usually be achieved with rela
small additional cost, and without intruding on the work process. 

has utilized air traffic control simulation research to 
the effect of workload variables and changes in control pro

on overall system performance for many years and has conducted 
studies of the feasibility of using high fidelity job simula

to evaluate controller proficiency. In addition, the recently 
tructed computer simulation-based Radar Training Facility at the 
Academy has both the capability of generating very realistic sirnu

of radar control activities and of providing objective corn
system response measures. (See Chapter 9 for a more 

description.) Much of the automated, computer based tech-
of the national air traffic control system itself appears to be 

amenable to automatic computer-derived performance recording. 

Tucker, in Chapter 8, has noted that one of the current issues re
high priority in the FAA is the development of an objective 

assessment system to replace the subjective over-the-shoul
evaluations of the current assessment system. Since the primary 

factor in the simulation research to date has been the high 
transporting controllers to a central simulation site or alter

of moving simulation facilities to various field locations, 
appear that objective field performance evaluation will neces

the use of computer-derived measures of job performance in the 
onal traffic control system. 

~v·~~~·er-derived measures certainly offer advantages over subjec
ratings, btlt are not without disadvantages either. 

LLG!;C'oinclude: (1) They are objective and thus possibly more 
; (2) They can provide more precise and accurate measurement 
variables; and (3) They can provide performance assessment in 

system outcome effects. Potential disadvantages include: 
important job behaviors may not be assessable by system meas-

(2) They provide no direct information about techniques and pro
used, although some of this information may be inferred from 

results; (3) They allow for considerable possibility of contamina
IUUlLt:-in bias) due to system parameters that have nothing to do 
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with individual controller proficiency; and (4) They may be extremely 
sensitive to variations in experience, job assignment, and non-stan
dardization of work samples being recorded, which are factors that con
tribute to both bias and unreliability. 

The experimental research using computer simluations for controller 
performance measurement has verified the feasibility of the approach by 
demonstrating that the simulation procedures were capable of producing 
a high fidelity representation of basic traffic control activities and 
that various system measures could be recorded automatically by the com
puter. Buckley, O'Connor, and Beebe (1969) further demonstrated that 
computer-derived performance measures reflected reliable individual 
differences·among controllers in the research sample and that.aggregate 
computer-derived performance measures correlated positively (,53) with 
observer's over-the-shoulder ratings of overall performance, for typical 
traffic densities. 

Since the computer-derived measures are objective in the sense that 
they are not subject to the observation and evaluation errors inherent 
in supervisor's and observers' ratings, there is a tendency to assume 
that the computer-derived measures are also perfectly reliable or at 
least substantially more reliable than subjective ratings. The Buckley 
et al. study demonstrated that this assumption does not necessarily 
hold true; indeed considerable variability was found in the reliabili
ties of the various simulator measures across three traffic densities. 
The reliability of the computer-derived measures exceeded that of over
the-shoulder observer ratings only in the highest traffic density condi
tion. This finding is particularly sobering when one considers that 
the traffic density in which the computer-derived measures were more 
reliable than over-the-shoulder evaluations was judged to be more diffi
cult than that typically encountered under operational conditions. It 
should be noted that the reliabilities of both methods were in the mar
ginally acceptable range of approximately .60 and .75, and that the ac
ceptable range of approximately ,60 and .75, and that the researchers 
found that two simulation runs of one hour in duration were required to 
achieve this level of reliability. 

Much additional research will be needed to refine and validate simu
lation and computer-derived measures for operational use. Issues re
quiring resolution include selection and specification of measures that 
should be used, calibration of scoring procedures with respect to ac
ceptable performance levels and tolerance ranges, determination of how 
the various measures should be combined to provide an index of overall 
performance, illumination of the meaning and implications of variations 
in the computer-derived measures in terms of controller behavior, deter
mination of biasing factors in the system measures that need to be con
trolled experimentally or statistically, and determination of what should 
be done about relevant aspects of performance that cannot be assessed by 
the computer-derived measures, It should also be recognized that s 
and computer-derived measures will most likely be very sensitive to 
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in either hardware or work procedures of the controllers' job and thus 
will require frequent recalibration of the performance measurement system. 
Some of the complexities of developing and validating simulator-based 
performance evaluation systems are illustrated in considerable detail 

·by Buckley, House, and Rood (1978) and Hennessy, Hockenberger, Barnebey, 
and Ureuls (1981). 

SUMMARY AND CONCLUSIONS 

Despite the limitations noted, the overall criterion development ef
·lorU in the FAA controller selection and validation research program 

been impressive, especially when compared to other widely recognized 
ion programs. Historically some of the major recognized selection 

021ru1s have been validated against rather limited criterion measures. 
example the massive World War II U. S. Army-Air Force pilot selec
program used pass-fail.status in initial pilot training as the cri

and recent Air Force research on pilot selection was still using 
status in undergraduate training as the criterion (Hunter and 

, 1978). The major programs in managerial selection (Campbell, 
, Lawler, and Weick, 1970) have been based on the use of salary, 

rate, management level, and ranking of overall effectiveness, 
criteria. · 

controller selection research has included a variety of 
and post-training criteria, both individually and in combina
provide a broad indicator of controller success. Controller 

~n~n.ce evaluation during training has received extensive research 
and has resulted in a strong training performance evaluation 

Post-training controller performance evaluation has been less 
than evaluation during training, but nonetheless reflects 
progress. 

attrition as a criterion developed out of a special 
of circumstances, that included concern with high training 

a relatively high attrition rate that seemed to reflect pri-
. difficulties in learning to control traffic effectively. Re-

in attrition has been achieved through more stringent training 
standards. Frequent field evaluation.s based on over-the

evaluations of controller proficiency have been standard ad
practice; these have been used mainly to diagnose remedial 

needs and to assure minimal proficiency. Very specifically 
experimental ratings by supervisors have been collected for 

purposes in selection validation studies in order to provide 
performance differentiation than is normally available with 

tr11ti.ve ratings. A job progression criterion measure based on 
;ne••~z:ea variation in job complexity among controller career op

been used, although the theoretical and empirical support 
considerably less than that for the other primary 
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Research has been conducted to explore the feasibility of using 
simulators and objective computer-derived performance measures to assess 
controller performance in training and on the job. One of the goals of 
this research has been to develop objective controller performance meas
ures to replace the subjective, over-the-shoulder performance ratings 
currently in use, More fruitful results would probably be achieved if 
simulator performarlce were cast in the framework of a work sample or 
performance test, with scoring systems developed to combine objective 
and subjective measures such that the advantages of each were retained 
in the fashion utilized in traditional performance tests (Adkins, 1947). 
For example, objective computer measures could be obtained for those 
variables that observers are unable to evaluate effectively, such as 
conflictions and delays, while over-the-shoulder evaluations could be 
used to assess performance factors that computers assess poorly, such 
as evaluation of control technique and adherence to recommended pro
cedures. The present state of development in the application of simu
lation and computer-derived performance measurement indicates that it 
shows considerable promise but will be no simple task and will require 
substantial additional development and validation before meriting op
erational implementation. 

The criteria utilized in controller selection studies have been 
quite useful in providing overall indications of controller success for 
the specific purpoes of the validation studies. Unfortunately the em
phasis on global assessment of overall performance has not contributed 
much to the understanding of the nature of specific predictor-criterion 
relationships underlying the overall validity. Failure to focus on 
more specific relationships tends to make it much more difficult to 
discern which areas are likely to be good prospects for improvement or 
to anticipate the probable effects of expected changes in the job on 
the validity of various predictors. 

It should be noted that throughout the work on controller perform
ance measurement there has been no integrative theoretical perspective 
and that construct validation models of performance assessment will be 
required to make real progress in the future. This conclusion is con
sistent with Guion's (1976) suggestion that carefully thought through 
criterion concepts are necessary in order to improve prediction, and 
Hopkin's (1980) argument that significant improvements in controller 
performance measurement will require. the formulation of controller acti
vities. in terms of psychological constructs rather than system functions .. 
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PART IV. 

RESEARCH LEADING TO THE 1981 ATC SELECTION BATTERY 

Beginning around 1970, the FAA launched a major effort to develop 
a new test battery for the selection of Air Traffic Control Specialists 
(ATCS) to replace the Civil Service Commission (CSC) battery, which had 
been in operational use by the CSC and its successor, the Office of Per
sonnel Management (OPM), since 1964. The major accomplishment in this 
effort was the development of two new tests, which are integral to the 
new battery that became operational in October, 1981, and added a major 
increment to the precision of ATCS selection when they were adopted. 
These are the Multiplex Controller Aptitude Test (MCAT) and the ATC 
Occupational Knowledge Test (OKT), both the work of John T. Dailey and 
Evan W. Pickrel, who, along with James 0. Boone, were the principal 
architects of the research program and the new selection battery. 

The first two chapters in Part IV report this new test development. 
They consist of Chapter 15, on the MCAT and Chapter 16, on the OKT, 
both by the test developers, Dailey and Pickrel. They are followed,,in 
Chapter 17, by a definitive report on research on personality assess-

. ment of ATC applicants, by John J. Convey. 

The following five chapters cover the principal research to identi
fy an optimal new test battery for the ATCS selection task. These repre
sent four validation studies based on trainee and controller samples' 
two normative studies of job applicants, and an analysis of the final 
battery in relation to the issues of advers~ impact, validity, and fair
aess, for conformity with the Uniform Guidelines for Equal Employment 
Onl>otctu.nity in selection, Chapter 18 summarizes· two important valida

studies carried out under contract with the FAA by Joseph G. Colmen 
his associates at Education and Public Affairs (EPA), a private con

·•••«.>n>< company, and a major ·Study by James 0. Boone, at the FAA Civil 
•E!ro,medical Institute (CAMI). Together, these three studies represent 

major developmental research that produced the new selection battery. 
19 and 20 report two normative studies of ATCS job applicants 

·~··••·" provided needed information on the performance of the applicant 
on the esc and the new experimental tests, normative data by 

race-ethnic group, as well as for analysis of preference credit 
to veterans by law. Chapter 21 presents an independent valida
the experimental battery in comparison with the esc battery. 

Chapter 22 presents information on adverse impact, validity, and 
a•'"'"'""• which justify the adoption of the experimental batte~y under 

uniform guidelines. 

The final chapter in Part IV, Chapter, summarizes the research pre
and the conclusions and recommendations· of the FAA-OPM investiga

responsible for the new battery. Chapters· 18 through 23 were pre
by S. B. Sells, from summaries pres·ented in the FAA report by Rock, 
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Dailey, Ozur, Boone, and Pickrel (1982), which documented this research 
program in preparation for operational adoption of the new battery. 

S. B. Sells 
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Chapter 15 

DEVELOPMENT OF THE MULTIPLEX CONTROLLER APTITUDE TEST 

John T. Dailey and Evan W. Pickrel 

INTRODUCTION 

This chapter describes the creation of the Multiplex Controller 
Aptitude Test (MCAT), a new measure to screen applicants for Federal 
Aviation Administration Air Traffic Controller positions (Dailey and 
Pickrel, 1977). Its content includes both items that measure the tra
ditional types of aptitudes, such as arithmetic reasoning and visuali
zation, that are included in many tests employed by the Office of Per
sonnel Management, and new job sample items derived from analysis of 
the controller activity. The job sample items utilize figures to show 
air traffic on a simulated radar screen, and require identification of 
potential conflicts between aircraft in that simulated traffic. All 
test questions are presented in an air traffic control setting, pro
viding a job-related appearance that gives the test high face validity 
not found in the predecessor selection battery which the MCAT was de
signed to supersede. 

The format for item sequencing in the MCAT also departs from the 
traditional aptitude battery design practice of clustering items into 
homogeneous subgroups. Instead, the MCAT items alternate from one type 
to another and spiral to increasing levels of difficulty. This mode of 
presentation is found only in a few current tests, most prominently in 
the Stanford-Binet. A result shown statistically is· that non-conflic
tion items, included in the former battery for measurement of aptitudes 
show unexpectedly high commonality with the new air traffic items that 
require detection ~f impending conflictions. The resulting measures 
have consistently produced higher validity coefficients than those ob
tained with the earlier battery. 

In 1970, the Federal Aviation Administration initiated efforts to 
develop new tests to replace the Civil Service Commission (CSC) selection 
battery that was adopted for operational use in 1964. Among the numerous 
leads investigated, the most promising idea was adapted from a technique 
developed by Buckley (Buckley., 0 'Connor, and Beebe, 1970; Buckley and 
Beebe, 1970) entitled the Controller Decision Evaluation technique (CODE). 
This involved a motion picture film that presented simulated air traffic 
in real time as seen in a controller's display scope and was developed 
by Buckley to evaluate proposed air traffic displays by measuring the 
facility-with which a specialist could control the simulated traffic 
shown on the film. 

This idea was adapted by the present authors for controller selec
tion and, in the course of development, CODE became MCATii after a series 
of transformations from (1) the original, unstructured, free response 
film test to (2) a structured film-slide version of CODE, in which con
flict questions were superimposed on the film by means of slides, to 
(3) a film-slide MCAT, in which aptitude questions were added to the 
conflict questions in the structured CODE test, to (4) an all slide 
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version, to {5) a paper and pencil version of the slide test. Early ver
sions of this test were found by Milne and Colmen (1972, see Chapter 18, 
Part I) to add significantly to the validity of an aptitude test compo
site in the prediction of on-the-job success of air traffic controllers. 
However, the equipment and logistics required for its administration 
were generally unsuited for use in Civil Service Commission testing situ
ations and the search was continued to develop a more acceptable format 
while preserving the predictive validity of the test. 

TEST DEVELOPMENT 

The CODE Test 

Unstructured film version. The original Controller Decision Evalua
tion technique (CODE), by Buckley, O'Connor, and Beebe (1970), required 
observation of simulated air traffic situations as they unfolded in a 
film of a radar scope. Test versions of CODE were adapted in which ob
servers were required to predict and record potential conflicts as soon 
as they detected them; the initial CODE tests involved an unstructured, 
free response mode. 

During experimental administration and study of three film versions, 
it was found that identification of potential conflicts was easier, quick
er, and more accurate (a) after observers adjusted to the scope and its 
targets, (b) when only a few targets were in near-confliction, and (c) when 
their rate of closure was slow. By contrast, items were more difficult 
when the observers were (a) first exposed to the scope and its targets, 
(b) when multiple targets were in near confliction, and (c) when the rate 
of closure among targets was rapid. False7positive conflict items did not 
discriminate between high and low performers, and for true conflicts, the 
discriminating power of the items was generally greater as the lead time 
available increased. ·Journeyman controllers identified potential conflicts 
sooner than developmental trainees, and they identified almost all poten
tial conflicts that became real conflicts. Developmental controllers gen
erally missed a number of real conflicts, were slower than journeymen in 
calling them out, and frequently did not attend to aircraft altitude 
separations. However, the range of test performance among developmental 
controllers was great, and some performed as well as journeymen. Some 
confliction items in these films were too easy and some had a negative 
relation to the developmental-journeyman criterion dichotomy. 

A limitation of the free response, initial versions of the test was 
that they allowed the observer too much idle time, since the traffic pre
sented was light and the aircraft were widely separated. In this sense, 
the setting resembled a common air traffic situation. However, an ex
tended amount of testing time was required to present only a small number 
of confliction items, and more efficient use of the examinees' time was 
desired. 

Structured, film-slide version. In the process of test development, 
an initial change involved the introduction of structured items, this was 
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the use of slides to present questions on the screen 
Mean response times to react to each conflict were de

free response versions for both developmental and jour
CQntrollers and the mean times for journeyman were employed as 
for selecting the aircraft positions for presentation of con
questions in the structured versions. This had the effect of 

the discriminating power of each item. Two-choice conflict 
asking whether a pair of aircraft would conflict, were presented 
seconds when unexpected changes occurred among targets, such as 

new aircraft entered the picture. Four-choice conflict items, 
which pair would conflict if a confliction should occur, were c 
ed for 45 seconds when traffic changes were slow. A "None of 
response was introducted to permit inclusion of non-conflictions 

might be predicted to be conflictions, and this was used as the 
alternative in all four-choice confliction items. 

The items were assembled in the described test format, but still, 
utilized less than half of the available testing time. In addition, 

large amount of idle time between questions provided opportunities 
observers to change their answers to earlier questions regarding po-

conflicts as the aircraft approached each other and the correct 
became more obvious. In the free response film version, this 

lem had been controlled by ·a requirement for entries from a coded 
onto the computer-scored answer sheet whenever potential conflicts 

reported. (In the structured version, it was found that the presen-
ion time of a new item every 45 seconds would keep examinees so busy 

they would have no epportunity to make such changes; therefore, more 
items were needed to make this control procedure work.) 

ition to the MCAT 

.~~~~~~~~~~v~e~r7s~i~on~. The test films presented simulated 
'traffic moving across a radar scope, and a table that included detailed 

on each aircraft, identifying the target, its altitude, speed, and 
on the scope. The scope used lines to represent airways or high

in the sky, with alphabetical identifiers of starting, ending, and 
intersecting points on the airways. The orientation of the scope was 
with North at the top and a miil.eage scale was provided at the bottom. 

information was thus presented to enable the preparation of a 
of additional questions related to controller activity. It ap

'""'re<d possible that in addition to the confliction items, most of the 
included in the then current Civil Service Commission aptitude 
for controller selection could be measured within this simulated 

traffic setting. 

Items were written utilizing this available detailed information to 
·measure such aptitudes as direction following, table reading, interpreta
. tion of data, spatial visualization and orientation, estimation of dis
tances and relative target movements, and arithmetic. Some of the items 
included were very simple, and others were written in a multi-factor for
mat to increase their level of difficulty. For example, the directions 
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for this type of test required instruction on how to read the table; 
therefore, initi.d t~ble reading questions were included that were of · 
the very easy, instructional type. The complex items, such as esti
mating the flight time (in minutes) between two aircraft at a given 
moment, required awareness of distances across the scope, reading the 
table to determine the speeds of aircraft, and mathematical computation 
to determine their•rates of closure (all related to horizontal separa
tion. 

The relations between item types and total test homogeneity were 
calculated, and this ratio was used to determine the number of items 
per type to include in the test. A result, for example, was the in
clusion in the test of twice as many target time-distance separation 
items as compass heading items. The order of placement of conflict 
items had already been established by using the mean response time of 
journeyman controllers when targets were at certain locations. New ap
titude test items were interspersed in the remaining positions on the 
film, alternating from one type to another and spiraling to increasing 
levels of difficulty from the beginning to the end of the test. Three 
alternate forms of this film-slide test were prepared, entitled MCAT 4, 
6, and 7. 

Versions of the free response CODE test, the structured film-slide 
MCAT, and other selection measures were administered to 109 students at 
the US Navy Air Traffic Controller Training School, Memphis, during the 
week of August 18-22, 1975. Grades of these students were obtained as 
they progressed through classroom and laboratory training and passed or 
failed the course. 

Table 1 compares the correlations of the free response CODE test, 
the film-slide MCAT, and the Occupational Knowledge Test (OKT) (See Chap
ter 16), the Navy General Classification Test (GCT), and a Navy Arithme
tic Reasoning test with course grades in controller training. The high
est correlations were obtained by the OKT, a measure of ATe-relevant 
knowledge reflecting job-related experience and training, and the MCAT 
and GCT were next in magnitude. The correlations for MCAT exceeded those 
for the free response CODE test. In general, these results were regarded 
as highly encouraging and further development of the MCAT proceeded. 

Development of the slide-onl~ version. The next step in test devel
opment was to convert the film-sl1de version, which presented moving tar
gets, to a "slide only" presentation, which in essence captured pictures 
of the scope with targets at the precise position they were in when each 
question appeared on the film screen. Pacing of the slide presentation 
was the same as in the film-slide version; as a result, the amount of 
target movement from question to question was unchanged. This format was 
more convenient for test administrators, since they no longer had to cope 
with film projection problems, and the stationary targets presented by 
slide seemed easier to read than the moving targets presented by film. 
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Persons taking the experimental version in this slide format did 
grumble that the test seemed to take control over their time, as each 
item had to be completed quickly before it left the screen and a new 
item appeared. However, this task characteristic has some commonality 
with controller situations in the real work, as traffic movement tends 
to control their involvement and pace of work. A major merit of this 
version was that it could easily be converted to a paper and pencil for
mat that would meet Civil Service Commission requirements for use in 
their highly decentralized field testing situations. 

The slide-only version of the MCAT, three forms of the film-slide 
version, and two forms of the OKT were administered to 461 students at 
the USAF Air Traffic Controller Technical School, Keesler Air Force Base, 
Mississippi, along with other selection measures, during the week of 
October 20-24, 1975. Grades of these students were obtained as they 
progressed through classroom and laboratory training and passed or failed 
the course. 

Results for the Air Force controller trainees are shown in Table 2. 
Here again the OKT (Form I) had the highest overall correlations with 
the training grades. This test also correlated most highly with Block 
IV and indeed was the only one of the six predictors that showed a sub
stantial correlation with that measure. For the first three blocks, 
MeAT 606 AS, the slide-only version, was most consistently correlated 
with training success, slightly better than OKT I and generally above 
the three film-slide version forms. These results gave further encourage
ment to the development effort. 

The paper and pencil version. The next step in test development was 
to print the slide versions in paper and pencil format. The slide ver
sion and combination film-slide version both permitted time control at 
the individual item level, allowing thirty seconds for response to two
choice items and forty-five seconds for response to four-choice items. 
One paper and pencil version allowed uninterrupted work throughout the 
testing time, with announcements when fifteen minutes elapsed and when 
only five minutes remained to work on the test. A segmented paper and 
pencil version allowed five minutes for response to each cluster of items, 
when they were all of the two-choice type. Three parallel forms of the 
written test were prepared; these were MCAT 406 with 41 items, 606 with 
43 items, and 706 with 53 items. The time limits were 25 minutes, in 
addition to directions, for MCAT 406 and 606, and 30 minutes, in addition 
to directions, for MCAT 706. Each form has since been extended to 55 
items. Three additional forms, 407, 607, and 707, were later constructed: 
MCAT 707 contained 23 conflict and 32 aptitude items; and MCAT 707 con
tained 23 conflict and 32 aptitude items; the time limits were 35 minutes 
(in addition to instructions) for each of these tests: 

Estimation of reliability. The question~ presented in the film-slide 
version of the MCAT, Forms 4, 6, and 7, remained unchanged through several 
versions of the test, although the media employed in presentation of the 
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Table 2 

Correlations of 4 versions of the MCAT and 2 forms of the OKT 
with school grades. USAF Air Traffic Control Training School, 
Keesler AFB, Miss. October, 1975. N=461 

Training School Course Grades 
Predictor Tests Block I Block II Block III Block 

(slide only) .35 .21 .33 .06 
(film-slide, 43 item) . 15 . 15 . 16 .18 
(film-slide, 53 item) .20 .21 . 17 .07 
(film-slide, 41 item) . 19 .30 .27 . 01 

- I .42 . 15 .32 .68 
- II -.01 .09 .39 . 01 
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items changed from film to film-slide, to slide, to paper and pencil. 
The changes in the media of item presentation had some effect on indi
vidual test performance, but all forms were qualitatively similar. The 
correlations of these tests with the same items presented in different 
media provide a minimum estimate of the test-retest reliability of the 
MCAT, when administered to members of similar populations. 

These forms were administered to students of the USAF Air Traffic 
Controller Technical School in all phases of training and to a sample of 
40 non-controller high school and college level FAA employees, groups 
whose abilities approximate those of the general population of appli
cants that take the Civil Service Commission tests. They were also ad
ministered to entering FAA Air Traffic Controller Academy students in 
the new centralized Air Traffic Controller training program, who were 
selected in the order of highest scores on the Civil Service Register of 
controller applicants. Table 3 presents distribution statistics for 
these groups on the various forms of the test. The range of test scores 
tended to be restricted for most of the ATC Adademy classes, compared to 
the other groups. 

Correlations between forms were lowest, .31 to .SO, for the ATC 
Academy students, for whom the range of scores was most restricted. 
They ranged from .61 to .66 for the USAF ATC students and from' .87 to 
.90 for the small sample of non-controller FAA employees, whose abili
ties more nearly approximated the applicant population for whom the test 
was designed. These coefficients indicate that the test can be expected 
to provide reliable measures of performance under well controlled condi
tions; by combining the scores for two forms an even more reliable meas
ure would be assured for operational testing. 

Validity of the Paper and Pencil Version 

The EPA study. Validation of the paper and pencil MCAT was carried 
out by Mies, Colmen, and Domenech (1977) under an FAA contract with Edu
cation and Public Affairs (EPA), a private research firm (See also Chap
ter 18, Part II). This study utilized 2 parallel forms of the test -
MCAT 606 (with 43 items: 18 conflict and 25 aptitude) and MCAT 706 (with 
53 'items: 22 conflict and 31 aptitude) as part of a prediction battery 
that included 6 other cognitive tests (Directional Headings, Dial Reading, 
Arithmetic Reasoning, General Information, OKT, and the then current 5-
part Civil Service Commission Battery) and 4 other instruments (Pre-em
ployment Experience Questionnaire, Concept Adjective Test, Biographical 
Inventory, and 16 Personality Factor Questionnaire). 

This battery was administered to 610 trainees in three 1976 FAA 
Academy classes, .who were in the Terminal and EnRoute training options, 
to 488 ATSC's employed in 1973-74 (presumed to be at the Developmental 
level), and to 491 ATSC's employed in 1969-70 (presumed to be at the 
Journeyman level); all persons tested were volunteers, not in supervisory 
positions, and under 31 years of age when appointed. 

288.~ 



"' "' "' 

' 
Multiplex controller aotitude test 

Distribution statistics for various populations 

FAA ATC Academy Classes USAF ATC School FAA Employees 
January 1976 March 1976 Students High 

College School 
Tests 

Enroute 
N=91 

Terminal 
N=l06 

Enroute 
N=87 

Terminal 
N=l06 N=316 N=l41 N=289 N=62 N=l8 N=22 

MCAT 606 (43 Items) 
FS Mean 

so 
AS Mean 

SO 
A Mean 

SO 
B Mean 

so 
MCAT 706 (53 Items) 

FS Mean 
so 

AS Mean 
so 

A Mean 
so 

B Mean 
SO 

MCAT 406 (41 Items) 
FS Mean 

SO 
A Mean 

SO 

28.81 
5.32 

35. 16 35.24 
3.90 3.95 

32.22 32. 12 
5. 53 4. 71 

39.96 37. 11 
4.40 8.68 

40.20 39.15 
7.48 7.41 

FS: Film- slide version, with time controlled for working each individual item. 
AS: Slide version, with time controlled for working each individual item. 

A: Paper-and-pencil version, with time controlled for working total test. 

27. 35 
6. 08 

30.51 
5. 83 

B: Paper-and-pencil version, with time controlled for working each five-minute group of items. 

20.47 
4.87 

30.73 
6. 15 

36.23 
8.49 

30.50 
4.08 

17.45 
3.44 

17.23 
4.32 

13.89 
4.96 



For the purpose of test validation, four hierarchically related cri
teria were adopted. These were (1) performance during the initial, formal 
training period at the FAA Academy, (2) on-the-job performance at the de
velopmental or journeyman level, based on supervisor ratings, (3) progres
sion or mobility within the ATC system, scored by comparing the complexity 
level of current assignment with that of initial assignment, and (4) at
trition, defined by whether or not the individual had separated from FAA 
as an ATCS. An aggregate assessment, on a 5-point scale, was also con
structed, which combined the four individual measures. Information on 
progression and attrition and test scores on file from earlier testing 
were retrieved for analysis along with the scores on the current battery 
and supervisor ratings obtained for the sample tested. 

The trainees, enrolled in the initial, formal training program in the 
FAA Academy represent a highly select group, for their scores on the Civil 
Service Commission test battery were all above the qualifying level, and 
this selectivity tended to increase as those who failed to learn or per
form ~dequately were separated over time. This selection process continues 
as the trainees progress up the ATCS career ladder and are evaluated for 
satisfactory performance on the job and advancement into the more demanding 
and higher paid positions within the ATC system. The range of scores on 
these selection tests can therefore be expected to be greatest for the 
group when they first enter formal training, and to become restricted with 
career progre~sion. Since restriction of range is known to have a direct 
effect on the size of the validity coefficients, the validities should be 
highest for the group in ipitial training and somewhat lower for the sur
vivors of the initial group as they progress up the career ladder. 

Success in training'" Validation against training criteria was per
formed for the sample of 610 trainees admitted to the Academy in 1976. 
The MCAT was scored separately for conflicts and aptitudes, and the cri
terion of training success, for those enrolled in the EnRoute options, 
was based on scores received on four ATC laboratory problems and scores 
on a Controller Skills Test. For those enrolled in the Terminal course, 
performance was based only on the ATC laboratory problems. These scores 
require students to demonstrate operational application of academic know
ledge. 

The results reported in Table 4 (see upper section - Training Scores) 
show bhe validity coefficients of the ·MCAT (sum of both forms) conflict 
and aptitude scores, the Arithmetic Reasoning, Directional Headings, and 
Dial Reading tests, and the multiple correlation of this selected battery 
in relation to composite measures of training performance. It is apparent 
that the MCAT validities, for both training options, exceeded those of the 
other predictors. More important, however, the other ·tests increased the 
joint prediction of the two MCAT scores by only .017 for Terminal trainees, 
.012 for EnRoute trainees, and .008 for both options combined. 

Performance on the job. Test validation in the operational situation 
was accomplished by correlation of test scores with supervisory ratings 
and career progression scores. On-the-job performance of the 1973-74 and 
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Correlations between selection tests and various criteria 

Selection Tests 
Number Arithmetic MCAT Directional Dial Selected 

Criteria of Cases Reasoning Conflicts Aptitudes Headings Reading Battery 

Training Scoresa 
Terminal Option 301-310 . 136* .321** .256** . 191 ** .288** .338** 
EnRoute Option 257-263 .276** .434** .402** .218** .321** .473** 

Both 558-573 .202** .370** .323** .202** .267** .395** 

Supervisory Ratingb 
Flight Service Station 195-245 .254** .276** . .204* .293** 
Terminal VFR 169-190 .227** .220** . 221** .289** 

IFR 188-188 . 154** .048 .166 
En Route 181-241 .075 .125 .026 .128 

All Options 733-833 . 156** .151** .123** .176** 

"' 
ATC Progressionc 

'"' Flight Service Station 157-159 .... Terminal VFR 191-193 .231** .075 .232** 
IFR 179-179 .148 .118 . 133 120 . 178 

EnRoute 199-200 . 107 .298** .285** 170 .280** .357** 
All Options 727-731 .058 .094* . 117** .074 .119* 

Aggregate Criteriond 
Flight Service Station 196-249 .220** .262** . 197** .272** 
Terminal VFR 479-518 .254** . 195** . 179** . 157** .275** 

IFR 499-623 .235** . 178** . 146** . 134** .246** 
En Route 455-514 .253** .264** . 158** . 166** .287** 

All Options 1309-1603 .238** .223** . 174** .149** .265** 

*£.<.05 **E_<.Ol 

Data are from Mies, J. M., Colmen, J. G., and Domenech, 0. (1977). 
a Table XI. 1 
b Table XII. 2 
c Table XIII. 2 
d Table XV. 2 
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1969-70 ATSC's was measured by confidential job-task assessments prepared 
by each employee's supervisor. Progression data are discussed in the 
following section. 

Correlations between selection tests and supervisory ratings are 
presented in the second 'section of Table 4. Arithmetic Reasoning scores 
were not available for these groups. The correlation between MCAT con
flict and aptitude scores and supervisor ratings was lower than for train
ing measures, but nevertheless significant for the FSS and Terminal VFR 
options and for all options combined. The correlation between MCAT con
flict scores and Terminal IFR supervisor ratings was also significant. 
The MCAT conflict and aptitude scores were prominent predictors in most 
of the regression equations that predicted job performance success, al
though neither predicted at signficant •:levels of confidence for the En
Route option. The Directional Headings test was significantly correlated 
with supervisor ratings only for the. VFR option and for all options com
bined, and the Dial Reading test, for FSS only. 

ATC Progression. ATC Progression was measured by comparison of the 
ATC option to which the specialist was assigned initially, when hired, 
to the option assigned on January 1, 1976. Progression from FSS to Ter
minal VFR and IFR and EnRoute options was considered as representing in
creasing levels of complexity. A progression of "high" was assigned with
in this hierarchy when a specialist was in an option of a complexity level 
the same as or higher than the initial option assigned. A progression 
value of "low" was assigned with a specialist was in an option of a lower 
complexity level than the option to which initially assigned. Correla
tions between selection tests and progression scores are presented in the 
third section of Table 4. Here, the MCAT conflict and aptitude scores 
were the best predictors in the EnRoute option and were significant for 
all options combined. MCAT aptitude was also significant for FSS. The 
total battery prediction was significant for VFR, EnRoute, and all options 
combined. 

Aggregate Criterion. An aggregate criterion of ATC "success" was con
structed from combinations of the four individual criteria (training, on
the-job performance progression, and attrition) and provided a five point 
scale value for ATC success. The Arithmetic Reasoning test was signifi
cantly related only to the progression criterion, and was dropped from 
further consideration in the selected battery. The Directional Headings 
test was dropped for FSS, since it failed to enter the regression for super
visory assessment. Correlations between the selection tests and the aggre
gate criterion are presented in the lower section of Table 4. All correla
tions were significant for each of the four options and for all options 
combined. The Dial Reading test did not enter the regression for the VFR 
option and entered last with a negative "b" weight for IFR and for all op
tions combined. The integer weights assigned to tests are summarized in 
Table 5. It is evidence 'that MCAT (conflict and aptitude scores) was the 
major factor in the validities derived from the multiple regression analysis. 
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ATC Options Conflicts Aptitudes Headings Reading 

FSS 18 40 ( 0) 7 

VFR 55 10 Zl ( 0) 

"IFR 49 8 13 (0) 

ARTCC 33 34 7 5 

All Options 37 Zl 15 (0) 

Note. Data are from Mies, J. M. • Colmen, J. G. and Domenech, 0. • - . 
May 1977, Table XV. 3 



Further psychometric development. The development of parallel forms, 
calibration of length, time limits, and scoring of the MCAT, and results 
for sex and race groups are described in detail in Chapters 18 through 22, 
and in Rock, Dailey, Ozur, Boone, and Pickrel (1982). This report also 
de'scribes the results for administration of one, two, and three forms si
multaneously, which led to the decision to administer two forms for opera
tional testing_ (using the sum of total scores for the two forms). 

The Boone study. Further evidence concerning the validity of the 
MCAT was provided by Boone (1979a) in research initiated at the FAA Civil 
Aeromedical Institute (CAM!) to compare a battery of experimental con
troller selection tests, including the MCAT, with the then current Civil 
Service Commission Test Battery in relation to success in Academy train
ing. The study involved 1827 students who entered training between July 
1976 and May 1978; an additional 1181 students were excluded because of 
incomplete data on the esc tests, the laboratory criterion scores, or 
other measures, or because they did not volunteer for the experimental 
tests. 

The MCAT measure in this study was a standard score that enabled 
combination of scores from several different versions of the test (Forms 
606A, 606B, 706A, 706B, 607, 707) that were administered to different 
classes and that varied in the number and mix of questions (aptitude 
and conflict) and in the length of time allowed for the test. The ATC 
laboratory average score, standardized separately for the Terminal and 
EnRoute trainees (referred to as ZLab) was utilized as the measure of 
training success. 

A significant feature of this study was that correlations with the 
criterion, ZLab, were corrected for restriction of range; the unrestricted 
correlations approximate the magnitudes that might be expected if the 
test were administered to a representative sample of applicants and if 
all persons tested were admitted for training. For the total sample, the 
obtained (restricted) correlation of MCAT total score (conflict + apti
tude) with ZLab was .277, and the unrestricted correlation was .531. 
Both coefficients exceeded those of all other experimental tests in the 
study (Directional Headings and Dial and Table Reading) and of all of the 
tests in the CSC Battery. For a recommended replacement battery, con
sisting of CSC 24 (Arithmetic Reasoning), CSC 157 (Abstract Reasoning), 
and the MCAT, themultiple correlation with ZLab was .545 and the weights 
assigned to the three tests, based on beta weights in the regression equa
tion, were 1, 2, and 4, respectively. 

Restriction of Range. Adequate correction for restriction of range 
should accompany any comparison of experimental and operational tests. 
Efforts were made here to accomplish this, but no really adequate cor
rection seemed possible because of several practical limitations of the 
data. Two of the operational Civil Service tests had pronounced nega
tive skew that severely distorted any estimates of unrestricted validity. 
It is also hard to compare unrestricted va1idity e~imates of tests ad
ministered under operational and experimental conditions. Variations in 
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Total Sample 

Table 6 

Restricted Correlation Regression Analyses 
New Test Battery and OKT 

By Race, Sex, and Total Group 

Test Batter):: Test Battery elus 
N R R2 R R2 

592 .416 .173 .477 .228 

545 .368 .135 .440 .194 

515 .406 .165 .462 .214 

67 .523 .273 .613 .376 

39 . 689 .475 .759 .579 
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administration sometimes distort the relations between test validity and 
test variance, especially with highly speeded tests with short time limits. 
There is also the question as to .whether the test-criterion regression 
is linear at the extremes when cutting scores are very high. With a very 
high degree of selection the restricted validities will be very low and 
the corrected validities will be extremely unstable. As a result of the 
above considerations the validity coefficients have been often presented 
both corrected and uncorrected. As a result no really precise compari
sons of the validities of the operational and experimental tests has been 
possible. 

The OAM study. The final study was conducted by the FAA Office of 
Aviation Medicine (OAM) under the supervision of the present authors and 
is summarized by Rock, Dailey, Ozur, Boone, Pickrel (1982) and in Chapter 
21, in this book. This study involved 953 Academy trainees who entered 
training during the period June through December, 1978. The predictors 
were MCAT (Forms 4o6e, 4e6o, 6e7o, 6o7e, 7e4o, and 7o4e), esc 24 (Arith
metic Reasoning), esc 157 (Abstract Reasoning ), and OKT lOlB, 101C, and 
102. Two parallel forms of MCAT were administered to each student. The 
criterion measure of training success was pass-fail in the Academy. 

In this study, corrections for restriction of range were·not made. 
However, the restricted correlations of MCAT with the pass-fail criterion 
were somewhat higher than in the CAM! study, where the ZLab score was 
used as criterion. For the first MCAT administered to each trainee (of 
the two that were administered), the correlation was .348 (compared to 
.277 in the Boone study). The correlation for the second MCAT admini
stered was .405. Research with this test has shown a slight increase in 
correlation for a second form of MCAT, as in these results, but no further 
increase when a third form was administered. 

Table 6 shows the multiple correlation (restricted) of the new bat
tery with pass-fail, and for the battery and OKT (for which the correla
tion was .429) for the total sample and by race and sex groups. 

SUMMARY 

The MCAT was developed as a new test for preemployment screening of 
applicants for positions as air traffic controllers. The basic ide~ for 
this test arose from the Controller Decision Evaluation (CODE) technique 
developed by Buckley (Buckley, O'Connor, and Beebe, 1970) which involved 
a motion picture film that simulated the display of air traffic as seen 
in a radar scope. Three CODE films were adapted to testing by requiring 
the observer to report potential conflictions of pairs of aircraft in 
the display. Test development progressed from the initial free-response 
version, to a structured film-slide version of CODE and then to a film
slide MCAT, in which aptitude questions were interspersed among the con
fliction questions. Subsequently, the film-slide version gave way to a 
slide-only version and finally, the paper and pencil version. Further 
development involved reliability studie~, validation in 3 independent 
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studies, and d_velopment of alternate forms for use in operational 
testing. The MCAT represents a major advance in the technology of 
selection testing and a major improvement in the selection of air 
traffic controllers in respect to content, format, reliability, and 
validity. 
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Chapter 16 

DEVELOPMENT OF THE AIR TRAFFIC CONTROLLER 
OCCUPATIONAL KNOWLEDGE TEST 

John T. Dailey and Evan W .. Pickrel 

Subject matter knowledge or information tests designed for personnel 
selection include some of the oldest as well as some of the newest selec
tion tests (Boone, 1979a). The famous Army Alpha test for enlisted men 
in World War I covered such information areas as animals and birds, phy
sical science, biological science, farming, ranching, mechanics, social 
science, electricity, medicine, games, business, foods, airplanes, sports, 
guns, law, literature, and art. During World War II, information tests 
were widely u<ed for selection, especially in the fields of aviation and 
electronics. Since then the Armed Forces have made extensive use of in
formation tests in their selection and classification programs. The areas 
covered by these tests include mechanics, tools, physics, electricity, 
shop, radio, automotive, electronics, and general information. 

One important application of information tests for selection is the 
Electronics Technician Selection Test of the U. S. Navy (Cobb, 1968). 
This test was originally developed during World War II for use in re
cruiting electronics personnel with prior experience in that field. The 
test consists of five basic types of subject-matter items, namely mathe
matics, general science, shop practice, electricity, and radio. When 
added to the regular Navy aptitude tests, it was found to increase the 
validity of the aptitude battery in the prediction of final grades in 
Electronics Technician School from .66 to .77. It was also found to 
have very good validity for other technical training schools including 
Radarman, Radioman, Sonarman, Aviation Ordinanceman, Electrician's Mate, 
Tradesman (Training Devices), and Aviation Electronics Technician. The 
Electronics Technician Selection Test is very similar in concept to the 
Air Traffic Controller Occupational Knowledge Test described in this 
chapter. 

In 1960, Project Talent (Note 2}, in the first aptitude census of 
500,000 high school students, employed a wide·variety of information tests 
and these tests have.been found to have useful validity in relation to a 
number of important criteria (Dail~y and Shaycoft, 1961). It was found 
that the 43 tests in the Project Talent test battery fell into only seven 
basic types. One of these was English Achievement, one was Spatial Rea
soning, one was Perceptual Speed, and the other four were all represented 
by information tests in the areas of Verbal Information, Mathematics, 
Science and Technology, and Hunting-Fishing-Mechanics-Farming. 

It can be seen that there is much precedent for the use of subject
matter information tests together with the traditional types of aptitude 

'tests in selection programs. The Civil Service Commission, of course, 
has always used professional information as well as aptitude in its pro-
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Experimental Test Development 

The initial ATC Occupational Knowledge Test was designed to measure 
the acceptability of an applicant's claimed experience for qualification 
at the GS-9 level or above. There was such a wide variety among appli
cants' claims of experience that they were difficult to evaluate, 
and it was hoped that the OKT would provide scores to verify the accepta
bility of claimed experience. The first step in test development was a 
two-week workshop in June 1970, in which eighteen journeyman air traffic 
control specialists from Terminals, Centers, and Flight Service Stations 
participated. The workshop was organized to teach these specialists the 
specifications for the test and to help them to write items under the 
supervision of representatives of FAA Headquarters. This committee ex
amined in detail the types of qualifying experience that were given credit, 
and determinated the specifications for the test, to permit its applica
tion to the verification of claimed experience. Then over 300 items were 
written, reviewed, and edited by the Examination and Certification Sec
tion of the ATC Academy, Oklahoma City. Two test booklets were created, 
Form 15 containing 150 items, and Form 16 containing 160 items. 

These forms were administered to two classes of students on the day 
they reported for training at the ATC Academy, and to samples of GS-7 
and GS-9 Air Traffic Control Specialists in Flight Service Stations, Ter
minals, and Centers. The tests were found to correlate highly with past 
experience patterns; they also had acceptable validity coefficients with 
training success for Center, Terminal, and Flight Service Station train
ing; and they demonstrated ability to differentiate Air Traffic Controller 
from Flight Service Station job incumbents. The results of the experi
mental testing were analyzed at the individual item level, and these data 
used to create multiple forms of the test. 

Since the planned initial application was a test for use as a partial 
basis for determining applicants' qualification for Terminal and Center 
job entrance above the GS-7 level, a first step was to eliminate items 
from consideration that had been found lacking by experts in the specialty 
area. The performance of virtuoso air traffic controllers was compared to 
the performance of entering ATC Academy students on an item by item basis. 
Prime criteria for item selection were (1) the extent to which each item 
differentiated between the two groups and (2) the difficulty level of 
each item. The least difficult of 100 of the most discriminating items 
were selected for inclusion in Form 101 - Experimental, and the next most 
difficult 100 items were assembled in Form 201. 

In August, 1975, a battery of experimental selection tests, including 
Forms 101 and 201 of the ATC Occupational Knowledge Test, were administered 
to 109 students of the Navy Air Traffic School, Memphis. Student scores 
on Form 101 were distributed against their week in training when tested, 
and these showed increases in test performance levels as the students. 
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Table 1 

Distribution statistics and correlations 
for OKT Forms 101 and 201, based on 
109 Navy Air Traffic School, Memphis 
students, 1975. 

OKT 101 

Mean SD 

TOTAL GROUP (N-109) 61.6 8.9 

CORRELATION WITH: r 
Reading -.02 
Education Level .27 
MCAT .42 
OKT 101 
OKT 201 • 16 
School Grades 

Academic Average .48 
Block II Composite .28 
Block III Basic Lab .28 
Block III Advanced Lab .27 

Course Average .43 
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Mean 

51.5 

r 
-.01 

. 10 

.22 

. 16 

.25 

. 16 

.06 

. 13 

.25 

OKT 201 

SD 

6.7 



Table 2 

Distribution statistics and correlations 
for OKT Form 101, based on 41 Air Force 
Air Traffic School, Keesler AFB 
students, 1975. 

Total Group (N=4l) 
School Grades, Final 

School Correlations 
Block I 
Block II 
Block III 
Block IV 

OKT l 01 

Mean 

63.66 

Basic FAA Certification 
Basic Operations Specialist 
Control Tower Operator 
Radar Controller (6CA/PAR) 
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Standard 
Deviation 

16.34 

r 

.42 

. 15 
• 32 
.68 



gained experience. Grades of these students were obtained as they pro
gressed through training. Analy~esincluded intercorrelations and rotated 
factor·loadings of the various tests with.each other and with school 
grades, such as academic and laboratory grades and course average. Dis
tribution statistics plus correlations with scores on selected variables 
are presented in Table 1. Mean scores on Form 201 are ten points lower 
than on Form 101, and the Form 201 total score correlations with other 
measures are similarly depressed. 

In the factor analysis> student performance on the ATC Occupational 
Knowledge Test (OKT) showed little or no communality with students • ability 
to read and comprehend the material and very little relation.with their 
mechanical-spatial aptitudes, OKT-101 had high loadings on the Air Traf
fic Controller Performance factor, the Control Tower Operator factor, and 
the Laboratory factor. OKT-201 had a similar factor structure but with 
lower loadings on the factors, perhaps as a function of restriction in 
variance, since it was a rather difficult test for this population. 

A battery of experimental tests, including ATC Occupational Know
ledge Test, 101 Experimental, were also administered to forty-one students 
at the Air Force Air Traffic Controller School, Keesler AFB, during Oc
tober 1975. Distribution sta.tistics and correlations with selected 
school grades are presented in Table 2. The performance of these students 
was quite similar to those of the Navy Air Traffic Controller School sample. 

Based on the resu!ts for Forms 101 and 201 of the Occupational Know
ledge Test for these groups, as well as for controllers at selected FAA 
Terminal and EnRoute facilities in December 1975, the best 100 items were 
selected to create Form 101B of the OKT. This form.was part of the ex
perimental test battery administered to FAA facility personnel and ATC 
Academy students in the 1977 selection study conducted by Education and 
Public Affairs, Inc. (Mies, Colmen, and Domenech, 1977, see Chapter 18, 
Part II). Distribution statistics and correlations of OKT-lOlB with 
Supervisory Assessments obtained in the 1977 study for field personnel 
are given in Table 3. The correlations with supervisory assessments for 
field ATC personnel were among the highest found for variables in the 
experimental test battery. 

Comparable data for a group of new ATC trainees entering the FAA 
Academy in 1976 are provided in Table 4. As would be expected, mean 
scores on OKT for this trainee group were lower and the standard devia
tions higher than for the more experienced facility ATC specialists hired 
in 1969-70 or 1973-74. Correlations with the non-radar laboratory train
ing scores (ZLab scores) for the Academy were highest for those with prior 
aviation experience and for minorities. Correlations for the Terminal 
and EnRoute options were also among the highest found for variables in 
the experimental test battery. 

The OKT lOlB was also evaluated in relation to the then current 
methods for granting extra credit for aviation related experience. This 
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Table 3 

Distribution statistics and correlations 
for OKT Form lOlB (100 items, 97 keyed), 
IJas!!d on 736 FAA Facility ATC specialists, 
1969-70 and 1973-74. 

ATC Option Correlation with 
and Year Hi red Su~ervisor~ Assessment N Mean so 

IFR 1969-70 . 13 97 85.1 5.02 
1973-74 . 14 92 85.0 6.45 
TOTAL . 14 189 85.0 5.75 

VFR 1969-70 .13 69 82.0 9. 71 
1973-74 .29 100 80.6 8.39 
TOTAL .21 169 81.2 8.97 

ARTCC 1969-70 .21 88 79.8 6.71 
1973-74 . 14 94 77.0 9.33 
TOTAL .17 182 78.4 8.26 

FSS 1969-70 . 01 99 75.0 9.65 
1973-74 . 34 97 71.5 13.04 
TOTAL . 19 196 73.3 11.55 

ALL OPTIONS 1969-70 .08 353 80.4 8.78 
1973-74 .20 383 78.5 10.78 
TOTAL . 15 736 79.4 9.91 
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Table 4 

Distribution statistics and correlations 
for OKT Form lOlB, based on 803 Academy 
ATC trainees, January to June, 1976. 

(Academy ATC Trainees - 100 items, 97 keyed) 

Academ1 Classes 4-8 Correlation with 
Jan. - June 1976 Z Lab Score N Mean SD 

Total Terminal and 
EnRoute b~ Subgrou~s 803 67.3 16.42 

Aviation experience .40 349 76.6 10.88 
No aviation experience .27 452 60.2 16.23 

Men .31 700 68.7 16.06 Women .11 103 57.5 15 0 62 

Minority 
0 36 86 67.5 16 0 51 

Non-Minority .29 710 68.7 16.06 

Terminal 
0 31 372 70.9 15.44 EnRoute 
0 32 431 64.2 16.33 
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form was administered to 784 ATC trainees who entered the FAA Academy's 
16-week ATC training program between July and December, 1976. All 
trainees completed a pre-employment questionnaire, Based on responses to 
the questionnaire, the trainees were assigned to one of three experience 
groups in accordance with evaluations of claimed experience as made by the 
Office of Personnel Management rating procedures. It was found that while 
scores on the OKT were highly correlated with claimed experience (.64), 
OKT had a higher correlation with successful completion of the non-radar 
laboratory (.25) than did claimed experience (.12). It was determined 
that use of an OKT score of 75 or above to assign extra credit would have 
resulted in a failure rate of 3.1 percent for those receiving credit, 
while use of the experience rating would have resulted in a failure rate 
of 7.7 percent for new hires who currently received extra credit for ex
perience. The results held up for a cross-validation sample of 432 
trainees who entered the Academy during 1977. The full results of this 
analysis of OKT have been reported elsewhere (Lewis, 1978b). 

In order to obtain data on the ATC applicant groups within available 
testing time, a 60 item form of the OKT (101C) was developed from form 
101B. This was administered to two groups of ATC applicants during Sep
tember- November 1978, together with parallel forms of MCAT, after they 
had completed the existing (Civil Service Commission) operational ATC test 
battery then used by OPM (See Chapter 20). One group consisted of 5331 
scheduled applicants. The second group included 669 "walk-in" applicants 
in testing sessions arranged to encourage women and minorities to apply 
for ATC work. The mean score for the scheduled applicants on the 60-item 
OKT (101C) was 24.9, with a standard deviation of 11.80, and for the 
"walk in" group, 20.1, with a standard deviation of 9.71. The OKT Form 
101C was also administered to groups of ATC trainees at the ATC Academy 
during 1978 (See Chapter 21). From these analyses it was concluded that 
the OKT (Form 101B) has high reliability (.91) and that the slight loss 
of reliability with reduction in test length would not be of consequence. 

Development of Parallel Test Forms 

The purpose of the OKT is to define the domain of ATC Knowledge that 
is demonstrated by applicants for entry to the occupation, as a basis for 
granting extra credit to those who successfully pass the basic ATC selec
tion tests administered by OPM. For operational usage, multiple forms are 
needed to meet retest requirements and to provide some capability for con
trol over compromise. An essential step in the development of alternate 
forms was to define the types of items and numbers of items of each type 
to include in each succeeding form, in order to structure the domain of 
knowledge and make it consistent with the knowledge requirements of air 
traffic control. This was accomplished primarily by determining the 
types of knowledge that were retained after training and early apprentice
ship experience and were known by nearly all full performance level con
trollers. Table 5 identifies the steps involved in determining the final 
domain of ATC occupational knowledge included in the OKT; it provides a 
basis for developing future comparable forms. 
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Table 5 

Item content composition of the OKT 
by subject matter elements. 

lnflif)ht c:-wu- Flight 
Airpon 'h'affic cationa ~·abunce 

ATC 'traffic Control Operation& lanica 
!!!!!! Procedure• Procedu'ea Pl'oced\lrea Proceduzoaa 

14. ... ... ... ... 
121 121 25 121 121 

20 12 21 12 2 

111 • 32 12 3.5 

19 • 28 13 2 

21 12 28 12 2 
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1 • 10 • • • 2 3 2 • 
1 2 • 1 2 • 1 15 • • 
1 1 1 1 • • 3 • 2 
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Inasmuch as the Federal Aviation Regulations require that, to become 
certified as a Terminal ATCS, the person must pass a written knowledge 
test on (1) Flight Rules in FAR Part 91 (Air Traffic Control Rules), 
(2) Terminal Traffic Control Procedures, (3) EnRoute Traffic Control Pro
cedures, (4) Communications Operating Procedures, (5) Flight Assistance 
Service, (6) Air Navigation and Aids to Navigation, and (7) Aviation 
Weather, the FAA Basic Certification Test was designed to test knowledge 
in each of those subject matter areas. The original form of the certi
fication test is indicated in line 1 of Table 5, which shows that an 
equal percentage of items (14 percent) was allocated to each subject mat
ter area. For development of the OKT, radar questions were added to the 
item pool (line 2), and the best items were selected (lines 3-6) to meas
ure candidates' possession of the knowledge required. The percentage al
location per subject matter area is presented in line 6 for version 101B 
of the OKT. Each of the seven subject matter areas is further defined 
by subject sub-elements, which are identified in Table 6. Table 7 shows 
the classification of items in Form lOlB by element and sub-element. 
Numbers in the cells are item numbers. Where the item number is under
lined, that item was found to be known by 90 percent or more of the 1975 
sample of 50 full-performance level Air Traffic Controllers. 

The subject matter areas or elements and percentage allocations per 
area as determined above were used to describe the types and number of 
items per type to be included in new alternate forms of the test. Four
teen hundred multiple choice items were drafted and reviewed, and items 
were selected from this pool to create eight 100-item parallel forms of 
the test. Twenty items were common to all forms. These forms were ad
ministered experimentally, item analysis accomplished, and the eighty 
best items in each form identified for keying. These eighty item forms 
are identified as ATC Occupational Knowledge Test 102A, 102B, 102C, 102E, 
102F, 102G, and 102H, scored by a Rights Only procedure. 

The forms were administered to incoming students on the first day 
of training at the ATC Academy beginning November 21, 1978. The mix of 
trainees attending the Academy varied during this period with regard to 
levels and types of aviation-related experience. In order to control 
these differences, each group of students was given two forms of the 
Occupational Knowledge Test. Consequently, the comparison of results 
for alternate forms of OKT can be made only for those tests taken by the 
same group of trainees. 

The descriptive statistics obtained for each trainee group that took 
two difference forms of the tests are provided in Table 8. The means and 
standard deviations for the two forms taken by each group can be compared 
since the experience mix for that group was common for both forms taken. 
However, the data cannot be compared for the same form taken by different 
groups of trainees since the experience mix was not common. 

308. 



Table 6 
Categories (elements and sub-elements) of required 
ATC occupational knowledge. 

J, .AIR TRAFFIC RULES 

01. Perta!Dina to Alrcl'aft 
oz. Pertat.Dillc to Airway 
03. PertaiDiDI to Alrapace 
04. Pert:al.rd.Dg to Flying Cozu!lticm.e (Rat:bJ•, Wu.ther, Speed 

M&~teuvere, Altitude, Fli1ht Le.,.l) 
05. PertalDlilg to Operaticm.1/1DIItructione 
06. PutabzlDI to Adrni.Dittrativa Meuaa .. (aeporte, Pbrueology) 
D"'. Pertaillbaa to Safety/E:zr.r1ency 

Z, AIRPORT TRAFnC PROCEDURES 

01. Pertabd.Dg to TraUic I:Aformatioa 
02. PertaiDiDg to Traffic PatterDI 
OS. PertaUt.IDg to Runway Operations 
04. PertabiDg to niaht Movemct (Deatitaatlon Cb&lllll, Arrlvat., 

Departu.ree) 
OS. Pertaizda.g to AdmiDletratln Meuagee (Phraeeoloay, Autbon&&• 

tlDll, Official ReportJ, DoiCUmenta) 
06. PertaizllD1 to Meteorolo(ical Wo:rm.atio:a (C.Uing, VhibUity) 
07. Pel'1aiD1DI to Safety (Me e ... ,,,, WarDiDI Devicee, Collie~ne) 

01. 
oz. 
u. 
04. 
:os. 

J, INFLlOHT TRAFnC CONTROL PROCEDURES 

Pertabd.A& to Separation (Vertical, L&tel'&l, etc.) 
PertalDLD.a to Clearance (Routln;) 
PerlaiDinf to Approach (nlpt Left!, Holdi.Da, Alt. !_lott!Dal 
Per1alDizl& to Rac!a.r (Contact., ldent, lnterferuce, Traffic lDformatlon) 
P. rtainlAI to J"U&ht lDforma.tton aDd. D&ta 

4. CONMUNICATIONS OPERATING PROCEDURES 

01. Pertabdn& to FUght Mo•ement and Ccm.trol M••••••• 
0!. Pert&lr&i.D& to Admlnhtratlve Meuaaea (Phraeeotocy) 
.03. PartaiDlDI to Meteorolocylatotmati.GD 
0<6. Pertal.a.lna to Clearance 
01. Pe•talma to Safety 
06. Pertabollla to SorncetMai.D-..co 

!i, FLlGHT ASSISTANCE SERVICE PROCEDURES 

01. Pertab\Da: to Searc:b. and Reccue 
oz. Pert&i.DiDI to Over'due Aircraft 
03. Pert&ill.lng to Exneraency commumc .. tlODII 
-G4. Pertai.DiD& to Meteorolo&icallDformat:lon 
-as. PertatniJ:IIg to FacUitiea 
G6. PltrtaiDiD& to Proc.eclurea 

6, AIR NAVIGATION AND AIDS TO NAVIGATION 

01. Pertai.Ding to Freque1u:iee 
OZ. PertahliDI to ln.trumwtaticm. 
03. Pert&lDiDI to Poaition/Diat&nce/Dl.rectlon 
04. PertaiaiDI to Navi1atlon (Time, etc.) 
os. Pertabollla to Navlptlocal Aido 

7, AVIATIONWEATHER 

01. PcrtaiDina to Violbutty/C.UU.a 
OZ.. P.rtaiaiDI to Weather CODditlou (Temperature, Wlnda, 

TorD&d.o, etc.) 
03. PertahU.as to Cl'"1d1 
04. Pertaiaing to AclrrihU.atrati•• Meuaa•• (Phraeeolosyl 
OS. PertaiDiDI \0 Forecaata/.Reporu 
06 PertaiAlA& to Jt.eepOilel'bWtiee/Procedu.ree 
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Table 7 

Classification of items in OKT Form lOlB by elements 
and sub-elements. Underlined item numbers signify 
that'90% or more of 50 Full Performance Level 
Center and Terminal Air Traffic Controllers responded 
correctly to those items, 1975. 
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The alternate forms do show some differences that require minor ad
justments by shifting items of a common type but of different difficulty 
level form one form to another. 

Reliability estimates for the various forms have been derived and 
are presented in Table 9. These reliabilities are considered satisfac
tory for operational testing use and administration. 

Research with the OKT. The Lewis Study 

Past practice in the selection of air traffic control trainees has 
been to allow extra credit for several types of prior related experience 
to those who passed the aptitude selection tests. The extra credit in
creases the applicant·•.s standing on the register from which selection is 
made. Most of the credit given is for prior related air traffic control 
experience in the armed forces. Some credit has also been given for air
crew experience, graduate work, and superior academic achievement. An 
explanation of the methods of assigning extra credit for experience is 
included in the report by Cobb and Nelson (1974). Lewis (1978b) has re
ported the results of studies of the potential use of the Occupational 
Knowledge Test as a basis for the assignment of extra credit in the se
lection of air traffic controllers. 

The sample in the Lewis study consisted of 1,827 EnRoute and Ter
minal developmental students who entered training between July 13, 1976 
and February 17, 1978 (See Boone, Chapter 18, Part III). Each student 
passed or failed the training program and had available OKT Form 101B 
(100 item test) scores, the new composite experimental selection battery 
score, and information on ATC-related experience. 

ATe-Related Experience. Information concerning experience was ob
tained fromB biograph1cal questionnaire administered to the developmen
tal students on the first day of training. Based on the responses to the 
questionnaire, each student was given credit according to four types of 
experience. The four types of creditable experience were (in increasing 
order of relevance to ATC): a) Other experience, including air defense 
command, communications operator, or air traffic rating; b) Pilot ex-c 
perience; c) Visual flight rules (VFR) or· non-radar control experience; 
and d) Instrument flight rules (IFR) or radar control experience. These 
four types of experience were used to classify each individual into one 
of 16 experience groups (listed below in increasing order of relevance). 

Group 1: 
Group 2: 
Group .3: 
Group 4: 
Group 5: 
Group 6: 
Group 7: 

No experience (N = 558) 
Other (N = 34) 
Pilot (N = 297) 
Pilot + Other (N = 92) 
VFR (N = 99) 
VFR + Other (N = 27) 
VFR + Pilot (N = 28) 
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Table 8 

Distribution statistics for alternate 
forms of the OKT. 

IN•971 

!!!!e .!!1 
Form A 41.95 14.05 
l'om C 42.55 11.!15 

(N•67) 

!!!!!! .!!1 
Fon A 38,91 14.61 
Forme 36.25 U.15 

(N-16) 

!!!.!:!:! .!!1 
Form a 38. 35 14.80 
rom D 43.45 12.75 

(N•l84-386) 

~ .!!1 
romE 46.49 13.80 
rom I' 44.34 13.40 

(N•407-408 

~ .!!1 

rom a 46.28 13.95 
rom R 48.38 13.95 

(H•22) 

!!!.!!! !2 
49.59 13.35 
44.73 10.84 

45.51 
42.60 

13.98 
13.13 

312. 

48.18 
44.50 

11.66 
12.10 



Table 9 

Re 1 i ability of the ATC OKT 

OKT 102 Taken 
Teatins Date Student Grou2a First vs. Second Correlation 

3-6-79 Enroute E,F,C,H E,F,C,H .904 
N•86 (80 item) (80 item) 

7-3-79 Enroute, Termine~ E, F ,G,H E,F,C,H .893 
FSS I N•89 (80 item) (80 item) 

11-21-79 Enroute, Tenainal A,B,C,D A,B,C,D .877 
N•183 (20 core (20 core 

itema) items) 

' :r 
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Group 8: VFR + Pilot + Other (N = 37) 
Group 9: IFR (N = 86) 
Group 10: IFR + Other (N = 29) 
Group 11: IFR + Pilot (N = 18) 
Group 12: IFR + Pilot + Other (N = 11) 
Group 13: IFR + VFR (N - 275) 
Group 14: IFR + VFR + Other (N = 95) 
Group 15: IFR + VFR + Pilot (N = 57) 
Group 16: IFR + VFR + Other (N = 84) 

Because the number of individuals in many. of the groups was small, 
several of the groups were combined to form five final groups: 

Final Group 1: No Experience or Other Experience only (N + 592) 
Final Group 2: Pilot or Pilot + Other (N = 389) 
Final Group 3: VFR and any other experience except IFR (N = 191) 
Final Group 4: IFR and any other experience except VFR (N = 144) 
Final Group 5: IFR + VFR and any other experience (N = 5ll) 

Composite Experimental Selection·•Battery Score. The new experimen
tal battery composite score was based on the weighted sum of three tests: 
esc-Arithmetic Reasoning, CSC-Abstract Reasoning, and the Multiplex Con
troller Aptitude test. The weighted test composite was divided by three 
to form a new selection score with a range of 0 to 100, which approximated 
the transmutation anticipated when the new weighted score would be used 
operationally by the Office of Personnel Management. 

Measures of Training Success. Training success was measured by 
pass-fail in the Academy and by a computed measure called ZLab (See Chap
ter 18, Part III). The students who successfully completes-the EnRoute 
or Terminal ATC training course with phase composite scores of 70 or 
better were coded as passes. Those who did not complete training be
cause of composites of less than 70 were coded as failures. Those. who 
did not complete t1raining because of composites of less than 70 were 
coded as failures. Those who withdrew from training for any reason were 
eliminated from the sample. 

ZLab is the numeric grade from the non-radar laboratory portion of 
Academy training, converted to standard score form. This score was stan
dardized to minimize differences in laboratory grading procedures between 
the two differe~t ATC options. The data from the two ATC options were 
combined and ZLab was used by Boone as the criterion variable for the 
development of the new selection score. Although ZLab is a training per
formance measure it has demonstrated a significant relationship to per
formance in the field as measured by field supervisors' ratings of the 
potential of Academy graduates who had been in the field for at least six 
months. The correlation between supervisor rating and ZLab was .227 
(pc.OOl) for a sample of 1,689 EnRoute and Terminal Academy graduates. 
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Results. As can be seen from Table 10, the overall OKT (100 item 
test) mean was 66.96 and the means by experience groups ranged from a 
low of 51,49 for the Other experience group, to a high of 78.0 for the 
VFR and IFR experience group. The co-relation of OKT with experience 
was high (.61), and OKT had a higher correlation with ZLab than did 
rated experience (.22 versus .11). This indicates that while OKT 
was closely related to experience, it was even more predictive of suc
cess than was a score based on rating of experience. 

Table 10 also shows the distribution and failure rate in training 
for six OKT score ranges for the five experience groups and for the 
total sample. As can be seen in this table, the first experience group 
had the highest'failure rate (26.9%) and the VFR.only and the vFR plus 
IFR experience groups had the lowest failure rates among the experience 
groups (13.2% and 14.3%). If OKT scores had been used to assign extra 
credit, and a minimum score of 70 on the OKT were required, 957 students 
would have received extra credit for experience and only 11.5% of these 
would have failed. By contrast, based on the experience categories in 
Table 10, 1,235 student (all categories· except Other) would have re
ceived extra credit and 15.5% would have failed. 

As shown in Table 11, if experience credit were assigned to indi
viduals who scored 70 or above on the OKT, and to individuals in all but 
the first experience category, 511 individuals would have received no 
extra credit on either the OKT or experience category (and their failure 
rate would have been 28.8%), while 876 individuals would have received 
extra credit on both OKT and experience (and their failure rate would 
have been 11.2%). Thus, using either OKT or experience would have re
sulted in agreement to allocate extra credit to 1, 387 individuals, com
prising 75.9% of the sample. The two methods of assighing extra credit 
would have disagreed on 440 students in the sample of these, the OKT 
would have assigned extra credit to 81 individuals who would not.have 
received credit for experience (and who would have had a failure rate of 
14.8%), and the experience crediting system would have assigned credit 
to 359 individuals who would not have received OKT credit (and their 
failure rate would have been 26.2%). These data indicate that the OKT 
is an effective means for the assignment of extra credit for ATe-related 
experience. In fact, by using the OKT with a minimum score of 70, in 
place of ratings based on experience categories, the failure rate for 
fuosereceiving credit would be reduced from 15.5% to 11.5%. 

Implementation of the OKT 

Prior to the adoption of the new selection test battery in 1981, the 
procedure for allocating extra credit for experience was to assign either 
0, 5, 10, or 15 points for the various experience categories. Based on 
the evidence cited above, it was concluded that the knowledge retained 
from ATe-related experience could be measured by OKT scores and that extra 
credits should be assigned to individuals who scored 70 or better on the 
OKT. The failure rate for developmental students who scored 70 or higher 
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Table 10 

Failure Rates by OKT Score Ranges, and OKT Means by Experience Groups 

Other Pilot VFR IFR VFR + IFR TOTAL 
Score Pet. Pet. Pet. Pet. Pet. Pet. 

Total Fail Total Fail Total Fail Total F" il Total Fail Total Fail 

0-59 430 29-3 67 26.9 25 32.0% 11 27.3% 23 43.5% 556 29.7% 

60-64 37 27 .o 47 23.4 19 42.1% 9 33 .3) 23 34.8~ 135 29.6% 

65-69 44 25.0 55 9. 1 21 28.6~ 13 23. 1% 46 23.9% 179 20.1$ 
I 

70-74 34 20.6 77 13.0 36 19.4% 18 16.H '' Oo 16.4% 226 16. 4 %• 

75-79 22 9. 1 67 10.11 37 13.5'.£ 34 11.8% 117 14.5% 271 12.6% 

80+ 25. 12.0 75 10.5 53 13.2% 59 5. 1:: 241 7. 1% 454 8.4~ 

TOTAL 592 26.9 389 15.2 191 21.5~ 144 13.2% 511 14.3% 1827 19.2% 

"' Means >-" 
a- on 

OKT 51 .49 69.94 72.25 75.28 78.0 66.96 
0 

std. dev. 14.8 10.9 11 . 4 9.5 9.7 16.3 



Table 11 

Distribution of OKT credit by experience credit and fail rate. 

No OKT Credit 

No experience N = 511 
credit 28.8% fail 

Experience N = 359 
credit 26.2% fail 

Total N = 870 
27.7% fail 

OKT Credit 

N = 81 
14.8% fail 

N = 876 
11.2% fail 

N = 957 
11.5% fail 
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Total 

N = 592 
26.9% fail 

N = 1253 
15.5% fail 

N = 1827 
19.2% fail 
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was 11.2% while the failure rate for those who scored below 70 was 27.2%. 
As demonstrated in Table 10, the higher the OKT score, the smaller the 
proportion that failed the training program. As a result, instead of 
basing the award of extra credit on experience group, it seemed appro
priate to add additional points in relation to the magnitude of OKT scores. 
The values adopted, by score range, are described in Table 12. This 
method of extra point allocation is similar to the experience group system, 
and as with that system, the extra points were to be added to the new ex
perimental battery score. 

Thus far the data reported have simply compared prediction based on 
the OKT with prediction based on rated experience. However, in order to 
demonstrate that the OKT is a truly useful selection instrument, it was 
necessary to investigate whether it contributed to prediction over and 
above the predictions made by the experiemental battery. 

Boone (1979a, Chapter 18, Part III) had shown that the multiple re
gression coefficient for the experimental battery (not including the OKT) 
was .54, accounting for 29% of the variance in ZLab. After correcting 
the correlations of OKT with ZLab and the other experimental battery 
test scores for restriction of range, using Thorndike's (1949) formula 
7, it was appropriate to estimate the magnitude of the·multiple regres
sion coefficient with the OKT included in the analysis. The new multi
ple regression coefficient, calculated by including OKT along with the 
three tests already in the battery, was .61 and accounted for 36.7% of 
the variance in ZLab. This increase is significant (F=Z04.349, p<.001l 
and indicates that the addition of extra points using OKT would signifi
cantly improve prediction. It supports the recommendation that OKT 
should be used to add extra credit for ATC-related experience. 

The effect of adding extra credit based on the OKT, by the system 
described in Table 12, on the distribUtionof the selection scores for the 
new battery is shown in Table 13. It can be seen that not only is there 
a clear linear relationship between the selection scores and failure 
rates, but also that the range of failure rates and the consistency of 
the dropoff are greater when OKT credit is counted. In practice, most 
applicants selected off the register have had selection scores of 90 or 
higher. If no extra credit were added for OKT scores, as shown in Table 
13, 1,002 developmental students would have bad scores of 90 or greater, 
and the overall failure rate for these 1,002 individuals would have been 
12.7%. However, when extra credit for OKT was added, these same 1,002 
individuals still had scores of 90 or higher, and the scores of an addi
tional 292 individuals were raised so that they could be included in the 
90+ score range. The overall failure rate remained around 13% for the 
enlarged group with scores greater than 90, but the most dramatic change 
occurred in the very highest group. Without extra credit for OKT, 425 
individuals would have had scores of 100 and 11.1% would have failed; 
with OKT extra credit, an additional 339 individuals would have been in
cluded in this category and the failure rate would have been reduced to 

318. 



•• 
m, 

OKT ·score range 

0 - 69 

70 - 74 

75 - 79 

80+ 

e 

Table 12 

Values adopted by score range 
OKT 100 item test 

Percent failing 

27.7% 

16.4% 

12.6% 

8.4% 
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Points allowed 

0 

5 

10 

15 



Table 13 

Failure rates by score ranges on new battery 
with and without extra credit on OKT. 

New Selection Battery Score 
With With 

Score No credit OKT credit 
N % fail N % fail 

0-69 67 47,8% 40 55.0% 

70-74 81 35.8% 49 40.8% 

75-79 155 28.4% 87 39.1% 

80-84 242 27.3% 159 34.6% 

85-89 280 18.9% 198 26.3% 

90-94 285 14.7% 256 21.9% 

95-99 292 13.0% 274 16.4% 

100 + 425 11.1% 764 8.8% 

TOTAL 1827 19.2% 1827 19.2% 
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8.8%. This indicates that adding extra credit of either 5, 10, or 15 
points for OKT scores is a valuable way to increase the proportion of 
succ~ssful individuals in the upper ranges of the CSC register. 

SUMMARY 

The research reported has shown that the OKT is highly correlated 
with ATC-related experience, and does a better job than rated experi
ence in predicting FAA Academy success. By using the OKT in place of 
experience to assign extra credit for ATe-related-experience/knowledge, 
the Academy attrition rate for those receiving credit would be decreased 
from 15.5% to 11.5%. The major difference realized by the allocation 
of extra c·redit based on the OKT instead of experience is ·that 359 sub
jects, with an attrition rate of 26,2·%, would have been denied extra 
credit that they would have received under the system based on experi
ence. In addition to being superior to rated experience in the predic
tion of academy training success, the OKT also contributes significantly 

.·.to prediction when added to the new selection score. It increased the 
variance accounted by the new selection score by a significant amount, 
from 29.5% to 36. 7% (pc. 001). 

The OKT appears to be· a measure, not merely of the amount and type 
of an applicant's experience, but also of the quality of that experience, 
in terms of useful knowledge retained. It enables the ,identification of 
those individuals who have ATe-related experience on paper, but who do 
not have the ATC-re1ated knowledge that should reflect that experience. 
The use of the OKT to replace the assessment of previous experience is 
an extremely cost-effective means for the assignment of extra credit. 
The OKT can be machine scored, whereas the rating of experience was not; 
machine scoring not only reduces the probability·of mathematical error 
in the addition of extra credit, but it eliminates the time-consuming 
review of CSC Form 17l's previously used to determine the applicants' 
relevant work experience. The result is a considerable reduction of 
work hours required to assign extra credit as well as an increase in 
both the mathematical accuracy of the calculated scores and the predic
tive accuracy of the modified selection scores. Based on the results 
of the Lewis studies, it was strongly recommended that the OKT be used 
to assign extra credit, using the system described in Table 12. 
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Chapter 17 

PERSONALITY ASSESSMENT OF ATC APPLICANTS 

John J. Convey 

Since World War I, tests have been a favored tool for personnel se
lection. Shortly after the War, personality inventories began to be 
used in some employment sett1ngs. The 1930s and 1940s saw a dramatic 
increase in the use of personality inventories in employment. However, 
by 1950, many psychologists had questioned the use of personality in
ventories, and these had come under open attack by the mid-1950s. In 
fact, one of the principal motivations for the 1954 Technical Recom
mendations for Psycholog~cal Tests and Diagnostic Techrt1ques, by the 
American Psychological Association, was the overuse of personality 
testing for employment selection (Novick, 1982). By the 1970s, the use 
of personality tests had waned considerably, most probably due to the 
intense attack to which they were subjected as a result of their low 
validity in predicting job performance and their apparent invasion of 
privacy. 

A basic rationale for choosing tests for worker selection is based 
on the assumption that objective measurement is superior to subjective 
decision-making. This assumption has been debated for years and has 
been the object of a sizeable literature (see Goldberg, 1970; Meehl, 
1954). However, most writers on testing would agree that human judg
ment plays a role even when test scores are the primary source of in
formation about applicants (Wigdor & Garner, 1982). This would seem to 
be particularly true with regard to personality inventories and their 
use by trained psychiatrists and psychologists. Despite the fact that 
personality inventories have traditionally had low validities in the 
prediction of job success for workers, these tests have been used exten
sively by clinicians in screening individuals for various forms of psy
chopathology. 

Personality assessment has been used formally. by the Federal Avia
tion Administration (FAA) in conjunction with the Air Traffic Controller 
(ATC) program since 1965. After a brief period of experimental use with 
employed controllers, the Sixteen Personality Factor Questionnaire (16PF) 
was included as part of the medical screening program for all ATC appli
cants. From the outset, the 16PF was intended to be used as a case 
finder; that is, an indicator of emotional instability for referral of 
screened applicants for psychiatric and psychological evaluation. Since 
May of 1975, a score based on a 38-item subset from the two 187-item 
forms of the 16PF has been used as the case finder. This 38-item sub
set is primarily a measure of anxiety. The purpose of this chapter is 
to document the use of personality assessment, particularly the 16PF, 
within the ATC program since !965. Of particular interest is the docu
mentation of the development of the new scoring procedure and its use. 
In addition, the potential of other sources of personality information, 
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particularly life history data, which could be useful in the selection 
of ATC applicants is examined. 

The chapter consists of nine additional sections: Introduction to 
Personality Assessment; Structured Self-Report Personality Inventories; 
The 16PF; The Use of the 16PF with ATCSs since 1965; The Personality Pro
file of the ATCS; The Validity of the 16PF for the ATCS; Life History 
Data; Practices in Other Countries; and Summary. 

INTRODUCTION TO PERSONALITY ASSESSMENT 

Sundberg (1977) defined personality as " ... the system whereby the 
individual characteristically organizes and processes biophysical and en
vironmental inputs to produce behaviors in interaction with the larger 
surrounding systems" (P. 12). According to Sundberg, three major purposes 
of personality assessment involve image-making, decision-making, and 
theory-building. In image-making, an attempt is made to develop descrip
tions and images of the person. This is often done through the construc
tion of personality profiles. In decision-making, the purpose is to make 
decisions concerning the relationship of the person to his or her environ
ment. The decisions may involve either personnel or clinical situations, 
and are basically either for selection or classification. In theory
building, hypotheses about personality are tested and theory is related 
to practice. 

The primary rationale for the use of personality assessment within 
the FAA for the Air Traffic Control Specialist (ATCS) to date has been 
for decision-making. The.fundamental questions appear to be: Which ap
plicants will not be able to function properly as an ATCS because of se
vere personality problems, particularly an abnormally high level of an
xiety? .What personality information is useful for the effective screen
ing of ATCS applicants?' How valid is the current screening procedure in 
the identification of individuals in need of further assessment? In an 
attempt to understand the personality of the typical ATCS, much of the 
previous research using ATC data has involved the image-making purpose 
of Sundberg. Researchers have explored questions such as: What type of 
personality does the typical ATCS possess? How does the personality pro
file of an effective ATCS differ from the profiles of other occupational 
groups and professions? How does the personality of a typical ATCS re
late to the performance of his or her job? Recently, Hopkin (1980) 
called for research with ATCSs which would satisfy Sundberg's third pur
pose, theory-building. Hopkin indicated that resea.rchers ought to start 
from basic psychological concepts and derive hypotheses from them for 
testing in an air traffic control context. While Hopkin suggested that 
these concepts could come from cognitive psychology, it appears that some 
could also come from personality theory. 

The most widely used methods of personality assessment are self-re
port inventories, projective tests, and clinical interviews. Other methods 
of assessment include physiological techniques (biofeedback, polygraphs, 
telemetry, and voice stress analysis), situational .simulations, biographi
cal inventories or weighted application blanks, selection interviews, and 
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background and reference checks. These methods are normally discussed 
in detail in text books on personality assessment (for example, Sundberg, 
1977; see also, Frank, Lindley & Cohen, 1981). Since this chapter deals 
with the personality assessment of ATC applicants, only those methods 
that are presently used with applicants or which would be feasible to 
use are discussed. 

Presently, the 16PF, a self-report personality inventory, is rou
tinely given to all ATCS applicants. From a feasibility standpoint, in
formation from biographical inventories and background and reference 
checks could also be used, although such information is not currently 
used in a formal way. Clinical interviews are also used, but only for 
a very small percentage of applicants not cleared by the 16PF. Even 
though projective tests continue to be widely used in clinical settings, 
they are not feasible first-stage assessment methods for ATCS applicants, 
in part because of the difficulties involved in scoring and interpreting 
such instruments and in part because of their lack of demonstrated va
lidity. There has been a decline in the popularity of projective tech
niques in the last twenty years, at least partly due to a shift from 
psychoanalytic theory to a behavioral personality theory (Sundberg, 1977). 
The remaining methods, physiological techniques, simulations, and selec
tion interviews, are not feasible for ATCS screening. 

STRUCTURED SELF-REPORT PERSONALITY INVENTORIES 

Background 

Among the many structured self-report personality measures, those 
dealing with psychopathology and adjustment are most relevant for this 
chapter. Other types of structured personality inventories deal with 
vocational interests, self-concept, locus of control, personal value, 
masculinity-femininity, and the like. This section draws heavily on 
the historical overview of personality scales and inventories by Gold
berg (1971). 

The forerunner of all personality and adjustment scales was Wood
worth's Personal Data Sheet, developed in 1917. Woodworth's major con
tribution was the production of a single scale by combining the responses 
to questionnaire items into one score (Goldberg, 1971). The resulting 
scale, called Psychoneurotic Tendencies, was developed to screeen emo
tionally unstable soldiers during World War I. Items from Woodworth's 
scale were adopted over the years by many psycholo~ists, including L. L. 
Thurstone and T. G. Thurstone for their Personality Schedule, which ap
peared in 1930. This scale formed the basis for the Neurotic Tendencies 
in the very popular Bernreuter Personality Inventory which was used by 
some companies in the late 1930s to identify stable, loyal, and productive 
workers (Hale, 1982). 

Prior to 1920, items for personality inventories were assembled using 
an intuitive approach (Goldberg, 1971). Basically, this involved clustedng 
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the items into sets to relate to a particular construct. Sundberg (1977) 
referred to this developmental approach as a judgmental or rational ap
proach, while Anastasi (1968) termed it a content validation approach. 
By the mid-1920s, the intuitive approach was being combined with what 
might be called an internal approach. This involved retention of intui
tively developed items in scales, based on the correlation of the item 
with the-scale. 

A different approach to item development and selection was used by 
Pressey in 1921 to assess scholastic potential and by Strong in 1927 
in the development of the Vocational Interest Blank. This approach has 
been called external by Goldberg (1971), empirical by Anastasi (1968), 
and group contrast by Sundberg (1977). An item was retained in an in
ventory if it discriminated adequately between existing criterion groups. 
The first use of this approach to develop adjustment scales was made by 
Humm and Wadsworth in 1935, in their Temperament Schedule. This inven
tory yielded scores for seven components of adjustment versus psycho
pathology. The scales were based on item analysis, using criterion 
groups of patients and normals who had been judged as being extreme on 
the respective components. This same strategy was used by Hathaway and 
McKinley in the development of the Minnesota Multiphasic Personality In
ventory (MMPI) published in 1943, and by Gough for the California Psycho
logical Inventory (CPI) published in 1956. 

A new type of internal approach emerged in the mid-1930s when Guil
ford began a series of factor-analytic investigations of personality 
scales. These investigations led first to the Nebraska Personality In
ventory published in 1934, and ultimately to the Guilford and Zimmerman 
Temperament Survey published in 1949. During this same period, Cattell 
was undertaking his factor-analytic investigation of the "total person
ality sphere", one outcome of which was the publication in 1949 of his 
16PF. Both Guilford and Cattell developed their scales on normal sub
jects; and both conducted subsequent research that included tests of 
whether their scales differentiated psychiatric patients from other groups. 
A third researcher closely identified with factor-analytic personality 
scales was H. J. Eysenck. Unlike Guilford and Cattell, Eysenck had been 
constructing factor scales aimed f~om the start at differentiating clini
cal groups from other groups. In 1959, Eysenck published the Maudsley 
Personality Inventory (MPI); the Eysenck and Eysenck Personality Inven
tory (EPI), in 1966, was a modified version of the MPI. 

The internal approach to scale construction, particularly the use 
of factor analysis, has dominated other approaches since the end of World 
War II. A notable exception has been the CPI, which was based on the 
MMPI. An apparent advantage of an internal approach is that the scales 
produced can be made to be relatively independent of each other (Cattell's 
16PF is an exception), while inventories constructed using an external ap
proach are not usually sensitive to this and tend to have highly corre
lated scales. 
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Comparative evaluation of these approaches is difficult. Theoreti
cally, instruments based on an external approach might be expected to 
have higher criterion-related or predictive validity than those based on 
an internal approach, but Goldberg (1972) has shown that scales produced 
by each method were equally effective in predicting an external criterion. 
Loevinger. (1972) considered the use of internal approaches as evidence 
for one aspect of construct validity; nevertheless, she did admit that 
" ... it is fallacious to assume that any factorial method automatically 
supplies test scores or trait concepts that are robust under demographic 
variation" (p. 56). At present, the 16PF, which is based on an internal 
approach, and the MMPI and the CPI which are based on an external approach, 
are widely used in clinical settings, and are the three most widely used 
measures of adjustment in non-clinical settings (Frank et ·al., 1981). 

Technical Properties 

The major advantages of structured self-report personality inventories 
are that they are standardized and yield scores which can be compared to 
some norm group or groups. These instruments are easy to administer, are 
adaptable to objective scoring, apd yield scores which can easily be veri
fied. Furthermore, they are likely to detect subjects who have some de
gree of psychopathology (Buchanan, David & Dunnette, 1981). In addition, 
most inventories have scales to detect subjects who have attempted to fal
sify information or to present themselves differently from what they are. 

The major disadvantages of these inventories are ambiguity of items, 
and acquiescence and faking on the part of the respondents (Cronbach, 1970). 
Various interpretations that can be applied to wording,-especially fre
quency wording, and the need to deal with the hypothetical "typical" situ
ation rather than specific, well-defined situations contribute to the am
biguity of the items, Furthermore, many subjects tend to pick the socially 
desirable response, regardless of whether that is an appropriate response 
for them. This is a particular problem when using such instruments in 
employment situations, especially at the applicant level, Finally, some 
subjects deliverately portray themselves in an unfavorable manner. This 
is less of a disadvantage in employment situations, since such action may 
be indicative of some personality disorder. 

Additional considerations need to be taken into account when inven
tories of this nature are used in employment situations. Butcher (1979) 
indicated that some items may be perceived as an invasion of privacy or 
as not being relevant to the particular job. Butcher warned: "Situations 
in which the individual takes a personality test for s6meone else's bene
fit (employment selection, research, etc.) require special precautions and 
more carefully planned insturctions and debriefings" (Butcher, 1972, p. 
11). Furthermore, on the basis of present knowledge, the use of such in
ventories as the sole basis for selection for employment is not warranted. 
Cronbach (1970) indicated that personality inventories tend to be poor 
predictors of employee performance, and no empirical data have become 
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available in the last 12 years to change that assessment. It should be 
noted, however, that even correlations between scores on ability tests 
and occupation performance criterion measures are typically quite modest, 
commonly in the .20s (~inn, 1982). 

THE 16PF 

Description 

The 16PF (Cattell, Stice, & Eber, 1949) in an inventory, developed 
using factor-analytic methods, designed to assess the personality traits 
of normal subjects. This inventory has six forms (A, B, C, D, E, and F) 
and two revisions. Forms A and B have 187 items each and assume a high 
school reading level. Forms C and D are shorter (106 items each), some
what less reliable than Forms A and B, and assume a pre-high school read
ing level. Forms E and Fare for low literate examinees. 

The inventory contains 16 subscales, representing 16 primary factors. 
Forms A and B each contain from 10 to 13 items for each of the 16 sub
scales. A description of the primary factors is given in Table 1. For 
each item, the examinee is give a choice of three responses. Only items 
on scale B (intelligence) have a correct answer; the remaining items do 
not have "right" or "wrong" answers as such. Normally, an examinee takes 
both Form A and Form B. Scores for the factors are scaled using a sten 
transformation (mean of 5.5 and standard deviation of 2.0), and are plot
ted as a profile. Faking and acquiescence are partially controlled by 
using items in which the socially desirable response is not obvious. The 
inventory has a Motivational Distortion (MD) scale which can be used to 
identify extreme attempts at falsifying the responses. 

Based on the correlations among the 16 primary factors, Cattell de
rived four major and several minor second-order factors for which scores 
are provided. The major second-order factors are Anxiety, Introversion
Extraversion, Poise, and Independence. The second-order factors resulted 
from factor analysis of the 16 by 16 primary factor correlation matrix 
obtained from an oblique factor solution to the original item set, using 
the data from the standardization sample.' The second-order factors are 
more general than the primary factors and consist of linear combinations 
of the primary factors. Two of the second-order factors, Anxiety and 
Introversion-Extraversion, are generally recognized as being stable fac
tors of the 16PF (Bolton, 1977). These traits are addressed in most per
sonality inventories designed to measure psychopathology and adjustment. 

Background 

Cattell's research on personality (1946, 1950, 1957) began with the 
conceptualization of the "total personality sphere'.'. Cattell assembled 
a comprehensive list of personality traits from words descriptive of per
sonality aspects compiled by Allport and Odbert (1936) and from reviewing 
the psychiatric and psychological literature. Approximately 18,000 trait
descriptive words were reduced to 171 by eliminating duplication and 
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A 

B 

c 

E 

F 

G 

H 

I 

L 

M 

N 

0 

Table 1 

Personality Description of the High and Low 

Scorers on the 16 P.F. Factors 

A Person with a Low Score is: 

Reserved, detached, critical, 
cool 

Less Intelligent, concrete
thinking 

Affected by Feelings, emotionally 
less stable, easily upset 

Humble, mild, obedient, 
conforming 

Sober, prudent, serious, 
taciturn 

Expedient, a law to himself, 
by-passes obligations 

Shy, restrained, diffident, 
timid 

Tough-Minded, self-reliant 
realistic, no nonsense 

Trusting, adaptable, free of 
jealousy, easy to get on with 

Practical, careful, conventional 
regulated by external realities, 
proper 

Forthright, natural, artless, 
sentimental 

Placid, self-assured, confident, 
serene 

Conservative, respecting estab
lished ideas, tolerant of 
traditional difficulties 

Group-Dependent, a "joiner" and 
good follower 

Casual, careless of protocol, 
uhtidy, follows own urges 

Relaxed, tranquil, torpid, 
unfrustrated 

A Person with a High Score is: 

Outgoing, warmhearted, easy-going, 
participating 

More Intelligent, abstract
thinking, bright 

Emotionally Stable, faces reality, 
calm 

Assertive, independent, agressive, 
stubborn 

Happy-Go-Lucky, heedless, gay, 
enthusiastic 

Conscientious, preserving, staid, 
rule-bound 

Venturesgme, socially bold, 
uninhibited, spontaneous 

Tender-Minded, dependent, 
overprotected, sensitive 

Suspicious. self-opinionated, 
hard to fool 

Imaginative, wrapped up in inner 
urgencies, careless of practical 
matters, bohemian 

Shrewd, calculating, worldly, 
penetrating 

Apprehensive, worrying, depressive, 
troubled 

~xperimenting, critical, liberal, 
analytical, free-thinking 

Self-Sufficient, prefers own 
decisions, resourceful 

Controlled, socially precise, 
self-disciplined, compulsive 

~. driven, overwrought, fretful 

~ These descriptions are found in About the 16 P.F., published by 
the Institute for Personality and Ability Testing, Champaign, 111., 
a four-page, uncopyrighted brochure. 
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ambiguity. These 171 characteristics were used to rate a sample 
sons and the resulting ratings were factor analyzed by Cattell. 
12 factors were identified in the rating data; later, these were 
sented in questionnaire items along with new items, and the four 
were added in subsequent research. 

of per
At first, 
repre-
Q scales 

Since the appearance of the 16PF in 1949, there has been considera
ble controversy concerning the inventory. Bolton (1977), in an overview 
of this controversy, indicated that criticism of the 16PF has progressed 
from sporadic attacks in the 1960s to full-scale assaults in the 1970s. 
The controversy centered around the existence of the factors as defined 
by Cattell. Investigations in which the 16PF was used have either sup~ 
ported Cattell almost unequivocally or have found little value in his 
work. Bolton (1977) indicated that most of the former group have tended 
to be Cattell's students and colleagues. 

Criticism of the 16PF began with Levonian's (1961) questioning of 
the psychometric adequacy of the instrument. Levonian noted that the 
scale correlated with more items outside their respective scales than 
within, and concluded that the scales of the 16PF lacked homogeneity. 
Sells, Demaree, and Will (1968, 1970, 1971) conducted a combined factor 
analysis of 600 items from the Guilford and Cattell inventories. Their 
results confirmed the heterogeneity of the Cattell (and also Guilford) 
factors. Eysenck, White and Soueif (1969) factor analyzed 99 16PF' 
items selected by Cattell and concluded that" •.. Cattell's question
naires ... should not be used to measure the Cattell primary factors, 
whose existence received no support from this investigation" (p. 228). 

Howarth (Howarth & Browne, 1971; Howarth, 1976) added further evi
dence on the same theme. Howarth and Browne performed an item factor 
analysis of the 16PF and produced a ten factor rotated solution. They 
concluded that the 16PF does not measure the primary factors that it 
purports to measure and that" ... Cattell's questionnaire factor system 
has been developed on the basis of inadequate investigation of the pri
mary factors" (P. 138). Eysenck (1971, 1972) seized upon the Howarth 
and Browne results and used them as a basis for denunciation of the 16PF. 
Eysenck (1972), who is an advocate of two super-factors, E, Extraversion
introversion, and •N, Neuroticism, denied the existence of Cattell's pri
mary factors and argued only for the.existence'of second-order factors, 
which he claimed were really his E and N. Howarth (1976) reanalyzed 
Cattell's original data and extracted six factors instead of the earlier 
12 factors. These were labeled cooperativeness, surgency, emotional ma
turity, extraversion, superego, and adjustment. Howarth claimed that 
these factors agreed with work carried out independently of Cattell's 
laboratory. 

Cattell's (1972, 1973) response to his cr1t1cs was that they failed 
to use factor analysis properly. He claimed that other researchers con
sistently underfactored the item matrix and, as a result, did not repli
cate his structure, but often produce "pseudo" second-order factors. 
Some of Cattell's students (DeYoung, 1972; Vaughn, 1973) criticized the 
Howarth and Browne (1971) study for methodological inadequacies. 
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On the proponent side, Cattell, Eber, and Delhees (1968) found sup
port for 12 of the 16 factors (E, M, N, and 0 were not clearly defined). 
Karson and O'Dell (1974a), using data for air traffic controllers, found 
only weak support for Cattell's framework, but concluded that their re
sults were not as discouraging as some investigators have suggested. 
More recently, Turner and Horn (1977) found results for 489 adults that 
were consistent with Cattell •·s. Golden (1978) found that the second
order factor structure for Japanese subjects differed from Cattell's 
structure, but that the structure for those of European ancestry did not. 
Bolton's (1977) assessment was that, for the most part, good support is 
available for Cattell's second-order factors and most of his primary fac
tors, and he concluded that the 16PF compared favorably to other person
ality inventories. 

Perhaps the evaluation of Cattell's work by Hall and Lindzey (1970) 
summarizes the controversy the best: 

Great chunks of Cattell's theoretical structure rest 
on shaky empirical findings. But great chunks of any 
comprehensive personality theory must rest on shaky 
empirical underpinnings. Good personality research is 
slow and expensive. It is to Cattell's immense credit 
that so much of his theory has as much empirical ground
ing as it does. It must be conceeded to Cattell's dis
credit, however, that he frequently claims a stabler 
empirical foundation than actually exists for his con
structs. Cattell the tactician here does Cattell the 
strategist a c~nsiderable disservice. (pp. 408-409) 

THE USE OF THE 16PF WITH ATCSs SINCE 1965 

the 16PF within the ATC program can be viewed in three, 
phases. The first phase, which lasted from 1965 to 

pr<>x•~•t<ely 1970, consisted of the initial administration of the 16PF 
·working controllers and subsequently to applicants; this resulted in 

preliminary explication of its value for producing meaningful per-
profiles and for its use as a screening instrument. The second 

lasted from 1971 to approximately 1975 and was characterized by 
major developments. The first involved criticism of the internal 

of the 16PF and questioning of the utility of the profile pro
This subsequently led to the second development, which involved 

ition of the second-order anxiety factor and the development of 
, efficient scoring procedure to measure that factor. The third 

, from 1975 to the present, consists of the use of the revised scar
procedure for routine screening, in the case-finder sense, of ATC ap

The three phases are discussed in this section. 

October 15, 1965, in an executive order issued by D. B. Thomas, 
ing administrator of the then Federal Aviation Agency, the use of 
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a psychological test battery was prescribed as part of the medical ex
amination under the new health program for ATCSs. The order applied only 
to applicants for, and holders of, ATCS positions in agency field facili
ties, and did not affect personnel in supervisory and administrative 
positions who did not handle air traffic directly. Prior to this date, 
ATCSs who worked in terminals were required only to meet second-class 
airmen medical standards on an annual basis. Other controllers employed 
by the agency had been required, as a condition of initial employment, 
to possess valid second-class airmen medical certificates, but were not 
required to undergo periodic examinations. The psychological test bat
tery, as part of the medical examination, was intended to screen for 
personality disorders that might detract significantly from an individual 
controller's ability to function according to performance standards. 

Prior to 1965, it had been generally recognized that few occupations 
on a day to day, minute to minute, second to second basis, were as de
manding as that of an air traffic controller. In 1956 and 1957, The Flight 
Safety Foundation, Inc., a non-governmental organization, recommended that 
standards of medical fitness for ATCSs be tailored to the demands of the 
job. This recommendation coincided with the opinion of the FAA medical 
staff (Siegel, 1966). Appropriated funds required to implement a compre
hensive medical examination of ATCSs were made availa&le in late 1963. A 
set of medical standards, based on past research studies on ATC populations 
and on an analysis of the work demands in control facilities, was official
ly adopted by the U. S. Civil Service Commission in April, 1965. 

After reviewing the available psychological test instruments, particu
larly with regard to validity and ease of administration (Siegel, 1966), 
the 16PF was selected as the psychological battery component of the medi
cal examination. From the outset, the test was intended to be used as a 
case-find<'r (similar to the use of laboratory tests such as the electro
cardiogram or chest x-ray) which could be used to identify individuals 
thought to require comprehensive psychiatric and psychological assessment. 
Because the 16PF was to be used in a decision framework, the establishment 
of cut-off scores was necessary. Based on the use of the 16PF with other 
poulations, the score on the second-order anxiety factor was selected as 
the determiner of a more comprehensive assessment. A cut-off score of 9.5 
(on a scale of 10} was established, with the expectation that not more than 
one percent of ATCSs would exceed it. Reighard (Note 1} indicated that 
prior clinical experience suggested that the use of this score would iden
tify most problem cases while avoiding the identification of too many false 
positives (i.e., individuals without identifiable psychiatric or person
ality problems who scored at or above 9.5). It was intended that any con
troller whose score reached or exceeded 9.5 on the anxiety scale would be 
interviewed by a flight surgeon, usually in the region that employed, or 
intended to employ, the controller, and referred for a complete psychiatric 
and psychological evaluation. 

In early J966, the 16PF was administered to over 6200 ATCSs in 
facilities. Later in the same year, over 4400 ATCSs from towers were 
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tested. By January, 1967, the 16PF had been administered to over 12,000 
ATCSs and applicants (Note 2). Reighard (Note 1) reported that 151 con
trollers from this first round of testing scored at or above the cut-off 
score of 9.5 on the second-order anxiety factor, and thus were identified 
for further assessment. This number represented 1.2% of the controllers 
examined and was approximately the number expected. Of these 151 control
lers, 60 {39,7%) were cleared by regional flight surgeons without referral 
for more formal psychiatric assessment, (It should be noted that the vast 
majority of the over 12,000 tested were already employed controllers.) Of 
those controllers who were referred for further assessment, 15 were found 
to have a severe disturbance and were recommended for termination, while 
16 had disturbances not severe enough to require permanent removal from 
duty. Arrangements were made for the latter group to receive appropriate 
treatment and followup, either while temporarily removed from duty or while 
continuing to serve as controllers. 

The introduction of the 16PF as part of the medical screening program 
the ATCSs came at a time when there was widespread controversy concern
the use of personality tests in employment situations, in general, and 
federal employment, in particular. In 1964, congressional hearings 
held on the use of personality inventories by the government. In 

, John W. Macy, Jr., the U. S. Civil Service Commissioner, testified 
Congress that the use of present personality tests and inventories was 
justified as a selection method (Hale, 1982). William McKee, the FAA 

strator, presented some preliminary evidence for the validity of the 
in a memo to Macy (Note 2). In addition to presenting data similar 

that given by Reighard (Note 1), McKee cited three cases of breakdown 
cuJrr•n~ before a psychological evaluation had been completed. In each 
these cases, the individual was placed in the mandatory followup cate

as a result of the scores on the 16PF. While the evidence presented 
McKee was based on a very small number of subjects, the fact remains 

the 16PF did identify some individuals with severe personality distur
B who were already functioning as air traffic controllers and who had 

been previously identified as having such problems. 

the same memo, McKee also addressed the concern of the U, S, Civil 
Commission for the manner in which the test was administered, the 
iality of the data, and potential biases in the items. McKee 

assurance that the administration of the instrument ensured the con
ality of the individual answer sheets, and that individuals were 

that they could omit any questions they found personally objec
le. In addition, McKee informed Macy that he had arranged for 25 
of the 16PF to be revised by the Institute for Personality and Abili
ting, which published the 16PF, because of objectionable content. 

tized version of the 16PF was available by mid-1967 for use with 
ATC applicants. 

applicants was not interrupted, but continuation 
e screening on an annual basis for working controllers was postponed 
the first round of testing, mainly'because of" ... some difficulties 

333. 



encountered during the first round of testing" (Reighard, Note 1). 
Another reason contributing to the postponement was the resignation of 
the clinical psychologist who was the program manager for the personality 
assessment portion of the medical program. Since the initial testing in 
1966, there has been no periodic personality assessment of the employed 
controllers. The only use of personality assessment has been as part of 
health related studies, such as that by Rose, Jenkins, and Hurst (1978) 
and those on stress conducted by the Civil Aeromedical Institute (Smith, 
1980). Another reason for not continuing the testing of employed con
trollers was undoubtedly the controversy concerning the use of personality 
testing for federal employees. The use of the 16PF with applicants con
tinued, however,. on a case-finder basis. 

Phase 11 

Phase 11 is characterized by the contributions of John Dailey re
garding the use of the 16PF for ATC applicants. Dailey's awareness of 
the literature and his own analysis led him to question the validity of 
the primary structure of the 16PF. He was convinced that the 16PF did 
measure at least the anxiety factor quite well, but he questioned the 
credibility of the results of the 16PF, especially for the anxiety factor, 
when the instrument was taken as a condition for employment. Dailey ana
lyzed 16PF data for applicants, using an analytic technique which he called 
"iterative di'stillation", rather than factor analysis, as others had done, 
to examine structure, On the basis of his analyses, Dailey redefined the 
second-order anxiety factor slightly and produced a short and efficient 
way to determine whether an individual would fall above the cut-off score 
on the second-order anxiety factor if the 16PF were scored normally. This 
section discusses Dailey's contribution in s·ome detail. 

Profiles. In 1971, Dailey (Note 3) compiled average 16PF profiles 
over the 16 primary factors, for 25 ATC and related groups. The ATC groups 
were: center personnel (n = 6231) and tower personnel (n = 4816), both 
tested in 1966; applicants (n = 396); training failures (n = 173); incum
bent controllers who had been working for one year (n = 140); and a sub
group of incumbents who had extensive air traffic control experience be
fore being selected by the FAA and, therefore, were assumed to be extreme
ly highly qualified (n = 27). Related groups included: two groups of sky 
marshals, one tested at Fort Dix (n = 102) and the other tested under civil 
service conditions (n = 100); a group of test pilots (n = 30); and a group 
FSS incumbents tested on the job (n = 16). Additional groups were obtained 
from the manual for the 16PF; these included the standardization sample and 
what Dailey called the Faker Group. This last group consisted of 163 col
lege students who were instructed to take the test under conditions of 
faking the best possible and most favorable impression that they could make 
on the test. 

The profiles for the ATC center personnel and the ATC tower personnel 
were very similar. Also, the profiles of all the ATC groups that had taken 
the 16PF as applicants were very similar to each other. There were slight 
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differences between the profiles of the two ATC groups tested while al
ready employed and the four ATC groups tested as applicants. The appli
cant groups were higher in emotional stability (higher C), more venture
some (higher H), more practical and careful (lower M), less apprehensive 
(lower 0), and lower in free-floating anxiety or less tense (lower Q4) 
than were the employed groups. 

Dailey, noting that the ATC applicant groups were more like the Faker 
Group than were the ATC employed groups, correlated the profiles of the 
25 groups. He found extremely high correlations among test pilots, FSS 
personnel, ATC failures, ATC applicants, ATC incumbents, and sky marshals 
tested under civil service conditions. The average correlation among the 
profiles for these groups was .971. All of these profiles correlated 
very highly with the Faker Group (Average correlation: .912). On the other 
hand, the profiles of the ATC tower and center groups had much lower cor
relations with the profile of the Faker Group (.72 and .67, respectively). 
ln addition, the profile of the Fort Dix sky marshals correlated .77 with 
the profile of the Faker Group, and resembled those of the ATC tower and 
center personnel, tested under experimental conditions, more than the pro
files of the sky marshals tested under civil service, pre-employment con-

1ditions (correlations of .93, .95, and .84, respectively). Dailey concluded 
~hat the air traffic controllers tested under competitive conditions as a 
~rerequisite for employment may have distorted their responses appreciably 
ijn the favorable direction. 

' Dailey also performed a factor analysis on the correlation matrix for 
groups and extracted three factors. The first factor he labeled the 

ftlr•tgo•n Factor or the Social Desirability Factor. Groups with high rotated 
loadings on this factor were ATC applicants, ATC failures, sky mar

tested under civil service conditions, test pilots, ATC incumbents, 
incumbents with prior controller experience, and the Faker Group. 

labeled the second factor the General Public Factor. This included 
standardization group, business executives, industrial plant foremen, 

ro'''"'t'•nt·s, store managers, and policemen. The third factor was ill-de
and included artists and physicists. The loadings for the ATC center 
and the ATC tower group were evenly split between the first and sec-

factors. Dailey concluded that this analysis demonstrated the influence 
the mind set of the individual taking the 16PF on the results obtained. 
noted previously in this chapter, this has generally been regarded as a 

limitation of self-report personality inventories. Dailey called 
the development of a fake-resistant scoring system that would be usable 
r competitive conditions, in which individuals take the 16PF as a con

of being hired. 

Iterative Distillation. Dissatisfied with previous attempts to demon
the factor1al valid1ty of the 16PF, and convinced that factor analy

is not a suitable approach for grouping items such as those found in 
16PF, Dailey (Note 4) analyzed item responses from the 16PF using a 

logy for item clustering based on the work of DuBois, Loevinger, 
Gieser (1952), called homogeneous keying (see also Loevinger, Gieser 
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& DuBois, 1953). Dailey termed the process "iterative distillation". He 
employed this technique to obtain an acceptable set of item clusters which 
had maximum independence and homogeneity. 

An important difference between factor analysis and homogeneous key
ing is that the former seeks to minimize the number of dimensions needed 
for a structure, while the latter seeks to maximize the number of indepen
dent scales obtained from a pool of items. DuBois et al. (1952) based 
their method on the analysis of the inter-item covariances. Each scale 
(key) is constructed by adding items one at a time to a nucleus of three 
items, so as to maximize the saturation with respect to the matrix of items 
from which the item is drawn. The saturation of the test was defined as 
the proportion of the total test variance attributable to inter-item co
variances, and is a function of coefficent alpha (KR-20). A cycling process 
involving elimination and addition of items is followed to assure homogene
ity and independence of scales. 

Dailey first correlated each item in Form A with each of the 16 fac
tor scores in Form B, using data for ATC applicants. Many correlations 
between items and factor scores in the range of .30 to .59 resulted from 
this first step. On the basis of this analysis, seven item clusters were 
identified and seven additional Form A variables were formed. Next, each 
item in Form B was correlated with each of the 16 factor scores in Form 
A as well as the seven new cluster scores. The items in Form B were then 
clustered in accordance with their correlations with Form A; this resulted 
in a set of homogeneous clusters. In the next iteration, each item in 
Form A was correlated with the revised cluster scores in Form B and a sec
ond cycl~ set of homogeneous clusters was then developed for the items in 
Form A. Once again Form B items were correlated with the revised Form A 
clusters. The iterations continued until the clusters for each Form were 
relatively homogeneous and independent. Dailey then performed a series of 
factor analyses of the items in each cluster plus additional items that 
seemed to have a chance of belonging to the cluster, and extracted a single 
factor for each cluster. Items were dropped or added as appropriate, un
til clusters emerged with the desired characteristics. 

At the same time, Dailey (Note 5) continued to. examine the potential 
of the profile scoring of the 16PF; apparently,.he became increasingly 
convinced of its shortcomings when administered under competitive condi
tions. He cited the work of Sells et al. (1968), as evidence of the in
adequacy of Cattell's use of factor analysis as a means of establishing 
the structure of the 16PF. However, while he argued against the clinical 
interpretation of the full 16PF profile, Dailey did indicate that the 16PF 
appeared to measure anxiety or general adjustment rather well. ~he second
order anxiety factor did seem to display the properties of homogeneity 
and independence that he was attempting to achieve through the use of 
iterative distillation. Karson (Note 6) c0111!\enting on one of Dailey's 
papers (Note 7), argued for the value of a profile-producing instrument 
such as the 16PF, when used by a clinician. In rebuttal to Karson, Dailey 
(Note 8) noted the extremely low anxiety scores for a group of recent 
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applicants, where 92% scored at or below 5 and 51% scored 1 or 2. Dailey 
also noted that the motivation distortion scores for this group were high, 
with 35% at 10 or greater. Dailey's point was that the 16PF, when ad
ministered under competitive conditions, was highly fakable, and for that 
reason not useful for profile interpretation. Nevertheless, despite the 
highly transparent nature of the instrument, some applicants did score 
above the· cut-off score of 9.5 on the anxiety scale, and Dailey believed 
that these applicants should be identified. 

The results of his analyses, and the work of other researchers, in 
particular, Eysenck (1972), Howarth and Browne (1971), and Sells et al. 
(1968), led Dailey to abandon the attempt to produce homogeneous and in
dependent scales for the entire 16PF, and to concentrate his efforts on 
improving the measurement of the second-order anxiety factor. Dailey 
directed his work on iterative distillation toward this end, and this 
resulted in the identification of 38 items, 18 on Form A and 20 on Form 

had high correlations with the second-order anxiety factor. 
items formed the basis for his revised scale and scoring system. 

Revised Scoring System. The simplified scoring system developed by 
Dailey is based on the 38 items that contain the basic rudiments of the 
anxiety or neuroticism score. The main difference between the simpli
fied score and the full-scale anxiety score is that items from Factor H 

>(Shy vs Venturesome) were excluded. According to Dailey (Note 9), the 
:_simplified score has the advantage of measuring essentially the same 
'.trait as the second-order anxiety factor, and it is ". . . a purer mess

less subject to chance fluctuation."· Dailey (Note 10) reported a 
~"····' ion of .78 between the simplified score and the full-scale second

anxiety score. 

The simplified scoring proceeds as follows. First, the 18 items 
Form A are scored. The most "positive", "favorable", or "healthy" 

res:por1se is allotted one point, so the scores can range from 0 to 18. The 
ty of respondents score 10 or above on Form A. If this occurs, no 
r scoring is required and the individual is cleared, since 10 or 
on these items is equivalent to at most a score of 3 on the full
second-order anxiety factor. If the score on these 18 Form A items 

less than 10 for an individual, the 20 items on Form B are scored, al
ing one point as was done with the Form A items. If the combined 

from Form A and Form B .is at least 10, no further scoring is done 
the individual is cleared, since a combined score of at least 10 is 

to a full-scale anxiety score of at most 5. About 90% of the 
scores are 20 or more. In short, a candidate is cleared as soon 

a score of 10 is reached when scoring Forms A and B. 

If a respondent has a combined score of less than 10, then 13 of 
36 items, six on Form A and seven on Form B, are rescored. Four of 
six items on Form A are from Factor Q4 ; the other two are from Fac

. On Form B, three items are from Factor q4 , two items are from 
0, and one item each is from Factor C and Factor N. On the 
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rescoring of these 13 items, one point is allotted for the choice of the 
"neutral" alternative, and two points are allotted for the choice of the 
most "negative", "unfavorable", or "unhealthy" alternative. Thus, scores 
on the rescoring can range from 0 to 26. An applicant is not cleared if 
one of the combination of scores as given in Table 2 is obtained. Ap
proximately one percent of the applicants will not be cleared using this 
simplified scoring system. 

Phase III 

The use of the simplified scoring system based on the 38 core items 
became operational as a case-finder method for all ATC applicants in 
May of 1975. Part of the rationale for developing a simplified scoring 
procedure was to meet the time constraints imposed by the hiring process. 
With the use of templates, a clearing score can be obtained for most ap
plicants in a matter of seconds. The simplified scoring system provides 
a quick and efficient way of identifying applicants requiring referral 
for psychiatric evaluation. 

To preserve security, all answer sheets are scored at the Office of 
Aviation Medicine in Washington, D. C. If an applicant is not cleared, 
the appropriate region is notified by telephone. Later, a complete list
ing of all applicants, including those not cleared on the 16PF, is sent 
to the appropriate region. 

Applicants who are not cleared are interviewed by a psychologist or 
psychiatrist, and usually given a complete examination. A telephone sur
vey (12/14/81) of six of the eleven regional air surgeon's offices indi
cated that the prescribed procedure is followed virtually in every case, 
and that, if an applicant does not pass the complete psychiatric examina
tion, that individual is either not hired or not retained if already in 
training. The respondents to the telephone survey, usually the Regional 
Flight Surgeon, indicated that most applicants not cleared on the 16PF 
pass the psychiatric examination, The failure rate seems to vary between 
10% and 50%. 

Apart from Dailey's reported correlation of .78 (Note 10), there is 
no formal evidence for the validity of the simplified scoring procedure. 
Table 3 gives the distribution of applicants who took the 16PF and those 
not cleared, from 1974 to 1979, according to records in the Office of Avi
ation Medicine. Since the new scoring system was implemented in May, 
1975, the years 1976 to 1979 provide a representative estimate of the 
percentage of applicants not cleared by the new scoring system. During 
these combined years, 0.97% of the applicants were not cleared. This 
number is extremely close to the expected value of one percent if the 
full-scale second-order anxiety factor had been used. More formal evi
dence is needed in order to establish the validity of the simplified 
scoring system. 
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Table 2 

Scoring Combina-;ions on the 16PF for Which 

A'l'C Applicants &:::'e not Cleared 

Combined A &: B 

(~items) 

8, 9 

7 

4, 5. 6 

o, 1, 2. ' 

339, 

Rescored A &: B 

(1:5 items} 

17 or over 

16 or over 

15 or over 

14 or over 



Table 3 

Distribution of ATC Applicants Not 

Cleared on the 16P?: 1974-1979 

Year Applicants Not Cleared Percent 

1974 3.545 128 3.61 

1975 2,695 28 1.04 

1976 2,975 18 0.61 

1977 3,178 33 1.04 

1978 3,112 27 0.87 

1979 3.372 45 1.33 
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'rl:\B l'B'RSOl\ALl'I'l l''RO"F1.U!. OF Tl:\B ATC 

Notwithstanding Dailey's analyses, the 16PF data for ATCSs have been 
subjected to many analyses and profile interpretations. The first pro
file interpretati~n.was by Siegel (1966), who reported statistically sig
nificant differences on the mean scores of 13 of the 16 primary factors, 
when comparing the profiles of the ATC center personnel with those of 
the standardization sample. The controllers were higher on intelligence 
(B); more exacting, precise, and controlled (Q3); tougher and more real
istic (I); more reliable and conscientious (G); less anxiously insecure 
(L); more practical and conventional (M); less critical and rebellious 
(QI); lower in free-floating anxiety (Q4); higher on ego strength or 
frustration tolerance (C); less guilt prone and worried (O); more reserved 
and aloof (A); more independently self-sufficient in their work habits 
(Q2); less bold and adventurous and more reactive to external threat (E) 

·than the male standardization sample. Siegel concluded that, as a group, 
the center controllers possessed higher intelligence, greater self-dis
cipline and self-control, tougher realism, greater conscientiousness, 
.and less anxious insecurity than the general population. 

Karson and O'Dell (1974b) compared the 16PF profiles for male and 
~e1na1.e ATC applicants. Only about two percent of the applicants at that 

were female, so only 217 females were included in their study. While 
of the 17 comparisons (motivation distortion was included) were sig

ly different, most were not of practical significance; the larger 
of males in the study (n E 9,886) caused very small differences 

be statistically significant. However, females' scores differed by 
least one standard deviation from those of the males, both higher, on 

(I) and imaginative vs. practical (M). Otherwise, males and 
les had basically the same personality profile. In a related study, 

and O'Dell (1974c) compared the profiles of the 9,886 male appli-
s with the profiles of the ATC tower and ATC center personnel, gathered 

1966, Their results were similar to Siegel's (1966) and Dailey's (Note 
All three studies used the same ATC center data, and Dailey and Kar

the same ATC tower data, but different applicant data. The 
of these results to Dailey's indicated that the personality 

of applicants had not changed very much in the intervening years. 
, the profiles of the applicant group indicated that they were 

emotionally stable (higher C), more venturesome (higher H), more 
ical and careful (lower M), less apprehensive (lower 0), and lower 

free-floating anxiety or less tense (lower Q4) than were the tower or 
controllers. Karson and O'Dell (1974c) concluded that applicants 
even greater mental health than those already employed. However, 

also noted higher motivation distortion among applicants. As Dailey 
previously (Note 3), Karson and O'Dell noted the high possibility of 

"After all, it should not be surprising that people who apply for 
positions might be expected to present a more favorable picture of 

lves than center and tower controllers who are already employed" 
1004). 
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Rose et al. (1978) used the 16PF and the CPI, as well as biographi
cal data, in a major longitudinal investigation of ATCS health changes. 
Approximately 400 ATCSs from New York and New England were studied over 
a three year period. During the course of the study, slightly over half 
of these controllers experienced one or more significant psychiatric prob
lems; however, only a few had chronic problems throughout the study. On 
the 16PF,.Rose et al. obtained profiles similar to those of previous re
searchers (Siegel, 1966; Karson & O'Dell, 1971, 1974c). On the CPI, the 
controllers generally scored within the normal range, based on a stan
dardization sample of 5,000 males. 

In summary, the general finding of these studies was that the person
ality profiles on the 16PF of various ATC groups were similar; taken at 
face value, the profiles of the applicant groups showed slightly better 
mental health, but this is questioned by the motivational distortion 
scores. The personality profiles of the ATC groups did not differ ap
preciably from the profile of the standardization sample. Where specific 
differences did emerge, they were in the direction of better mental health 
for the ATC groups. 

THE VALIDITY OF THE 16PF FOR THE ATCS 

The validity of a test is dependent on the uses to which it is put; 
tests do not have validity in the abstract. The· information sought from 
a test, the population to which it is administered, and the criterion 
measures used, all affect the interpretation of its validity. Of the 
major types of validity-content, construct, and criterion-related or 
predictive - the latter appears to be most germane to the use of the 
16PF with ATCS. In this context, there are at least two relevant cri
terion-related validity questions. First, to what extent does the simpli
fied score correctly identify individuals who should be referred for psy
chiatric evaluation? Second, does the 16PF profile information predict 
the on-the-job success of an ATC? To date, there has been no formal in
vestigation of the first question and very little examination of the second. 

In an attempt to gather evidence for the validity of the 16PF in the 
occupational setting of the ATCS, Karson (1969) related peer and super
visory ratings of job performance to the personality factors measured by 
the 16PF. The ratings were highly related to each other, but no rela
tionship was found between the ratings and the personality variables. 
Karson and O'Dell (1971), using a different estimate of job performance, 
the FAA's Employee Appraisal Record for Nonsupervisory Employees, found 
only one of the 16 correlations (factor Q2) to be significant. Karson 
and O'Del·l indicated that such low correlations might be due to ·the re
stricted variance of the supervisory ratings. Nevertheless, they were 
not able to present acceptable evidence for the predictive validity of 
the 16PF with respect to on-the-job performance. 

Colmen (.1977) examined the validity of the 16PF for the selection 
and placement of ATCSs, using data from over 2,000 controllers, employed 
and separated, from 1969 to 1976. The criterion measures used by Colmen 
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were performance on laboratory exercises in the FAA academy, supervisor 
ratings, progress since employment, attrition, and an aggregate of the 
four. Colmen found low correlations between the 16PF and the criterion 
measures, but concluded that the 16PF did not add sufficiently to the 
cognitive predictors already found to be valid to justify its additional 
cost in selecting ATCSs. However, Colmen did find higher correlations 
when the data were analyzed by specific ATC options (FSS, VFR, IFR, 
ARTCC). He concluded that the 16PF may have some utility for placement 
decisions into specific ATC options. It is possible, however, that the 
correlations Colmen obtained changed simply as a function of the way his 
data were aggregated. Colmen did not study the validity of the 16PF for 
use strictly as a case finder, to identify individuals to be referred for 
psychiatric evaluation. 

While no formal research has been conducted on the validity of the 
e finder utilization of the 16PF, Rose et al. (1978) presented some 

1nrnr·ect evidence concerning this. Rose found that those who scored low 
the CPI on sense of well-being, responsibility, socialization, self

·Cm>tr·ol, tolerance, and intellectual efficiency were at much higher risk 
psychiatric health change, and had a much higher rate of medical dis-

fication from the FAA for either psychiatric or medical conditions. 
, Kurek, and Cobb (1967), in an earlier study of 338 ATCSs, found 

the difference between underachievers and overachievers at the FAA 
~a•len1y, as predicted by aptitude scores and-biographical characteristics, 

a function of essentially the same CPI scales. Rose suggested that 
CPI be added to the screening battery for the pre-employment selection 

ATCSs, or, if that were not desirable or feasible, that scores from 
CPI be related to scores from the 16PF, using his data. This suggestion 
not been implemented. Campbell and Chun (1977) found considerable 

between the CPI and the 16PF at both the scale and second-order 
level, and especially for anxiety (adjustment) and introversion

ltrav••rsion. At least by implication, these data provide some suggestive 
for the validity of the 16PF as a case finder for ATC applicants. 

formal validation studies are needed for this ease finder use of the 

LIFE HISTORY DATA 

The purpose of a preemployment screening program is to predict the 
job behavior of applicants after they have been employed. One 
of predictors that has been used for yeErs by industrial psycholo

is personal history data provided by applicants on questionnaires 
ication blanks (Guion, 1965). Another potential source of predic

for ATC applicants is information obtained from background and ref
checks that are required of all applicants. Underlying the use of 

history data as predictors having some utility for selection is the 
ion that experience "programs" the individual and, hence, future 

is to a great extent a projection of his or her past behavior in 
situations. This assumption is relevant for ATC applicants, since 

applicants have had prior ATC experience in the military; however, 
here is on personality variables. 
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Usually the information sought in a biographical data form or appli
cation blank is factual, but items tapping values, attitudes, and person
ality characteristics are often included. Sundberg (1977) identified 
three types of information that are usually obtained: demographic (age, 
sex, birth place, marital status, etc.); experiential (educational history, 
work history, military record, etc.); and behavioral (hobbies, leisure 
activities-, distance travel to work, etc.). Such information is often in
cluded in traditional application blanks and also in questionnaire forms 
which utilize standardized multiple choice questions. Information frou, a 
traditional application blank is generally used in an informal, non-empiri
cal way, while information from a typical biographical data questionnaire 
can be used according to results of criterion-related validity studies. 
On the basis of such studies, items are given weights in relation to their 
correlation with the criterion. 

Background checks involve the verification of information concerning 
the applicant, as well as the determination of additional information not 
provided by the applicant on the application blank. Reference checks or
dinarily involve the obtaining of character statements from persons whose 
names have been provided by the applicant. The major sources of informa
tion for background and reference checks are letters of recommendation, 
contact with previous associates and employers, review of military records, 
and field investigations. 

More research has been conducted on the validity of biographical data 
than on the validity of background and reference checks. Many studies have 
reported positive findings with weighted application blanks (Frank et al., 
1981). Guilford and Lacey (1947) reported validity coefficients between 
.-35 and . 40 for weighted application blanks in the prediction of success 
in training Air Force student pilots, and of .25 to ,30 in the prediction 
of success in training Air Force student pilots, and of .25 to .30 in the 
prediction of navigator training success. Owens (1976) has reported that 
correlations between selected information obtained from weighted applica
tions blanks and success in employment usually range from .40 to .60. Potkay 
(1973), in a review of case history information, concluded that " ... per
sonal history data as a source of clinically descriptive or predictive in
formation is at least as effective as information derived from psychologi
cal test sources" (p. 208). 

There are some problems'associated with the acquisition and use of life 
history data. Sundberg (1977) pointed out that life history assessment 
suffers from inadequate development of conceptual framework and methodology. 
Information can be falsified, forgotten, or distorted unintentionally. 
Furthermore, changes in an individual's circumstances or in the social cli
mate can affect the predictive validity of this information (Guion, 1965). 
Despite these weaknesses, Sundberg (1977) concluded that biographical data 
have generally been powerful predictors _of future behavior. 

ATCS research using life history data has been limited. Colmen (1977) 
included a biographical inventory along with the 16PF to examine their ef
fectiveness as predictors of ATCS success measures. The biographical 
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inventory consisted of 58 background data items, such as prior experience, 
performance in school, work history in jobs involving stress, shift work, 
verbal fluency, and the like, Five scores were derived from combinations 
of items keyed empirically on 1971 data against attrition, effect on safe
ty, a set of items based on an FSS construct, supervisory or non-super
visory status, and a set of interpersonal items. Colmen found that each 
of the five biographical inventory scales predicted training performance 
of both terminal and ARTCC trainees. However, when these predictors were 
used in conjunction with the 16PF and a semantic differential concept ad
jective test, little increase in prediction results, It should be noted 
iliat Colmen always entered the 16PF information into the regression equa~ 
tiona prior to the biographical information.· Generally, the first varia
bles entered into a regression equation contribute more to an increase in 

·prediction than those variables which are entered later. For placement 
ions, however, Colmen found that the biographical inventory scales did 

cvJ:o•'•oe additional information for the classification of newly hired ATCSs 
individual ATC options, with training performance as the criterion, 

Rose et al. (1978) used biographical data in their study of ATCS health 
They found that applicants over 30 years of age and without prior 

experience had a higher probability than other applicants of experi
some psychiatric problem. Also, high use of alcohol, especially 

earlier ages, was associated with future difficulty. Finally, a history 
legal involvements (being arrested, sued, etc.) was associated with 

se control disorders, psychiatric problems, and eventual disqualifi
ion. The authors suggested that data concerning the above predictors 

be included in the biographical history information requested prior 
employment. 

VanDeventer (1980) examined biographical data on ATC trainees who en
the Academy between June 1977 and June 1979, to determine the rela

of these data to training success or failure. The biographical 
ionnaire consisted of 60 items covering high school education, edu

beyond high school, and prior experience. Complete data were ob
on 2,371 trainees, 1,257 with prior ATC experience, usually in the 

The results showed that pre-FAA ATC experience was a signifi-
factor in training success, and that education was not related to 

These findings confirmed previous ATCS studies (Cobb & Nelson 
Cobb, Young, & Rizzuiti, 1976). However, they did not identify per

ity variables. 

present, a project in the Southern Region of the FAA is seeking to 
the ATCS selection procedures, -using information from a life ex
questionnaire. In addition to examining such variables as educa
prior experience, this questionnaire includes information on in-

• motivation, and other personality traits. The rationale for in
the latter kind of variables is that they can have an impact on 

and, consequently, on job success. To date, no reports from 
(O,Jec< are available. 
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PRACTICES IN OTHER COUNTRIES 

Personality assessment of ATC applicants is included by most coun
tries as part of their selection procedures, principally based on written 
tests and selection interviews. Normally, the latter are not clinical 
interviews as such. 

The-written personality assessments presently used by countries other 
than the United States for ATC applicants apparently have been developed 
in-house, usually as part of a larger selection battery, Major develop
ment of selection tests has been done at the Rijks Psychologische Dienst 
(R,P,D.), the Institute of Psychology of the Netherlands Government at 
the Hague, In 969, the Director General of Eurocontrol requested the 
R,P,D. to assist in the selection of ATC trainees, and since then formal 
assessment for Euro-Control has been done by R.P,D. (Note 11). Prior to 
1969, R.P.D, had had several years experience in the selection of Dutch 
ATCSs, The selection tests developed by R.P.D. include some personality 
subtests, Besides assessing the candidate's mental functions, such as 
logical deduction, analytical thinking, ability to abstract, numerical 
ability, and rapidity and accuracy of work, the psychological battery as
sesses personality characteristics, sich as ambition, perseverance, adapt
ability, and stability. 

Until _recently (Note 12), an adaptation of the 16PF wa~ used in 
Australia as part of an ATCS selection battery. Only 45 items, which 
had previously been ideqtified as providing a valid assessment of appli
cants, were scored. The Australians continue to use a map reading test, 
interrupted at irregular intervals, as a measure of short memory as well 
as tolerance to a mild degree of stress. The United Kingdom has experi
mented with the 16PF, with volunteers from its CAA staff (Note 13), but 
apparently the 16PF has not been used with applicants. It is interesting 
that the first analysis of the 16PF results indicated that controllers 
in the United Kingdom had a markedly different profile from controllers 
in the United States. No specifics were given concerning these differences. 

Written personality tests are also used for ATC applicants in Sweden 
and Japan. Applicants to theSwedish Air Traffic Services Academy are 
tested prior to admission. Oloffson (1980) described traits that an ap
plicant must possess, but he did not indicate the· tests used to assess 
them. The traits mentioned by Oloffson include the ability to withstand 
stress, the ability to accept responsibility, and psychological balance. 
Maekawa (1980) reported that an entrance examination is required for ad
mission to the Aeronautical Safety College, the controller education fa
cility of the government of Japan. Apparently, screening tests developed 
under the auspices of.medical personnel are used as ·part of the selection 
process. 

Most countries use a selection interview for ATC applicants, one pur
pose of which is to assess the personality of the applicant. In Norway 
(Note 14), members of the ATS administration staff serve on a selection 
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board. In particular, knowledge of English, job motivation, and mental 
fitness of candidates are assessed. In the Netherlands (Note 15), candi
dates are interviewed first by a psychologist and then by a selection com
mittee. In particular, motivation and suitability are assessed. An in
terview is also us~d.by the Royal Netherlands Air Force in the selection 
of controllers (Note 16). The aptitude test results of the candidate 
are not known by the interviewers, who attempt to assess social adjust
ment, discipline, sense of reality, independence, and motivation of the 
candidate. Canadian ATC applicants are interviewed in order to determine 
their decision-making ability, tolerance for stress, initiative, tenacity, 
vigilance, and cooperativeness (Note 17). Finally, ATC candidates from 
the United Kingdom are interviewed by three senior ATCSs (Note 13), and 
those from Australia by a three-person panel, one of whom is a psycholo
gist (Note 12). 

SUMMARY 

The 16PF has been used by the FAA for personality assessment of ATC 
applicants since 1966. The inventory was incorporated into the medical 
screening of applicants as a case finder to identify individuals who should 

·be referred for psychiatric evaluation. During the first nine years of 
its use, a full profile scoring of the 16PF was performed for each appli-

. cant; decisions concerning further evaluation were based primarily on: the 
second-order anxiety factor. Since May of 1975, decisions concerning 
further evaluation have been based on the scoring of 38 items identified 

John Dailey as measuring essentially the same trait as the second-or
anxiety factor. The revised scoring is easily performed, using tern

Approximately one percent of the applicants are screened out (not 
by the revised scoring procedure and are referred for a psychia

evaluation. This percentage is in agreement with the expectations 
when the cut-off score was first adopted. 

In addition to ATC applicants, the 16PF has occasionally been given 
employed controllers. A large-scale testing of ATC tower and ATC cen
personnel was conducted in 1966 prior to the testing of ATC appli-
s. While not differing greatly from the 16PF profile of the general 
ic, the 16PF profiles of various ATC groups have shown that controllers 
greater self-discipline, higher intelligence, greater conscientious
and lower anxiety than the general public. The 16PF profiles of 

controllers and applicants have differed only slightly; appli
profiles appeared to show better mental health, but this is believed 

be explained by conditions under which each group was tested. 

No formal empirical evidence is 
scoring of the 16PF, used as a 
regional medical offices, the 
that most applicants who are 

psychiatric examination. 
examination after not being 

to 50 percent. The validity 
study. 

available for the validity of the re
case finder. In an informal survey 
Regional Flight Surgeons were of the 
not cleared on the 16PF do pass the 
The estimates of failing to pass the 
cleared on the 16PF ranged from 10 
of the revised scoring system needs 
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The relationship between personality inventory scores and job perform
ance measures typically has been quite low, for most occupations. There 
is little evidence for the utility of a measure such as the 16PF in the 
prediction of on-the-job success. In fact, the use of personality inven
tories as the basis for job selection decisions. was prohibited by the U.S. 
Civil Service Commission in 1965 mainly because of the poor validity of 
these inventories in predicting job success. This prohibition continues 
under the present Uniform Guidelines. However, the use of such inventories 
to identify individuals who may have personality disorders so severe as to 
impede their ability to perform according to minimum job standards is con
sidered appropriate and needed. Hopkin (1980), in a review of the litera
ture on measurement of air traffic controllers, suggested that it may be 
necessary to understand controllers first as humans and only second as con
trollers. While Hopkin indicated that the " .•• relevance of personality 
remains unclear" {p. 554), he did see relevance in attempting to measure 
proneness to anxiety, as with the 16PF, as a possible way of predicting the 
difficulty that a controller may have in facing the responsibility of con
trolling traffic. The use of a personality inventory as a case finder is 
not prohibited by the Uniform Guidelines. If a suspected severe person
ality disorder is confirmed by psych1atric evaluation, then that individual 
can, and should, be denied a job as an air traffic controller. 

The identification of potential personality disorders which could in
hibit the performance of an air traffic controller could also be accom
plished by interview. Selection interviews are routinely used by many 
countries in screening ATC applicants. In the United States, selection 
interviews are not routinely used primarily because of the large number 
of applicants, but also, undoubtedly, because of the lack of demonstrated 
validity for such interviews. Clinical interviews are used by the FAA 
only for those ATC applicants who are not cleared on the 16PF. 

Another source of information that could be helpful in screening ATC 
applicants for personality disorders is life history data obtained through 
the use of application blanks and background and reference checks. Life 
history data are gathered routinely for ATC applicants, but to date these 
data have not been alalyzed systematically. Research with life history 
data in other occupations has been promising. There has been little formal 
work conducted on the utility of this information for ATC applicants. It 
is evident that prior ATC experience is very helpful, but not very much is 
known about the utility of the personality and behavioral information that 
can be obtained. 

In summary, further research in the area of personality assessment 
and screening of ATC applicants appears to be indicated. Issues ldenti
fied in this paper include: 

1. Examination of the validity of the revised scoring of the 16PF, 
used as a case finder; 
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2. Examination of the potential of life history data as a person
ality case finder similar to the present use of the 16PF; 

3, Examination of the relationship between life history data, 
personality variables, and on-the-job performance. 
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Chapter 18 

VALIDATION OF NEW ATCS SELECTION TESTS 
ON TRAINEE AND CONTROLLER POPULATIONS 

THREE STUDIES - 1972, 1977, 19791 

This chapter presents summaries of the three major validation studies 
that culminated in the formation of the new test battery for air traffic 
controller selection that was adopted for operational use by the OPM in 
October, 1981. The first two were carried out under FAA contracts by a 
group at Education and Public Affairs, (EPA), a private research firm, 
led by Joseph G. Colmen. The 1972 study, by Milne and Colmen, was a 
concurrent validation of a diverse battery of paper and pencil'aptitude 
and personality tests and psychomotor tests administered to 800 newly 
appointed and experienced controllers, using confidential supervisor 
ratings as criteria. The 1977 study, by Mies, Colmen, and Domenech, had 
similar objectives but was expanded in respect to sample size, structure, 
and issues addressed. 

The third study, by James 0. Boone (1979a), was carried out at the 
Civil Aeromedical Institute (CAM!) in Oklahoma City and utilized a 

final sample of 1827 ATC trainees who attended the FAA Academy during 
.1976 to 1978. This study built on the progress realized in the FAA stu
dies and identified the final test battery that was further validated and 
evaluated in the research presented in Chapter 21. 

I 

1972 - SELECTION OF AIR TRAFFIC CONTROL SPECIALISTS 

Anne Milne and Joseph G. Colmen 

The focus of this research was on selection as related to job perform
It was based on concurrent validity analysis. The primary questions 

lddre••s•od were: 

(I) To what extent is it possible to predict job performance 
of a journeyman ATCS based on a battery of tests admini
stered at the time of job application? 

(2) To what extent can improvement in prediction be achieved 
by selective assignment of applicants to selected ATC op
tions (FSS, Center, IFR or VFR terminals) and within these, 
to high or low density (activity) facilities? 

by S. B. Sells 
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{3) To what extent do the measures selected to accomplish the 
above objectives affect black and white applicants with an 
equal degree of fairness? 

Sample Description 

The total sample comprised approximately BOO employees who were either 
journeymen ATC specialists (FPL) or new ATC appointees and included an 
oversample of black ATC specialists. Sample selection provided for distri
bution between four types of ATC facilities (Centers, IFR and VFR Termi
nals, and Flight Service Stations). Samples for Centers and IFR termi
nals were further stratified between high and low activity facilities. 
Race-ethnic distribution, including the oversample, was 93% white and 
7% black. 

The sample was drawn from FAA facilities in 15 major cities in the 
United States and was randomly selected (except for the oversample) from 
ATC facilities within a 100-mile radius of the 15 hub cities. Sampling 
was controlled to excluse ATC specialists over 36 years of age and to 
insure that FPL Specialists had no less than 3 years nor more than 10 
years of ATC experience with FAA. Because of the small number of women 
in the ATC workforce, it was not possible to stratify the sample selection 
based on sex. Participation on the part of ATC specialists was voluntary. 
All subjects were administered a battery of paper-pencil tests or forms 
including the esc test battery. 

In addition, a subsample of about 260 ATC Specialists, including 
journeymen and new appointees, who took the paper-pencil battery, were 
administered a series of "psychomotor" tests in a separate testing ses
sion at FAA facilities at Oklahoma City. Selection of this subsample was 
controlled for region, type of ATC facility, and variance on the confi
dential supervisory performance evaluation which was used as the criterion 
meausre. Race-ethnic distribution of the "psychomotor" subsample was 83% 
white and 17% black. 

Predictors 

In selecting predictors for this study, four objectives were consid
ered. These were: (1) They should cover as br9adly as possible the 
range of job and worker attributes identified with the ATC occupation; 
(2) Experimental tests should not substantially overlap areas already 
covered by the existing CSC test battery, which was to be administered 
to the ATC Specialists; (3) Experimental tests should be selected which, 
based on prior research, appeared to have potential validity for ATC 
selection; and (4) The two selected test batteries (paper-pencil .and psy
chomotor) should not require more than 8 hours each to administer. Within 
these objectives the following predictor tests were selected: 
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Paper-Pencil Battery 

Aptitude Tests - CSC test battery (5 parts) 
Minimum Coins Test 
Dial and Table Reading Test 

Knowledge and Interest Tests - Dailey Technical and 
Scholastic Test 

ATC General Information Test 

Personality Tests - Concept-Adjective Test 
Closure Speed Test 

Background Information - Biographical Inventory 

Psychomotor Battery - Directional Headings Test 
Hidden Patterns Test 
Press Test 
Controller Decisions Evaluation (CODE) Test 
Multiple Task Performance Test 
Compressed Speech Test 

The Paper-Pencil Battery was administrated to the total sample group. 
administrators were FAA employees, trained by staff members from Edu

and Public Affairs •. The Psychomotor Battery was given to the sub-
eat FAA facilities in Oklahoma City, where equipment required for 

tration was available. Detailed discussion on the source, nature 
the test, method of scoring, reliability and validity for the selected 

is provided in Mi.lne and Colmen (1972). The contractor obtained 
kept all test results and information on individual ATC Specialists 

·a confidential basis. No individual data were provided to FAA. 

Measure 

After examining a number of alternatives, a Confidential Supervisory 
on form was used as the criterion against which experimental tests 

validated. The evaluations were obtained by the contractor directly 
each ATC Specialists' supervisor. They were not reviewed by FAA nor 
copies provided to the agency. The contractor retained all individual 
tion data on a confidential basis. The evaluation covered the broad 
of performance within a number of task behaviors for each area. 

Performance Area 

Knowledge 
Perception 
Comprehension 
Memory 
Communication 
Judgement 
Traffic Management Techniques 
Performance Work Stress 
Interpersonnel Skills 
Other Personnel Skills 
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Number of Items 

3 
6 
6 
2 
8 
4 
4 
4 
3 
5 



In addition, an "Overall Performance" category, consisting of four task 
items, and a summary evaluation were obtained. The summary evaluation 
was a seven-point rating scale with "1" the highest performance and "7" 
the lowest. 

Descriptive Information 

Based on biographic responses from 304 FPL ATC Specialists, the fol
lowing background and educational information was obtained: 

98% were men; 2% women 
96% had prior military service 
72% claimed prior (military) experience as a controller 

2% claimed experience as a pilot 
48% took the esc test battery for appointment; 10%, more than 

once before passing 
97% completed high school 
25% attended college; less than 1% completed college 

Analytical Methodology 

The data collected were analyzed by a variety of statistical treat
ments, including: (1) multiple regression analysis, in which test meas
ures were correlated with performance evaluation measures to determine 
how well they predicted job performance; (2) analysis of variance, for 
assessment of differences between groups, such as minority vs non-minority; 
journeymen vs new appointees; and, those hired with previous aviation
related experience compared to those hired without such experience; and 
(3) multiple discriminant analysis, in which tests were evaluated in terms 
of their ability to maximize placement within option and activity levels. 

Results 

In summary, this study concluded that: 

1. Analysis of the capacity of the tests to predict job performance 
of journeymen ATC specialists produced mixed results. The CSC test bat
tery was marginal in predicting job performance, as measured by super
visory evaluations. This result, however, was due primarily to the re
striction of range of the·CSC test predictors, which was attributed not 
only to the selection process, but also to the attrition that took place 
during the developmental training period as the controllers included in 
the sample progressed to the journeyman (FPL) level. This study did not 
attempt to correct for the range restriction and consequently the predic
tive relationship of the esc Tests to the job performance criteria was 
not determined. The psychomotor tests developed consistently significant 
correlations with supervisory job performance evaluations. 

2. Using a combination of paper-pencil and psychomotor tests, it 
was possible to improve assignments to the different ATC options, based 
on tests results and, with additional tests, to high or low density c 
or IFR terminals. 
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3. If relevance to the job is the primary factor in determining test 
acceptability, the tests proposed in this research met that criterion. 
They also predicted job performance equally well for blacks and whites. 
However, blacks as a group consistently scored lower on the tests than 
did whites. 

This study provided FAA with valuable information and insights con
cerning the problems associated with selection and placement of applicants 
for ATC work. However, action on the research results and recommendations 
was deferred due to a number of considerations, including the complexity 
of the specialized equipment required for the psychomotor tests, logisti
cal difficulties in test administration, and complexity in test scoring 
and ranking of applicants. 

II 

1977 - SELECTION OF AIR TRAFFIC CONTROL SPECIALISTS 

Joanne Marsha•! Mies, Joseph G. Colmen, and Oakie Domenech 

Continuing concern with the rate of ATC trainee attrition and con
of the reestablishment of centralized ATC training at the FAA 

resulted in a review of FAA selection and screening policies in 
ilcj!lllb1er 1974 (FAA, Note 1) and completion of a cost analysis study of 

strategies (FAA, Note 2), in March 1975. Among the actions 
ting from this review, FAA contracted with Education and Public Af

Inc., (EPA) for a follow-on analysis of ATC selection tests, in 
1975. This is summarized in the final report of this study (Mies, 

and Domenech, 1977). 

objectives of this research were directed to essentially the same 
as in the previous (1972) study completed by EPA: selection, 

;en~ntt, and fairness. However, the study design was expanded signifi
with respect to sample size, structure, and representation; it 

~p>assed more criterion measures of ATC job success, and also incor-
an evaluation of prior aviation-related experience and educational 

as predictors of ATC job success. 

tudinal Analysis of 1972 Experimental Tests 

in this study was to analyze on a longitudinal basis 
between the experimental tests administered during 1971 

terion measures, for the ATC specialists who participated, as of 
Validity coefficients of each test score with each criterion mess

calculated. A factor analysis of the tests was also undertaken 
overlapping of underlying variables. The tests selected from 

analyses were then entered into multiple regression analysis to de
the minimum number of tests or test scores that would predict the 
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maximum proportion of variance in each of the criterion measures. Table 
1 identifies those 1971 experimental tests and predictors (X) which, 
based o~ their simple correlation with the various criterion measures 
established for the ana lysis, warranted further study by means of field 
validation. 

With-some modifications, these experimental tests, which had been 
administered in 1971, became the "core" test battery for the 1977 research. 
A more detailed discussion of the methodology and results of this longi
tudinal study is provided in the report by Mies and Colmen (1976). 

Sample Description - 1977 Study 

A comprehensive sample design was constructed to define the ATC popu
lation to ensure a representative sample for three specific "year of hire" 
groups. These groups represented three ATC career "stages": (1) New 
Hires (1976); (2) Developmental ATC Specialists with 2 to 3 years of ATC 
experience in FAA (1973 and 1974); and, (3) ATC Specialists with 2 to 6 
years FAA experience at the journeyman (FPL) level (1969 and 1970). In 
addition to these primary ATCS samples, three additional ATCS samples 
were included: (4) An oversample of currently employed women and minority 
ATCSs in the same three "year of hire" groups; (5) ATC Specialists who 
participated in the 1972 research; and (6) a sample of ATC specialists 
who were hi-red during the three time periods sampled, but who had separated 
from ATC work before reaching FPL status. 

Sample selection was constrained to exclude employees who were in ATC 
staff or supervisory positions or over age 31 at the time they were hired, 
except in the FSS option. 

Sample section for the three primary groups was based on stratified 
random sampling methods to provide a proportionally representative group 
of the total constrained ATC universe for each of the four ATC "options" 
(FSS VFR, IFR, and ARTCC, with respect to both the initial and current 
option of assignment. 

Table 2 identifies the various ATC specialist samples by year group, 
the total number desired, and the samples actually obtained. Since par
ticipation was voluntary, the number invited was expanded where possible 
to provide for declination and non-responses. 

The numbers of women and minorities who volunteered were too small to 
enable analysis by year group or ATC option. Consequently, the analysis 
on test fairness combined year and option groups to_provide 235 women and 
321 minorities. The oversample for women and minorities was used only 
for analysis of the fairness of the ATC success predictors. The final 
EPA report (Mies, Colmen, and Domenech, 1977, Chapter VII) provides a
complete discussion of the sampling methodology. 
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Predictors 

CODE 
Dial Reading 

Table 1 

Pred.ictor and Criterion Measures of ATC "Success" 
(1975) for Developmental (DEV) and Full Performance 
Level (FPL) Controllers who Participated in 1971 
ATC Research 

Criterion Measures 

Sepa- Progression + Present 1971 Supv. 
ration Attrition Dj!tion Assess. 

DEV DEV FPL DEV FPL FPL3) 

X X X X X X 
X X 

Dir. Heading X - - - - X 
Air Traffic Prob.l} - - - X X X 
Arith. Reasoning2) - - - - X X 
ATC General Info. X 
Concept Adjective X X - X - X 
Biographical Info. X X - X X X 

l)Air Traffic Problems, CSC Test No. 540 

Sup/Staff 
Position 

FPL3) 

X 

2)Arithmetic Reasoning was Part 5 of the Dailey Technical and Scholastic Test (TST) 
3lsupervisory assessment criterion data available for 1971 FPL ATCS only. 

No new 1971 appointees progressed to ATC supervisory or staff positions by 1975. 



F ------ ~ 

Table 2 

ATC Specialist by Year Hired. 
Sample Groups and ATC Career Status 

ATC Sample ATC Percent of 
Year Year Career Number Desired Obtained Desired 
Hired Groups Status Invited Sample Sample Sample 

1969-70 Employed ATCS FPL 1344 800 754 94 
ATCS Oversample FPL 151 200 31 6 
Separated ATCS DEV -- -- 362 

1973-74 Employed ATCS DEV 1127 800 740 93 
ATCS Oversample DEV 258 200 72 36 
Separated ATCS DEV -- -- 166 

... 1976 Employed ATCS New Hires . "' (DEV) 610 610 590 97 ~ 0 

1971 Employed ATCS FPL 480 480 270 56 
Separated -ATCS FPL/DEV -- -- 74 



Predictors 

Two of the tests used in the 1972 study were modified for use in the 
1977 research. 

CODE (Controller Decision Evaluation). This test consisted of three 
film versions of a computer simulation of moving air traffic patterns ap
pearing on a radar scope. Initially these were converted to slide projec
tor presentation to eliminate the need for movie projector equipment and 
to simplify both the response recording and scoring. Group administration 
of the various adaptat.ions of CODE during this test development phase 
clearly pointed up the practical problems of using film or slide projection 
equipment in test administration. Subsequently, a paper-pencil version 
was developed which incorporated measures of abilities to identify poten
tial conflicts of aircraft as well as the traditional kinds of aptitudes 
within an air traffic control context. The resulting test, the Multiplex 
Controller Aptitude Test (MCAT) was made available to EPA as a substitute 
for the CODE tests. Development of the MCAT is described in Chapter 15. 

Arithmetic Reasoning. In the prior research, the arithmetic reason
ing test was one part of the Dailey Technical and Scholastic Test (TST). 
Since this part could not be given as an isolated test, a similar Arith
metic Reasoning test developed by the Army Air Forces, was used in the 

' 1977 research. 

In addition to the predictors derived from the longitudinal analysis 
the experimental tests administered in 1971, three other predictors 

used. 

Pre-employment Experience Questionnaire (PEQ). To obtain specific 
from participating ATC specialists on various kinds of pre-FAA ex

and education, a questionnaire was developed from the CSC Rating 
elements used as a basis for granting additional credit in the ATC 

~1~rm<!nt selection process. 

This test was developed to be 
was not included in the 1977 

evaluating its use in screening ATC job appli-
s for employment eligibility. It was used to measure the "quality" 

experience as a potentially improved basis for granting additional 
t for experience in the selection process in place of the existing 

Rating Guide. Development of the OKT is reported in Chapter 16. 
' 

Sixteen Personality Factor Questionnaire (16 PF). The 16 PF Question
is administered as part of the medical qualification process to all 

~~'''n~ ATC Specialists (See Chapter 17). It is designed to measure 
ro<>n•••ity characteristics not otherwise measured and the 1977 research 

the opportunity to assess its utility for possible selection or 
purposes. 
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The experimental test battery used in the 1977 research may be di
vided roughly into two groups of instruments; (1) Cognitive Predictors -
consisting of tests that have predetermined right or wrong answers; and 
(2) Other Predictors -- in which applicant responses ordinarily have no 
inherent value of right or wrong, except as measurable against criteria 
or values _external to the test. The following identifies the predictors 
used within these two groups. 

Cognitive Predictors 

Multiplex .Controller Aptitude Test (MCAT) 
Directional Headings Test (DHT) 
Dial Reading Test (DL-RD) 
Arithmetic Reasoning Test 
ATC General Information Test 
CSC Test Battery (5 parts) 
ATC Occupational Knowledge Test (OKT) 

Other Predictors 

Pre-Employment Experience Questionnaire (PEQ) 
Concept Adjective 
Biographical Inventory 
Sixteen Personality Factor Questionnaire (16 PF) 

Rather than re-administer the CSC test battery, the intent was to 
obtain the esc test scores for participating ATC specialists from exist
ing records. However, this proved to be infeasible for a large number 
of the employees in the sample. Consequently, analysis of the tests in 
the esc test battery as predictors of ATC success was not possible in 
this study. The cognitive predictors and other predictors were each 
analyzed separately against the criterion measures used to define success 
in the ATC occupation. They were also analyzed together in a supplemen
tal report (Colmen, 1977) to determine the extent to which other predic
tors added to the validity of the cognitive predictors. Mies, Colmen, 
and Domenech (1977) provided a discussion and description of each of the 
predictors used in the study, including relevant prior research, relia
bility, and validity. 

For analytic purposes, the objective was to obtain pre-employment 
and education information on all ATC specialists in the sample groups. 
The experimental test battery was administered to approximately 50 percent 
of the 1969-70 and 1973-1974 samples and to all new hires in the 1976 
group. Selection of employees to take the experimental test battery was 
controlled to provide proportional distribution by ATC option within each 
year group. The experimenbal tests were administered to the new hires at 
the FAA Academy, on their first day of attendance, by the EPA staff as
sisted by FAA personnel. For those ATC ~pecialists assigned to facili
ties, the tests were given by FAA test administrators who were trained 
by EPA. 
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Criteria and Measures of ATC Success 

To determine the validity of experimental tests, prior experience, 
and education as predictors of ATC success, it was necessary to establish 
operational definitions (criteria) of success and ways to measure them. 
The following four criterion measures were used in the study and were 
then combined into a single aggregate measure of ATC success: 

(1) Training Performance. This was measured by scores received on 
the ATC Laboratory Problems and the Controller Skills Test during ini
tial ATC tra1n1ng at the FAA Academy, which are required of students in 
order to demonstrate operational application of academic knowledge. 

(2) On-the-job Performance. This was measured by confidential job
task assessments prepared by each employee's supervisor. It included 
54 questions on ATC job tasks and four general questions on quality of 
job performance. Responses to a seven-point overall rating scale were 
selected as the measure for on-the-job performance. 

(3) Progression. For each ACTS, this was measured by the ATC op
tion to which he or she was assigned initially when hired, compared to 
the option to which assigned on January 1, 1976. Four options were de
fined to represent general complexity levels of ATCS work (FSS, VFR, IFR, 
ARTCC) with ARTCC defined as the highest complexity level. Within this · · 

'hierarchy, progression scores were established as follows: High-- as
signed when an ATCS was in an option of a complexity level the same as 

higher than the initial option to which assigned (i.e., VFR initial 
signment; IFR current assignment on January 1, 1976), and Low-- as-

signed when an ATCS was in an option of a lower complexity level than 
''the option to which initially assigned (i.e., ARTCC initial assignment; 

current assignment on January 1, 1976). 

(4) Attrition. This was measured by whether or not ATC Specialists 
during the year groups sampled for this study were still employed 

FAA in ATC work. Those still employed as ATC Specialists were as-
a high score, and those seprated were assigned a low score. 

A regate Criterion of ATC.Success. This was constructed from 
four ind1v1dual criter1a tra1n1ng, on-the-job performance, progres
' and attrition) and provided a 5-point scale value of ATC success. 

The predictors of ATC success used in this study -- experimental .tests, 
experience, and education -- were analyzed for validity against each 

the four criterion measures of ATC success -- training scores, super
assessments, progress1on, and attrition. Final conclusions and 

based on the validity of the predictors with the ag-

Information 

Date on the education and experience background of ATC Specialists 
participated in the 1977 study are provided in the EPA Final Report. 
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The most· marked changes between the three "year-of-hire" groups (and the 
1972 sample) were in educational level, military service, and pilot ex
perience. Table 3 compares these sample groups on selected variables. 
The sample of ·304 ATCS hired prior to 1971 was derived from the 1972 
study; these ATC Specialists could have been hired between 1960 and 1970. 

Analytical Methodology 

Before undertaking the validity analysis, several preliminary analy
ses were made. These were required (1) to substantiate that the sample 
of ATC Specialists who did volunteer was not, except for the proportion 
of minorities, essentially different from those who did not volunteer, 
(2) to calculate the means, standard deviations, reliability, and inter
correlations of the experimental predictors and ATC success criterion 
measures, (3) to determine that the order of MCAT test administration did 
not affect test results, (4) to convert the training scores to standardized 
(t) scores, {5) to analyze pre-employment experience and establish empiri
cal scale values for validation, and (6) to analyze predictors for inclu
sion in the validation study. 

Detailed information concerning these preliminary analyses, the sta
tistical results on distribution, means, standard deviations, and inter
correlations is provided in the EPA Final Report (Mies, Colmen, and 
Domenech, 1977). Results of preliminary statistical analyses for the 
non-cognitive pre-dictors are reported in Colmen ( 1977). As a result of 
these preli~inary analyses, the following cognitive tests were excluded 
from the validation analysis: ' the esc Battery, which was not available 
for a significant number of ATC Specialists in the sample and for which 
the effect of ·restriction in range on those scores which were available 
seriously interfered with proceeding with the validity analysis, and the 
ATC General Information Test, which was administered only to the new hires 
attending the FAA academy training; it was not given to the 1973-74 or 
1969-70 ATC samples because of time constraints on field testing. 

Consequently, the following predictors were included in the primary 
validation analysis: 

Multiplex Controller Aptitude Test (MCAT) 
Directional Heading Test (DHT) 
Dial Reading Test (DL-RD) 
Arithmetic Reasoning Test 
ATC Occupational Knowledge Test (OKT) 
Pre-employment Experience (PEQ) 

The following non-cognitive predictors were included· in the supple
mental validation analysis: 

Concept Adjective 
Biographical Inventory 
Sixteen Personality Factor Questionnaire (16PF) 
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Table 3 

Education and Experience Levels 

Year Hired as ATCS 

1969-70 Prior to 1969 1973 1973-74 1971 1970 1974 Oversam~le 1976 (N=304) (N=659) (N=661) (N=l03 (N=592) High School 72% 34% 24% 25% 16% Some College 25% 53% 53% 59% 56% College Degree(s) 1% 13% 23% 16% 28% Military Service 96% 75% 74% 56% 71% ATC Experience 72% 
IFR 

35% 39% 27% 32% VFR 
39% 38% 26% 37% Pilot 2% 30% 34% 11% 33% 
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In summary, the validation methodology for the cognitive predictors 
(and prior experience) consisted of the following steps: 

1. Statistical analyses of each of the smallest homogeneous samples 
(i.e., each ATC option and all ATC options combined within each year 
group against each of the four individual ATC .success criterion separately). 
This resulted in 118 separate analyses. 

2. Predictors selected from Step 1 (based on validity co-efficients 
and significance levels) for each ATC option and all ATC options combined 
across all year groups were then analyzed to identify the best overall 
set of predictors for each of the four individual criterion measures. 
This resulted in 17 separate analyses. 

3. Results for each of the four individual criterion measures were 
then examined for each ATC option and all options combined to determine 
the best set of predictors across criterion measures. This resulted in 
17 separate analyses. 

4. The final sets of predictors from Step 3 were then validated 
against the aggregate ATC success criterion, leading to derivation of 
weighted test and experience scores. This involved five separate analyses. 

5. The weighted test battery and experience 
dated against the four single criterion measures. 
separate analyses. 

scores were then vali
This involved four 

The methodology described above was modified for analyses of the non
cognitive predictors, to compensate for the differences imposed by the 
use of personality as opposed to aptitude or knowledge tests. The most 
significant change in methodology resulted from the need to establish 
empirically the appropriate directionality of the various non-cognitive 
predictor scales before undertaking validity analysis. The specific analy
tical techniques applied in evaluating the non-cognitive predictors are 
identified in the report by Colmen (1977). 

The methodology to evaluate the fairness of the experimental test 
battery, prior experience, and the Occupational Knowledge Test was focused 
on the determination of differential validity in accordance with the Uni
form Guidelines on Employee Selection Procedures (1978) which state: 

"When members of one racial, ethnic, or sex group characteristically 
obtain lower scores on a selection procedure than members of another 
group, and the differences are not reflected in differences in meas
ures of job performance, use of the selection procedure may unfairly 
deny opportunities to members of the group that obtains the lower 
scores." 

The approach followed is discussed by Mies, Colmen, and Domenech (1977) 
in the EPA Final Report. 
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Results 

The following is a brief summary of the results of this research. 
More detailed discussion is provided in the EPA reports by Mies and Col
men (1976), Mies, Colmen, and Domenech (1977), and Colmen (1977). 

Selection. Two of the experimental tests -- MCAT and Directional 
Headings -- predicted the ATC success criteria established for the study 
at statistically significant levels of confidence for all ATC options 
combined and for the three primary year groups sampled (1969-70; 1973-74; 
and 1976). Two other experimental tests --Arithmetic Reasoning and 
Dial Reading -- either did not predict the ATC success criteria or did 
not add appreciably to the prediction values obtained from MCAT and Di
rectional Headings.• 

Preemployment aviation-related experience and the OKT, while not in
tended for use in determining initial appointment eligibility, predicted 
ATC success at statistically significant levels of confidence and in
creased the validity coefficients obtained with the experimental tests. 

Education beyond high school level prior to FAA employment did not 
'predict ATC success in either a positive or negative direction, Essen

all of the controllers in the samples included in this study had 
high school education, 

experimental instruments -- 16 Personality Factor Questionnaire, 
Adjective, and Biographical Information Questionnaire --·did not 

appreciably to the predictive capability of the experimental test 
~attez,v, the PEQ, and the OKT. 

The validities derived from the analysis of the combined predictors 
li''ltlst the Aggregate ATC Success Criterion, by ATC option, for all year 

combined, are provided in Table 4. Weights for the experimental 
were derived from the multiple regression analysis. Separate weights 

developed for each test for each ATC option and for all ATC options 
The derived weights for all ATC options combined were MCAT Con

-- 37; MCAT Aptitude -- 21; Directional Headings -- 15; and, Dial 
-- o. 

Academy trainees (1976) in the Terminal option were not identified 
IFR or VFR options. Consequently, they were included in both the IFR 

VFR option Ns, but only counted once in the total N for all ATC op-

report by Mies and Colmen (1976, Appendix A) presented the validity 
derived for the experimental test ba-tery (unweighted), prior 

p~ 1,.c,nct:, ATC Occupational Knowledge Test (OKT), and education level for 
of the four ATC success criteria (excluding the aggregate criterion) 

ATC option. Appendix B showed the validity of selected experimental 
with the aggregate ATC success criterion.· 
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ATC 
O(!tion 

FSS 
VFR 
IFR 
ARTCC 
All Options 

** = p< .01 

Table 4 

Validities of combined predictors 
against the aggregate ATC success criterion 

(by ATC option, all years combined) 

Weighted Test Weighted Test 
Weighted Test Battery plus Battery and PEQ 
Batter:t Scores PEQ [!lus OKT 

N r df R df R 

lg6 .23** 193 .26** 192 .26** 
479 .26** 474 .44** 423 .45** 
499 .26** 494 .39** 443 .43** 
445 .30** 425 .32** 388 .37** 

1309 .26** 1287 .32** 1205 .34** 
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Placement. The weighted experimental test battery did differenti
ate between the FSS, Terminal (IFR, VFR) and ARTCC options. Average 
scores for ATC Specialists in FSS terminals and ARTCCs were different at 
statistically significant levels of confidence. The average FSS score 
was lowest and ARTCC highest. Table 5 provides the comparative mean 
scores for the various ATC options and year groups. 

By analysis of variance it was found that the score means differed 
significantly (at the 1% level of confidence) between FSS, Terminal (VFR 
and IFR) and ARTCC for the 1969-70 and 1973-74 groups. The 1976 ATC 
group difference between terminal and ARTCC was significant at the 5% 
level 

Test Fairness. Women as a group scored lower on each of the predic
tors and on the aggregate criterion of ATC success. In each case, these 
differences were significant at the 1% level of confidence (Table 6). 

Validities of the predictors against the aggregate ATC success cri
terion are provided in Table 7 for men and women. Except for prior ex
perience, these validities were significant at the 1% or 5% levels. It 
should be noted that few of the 229 women in the prior experience sample 
had aviation-related experience. Consequently, these validity results 

affected by lack of variance. 

Comparable statistical analyses were made between minority and non
:.minority groups and between non-minority and blacks, as defined by OMB 

Circular A-46, Standards and Guidelines for Federal Statistics, (1974). 
results with respect to the test battery, prior experience, and the 
Occupational Knowledge Test, are shown in Table 8, 9, and 10, re
tively. 

Minorities as a group, and blacks as an element of the minority group, 
lower on each of the predictors and on the aggregate criterion. 

each case, these differences were significant at the 1% level of con
The validities of the predictors with the aggregate criterion, 

minorities and non-minorities, are provided in Table 11. 

When blacks were analyzed separately from all other minorities, the 
ity of prior experience and the OKT was sustained (r = .259 and .256, 
at the 1% level of confidence).· The validity of the weighted test 

••ttP,·v was .20, which did not reach the 5% level of confidence (p = .75). 
r, the difference in the validity for non-minorities and blacks was 

statistically significant. 

The results of this study supported the conclusion that several of 
experimental predictors were sufficiently valid and fair in predicting 
success that they should be further developed for operational use in 
selection of applicants for the air traffic control occupations. How
·, the lack of esc test scores for a sufficient number of the sample 
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ATC 
Option 

FSS 
VFR (Terminal)· 
IFR (Terminal) 
ARTCC 

Table 5 

Mean weighted test battery scores 
by ATC option 

1969-70 & 1973-74 1976 New ATC Hires 
ATC Hires (Academ~ Trainees) 

.1L Mean so N Mean so 
196 227.4 40.2 
170 244.6 35.8) 

242.0 35.0 189 250.0 37.3) ______ 310 
182 264.3 36.6 263 247.9 38.4 
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~ex 

Men 

Women 

Table 6 

MeaRs, standard deviations for men and women 
and t-test results for predictors and the 
aggregate ATC success criterion. 

Predictors 

Weighted 
Test Batterx PEg OKT 
N Mean ....§!1. N Mean so N Mean so 

1397 244.5 380 2736 3.7 2.9 1318 76.6 12.3 

171 234.5 480 235 .8 1.6 158 64.6 16.3 
' (t=3.14; p~.01) (t=l5.02; p~.Ol) (t=ll.21; p~.Ol) 
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Aggregate 
Criterion 

N Mean SO 

1254 3.1 1. 4 

158 2.6 1.4 
(t=4.56; p<.Ol) 



Sex 

Men 

Women 

*=p< .05 
**=p< .01 

Table 7 

Validities of the weighted test batte~, 
PEQ, and OKT against the aggregate ATC 
success criterion, by sex groups. 

Weighted Prior Ex peri-
ence {PEg) 

ATC Occupational 
Test Batterl Knowledge {OKT) 

N r N r N r 

1386 .23** 2721 .21** 1308 .22** 

165 . 19** 229 -.04 154 .14* 
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Non-Minorities 
All Minorities 

Non-Minorities 
Blacks 

Non-Minorities 
All Minorities 

Non-Minorities 
Blacks 

Non-Minorities 
All Minorities 

Non-Minorities 
Blacks 

Table 8 

Test Sample 

Predictor 
Weighted Test 

Battery 
N Mean SO 

1323 247.7 371 
245 220.4 429 

(t=l0.30; p~ .01) 

1323 247.7 371 
145 207.4 407 

(t=l2.30; p~ .01) 

Table 9 

Prior Experience Sample 

Predictor 
Prior Aviation 

Experience (PEQ) 
N Mean SO 

2ll5 
321 

3.9 
2.4 

2.9 
3.0 

(t=8.48; p< .01) 

2ll5 3.9 
194 2.4 

2.9 
2.8 

(t=l0.27; p~ .01) 

Table 10 

Aggregate 
Criterion 

N Mean SO 
1308 3.2 1.4 
243 2.7 1.4 

(t=5.09; p< .01) 

1308 3.2 1.4 
144 2.4 1.3 
(t=6.31; p~ .01) 

N 

Aggregate 
Criterion 

Mean SO 
2097 3.2 1.4 
318 2.6 1.4 

(t=7.15; p~ .01) 

2097 
193 

3.2 1.4 
2.4 1.3 

(t=8.39; p~ .01) 

ATC Occupational Knowledge Sample 

Predictor 
ATC Occupational 

Knowledge Test 
N Mean SO 

1247 76.5 12.8 
229 69.1 14.7 

• (t=7.85; p~ .01) 

1247 76.5 12.8 
134 66.9 15.2 

(t=8.12; p< .01) 
373. 

Aggregate 
Criterion 

N Mean SO 
1235 3.2 1.4 

227 2.7 1.4 
(t=4.~6; p~ .01) 

1235 3.2 1.4 
133 2.5 1.3 

(t=8.12; p~.Ol) 



Non-minority 

Minority 

** p~ .01 

Table 11 

Correlations for the weighted test battery, PEQ 
scale, and OKT against the aggregate criterion 
by minority/non-minority status. 

Weighted 
Test Batter~ PEg 

N r N r N 

1308 .203** 2097 .148** 1235 

243 .219** 318 .247** 227 
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OKT 
r 

.201** 

.272** 



popoulation, and the restriction of range on those scores which were avail
able, made it impractical to compare the validity of the esc test battery 
with the validity of the experimental tests. In order to address these 
questions, the Civil Service Commission, now the Office of Personnel Manage
ment (OPM), and FAA jointly directed efforts to botain the necessary in
formation, for a group of about 11,500 applicants for ATC work during the 
Fall of 1976 and Spring of 1977 (See Chapter 19). 

III 

1976-1978 SELECTION STUDY OF NEW APPOINTEES 
TO THE ATC OCCUPATION 

James 0. Boone 

This study was initiated by the FAA Civil Aeromedical Institute (CAMI) 
',.in July 1976 to evaluate the esc Test Battery and new experimental pre

dictors in relation to the success of newly hired ATC trainees in passing 
ial Qualification training for the EnRoute and Terminal ATC options 

, at the FAA Academy. Upon entry on duty, new ATO trainees are given a 
general orientation at their ATC facility (or regional headquar

ters). They then enter Initial Qualification training at the FAA Academy 
Oklahoma City for the ATC option to which assigned. On their first 
at the Academy, they are given a series of experimental tests and ques

Their participation in the test program is voluntary. The 
has been that most of the students volunteered. Extensive ef

were made to obtain the individuals' test scores on the five-part 
Battery and their total earned ratings, which include additional 

t for veterans preference and aviation-related experience as provided 
by the esc Rating Guide. This information was correlated with their 

cubsecjUE!nt training status to evaluate the esc Battery and to identify the 
gt>eT'lm~ntal tests that were most predictive of training success. 

Description 

During the period July 1976 through April 1978, 3,008 students en
Tel'IDinal and EnRoute ATC training at the FAA Academy, Selected 
teristics of this total group are provided in Table 12. 

The analysis of the esc and experimental predictors required the use 
complete information on the students. The 138 students who withdrew 
not have laboratory criterion scores and were eliminated from the 

The students for whom prior experience information was missing 
also excluded. And an additional 824 students were excluded because 
did not have one or more test scores (either the esc test battery, 
prior to employment with FAA, or the experimental battery, because 

did not volunteer to take the experimental tests). 
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Table 12 

Description of the 1976-1978 total trainee sample, 
by pass-fail in training, sex, and aviation-related 
experience. 

Fail 
Pass Fail ~lithdrew 

Total N N Percent N Percent N Percent 

Men ~580 2034 79 436 17 110 4 
Women 428 272 64 128 30 28 6 
Total 3008 2306 77 564 19 138 4 

No Experience . 834 579 69 206 24 58 7 
Aviation-Related Exp. 1936 1579 82 296 15 61 3 
Unknown 229 148 65 62 27 19 8 
Total 3008 2306 77 564 19 138 4 
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The final sample included in the analysis, after these exclusions, 
consisted of 1,827 students distributed as shown in Table 13. The failure 
rate for this sample (19.2%) was essentially the same as for the total 
population (19.7%), after withdrawals were excluded. 

Predictor~ 

The following predictor tests were included in this study: 

Civil Service Test Battery 

(CSC 24, Arithmetic Reasoning; CSC 51, Spatial Relations; CSC 135, 
Following Oral Directions; CSC 157, Abstract Reasoning; and CSC 
540, Air Traffic Problems 

Directional Headings Test (DHT) Total Score, Parts A and B. 

This was the same version as used in the 1977 EPA study (Mies, 
Colmen, and Domenech, 1977) and also in the 1976-1977 applicant 
study (Chapter 19). 

Multiplex Controller Aptitude Test (MCAT) Total Score 
(Aptitude - A, Conflicts - C) 

Several different versions were used (606A, 606B, 706A, 706B, 
607, 707). These varied in the number and mix of questions 
(aptitude and conflict) and in the length of time allowed for 
the test. 

Dial Reading (DL RD) 

This was the same as in the 1977 EPA study. 

ATC Occupational Knowledge Test (OKT) Form 101B. 

This was essentially the same as the OKT used in the 1977 EPA study. 

Table 14 provides the means and standard deviations for the sample of 
7 ATC trainees at the FAA Academy on the various predictors and com

them to results obtained with the 1976-1977 ATC applicant group, as 
as with the ATC sample group included in the 1977 EPA study (Mies, 

, and Domenech, 1977), where comparable statistics were available. 

In this analysis, the ATC laboratory average score was used as the 
;ce:r1o1n measure of ATC training success, Selection of this criterion 

based on several considerations. First, prior studies had demonstrated 
these scores were the most reliable predictors of subsequent success 
Air Traffic Controller. Second, the laboratory training phase con-

s of a series of operational air traffic control problems in which 
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Men 
Women 
Total 

No Experience 

Table 13 

Description of the 1976-1978 final trainee sample, 
by pass-fail in training,· sex, and aviation-related 
experience 

Pass Fail 
Total N N Percent N Percent 

1587 1314 83 273 17 
240 162 68 78 32 

1827 1476 81 351 19 

558 409 73 149 27 
Aviation-Related Exp. 1269 1067 84 202 .1§_ 
Total 1827 1476 81 351 19 
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Percent of 
Original 

Sample 

61.5 
56.1 
60.7 

66.9 
66.5 
65.7 



~----------

Table 14 

tleans and standard deviations on predictor tests 
for 1976-1977 applicant samplel), 1~77 EPA study 
sample2), and present study sample3. 

1976-1977 ATC A2plicants 
CSC TOTAL CSC PASS 

(N=741~-6S21) (N=36§0-33ilO) 
Test Mean so Mean so 

CSC-24 39.66 9.6 44.80 6.8 
CSC-51 26.65 6.7 30.74 3.8 
CSC-540 28.98 13. 1 37.70 10. 1 
CSC-157 29.29 10.3 36.65 6.0 
CSC-135 21.50 8.6 27.00 5. 1 
MCAT (A) 16.59 5.7 20.27 4. 1 
MCAT (C) 9. 17 4.2 11.38 3.9 
MCAT TOT 22.76 9. 1 31.65 7.2 
DHT A 24.20 12.0 30.69 9.8 
DHT B 22.80 11.7 '29.25 8.9 
DHT TOT 47.00 22.6 59.93 17.3 
DL·RD NA NA 
OKT NA NA 

1>see Chapter 19. 
2)Mies, Colmen, and Domenech, 1977 
3)Present study 

1977 
EPA Stud~ 

(N=1 32J-lf"9) 
Mean so 

NA 
NA 
NA 
NA 
NA 
NC 
NC 
NC 
NA 

31.9 6.9 
NA 

39.7 9.4 
74.9 13.6 

1976-78 ATC 
Trainees 
{N-1S27) 

Mean so 
47.07 6.7 
31.90 3.3 
42.88 9.7 
38.17 6.4 
29.31 4.2 
23.14 4.5 
15.74 4. 1 
38.87 7.6 
32.68 9.0 
31.63 9.0 
64.34 17.0 
40.97 9.2 
66.96 16.3 

NA - Statistics not available since the tests were either not administered 
to these groups or could not be obtained from available records. 
In the case of DHT, for the 1977 EPA Study, only Part B was scored 
and used in the analysis. 

NC - Statistics not comparable. In the 1977 EPA Study, two forms of MCAT 
were administered to the test sample (706 A, 606 A). In the analysis, 
all aptitude questions from both forms were combined for a total 
aptitude score (mean = 42.8; SD = 6.2), as were all conflict questions 
(mean = 29.4; SO = 5.6}. 
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Table 14 

tleans and standard deviations on predictor tests 
for 1976-1977 applicant samplel), lr77 EPA study 
sample2), and present study sample3. 

1976-1977 ATC Aeplicants 
CSC TOTAL CSC PASS 

(N=7412-~S21) (N=36!}()-3340) 
Test Mean so Mean so 

CSC-24 39.66 9.6 44.80 6.8 
CSC-51 26.65 6.7 30.74 3.8 
CSC-540 28.98 13. 1 37.70 10.1 
CSC-157 29.29 10.3 36.65 6.0 
CSC-135 21.50 8.6 27.00 5.1 
MCAT (A) 16.59 5.7 20.27 4. 1 
MCAT (C) 9. 17 4.2 11.38 3.9 
MCAT TOT 22.76 9. 1 31.65 7.2 
DHT A 24.20 12.0 30.69 9.8 
DHT B 22.80 11.7 '29.25 8.9 
DHT TOT 47.00 22.6 59.93 17.3 
DL·RD NA NA 
OKT NA NA 

llsee Chapter 19. 
2lMies, Colmen, and Domenech, 1977 
3)Present study 

1977 
EPA Studl 

(N=1323-1229) 
Mean so 

NA 
NA 
NA 
NA 
NA 
NC 
NC 
NC 
NA 

31.9 6.9 
NA 

39.7 9.4 
74.9 13.6 

1976-78 ATC 
Trainees 
{N-1S27) 

Mean so 

47.07 6.7 
31.90 3.3 
42.88 9.7 
38.17 6.4 
29.31 4.2 
23.14 4.5 
15.74 4. 1 
38.87 7.6 
32.68 9.0 
31.63 9.0 
64.34 17.0 
40.97 9.2 
66.96 16.3 

NA - Statistics not available since the tests were either not administered 
to these groups or could not be obtained from available records. 
In the case of DHT, for the 1977 EPA Study, only Part B was scored 
and used in the analysis. 

NC - Statistics not comparable. In the 1977 EPA Study, two forms of MCAT 
were administered to the test sample (706 A, 606 A). In the analysis, 
all aptitude questions from both forms were combined for a total 
aptitude score (mean = 42.8; SD = 6.2), as were all conflict questions 
(mean = 29.4; SD = 5.6). 
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students must demonstrate their ability to apply the academic knowledge 
and skills acquired in training. Finally, this phase is conducted on a 
pass-fail basis. 

The laboratory score constitutes 65% of the students' total score 
in the laboratory phase of training. Almost all of the students who fail 
Initial Qualifications training do so in the laboratory training phase. 
During the period from July 1976 through April 1978, several changes were 
made in the laboratory training phase which affected the pass-fail ratio 
of students. In July 1976, the weight given to the laboratory average was 
increased from 35% to 65%. In September 1976, the number of graded lab
oratory problems was increased from four to six. And in May 1977, "pro
cedural errors" were incorporated in the grading for failure to handle 
aircraft in a timely manner during the problem exercise. In order to 
accommodate these changes and the differences between the EnRoute and 
Terminal laboratory procedures, the laboratory averages were converted to 
standard scores and data from the two ATC options combined. The stan
dardized laboratory average criterion was labeled "ZLab." The reliability 
of the laboratory average for EnRoute training is .80 (2,223 students) and 
for the Terminal option .81 (1,982 students). 

A detailed discussion of the ATC Initial Qu~lifications tra1n1ng pro
gram and follow-on training at the ATC facility level for the Terminal 
and EnRoute options is included in Chapter 9. 

Analytical Methodology 

Several different experimental forms of the MCAT were employed in the 
testing at the FAA Academy and the order of administration varied for each 
form. Consequently, it was necessary to standardize the scores for these 
tests. Since MCAT 706A was also administered to 6,821 ATC applicants by 
OPM in 1976-1977, the scores on the various forms of MCAT used by CAMI 
were standardized by linear conversions 'using the same metric as MCAT 
706A. The order effect was handled by using the scores from MCAT 706A 
given first. The methodology used for these conversions is described in 
Dailey and Pickrel (1977) and Boone (1979). 

A major problem encountered in the evaluation of the CSC and experi
mental tests was the restriction of range effect (See Thorndike, 1945), 
occasioned by the fact that the criterion (ZLab) information was available 
only on those individuals who were hired. This resulted in a spuriously 
low correlation between the CSC test scores and the criterion. In order 
to adjust the restricted correlations so that they would reflect the true 
relationship between the tests and the criterion for the applicant group, 
the correlations were corrected for restriction of range. The usual methods 
for this correction in the three-variable case assume that unrestricted 
information is available only on the variable used for selection, or the 
third incidental variable, but not both. However, with the information de
rived from the 1976-1977 ATC applicant population (Chapter 19), unrestricted 
data were available on both variables. A.modified procedure was therefore 
developed to make use of all of the available information in the correction 
for range restriction. A full discussion of the procedure and the derivation 
of equations is provided in Boone (1978). 
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The unrestricted correlation matrix from the total 1976-1977 ATC 
applicant sample (Chapter 19) that was used to correct for range restric
tion is provided in Table 15, The means, standard deviations and sample 
sizes (N's), except for the Earned Rating, are shown in Table 14. The 
Earned Rating for the applicant group was derived by taking the raw 
weighted esc total score, transmuting it to a metric scale of 0-100 and, 
where appropriate, adding veterans preference (5 points) and additional 
credit for experience (0, 5, 10, or 15 points based on the esc Rating 
Guide criteria) to the scores of applicants who passed the esc Test Bat
tery. This Earned Rating is the basis on which OPM ranks and places 
eligible condidates on a register form from which selections are made 
in accordance with OPM regulations. 

Table 16 provides the restricted correlation matrix for the present 
sample of 1,827 ATC trainees at the ATC Academy. The means and standard 
deviations for this sample are also shown in Table 14. It should be 
noted that standardized (Z) scores (mean = 0; SD = 1) were used for the 
MCAT in computation of the intercorrelations. 

The correlations of particular interest are those between the tests 
the ZLab criterion. These are zero order validity coefficients. 
effects of restriction are immediately apparent in the low correla

tions between the esc tests, which were used in the actual selection, 
and the ZLab criterion. The two highest zero order coefficients were 

TOTAL (,277) and Dl RD (.272), neither of which was restricted direct
ly by selection of the trainees. Two CSC tests, 51 -- Spatial Patterns 

135 -- Following Oral Directions, were omitted from the matrix. They 
eliminated based on the negative skew found in other studies. Ex-
selection, as in the case of ATC trainees, results in a sharp re

o£ the variance in the selected groups; this was shown in Table 
which compared means and standard deviations for applicant, applicant 
, and trainee groups. 

In the correction for restriction of range, the difference between 
applicant group variance and the selected group variance is employed 

a measure of the amount of curtailment that occurs due to selection. 
not determined whether the skew resulted in a violation of the 

assumption; however, the extreme disparity between the two 
for esc 51 and esc 135 resu1ted in a corrected correlation that 

much higher than the other corrected correlations. In this analysis, 
the correlations for esc 51 and esc 135 had been included in the multi-
regression analysis, none of the other tests, either independently or 

combination, would have added anything significant to the multiple R 
that contributed by esc 51 and esc 135, These results were con
spurious and esc 51 and esc 135 were excluded from the multiple 

analyses reported below. 

17 presents the estimated unrestricted correlations (as well as 
unrestricted correlation for the CSC tests from Chapter 19, 
The correlations of primary interest are the correlations of 

tests with the ZLab criterion. After ,correcting for range restriction, 
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esc esc 
Variable 24 51 

esc 24 1.00 .33 
esc 51 1.00 
esc 540 
esc 157 
esc 135 

"' 
MCAT A 

"' MCAT C 
"' . MCAT TOTAL 

DH.A 
DH.B 
DH.TOTAL 
EARNED RATING 

Table 15 

Intercorrelations (unrestricted) of predictor tests. 
1976-1977 applicants (Chapter 19). N ~ 7500. 
(Decimal points omitted). 

. Vari ab 1 e 

esc esc esc MCAT MCAT MCAT . 
540 157 135 A c TOTAL DH.A DH.B 

.56 .50 . 51 :52 .44 .53 .46 .47 

.46 .59 . 54 .60 .42 .57 .54 .54 
1.00 .59 .58 .63 .56 .65 .55 .56 

1.00 .63 .63 .49 .62 .53 .56 
1.00 .66 .52 .65 .54 .58 

1.00 .69 .94 .65 .67 
1.00 .89 .54 .55 

1.00 .66 .67 
1.00 .82 

1.00 

DH. EARNED 
TOTAL RATING 

.49 .66 

.57 .75 
• 59 .78 
.57 .85 
.59 .77 
.69 .77 
.57 .60 
.70 .76 
.95 .68 
.95 .69 

1.00 . 72 
1.00 



Table 16 

lntercorrelations (restricted) of predictor tests and ZLab for present 
sample of 1827 trainees in 1976-1978. MCAT data were based on standard 
scores (M = 0, SD = 1). esc 51 and 135 were not included. 

Z Scores 
esc esc esc DHT DHT DHT MCAT MCAT MCAT . Variable 24 540 157 1 2 TOTAL A c TOTAL ZLAB DL-RD 

esc 24 1.00 .33 .14 .25 .26 .27 .21 . 15 .20 . 10 .34 esc 540 1.00 • 15 .20 .22 .23 .20 . 19 .22 . 10 .29 esc 157 1.00 .09 . 14 . 12 .24 • 16 .23 .07 .28 DHT-1 1.00 .80 .95 .26 .27 .30 .21 .34 DHT-2 1.00 . 95 .28 .27 . 31 .22 .34 DHT TOTAL 1.00 .28 .28 .32 .23 .36 MCAT A 1.00 .60 .90 .25 .48 w MCAT C 1.00 .88 .25 .45 00 MCAT TOTAL 
1.00 .28 .52 

w 
ZLAB 

1.00 .27 DL-RD 
1.00 



----- - -- - - --- -- --- -- -- -

' 

Table 17 

Intercorrelations (unrestricted and corrected) of predictor tests 
and ZLab used in regression analyses. N = 1827 trainees 
in 1976-1978. 

Z Scores 

CSC- esc esc DHT DHT DHT MCAT MCAT MCAT 
Variable 24 540 157 1 2 TOTAL A c TOTAL ZLA8 DL-RD 

esc 24 1.00 .56 .50 .46 .47 .49 .52 .44 . 53 .34 .52 
esc 540 1.00 .59 .55 .56 .59 .63 .56 .65 .39 . 50 
esc 157 1.00 .53 . 56 .57 .63 .49 .62 .40 .50 
DHT-1 1.00 .82 .95 .65 . 54 .66 .43 .50 
DHT-2 1.00 .95 .67 .55 .67 .45 . 51 
DHT TOTAL 1.00 .69 .57 .70 .46 .52 
MCAT A 1.00 .69 .94 .50 . 61 

.... MCAT C 1.00 .89 .48 .55 
(X> MCAT TOTAL 1.00 .53 .64 
~ 

ZLAB 1.00 .47 
DL-RD 1.00 

j 



the MCAT at ·,531, Dial Reading at .466, and Directional Heading at .461 
had the highest zero order validity coefficients. 

Results 

The unrestricted and corrected correlations were utilized in a series 
of step-wise multiple regression procedures. Each regression model was a 
refinement of the preceding model, with test scores regressed on ZLab. 
The first model excluded total scores for DHT and MCAT, since these are 
the sum of their part scores, which were included. The multiple correla
tion {R), the squared multiple correlation (R2), and the beta weights for 
the predictors are shown in Table 18. 

In succeeding models, esc 540 was eliminated because it failed to 
contribute to prediction, and total scores were used for DHT and MCAT in
stead of part scores. The resulting multiple R was .567. Then Dial 
Reading was eliminated because of its marginal value in the 1972 and 1977 
EPA studies, and DHT was eliminated because, in its current format (very 
brief and highly speeded) it was not suitable for operational use. The 
final results are presented in Table 19. The initial model yielded a 
multiple R of .569, and the final model, a multiple R of .541. 

A factor analysis (principal axis analysis with varimax rotation) was 
performed to explore the characteristics of the test scores. The results 
are provided in table 20. Two rather clear structures appear to underly 
these data. Factor 5 and Factor 1 were the largest factors, accounting 
for 42.99% and 22.72% of the variance, respectively. The three experimen
tal tests (DHT T, MCAT T, and DL RD) and Zlab were highly loaded on Fac
tor 5, while esc 24 was very high on Factor 1, along with moderate load
ings for esc 540 and esc 157. esc 540 was highest on Factor 4 (but almost 
as high on Factor 5), and esc 157 was high on Factor 3. Factors 2, 3, and 
4 were singlets for the esc tests. 

The beta weights derived from the Final Regression Model (Table 18) 
were converted to raw score weights and then assigned unit weights. The 
following equation constitutes the composite score: 

Yc = 1 (CSC 24) + 2 (CSC 157) + 4 (MCAT) 

the composite test score for the battery. Using the unit weights, 
multiple R derived was .5354 compared to ,5407 with beta weights; the 

:orre••pc>nding R2 values were .2867 with unit weights, and .2924 with beta 

A cross-validation study was performed to investigate the stability 
the results. The sample was randomly separated into two groups, and 
weights derived from the first sample were applied to the second sample 

observe shrinkage in the multiple R. Distribution statistics and inter
<c,•a• •• ons for the two groups are presented in Table· 21. The regression 

for the first sample are presented in table 22. 
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R = 0.569 
R2 = 0.324 
Variable 

esc 24 
esc 540 
esc 157 
DHT 1 
DHT 2 
MCAT A 
MCAT C 
DL-RD 

Table 18 

Initial regression model. 
esc and experimental tests. 

Validity 
R w. Zlab Beta Weight 

.34 0.0071 

.39 -0.0066 

.40 0.0555 

.43 0.0513 

.45 0.0912 

.46 0.1452 

.50 0.1668 

.64 0.1856 
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R = 0.54 
R2 = 0.292 
Variable 

esc 24 
esc 157 
MCAT-T 

Table 19 

Final Regression Model, 
MCAT-T, esc 24, and esc 157. 

Validity 
R w. Zlab 

.34 

.40 

.53 

387. 

Beta Weight 

.061 

.096 

.439 



..., 
00 
00 

Variables 

CSC 24 (Arith. Reas.) 
esc 540 (A. T. Probs.) 
CSC 157 (Abstr. Reas.) 
OHTT 
MCAT T 
ZLAB 
DL-RD 

(R2) Pet. variance 
accounted for 

Table 20 

Principal Axis Analysis of Test Scores, 
with Varimax rotation. 

Factor 1 Factor 2 Factor 3 Factor 4 

.973 -0.055 -0.026 -0.018 

.440 0.357 -0.113 -0.592 

.358 0.079 -0.730 0.008 

.264 -0.107 0.024 -0.035 

.272 -0.104 -0.007 -0.031 

.283 -0.104 0.014 -0.042 

.314 -0.089 -0.079 -0.070 

22.72 2.53 7.9i 5.14 

Factor 5 Factor 6 

0.258 -0.021 
0.585 -0.056 
0.588 -0.035 
0.726 0.054 
0.736 0.052 
0.767 0.056 
0.774 0.032 

42.99 0.21 
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Table 21 

Cross-validation samples: 
Distributions by race and sex. 
Descriptive statistics, and 
intercorrelations of 4 variables. 

Saml!le 1 
Saml!le 2 Men Women Total 

Men Women Total 
Black 47 17 64 Black 45 16 61 Hispanic 14 3 17 Hispanic 15 4 19 Am. Indian 0 1 1 Am. Indian 0 0 0 Asian 6 1 7 Asian 7 1 8 Eskimo 1 0 1 Eskimo 1 1 2 Other 730 94 824 Other 723 101 824 
Total 798 116 914 Total 791 123 914 ..., 

00 

"' Mean so 
Mean so 

. 
ZLab 0.028 1.007 Zlab -0.020 0.990 esc 24 46.998 6.871 esc 24 47.026 6.853 esc 157 38.490 6.538 esc 157 38.252 6.244 MCAT 35.608 7.451 MCAT 35.686 7.307 

Correlations 
Correlations 

Zlab 1.000 0.328 0.402 0.537 Zlab 1.000 0.326 0.396 0.527 esc 24 1.000 0.500 0.530 esc 24 1.000 0.500 0.530 esc 157 1.000 0.620 esc 157 1.000 0.620 MCAT 1.000 MCAT 1.000 



Table 22 

Regression results for the experimental test battery, Sample 1. 

R = 0.545 
R2 = 0.297 

Variable 

esc 24 

esc 157 
MCAT 

Beta Weight 

.035 

390. 

• 102 
.455 



Unit weights, derived from the beta values for Sample 1 were computed. 
These weights (CSC 24 = 1; esc 157 ~ 2; and MCAT ~ 4) were then used to 
compute multiple R and R2 for Sample 1 and Sample 2, with the following re
sults: 

Sample Multiple R 

1 .538 .290 

2 .529 .280 

Further discussion of the analysis and results for the esc and ex
perimental tests in this study can be found in Boone's (1979) report. 
The results supported the recommendation that esc 24, esc 157, and the 
MCAT be used in combination as a new selection battery for the screening 
of applicant air traffic controllers. Some information was provided, 
which indicated that a modified form of the Directional Headings test 
would be suitable for operatiohal use and that a Dial Reading Test should 
be explored in future studies. 

In the analyses discussed thus far, the ATC Occupational Knowledge 
Test (OKT) was excluded from the various regression analyses. The OKT 
is a "job-knowledge specific" test and was not intended for use as a 
qualifying examination to determine applicant eligibility for employment 
consideration. Rather, its use was intended to be limited to measuring 
ATC-related experience and knowledge, as a basis for granting extra 
point credit to those applicants who pass the competitive test battery. 
Consequently, the OKT was analyzed separately, as reported below. 

SEPARATE STUDY OF THE OKT, 1976-1978 TRAINEE SAMPLE 

Objective 

This investigation was focused on the relationship of OKT to: 
the then current method of granting extra credit, based solely on 

ATC related experience, (2) pass-fail status during Initial ATC Qualifi• 
cation training, and (3) an ATC selection test battery comprised of esc 
tests 24 and 157, and MCAT, and (4) the combined estimated validity of 

·.·this test battery and OKT. 

This study was based on the same group of 1827 ATC trainees that was 
for regression analyses of the esc and experimental tests, discussed 
ously. 

The OKT (form lOlB) is a 100-item multip·le choice test, covering know
of air traffic contr.ol regulations, communications, flight service 

on work, navigation aids, weather, and radar. The score is the total 
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number of correct responses. The mean and standard deviation for the 1827 
ATC trainees were 66.96 and 16.3, respectively. The Kuder-Richardson-20 
internal consistency estimate of reliability yielded a reliability coeffi
cient of .95 for a sample of ATC new hires. 

Criterion. 

The same criterion measure, ATC laboratory average used in the multi
ple regression study, was used in analyses of OKT. 

Analytical Methodology 

The 1827 ATC trainees were grouped into ATe-related experience cate
gories, based on their responses to a biographical questionnaire adminis
tered on the first day of training. Four types•of ATC related experience 
were identified. 

1. Other experience (including air defense command, communica
tions operator, and prior ATC training without ATC opera
tional experience). 

2. Pilot experience 

3. VFR or non-radar ATC experience 

4. IFR or radar control ATC experience 

These four types of experience (together with "No ATC-related experi
ence") were used to classify each of the 1827 trainees into 5 experience 
groups, as discussed in Chapter 16: 

N 

Group 1: No experience + Other experience only 595 
Group 2: Pilot or Pilot + Other experience 389 
Group 3: VFR + any additional experience except IFR 191 
Group 4: IFR + any additional experience except VFR 144 
Group 5: IFR + VFR + any additional experience 511 

The OKT scores were correlated with experience and later correlated 
with the ZLab criterion. In addition, statistical analyses were made of 
each of the five experience groups, in relation to OKT score ranges and 
pass-fail status in ATC training. 

Results 

The correlation of OKT scores with experience was .61. The correla
tion of OKT with ZLab was .22, compared to .11 for experience credit. 
This indicates that while OKT was closely related to experience, it pre
dicted success more accurately than the then existing method of awarding 
experience credit, based on the OPM Rating Guide. 
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The results of the statistical analysis of each of the five experi
ence groups, their OKT scores, and ATC training pass-fail status, are 
presented in Table 23. 

While the mean OKT score for the total 1827 ATC trainees was 66.96 
(SO= 16.3), Table 23 shows marked differences among the five experience 
groups and, within each group by OKT score range as shown below. 

Experience Group N Mean so Percent of Failure 

None + Other Experience 592 51.49 14.8 26.9 
VFR + Any other (except IFR) 191 72.25 11.4 21.5 
Pilot + Other Experience 389 69.94 10.9 15.2 
VFR & IFR + Any other 511 78.00 9.7 14.3 
IFR + Any other (except VFR) 144 76.28 9.5 13.2 

Of the total 1827 ATC trainees, 870 (48%) scored below 70 on the OKT. 
Of these, 359 (19.6%) were in ATC-related experience groups which previous
ly earned extra credit under the esc Rating Guide, for this experience. 
The failure rate for the 359 was 26.2% as compared to 28.2% for the 511 
trainees with no (or other) ATC-related experience, who also scored less 
than 70 on OKT. 

As can be seen in Table 23, as OKT score ranges became higher, the 
proportion of failures generally continued to drop in each of the five 
experience groups. This suggested that rather than using the Rating Guide 
method to grant extra credit for experience, a method based on OKT scores 
would be significantly more predictive of ATC training success. 

Up to this point, the OKT scores have been compared with the Rating 
Guide method of crediting ATC-related experience and both were compared 
in terms of prediction of pass-fail in ATC training. For OKT to be truly 
useful, it must contribute to the prediction of ATC training success, over 
and above which can be achieved by a new selection test battery. 

It will be recalled that a test battery composed of esc 24, esc 157, 
and MCAT had a multiple R of .54 with ZLab, which accounted for 29% of 
the. criterion variance. If the correlations of OKT with ZLab and the other 
test battery scores were corrected for restriction of range, using Thorn
dike's formula 7 (Thorndike, 1945), "then the multiple regression coefficient, 
including OKT, could be estimated. The new multiple R, calculated to in
clude OKT as well as the three tests in the battery, would be .60 and R2 
would be .36, indicating that 36% of the ZLab variance would be accounted 
for. This increase is significant (F = 204.3 pc.OOl), indicating that the 
addition of extra points using OKT scores would significantly improve pre
diction and supports the recommendation that OKT should be used as a basis 
for determining extra credit. The analysis of OKT summarized here is dis
cussed in more depth in Chapter 16. 
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Table 23 

Failure rates by OKT score ranges and OKT 
means by experience groups. 

OKT Group 1 Group 2 Group 3 Group 4 Group 5 
Score Other Pi lot VFR IFR VFR + IFR · Tota 1 

Pet. Pet. Pet. Pet. Pet. Pet. 
Total Fail Total Fail Total Fai"l Total Fail Total Fail · Total Fail 

0-59 430 29.3 67 26.9 25 32.0 11 27.3 23 43.5 556 29.7 
60-64 37 27.0 47 23.4 19 42.1 9 33.3 23 34.8 135 29.6 
65-69 44 25.0 55 9. 1 21 2.8.6 13 23.1 46 23.9. 179 20.1 
70-74 34 20.6 77 13.0 36 19.4 18 16.7 61 16.4 226 16.4 
75-79 22 9. 1 67 10.4 37 13.5 34 11.8 117 14.5 277 12.6 
80+ 25 12.0 75 10.5 53 13.2 59 5.1 241 7.1 454 8.4 

Total 592 26.9 389 15.2 191 21.5 144 13.2 511 14.3 1827 19.2 
"' "' ~ 

OKT Mean 51.49 69.94 72.25 76.28 78.0 66.96 
SD 14.8 10.9 11.4 9.5 9.7 16.3 

...... ______________________ _ 
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Objectives 

Chapter 19 

STUDY OF ATC JOB APPLICANTS 1976-19771 

Donald B. Rock, John T. Dailey, Herbert Ozur, 
James 0 •. Boone, and Evan W, Pickrel 

Historically, very little normative information has been available 
on the characteristics of individuals who apply for positions as Air Traf
fic Controllers. Consequently, this study was developed to collect and 
analyze data on ATC applicants with respect to sex, education, prior 
aviation-related experience, and the relationship between these variables 
and scores on the esc test battery and recently developed experimental 
tests. One direct use of this information was to establish a basis for 
comparing the validities of the esc tests and the experimental tests. 
This was accomplished by correcting for the restriction of range on the 
esc test scores for approximately 2,000 newly hired ATC trainees who at
tended the FAA Academy during 1976-1977 and for whom esc test scores were 
available, as discussed in Chapter 18, Part III, 

Sample Description 

During the period November 1976 through January 1977, the Civil Serv
ice Commission opened the competitive ATC examination in the FAA Eastern 
and Southern regions. These included the areas encompassed by Regions II, 
Ill, and IV of the Standard Federal Regions, Approximately 11,500 appli
cants took the ATC Civil Service test battery during that period. Of this 
group, about 7,500 also completed the experimental tests and the Prior Ex
perience Questionnaire (PEQ). While the sample from the 11,500 population 
could not be controlled, differences between the means, standard deviations, 
and other statistics on the esc tests for the 7,500 who completed the ex
perimental tests and provided prior experience information on the PEQ, and 
the 4,000 who did not, were computed and were not statistically significant. 

Predictors 

In addition to the five-part CSC test battery, two experimental tests, 
MCAT 706A and the Directional Headings Test (DHT), were administered to the 
applicant group. These test forms were the same versions as used in the 
1977 EPA study, Chapter 18, Part II. The same form of the PEQ was also given, 

All tests were administered by CSC examiners as part of the normal com
petitive testing procedures. Applicants were informed that the experimental 
tests would have no bearing on their eligibility status and the experimental 
predictors were administered after completion of the competitive esc test 
battery, The DHT and PEQ were scored manually and converted to computer 

1 Prepared by s. B. Sells 
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records by the FAA under contract. Determinations on applicants' sex were 
coded on the PEQ, based on the applicant's name. At the time, Federal regu
lations prohibited obtaining any ethnic or minority group information from 
the applicants. 

Criteria 

Since this was a normative study, limited to ATC applicants, it was not 
feasible to establish operational criterion measures of test validity. How
ever, statistical analyses were made based on men and women applicants, and 
those who passed the esc test battery, in contrast to those who failed. 

Analytical Methodology 

The data obtained on this ATC applicant group were analyzed with re
spect to frequency distributions, mean, and standard deviations, and by 
analysis of variance and intercorrelation of predictors. 

Results 

Test results. Table 1 shows the means and standard deviations for 
the total applicant group, the pass group (Those who scored above 209 on 
the CSC battery), and the fail group, for men and women applicants. It 
is evidence that over all, women scored somewhat below men on most of the 
esc tests and the two experimental tests. These differences, while sta
tistically significant due to the large sample size, were not important. 
For example, further analysis showed that sex accounted for only 1% of the 
variance in the CSC total test score, 3% in the MCAT, and 2% in the Direc
tional Headings total test scores. In other words, most of the variance 
in these three predictors was related to factors other than sex. 

In the pass group, the mean CSC test score for men and women was es
sentially the same. Consequently, discounting veterans preference and ad
ditional credit allowed for aviation-related experience, women who passed 
the esc test should have had about the same opportunity to be selected for 
the ATC occupation as men. 

The frequency distributions for each of the five esc tests and the two 
experimental tests were also examined. Two of the esc tests, esc 135 and 
esc 51, showed a marked negative skew (-1.30 and -1.80, respectively) and 
consequently, provided little differentiation between the applicants. This 
is shown in Figure 1. 

Education and aviation-related experience in relation to the esc battery. 
Table 2 provides descriptive information on education and experience levels 
for men and women in the applicant group. Aviation-related experience data 
were obtained from the Prior Experience Questionnaire (PEQ). This identi
fied the specific work or skill elements which, based on the OPM Rating Guide, 
allowed extra credit points to applicants who passed the esc test battery. 
About 22% of the total applicants were women. However, the distribution of 

398. 



Table 1 

Means and standard deviations of men and women who 
passed and failed the CSC Battery,on the CSC Tests 
and the experimental MCAT and Directional Headings 
Test. 

CSC Tests 
Test Tota 1 GrOUj;! Pass Grou11 Fail GrOUj;! Sex N Mean so N Mean so N Mean so CSC-24 

Total 7412 39.66 9.6 3960 44.80 6.8 3722 34.61 9.3 Men 5720 39.63 9.5 2980 44.51** 6.9 2740 34.32** 9.2 Women 1607 39.83 9.7 663 45.91 6.6 944 35.56 9.3 CSC-51 
Total 7412 26.65 6.9 3960 30.74 3.8 3722 22.60 6.4 Men 5720 27.40 6.4 2980 31.05 3.6 2740 23.43 6.4 Women 1607 23.98** 7.0 663 29.37** 4.4 944 20.20** 6.0 CSC-135* 
Total 7412 21.49 8.6 3960 27.00 5.1 3722 16.03 7.8 Men 5720 21.88 8.4 2980 26.97 5.1 2740 16.35 7.8 Women 1607 20. 13** 9.0 663 27.11 5.0 944 15.23** 7.9 CSC-157* 
Total 7412 29.29 10.3 3960 36.65 6.0 3722 21.99 8.3 Men 5720 29.47 10.2 2980 36.40** 6.0 2740 21.93 8.2 Women 1607 28.62** 10.9 663 37.75 5.8 944 22.21 8.0 CSC-540 
Total 7412 28.98 13. 1 3960 37.70 10. 1 3722 20.34 9.6 Men 5720 29.78 12.8 2980 37.84 9.9 2740 21.03 9.5 Women 1607 26.11 13.7 663 37.00 10.8 944 18.46** 9.8 CSC TOTAL 
Total 7412 202.03 52.3 3960 244.26 23.2 3722 160. 16 37.3 Men 5720 205.04 50.9 2980 244.23 22.9 2740 162.42 36.8 Women 1607 191.29** 55.2 663 244.26 24.0 944 154.08** 37.8 

Exj;!erimenta 1 Tests 
MCAT 

Total 6822 25.76 9.1 3340 31.65 7.2 3481 20.12 6.9 Men 5241 26.57 9.0 2688 32.14 7.0 2552 20.72 7.0 Women 1498 22.95** 8.7 607 29.53** 7.2 891 18. 46** 6.5 R HEADING 
Total 7073 46.99 22.6 3583 59.93 17.3 3489 33.68 19.4 Men 5462 48.87 21.9 2899 60.63 16.6 2562 35.56 19.5 Women 1526 40.17** 23.3 637 56. 58** 19.4 889 28.41** 18.2 

135 (Following Oral Directions) and CSC 157 (Abstract Reasoning) tests were ' double-weighted in computing the esc test total score. 

ficant at the 1 percent level of confidence. 
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Figure 1. Frequency distributions for CSC 135 and CSC 51, showing 
negative skew. 
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Table 2 

Distribution of men and women applicants by 
education and aviation-related experience. 

Education Level 

Men with: 

High school or less 
Less than 3 years college 
3 or more years college 

Total 

Women with: 

High school or less 
Less than 3 years college 
3 or more years college 

Total 

Experience Level 

Men with: 

No aviation-related experience 
Aviation-related experience 

Total 

Women with: 

No aviation-related experience 
Aviation-related experience 

Total 

Education and Experience 

With aviation-related experience 
High school or less 
Less than 3 years college 
3 or more years college 

No aviation-related. experience 
High school or less 
Less than 3 years college 
3 or more years college 

• 

401. 

Total Applicants 

N 

i225 
2352 
2126 
5703 

355 
618 
630 

1603 

4393 
1327 
5720 

1483 
124 

l607 

Percent 

21 
41 
37 

100 

22 
39 
39 

100 

77 
23 

100 

92 
8 

100 

Percent 

Men Women 

21 
44 
35 

22 
40 
38 

23 
39 
38 

22 
39 
39 



education level for men and women was approximately the same: 78% of both 
the men and women had some education beyond high school. With respect to 
aviation-related experience, 23 percent of the men and only 8 percent of 
the women identified experience which could result in the granting of extra 
credit points for selection eligibility. When education and experience 
were combined, the distribution of education level remained relatively 
consistent for both men and women and for those with and without aviation
related experience. 

From this information it is evident that the level of education for 
men and women was essentially the same and did not differentiate between 
the applicants based on their sex. The distribution of aviation-related 
experience between men and women did differentiate between the applicants; 
23% of the men were potentially eligible for extra credit, in contrast to 
only 8% of the women. 

Pass-fail on the esc battery. The applicant sample was analyzed in 
terms of pass-fail on the esc test battery, in relation to sex, education, 
and experience, as shown in Table 3, In total, about 50% of the applicants 
passed the CSC battery. However, proportionally more men (52%) passed than 
women (41%). With respect to education levels, it is evident that those 
applicants with the most education had a significantly better chance of 
passing the test battery. Applicants with 3 or more years of college 
passed at about twice the rate of those who did not go beyond high school. 
A similar relationship also held for experience, Applicants with aviation
related experience also passed the esc battery at about twice the rate of 
those without such experience. 

Examination of pass-fail rates on the test battery in relation to 
education and experience combined disclosed that: (1) the level of educa
tion was distributed essentially in the same proportion between the ex
perienced and non-experienced groups, and (2) experience increased the 
pass rate in each of the education groups. Applicants with no college or 
experience passed at a 27% rate. Those with 3 or more years of college 
and aviation-related experience passed at a 79% rate. Table 4 summarizes 
these data and shows the effects of education and experience on the per
centages who passed the esc battery. 

Education and aviation-related experience in.relation to individual 
esc and experimental tests. Two-way analyses· of variance were carried out 
for each CSC and experimental test. For this purpose, experience was classi
fied further into sub-groups, since the CSC Rating Guide provided different 
levels of extra credit based on specific types of experience. The experi
ence and education subgroups were as follows: 

Aviation-Related Experience 

1 No aviation-related experience 
2 Communication experience only 
3 Non-pilot with IFR or Air Defense Command (ADC) experience 
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Table 3 

Distribution of total applicants and those who passed 
and failed the esc battery, by sex, education, and 
aviation-related experience. 

Men 
Women 

Total 

Education Level 

High school or less 
Less than 3 years college 
3 or more years college 

Total 

EXperience Level 

No aviation-related experience 
Aviation-related experience 

Total 

Education and Experience 

Aviation-related experience, with 

High school or less 
Less than 3 years college 
3 or more years college 

Total 

No Aviation experience, with 

High school or less 
Less than 3 years college 
3 or more years college 

Total 

*Pass-Fail rates for the Total Group 

Total 
Applicants 
N Percent 

5720 78 
1607 22 
7327 100 

1581 
2973 
2757 
7311 

5876 
1451 
7327 

308 
632 
508 

1448 

1273 
2341 
2222 
5836 

22 
40 
38 

100 

80 
20 

100 

21 
44 
35 

100 

22 
40 
38 

100 
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CSC Battery Status 
Pass Pet. Fail Pet. 

52 48 
41 59 
50* 50* 

32 
49 
61 
50* 

45 
68 
50* 

52 
67 
79 
68* 

27 
44 
57 
45* 

68 
51 
39 
50* 

55 
32 
50* 

48 
33 
21 
32* 

73 
56 
43 
55* 



Table 4 

Effects of education and aviation-related experience 
on the percentages of applicants who passed the esc 
battery. 

esc Test Battery Pass Rate 

Percent with Percent with 
No Aviation-Related Aviation-Related 

Education Level Ex[!erience Ex[!erience 

High school or less 27 52 
Less than 3 years college 44 67 
3 or more years college 57 79 
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4 Non-pilot with VFR ATC experience 
5 Pilot with IFR or ADC experience 
6 Pilot experience only 
7 Pilot with VFR ATC experience 

Education 

1 High school or less 
2 Less than 3 years of college 
3 3 or more years of college 

Table 5 provides the results of the analysis variance for the CSC total 
test score. The lowest mean score (173.10) is for the no-experience and no
college group; the highest mean score (241.00) is for the pilot with VFR ex
perience and 3 or more years of college group. The analysis of variance 
showed that experience and education. were both highly significant sources 
of variance in the esc battery scores, although the interaction of experi
ence and education was not a significant factor. Furthermore, upon further 
analysis, it was found that neither, although related significantly, ac
counted for sufficient variance to be important; neither one accounted for 
more than 1% of the variance in the esc total score. 

However, when the CSC total score was categorized into pass and fail 
groups, education and experience together accounted for nearly 10% of the 
variance in pass-fail status. On this basis, the effects of education 
and experience are important. This same relationship was found to apply 
to the two experimental tests as well. 

In summary, the data examined up to this point have demonstrated: 
·' (1) that applicants with aviation-related experience had a higher proba-
. bility of passing the esc battery (68%) compared to those without such 

experience (45%), and (2) that few women have had aviation-related experi
ence. However, these two findings are not sufficient to explain the lower 
pass rate on the esc battery for women (41%) compared to that for men (52%). 
Applying these probabilities to the experience and no-experience groups, 
it would be expected that 752 women would have passed, but only 663 d1d 
pass. ·For men, 2,879 men would be expected to have passed, but 2,980 ac
tually did pass. Consequently, the fact that men had more aviation-related 

·.experience does not explain why women scored lower on most of the tests. 

Intercorrelations. The intercorrelations among the tests, education, 
experience are shown in Table 6, These correlations were used by Boone 

Chapter 18, Part III) to correct for restriction of range on 
of trainees who attended the FAA Academy during 1976, 1977, and 

Several stepwise multiple regression analyses were carried out using 
s-fail on the CSC battery as the criterion. Table 7 shows the results 
·the esc test battery, the order in which the individual tests entered 
analysis and their contribution to the R2, which is a measure of the 

!illm<ourtt of. variance in the criterion accounted for by each test. 

405. 



Table 5 

Analysis of variance of Total esc battery score by education 
and aviation-related experience groups. 

A. Numbers of a~~licants with com~lete data on education, ex~erience, and esc batterx. 

Experience Groups 

Educ. Groups 1 2 3 4 5 6 7 Total 
1239 34 140 28 19 67 54 1581 

2 2266 75 216 47 56 180 133 2973 
3 2179 70 62 25 31 230 170 2757 

Total 5684 179 418 100 106 477 347 7311 

B. Mean esc scores, bx grou~. 

""" Educ. Grou~s 1 2 3 4 5 6 7 Mean 0 

"' 1 173. 10 179.53 210.69 201.96 198.68 191.07 211 . 56 179.48 
2 197.40 204.79 218.55 233.23 220.81 221.52 225. 19 202.83 
3 209. 11 221.59 224.96 222.72 2~6. 1 Q 236.17 241 . 00 214.43 

Mean 196.59 206.56 216.94 221.85 224. 13 224.31 230.34 202.16 

c. Anal~sis of Variance 
----

Degrees of Mean 
Source Sum of Sguares Freedom Sguare F Prob. 

Row 248,889.27 2 124,444.63 51 .25 <0.001 
Col 152,242.89 6 25,373.82 10.45 <0.001 

Row X Col 44,320.17 12 3,693.35 1.52 0.109 
Within Cell 17,701,966.50 7290 2,428.25 



Table 6 

Intercorrelations of CSC and experimental tests, education, 
and experience. Total applicant sample. 1) 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15" 16 17 18 
Variable esc esc esc esc esc esc esc MCAT MCAT MCAT Dir. Dir. Dir. Educ. PEO. Educ. Exper. Exper. 

24 51 540 157 135 Total Total c A Total Head Head Head Level AGG. Group Group Group 
Wt A B Total -x 

1 esc 24 100 33 56 50 51 75 69 44 52 53 46 47 49 27 6 26 10 11 
2 esc 51 100 46 59 54 69 75 42 60 57 54 54 57 11 18 12 23 19 
3 esc 540 100 59 58 85 80 56 63 65 55 56 59 16 13 16 14 5 
4 esc 157 100 63 83 89 49 63 62 53 56 57 22 13 22 17 14 
5 esc 135 100 81 79 52 66 55 54 58 59 20 15 21 16 7 
6 esc Total 100 99 62 77 77 66 68 71 24 16 25 19 14 
7 esc Total wt 100 61 77 76 66 68 71 24 17 24 20 15 
8 MCAT-C 100 69 89 54 55 57 14 17 14 18 5 ... 

8 9 MCAT-A 100 94 65 67 69 18 22 18 25 12 
10 MCAT Total 100 66 67 70 18 22 18 24 10 
11 Dir. Head A 100 82 95 20 26 20 33 26 
12 Dir. Head B 100 95 20 22 20 27 21 
13 Dir. Head Total 100 21 26 21 31 25 
14 Educ. Level 100 -6 95 5 25 
15 PEO. AGG. 100 -6 67 -37 
16 Educ. Group 100 4 22 
17 Exper. Group 100 100 
18 Exper. Group-X 100 

!)Decimal points not included. ' 



Table 7 

Stepwise multiple regression of the CSC tests 
on pass-fail on the esc battery. 

L 
Beta 

Variable _r_ _R_ Weight 

esc 157 . 711 . 711 .505 .305 

esc 54o .662 .772 .597 .253 

esc 51 .608 .794 .630 .203 

esc 135 .639 .802 .644 . 142 

esc 24 . 529 .806 .649 .100 
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Table 8 shows the corresponding regression results for the two experi
mental tests; again the criterion was pass-fail on the esc battery. The 
difference between the R2 for these tests (45%) compared to the CSC tests 
(65%) indicates that they differ in SOQe degree from the CSC tests in what 
they measure. 

In the case of the experimental tests, MCAT-A (aptitude), which meas
ures aptitudes similar to thqse measure4 by the esc battery, entered the 
regression first and accounted for 40% of the total variance. 

t 
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Table 8 

Stepwise multiple regression of the experimental 
tests on pass-fail on the esc battery. 

Beta 
. Variable r R R2 Weight 

MCAT-A (aptitude) . 631 .631 .399 .372 

Dir. Head. Total .582 .662 .439 .257 

MCAT-C (conflict) .522 .668 .446 .117 
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Chapter 20 

RESEARCH ON THE EXPERIMENTAL TEST BATTERY FOR ATC APPLICANTS 

STUDY OF JOB APPLICANTS, 19781 

Donald B. Rock, John T. Dailey, Jerbert Ozur, 
James 0. Boone, and Evan W. Pickrel 

INTRODUCTION 

This is the first of three chapters that address research focuaa4 ~ 
the new experimental test battery for selection of ATC trainees, that waa 
adopted for operational use by the Office of Personnel Management (OPM) i• 
October 1981. The new battery was developed in an extensive program of 
research described in Chapter 18, which culminated in an analytic study 
at CAMI by Boone, in which the validities of scores on the then current 
eelection battery, referred to here as the esc (Civil Service Commission) 
battery, and of two experimental tests (the MCAT and the OKT), were com
pared for a sample of 1827 new ATC trainees at the FAA Academy during 1976 
·to 1978. The experimental battery was composed of the MCAT, the Abstract 

·Reasoning Test (CSC-157), and the Arithmetic Reasoning Test (CSC-24), pl,.. 
the OKT as a basis for additional credit to reflect occupational knowle'ae 
and experience. The research described here and in the following two ch.,
ters was initiated in 1978 to investigate the potential of this battery 

operational selection of ATC applicants and to compare the new battery 
the esc battery on the basis of prediction results for a represents
sample of applicants, as well as various subgroups of the applicant 

This study involved 6000 applicants for employment as ATCS's and was 
taken in order to compare the results of the new ATC battery with th~e 

the esc battery with respect to the composition of the respective croype 
passed these tests and the effects on score distributions within each 

Race-ethnic and sex data had not been available in the earlier at_.. 
, but a change in policy made them available in 1978. Arrangements were 

between the FAA and the OPM to administer the parallel forms of the 
and a 60-item version of the OKT when the CSC battery was administered 

ATC job applicants during September through November, 1978. 

RE·SEARCH APPROACH 

Description 

The CSC battery, together with MCAT and OKT, were administered to a 
of 6,000 ATC job applicants. Some 5,331 applicants were scheduled 

examination through established OPM procedures. In addition, FAA had 
with OPM for a series of "walk-in" test' sessions which did not 

advance scheduling by applicants with OPM. A total of 669 appli
took the tests on a walk-in basis. The walk-in sessions were 

d by S. B. Sells 
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established as a means of encouraging an increased number of women and 
minorities to compete for positions in the ATC occupation. Table 1 pro
vides the distribution by race-ethnic group and sex for 5295 of the 5331 
scheduled ATC job applicants. Table 2 presents the same data for 664 
of the 669 walk-in applicants. 

Several points of interest should be noted regarding the race-ethnic 
and sex distribution of these two applicant groups. For the scheduled 
group, 92% were black or white men and women, and 71% were white men and 
women. Generally men represented 70% - 79% of every race group except 
blacks; only 58% of the blacks were men, and 42% were women, almost twice 
the ratio of other groups. 

The distribution of the walk-in applicants (Table 2) indicates that 
the objective of having more minorities and women compete for the ATC jobs 
was fairly successful. Some 47% of this"group were women, in contrast to 
28% of the scheduled applicants, and 55% were minorities, in comparison to 
29% of the scheduled applicants. 

Predic-tors 

The tests included in this study consisted of the then existing CSC 
selection test battery and parallel forms of MCAT and OKT: 

CSC Test Battery 

CSC-24 
CSC-51 
CSC-135 
CSC-157 
CSC-540 

MCAT 

Form 
Form 
Form 
Form 
Form 
Form 

OKT - lOlc 

Arithmetic Reasoning 
Spatial Relations 
Following Oral Directions 
Abstract Reasoning 
Air Traffic Problems 

OPM ID 

120 
130 
140 
150 
160 
170 

ODD/EVEN TEST COMBINATION 

(4o6e) 
(4e6o) 
(6o7e) 
(6e7o) 
(7o4e) 
(7e4o) 

(60-item version) 

As in previous experimental testing of applicant groups, the MCAT and OKT 
were administered after completion of the regular CSC test battery. In 
addition to the teats, applicants completed forms provided by OPM on a 
voluntary basis to obtain race, sex, and other information for separate 
analysis by OPM. 

Criterion and Analytic Methods 

Since this study encompassed ATC applicants, it was not feasible to 
establish operational criterion measures of validity. However, a number 
of statistical analyses were made based on pass-fail eligibility compari
sons, score distributions, and means and standard deviations on the various 
tests. 
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Amer. 
Indian 

42 (72%) 
.!§. (28%) 

58 ( 1%) 
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Description of the sample of regularly scheduled 
ATC applicants tested during September to 
November, 1978, by sex and race-ethnic group. 
N = 5295 of 5331 applicants tested. 
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Asian Black White Hispanic Other 

-· ~ .P..ln"d::S 
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TOTAL 

38 ( 76%) 650 (58%) 2860 (76%) 213 (79%) 21 (70%) 3824 (72%) 
.li (24%) 463 (42%) ..lli (24%) ..2.§. (21%) 9 (30%) 1471 (28%) 

' 
50 ( 1%) 1113 (21%) 3775 (71%) 269 ( 5%) 30 ( 1%) 5295 (100%) 
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Men 
Women 

TOTAL 

Table 2 

Description of the sample of "walk-in" applicants tested during 
September to November, 1978, by sex and race-ethnic group. 
N = 664 of 669 "walk-in" applicants tested. 

Amer. 
Indian Asian 

2 3 
1 4 

3 7 

Black White Hispanic 

145 (50%) 160 (55%) 44 (65%) 
146 (50%) 132 (45%) 24 (24%) 

291 (44%) 292 (44%) 68 (10%) 

Other --

3 

3 

TOTAL 

354 (53%) 
·310 (47%) 

664 ( 100% l 

-----------------------------------"---"- ""-----~ ...ol 



RESULTS 

Descriptive statistics for the scheduled and walk-in groups were de
veloped for each test. It should be pointed out that of the 260 scheduled 
applicants who identified themselves as Hispanic, all but 74 also identi
fied themselves with another racial group. For example, 139 were identi
fied as Hispanic-White, and in this analysis, they were included in the 
white group. The 104 applicants in the "other" category shown in Table 3 
consisted of 74 Hispanic applicants and 30 of some other racial groups not 
identified. Descriptive statistics for the scheduled group of applicants 
are provided in Table 3 and for the walk-in group, in Table 4. (In Table 
4, the 24 applicants in the "other" category consisted of 21 Hispanic and 
3 otherwise not identified.) 

In the scheduled applicant group, the mean scores for women were ex
amined for both the black and white groups to assess their relationships 
to the scores of men in the same racial groups. Table 3 indicates that 
women scored somewhat higher than men in each racial group on CSC tests 
24 and 157, but somewhat lower on CSC 51, 540 MCAT, and OKT; the greatest 
difference between men and women occurred on the OKT. The most marked 
difference between racial groups was between the black and white groups; 
the mean test scores for blacks were generally about one standard deviation 
below the mean for whites. This held for both men and women in each of 
the groups, and is completely in line with expectations arising from the 
results of other testing programs. 

Relatively few differences between mean scores of the scheduled and 
walk-in groups were evident by racial groups. Within the black group, 
walk-in applicants scored about 2 points higher on esc 24 and 3 points 
higher on CSC-157. The white group walk-in applicants scored almost 2 
points lower on MCAT and about 3 points lower on OKT. These lower scores 
.~y be a result of the higher percentage of women in the white walk-in 
aroup (45%), compared to the scheduled group (24%). 

For th.e applicant group tested in 1976-1977 (Chapter 19), two of the 
qsc Tests (51- Spatial Relations and 235 -Following Oral Directions) 
thowed marked negative skew. It was of interest to determine whether this 
tharacteristic would be replicated for these two tests in the 1978 appli
,_nt population. The frequency distribution of test scores for these two 

tests in the present sample showed that again they provided little 
among the applicants. 

Veterans preference for the total sample of scheduled and walk-in ap
~.~Cilnts was identified and the distribution of veterans credit is shown 

·Table 5, by sex and race-ethnic group, for 5846 of the 6000 applicants 
whom these data were available. 

Since veterans preference points are added to the test battery score 
those who pass the test, it is evident that only 6% of the women could 
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Table 3 

Means and Standard Deviations of CSC and Experimental tests, 
by sex and race-ethnic group, for scheduled applicants, 
September - November, 1978. N = 5331. 

American 
Indian Asian Black White Other TOTAL 
fl - 66 N - 59 N = 1146 N = 3914 N~04 N - 5331 

Mean S.D. Mean S.D. Mean S.D. Mean S.D. Mean S.D. Mean S.D. 
CSC-24 40. 1 9.2 41.9 7.9 35.4 9.6 42.4 7.8 36.8 8.6 40.7 8.9 

Men - - - - 34.3 9.7 42.2 7.9 
Women - - - - 37.0 9.2 .43.2 7.6 

est-51 28.6 4.8 28.3 5.8 23.1 6.5 29.1 5.2 27.0 6.5 27.7 6.1 
Men - - - - 24.3 6.4 29.6 5.0 
Women - - - - 21.3 6.2 27.7 5.6 

CSC-135 21.6 9.0 19.9 8.2 16.6 8. 1 24.7 7.0 20.1 8.5 22.7 8.1 

' ~len - - - - 16.7 8.0 24.8 6.9 ..,.. Women .... - - - - 16.5 8.3 24.2 7.4 
"' . CSC-197 28.0 8.2 31.0 10.9 22.1 9.3 30.9 8.9 26. 1 9.0 28.8 9.7 

Men - - - - 21.5 9.3 30.5 8.9 
'Women - - - - 22.9 9.1 32.1 8.8 

CSC-540 29.4 12.7 30.5 12.6 22.7 11.9 33.1 11.7 25.6 12.5 30.6 12.5 
Men - - - - 23.4 11.9 33.6 11.6 
Women - - - - 21.8 11.9 31.3 11.9 

MCAT 31.1 8.6 31.0 8.6 22.1 7.4 34.2 8.1 28.0 8.4 31.4 9.5 
Men - - - - 22.9 7.8 35.0 8.0 
Women - - - - 22.1 6.8 31.8 8.2 

OKT 24.3 10.8 24.9 11.3 17.4 8. 7 27.2 11.7 21.8 11.8 24.9 11.8 
Men - - - - 18.8 9.9 28.8 12.0 
Women - - - - 15.5 6.5 22.0 8.9 
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Table 4 

Means and Standard Deviations of CSC and Experimental tests, 
by sex and race-ethnic group, for walk-in applicants, 
September-November, 1978. N = 669. 

American 
Indian Asian Black White Other TOTAL N = 5 N - 10 N = 297 N - 328 N = 24 N - 669 

Mean S.D. Mean S.D. Mean S.D. Mean S.D. Mean S.D. Mean S.D. 
CSC-24 40.0 4.2 48.0 9.5 37.5 9.7 42.3 7.8 39.4 9.6 40.1 9. 1 
.CSC-51 29.0 4.0 31.8 4.2 23.0 6.2 28.6 5.0 28.8 4.2 26.1 6.3 
CSC-135 19.0 7.2 24.6 7.3 16.7 7.4 23.7 6.8 19.7 7.6 20.4 7.9 

_,. CSC-157 30.0 11.6 34.6 12.2 25.0 .... 9.4 32.0 8.9 28.7 11.6 28.8 9.9 ..., 
CSC-540 36.4 8.4 45.2 12.1 23.6 12.7 32.4 12.5 30.4 13.4 28.7 13.5 
HCAT 28.4 3.9 34.9 7.4 22.7 7.5 32.6 7.8 27.9 9.7 28.0 9. 1 
OKT 19.2 6.8 16.4 5.5 16.2 6.5 23.7 10.9 19.5 8.9 20.1 9.7 



Veterans Credit 
Points 

None 
5 Points 
10 + Points 

TOTAL 

'"' ..... 
00 None 

5 Points 
10 + Points 

TOTAL 

Table 5 

o;.stribution of veterans credit by sex and race-ethnic group. 
Total sample of scheduled and walk-in applicants. N = 5846. 

Men Women 

2406 59% 1640 94% 
1571 38% 97} 6% 

123 3% 9 

4100 100% 1746 100% 

Ameri c'an 
Indian Asian Black White Hispanic Other 

42 70% 40 70% 981 73% 2724 68% 223 68% 27 84% 

17} 30% 17} 30% 318} 27% 1210} 32% 99} 32% 5} 16% 
1 - 41 83 7 -

- - -- -- - -

60 57 1340 4017 329 32 

TOTAL 

4046 69% 
1668 29% 

132 2% 

5846 100% 

TOTAL 

4037 69% 
1666 29% 

132 2% 
--
5835 



have benefited, and thus be ranked higher on the OPM register for appoint
ment eligibility. This is in contrast to 41% of the men who could have 
benefited from military service. 

Eligibility for veterans preference points by race-ethnic groups was 
about everily distributed (30%-32%) except for the black group (27%), where 
the higher ratio of women applicants to men reduced the number who would 
have received veterans preference points. 

Table 6 compares the totaLATC applicant group to the civilian labor 
force (CLF) by race-ethnic group, based on 1970 census data, with amend
ments through 1977. Blacks as a group were significantly overrepresented 
in comparison to their percentage in the civilian labor force, while whites 
as a group were underrepresented. Women were also underrepresented; they 
comprised 28% of the ATC applicant group, compared to 38% of the civilian 
labor force. 

Analysis of the CSC Battery 

,Scores of the total sample were analyzed in terms of the percentages 
passing and failing the CSC battery and by sex and race-ethnic group. 
These data are shown in Table 7. Because of the small numbers of Asian 
and American Indian applicants, the analysis for minorities was confined 
to the black and Hispanic groups. The minimum passing score on the test 
battery was 70, which equated to the approximate mean score and was ap
proximately equivalent to the 50th percentile. 

Compared to the 7500,applicants tested in 1976-1977 (Chapter 19), 
this sample had about the same pass rate for men (53% compared to 52% in 
the earlier group) and a somewhat higher pass rate for women (45% compared 
to 41%). In view of the large number of .minorities who failed the CSC 
battery in the present sample, analysis was ·made of the score distribution 
by race-ethnic group. This is shown in Table 8. In this table, it can be 
aeen that the proportion of extremely low scores (50-59 and below 50) was 
.exceptionally high for the blacks (27% and 32%, compared to 17% and 18% 
for Hispanics and 10% and 4% for whites). 

As shown in Table 9, whites were underrepresented in the applicant 
compared to their frequency in the civilian labor force, while 

frequency in the pass group was identical to their frequency in the 
force. At the same time blacks were overrepresented among appli
by a considerable amount and slightly underrepresented in the pass 

Hispanics, American Indians, and Asians were represented in all 
groups, roughly in proportion to their frequency in the labor force. 

of the OKT 

Administration of the OKT to the.l978 applicant sample provided the 
opportunity to evaluate this test for a sizable sample of ATC appli

The OKT used was form 101C, a 60-item test. The data for this 
were reviewed for the total sample and separately for men and women 
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Table 6 

Comparison of the total applicant group with the civilian labor force
1
) 

by race-ethnic group. 

Civilian 
Labor Percent of 
Force Applicants 

American Indian .3% 1% 

Asian .8% 1% 

Black 9.7% 24% 

White 85.0% 68% 

Hispanic 4.2% 6% 

l)based on 1970 U.S. Census, with amendments through 1977. 
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Table 7 

Distribution of total applicant sample by pass vs fail 
on the esc battery, by sex and race-ethnic group. 
N = 5976. 

No. of Pass Fail Group Applicants N Percent N Percent 

Men 4191 2236 53 1955 47 
Women 1785 799 45 986 55 

White 4067 2556 63 1511 37 
Hispanic 339 128 38 211 62 
Black 1407 264 19 1143 81 
Other (not 

included) ( 163) (87) (76) 

TOTAL 5976 3035 51 2941 49 
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Table 8 

Distribution of esc battery scores for the total sample, 
showing pass and fail range separately, for white, Hispanic, 
and black applicants. N = 5813. 

Pass Group Fail Group 
Over Under 

Group N 89 80-89 70-79 60-69 50-59 50 

White 4067 453 (11%) 975 (24%) 1128 {28%) 920 (23%) 406 ( 10%) 185 ( 4%) 

Hispanic 339 17 ( 5%) 41 (12%) 70 (21%) 92 (27%) 56 (17%) 63 (18%) 

Black 1407 12 ( 1%) 63 { 5%) 189 (13%) 305 (22%) 381 (27%) 457 (32%) 

TOTAL 5813 482 ( 8%) 1079 ( 19%) 1387 (24%) 1317 (23%) 843 (15%) 705 {12%) 
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Table 9 

Frequency of race-ethnic groups in the civilian labor force, 
the ATC applicant group, and the group that passed the 
CSC battery. Total sample, ·september - November, 1978. 

Civ. Labor Applicants 
Force ATC A[![!l icants in Pass Grou[! 

American Indian .3% 1% 1.0% 
Asian .8% 1% 1.1% 
Black 9.7% 24% 8.9% 
White 85.0% 68% 84.8% 
Hispanic 4.2% 6% 4.2% 

100.0% 100% 100.0% 
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and for race-ethnic groups, and the relation of test scores to veterans 
preference was investigated for the subsample of veterans. 

Tables 3 and 4 (earlier) provided distributional data on the OKT 
for the various groups; Table 10 shows the means and standard deviations 
for scheduled and walk-in men and women. The walk-in applicants had a 
lower mean score (20.1) than the scheduled group (24.9), and this dif
ference was evident among men and women and in all racial groups. The 
mean scores for blacks were 17.4 (scheduled) and 16.2 (walk-ina), Which 
would indicate that there was relatively little difference in ATC-re
lated knowledge among blacks in these groups, but that among other race
ethnic groups, the walk-in group had less ATC-related knowledge or ex
perience than the scheduled group. In view of the objective of the 
walk-in recruitment program, these differences were expected. 

In Table 11, the raw scores were converted to a scale of 0~100 and 
the Hispanic group was distributed among the other race-ethnic groups 
(e.g., those who claimed to be Hispanic-white were treated as white). 
Approximately 20% of the men scored above 64, compared to 4% of the 
women; and 19% of the whites, 12% of the Asians-American Indians, and 4% 
of the blacks, respectively, scored above 64. 

Extra credit for experience. Previous studies with ATC trainees at 
the Academy and with developmental and journeyman ATC specialists had 
demonstrated a significant correlation between OKT scores and success 
in ATC training and work performance. These studies also supported the 
conclusion that the OKT provided a more effective basis for granting ex
tra credit to ATC applicants who passed the esc battery than the former 
Rating Guide that had been used for this purpose. Consequently, for 
further analysis, OKT scores of this applicant group were given the fol
lowing extra points: 

OKT Scores 

65-69 
70-74 
75-79 
80+ 

Extra Credit 

3 points 
5 points 

10 points 
15 points 

These point values are similar to those provided by the OPM Rating Guide, 
which provided 5, 10, or 15 points, depending on the specific ATC-related 
experience. 

In most cases, the types of ATC-related experience for which an ap
plicant was granted extra credit were obtained through military service 
and training. For example, the Air Traffic Control experience which is 
granted the most points (10-15) was obtained through military experience. 
This also tended to be the case, although. to a lesser extent, for pilot 
and other types of credited experience. 
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Table 10 

Means andStandard Deviations of OKT scores of·men and women 
in the scheduled and walk-in applicant group. 1978 applicant 
sample, N = 5976. 

Group 

Men 

Women 

Scheduled 

N Mean SO 

3835 26.9 12.2 

1473 19.8 8.7 

425. 

Walk In 

N Mean SO 

356 22.2 11.2 

312 17.6 6.9 



Table 11 

Distribution of converted OKT ~cores (scale of 0-100) 
by sex and race-ethnic group.l 1978 applicants, 
N = 5976. 

Group N 

Men 4191 

Women 1785 

White 4242 

Asian 
} 140 

American Indian 

Black 1443 

* Less than 1%. 

Below 
15 

3 

5 

2 

3 

8 

Percentage by OKT Score Range 

15-24 25-34 35-44 45-54 55-64 

11 27 20 9 10 

20 43 19 5 4 

9 27 22 10 10 

14 35 18 9 9 

32 39 13 2 2 

l)Hispanics distributed among other race-ethnic groups. 
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65-74 

9 

3 

9 

6 

2 

Above 
75-79 79 

8 3 

1 * 

7 3 

1 

2 * 



In order to assess the relationship between military experience and 
OKT scores, an analysis was completed of applicants with veterans preference, 
their OKT scores, and the extent to which they could earn extra credit. 
The results are provided in Table 12. 

Prior analysis of the relationship between OKT scores and pass-fail 
in ATC training for 1827 students (Boone, 1979a, See Chapter 18, Part III) 
indicated that the largest drop in total failu~e rate was between those 
trainees who scored 60-64 (29.6% failure rate) and those who scored 65-69 
(20.1% failure rate). Consequently, for this analysis, comparisons were 
based on providing 3 points for those applicants who scored between 65-69. 
About 16% (968) of the total 6000 applicants could have been eligible for 
additional point credit based on OKT scores. A total of 702 (72Z) of 
these also could have received points for veterans preference. The in~ 
creasing number of applicants with veterans preference who scored "highest" 
on the OKT suggests that most of them probably had military air traffic 
control experience. 

By contrast, those applicants who were not veterans constituted 28% 
of the total group who could receive extra credit based on OKT scores. 
While applicants in this group scored "lower" on OKT, use of this test to 
grant extra credit broadened the opportunity to receive extra credit for 
non-veterans who acquired ATC related knowle4ge through other experience. 

Under the OPM rating and ranking procedures that were current in 1978, 
an applicant must have earned a passing score of at least 70 on the esc 
test battery before additional credit could be given for veterans preference 
or aviation-related experience. Of the total 968 applicants who could have 
been eligible for extra credit based on OKT scores, 272 (28%) scored below 
70 on the esc test battery. Table 13 shows the distribution by point 
groups of these 968 applicants. The 696 who passed the CSC battery and 
would have been eligible for extra credit based on OKT scores represented 
23% of the 3083 applicants who received passing scores on the battery. 

Next the data were examined in terms of the CSC test score distribu
tion and the effect of adding additional credit for veterans preference 
and aviation-related experience on the score distribution for those who 
passed. Figure 1 provides the distribution of raw (CSC battery) scores 
for the total applicant group. Figure 2 shows the score distribution for 
all ATC applicants who passed the esc test battery, by raw score and after 
adding extra credit for veterans preference and OKT test scores. It is 
evident that the granting of extra credit for veterans preference and OKT 
significantly shifts the distribution to higher scores, with a total of 
899 applicants scoring 90 or above (29% of those passing) compared to 500 
(16% of those passing) before adding extra credit. 

Figure 3 shows similar distributions for men and women separately . 
., A significant shift to higher scores is apparent for the men, but there 

was no noticeable change for the women, Of the two extra credit factors, 
., veterans preference accounted for more of the shift than OKT credit. For 

woman who received extra credit for being a veteran, 16 men also 

427. 



Table 12 

Comparison of OKT scores and resulting experience credit 
with percentages of applicants claiming Veterans Preference. 
1978 applicants, N = 968. 

Veterans Preference 

OKT Experience No Yes 
Score Credit N -Percent N -Percent TOTAL 

65-69 3 points 103 45 126 55 229 

70-74 5 points 76 33 153 67 229 

75-79 10 points 61 24 190 76 251 

80+ 15 points 26 10 233 90 259 

266 28 702 72 968 
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Table 13 

Distribution of applicants who passed and failed the CSC Test 
Battery by extra-point groups based on the OKT. 
1978 applicants, N = 968. 

Passed CSC Battery 
Extra Failed esc Eligible for Extra 
Points Total Batter:£ Credit 

N Percent N Percent 

15 points 259 58 22 201 78 

10 points 251 74 29 177 71 

5 points 229 62 27 167 73 

3 points 229 78 34 151 66 

968 272 28 696 72 
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received veterans preference credit. By comparison, for every woman who 
would have received extra credit for aviation-related experience based 
on OKT scores, 9 men would also have received extra credit. While both 
factors resulted in moving more men than women to higher total score 
ranges for appointment consideration, almost twice as many men were 
moved up based on veterans preference than on OKT scores. 

The effect on score distribution of granting extra credit can also 
be examined in terms of the relative representation of men, women, and 
minority groups in various score ranges, with and without the extra 
credit,. Table 14 shows the percentage passing of men and women and of 
three race-ethnic groups in each of four score range groups, based on 
raw CSC test scores (without veterans preference or OKT extra credit) 
and compares those to the percentage of persons in each group after ap
plying extra credit. It should be noted that by adding extra credit it 
was possible to have a maximum total score that exceeded 100. 

Based on the raw CSC test scores, women comprised 26% to 27% of each 
of the score range groups. Since women comprised 26% of the total pass 
group, they were also proportionately represented (compared to men) in 
each of the score range groups. However, when veterans preference and 
OKT credit were included, the percentage of women increased to 33% in the 
70-79 score group, remained the same in the 80-89 group, and dropped to 
21% and 11% respectively, in the two highest scoring groups. These data 
provide a quantitative measure of the extent to which veterans preference 
and aviation-related experience, as measured by OKT, differentially af
fect men and women for appointment consideration. 

In the case of the black and Hispanic minority groups, it is evident 
that the granting of veterans preference and OKT credit had very little 
impact on proportionate representation within each esc score group for 
those applicants who passed the esc test. Overall, these data indicate 
that veterans preference and credit for aviation experience affected each 
of the race-ethnic groups in essentially the same manner with respect to 
their score distributions. 

Analysis of the Experimental Battery 

Table 15 compares the numbers of applicants who passed and failed 
the CSC test battery and the experimental ATC battery; for this purpose, 
test records were available for 5976 of the total sample of 6000 appli
cants. To "pass" the experimental battery, an applicant had to have a 
minimum raw score of 100.47, which equated to a mean score at approxi
mately the 50th percentile; the OKT was not included in this score. 

Table 15 shows that 46% of the applicants passed both tests and 
failed both. Of the remaining 12%, 7% passed the experimental battery 

.and failed the esc battery, while 5% passed the esc and failed the ex
perimental battery. The 437 applicants who passed the experimental bat
tery but would not have been eligible for appointment based on the esc 
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Group 

Men 

Women 

White 

Table 14 

Percentage passing the CSC test battery before and after adding 
extra credit. Data are presented in four score ranges, for men 
and women and for three race-ethnic groups. 1978 applicant sample. 
N ~ pass sample, sex groups: 3035, pass sample, race-ethnic 
groups included: 2948. 

70-79 

Raw 
Score 
N=l440 

74% 

26% 
100% 

With 
Credit 
N=l076 

67% 

33% 
100% 

80-89 

Raw 
Score 
N=ll06 

73% 

27% 
100% 

With 
Credit 
N=l086 

73% 

27% 
100% 

90-100 90-99 

Raw 
Score 
N=489 

73% 

27% 
100% 

With 
Credit 
N=644 

79% 

21% 
100% 

100+ 

With 
Credit 
N=229 

89% 

11% 
100% 

Hispanic 

81% 

5% 

14% 
100% 

80% 

5% 

15% 
100% 

90% 

4% 

6% 
100% 

89% 

4% 

7% 
100% 

94% 

4% 

2% 

93% 

4% 

3% 

93% 

4% 

3% 
100% 

Black 

100% 100% 
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Table 15 

Percentages of 1978 applicants who passed and failed the CSC 
and the experimental test batteries. N = 5976. 

Passed CSC Failed esc. TOTAL 

Passed experimental battery 2727 (46%) 437 ( 7%) 3164 (53%} 

Failed experimental battery 308 ( 5%) 2504 (42%) 2812 (47%) 

TOTAL 3035 (51%) 2941 (49%) 5976 (100%) 
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battery represent 14% of those who passed the experimental battery. Most 
of the applicants who failed both batteries fell around the passing score 
on both tests. However, there were some who scored as low as 45 on the 
esc who passed the experimental battery, and othets'·who scored as high 
as 85 on the esc who failed the experimental battery. In an effort to 
understand these differences, pass-fail rates were computed by sex and 
race-ethnic groups for both tests. These are shown in Table 16; data 
for the CSC battery also appear in Table 7. 

It appears that the pass rate on the experimental battery was 2% 
higher than on the CSC battery (53% vs 51%), This occurred because the 
mean raw score was used to identify "passes" on the experimental battery, 
instead of the established pass score, which was slightly higher. This 
difference is reflected in the pass-fail percentages for men and women. 
However,. for the race-ethnic groups, the increases in percent of passes 
were slightly greater for whites and Hispanics, while the pass percent 
for blacks dropped from 19% to 18%. In-view of the disporportionate 
number of minorities who failed the experimental battery, a breakdown of 
the score distribution was examined; this is-shown in Table 17. It is 
evident from this analysis that, for all race-ethnic groups, the number 
of applicants who did very poorly on the Experimental battery (scored 
below 50) was much smaller than on the CSC battery' (see Table 8). For 
example, 32% of the black applicants scored below 50 on the esc battery, 
but only 17% on the experimental battery. This also held true for appli
cants who scored very high on the esc battery, where 11% of the white 
group scored above 89, in contrast to only 2% on the experimental battery. 

Table 18 compares the experimental battery with the CSC battery in 
relation to percentages of race-ethnic groups in the civilian labor 
force, the applicant sample, and the subgroups who passed each of the 
tests; this table incorporates data on the CSC battery from Table 9. 
Cons.idering the use of mean scores to identify passes on the experimental 
battery, discussed above, no differences in proportions passed were dis.
cernible by race-ethnic group. However, the proportions of minorities 
who passed each of the tests compared favorably with their frequency in 
the labor force. 

Eligibility for extra credit, based on the OKT. Since 12% of the ap
plicants failed one of the two test batteries, as discussed earlier, the 
numbers eligible for extra credit on the experimental battery were dif
ferent from those on the CSC battery. Table 19 shows the number and dis
tribution by "point groups" of those in the total applicant group who were 
eligible for extra credit based on their OKT scores, who failed the ex
perimental battery and those who passed. Of the total of 968 applicants 
who could have been eligible for OKT extra credit, a total of 206 failed 
both the CSC and the experimental battery. Sixty-six failed the CSC bat
tery' but passed the experimental battery' and 68· passed the esc battery' 
but failed the experimental battery. Consequently, the two test batteries 
affected 340 applicants, or 35 percent of the applicants who scored above 
64 on the OKT, 
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Grou~ 

Men 

Women 

White 

Hispanic 

Black 

Table 16 

Pass and fail percentages on the esc and experimental 
by sex and race-ethnic groups. 1978 applicants. 
N = 5976 (sex groups, 5813 (race-ethnic groups) . 

No. of 
a~~1icants 

4191 

1785 

4067 

339 

1407 

Ex1:1er. 
N 

2312 

852 

2678 

141 

256 

Pass 

Batter:l 
% 

55 

48 

66 

42 

18 

esc Batter:l 
N % 

2236 53 

799 45 

2556 63 

128 38 

264 19 

437. 

Ex1:1er. 
N 

1879 

933 

1389 

198 

1151 

batteries 

Fail 

Battert 
% 

45 

52 

34 

58 

82 

CSC Ba tter:l 
N % 

1955 47 

986 55 

1511 37 

211 62 

1143 81 



Table 17 

Distribution of scores on the experimental battery for white, 
Hispanic, and black applicants. 1978 applicant sample. 
N = 5813. 

Pass Range Fail Range 
Group 89 & over 80-89 70-79 60-69 50-59 below 50 TOTAL 

White 63 2% 857 21% 1758 43% 1021 25% 329 8% 39 1% 4067 

Hispanic 3 1% 33 10% 105 31% 101 30% 74 21% 23 7% 339 

Black 1 - 28 2% 227 16% 441 32% 465 33% 245 17% 1407 

• 
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Group 

Table 18 

Percentages of race-ethnic groups in the civilian labor force, 
the 1978 applicant population (N = 6000), and the subgroups that 
passed the experimental test battery and the esc battery. 

Percentages in 

Civilian 1978 Applicant Pass Group Pass Group 
Labor Force Sample CSC Battery Exper. Battery 

Am. Ind. .3% 1% 1.0% 1.2% 

Asian .8% 1% 1.1% 1.3% 

Black 9.7% 24% 8.9% 7.6% 

White 85.0% 68% 84.8% 85.5% 

Hispanic 4.2% 6% 4.2% 4.4% 
100.0% 100% 100.0% 100.0% 
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Extra 
Points 

15 pts. 

10 pts. 

5 pts. 

3 pts. 

Table 19 

Distribution of 1978 applicants who were eligible for extra credit 
based on OKT scores, who failed the experimental battery and of those 
who passed, by "point groups." 

Total 
Failed Ex~er. Batter~ 

N Percent 
Passed Ex~er. Batterl 

N Percent 

259 6.0 23 199 77 

251 70 28 181 72 

229 59 22 170 78 

229 85 37 144 63 

968 274 28 694 72 
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Figure 4 shows the distribution of raw scores on the experimental 
and esc test batteries. Applicants who scored below 45 on the esc bat
tery tended to cluster in the 50-59 score range on the experimental bat
tery. Table 20 also shows the comparative distribution statistics for 
the pass group on both batteries. It is apparent that the experimental 
battery provided considerably greater differentiation, compared to the 
CSC battery, on test scores among the applicants who passed. The ex
perimental battery had a much greater clustering of applicants in the 
70-79 score range (68% vs 47%), and a much smaller percentage·of appli
cants in the 90 and over range (2% vs 16%). 

Extra credit. With respect to the effects of adding extra credit 
for veterans preference and experience, as reflected by OKT scores above 
64, the raw score distribution and the distribution-after adding extra 
credit were derived, as sh"own in Figure 5. On the experimental battery, 
485 applicants (15% of those who passed) scored 90 or higher after re
ceiving veterans preference and OKT credit, compared to 69 (2%) based on 
raw scores. This is in contrast to the esc battery, on which 899 (29%) 
scored 90 or above after receiving extra credit. 

Figure 6 shows comparable distributions for men and women and Table 
21, the percentages of men and women in each of four score ranges, based 
on experimental battery raw scores and scores after adding extra credit. 
The overall effect of adding extra credit based on vete~ans preference 
and OKT scores to the experimental battery raw scores was essentially 
the same as for the· CSC :battery (See Table 14); the proportion of women 
increased in the lower score range (70-79) and decreased substantially 
in the higher range (90 and over). 

The addition of credit for veterans preference and OKT scores had 
a very slight impact on race-ethnic groups, even in the 70-79 score 
range, where the percentage of whites decreased by 3% (84% to 81%) and 
the percentage of blacks increased by 2% (11% to 13%). Data for the 
experimental battery are shown in Table 22, and comparable data for the 
CSC b~ttery, in Table 14. 

Effects of weighting the experimental battery. 
experimental test battery up to this point have been 
ing of each of the three tests (CSC-24, csc-157, and 
experimental test battery. 

The analyses of the 
based on equal weight
MeAT) included in the 

Multiple regression analysis, with ATC Academy laboratory problem 
scores as the criterion, for a sample of 1827 ATC trainees, had resulted 
in a correlation (R) of .5407 (Boone, 1979). Converting the beta weights 
to unit weights of: 

1 x CSC 24 Arithmetic Reasoning 
2 X esc 157 Abstract Reasoning and Letter Sequence 
4 x Multiple Controller Aptitude 
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..,. ..,. 
w 

70-74 

N Percent 

esc Battery 697 

Exper._Battery 1253 

23 

40 

Table 20 

Pass group test score distribution on both batteries. 
1978 applicant sample 

75-79 80-84 85-89 90-94 

N Percent N Percent N Percent N Percent 

743 

895 

24 

28 

635 

606 

21 

19 

471 

341 

16 

11 

310 

63 

10 

2 

95 & over 

N Percent TOTAL 

179 

6 

6 3035 

3164 
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Table 21 

Percentages of men and women applicants in each of 4 score 
ranges on the experimental battery, before and after adding 
extra credit for veterans preference and OKT scores over 64. 

70-79 80-89 90-100 100+ 
Raw With Raw With Raw With With 

Score Credit Score Credit Score Credit Credit 
N=2148 N=l523 N=947 N=l156 N=69 N=374 N=l11 

Men 72% 65% 75% 76% 71% 89% 95% 

Women 28% 35% 25% 24% 29% 11% 5% 

100% 100% 100% 100% 100% 100% 100% 

446. 



Table 22 

Percentages of white, Hispanic, and black applicants who passed 
the experimental battery, in 4 score ranges, before and after 
receiving extra credit for veterans preference and OKT scores. 
1~78 applicant sample (pass only, N = 3075). 

70-79 80-89 90-100 90-99 
Raw With Raw With Raw With 

100+ 
With 

Score Credit Score Credit Score Credit Credit 
N=2090 N=l475 N=918 N=ll27 N=67 N=364 N=l09 

White 84% 81% 93% 92% 94% 94% 93% 

Hispanic 5% 6% 4% 4% 5% 3% 5% 

Black 11% 13% 3% 4% 1% 3% 2% 

100% 100% 100% 100% 100% 100% 100% 
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resulted in a correlation (R) of ,5354. In order to assess further the 
effect of using the weighted test scores, the 1978 ATC applicant group 
test results were analyzed, based on a weighted combination of the three 
scores. 

As shown in Table 23, with the weighted composite score, the percen
tage of men who passed increased from 55% to 56%, while the percentage of 
women who passed decreased from 48% to 43%. The pass rate for whites re
mained the same (66%); Hispanics dropped from 42% to 41%, and blacks dropped 
from 18% to 14%. 

Related shifts in the score distribution for race-ethnic groups, at
tributable to weighting, are shown in Table 24, which uses data from Table 
17. Although the shifts were not great, there was a tendency for whites 
to shift toward higher scores, particularly in the 80~89 range, for His
panics to remain unchanged, and for blacks to shift to lower scores, par
ticularly in the fail range. For the sample as a whole, the number of 
scores below 50 shifted from 307 (5.3%) - unweighted, to 229 (3.5%) -
weighted. The distribution of weighted experimental battery scores is 
shown graphically for the three race-ethnic groups, in Figure 7. 

Comparison of the weighted experimental battery scores and the CSC 
battery scores in terms of pass-fail status of the applicants showed that: 
(l) 2606 passed both tests, (2} 2431 failed both bothes, (3) 510 passed 
the weighted experimental battery but failed the esc battery, and (4) 429 
passed the CSC battery but failed the weighted experimental battery. Use 
of these two different batteries affected the pass~fail status of 939 
(16%) of the applicants. With the weighted experimental battery, 510 dif
ferent applicants (16% of those who passed) would have been eligible for 
appointment consideration who would not have been eligible based on the 
esc battery. 

Comparison of the pass-fail results for the weighted and unweighted 
experimental battery scores showed that 8% of the total applicants were 
affected; 219 failed the unweighted battery but passed the weighted bat
tery and 267 passed the unweighted but failed the weighted battery. 

In relation to the effect of weighting on representation of race
ethnic groups among those who passed the experimental battery, Table 25, 
which uses data from Table 18, shows percentages of five groups in the 
civilian labor force, the 1978 applicant sample, and the subgroups that 
passed the esc battery, the experimental battery (unweighted), and the 
experimental battery (weighted). The differences between the latter 2 
were slight; the largest were the decrease of blacks from 7.6% to 6,4%, 
and the increase of whites from 85,0% to 87.1%. 

Comparison of the weighted experimental battery scores and the CSC 
battery scores, both including extra credit for veterans preference and 
OKT scores, is shown in Figure 8. 
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Table 23 

Comparison of percentages of 1978 applicants who passed and failed 
the experimental battery, by sex and race-ethnic groups. 
N = 5g75 (sex groups) and 5813 (race-ethnic groups). 

Pass Weighted 

Graue N N Percent 

Men 4191 2348 56 

Women 1785 768 43 

TOTAL 5g76 3116 52 

White 4067 2698 66 

Hispanic 339 136 41 

Black 1407 198 14 

TOTAL 5813 3032 52 

Pass Unweighted 

N 

2312 

852 

3164 

2678 

141 

256 

3075 

Percent 

55 

48 

53 

66 

42 

18 

53 

449. 

Fail 

N 

1843 

1017 

2860 

1369 

203 

1209 

2781 

Weighted 

Percent 

44 

57 

48 

34 

59 

86 

48 

Fail 

N 

1879 

933 

2812 

1389 

198 

1151 

2738 

Unweighted 

Percent 

45 

52 

47 

34 

58 

82 

47 



Taele 24 

Distribution of weighted (w) and unweighted (un) scores on the experimental 
battery for white, Hispanic, and black applicants. 1978 applicant sample. 
N = 5813 

Pass Range Fail Range 

Grou 89 & over 80-89 70-79 60-69 50-59 Under 50 TOTAL 

White w 66 ( 2%) 987 (24%) 1645 (40%} 1076 (27%) 273 ( 7%) 20 (<1%} 4067 
• 

un 63 ( 2%) 857 (21%) 1758 (43%) 1021 (25%} 329 ( 8%) 39 (. l;l 

Hispanic w 4 ( 1%) 32 ( 9%) 100 (30%} 100 (30%) 65 (19%) 22 ( 7%) 339 

un 3 ( 1%) 33 (10%) 105 (31%) 101 (30%) 74 (21%) 23 ( 7%) 
-0-

"' 0 

Black w 0 (0%) 31 ( 2%) 167 (12%} 500 (36%} 522 (37%) 187 (13%) 1407 

un 1 ( 0%) 28 ( 2%) 227 (16%} 441 (32%) 465 (33%) 245 (.17%) 
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Group 

1\merican Indian 

Asian 

Black ..,. 
"' ,_, White 0 

Hispanic 

Table 25 

Percentages of race-ethnic groups in the civilian labor force, 
the 1978 applicant population (N = 6000), and the subgroups 
that passed the esc battery and the experimental battery -
unweighted and weighted. 

Percentages in 

Civil ian 1978 CSC Battery ExEerimental batter~ Eass grouE 
unweighted weighted 

Labor Force Applicant Sample Pass Group 

.3 1.0 1.0 1.2 1.1 

.8 1.0 1.1 1.3 1. 0 

9.7 24.0 8.9 7.6 6.4 

85.0 68.0 84.8 85.5 87.1 

4.2 6.0 4.2 4.4 4.4 

-
100.0 100.0 100.0 100.0 100.0 
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The effect of adding extra credit for veterans preference and OKT 
scores to the weighted experimental battery scores, compared to the un
weighted scores, is shown in Table 26 for sex and race-ethnic groups. 
As implied in earlier discussion, when weights were used, men tended to 
shift to higher scores and women to lower scores; only two shifts larger 
than 1% were noted among the race-ethnic groups: in the 90-99 range, 
Hispanics decreased from 6% to 4% and blacks increased from 0% to 3%. 

Tables 27 and 28 present summary data comparing the CSC battery and 
weighted and unweighted scores on the experimental battery. Table 27 
shows score distributions in the pass range, with extra credit included, 
and pass rates for the three battery scales. Table 28 gives descriptive 
statistics on the three battery scales for sex and race-ethnic groups. 

Finally, the intercorrelations of the three battery scores are shown 
in Table 29. 

CONCLUSIONS 

Given the high attrition rate of ATC trainees and the objective of 
developing improved methods of selecting applicants for the ATC occupa
tion, attention was focused on the selection tests used in the hiring 
process. The results obtained with the experimental test battery, which 
was developed in a series of research studies discussed in Chapter 18, 
were not unexpected. 

The number of applicants who scored high on the experimental battery 
(85 and above) was much smaller than on the CSC battery. Based on the 
validity studies reported in the following chapter, applicants who score 
high on the experimental battery can be expected to have very high proba
bility of success in the developmental training for the ATC occupation. 

Granting extra credit for military service is required by law. This 
does impact on the competitive appointment consideration for women, but 
does not appear to have a differential effect on individual minority 
groups. Aviation-related experience and knowledge, measured by the Occu
pational Knowledge Test, has been shown to be a positive predictor of suc
cess in ATC training (Chapter 16). Granting extra credit for the demon
stration of this knowledge improves the competitive position of selected 
applicants, but this is consistent with the objective of developing im
proved selection procedures in order to hire those applicants who demon
strate aptitude for air traffic control work and whose potential for suc
cess is greatest. 
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Groue_ 

Men 

Women 

_p. 
V> 
V> . 

White 

Hispanic 

Black 

Table 26 

Comparison of weighted scores on the experimental battery, before and after 
adding extra credit for veterans preference and OKT scores, in 4 ranges · 
of passing score, by sex and race-ethnic groups. 

Percentages in 

70-79 80-89 90-100 90-99 

Raw Score With Credit Raw Score With Credit Raw Score With Credit 
N=l968 N=l426 N=l076 N=1162 N=72 N=402 

74. 67. 77. 78. 88. 92. 

26. 33. 23. 22. 12. 8. 

N=l912 N=l381 N=l050 N=1136 N=70 N=392 

86. 85. 94. 93. 94. 93. 

5. 6. 3. 3. 6. 4. 

9. 9. 3. 4. o. 3. 

100+ 

With Credit 
N=l26 

96. 

4. 

N=l23 

94. 

5. 

1. 
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Test Battery 

Earned Rating 

CSC Battery 

Ex per. Battery - un 

Exper. Battery - w 

Table 27 

Score distributions in the pass range (extra credit included} 
for the esc battery, the unweighted experimental battery, and 
the weighted experimental battery. 1978 applicants, N = 5976. 

70-79 80-89 90-99 100+ Total Pass 

N Pet. N Pet. N Pet. N Pet. N Pet. 

1076 35 1086 36 644 21 229 8 3035 51 

1523 48 1156 36 374 12 111 4 3164 53 

1426 46 1162 37 402 13 126 4 3116 52 

All 
~licants 

N 

5976 

5976 

5976 



Table 28 

Means and Standard Deviations for CSC Battery and Experimental 
Battery (Unweighted and Weighted} for subgroups of lg78 applicants 
by sex and race-ethnic groups. 

esc Battery Exp. Battery - Un Exp. Battery - W 

Group Mean S.D. Mean S.D. Mean S.D. 

Men (N=4191) 210.0 46.0 101.9 22.6 227.3 55.5 
Women (N=l785) 199.8 49.3 98.3 22.7 210.7 56.1 

White (N=4067) 220. 1 39.8 107.5 19.0 241.5 46.7 
Hispanic (N=339) 191.7 49.7 93.9 23.4 206.5 56.1 
Black (N=l407) 165.0 45.8 79.6 21.0 170.5 47.2 
Asian (N=57) 210.7 48.3 103.8 21.7 235.8 50.8 
Amer. Indian (N=61) 204.5 41.6 99.2 20.5 222.9 49.6 

Total Group 207.1 47.2 100.5 22.7 222.3 56.2 
Pass Score 210.0 100.47) - 222.27 -
Transmuted Score 70.0 7o.ol - 70.02) -

llunweighted experimental battery 
Ts = 10 56(Rs-Rsx) + 70 . · RsSD where: 

Rs = Raw score on unweighted ATC test 
Rsx = Mean of unweighted ATC test (100.47) 
RsSD = Standard deviation of unweighted test battery (22 .67) 

2lweighted experimental battery 
Ts = 10 68(Rs-Rsx) + 70 where: · RsSD 

Rsx= 222.27 
RsSD = 56.22 
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Table 29 

Intercorrelations of CSC battery and experimental battery -
unweighted and weighted scores (with extra credit included). 

esc Exper. Exper. 
Battery Battery - Un. Battery - W. 

CSC Battery 1.00 .92 .88 

Exper. Battery - Un. 1.00 .97 

Exper. Battery - W. 1.00 
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Chapter 21 

VALIDITY AND UTILITY OF THE ATC EXPERIMENTAL TEST BATTERY 

STUDY OF ACADEMY TRAINEES, 19781 

Donald B. Rock, John T. Dailey, Herbert Ozur, 
James 0. Boone, and Evan W. Pickrel 

INTRODUCTION 

Following the extensive developmental analyses described in the 
preceding chapters, the next step was to validate the experimental 
test battery on an independent sample of subjects. This was accom
plished, using a new sample of ATC trainees attending the FAA Initial 
Qualification Terminal and EnRoute training program, who were enrolled 
between June and September, 1978. This study was summarized in the 
report by Rock, Dailey, Ozur, Boone, and Pickrel (1982) and the major 
findings are included in this chapter. 

High validity was obtained, consistent with earlier research. In 
addition, the superiority of the new (experimental) battery to the CSC 
battery that it replaced in 1981 is demonstrated by the following tabu~ 
lation of fail rates in Academy training for the two test batteries: 

Transmuted 
Score Range 

95+ 
90-94 
85-89 
80-84 
75-79 
70-74 
Below 70 

Percentage Failure Rate 
esc Battery 

22.8 
31.8 
39.7 
45.0 
50.0 
56.4 

in Academy Training 
Exper. Battery 

o. 
18.5 
20.4 
28.0 
42.2 
51.0 
79.2 

All of the trainees in this sample had previously passed the CSC battery 
to qualify for enrollment in the Academy. Nevertheless, there were 48 
(9.2%) of these who scored below 70 (the passing grade) on the experimen
tal battery and would not have been admitted. Of these, 38 (79.2) failed 
the program. At all other score levels, in the passing range, the failure 
rate on the experimen~al battery was lower than on the esc battery, and 
substantial! so in the range above 75. 

DESCRIPTION OF THE STUDY 

Study Sample 

The sample of trainees included in this validation study consisted 
of 953 new trainees attending the FAA Academy during the period June 1978 

1 Prepared by S. B. Sells 
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through December 1978. As in previous studies, tests were ad~inistered 
on a voluntary basis on the first day of attendance at the Academy. The 
composition of the sample with respect to sex and racial groups is shown 
in Table 1, and the present sample is compared with the 1978 applicant 
sample (discussed in the preceding chapter), in Table 2, which shows the 
subgroups that passed the esc battery (with a passing score of 70) and 
that passed the CSC battery with a total score (including extra credit) 
of 90 or over. 

As shown in Table 2, the representation of minorities in the trainee 
sample was somewhat greater than would have been expected if all trainees 
had been selected through competitive appointment processes from the OPM 
registers. Because of the large number of applicants in relation to the 
relatively small number of vacancies, competitive selection of ATC trainees 
has normally been made in score ranges above 90. As shown in Table 2, 
white applicants comprised 91% of all applicants who scored 90 or higher 
on the esc battery (on earned ratings including extra credit for veterans 
preference and OKT scores). However, in the present sample of 953 trainees, 
whites represented only 88% of the total. This discrepancy is accounted 
for by the Predevelopmental Program discussed below. 

Because of the difficulties in hiring women and minorities through 
competitive appointment processes from OPM registers, FAA established an 
alternate recruitment program in 1968 which provides for non-competitive 
appointment of individuals who are already federal employees with status 
in the career Civil Service system. These individuals are required to 
pass the same ATC test battery with a score of 70 or more as the appli
cants appointed from the OPM register. However, having passed the test, 
they can be hired at the GS-5 level non-competitively. This alternative 
recruitment program is identified as the ATC Predevelopmental Program. 

Approximately 200 ATC trainees have been hired each year through this 
alternate recruitment program. This represents about 10% of annual new 
ATC hires. These employees have received a year of predevelopment train
ing in air traffic control related subjects, including 17 weeks of formal 
classroom instruction at the Predevelopmental Training Center at the Uni
versity of Oklahoma, followed by training assignments at FAA Terminal 
and EnRoute centers, and Flight Service Station field facilities. Upon 
completion of predevelopmental training, these employees have been pro
moted to GS-7 (the normal entry grade for ATC trainees) and assigned to 
the FAA Academy for Initial ATC Qualification Training. 

In order further to understand the composition of the 1978 ATC trainee 
group, Table 3 identifies the predevelopmental employees included in the 
sample, by sex and race-ethnic group. It is evident that the ?redevelop
mental recruitment program has provided a major avenue for entry of women 
and minorities into the GS-7 Initial Qualification ATC training program. 
About 12% of this 1978 ATC trainee sample entered the ATC occupation 
through the Predevelopmental Program. Approximately 35% of the women, 52% 
of the Hispanics, and 68% of the blacks in this group of over 900 ATC 
trainees came into the occupation through Pre-developmental recruitment 
efforts. 
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Table 1 

Sex and race-ethnic composition of the study sample of 
953 Academy trainees -- June - December, 1978. 

Group 

Men 

Women 

Not identified 

White 

Black 

Hispanic 

Asian 

Number 

800 

141 

12 

839 

81 

23 

10 

461. 

Percent 

85.0 

15.0 

88.0 

8.5 

2.4 

1.1 



Group 

Men 

Women 

White 

Black 

Hispanic 

Asian 

Table 2 

Comparison of 1978 trainee sample with the 1978 applicant sample, 
for sex and race-ethnic groups, by subgroups of the total applicant 
sample, those who passed the esc battery, and those who earned 90 
or higher on the esc battery. 

Total 
Applicants 

N Pet. 
4191 70 

1785 30 

1978 Applicant Sample 
Passed Passed CSC 

CSC Battery Battery, Score 90+ 
N Pet. N Pet. 

2236 74 722 82.6 

799 26 151 17.2 

791 91.0 

26 3.0 

31 3.6 

15 1. 7 

1978 
Trainee Sample 

N Pet. 
800 85 

141 15 

839 88.0 

81 8.5 

23 2.4 

10 1.1 

Amer. Indian 

4067 68.6 

1407 23.7 

339 5. 7 

57 1.0 

61 1.0 

2556 84.8 

264 8.8 

128 4.2 

35 1. 2 

31 1.1 6 . 7 0 0 
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Group N 

Men 739 

Women 92 

831 

White 797 
~ 

"' "' Black 26 

Hispanic 11 

Asian 9 

843 

• 
Table 3 

Compo5ition of the 1978 trainee sample by non-Predevelopmenta1 and 
Predevelopmental trainees and by sex and race-ethnic groups. 

Non-Predevelopmental, Predevelopmental, 
Com~etitive A~~ointees Non-Com~etitive A~~ointees 

Pet. of Grou:e_ Pet. of Total N Pet. of Grou~ Pet. of Total 

88.9 92.4 61 55.5 7.6 

ll. 1 65.2 49 44.5 34.8 

100.0 88.3 110 100.0 ll. 7 

94.5 95.0 42 38. l 5.0 

3. l 32. l 55 50.0 67.9 

1.3 47.8 12 10.9 52.2 

l.l 90.0 l 1.0 10.0 

100.0 88.5 110 100.0 11.5 

Total 
N Pet. 

800, 100. 

141 100. ----
941 100. 

839 100. 

81 100. 

23 100. 

10 100. 

953 100. 



Table 4 compares the 1978 trainee sample with the Civilian Labor 
Force (CLF) in relation to trainees hired competitively (non-predevelop
mental) and noncompetitively (predevelopmental). The total sample dif
fers from the CLF in that it is higher in the percentage of men and 
lower in the percentage of women. In the non-predevelopmental subsample, 
the black and Hispanic minorities and the women show a large excess over 
their strength in the CLF, as intended. 

Predictor Tests 

Since the study sample had already taken the CSC battery, the scores 
on the total battery and the two tests from that battery that were re
tained in the experimental battery (CSC-24 - Arithmetic Reasoning and 
CSC-157 -Abstract Reasoning) were to be retrieved from FAA records. The 
additional tests administered at the FAA Academy were: 

MCAT (4o6e, 4e6o, 6o7e, 6e7o, 7o4e, and 7e4o) 
OKT lOlB (100 times), lOlC (60 items, and 
102 A, B, C, D, E, F, G, H (80 items keyed in each). 

In this study, two of the parallel forms of MCAT were administered 
to each student. MCAT 1 was the designation of the first form administered 
in each case, and MCAT 2, of the second form. The intercorrelations•of 
raw scores for each half- or part-test on each of two parallel forms of 
MCAT administered to 617 ATC students at the Academy are shown in Table 5. 

The correlation between variables 3 (MCAT l Total) and 6 (MCAT 2 Total) 
in Table 5, which is .60, represents the test-retest correlation between 
comparable 2-part, 35 minute forms of MCAT, and is equivalent to a relia
bility of .75 for the combined score for this restricted group. In an un
restricted population (e.g. applicants) the same reliability coefficient 
would be .88. About 265 trainees in the total sample (of 953) were ad
ministered form 101B or lOlC of the OKT; for purposes of analysis in the 
present study, these test scores were converted to a scale common to the 
eight versions of Form 102 of the OKT. 

Means and standard deviations of scores on the tests administered and 
on the two CSC tests for which scores were retrieved are shown in Table 6; 
note that the N's for the CSC tests were only 592, 'indicating missing data 
on these for 38% of the sample. The parameters observed in this table are 
closely similar to those reported for the same tests in earlier studies. 

Since about 12% of the 953 ATC trainees entered the training program 
through the Predevelopmental Program, it was of interest to establish the 
extent to which mean scores and standard deviations on each of the tests 
differed between the predevelopmental and non-predevelopmental groups. 
Table 7 provides the descrirtive statistics for each of these groups by 
sex. It is important to recognize that the scores for the predevelopmental 
trainees on MCAT and OKT were obtained after they had completed a year of 
training. Scores on the CSC-24 and CSC-157 tests were obtained for both 
groups based on the esc test battery administered prior to employment in 
the ATC occupation. 
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Group 

Men 

Women 

White 

Black 

Hispanic 

Asian 

Table 4 

Percentage composition of sex and race-ethnic groups in the 1978 
trainee sample in comparison to the Civilian Labor Force, by 
Non-Predevelopmental and Developmental components. 

Civilian 
Labor Force 

62.0 

38.0 

85.0 

9.7 

4.2 

.8 

Non-Predevelopmental 
Trainees 

89.0 

11.0 

94.5 

3. 1 

1.3 

1.1 

Predevelopmental 
Trainees 

55.0 

45.0 

38.0 

50.0 

11.0 

1.0 

Amer. Indian .3 0 0 

Total 
Sample 

85.0 

15.0 

88.0 

8.5 

2.4 

1.1 

0 



Table 5 

Intercorrelations of MCAT raw scores (number right) for each 
half- or part-test on each of two parallel forms administered 
to 617 1978 trainees. 

First test (MCAT 1) 

1. First half 

2. Second half 

3. Total 

Second test (MCAT 2) 

4. First half 

5. Second half 

6. Total 

1 2 

.58 

466. 

3 

.89 

. 89 

4 

.48 

.48 

.89 

5 

.42 

.49 

.89 

. 52 

6 

• 51 

.56 

.60 

.85 

.89 



Table 6 

Means· and stauuard deviations of men, women, and race-ethnic groups 
on the tests of the experimental battery and the OKT, 1978 trainee 
sample. 

MEN WOMEN TOTAL 

Test N Mean SD N Mean SD N Mean SD 

MCAT 1 800 37.4 6.9 141 34. l 7.8 953 36.9 7.1 
MCAT 2 800 42.9 5.8 141 40.7 6.4 953 42.6 6.0 
esc 24 515 46.6 6.5 67 47.2 7. 1 592 46.6 6.6 
esc 157 515 38.8 6.2 67 39.8 6.0 592 38.8 6.2 
OKT 800 64.9 15.5 141 57.7 15. 1 953 63.9 15.6 

ASIAN HISPANIC BLACK WHITE ... 
"" ..... Test N ~1ean SD N Mean SD N Mean SD N Mean SD 

MCAT 1 10 36.2 4.7 23 37.1 6.6 81 29.8 7.9 839 37.6 6.7 
MCAT 2 10 43.2 5.7 23 42.7 7.4 81 36.6 6.8 839 43.2 5.5 
esc 24 1 44.0 - 7 48.7 6.3 39 44.2 7. 1 545 46.9 6.5 
esc 157 1 43.0 - 7 38.7 5.4 39 35.3 6. 1 545 39.1 6.2 
OKT 10 61.3 1:-1 'i 23 59.0 19.9 81 66.2 13. 1 839 63.9 15.8 
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"' 00 

MCAT 1 
MCAT 2 
CSC-24 
CSC-157 
OKT 

N 
739 
739 
495 
495 
739 

Table 7 

Means and standard deviations of men and women in the 
Non-Predevelopmental and Predevelopmental Groups of 
1978 trainees on tests in the experimental battery 
and OKT. 
Non-Predevelopmental Predevelopmental 

ATC Trainees ATC Trainees 
Men Women Men Women 

Mean so N Mean so N Mean so N Mean so 
37.8 6.6 92 35.2 7.4 61 32.3 8. 1 49 32.4 7.9 
42.3 5.4 92 41.5 6.2 61 38.3 8.1 49 39.5 6.8 
46.7 6.5 48 48.1 7. 1 20 44.3 6.6 19 45.0 6.7 
38.9 6.2 48 40.8 5.7 20 35.6 5.7 19 37.3 6.2 
64.4 15.7 92 52.0 15.6 61 72.5 10.8 49 66.1 9.4 

_j 



On all tests except OKT, the mean score of the predevelopmental 
group was lower than that of the non-predevelopmental group. On OKT 
it is evident that the year of predevelopmental training for trainees 
who were hired non-competitively was successful in providing knowledge 
on air traffic rules, regulations, and procedures, which the OKT was 
designed to measure. Both men and women predeveloprnentals scored sig
nificantly highet than their non-predevelopmental counterparts as re
flected by the mean scores on OKT for the two groups. In addition, the 
standard deviations on OKT for the predevelopmental group were consi
derably lower, indicating a much more restricted range of test scores. 

On the two CSC tests (157 and 24), women in both groups scored some
what higher than men. This is consistent with the pattern derived from 
the 1976-1977 ATC applicant group (Chapter 19) and the 1978 ATC appli
cant group, discussed in the preceding chapter, who passed the esc bat
tery. 

Men and women in both groups increased their mean test scores on 
the second administration of the MCAT. However, the difference in mean 
scores between the predeveloprnental and the non-predevelopmental groups 
remained fairly constant for each of the tests. Men in the predevelop
mental program scored between four and five points lower and predevelop
mental women between two and three points lower on each of the tests, 
compared to non-predevelopmental trainees. 

Table 8 presents means and standard deviations for the pre-develop
mental and non-predevelopmental trainees by race-ethnic group. As a 
group, the predeveloprnental trainees scored lower on all tests in com
parison with the non-predeveloprnental trainees, except on OKT. The 
greatest differences in mean scores were associated with the MCAT, which 
also had greater score ranges for the predevelopmental group. These 
differences were generally evident within each of the race-ethnic groups, 
as well. On the OKT, predevelopmentals in each race-ethnic group gen
erally scored significantly higher, with a more restricted range of scores, 
than their non-predevelopmental counterparts. However, it does not appear 
that the academic ATC knowledge acquired during the one year of training 
by the predevelopmental group carried over, in application to the MCAT. 
On the MCAT, there was a consistent learning pattern between the first 
and second administration of the test for all trainees, although the non
predeveloprnental trainees generally maintained a constant difference in 
mean scores on both tests, compared to the predevelopmental trainees. 
This pattern supports the use of a double length MCAT as a means of meas
uring this "learning ability" among applicants. 

Criterion-Performance Measure 

, The criterion measure adopted for test validation in the present study 
:;;was pass vs fail (including withdrew) in the ATC Academy training course. 
·"'Of the trainees who withdrew, those who did so for medical reasons or be
'cause of personal or family emergencies, were excluded from the sample, 
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Table 8 

Means and standard deviations of race-ethnic groups of 1978 trai-nees 
for Non-Predevelopmental and Developmental trainees. 

Non-Predevelopmental ATC Trainees 

White Black Hispanic Asian Total 

N Mean so N Mean so N Mean so N Mean so N Mean so 
MCAT 1 778 37.7 6.7 24 30.8 6.4 11 41.7 4.7 8 36.4 5.2 821 37.5 6.7 
MCAT 2 778 43.2 5.4 24 38.5 5.6 11 43.2 5.3 8 43.4 5.7 821 43.1 5.5 
esc 24 532 46.9 6.5 15 42.4 7. 1 4 51.8 6.2 1 44.0 - 552 46.9 6.5 
esc 157 532 39.1 6.2 15 35.4 6.3 4 42.0 3.6 1 43.0 - 552 39.0 6.2 
OKT 778 63.5 16.0 24 58.3 15. 1 11 48.1 20.5 8 60.9 15.4 821 63.1 16.1 

~ ..... Predevelopmental ATC Trainees 0 . 
White Black Hispanic Asian Total 

N Mean so N Mean so N Mean so N Mean so N Mean so 
MCAT 1 43 36.4 6.9 56 29.5 8.3 12 32.9 5.2 1 34.0 - 112 32.6 8.1 
MCAT 2 43 42. 1 6.0 56 35.9 7. 1 12 42.3 9.2 1 37.0 - 112 39.0 7.5 
esc 24 13 43.9 6.8 24 45.4 7.0 3 44.7 4.5 - - - 40 44.8 6.6 
esc 157 13 38.2 6.5 24 35.3 6.1 3 34.3 4.5 - - - 40 36.1 6.1 
OKT 43 70. 1 10.3 56 69.9 10.4 12 69. 1 13.6 1 60.0 - 112 69.7 10.7 



since their training was interrupted through no cause of the student. In 
those cases, the student was allowed to reenter training after the medical 
situation or emergency was resolved. 

Essentially all of the students who fail or withdraw do so in the lab
oratory phase of training which requires the trainees to demonstrate and 
apply their knowledge and skill to air traffic control prob1ems conducted 
in a laboratory environment. The structure of the grading of the laboratory 
phase of training is provided in Figure 1. Estimated reliability for the 
six EnRoute control problems is .79, and .75 for the Terminal control prob
lems, for students attending the FAA Academy during the period June-December 
1978. 

The ATC laboratory tra1n1ng phase consists of six operational ATC 
problems designed to replicate the non-radar air traffic control environ
ment. Trainees conduct identical control problems within a common air 
traffic control sector, using identical equipment and evaluation criteria 
for each ATC option. These operational problems provide stimulus and de
cision-making conditions representative of the job environment and require 
responses from the trainees in terms of actions that are both possible and 
required to control air traffic on-the-job with a minimum of restrictions. 
Students are given a series of practice problems before each of the six 
graded problems, as part of the training and learning process. Each 
graded operational problem takes about one hour and is scored by an in
structor using established grading standards for defined types of student 
errors or deficiencies. Additionally, each student's performance is 
evaluated by the instructor on a rating scale of 40 to 100. Each problem 
is scored and evaluated by a different instructor. 

After the operational problems, a Controller Skills Tests (CST, See 
Chapter 12) is administered. This test was designed to measure the appli
eation of knowledge and skills taught during the first months of training. 
three basic elements for evaluation are distributed within the test: 
(1) application of aircraft separation standards -- students must respond 
._control situations presented by flight strips and charts; (2) responding 
to or forwarding information received, which pertains to coordination of 
aircraft movement or information with other controllers; and ( 3) other 
ATC control items, such as board management, timeliness of actions, and 

• "*.as eo logy. The CST is a 100-item multiple choice test with an admini
lt~ation time of one hour. The correlation between the average score on 

six operational problems and the CST for this group of trainees was 
for those in the Terminal option (N=454) and .54 for EnRoute students 
3). 

During academic training the ATC Laboratory Phase, a block test is 
~~n •. otered for each subject. A comprehensive knowledge test is also 
~~nJcotered to measure the degree to which students have learned the sea

portions of ATC subjects taught during laboratory training. This 
.,.tel~ettsive phase test is administered prior to giving any operational 

control problems. Figure 1, eariier, provides a breakdown of 
•i1~tltde•nt 1 s total score for this phase of training is derived. Students 
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La:. Average 
•6s.o: 

**Extra Credit· Sixth Extra Credit 

13.001 Problem lutruetor AaaeaRent 
Probl1111 Errore 

**lc.s t l"UC tor Fifth Extra Credit 

AssesS't:le:::!: Probls Instructor Aases~eDt 

19.,5,0: Problc I;:rors 

Fot.:rth Extra Credit 

Problem Instructor Assessment 
Problem Errors 

Third Extra Credit 

Problem Errors Probl• Instructor Aaaessment 

32.50%. Problem Error• 

Second Extra Credit 

Probl• Instructor Aaaea .. eut 
Probl• Errc•rs 

Firat !ztra Credit 

Probl• Instructor Assessment 
Probl• !rrora 

Coatroller Skill• T&lt 25.00% 

Coaprehenoivo Phaae Teat 8.00% 

Block Averase 2.00% 

2.60~ 
3.90~ 
6.50% 

2.60:; 
3.90~ 
6.50~ 

2.6'J~ 

3.9.:.- ... 
6.50% 

l. 30~ 
1.95% 
3.2S~ 

1.30% 
l. 95% 
3.25: 

1.30% 
1.95: 
3.25% 

*The lab avera&• conatitut .. 651 of the total score for thia phase of ArC trainina. 

·~ each lab problem the tDatructor atvea • performance rating for that problem 
that 11 averaaed with the etudeut'a problem performance. Since the rating is 
aot allowed to be belov 40, uatmtially the atudent ia pven a certain Dount of 
extra credit 1D the computation of the ptoblem averaae. Each of the aix problems 
1a aradad by a diffaraut instructor. 

Figure 1. Components and weights used in computation of the FAA 
Academy Laboratory Training Total Score. 
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must complete this phase of training with a total score of 70 or more to 
pass the FAA Academy and continue on-the-job training at assigned ATC 
facilities. 

Method 

The data were ana].yzed by multiple regression analysis, using the 
experimental test battery with and without OKT, to determine the multiple 
correlation of the test battery with the pass-fail status of the trainees. 
Separate regression analyses were conducted for the total group, for sub
groups of men and women, and for race-ethnic groups where subsample sizes 
warranted. 

The selection utility of the test battery was examined to assess the 
impact on training costs, and the impact on the sample of ATC trainees in 
terms of those who would (or would not) have been hired if the test bat
tery had been used for selection decisions. In addition, an analysis was 
made of the pass-fail status of those who would have been eligible or in
eligible for hiring based on the experimental test battery. 

RESULTS 

Final Sample 

As indicated earlier, the total sample of 953 ATC trainees was re
duced by missing data on a number of variables. Table 9 shows the number 
of trainees who had data available on each of the critical variables, by 
sex and race-ethnic groups. It is clear that the largest reduction of 
the sample was occasioned by the loss of over 370 cases on the two esc 
tests. In order to assess bias due to the missing data, means and stan
dard deviations of the total sample and for those with and without the 
CSC tests were compared on the two MCAT scores, the OKT, the total CSC 
battery score, the esc battery earned rating, and pass-fail. These data 
are shown in Table 10; note that the sample size varies for the different 
measures compared. 

The t-tests in Table 10 (and the z-test for pass-fail) refer to the 
differences between the means of the sample with esc 24 and 157 and the 
sample without these tests. 

It is not surprising that significant differences were observed be
. tween the groups on some of the measures, in view of the sample sizes. 
Their practical significance, however, is a matter of judgment. One ap
propriate index of practical significance is the estimated effect size, 
11 defined by Cohen (1969). For differences between means, the value of 
11d" is an estimate of the proportion of the standard deviation represented 
_by the actual difference between the parameters. The value "h" is esti-

by the difference between the arcsine values of the two sample pro
. Jil>rtions. Cohen categorized the effect size of d or h as large ( .80), 

(.50), and small (,20). Inspection of the effect sizes in Table 
shows that all effects were below what Cohen classifies as small, 

the exception of the esc transmuted score, which slightly exceeds 
criterion for small. 
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Table 9 

Numbers of trainees with data available, by known status as pre-
developmental or non-predevelopmental,.sex, and race-ethnic groups, 
on the new tests (MCAT 1 and 2 and OKT), the esc tests in the 
experimental battery (CSC 24 and 157), and pass-fail in training. 

MCAT 1 
Status as Predevel. MCAT 2 esc 24 

Groups or Non-Predevel. OKT esc 157 Pass-Fail 

Men 788 800 515 790 

Women 133 141 67 137 
921 941 582 927 

White 821 839 545 821 

Black 90 81 39 79 

Hispanic 23 23 7 23 

Asian 9 10 1 9 
933' 953 592 932 
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Table 10 

Comparison ot the total sample and those trainees with and without-
CSC 24 and 157 on MCAT, OKT, and esc battery scores (raw and earned 
rating) and on pass-fail percentage. 

Total Sample with Samp 1 e without Signif. 
Sam~le esc 24 & 147 esc 24 & 157 T~st 

Variable N M or p S.D. N M or p S.D. N M or p S.D. t.or Z 

MCAT 1 953 36.88 7. 12 592 37.07 6.94 361 36.56 7.40 1.07 
MCAT 2 953 42.59 5.96 592 43.01 5.87 361 41.90 6.05 2.80** 
OKT 953 63.92 15.64 592 63.23 15.82 361 65.04 15.31 -1.75 
esc raw score 704 87.51 7.69 591 87.21 7.62 113 89.08 7.88 -3.10** 
esc E. R. 651 94.93 5.66 540 95.07 5.43 111 94.22 6.61 1.441) 
Pass/Fai 1 (p) 939 .63 .48 585 .62 .49 354 .64 .48 - .62 

**p< .01 

l)z-test; the remainder of entries in this column are t-tests between the means of the sample with 
and the sample without esc 24 and 157. 

Estim. 
Effect 
Size 

d 

.07 

. 19 

.12 

.24 

.14 

.04 



Further analyses were based on sex and race, in addition to test 
scores. Test scores on MCAT 1, MCAT 2, and OKT were examined for sta
tistically significant differences by race and sex, between the train
ees with scores on CSC 24 and 157 and those without scores on these 
tests. Table 11 shows the results. No t-tests were computed for the 
Hispanic and Asian groups because of the small sample sizes. It ap
pears that group differences were not significant mor the women or the 
blacks. Statistically significant differences were found for the men 
and the whites, for which the sample sizes were large. However, the 
D values for estimated effect size in Table 11 were all below Cohen's 
criterion for small. 

Whether the two groups can be considered equivalent cannot be an
swered definitively. However, the analysis supports the assumption 
that they are, considering that --

No group differences were found on four of the measures (Table 10). 

No group differences werre found for the women or blacks. 

Where group differences were found, the estimated effect sizes were 
sma 11. 

Where group differences were statistically significant, they were 
in a positive direction for MCAT, but a negative direction for OKT. 
They did not consistently favor one group or the other. 

Table 12 shows the distribution of the total sample of 953 trainees, 
in comparison to the 592 trainees who had scores on all test variables, 
by predevelopmental and non-predevelopmental groups, 

Test Results 

Of the total of 953 trainees in the sample, complete data on all 
test variables were available for 582, described by sex, and 592, de
scribed by race-ethnic group. Total weighted test battery scores, based 
on MCAT 1 and 2, CSC 157, and CSC 24, were computed for this total re
duced sample and for the subsamples of non-redevelopment and predevelop
mental trainees, by sex and race-ethnic groups and pass-fail on the test 
battery. At this point, OKT scores were not considered. The tests were 
given weights as follows: 

Battery Score ~ 2(MCAT 1)+2(MCAT 2)+l(CSC 157)+l(CSC 24) 

Means and standard deviations for the various groups are shown in Table 
13. It should be pointed out that the sum of passed and failed train
ees in some cases does not equal the number shown for the total group. 
For example, the sum of the 320 men who passed and the 189 who failed 
is 509, compared to 515 shown for the total group. This occurred be
cause of the six trainees in the total group for whom information by sex 
was not available. 
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Table 11. 

Compari.son of sex and race-ethnic groups with and without 
esc 24 and 157 on MCAT 1 and 2, MCAT Total 'r.ore, and OKT 

Est. 
Sample with Sample without Signif. Effect 

Total Samele esc 24 & 157 esc 24 & 157 Test Size 

Group Test N Mean so N Mean so N Mean so t d 

Men MCAT 1 800 37.4 6.9 515 37.6 6.6 285 37.0 7.3 2.31* .09 
MCAT 2 800 42.9 5.8 515 43.3 5.7 285 42.2 6.0 6. 11** . 19 
MCAT TOT 800 80.3 11.25 515 80.9 10.9 285 79.2 11.8 2.46* . 15 
OKT 800 64.9 15.5 515 64.1 15.8 285 66.5 14.8 -1.85 . 16 

Women MCAT 1 141 34. 1 7.8 67 33.3 8.0 74 34.8 7.7 - .81 . 19 
MCAT 2 141 40.7 6.4 67 40.7 6.6 74 40.6 6.3 .08 .02 
MCAT TOT 141 74.8 13. 1 67 74.0 13.3 74 75.4 13.0 - . 27 .11 
OKT 141 57.7 15. 1 67 56.3 14.3 74 58.9 15.8 - .38 . 17 ..,. ...., ...., 

White MCAT 1 839 37.6 6.7 545 37.7 6.6 294 37.4 6.9 1.25 .04 
MCAT 2 839 43.2 5.5 545 43.5 5.4 294 42.5 5.6 6.25** . 18 
MCAT TOT 839 80.7 10.8 545 81.2 10.5 294 79.9 11.1 . 2. 17* . 12 
OKT 839 63.9 15.8 545 63. 1 15.8 294 65.4 15.5 -1.78 .15 

Black MCAT 1 81 29.8 7.9 39 29.7 7.7 42 29.8 8.2 - .03 .01 
MCAT 2 81 36.6 6.8 39 36.3 7.5 42 36.9 6.1 - .26 .09 
MCAT TOT 81 66.4 13.2 39 66.0 13.9 42 66.7 12.8 - . 01 .05 
OKT 81 66.2 13. 1 39 65.6 13.4 42 66.8 13.0 - .14 .09 

Hispanic MCAT 1 23 37. 1 6.6 7 33.4 6.7 16 38.8 6. 1 
MCAT 2 23 42.7 7.4 7 40.1 5.7 16 43.8 8.0 
MCAT TOT 23 79.8 12.2 7 73.5 9.5 16 82.6 12.5 
OKT 23 59.0 20.0 7 60.4 24.7 16 58.4 18.4 

Asian MCAT 1 10 36.2 4.7 1 31.0 - 9 36.8 4.6 
MCAl' 2 10 43.2 5.7 1 42.0 - 9 43.3 6.0 
MCAT TOT 10 79.4 9.5 1 73.0. - 9 80.1 9.8 
OKT 10 61.3 13.7 1 86.0 - 9 58.6 11.2 
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Table 12 

Composition of the Initial and Reduced Sample for all trainees, 
predevelopmental trainees, and non-predevelopmental trainees, 
by sex and race-ethnic groups. 

A 11 Trainees Predevelopmental Non-Predevelopmental 

Initial Reduced Initial Reduced Initial Reduced 
Sample Sample Sample Sample Sample Sample 

Group N Percent N Percent N Percent N Percent N Percent N Percent 

Men 800 85.0 515 88.5 61 55.5 20 51.3 739 88.9 495 91.2 

Women ....ill ...liJl. ___M __ll_.2 ~ 44.5 _ll 48.7 ~ 11.1 48 8.8 --
Total 941 100.0 582 100.0 110 100.0 39 100.0 831 100.0 543 100.0 

..,. 
-.J 
00 

White 839 88.0 545 92.0 42 38. 1 13 32.5 797 94.5 532 96.4 

Black 81 8.5 39 6.6 55 50.0 24 60.0 26 3.1 15 2.7 

Hispanic 23 2.4 7 1.2 12 10.9 3 7.5 11 1.3 4 .7 

Asian 10 1.1 1 .2 1 1.0 - - 9 1.1 1 _._2 -- - -- --

Total 953 100.0 592 100.0 110 100.0 40 100.0 843 100.0 552 100.0 

~-~~----- --- ------- ~- ---~--~--~ -------·· 
--· --------------------------



Table 13 

Means and standard deviations for sex and race-ethnic groups 
on the weighted experimental battery scores in the total reduced 
sample and the non-predevelopmental and predevelopmental sub-
samples who passed and failed the battery. 

Total Trainees 

Pass Fail Total 
§roup N Mean so N Mean so N Mean so 
Men 320 255.0 22.5 189 234.2 28.9 515 247.2 26.9 
Women 34 246.6 22.9 32 223.2 32.4 67 235.1 29.9 

White 345 254.7 22.7 194 237.0 27.6 545 248.3 25.9 
Black 12 240.0 15.9 26 198.5 23.1 39 211.5 28.2 
Hispanic 4 244.8 27.3 3 221.0 12.5 7 234.6 24.2 
Asian 1 233.0 1 233.0 

Total 592 245.6 27.6 

Non-predevelopmental 

Pass F ai 1 Total 
Group N Mean SO N Mean so N Mean so 
Men 313 255.3 22.4 176 236.7 27.4 495 248.5 25.8 
Women 26 248.8 22.6 21 233.3 30.5 48 241.4 27.1 
White 338 254.9 22.6 188 237.6 27.4 532 248.3 25 .. 9 
Black 5 236.2 15.4 9 203.0 18.7 15 214.3 22.9 
Hispanic 2 267.5 10.6 2 228.0 4.2 4 247.8 23.7 
Asian 1 233.0 1 233.0 
Total 552 247.6 26.1 

Predevelopmental 

Pass Fail Total 
N Mean SO N Mean SO N Mean so 
7 242.4 24.8 13 200.4 27.2 20 215.1 33.0 
8 239.5 23.9 11 204.0 27.8 19 218.9 31.3 
7 248.7 30.9 6 217.8 29.3 13 234.5 33.0 
7 242.7 16.9 17 196.2 25.4 24 209.7 31..5 
2 222.0 7. 1 1 207.0 3 217.0 10.0 

60 218.3 32.5 
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The same weighting formula was also applied, with the addition of 
OKT, to evaluate the added influence of that test. OKT was not intended 
to be included in the decision concerning pass-fail on the test battery, 
but rather as an alternative to the OPM Rating Guide, as used in 1978, 
to award extra credit for aviation-related knowledge. In this proce
dure, OKT was given a weight of 1: 

Battery Score = l(MCAT 1)+2(MCAT 2)+l(CSC 157)+l(CSC 24)+l(OKT) 

Means and standard.deviations for these scores are shown in Table 14. 
Here it is apparent that the differences in test performance of the 
groups that passed and failed the battery were consistent. For example, 
the mean scores of all the pass groups were above 300 and of all the 
fail groups, below 300, and the differences between pass and fail group 
means were generally around one standard deviation. This pattern also 
held generally for the weighted test battery with OKT scores excluded 
(Table 13). 

Intercorrelations and Multiple Regression Analysis 

Table 15 presents the intercorrelations of the 2 MCAT forms, the 
OKT, and esc tests 157 and 24 and the correlations of each with pass
fail in the Academy, for the total reduced sample and for men, women, 
whites, and blacks; other race-ethnic groups were excluded because of 
small sample size. The correlations with pass-fail and zero-order 
validity coefficients for the restricted trainee population. Correc
tion for restriction of range was not a concern in this analysis, since 
the objective was to compute regression equations and determine the 
relative contribution of the component tests to the prediction of the 
criterion (pass-fail in training). However, in order to afford some 
understanding of the effect of restriction of range in this case, Table 
16 compares the restricted validity coefficients reported by Boone 
(1979b) for the same tests on the 1976-1978 sample of 1827 ATC trainees. 
It is apparent that the estimated true coefficients were substantially 
higher than the restricted correlations. 

The restricted correlations were included in the calculation. of mul
tiple regression equations, as shown in Table 17. The OKT was excluded 
from these calculations. The table shows the predictors i~ a constant 
order, with R (the multiple correlation coefficient) and R incremented 
as each variable was entered. Note that the Beta weights vary in the 
sex and race-ethnic group sample.s. Of the four tests, esc 24 and 157 
made the largest contributions to prediction for the women and blacks, 
although their contributions in the total sample were small. This is 
emphasized in the following tabulation: 
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Table 14 

Means and standard deviations for sex and race-ethnic groups 
on the weighted experimental battery scores (including OKT 
weighted l) in the total reduced sample and the non-
predevelopmental and predevelopmental subsamples who passed 
and failed the battery. 

Total Trainees 

Pass Fail Total 
Group N Mean so N Mean SD N Mean SD 

Men 320 321.7 25.6 189 294.0 29.8 515 311.3 30.3 
Women 34 307.3 28.5 32 275.2 33.3 67 29.14 34.5 

White 345 320.5 26.3 194 295.2 29.4 545 311.3 30.0 
Black 12 310.2 18.0 26 261.8 28.7 39 277 .l 33.8 
Hispanic 4 312.0 34.3 3 272.3 11.0 7 295.0 32.8 
Asian l 319.0 1 319.0 

Total 592 309.0 31.4 

Non-~redevelo~mental 

Pass Fail Total 
Group N Mean SD N Mean SD N Mean SD 

Men 313 321.6 25.6 176 295.9 28.6 495 312.2 29 .. 4 
Women 26 308.9 29.0 21 278.4 34.4 48 294.7 34.6 

White 388 320.6 26.0 188 295.6 29.4 532 311.5 29.8 
Black 5 302.0 8.2 9 259.9 18.2 15 275.0 24.8 
Hispanic 2 321.0 55.2 2 272.0 15.6 4 296.5 43.5 
Asian l 319.0 l 319.0 
Total 552 310.5 30.3 

PredeveloRmental 

Pass Fail Total 
Grou~ N Mean SD N Mean SD N Mean SD 

Men 7 324.4 27.8 13 268.7 34.5 20 288.2 41.7 
Women 8 302.3 28. l 11 269.0 31.6 19 283.0 33.9 

.White 7 315.4 39.6 6 285.2 29.0 13 301.5 37. 1 
Black 7 316.0 21.3 17 262.9 33.4 24 278.4 38.9 
Hispanic 
Asian 

2 303.0 12.7 l 273.0 3 293.0 19.5 

40 287.0 38.1 
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Table 15 

Jntercorrelations and correlations with pass-fail in Academy 
training of the MCAT 1, MCAT 2, OKT, CSC 157, and CSC 24, for 
the total reduced sample, men, women, white, and black trainees .. 

Total Reduced Sample 
(Minimum N=585 -- Criterion and CSC 24) 

MCAT 1 MCAT 2 OKT CSC 24 CSC 157 Pass-Fail 
Test (N=953) (N=953) (N=953) (N=592) (N=592) (N=585) 

MCAT 1 
MCAT 2 
OKT 
esc 24 
esc 157 

MEN 
(Minimum N=509 -- Criterion and CSC 24) 

.60 

MCP.T 1 MCAT 2 OKT esc 24 CSC 157 Pass-Fail 

.08 
012 

.29 

.20 
-.24 

.21 

.20 
-.14 

010 

.35 

.37 

.25 

.1 0 

.18 

WOMEN 
(~1inimum N=66 -- Criterion and CSC 24) 

MCAT 1 MCAT 2 OKT CSC 24 CSC 157 Pass-Fail 
Test (N=800) (N=800) (N=800) (N=515) (N=515) (N=509) Test (N=l41) (N=l41) (N=l41) (N=67) (N=67) (N=66) 

MCAT 1 
MCAT 2 
OKT 
esc 24 
esc 157 

MCAT 1 
MCAT 2 
OKT 
esc 24 
esc 157 

.57 .05 .32 .22 0 34 
.08 .25 .21 .37 

-.23 -0 15 .21 
010 .12 

016 

WHITE 
(Minimum N=539 -- Criterion and CSC 24) 

MCAT 1 MCAT 2 OKT CSC 24 CSC 157 Pass-Fail 
(N=839) (N=839) (N=839) (N=545) (N=545) (N=539) 

- .55 010 ° .28 .21 .29 
- 0 13 0 19 .20 .33 

- -.26 -0 13 .23 
- 010 .07 

- 017 

MCAT 1 
MCAT 2 
OKT 
esc 24 
esc 157 

MCAT 1 
MCAT 2 
OKT 
esc 24 
esc 157 

.69 .11 012 .22 .37 
.17 -.07 019 .38 

-.25 .07 .31 
013 .08 

.40 

BLACK 
(Minimum N=38 -- Criterion and CSC 24) 

MCAT 1 MCAT 2 OKT CSC 24 CSC 157 Pass-Fail 
(N=81) (N=81) (N=81) lN=39) (N=39) (N=38) 

- .63 .33 015 -.29 0 56 
- .22 .06 -.24 .45 

- -.10 -012 .24 
- -.07 .35 

- .07 
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Table 16 

Comparison of restricted validity coefficients in the present study 
with restricted and corrected coefficients for the same tests 
reported by Boone (1979b) in an earlier study. 

MCAT Exp. (Z scores) 
MCAl 1 (Raw scores) 
MCAT 2 (Raw scores) 
esc 24 

esc 157 
OKT 

ATC Trainees* ATC Trainees** 
Jan. 1976 - April 1978 June 1978 - Dec. 1978 

Restricted Corrected 
r r 

.28 

. 10 

.07 

.22 

.53 

.34 

.40 

Restricted 
r 

.35 

.37 
• 10 
. 18 
.25 

*Criterion = ATC Lab. Averaqe Z scores (See Chapter 18, 
Tables 17 and 18) 

Part I II , 

**Criterion = Academy Training Pass-Fail (Lab. Training) 
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Table 17 

Step-w1se multiple correlation (R) and multiple correlation squared (R2), 
and beta· weights for tests in the experimental battery, for reduced total 
sample and subsamples of men, women, whites, and blacks. · 

Test 

MCAT 1 MCAT 2 esc 24 esc 157 

Grou~ R R2 beta R R2 beta R R2 beta R R2 beta 

Tota 1 (N=585) .348 . 121 .1832 .405 .164 .2470 .405 . 164 -.0109 .416 . 173 .0997 
Sample 

Men (N=509) .337 .114 .1800 .400 . 160 .2554 .400 . 160 -.0121 .406 .165 .0691 

Women (N=66) .375 . 140 . 1430 • 412 .170 .2259 .419 . 175 .0335 .523 .273 .3240 

White (N=539) .292 .085 . 1538 .355 .126 .2294 .355 .126 -.0270 .368 .135 .0982 .,. 
00 Black (N=38) .565 .319 .4734 .579 .335 .2016 .640 .409 .2836 .689 .475 .2697 .,. 



Increment to R over preceding tests in regression equation: 

Group esc 24 esc 157 

Men .006 
Women ,007 .104 
Black .061 .049 
Total sample .011 

Other regression analyses were computed for the total group, with CSC 24 
excluded; in these, the multiple correlations and beta weights obtained 
were essentially unchanged. For the total sample, the results for CSC 
24 were consistent with those for previous trainee samples and applicant 
samples. In the Boone (1979b, See Chapter 18, Part III) study of 1827 
1976-1978 trainees, CSC 24 contributed least to the multiple correla-
tion and had the smallest beta weight. In the 1976-1977 applicant sample 
(Rocket al., 1982, Chapter 8), CSC 24 contributed least to passing scores 
on the CSC battery. However, since CSC 24 and 157 did contribute to the 
prediction of the criterion for some of the groups, it was decided to 
include them in the battery. Thus the weighted test battery remained: 

2(MCAT 1)+2(MCAT 2)+l(CSC 157)+l(CSC 24), 

Table 18 shows the step-wise multiple regressions for the battery 
with OKT included. In these analyses, the order in which each test en-· 
tered each regression analysis was determined by its contributions to 
the multiple correlation coefficient. For each group, the tests en
tered in a different order; the order for women and blacks differed most 
from that of the total group. 

Table 19 presents in summary form the multiple correlation coeffi
cients (R) and the percentage of criterion variance (R2) accounted for 
by the respective prediction equations that were based on restricted 
sero-order correlation coefficients. These are presented for the total 
Teduced sample, whites, men, women, and blacks, for the experimental 
test battery excluding OKT and including OKT. 

Utility 

An analysis was carried out to examine the practical utility of the 
ATC test battery, to relate the findings to the information obtained 

the 1978 ATC Applicant Group, and to estimate the potential savings 
FAA training investment that would be realized by using the new ATC 

for selection of applicants. 

noted previously, the weighted test scores for this sample of 
trainees was based on: 

WT1 = 2(MCAT 1)+2(MCAT 2)+l(CSC 157)+l(CSC 24) 
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Table 18 

Step-wise multiple correlation (R), multiple correlation squared (.R2), 
and .beta wei"ghts for tests in the experimental battery, including OKT, 
for the reduced total sample and subsamples of men, women, whites, and 
blacks. 

Group N Test R R2 beta 

Total Sample 585 MCAT 2 .374 . 140 .2134 
OKT .429 . 184 .2478 
MCAT 1 .455 .207 .1547 
esc 157 .474 .225 .1398 
esc 24 .477 .228 .0588 

Men 509 MCAT 2 . 369. . 136 .2264 
OKT .421 . 177 .2341 
MCAT 1 .448 .200 . 1539 
esc 157 .460 .211 .1109 
esc 24 .462 .214 .0530 

Women 66 esc 157 .403 .162 .2997 
OKT . 531 .282 .3352 
MCAT 1 .592 . 351 .1294 
MCAT 2 .603 .363 .1873 
esc 24 .613 .376 .1199 

White 539 MCAT 2 .328 .108 . 1924 
OKT .398 . 158 .2583 
esc 157 .424 .180 .1397 
MCAT 1 .438 .192 . 1193 
esc 24 .440 .194 .0476 

Black 38 MCAT 1 .565 .319 .3573 
esc 24 .625 .391 .3360 
OKT .698 .488 .3415 
esc 157 .744 .553 .2791 
MCAT 2 .759 .576 .1974 
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Group 

Table 19 

R and R2 for prediction of pass-fail in training 
for reduced sample of 1978 trainees, for experimental 
test battery excluding and including OKT, for total 
sample, white, men, women, and blacks. 

Test Batter~ 

Excluding OKT Including OKT 

N R R2 R R2 

Total Sample 585 .416 • 173 .477 .228 

Whites 539 .368 . 135 .440 .194 

Men 509 .406 . 165 .462 .214 

Women 66 .523 .273 .613 .376 

Blacks. 38 .689 .475 .759 .579 
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However, for the 1978 ATC Applicant Group, only one parallel form 
of MCAT was administered rather than the two which were given to the 
present sample of ATC trainees. In order to relate the two data sets, 
the weighted ATC test scores for the 585 ATC trainees were recomputed 
using only the first MCAT administered and then weighting each of the 
tests on the same basis as in the analysis of the 1978 ATC Applicant 
Group. The weighting used was: 

WT 2 = 4(MCAT 1)+2(CSC 157)+l(CSC 24) 

The total raw weighted scores were then transmuted to a scale of 0-100 
for each trainee, based on: 

T = lO 68 (RWS - 222.27) = 70 s . 56.22 

as was shown with Table 28, Chapter 20. Again, a transmuted score of 70 
or above was defined as the passing score for the new ATC test battery 
for this ATC trainee group. 

In order to assess the difference between these two weighting methods 
(WTl and WT2), correlation coefficients were computed between the two 
weighted scores on the experimental battery and between those and the 
scores on the CSC battery which were also available for the ATC trainees. 
Table 20 presents the descriptive statistics and correlations. 

Since the weighting used to examine the utility of the experimental 
test battery (WT2) had a slightly higher correlation with the esc battery 
than the battery (WTl) (.65 compared to .62), the results should tend to 
be somewhat more conservative than if the analysis were based on weighting 
factors identified in WT1. 

The mean transmuted score on the CSC battery for this group of ATC 
trainees was 87.2 with a standard deviation of 7.6. Their mean transmuted 
score on the experimental battery (WT2) was 79.6 with a standard deviation 
of 6.7. This lower mean score is consistent with the findings derived 
from the 1978 ATC Applicant Group (Chapter 20), which demonstrated that 
applicants who passed both the esc battery and the experimental battery 
generally scored lower on the experimental battery. 

For the present sample of 585 ATC trainees, Table 21 compares the 
score distribution for the esc battery and the experimental battery for 
the total sample and for the pr.edevelopmental and non-predevelopmental 
groups. These are transmuted test scores without veterans preference or 
aviation-related knowledge/experience credit. The 585 ATC trainees £or 
whom complP.te test and criterion data were available represent 61 percent 
of the 953 attending the Academy during June through December 1978. The 
40 predevelopmental trainees represent 36 percent of the non-competitive 
hires; the 545 non-predevelopmental trainees represent 65 percent of the 
competitive hires. 
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Table 20 

Correlations of weighted experimental battery (Wt. 1 and 
Wt. 2) and CSC battery for 1978 trainee reduced sample. 

Correlations 

Test Battery N Mean S.D. 12 13 23 

Exper. Battery Wt. 1 592 245.6 27.57 .93 .62 .65 

Exper. Battery Wt. 2 592 272.6 35.10 

CSC Battery 591 262.0 23.31 
l 
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Table 21 

Distribution of transmuted scores of the 1978 trainee reduced sample on 
the CSC Battery and the Experimental Battery (Wt. 2), for total sample, 
non-predevelopmental, and predevelopmental trainees. 

esc Batter~ Ex~erimental Batter~ 
Score 

Grou~ Range N Percent N Percent 

Total sample 95+ 121 20.7 2 .3 
N=585 90-94 125 21.4 27 4.6 

85-89 133 22.6 98 16.8 
80-84 110 18.8 161 27.6 
75-79 63 10.8 147 25.1 
70-74 33 5.7 102 17.4 
Subtotal - Pass 585 100.0. 537 9l.B 
65-69 0 0 39) 
60-64 0 0 B) B.2 
55-59 0 0 1) 
Subtotal - Fail 0 0 4B 
Mean 87.2 79.6 
S.D. 7.6 6.7 

Non-predevel. 95+ 119 2l.B 2 .4 
N=545 90-94 122 22.4 27 5.0 

B5-89 129 23.7 97 17.B 
B0-84 101 1B.5 157 2B.8 
75-79 4B B.B 136 24.9 
70-74 26 4.B 90 16.5 
Subtotal - Pass 545 100.0 509 93.4 
65-69 0 0 31) 
60-64 0 0 5) 6.6 
55-59 0 0 0) 
Subtotal - Fail 0 0 36 

Predevel. 95+ 2 4.6 0 0 
N=40 90-94 3 7.0 0 0 

B5-90 4 9.3 1 2.5 
B0-84 9 23.3 4 10.0 
75-79 15 37.2 11 27.5 
70-74 7 1B.6 12 30.0 
Subtotal - Pass 40 100 .. 0 2B 70.0 
65-69 0 0 B) 
60-64 0 0 3) 
55-59 0 0 1 ) 30.0 
Subtotal - Fail 0 0 12 
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Two significant points are evident from the data in Table 21. First, 
48 (8.2%) of the 585 ATC trainees, all of whom passed the CSC battery for 
employment eligibility, would not have passed the experimental battery and 
therefore would not have been eligible for appointment as air traffic con
troller trainees. When the total group is further identified by competi
tive hires from established OPM certificates (non-predevelopment and non
competitive hires (prede~elopmental) who were hired through alternate re
cruitment procedures, other" differences are apparent: (1) 30% of the pre
developmental group would not have been eligible for appointment, in con
trast to 6.6% of the non-predevelopment hires (this 6.6% compares to 7.2%) 
of the 1978 ATC Applicant Group who also passed the CSC battery but did 
not pass the weighted experimental battery (WT2); and (2) 23% of the non
predevelopmental trainees scored 85 or above on the experimental battery, 
in contrast to 2.5% of the predevelopmental group. These data provice 
some further quantitative insight into the mean score differences between 
these two groups which were identified in the preceding discussion. 

Second, the score distribution of these ATC trainees on the experimen
tal battery was markedly lower than on the CSC battery. About 42% of the 
total trainee group scored 90 or above on the esc battery in contrast to 
only 5% on the experimental battery. In the non-predevelopmental group, 
44% scored 90 or higher on the CSC battery, compared to 5.4% on the experi
mental battery. None of the predevelopmental trainees scored above 89 
on the experimental battery, while almost 12% did on the esc battery. 

These findings are consistent with the results obtained for the 1978 
ATC applicants, for whom passing scores on the experimental battery were 
significantly lower than on the esc battery. 

Given this marked difference in score distribution between the CSC 
,battery and the experimental battery, how were the scores on both batteries 
related to ~ass-fail in training? Test scores and criterion measures were 
available for 695 trainees for the esc battery and for 585 trainees for 
the experimental battery (WT2). The results are·shown in Table 22. Again, 

'these scores do not include extra credit for veterans preference or avia-
, experience or knowledge. This table clearly identifies,:the 

between the esc battery and the experimental battery with re
the percentages of trainees who failed the Academy training pro
each score range. For example, in the score range 90-94, almost 

on the CSC battery and only 19% on the experimental battery failed. 
noteworthy that of the 48 trainees who passed the esc battery and 

li<>re:d below 70 on the experimental battery, 79% failed in training. 

Table 23 shows pass-fail data for non-predevelopmental and predevelop
trainees in relation to the experimental battery. The difference 

failure rate between the two groups (36.5% vs 60.0%) is striking. In 
' ion, the 48 trainees who scored below 70 (and would ,have been ineli

for employment if the experimental battery had been operational in 
of the esc battery) were divided 3/4 (36) in the non-predevelop
group and 1/4 (12) in ,the developmental group, and their failure 
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Table 22 

Distributions and fail rates in training of 1978 trainees, in 
relation to raw scores on the esc Battery and the Experimental Battery. 

esc Battery Ex~erimental Battery 
Score Total Sample Failed Training Total Sample Failed Training 
Range N Percent N Percent N Percent N Percent 

95+ 145 20.0 33 22.8 2 .3 0 0 
90-94 148 21.3 47 31.8 27 4.6 5 18.5 
85-89 156 22.5 62 39.7 98 16.8 20 20.4 
80-84 131 18.8 59 45.0 164 27.6 46 28.0 
75-79 76 10.9 38 50.0 147 25.1 62 42.2 
70-74 39 5.6 22 56.4 102 17.4 52 51.0 
Below 70 0 0 0 0 48 8.2 38 79.2 
Total 695 100.0 261 37.6 585 100.0 223 38.1 
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Table 23 

Distributions and fail rates of non-predevelopmental and 
predevelopmental 1978 trainees in relation to scores on 
the experimental battery. 

Non-~redevelo~mental Predevelo~mental 

Failed Training Failed Training 

Score Range N N Pet. of Tot. Rate N N Pet. of Tot. Rate 
95+ 2 0 0 0 0 0 0 0 
90-94 27 5 2.5 18.5 0 0 0 0 
85-89 97 20 10. 1 20.6 1 0 0 0 
so-e4 157 46 23.1 29.3 4 0 0 0 
75-79 136 57 28.6 41.9 11 5 20.8 45.5 
70-74 90 43 21.6 47.8 12 9 37.5 75.0 

Below 70 36 28 14. 1 77.8 12 10 41.7 83.3 

Total 545 199 100.0 36.5 40 24 100.0 60.0 
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rates were 77.8% and 83.3%, respectively. Had these 48 trainees not been 
hired, the overall loss rate would have been reduced from 38.1% to 34.4% 
(and for the non-predevelopmental and predevelopmental groups, from 36.5% 
to 33.6% and from 60% to SO%, respectively.). 

In 1978, for each predevelopment trainee, FAA invested about $28,000 
in salary and training costs and about $10,000 in each non-predevelopmental 
student by the time their FAA Academy ATC training program was completed. 
For each student who failed or withdrew from training, this investment 
was lost and a new trainee had to be hired. If the 48 trainees who scored 
below 70 on the experimental battery had not been hired, FAA's loss in 
tra1n1ng investment costs would been reduced by $560,000. Extending this 
for 2,000 new trainees entering Academy training, or an annual basis this 
would have resulted in a cost avoidance of about $1,900,000 each year in 
1978 dollars. 

This projection of the cost avoidance utility of the experimental 
test battery addresses only the benefit obtained if ATC applicants who 
scored below a minimum of 70 were not hired. The other significant area 
where benefits could be realized involves the differences between the 
applicants who would be hired under competitive selection procedures with 
the esc battery and the experimental battery, after allowance of extra 
credit for veterans preference and aviation~related experience or knowledge. 

In order to examine these differences, an analysis was made using 
OPM Earned Rating, which was derived from the trainee's score on the CSC 
battery plus additional credit for veterans preference (0 to 10 points) 
and credit for aviation-related experience provided by the OPM Rating 
Guide (0-15 points). This was available for 621 of the 843 non-predevel
opmental ATC trainees in this sample. The 110 predevelopmental ATC train
ees, who were appointed non-competitively, were not included in this 
analysis since extra credit for veterans preference or aviation-related 
experience was not a factor in their appointment eligibility; they needed 
only to pass the CSC battery with a score of 70 or above. An "equivalent" 
of the OPM Earned Ratipg was computed for the new experimental battery 
(WT2), using the OKT scores. The 36 trainees who did not achieve a mini
mum score of 70 on the experimental battery were excluded from this analy
sis, since they would not have been eligible for appointment. The Earned 
Rating for these trainees was based on their scores on the experimental 
battery plus additional credit provided for their OKT scores as follows: 

OKT Additional 
Scores Points 

80+ 15 
75-79 10 
70-74 5 
65-69 3 
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The difference between the CSC transmuted score and the OPM Earned 
Rating for each trainee was the additional credit given for veterans 
preference and aviation experience based on the OPM Rating Guide. Since 
the veterans preference points were not separately identified in the 
total of extra credit given in the OPM Earned Rating, it was not possi
ble specifically to identify those ATC trainees who were 5-point or 10-
point veterans. In order to derive an "equivalent" Earned Rating on 
the experimental battery that would reflect extra credit for veterans 
preference and aviation-related knowledge based on OKT scores, a set 
of rules was followed, which attempted to estimate V1, which was defined 
as the total extra credit received (the OPM Earned Rating minus the CSC 
battery transmuted score). For the total sample, the mean Earned Rating 
was 95.1 (N=540) and the CSC transmuted score was 87.2 (N=59l). The 
mean v1 was 7.9 points. 

The rules developed were the following if-then statements: 

IF: THEN 

vl is less than 5 VET points = 0 
OKT credit = 0, 3, 5' 10, 15 

vl = 5 VET points = 5 
OKT credit = 0, 3, 5,. 10, 15 

vl = 10, 15, ot 20 VET points = 5 
OKT credit = 0, 3, 5, 10, 15 

Vl ~s more than 20 VET points = 10 
OKT credit = 0, 3, 5, 10, 15 

It was expected that the net effect of this procedure would be a somewhat 
higher distribution of Earned Rating scores for the experimental battery 
than would have been the case if the actual veterans credit had been avail
able for every trainee. Following the rules outlined, an estimated total 

,Earned Rating could be r'>mputed based on the experimental battery for 486 
the ATC trainees appointed competitively (non-predevelopmental) from 
registers. The 48 students who scored below 70 on the experimental 

:~oi<Lery were excluded from the sample: Table 24 compares the distribution 
these Earned Ratings with the Earned Ratings for 621 trainees based on 

e CSC battery and Rating Guide. The 486 trainees for whom estimated 
d Ratings could be computed using the experimental battery represent 

:~'SUiosample of the 621 trainees who had OPM Earned Ratings available. 

About 84% of the 621 trainees had OPM Earned Ratings of 90 or more. 
competitive selection from OPM registers requires hiring those appli-

s with the highest Earned Ratings first, this distribution of OPM 
Ratings was expected. Nevertheless, the Earned Rating distribution 

on the Experimental battery for the 486 trainees who were part of 
sample of 621, is quite different. Only 41% of the trainees had Earned 
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Table 24 

Comparison of Distributions of OPM Earned Ratings 
(based on CSC Battery) and Experimental Battery 
estimated Earned Ratings. 

OPM Est. Exper. Battery 
Earned Rating Earned Rating Earned Rating 
Score Range N Percent N Percent 

100+ 205 33.0 54 11 . 1 

90-99 314 50.6 143 29.4 

80-89 99 15.9 229 47.1 

70-79 3 .5 60 12.6 

Total 621 100.0 486 100.0 
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Ratings of 90 or above and almost 13% were below 80, compared with less 
than 1% for the OPM Earned Rating. Consequently, many of the trainees 
with Earned Ratings below 90 on the experimental battery would not have 
been hired competitively, since other applicants with higher ratings 
would have been selected in their place. 

In relation to the practical utility of the experimental battery and 
OKT, these differences 'in Earned Rating score distribution would be of 
significance only if the pass-fail rates for the two batteries were dif
ferentially favorable to the experimental battery. Data relevant to this 
issue are shown in Table 25, in which it is clear that the probability 
of successful completion of the ATC training program was greater in each 
of the Earned Rating score ranges above 79 for the experimental battery 
than for the esc battery. 

As a consequence of the foregoing analysis, it is reasonable to ex
pect that use of the Earned Rating on the experimental battery would re
sult in hiring a somewhat different and superior group of ATC trainees 
than was in fact hired with the 1978 OPM register. It is possible to 
relate the data in Tables 24 and 25 to the results obtained for the 1978 
ATC Applicant Group on both the CSC battery and the experimental battery. 
This information would provide a basis for assessing the differences be
tween the two groups of applicants selected and the potential effect of 
the two bases of selection on fail rates and on training investment losses. 

The analysis in Chapter 20 of the 1978 ATC Applicant Group (Table 27, 
Chapter 20) identified the Earned Rating score distribution of applicants 
who passed both the esc battery and the weighted experimental battery 
,(WT2). If this group of 621 ATC trainees had been hired from the group 
of 1978 ATC applicants, based on Earned Ratings obtained on the CSC bat
tery, the relationship would have been as shown in Table 26. For the 1978 
ATC Applicant Group, the number in each Earned Rating category in effect 
}fepresents the OPM register from which applicant selections would have 

made. 

registers for ATC applicants are maintained by OPM by separate 
jurisdictions. Consequently, each of the 11 FAA regions selects 

s own certificate of applicants, based on the geographic preference 
ed by the applicant and the Earned Rating. As a result, one re

(Southern, for example) might be able to fill all of its ATC recruit
needs with applicants who have Earned Ratings above 100, while other 

(Alaska or Great Lakes, for example) might recruit a number of 
cants with Earned Ratings in the 80's or even 70's. Nevertheless, 

26 shows that essentially all of the 621 ATC trainees scored 80 or 
, and the mean OPM Earned Rating was 94.9 for the total group. As 

t, selections were made in most cases from the top range of the 
lSl:et·s, with scores of 90 or more. The selection ratio in the right

column of Table 26 shows the percentage of 1978 applicants who were 
and became 1978 trainees. For example, in the Earned Rating score 
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Table 25 

Distribution of Earned Ratings based on the CSC Battery 
(OPM Earned Rating) and estimated for the Experimental 
Battery, in relation to pass-fail in training. 

OPM Est. Exper. Battery 
Earned Rating Earned Rating 

Earned Rating Total Fa i1 /WD Rate Total Fail/WD Rate 
Score Range N N Percent N N Percent 

100+ 205 54 26.3 54 6 11 .1 

90-99 314 122 38.9 143 33 23.1 

80-89 99 47 47.5 229 86 37.6 

70-79 3 2 66.6 60 38 66.3 

Total 621 225 36.2 486 163 33.5 
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Table 26 

.OPM Earned Ratings for qualified 1978 applicants (N=3035) and for 
1978 trainees (competitive hires, N=621), based on the Experimental 
Battery, and Selection Ratio (percent of applicants who would have 
been hired) at each score range. 

OPM OPM Earned Rating OPM Earned Rating 
£arned Rating Qualified 1978 1978 ATC Trainees Selection 
Score Range ATC A[![!licants (Com~etitive Hires) Ratio 

N Percent N Percent Percent 

100+ 229 7.5 205 33.0 89.5 

90-99 644 21 . 2 314 50.6 48.8 

80-89 1086 35;8 9g 15.9 9.1 

70-79 1076 35.5 3 .5 .3 

Total 3035 100.0 621 100.0 20.5 
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range of 100+ there were 229 applicants and 205 of them became trainees, 
giving a selection ratio of 89.5%. As a matter of fact, this selection 
ratio (for the 100+ range) was somewhat higher than that typically ex
perienced by the FAA regions. Generally, of those applicants offered 
ATC positions, about 80% were selected; the other 20% declined or were 
dropped from consideration because of medical or security reasons. 

Next, the composition of a group of 621 trainees was projected by 
Earned Rating scores, on the assumption that they had been selected from 
a competitive register based on the experimental battery (WT2) including 
extra credit for OKT and veterans preference. The number of 1978 appli
cants in each Earned Rating score range, based on the scores, was used 
as a selection register, as shown in Table 27. This is the same distri
bution as that presented in Table 27, Chapter 20. 

A maximum selection ratio of 80% in each Earned Rating group was 
used as more representative of actual selection experience. Since fewer 
applicants were expected to achieve Earned Ratings of 90 or more, based 
on the experimental battery, more selections would be made from among 
applicants with Earned Ratings in the 80-99 range. Using these factors, 
the projected distribution of the 621 trainees, based on the experimen
tal battery, would be as indicated in Table 27. Then, applying the 
Earned Rating score distribution for this group of 621 trainees based 
on the esc battery, and the distribution derived in Table 27, based on 
the experimental battery, the pass-fail rates shown in Table 25 were ap
plied to the two distributions to estimate failure rates based on the 
two test batteries. These results are shown in Table 28, which demon
strates the potential utility of the experimental battery in terms of 
an overall reduction of the fail rate of about 10% (from 36.2% to 26.1%) 
for this sample of 621 trainees. 

The cost-benefit of this reduction in training failures can be esti
mated by projecting the number of failures that would be avoided on an 
annual basis for 1800 ATC applicants hired through competitive selection 
procedures. In 1978 dollars, this would result in a cost avoidance of 
1.825 million dollars. By combining this estimate with the 2.350 million 
reduction in investment loss realized by not hiring those applicants who 
would have passed the esc battery but failed the experimental battery is 
estimated to be around 3 million dollars per year. 
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Table 27 

Estimated composition of a group of 621 1978 trainees based 
on the application of assumed selection ratios to the 
distribution of 1978 applicants, by Earned Rating score 
range on the Experimental Battery. 

Exper. Battery Qualified 1978 
Earned Rating ATC Aim 1 i cants 
Score Range N Percent 

100+ 126 4.0 

90-99 402 12.9 

80-89 1162 37.3 

70-79 1426 45.8 

Total 3116 100.0 

Est. 1978 
ATC Trainees 
N Percent 

100 16. 1 

322 51.9 

192 30.9 

7 1.1 

621 100.0 
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Table 211 

Dis~ibution of 1978 trainees and fail rates based on the esc battery_, at left, 
and on estimated register based on the experimental battery, at right. 

CSC Battery Experimental Battery. 

Actual Trainee Actual Est. Est. Trainee 
Earned Rating Distribution Fail Rate Earned Rating Distribution 
Score Range N Percent N Percent Score Range N Percent 

100+ 205 33.0 54 26.3 100+ lOO 16.1 

90-99 314 50.6 122 38.9 90-99 322 51.9 

·80-89 99 15.9 47 47.5 80-89 192 30.9 

70-79 3 .5 2 66.6 70-79 7 1.1 

Total 621 100.0 225 36.2 Total 621 100.0 

Est. 
Fail Rate 

N Percent 

11 11. 1 

74 23. 1 

72 37.6 

5 66.6 

162 26.1 



Chapter 22 

CONFORMITY OF THE NEW EXPERIMENTAL TEST BATTERY TO THE 
UNIFORM GUIDELINES ON EMPLOYEE SELECTION REQUIREMENTS 1 

Donald B. Rock, John T. Dailey, Herbert Ozur, 
James 0. Boone, and Evan W. Pickrel 

The Uniform Guidelines (1978) established jointly by the Equal Em
ployment Opportunity Commission (EEOC), Department of Labor (DOL), De
partment of Justice (DOJ), and the Office of Personnel Management (OPM), 
provides four basic requirements for selection procedures in relation 
to equal employment opportunity. Briefly, these requirements are: 

1. Adverse impact. It is required that a determination be made 
as whether or not a selection p~ocedure has an adverse impact 
on employment opportunities of minorities or women; 

2. Validation. If there is an adverse impact, then it is necessary 
to demonstrate the validity of the selection procedure; 

3. Fairness. When empirical data demonstrate validity of the se
lection procedure (that is, it is predictive of or significantly 
correlated with important elements of job performance), it.is 
necessary to justify the fairness of the selection procedure; 

4. Alternative procedures. Consideration and investigation of al
ternative: selection procedures are required. When two or more 
selection procedures which are substantially equally valid for 
a given purpose, the procedure which has the lesser adverse im
pact should be used. 

This chapter reviews the research relevant to the Civil Service Com
ion (CSC) test battery and the experimental test battery and the com

tests presented in the preceding chapters of Part IV, in relation 
requirements of the Uniform Guidelines and other elements of EEO 

.. &?•~· 

For enforcement proceedings, the Uniform Guidelines state: 

"A selection rate for any race, sex or ethnic group which is less 
than four-fifths (4/5) (or eighty percent) of the rate for the 

with the highest rate will generally be regarded by the Fed-
enforcement agencies as evidence of adverse impact ... " 

tion was adopted as a practical "rule of thumb" and not a legal 

S. B. Sells 
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In the selection procedures for hiring applicants for the air traf
fic control occupation, adverse impact can occur at two points in the 
selection process. The first point involves basic eligibility for em
ployment consideration, which depends on achievement of a passing score 
on the test battery. The second point involves the Earned Rating score 
(which includes extra awarded credit for veterans preference and avia
tion-related experience or knowledge); the Earned Rating determines the 
competitive ranking of applicants who pass the written test. 

The information base that was employed to assess adverse impact con
sisted of data on the group of 5,976 applicants who completed the esc 
battery and the proposed experimental test battery in 1978 (See Chapter 
20). No information on race-ethnic group or sex has been obtained by 
OPM for other groups of applicants who completed both test batteries. 

For this group of 1978 ATC applicants, the relative selection (pass) 
rates by race-ethnic group and sex, on the esc battery are provided in 
Table 1. Comparable data for the experimental battery (WT2) are pre
sented in Table 2. Both tables exclude extra credit for veterans pref
erence or aviation knowledge, since the purpose was to evaluate the rela
tive rates of basic eligibility status of the applicants. These selec
tion rates identify the proportion of each sex and race group who passed 
the selection test battery with a score of 70 or more. Based on these 
rates, the 80 percent "rule of thumb" was applied to each group in rela
tion to the majority group selected, to derive the "adverse impact ratio" 
that would oacur at this point in the selection process. When this ratio 
is less than 80 percent, the Uniform Guidelines state that this will gen
erally be regarded as evidence of adverse impact. The" Guidelines also 
point out that where the ratio is less than 80 percent, it may not con
stitute adverse impact, provided: (1) the differences are based on small 
numbers and are not statistically significant; or (2) special recruiting 
or other programs caused the pool of minority or female candidates to be 
atypical of the normal"group of applicants. Since these 1978 applicants 
included a "walk-in" group, resulting from special recruiting efforts for 
minorities and women, the adverse impact analysis was performed for the 
total group (including 664 walk-in applicants), as well as the scheduled 
group, which would be representative of the normal pool of applicants. 

Based on the data in Tables 1 and 2, the inclusion of the walk-in 
applicant group had relatively little effect on the ratios derived. Gen
erally, there was a difference of only 1% between the Total Group and the 
Scheduled Group, except for Asians, for whom the group size was small. 

The esc battery had an adverse impact on both the Hispanic and black 
groups. In the light of past FAA experience in hiring minoriti.es from 
competitive" OPM registers, this result was not unexpected. However, Table 
1 provides a quantitative measure of the degree of adverse impact for these 
two groups. Table 2 shows that the experimental battery had some adverse 
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Group 

Men 

Women 

·White 

. Indian 

Table 1 

Adverse Impact Analysis 
esc Test Battery 

Total Group Total·Group 

Adverse 
Total Pet. Who Impact 

Applicants Passed Ratio 

4191 

1785 

5976 

4067 

339 

1407 

57 

61 

5931 

53 

45 85 

64 

38 59 

19 30 

61 95 

51 80 

505. 

Scheduled 
Applicants 

3835 

1473 

5308 

3775 

271 

1116 

50 

58 

5300 

Adverse 
Pet. Who Impact 
Passed Ratio 

54 

46 95 

63 

38 60 

18 29 

56 89 

50 79 



Group 

Men 

Women 

White 

Hispanic 

Black 

Asian 

Amer. Indian 

Table 2 

Adverse Impact Analysis 
Experimental Test Battery (WT2l 

Total Group Total Group 

Total 
Applicants 

4191 

1785 

5931 

4067 

339 

1407 

57 

61 

5931 

Pet. Who 
Passed 

56 

43 

66 

41 

14 

61 

53 

Adverse 
Impact 
Ratio 

77 

62 

21 

92 

80 

506. 

Scheduled 
Applicants 

3835 

1473 

5308 

3775 

271 

1116 

50 

58 

5300 

Pet. Who 
Passed 

57 

45 

67 

41 

14 

56 

53 

Adverse 
Impact 
Ratio 

78 

61 

21 

84 

79 
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impact on women applicants, in addition to the Hispanic and black groups, 
and that the degree of adverse impact on the black group was somewhat 
greater than for the CSC battery. For American Indians, the addition 
of one':Or tWO more applicants to the pass group would have resulted in 
a selection ratio of 80% or more on either battery. Consequently, the 
evidence for adverse impact based on this sample is marginal, at best. 

The analysis was extended for those who passed both batteries to 
determine whether there was adverse impact in each of three score range 
groups. Candidates who passed each test battery were ranked on competi
tive OPM registers based on their total scores and those with the high
est scores were selected first. The Earned Rating, which includes extra 
credit for OKT score and veterans preference, was used for the analysis. 
The results are shown in Table 3 for the esc battery, and Table 4, for 

, the experimental battery (WT2). 

While there was no evidence of adverse impact in the score ranges 
of 70-89 for women, both the esc battery and the experimental battery 
,had adverse impact in the score range of 90 or more. As discussed in 
Chapter 20, a significant factor for women has been the extra credit 
'Sranted for veterans preference and, to a lesser extent, for aviation
related knowledge, as measured by the Occupational Knowledge Test (OKT). 

is also evident that the experimental battery resulted in a greater 
impact on women in the 90 and above score range than did the 

battery. This is primarily a result of the fact that raw test 
~<oreos for all applicants were lower on the experimental battery, com

to the esc battery. Relative to men, women scored lower on the 
experimental battery. Indeed, women comprised 27% of the group 

raw scores of 90 or more on the CSC battery, but comprised only 
of this group on the weighted experimental battery (See Chapter 20). 

With respect to race-ethnic groups on the, two test batteries, Tables 
4 show a "?" in some of the score ranges. In these cases, the 
of applicants was small and the addition or subtraction of one 
applicants in the score range would have resulted in either meet-

arnot meeting the "80% rule of thumb." Consequently, evidence of 
impact was not clear based on the sample analyzed. 

is clear that there was adverse impact on the black group on both 
in the score range of 90 or higher. In the score range of SO

the weighted experimental battery, and possibly on the esc battery, 
was also adverse impact on blacks. Again, this was primarily are

ef the fact that as a group, blacks who passed the test scored lower 
the majority group. In the case of Hispanics, there was possible 

impact in the score range of 90 or higher on both batteries, but 
of 80-89 for the esc battery. 

terms of competitive employment opportunities, based on the esc 
between 80% and 85% of the appointments were generally made from 
licants with Earned Ratings of 90 or higher. Consequently, 
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Total 1978 
Applicants 

Who Passed the 
CSC Battery N 

Men 2236 718 

Women 799 358 

3035 1076 

l.n 
0 

"' 
White 2556 831 

Hispanic 128 50 

Black 264 161 

Asian 35 12 

Amer. Indian __ll 10 

3014 1064 

Table 3 

Adverse Impact Analysis 
CSC Battery Earned Ratings 

OPM OPM 
Earned Rating Earned Rating 

70-79 80-89 

Pet. Who Adverse Pet. Who Adverse 
Passed Impact N Passed Impact 

32 -- 796 36 --
45 No 290 36 No 

1086 

33 -- 934 36 --
39 No 47 37 No 

61 No 77 29 ? 

34 No 8 23 Yes 

32 No 15 48 No 

1081 

OPM 
Earned Rating 

90+ 

Pet. Who Adverse 
N Passed ..l!!!P.act 

722 32 

151 19 Yes 

873 

791 31 

31 24 ? 

26 10 Yes 

15 43 No 

6 20 ? 

869 



Adverse Impact Analysis 
Experimental Battery (WTz) Earned Ratings 

OPM OPM OPM 
Earned Rating Earned Rating Earned Rating 

Tota 1 1978 70-79 80-89 90+ 
ATC Applicants 
Who Passed the Pet. Who Adverse Pet. Who Adverse Pet. Who Adverse 

CSC Battery N Passed Impact N Passed Impact N Passed ...l!!!P.act 

Men 2348 951 40 -- 905 39 -- 492 21 

Women 768 475 61 No 257 34 No 36 5 Yes 

3116 1426 1162 528 
V> 
0 

"' . 
White 2698 1171 43 -- 1047 39 -- 480 18 

Hispanic 136 76 56 No 39 29 Yes 21 15 ? 

Black 198 134 68 No 50 25 Yes 14 7 Yes 
• 

Asian 35 16 46 No 13 37 No 6 17 No 
' 

Amer, Indian 32 19 59 
. 

No 9 28 ? 4 13 ? 

3099 1416 1158 525 



employment prospects of applicants with scores in the 80-89 range on the 
experimental battery would have been "fair" to "good." 

In the score range of 80 or higher on the weighted experimental bat
tery, there was adverse impact for women and blacks. For the Hispanics 
and American Indians, the numbers were small and the addition of one or 
two more applicants within the score range would have met the "80%" cri
terion. These results are shown in Table 5. This analysis shows that 
the weighted experimental battery had adverse impact on women and on 
some minority groups, with respect to both initial eligibility (passing 
the test) and Earning Ratings. In this situation, the Uniform Guidelines 
require evidence of the validity of tests, the basis for establishing 
the pass cutoff score, and the use of scores for rank ordering of candi
dates. 

Test Validity, Pass Score, and Candidate Ranking 

The validity of the experimental battery, as well as the individual 
component tests has been demonstrated in relation to a number of ATC per
formance criterion measures. Briefly, these include: 

The 1977 EPA Study (Mies, Colmen, and Domenech, 1977; See Chapter 18, 
Part II). For a sample of apporoximately 2,100 full-performance, develop
mental and newly hired ATC specialists, the MCAT, Directional Headings 
Test, OKT, and the Prior Experience Questionnaire (PEQ) provided signifi
cant correlations with an aggregate ATC success criterion' for each of four 
ATC options (FSS, VFR,,IFR, and ARTCC) and for all options combined. In 
addition, mean test scores for each of the four ATC options were different 
at statistically significant levels of confidence; the FSS option average 
score was lowest and the ARTCC score, highest. 

The 1976-1978 'ATC Study (Boone, 1979a; See Chapter 18, Part III). 
For a sample of 1,827 ATC trainees, experimental forms of MCAT, together 
with Abstract Reasoning (esc 157) and Arithmetic Reasoning (CSC 24), pro
vided a multiple correlation (corrected for range restriction) of .54 
with the ATC laboratory problem average score. Cross validation, using 
the weighted test scores derived from the multiple regression, provided a 
multiple correlation (R) scores on the OKT were combined with the experi
mental test battery (MCAT, OPM 157 and OPM 24), an estimated multiple cor
relation value of .60 was obtained; the increase was significant at the 
.01 level of confidence. 

The 1978 Validation Study of the Experimental Battery (See Chapter 21). 
For a new sample of 585 ATC trainees, paraliel forms of MCAT together with 
CSC tests 157 and 24, provided an uncorrected multiple correlation (R) of 
.42 for the total sample. The R for sex and race~ethnic groups ranged 
from .37 to .69. The criterion used was the pass-fail status of the trainee 
at the completion of ATC Laboratory training. Validity coefficients used 
in the multiple regression were not corrected for range restriction. When 
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Table 5 

Adverse Impact Analysis 
Experimental Battery (WT2l for Earned Ratings of 80 or higher. 

Total 
Applicants Earned Rating 

Who Passed the 80 or More Adverse 
Exper. Battery N Pet, Who Passed Impact 

Men 2348 1397 60 

Women 768 293 38 Yes 

3116 1690 

White 2698 1527 57 

Hispanic 136 60 44 ? 

Black 198 64 32 Yes 

Asian 35 19 54 No 
r 

Amer. Indian 32 13 41 ? 
~ 

t 
3099 1683 

L) • 
1 

1ee 

1 
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test scores on parallel forms of OKT were combined with the weighted test 
battery, the multiple correlation value for the total sample was .48, and 
R for sex and race-ethnic groups ranged from .44 to .76. The increase in 
the variance (R2) accounted for by the weighted test battery with OKT in
cluded was significant at the .01 level of confidence for the total sample 
and for each race-ethnic group. For women, the increase was significant 
at the .05 level. 

The utility of the experimental test battery, compared with that of 
the CSC battery, was examined with respect to appointment eligibility 
(pass scores) and ranking of successful candidates based on total scores 
including credit for veterans preference and ATC-related knowledge. For 
this purpose, the information available for the 1978 ATC trainee sample 
was related to the 1978 ATC applicant group. A common test battery, con
sisting of parallel forms of MCAT, esc 157, and esc 24, was administered 
to both groups. For the OKT, a 60-item test (101-C) was administered to 
the 1978 ATC applicant group and parallel forms of OKT 102 (80 item) ad
ministered to most of the 1978 ATC trainee sample. The common test bat
tery was weighted: 

4 x MCAT Total Right Scores 
2 x CSC 157 Total Right Scores 
1 x CSC 24 Total Right Scores 

This weighting differed somewhat from the weights derived for the test 
battery that included two parallel forms of MCAT for the 1978 ATC trainee 
group. However, the correlation coefficient between the scores based on 
the two sets of weights was .93. 

In the analysis of the experimental test battery, the passing score 
was set at the mean raw score for the 1978 ATC applicant group (222.27). 
This was then equated to a transmuted passing score of 70. With this 
base, equivalent scores on the same weighted test battery were computed 
for 585 of the 1978 trainees. A total of 48 trainees (8.2%) failed to 
achieve a score of 70. Of these 48 trainees, 79% (38) failed the ATC 
Laboratory training. Some 39 of the 48 trainees had scores in the 65-69 
range and 9 scored below 65. The score range of 70-74 on the experimental 
battery included 102 of the 585 trainees (17%). Of this group, 51% (52) 
failed in training. Consequently, use of the meari test score resulted in 
a 28% reduction in the fail rates from those who scored in the 70-74 range 
to those who scored below 70 on the battery. The difference between a 
fail rate of 51% in the 70-74 score range and a rate of 79% for scores 
below 70 clearly supports the "cutoff" score developed in the analysis. 

The use of scores on the experimental battery, with and without extra 
credit for veterans preference and ATC-related knowledge, was aiso examined 
as a basis for ranking successful ATC candidates. Since extra credit is a 
selection consideration only for those candidates who are appointed from 
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competitive OPM registers, the analysis included only those 1978 ATC 
trainees who were hired competitively (non-prodevelopmental) and who 
scored 70 or above on the experimental battery. On this basis, 509 of 
585 trainees were included in the analysis. For the experimental bat
tery without extra credit, the fail rate in each score range decreased 
progressively as the test scores increased. In the 95-100 range there 
were no failures (only two trainees were in this range). In the 70-74 
range, 47.8% failed. The largest decrease in the fail rate was between 
the 75-79 range (41. 9%) and the 80-85 range (29 .3%), a difference of 
12.6% in the fail rate. Table 6 combines the score ranges and provides 
the overall failure rates for this sample of 509 trainees. These data 
.show clearly that ranking of ATC candidates according to their test 
scores and selecting those with the higher scores first, results in the 
hiring of applicants with the highest probability of successful comple
tion of the ATC training program. 

Ranking of candidates based on total Earned Rating scores (which 
include test scores plus extra credit for veterans preference and ATC

.related knowledge based on OKT scores) was also examined. For the sample 
of 509 ATC trainees who were hired competitively, the equivalent of the 
~PM Earned Rating for the ATC test could be computed for 486 trainees. 
'rable 7 shows the fail rates in training by Earned Rating score ranges 
•nd compares these with the rates based on the experimental battery 
icore ranges without extra credit. It is evident from Table 7 that the 
:Z.nking of candidates for selection consideration on the basis of the 

Rating (which includes extra credit) also results in the selection 
those applicants first with the highest probability of successful 

etion of training. It is also evident that selection based on 
~~·~a Rating results in a higher fail rate in each score range than if 

had been hired solely on the basis of their test battery 
, without extra credit . 

. In deriving the Earned Rating score for this sample of 486 ATC train
extra credit for veterans preference was included since it is granted 

Extra credit based on OKT test scores was included based on the 
ive and significant correlations with ATC performance criteria in the 

research studies reported in earlier chapters. Consequently, it 
that extra credit for being a veteran, which has not been 

for validity with the criterion measures used in the research, does 
(or negatively predicts) success in the ATC Laboratory training. 

to examine this, scores for the 509 trainees were computed, which 
veterans credit and included only the weighted ATC test battery 

and extra credit for OKT scores. Table 8 provides the score distri-
for the 509 trainees, before and after the application of extra 

OKT. 

that the addition of OKT points resulted in moving 
to a score range of 90 or higher -- an increase of about 22%. 

resulted in reducing the number of trainees in the lowest scoring 
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Table 6 

1978 ATC Trainees 
ATC Test Scores 

(Without Extra Credit) 

Score 
Range N Number Failed Fail Rate 

90+ 29 5 17.2% 

80-89 254 66 26.0% 

70-79 226 100 44.2% 

Total 509 171 33.6% 
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Score Range 

90+ 

80-89 

. 70-79 

Table 7 

Fail rates, by score range on the Experimental 
Battery, for 1978 trainees, with and without 
extra credit. 

Experimental Battery 
(Without Extra Credit) 

Experimental Batter) 
(With Extra Credit 

N Number Failed Fail Rate N Number Failed Fail Rate 

29 5 17.2% 197 39 19.8% 

254 66 26.0% 229 86 37.6% 

226 100 44..2% 60 38 63.3% 

509 171 33.6% 486 163 33.5% 
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Score 
Range 

90+ 

80-89 

70-79 

Total 

Table 8 

Distribution of scores on the Experimental Battery 
without extra credit and with extra credit for 
OKT only. 

Distribution Without OKT Credit Distribution with OKT Credit 

N % N % 

29 5.7% 139 27.3% 

254 49.9% 245 48.1% 

226 44.4% • 125 24.6% 

509 100.0% 509 100.0% 
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group (70-79) by 91 -- from 226 to 125 -- a reduction of about 20%. Based 
on the validity data presented for the OKT (Chapter 16), it would be ex
pected that those trainees who moved to the higher score ranges as a re
sult of OKT extra credit would have lower fail rates and that those who 
remained in the lowest score range would have higher fail rates. The 
com~arison of the fail rates in the three score ranges for the 509 ATC 
trainees before and after applying OKT extra credit points is presented 
in Table 9. 

Since the fail rate for the total group of 509 trainees was a con
stant (33.6%), the rates could vary only between the different score ranges, 
as shown in Table 9. In order to assess the effect of OKT extra credit on 
the total fail rate, one can assume a selection made from among the group 
of 509 trainees. For example, if one were to hire 300 trainees from the 
509 in rank order (highest score range first) with an estimated selection 
ratio of 80 in each score range, the fail rate for the 300 hired before 
application of OKT extra credit would be 30%. The fail rate for the 300 
selected after application of OKT extra credit would be 25%. If only 
100 of the 509 were selected, the fail rate for the group selected with-
out OKT extra credit would be 24% in contrast to 14% for the group with 
OKT credit. These data support the conclusion that ranking of applicants 
for selection consideration based on test scores and OKT credit will re-

' sult in hiring applicants with considerably higher probability of success
ful completion of ATC training. 

Table 10 shows the fail rates for the 509 trainees based on (1) ·the 
battery alone; (2) the experimental battery plus OKT credit; 

(3) the experimental battery plus credit for OKT and veterans pref
;,~rertce points. The use of OKT credit resulted in moving 110 trainees 

the 90 and above score range, compared to the experimental battery 
alone. The number of fails increased by 14, for a rate of 13.7% 

this group. When veterans preference credit was also applied, for 
of the 509 trainees, an additional 58 trainees moved to the 90 and 

score range and the number of fails increased by 20, giving a fail 
of 34% in this group of 39 stuLants. Thus from the data presented 

Table 10, the granting of extra credit for veterans preference in
the fail rates in the higher score ranges and therefore had a 

rar:•v·e relationship to potential success in ATC training. 

When empirical evidence of validity for a selection procedure, such 
for the experimental battery, has an adverse impact on a 

, sex, or ethnic group, the Uniform Guidelines require examination 
fairness, where technically possible. 

establishing the Uniform Guidelines on Employee Selection, it was 
d there is serious debate on the question of test fairness. 

are several competing definitions of test or selection fairness, 
of which incorporates a different set of social values. Hunter and 
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Table 9 

Fail rates by score range on the Experimental 
Battery, with and without OKT credit. 

Without OKT Credit With OKT Credit 

Score 
Range N Number Failed Fail Rate N Number Failed Fail Rate 

90+ 29 5 17.2% 139 19 13.7% 

80-89 254 66 26.0% 245 78 31.8% 

70-79 226 100 44.2% 125 74 59.2% 

Total 509 171 33.6% 509 171 33.6% 
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Table 10 

Fail rates by experimental battery score ranges, 
(1) with no extra credit, (2) OKT extra credit only, 
and (3) with OKT extra credit and veterans preference 
credit. N = 509 - 1978 trainees. 

Exper. Battery Scores with Exper. Battery Scores plus Exper. Battery Scores plus 
No Extra Credit OKT Extra Credit Onlt OKT and Vet. Pref. Credit 

Score No. Fail No. Fail No. Fail 
Range N Percent Fail Rate (Pet.) N Percent Fail Rate (Pet.) N Percent Fail Rate (Pet.) 

90+ 29 6 5 17.2 139 27 19 13.7 197 41 39 19.8 

80-89 254 50 66 26.0 245 48 78 31.8 229 47 86 37.6 

70-79 226 44 100 44.2 125 25 74 59.2 60 12 38 63.3 
• U> .... 

Total 509 100 171 33.6 509 100 171 33,6 486 100 163 33.5 "' . 



Schmidt (1976) provided an analysis of three incompatible ethical posi
tions in regard to fair and unbiased use of tests, together with dif
fering statistical definitions of "test fairness" and their relationship 
to specific ethical positions. These three ethical definitions are 
characterized as Unqualified Individualism, Qualified Individualism, 
and the Quota Ethic. A report of the General Accounting Office (1979) 
evaluated Federal selection tests and examinations, and states with re
spect to these three definitions: 

"The published literature on test validity indicates that most tests 
are either fair to minority groups or slightly biased in their favor 
by the second definition, (Qualified Individualism) which according 
to OPM, is the only concept of fairness consistent with merit system 
principles. THe literature also indicates that by the first defini
tion, (Unqualified Individualism) tests are slightly biased against 
minority groups, and if one subscribes to the last definition (Quota 
Ethic) tests have always been biased against minorities." 

The Qualified Individualism definition of fairness adopted by the Of
fice of Personnel Management (OPM) holds that tests are biased when those 
with equal chances of success on the job have unequal chances of being se
lected for the job. This definition relies solely on valid measures of 
aptitude, achievement, and experience; it maximizes productivity, and 
provides equal opportunity consistent with merit principles. The statisti
cal model upon which the Uniform Guidelines appear to be based, was stated 
by Cleary in Hunter and Schmidt (1976). Basically, this model requires 
that the regression line which predicts the c'riterion (e.g. performance) 
from predictive scores to be the same for all cultural groups and, in the 
absence of this condition, that separate regression lines should be used 
as a basis for selection decisions. Statistical tests developed by Gulli
ksen and Wilkes (1970) provide a procedures which meets the Cleary model. 
Basically, three independent and sequential tests are involved: 

(1) population variances (standard error of estimate) are equal 
(non-significant differences, then, 

(2) slopes of the population regression lines are equal (non-sig
nificant differences), then, 

(3} intercepts of the population regression lines are equal (non
significant differenc.es). 

If each of the three statistical tests is met, the regression lines are 
considered to be the same and the fairness definition of Qualified Indi
vidualism is satisfied, in that predictor scores used for selection pre
dict the criterion equally for the various groups considered. On the 
other hand, if a statistically significant difference is found at any 
point in the sequential analysis, the test is considered to indicate that 
the groups were treated unequally. 

In order to examine the experimental battery in accordance with the 
Qualified Individualism model of fairness, test scores and criterion data 
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obtained for the sample of 953 ATC trainees attending the FAA Academy 
during June 1978 through December 1978 were used in the analysis. The 
number of Hispanics (23 total -- 7 with CSC test data) was too small 
for analysis. There were no American Indians in this sample and there 
was no evidence of adverse impact on selection of Asians with the ex
perimental battery. Consequently, the analysis for test fairness was 
completed with respect to men and women and for white and black trainees. 

Sample sizes varied depending on the availability of data on the 
two esc tests (CSC 157 and 24) included in the experimental battery. 
Test and criterion data were available for ATC trainees, as shown in 
Table 11. In this analysis, the tests were weighted in accordance with 

. the values derived for the 1978 ATC trainees. These weights were: 

2 x MCAT 1 
2 x MCAT 2 
1 x esc 157 
1 x esc 24 

(Total Right Scores)) = MCAT Total x 2 (Total Right Scores) 
(Total Right Scores) 
(Total Right Scores) 

for significance for all analyses of fairness was the .05 level 
confidence. 

Since almost all of the 1978 ATC trainee sample had test scores avail
the two parallel forms of MCAT, an analysis of fairness of the 
itself was completed. Table 12 shows the results for the first 
the test administered (MCAT 1) and the total score for both forms 
plus MCAT 2) by race-ethnic group and sex. The test means and 
deviations were based on raw test scores. Since MCAT was the 

test used in this analysis, the raw scores were not weighted. The 
.<e1r1c1n value was based on a mean of 0 with a standard deviation of 1 
reflects, in effect, the percent of trainees who passed the Laboratory 

The validity coefficient (r) is the correlation of the test 
the pass-fail criterion. With reference to the size of samples used 
is analysis, the 137 women comprised 14.8% of the combined sample 

and women (927) compared to 15.7% of the 7,894 ATC trainees hired 
January 1976 through October 1980, who were women. The 79 black 

represented 8.7% of the combined black and white sample (907), 
to 8.3% (of blacks) among the 7488 black and white ATC trainees 

during this same period. 

and women, the test of fairness showed no significant dif-
(NS). For the white and black groups, the difference in the in

of the regression line, was statistically significant (SIG) for 
t MCAT test administered, but differences in the standard error 
slope of the regression line were not significant (NS). When the 

for both MCAT forms administered were analyzed, there were 
differences between the two groups. This analysis indicates 

total MCAT scores predicted the ATC laboratory pass-fail criterion 
for men and women and for the black and white groups. 
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Table 11 

Summary of test data available for analysis of 
fairness of the experimental battery by the 
Qualified Individualism model. 

Men Women White Black 
(N=800) (N=l41) (N=839) (N=81) 
Sample Sample Sample Sample 

N N N N 

Test 

MCAT 1 790 137 828 79 

MCAT TOTAL 790 137 828 79 

esc 157 509 66 539 38 

esc 24 509 66 539 38 
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Table 12 

Analysis of test fairness of the MCAT 
for Men vs Women and Whites vs Blacks. 

Test of 
Men Women .2.!9.nificance 

Test Criterion Test Criterion Std. Inter-
Test N Mean so Mean so r N Mean so Mean so r Error Slope cept 

t1CAT 1 790 37.38 6.86 .63 .48 .34 137 34.12 7.82 .58 . 50 .37 NS NS NS 

MCAT TOTAL 790 80.30 11.25 .63 .48 .40 137 74.78 13.12 .58 .50 .41 NS NS NS 

Test of 
White Black Significance 

._, 
Std. .... Test Criterion Test Criterion Inter-...., . Test N Mean so Mean so r N Mean so Mean so r Error Slo~ cept 

' MCAT 1 828 37.57 6.70 .65 .48 .29 79 29.75 7.87 .35 .48 .56 NS NS SIG 

MCAT TOTAL 828 80.73 1 o. 75 .65 .48 .35 79 66.36 13.22 .35 .48 .57 NS NS NS 



The next step was to develop different test battery combinations 
with the MCAT test scores and CSC 157, CSC 24, and OKT test scores and 
to analyze these various test batteries for significant differences be
tween men and women and the white and black groups. The intercorrela
tions between the various test combinations used and their correlation 
with the pass-fail criterion are shown for each group in Table 13. 
Since a number of trainees did not have test scores on CSC 157 and CSC 
24, the sample sizes were reduced as shown in Table 13. The correla
tions shown are based on weighted test scores, where appropriate, using 
raw test battery scores (RS) as well as transmuted scores (TS). The 
correlations which combined a test battery with OKT used both the raw 
OKT score (RS) and OKT extra point scores (PTS), derived from the raw 
OKT score (i.e., 0, 3, 5, 10, 15 points). 

The descriptive statistics for the samples used in the fairness 
analysis are also provided in comparison to the total sample for each 
group as was given in Table 6, Chapter 21. 

The first test battery analyzed for fairness consisted of the MCAT 
Total and CSC 175 raw scores. In this analysis, MCAT Total was weighted 
by 2 and CSC 157 weighted by 1 in accordance with the weights previously 
derived. Then the OKT raw scores (weighted 1) were combined with the 
MCAT and CSC 157 raw scores and this combination was evaluated separate
ly. The results for each sex and race-ethnic group are shown in Table 
14. It should be noted that at this point, a passing score for the com
bined MCAT and CSC 157 test scores had not been established. Consequent
ly, the addition of the OKT raw score was independent of whether or not 
the ATC trainee passed the MCAT/CSC 157 test battery and also independent 
of extra credit points (0, 3, 5, 10, 15) which could be derived from the 
raw OKT scores. 

The combination of MCAT and CSC 157 raw test scores predicted the 
ATC laboratory pass-fail criteria equally for men and women and for black 
and white groups. The same results were obtained for the battery con
sisting of MCAT, esc 157, and OKT raw test scores. 

Use of raw scores in analyzing the test battery composed of MCAT, 
CSC 157, and OKT did not take into account the proposed use of OKT in 
the selection process. Since OKT is a job-specific test, it was not in
tended for use in the initial pass-fail determination of appointment 
eligibility for ATC applicants. Its use was intended to be limited to 
determining whether those applicants who passed the test battery (in this 
case MCAT and CSC 157) would also be given extra credit for air traffic 
control-related knowledge as measured by OKT. Further, the amount of 
extra credit (0, 3, 5, 10, 15 points) was to be based on the raw·OKT 
score with no credit for raw scores below 65 and maximum credit (15 points) 
for raw OKT scores of 80 or above. 

In order to evaluate the fairness of a test battery in combination 
with OKT in relation to its intended use, it was necessary to {1) establish 
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Table 13 

Sample and population means, standard deviations, and intercorre
lations, for men and women (Part A), and for black and white 
trainees (Part B), for the MCAT (1, 2, and total), SC 157, CSC 24, 
and OKT. Intercorrelations of (1) MCAT Total, (2) CSC 157, 
(3) esc 24, (4) OKT (RS- raw scores), (5) MCAT Total+ 157 (RS), 
(6) MCAT Total+ 157 (TS- transmuted scores), (7) MCAT Total+ 
157 + OKT (RS), (B) MCAT Total + 157 (TS) + OKT (PTS- extra points), 
(9) MCAT Total + 157 + 24 (RS), (10) MCAT Total+ 157 + 24 + OKT (RS), 
(11) MCAT Total + 157 + 24 (TS), (12) MCAT Total + 157 + 24 (TS) + 
OKT (PTS), (13) Criterion (Lab Pass-Fail). 

Men vs Women 

Men Women 
SamQle PoQulation SamQle Po[!ulation 

N Mean SD N Mean SD N Mean SD N Mean SD 

509 37.6 6.6 BOO 37.4 6.9 66 33.4 B. 1 141 34.1 7.B 
509 43.3 5.7 BOO 42.9 5.B 66 40.7 6.7 141 40.7 6.4 
509 B0.9 11.0 BOO 66 74. 1 13.4 141 
509 3B.B 6.2 515 3B.B 6.2 66 39.9 6.0 67 39.8 6.0 
509 46.7 6.5 515 46.6 6.5 66 47.3 7. 1 67 47.2 7. 1 
509 64.1 15.8 BOO 64.9 15.5 66 56.5 14.4 141 57.7 15. 1 

525. 

, 



Table 13 (Continued) 

Men 
(N=509) 

( 1 ) . (2) (3) (4) ( 5) (6) (7) (B) (9) ( 10) lll) (12) ( 13) 
(TS) 

(TS) MCAT MCAT 
MCAT MCAT MCAT TOT. MCAT TOT. 

MCAT MCAT TOT. TOT. TOT. 157 TOT. 157 
TOT. TOT. 157 157 157 24 157 24 

MCAT esc esc OKT 157 157 OKT OKT 24 OKT 24 OKT Pass-
TOT. 157 24 (RS) (RS) (TS) (RS) (PTS) (RS) (RS) (TS) ( PTS) Fail 

( l) MCAT TOT. .24 .33 .03 .97 .97 .B3 .B2 .95 .B6 .95 .B2 .3B 

(2) esc 157 .09 -.16 .4B .4B .32 .32 .45 .32 .45 .30 . 16 

(3) esc 24 -.23 .32 .32 .14 .15 .53 .35 .53 .33 .12 

(4) OKT(RS) -.02 -.02 .54 .44 -.07 .46 -.07 .41 .21 

(5) MCAT TOT. + 157(RS) 1.00 .B3 .B3 .97 .B6 .97 .B2 .3B 

(6) MCAT TOT. + 157(TS) .B3 .B3 .97 .B6 .97 .B2 .3B 

(7) MCAT TOT. + 157 + OKT(RS) .94 .7B .9B .7B .92 .44 

(B) MCAT TOT. + 157(TS) + OKT(PTS) . 7B .92 .7B .9B .44 

(9) MCAT TOT. + 157 + 24(RS) .B5 1.00 .B2 .37 

(10) MCAT TOT. + 157 + 24 + OKT(RS) .B5 .94 .44 

(11) MCAT TOT. + 157 + 24(TS) .B2 .37 

(12) MCAT TOT. + 157 + 24(TS) + OKT(PTS) .44 

(13) CRITERION (Lab Pass-Fail) 
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Table 13 (Continued) 

Women 

(N=66) 
( l ) (2) ( 3) (4) ( 5) (6) (7) ( 8) (9) 

(TS) 
MCAT MCAT MCAT 

MCAT MCAT TOT. TOT. TOT. 
TOT. TOT. 157 157 157 

MCAT esc esc OKT 157 157 OKT OKT 24 
TOT. 157 24 .\B& .\B& .illl 1m (PTS) ill1_ 

(l) MCAT TOT. .23 .04 .17 .98 .98 .89 .92 .95 
(2) esc 157 012 .06 .42 .42 .38 .34 .43 
(3) esc 24 -.25 .06 .06 -.06 .01 .29 

.· .. (4) OKT(RS) .17 017 .56 .41 .11 
1.00 .91 .93 .97 

MCAT TOT. + l57(TS) .91 .93 .97 
,(7) MCAT TOT. + 157 + OKT(RS) .95 .86 

MCAT TOT. + l57(TS) + OKT(PTS) .89 
MCAT TOT. + 157 + 24(RS) 
MCAT TOT. + 157 + 24 + OKT(RS) 

) MCAT TOT. + 157 + 24(TS) 
MCAT TOT. + 157 + 24(TS) + OKT(PTS) 
CRITERION (Lab Pass-Fail) 
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( l 0) (11) 

MCAT 
TOT. MCAT 
157 TOT. 
24 157 

OKT 24 
illl (TS) 

.89 .95 

.40 .43 
015 .29 
.51 .11 
.91 .97 
.91 .97 
.98 .86 
.95 .89 
0 91 1.00 

.91 

( 12) 
(TS) 
MCAT 
TOT. 
157 

24 
OKT 
(PTS) 

,90 
.35 
.20 
.37 
.91 
.91 
.92 
.98 
.92 
.95 
.92 

( 13) 

Pass-
Fail 

.33 

.40 

.08 

.31 

.39 

.39 

.46 

.41 

.39 

.47 

.39 

.42 
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Table 13 (Continued) 

Part B. White vs Black 

White Black 
SamQle PoQulation SamQle PoQulation 

N Mean SD N Mean SD N Mean SD N Mean SD 
MCAT 1 539 37.7 6.6 839 37.6 6.7 38 29.7 7.8 81 29.8 7.9 
MCAT 2 539 43.6 5.5 839 43.2 5.5 38 36.1 7.5 81 36.6 6.8 
MCAT TOT. 539 81.2 10.6 839 38 65.8 14.0 81 
esc 157 539 39. 1 6.2 545 39.1 6.2 38 35.4 6.1 39 35.3 6.1 
esc 24 539 66.8 6.6 545 46.9 6.5 38 44.7 6.6 39 44.2 7.1 
OKT(RS) 539 63. 1 15.9 839 63.9 15.8 38 65.5 13.6 81 66.2 13.1 
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Table 13 (Continued) 

White 

(N=539) 
(1) (2) ( 3) (4) {5) (6) (7) (8) {9) (10) (11) (12) ( 13) 

1 
(TS) 

(TS) MCAT MCAT 
;o MCAT MCAT MCAT TOT. MCAT TOT. 

MCAT MCAT TOT. TOT. TOT. 157 TOT. 157 
r. 9 TOT. TOT. 157 157 157 24 157 24 
i. 8 MCAT esc esc OKT 157 157 OKT OKT 24 OKT 24 OKT Pass-

TOT. 157 24 liill. (RS) ~ liill. (PTS) liill. (RS) .illl (PTS) Fail 

{1) MCAT TOT. .23 .28 .07 .97 .97 .83 .82 .94 .85 .94 .82 .33 
i. 1 

(Zl esc 157 . 10 -.14 .48 .48 . 31 .32 .45 .32 .45 • 31 . 17 
r. 1 (3) esc 24 -.24 .28 .28 .09 . 10 .50 .31 .50 .30 .07 
1.1 {4} OKT(RS) .03 .03 .58 .68 -.03 .50 -.03 .44 .23 

) MCAT TOT. + 157{RS) 1.00 .83 .82 .97 .86 .97 .82 .34 
MCAT TOT. + 157(TS) .83 .82 .97 .86 .97 .82 .34 
MCAT TOT. + 157 + OKT(RS) .94 .77 .96 .77 .92 .41 
MeAT TOT. + 157{TS) + OKT(PTS) .77 .92 .77 .98 .40 
MCAT TOT. + 157 + 24(RS) .85 1,00 . 81 .33 
MCAT TOT. + 157 + 24 + OKT(RS) .85 .94 .41 

MCAT TOT. + 157 + 24{TS) .81 .33 
MCAT TOT. + 157 + 24(TS) + OKT(PTS) .40 
CRITERION (Lab Pass-Fail) 
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Table 13 (Continued) 

Black 

. (N=38) 

( 1 ) (2) (3) (4) (5) (6) (7) (8) (9) ( 10) (11) (12) ( 13) 

(TS) MCAT 
(TS) 
MCAT 

MCAT MCAT MCAT TOT. MCAT TOT. 
MCAT MCAT TOT .. TOT. TOT. 157 TOT~ 157 
TOT. TOT. 157 157 157 24 157 24 

MCAT esc esc OKT 157 157 OKT OKT 24 OKT 24 OKT Pass-
TOT. 157 24 (RS) 00 illl 00 (PTS) iB& 00 illl (PTS) Fail 

(1) MCAT TOT. -.2~ . 17 .27 .98 .98 .90 .92 .96 .91 .96 . 91 .60 
(2) esc 157 -.11 -.11 -.06 -.06 -.10 -.18 -.09 -.12 -.09 -.19 .07 
(3) esc 24 -.09 . 15 . 15 .06 .09 .37 .27 .37 .25 .35 
(4) OKT(RS) .25 .25 .62 .49 .22 .58 .22 .47 .24 
(5) MCAT TOT. + 157(RS) 1.00 .92 .92 .97 .91 .97 ·.90 .64 
(6) MCAT TOT. + 157(TS) .92 .92 .97 .91 .97 .90 .64 
(7) MCAT TOT. + 157 + OKT(RS) .95 .88 .96 .88 .93 .62 
(8) MCAT TOT. + 157(TS) + OKT(PTS) .89 .94 .90 .99 • 61 
(9) MCAT TOT. + 157 + 24(RS) .92 f.oo .91 .68 

(10) MCAT TOT. + 157 + 24 + OKT(RS) .92 .95 .67 
(11) MCAT TOT. + 157 + 24(TS) .91 .68 
(12) MCAT TOT. + 157 + 24(TS) + OKT(PTS) .64 
(13) CRITERION (Lab Pass-Fail) 
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Analyses of test fairness of MCAT Total + CSC 157 
and MCAT Total +esc 157 + OKT, for men vs women 
and whites vs blacks. 

Men Women 
Test Criterion Test Criterion 

Test N Mean so Mean SO r N Mean so Mean so r 
t~CAT TOT.) 
esc 157 )) - (RS) 509 200.62 24.19 .629 .484 .38 66 188.02 28.80 .515 .504 .39 

MCAT TOT.) 
esc 157 ) - (RS) 509 264.71 28.68 .629 .484 .44 66 244.47 34.33 .515 .504 .46 
OKT ) 

White Black 
Test Criterion Test Criterion 

N---Mean- SO Mean so r N Mean so Mean so r 
MCAT TOT.) 
esc 157 >> - (Rs) 539 201.54 23.37 .640 .480 .34 38 166.93 26.88 .316 .471 .64 

MCAT TOT.) 
esc 157 ) - (RS) 539 264.62 28.62 .640 .480 .41 38 232.41 33.03 .316 .471 .62 
OKT ) 

(RS)- Raw-Scores 

Test of 
Significance 

Std. Inter-
Error Slope ~ 

NS NS NS 

NS NS NS 

Test of 
Significance 

Std. Inter-
Error Slope cept 

NS NS NS 

NS NS NS 



a '~passing" score on the test battery, (2) transmute the raw test battery 
score in relation to the passing score, and (3) add the appropriate extra 
credit points based on OKT raw score, for those who passed the test bat
tery. 

In order to transmute the total raw score for the ATC trainee sample, 
it was necessary to estimate the mean score which would have been obtained 
by an ATC applicant group on this test battery (MCAT + CSC 157) and equate 
this mean score to a passing score of 70. Fortunately, the tests used in 
the analysis of the ATC trainee sample were identical to the tests taken 
by the 5,931 ATC applicants in 1978 except for the second form of MCAT, 
which was not administered to the ATC applicants. Consequently, given 
the mean scores on each test, which were available for both the ATC train
ees and the ATC applicants, it was possible to estimate a mean for the 
ATC applicants on the second MCAT form. By combining this estimated mean 
for MCAT 2 with the actual mean scores obtained by the ATC applicants on 
the other tests and weighting them, an estimated mean score of 161.2 for 
the lll.78 ATC applicant group was derived for a test battery composed of 
MCAT Total and esc 157, as shown below: 

1978 
ATC Applicants ATC 

MEAN X WT. = TOTAL MEAN 

MCAT 1 30.6 2 61.2 36.9 
*{MCAT2 35.6 2 71. 2) 42.6 

esc 157 28.8 1 28.8 38.8 
Est. Mean Raw Score 161.2 

{1) ATC Applicant Mean - MCAT 1 30.6 
ATC Trainee Mean MCAT 1 36.9 

(2) ATC Trainee Mean - MCAT 2 42.6 
ATC Trainee Mean - MCAT 1 36.9 

Difference 5:7 

*(3) Est. MCAT 2 Mean for Applicant Group= 35.6 
(6.0 X .829 - 5.0 + 30.6 = 35.6) 

1978 
Trainees 

X WT. = TOTAL 

2 73.8 
2 85.2 
1 38.8 

197.8 

= .829 

(6.0) 

Since the correlation between the two differently weighted experimental 
battery scores for the ATC trainee sample was .93 (Table 20, Chapter 21), 
an estimated mean score for bhe ATC applicant group of 159.5 was also de
rived, using the ratio of the mean scores for the 1978 applicant and train-· 
ee groups for the common weighted tests as shown below. 
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MEAN 

(1) Actual Weighted Applicant Raw Score Mean 
(N = 6000) (4 x MCAT 1 + 2 x 157) 181.6 

(2) Actual Weighted Trainee Raw Score Mean 
(N = 592) (4 x MCAT 1 + 2x 157) 225.2 

(3) Actual Weighted Trainee Raw Score Mean 
(N 592) (2 x MCAT 1 + 2 X MCAT 2 + 1 X 157) 197.8 

(4) 197.8 
225.2 

X 

X 181,6 = 159.5 Est. MEAN for Applicant Group 
on ATC Test Weighted 
(2 x MCAT 1 + 2 x MCAT 2 + 1 x 157) 

Given these two estimated mean scores for an applicant group on the ATC 
'test battery comprised of MCAT and CSC 157, a mean value of 160 was used 
as a passing score and equated to a transmuted score of 70. The maximum 
raw weighted score was equated to a transmuted score of 100. As each 
person's raw weighted score was greater than 160, but less than the maxi
mum possible raw weighted score, these scores were converted to fit the 

.. new 30-point score range between 70 and 100 by the following general 
· t;rans format ion: 

T = ( (RS - 160) x 30 
) + 70 s MAX RS - 160 

RS Total weighted raw score 
MAX RS = 255.0 
MEAN RS = 160.0 
70 = New Passing Score 
30 = New Score Range (70 to 100) 

11nalysis of fairness was completed using the obtained transmuted test 
scores for the ATC trainees. A separate analysis was completed 

the transmuted scores plus extra credit points (0, 3, 5, 10, 15) 
from OKT raw scores for those ATC trainees who passed the test 
with scores of 70 or more. The results are shown in Table 15. 

The combination of transmuted test battery scores for MCAT and CSC 
plus extra credit points for OKT scores replicates the operational 
of the selection tests. The·analysis of fairness provided in Table 

that this test battery including OKT, predicts the ATC laboratory 
1 criterion equally for men and women and for black and white 

Finally, an examination was made of the fairness of the entire test 
, composed of MCAT, CSC 157, and CSC 24 with and without extra 
based on OKT scores. The results are displayed in Table 16. In 
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Test 
Test N Mean 

MCAT TOT.) 
esc 157 )) - (TS) 509 82.83 

Table 15 

Analyses of test fairness of a battery consisting of the 
MCAT Total, esc 157, and OKT (raw score and extra points), 
for men vs women and whites vs blacks. 

Men Women 
Criterion Test Criterion 

so Mean so r N Mean so Mean so 

7.64 .629 .484 .38 66 78.85 9.10 .515 .504 

r 

.39 

MCAT Tot.) 
esc 157 ) 
OKT ) 

- (TS) 
(PTS) 

509 87.50 9.92 .629 .484 .44 66 80.88 10.75 . 515 . 504 .41 

U> 
w ..,. 

Test 
Test 

N Mean 

White 
Criterion 

50 Mean SO r ---
MCAT TOT.)) _ (TS) 539 83.12 7.38 .. 640 .480 .34 
esc 157 ) 

MCAT TOT.) 
esc 157 ) 
OKT ) 

- (TS) 
(PTS) 

539 87.48 9.68 .640 .480 .40 

(TS} - Transmuted Test Battery Score 
(PTS) - OKT Points 

Black 
Test Criterion 

N Mean 50 Mean--so r ---
38 72.19 8.49 .316 .471 .64 

38 76.14 11.90 .316 .471 .61 

Test rJf 
Significance 

Std. Inter
Error Slope ~ 

NS 

NS 

NS 

NS 

· Test of 
Significance 

NS 

NS 

Std. Inter
Error Slope ~ 

NS NS NS 

NS NS NS 



Table 16 

Analyses of test fairness of a battery consisting of 
MCAT Total, esc 157, esc 24, and OKT (raw score and 
extra points), for men vs. women and whites vs blacks. 

Men Women 
Test of 

Significance 
Test Criterion Test Criterion Std. Inter-

Test tl Mean so Mean so r N Mean so Mean so r Error Slope ~ 
MCAT TOT.) 
esc 157 ) - (RS) 509 247.29 26.95 .629 .484 .37 66 235.27 30.08 .515 .504 .39 NS NS NS 
esc 24 ) 

MCAT TOT.) 
esc 157 ) - (TS) 509 83.38 7.63 .629 .484 .37 66 79.98 8.51 .515 .504 .39 NS NS NS 

"' esc 24 ) 

' w 

!"' MCAT TOT.) ) 

esc 157 ) - (TS)) 
esc 24 ) ) - 509 88.04 9. 72 .629 .484 .44 66 82.01 10.09 • 515 .504 .42 NS NS NS 

OKT ) - (PTS) 
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Table 16 (Continued) 

Test of White Black Significance 
Test Criterion Test Criterion Std. Inter-Test N Mean so Mean so r N Mean so Mean so r Error Slope ~ 

MeAT TOT.) 
esc 157 ) - (RS) 539 248.32 25.97 .640 .480 .33 38 211.62 28.61 .316 .471 .68 SIG 
esc 24 ) 

MCAT TOT.) 
esc 157 ) - (TS) 539 83.67 7.35 .640 .480 .33 38 73.29 8.10 .316 .471 .68 SIG 
esc 24 ) 

MCAT TOT.) 
"' ~ esc 157 ) - ( TS)) 

esc 24 ) ) - 539 88.03 9.42 .640 .480 .40 38 77.16 11.45 .316 .471 .64 NS NS NS 
) 

OKT ) - (PTS) 



order to add OKT extra credit points, it was again necessary to transmute 
the tota! raw score for MCAT, CSC 157, and CSC 24 and to establish a pass
ing raw score, equated to a transmuted score of 70, as shown below: 

1978 1978 
ATC Applicants ATC Trainees 

TEST MEAN X WT ~ TOTAL MEAN X WT ~ TOTAL ---
MCAT 1 30.6 2 61.2 36.9 2 73.8 

*(MCAT 2 35.6 2 71. 2) 42.6 2 85.2 
esc 157 28.8 1 28.8 38.8 1 38.8 
esc 24 40.6 1 40.6 46.6 1 46.6 ---

Est. Mean Raw Score 201.8 244.4 

!*See earlier for derivation of estimated mean score for MCAT 2,) 
( 

·4gain, an estimated mean raw score for the applicant group was derived, 
; bing a ratio 'method as follows: 

Actual Applicant Mean (N ~ 6000) 
(4 x MCAT 1 + 2 x 156 + 1 + 24) ~ 222.3 (Table 28, 

Chapter 20) 

Actual Mean ATC Trainee Group (N ~ 592) 
(4 x MCAT 1 + 2 X 157 + 1 X 24) ~ 272.6 (Table 20, 

Chapter 21) 

Actual Mean ATC Trainee Group (N ~ 592) 
(2 x MCAT 1 + 2 x MCAT 2 + 1 x 157 + 1 X 24) ~ 245.6 (Table 20, 

Chapter 21) 

~ 200.3 Est. Mean for Applicant Group on ATC Test Weighted 
(2 x MCAT 1 + 2 x MCAT 2 + 1 x 157 + 1 x 24) 

these two estimated mean scores for an applicant group (201.8 and 200.3) 
experimental battery composed of MCAT, CSC 157, and CSC 24, a mean 

of 200 was used as a passing score and equated to a transmuted score 
The total raw weighted scores for each ATC trainee on MCAT, CSC 
esc 24 were then transmuted as follows: 

T 
s 

~ ( (RS - 200) X 30 ) + 70 
MAX RS - 200 

R ~ Total weighted raw score 
s 

MAX RS 
MEAN RS 

~ 306 
~ 200 

16 shows the results of the fairness analysis on this battery 
raw and transmuted scores) and for. the experimental battery 
scores in combination with extra credit points based on OKT, 

e trainees who scored 70 or more on the test battery. 
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As shown in Table 16, there were no significant differences on the 
experimental battery between men and women. However, as a result of the 
addition of CSC 24 test scores (Arithmetic Reasoning) to the scores of 
MCAT and CSC 157, the estimated population variances of errors of pre
diction between the black and white groups became statistically signi
ficant. The statistical tests developed by Gulliksen and Wilkes (1950) 
require that further tests be discontinued if a significant difference 
is found at any of the three steps in the analysis, since the regression 
lines used for prediction are, by definition, unequal. 

The fact that the regression lines for the white and black groups 
were statistically unequal, by itself, does not identify the practical 
implications for the selection procedure. According to the Cleary model 
of test fairness, if tests are "biased" (unequal), an alternative solu
tion is to use the separate regressions for selection decisions. How
ever, adoption of this solution would have explicitly introduced race
ethnic group as a predictor in the selection process, and this is in
compatible with the ethical position of Qualified Individualism as well 
as the law (Hunter and Schmidt, 1960). 

In such circumstances, a single regression line derived by combining 
the groups typically has been used as the basis for selection procedures. 
The effect of this is to "overpredict" the criterion (e.g., job perform
ance) for the group that scored lower on the test and had a lower mean 
on the criterion measure (Hunter and Schmidt, 1960). In the analysis of 
this test battery, use of a single regression line obtained by combining 
the white and black groups (,the total sample) would "bias" the selection 
procedure in favor of the black group. This result conforms with the 
general findings in the published literature referred to by the General 
Accounting Office review of Federal selection tests (General Accounting 
Office, 1979), 

Table 16 also shows that when extra credit points based on OKT were 
added to the transmuted scores for the experimental battery, there were 
no significant differences between men and women or the black and white 
groups. While this indicates that the combination of the test battery 
and OKT points predicts the ATC laboratory pass-fail criterion equally 
for all groups, the test battery itself would be used to establish initial 
appointment eligibility for applicants. The fact that addition of OKT 
points results in equal treatment for those who pass the test does not 
adequately address the unequal treatment resulting from the use of esc 
24 under the Uniform Guidelines. Given that CSC 24 results in unequal 
prediction of the pass-fail criterion between the white and black groups, 
it should hot be used as part of the ATC selection battery. From a prac
tical viewpoint, the exclusion of esc 24 has essentially no impact on 
the multiple correlation or the predictive value for the total group or 
for men and women since its contribution to the prediction of the per
formance criterion is very small (See Tables 17 and 18, Chapter 21). 
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Alternative Selection Procedures 

During the course of this research program, a number of alternative 
instruments, both cognitive and non-cognitive, were examined. The 1978 
studies reported in Chapter 18, of full-performance, developmental, and 
trainee air traffic controllers examined the relationship between non
cognitive instruments (including biographical data and personality tests) 
and performance criieria. Use of biographical data as an alternative 
selection procedure was examined in some depth. 

In May 1979, the FAA proposed to the Office of Personnel Management 
(OPM) a demonstration project, under the Civil Service Reform Act, that 
addressed recruitment and selection of women and minorities in the air 
traffic control occupation (FAA, 1979). This proposal involved a 5~year 
period during which approximately half of the new ATC hires (750) in the 
FAA Southern region would be selected in nonregister order as a control 
group and the other half (750) selected in the regular manner from the 
OPM register to form a noncontrol goup. Candidates in the Southern re
gion would be given a detailed multiple choide biographical questionnaire 
and "profiled" on relevant life experience dimensions and grouped into 
life profile clusters. The life profiles would then be used as an alter
nate means for ranking and selection of candidates for the control group. 

·.Success in ATC training would then be evaluated for both the control and 
~noncontrol groups as a means of validating the alternative selection pro
, cedure. After review of the proposal and the biographical questionnaire, 

OPM pointed out a number of concerns related to job relatedness, privacy, 
subjectivity, and public relations for most of the questions included in 

biographical form. The use was suggested of numerical scores based 
"life profiles" derived from empirical data established from validity 

.•••,u•c~•, and it was pointed out that the job relatedness issue presented 
difficult problem because of the practical and legal requirements. 

The biographical questionnaire proposed for this project was admini
to 545 of the ATC trainees attending the FAA Academy during the 
1976-1977. Information on sex, race, OPM selection scores, ATC 

laboratory composite scores and training pass-fail status was 
available for this sample of 545 students. These data were provided 

the Institute for Behavioral Research, University of Georgia, for analy
Eight factors were identified through factor analysis: I. Academic 
, II. Social factor, III. Child Relationship factor, IV. Initiative 
, V. IFR/VFR Experience factor, VI. Parental Permissiveness factor, 

Physical/Sports factor, VIII. Socio/Economic factor. 

Using factor scores on these factors, the 545 trainees were clustered 
six subgroups with similar life experiences. _l!ecause of the weak re

ionship between success-failure in the laboratory training and subgroup 
~b·er:ships, the eight life experience factors were used to predict the 

score using regression and stepwise regression analysis. The 
showed that the factors were not good predictors of the laboratory 
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composite score which determined the pass-fail status of ATC trainees. 
Generally the results showed that ATC experience and tests involving 
mathematics and physical sciences would yield better predictions of suc
cess in ATC training. The report (Gauger, 1980) suggested that use of 
a sample of working controllers to establish similar life experience 
and group membership patterns might prove more meaningful. While this 
had been planned as p~rt of the project methodology, the results of the 
University of Georgia study, the OPM concerns regarding validity of bio
graphical data as a basis for selection, and cost considerations resulted 
in termination of this approach toward alternative selection procedures. 

As pointed out in the preceding chapter, in conjunction with the 
analysis of the sample of 953 ATC trainees attending the FAA Academy 
in 1978, the FAA recognized the difficulty of selecting women and mi
norities from competitive OPM registers in 1968, and for that reason, 
established the Predevelopmental ATC program. In 1974, Executive Order 
11813 provided for noncompetitive conversion of Cooperative Education 
students and this authority was incorporated in the recruitment and 
selection program for women and minorities in air traffic and other FAA 
occupations. These alternative selection programs have been and will 
continue to be a major vehicle to address the adverse impact on women 
and minorities as well as the Federal Equal Opportunity Recruitment 
Program (FEORP) requirements, established by the 1978 Civil Service Re
form Act. 

Table 17 shows the total number of ATC trainees hired from January 
1976 through October 1980, as well as those hired from OPM register 
(competitive) and those hired through the Predevelopmental and Co-op 
programs (non-competitive) by sex and race-ethnic group. 
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Table 17 

Summary of ATC trainees hired from January 1976 
through October 1980, from competitive (OPM registers) 
and non-competitive (Predevelopmental and Co-op 
Programs, by sex and race-ethnic group, 

d Total Competitive Non-Competitive Percent 
Group Hires Percent Hires Percent Hires Percent 

Men 6653 84.3 6218 93.5 435 6.5 
Women 1241 15.7 837 67.4 404 32.6 
Total 7894 100.0 7055 89.4 839 10.6 

White 6870 88.1 6442 93.8 428 6.2 
220 2.8 134 60.9 86 39.1 
618 7.9 300 48.5 318 51.5 

66 .9 61 92.4 5 7.6 
Indian 21 .3 18 85.7 3 14.3 

7795 100.0 6955 89.2 840 10.8 
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Chapter 23 

SUMMARY OF RESEARCH ON THE EXPERIMENTAL BATTERY 
RECOMMENDATIONS FOR ADOPTION AND FURTHER RESEARCH 

S. B. Sells and Evan W. Pickrel 

The preceding chapters in Part IV reported in some detail the re
search that culminated in the adoption of the experimental test battery 
for operational selection in October, 1981. This chapter summarizes 
the principal conclusions based on that research and the recommendations 
presented by the research group to implement its use. 

Summary 

The statistical analyses reported encompassed a large number of dif-
. ferent experimental tests including the five Civil Service Commission (CSC) 
; tests previously used for screening of Air Traffic Controller (ATC) appli

cants. The final experimental ATC test battery consisting of the Multi
Controller AptitudeoTest - MCAT, CSC 157- Abstract Reasoning and 

Sequence, and CSC 24 - Arithmetic Reasoning, was derived on the 
s of multiple regression analysis. The tests were examined with re

to both unweighted and weighted test score values. Only CSC 157, 
the five esc tests, contributed to the multiple correlation (R) pre

the ATC training (performance) criterion. Weighting the tests 
ncreased the validity of the ATC test battery. 

The experimental ATC test battery, consisting of MCAT, CSC 157, and 
24, was demonstrated to be a valid and statistically significant in

for the preemployment screening of applicants for the ATC occu
The need for this screening is particularly important because 
the high cost of ATC training; (2) the large number of applicants 

relation to the relatively few vacancies that were filled annually, in 
years, and (3) the fact that there is essentially no "self screen-

on the part of applicants since there are no educational or specialized 
ience requirements for appointment eligibility at the entry grade 
s (GS-5 or GS-7). 

of the Occupational Knowledge Test (OKT) in conjunction with 
eX1>e1:inoer1tal ATC test battery increased the predictive validity of the 

procedure. The OKT provides a more effective method of establish
applicant's knowledge relevant to the ATC occupation than the as-

of related experience by means of the Rating Guide previously used 
Civil Service Commission and it• successor, the Office of Personnel 

(OPM). Further, the use of OKT allows applicants who have ac
this knowledge outside of the specific work experiences that are 

credit under the Rating Guide to earn extra credit for competitive 
consideration. 
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The use of the experimental ATC test battery and OKT scores to rank 
competitive ATC applicants fo~ appointment consideration, and the selec
tion of those with the highest scores first, is a valid use of the ap
plicants' ~est scores, since it increases significantly the probability 
of success in the ATC occupation as measured by passing the Initial ATC 
Qualification Training Program. The addition of veterans preference<. 
points to an applicant's score on the ATC test battery is not a valid 
predictor of success in the ATC occupation. 

Analysis of the utility of the experimental battery indicated a sig
nificant potential for substantial reduction of the overall cost of ATC 
training. The new battery has proven effective in the identification of 
applicants who passed the esc battery, but had high fail rates in the 
Initial ATC Qualification training program. Operational use of the ex
perimental battery will require the testing of increased numbers of ap
plicants, compared to the esc battery, in order to obtain sufficient ap
plicants with Earned Rating scores above 85. 

The establishment of the passing score on the experimental battery 
at the approximate mean score for an ATC applicant group is supported by 
the analysis of fail rates by score range groups. Setting a higher pass
ing score (for example a transmuted score of 80) would significantly in
crease the difficulty in recruiting women and minorities through either 
comp~titive or non-competitive selection procedures. 

The CSC battery and the experimental battery both had adverse impact 
on some minority groups, particularly blacks. The award of extra credit 
for veterans preference and ATC-related knowledge or experience to appli
cants who passed either test battery, also involved adverse impact on 
women. The experimental battery had a somewhat greater adverse impact 
on selection of women and blacks than did the CSC battery. Veterans 
preference credit was a significant factor in the adverse impact on women. 
The statistical evidence did not support the validity of veterans pref
erence in relation to performance criteria, but it is required by law. 

Given the evidence of adverse impact on women and some minority groups, 
especially blacks, analyses of test fairness were completed on the various 
components of the experimental test battery and the OKT. These analyses 
showed that the requirements of the Uniform Guidelines on Employee Selection 
are met for the ATC test battery comprised of MCAT and CSC 157 and for 
MCAT, CSC 157, and OKT extra credit points. This was true for both men 
and women and the white and black groups. 

The Multiplex Controller Aptitude test (MCAT) is the major component 
in the validities obtained with the experimental battery. The analysis of 
fairness for MCAT, alone, included a sample of men and women as well as 
white and black trainees, which was proportional to the total population 
of ATC trainees attending the FAA Academy during the period of January 
1976 through October 1980. 
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The addition of esc 24 to the test battery composed of MCAT and esc 
157 revealed a significant difference in the )Opulation variance between 
the white and black groups, indicating that an ATC test battery comprised 
of MCAT, CSC 157, and CSC 24 did not meet the fairness requirements of 
the Uniform Guidelines for the white and black groups. The effect of 
these differences would be to bias the test battery somewhat in favor of 
the black group if a common regression line for the two groups were used. 
However, there were no' significant differences between men and women on 
this test battery. 

Recommendations for Operational Use of the Final Battery 

The following recommendations were made by the research group, for 
the operational use of the final battery described above, to qualify, 
rate, and rank applicants for the Air Traffic Control occupation: 

1. The ATC Test Battery used to qualify applicants for placement 
competitive OPM registers or to qualify applicants for non-competitive 

consideration should consist of: 

a. The two forms of the Multiplex Controller Aptitude Test 
(MCAT) with the total correct scores, weighted by a value 
of 2, and 

b. CSC Test 157, Abstract Reasoning and Letter Sequence, scored 
(R-l/4W), weighted by a value of 1. 

form of the MCAT has 55 questions segmented into two parts; 20 minutes 
allowed for Part A (27 or 28 questions) and 15 minutes for Part B (27 

questions). Eight minutes are also allowed for the reading of test 
ions and practice problems. Therefore, a total of 43 minutes is 

for administration of each MCAT form, and the total test time 
for both MCAT forms is 1 hour and 26 minutes. The Abstract Rea

and Letter Sequence test is a two-part test; each part has 25 ques
Test time for Part A is 15 minutes, and for Part B, 20 minutes. 

minutes allowed for these practice ques
Total testing time for the recommended ATC Test Battery, including 

test familiarization time, is 2 hours and 6 minutes. 

composite weighted raw score on the test battery should be 
by a linear transformation of the distribution so that the 

score of the applicant group is equated to a passing score of 70. 

All applicants, competitive and non-competitive, who score 70 or 
should be considered eligible for appointment consideration in the 

Control occupation. 

Test (OKT) should be administered to 
ive and non-competitive applicants together with the recommended 

Battery. The results of the OKT should be used to grant addi
credit in place of the previously used OPM Rating Guide. 

is an 80-item test and is scored for correct answers only. 
50 minutes. There are no practice items. Two minutes are 

test directions. The total test administration time, 
hours and 58 minutes. 
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Additional earned credit should be granted only to those applicants 
who achieve a score of 70 or greater on the qualifying ATC Test Battery 
(MCAT and esc 157). Additional earned credit points should be granted 
to qualifying applicants based on OKT scores as follows: 

OKT Scores 
OKT Scores Transmuted Additional 
(No. Risht> Scale Points Earned 

0-80 0-100 -----
52-55 = 65-69 = 3 
56-59 = 70-74 = 5 
60-63 = 75-79 = 10 
64+ = 80+ = 15 

For competitive applicants, additional points based on OKT scores 
should be added to the scores of applicants who achieve 70 or higher on 
the ATC Test Battery. The total score, together with any veterans pref
erence points, should be used to rank candidates for selection considera
tion on the OPM register. For non-competitive applicants, the OKT scores 
together with the riew ATC Test Battery should be used as a basis for of
fering GS-7 appointments in the ATC occupation (rather than GS-5 pre-de
velopmental appointments) to those individuals whose high scores indicate 
they have the aptitude and knowledge to enter the GS-7 Initial ATC Quali
fication training. 

5. Qualified applicants should be ranked for competitive appoint
ment consideration based on the sum of their scores on the ATC Test Bat
tery, the OKT, and veterans preference credit, and those applicants with 
the highest total score (Earned Rating) should be given first considera
tion for selection. 

When the foregoing recommendations were made, it was also recommended 
that the then existing OPM register of qualified applicants (approximately 
4,500) should be retained, but that applicants who qualified on the basis 
of the new ATC Test Battery should be interspersed in their appropriate 
rank order with those applicants who were then on the register. 

In addition, it was recommended that the six parallel forms of MCAT 
and the eight parallel forms of OKT, which had been developed and were 
used in conjunction with the validation studies, should be placed into op
erational use for ATC applicant screening and selection, but that the FAA, 
Office of Aviation Medicine, should be delegated the responsibility by 
OPM for continued development of additional parallel forms of MCAT and OKT, 
to insure against compromise of operational test forms. 

Further Research with the New Battery 

As explained by Pickrel in Chapter 6, the new ATC Test Battery was 
placed into operational use at a time of crisis, following the PATCO ·•··'•·· 
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At that' time, the need for new controllers to replace the 11,000 who were 
dismissed was acute, and changes were being made in the ATCS job structure 
and in the Academy training curriculum. 

All along, it had been intended to investigate the possibility of 
utilizing the new test battery differentially, for optimal assignment of 
qualified candidates to training for the Terminal and EnRoute options, 

well as for Flight Service Station training. This research had not 
been carried out and in the press of activation of the new battery 
of preparing additional alternate forms, it was put aside. The prob
remains, however, along with that of the possible use of the new 

to select on the basis of qualification for radar training, which 
the new system is now an advanced course at the Academy. Research 

problems of differential placement should be facilitated by the in
student input at the Academy in 1982, 

Despite the exceptional performance of the new test battery, the pas
exists of attaining even higher validity and therefore efficiency 

pr~uLccL.ou, by investigating additional predictors. Some possibilities 
were mentioned in earlier chapters include a performance test, the 

Performance Task Battery, described in Chapter 4, the Dial Reading 
Directional Headings tests, discussed in the EPA and Boone studies, 

·Chapter 18, and also new personality measures that have been developed 
recently, such as those by Comrey (1970) and Jackson (1976). 

of the MCAT, which evolved progressively from a film to a 
lide to a slide to a paper and pencil test, is extremely interesting 

extent to which Dailey and Pickrel were able to capture the dyna
the original CODE procedure in a paper and pencil test, with the 
of aptitude items that enlarged the scope of the test, commands 

At the same time, it should be recognized that this tour de 
in paper and pencil test construction was dictated by a policy of 
Service Commission that prohibited the use of any tests that required 

to administer. 

been sound even as late as the 1970's, before the 
ecltrctnLc technology of computerized telecommunications engulfed the 

and institutional scene. For the remainder of the 1980's and the 
it may finally be timely to utilize this technology for testing 

beginnings have been made in education and industry) and to seek 
improvement in the CODE-MCAT approach by the use of realistic, 

generated and scored simulations. The justification of paper and 
ts and answer sheets as economical and convenient appears to be 

a limit and there is no reason why the wave of the future should 
by the FAA in conjunction with the implementation of the new NAS 
is discussed in the remainder of this book. 
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Part V 

IMPLICATIONS FOR ATCS SELECTION OF PROJECTED 
DEVELOPMENTS IN ATC SYSTEM TECHNOLOGY 

Since at least the early 1970's, aware of the limitations in relation 
to growth of the user population, mounting operating and maintenance costs, 
and progressive obsolescence of its system hardware, FAA engineering sci
entists have been engaged in the development of a new system, reflecting 
as closely as possible the state-of-the~.art in recent electronic computer 
and communication technology, to replace the old. This development crys
tallized in 1981 and was announced to the world as the New ~irspace System 
Plan in December, 1981, only a few months after the new selection battery 
became operational. 

The new system is expected to come on-line gradually, by evolutionary 
steps, and to reach maturity around the year 2000. In addition to the 
overview of its general architecture and major components, in Chapter 1, 
Part V includes two chapters that address the human factors aspects of 
the planned hardward and software and their implications for selection. 

··Chapter 24, by Neal A. Blake, summarizes the anticipated evolution of 
air traffic control in the United States, from the system as it was in 
1981 to a highly automated system, around the end of the twentieth cen
tury. According to Mr. Blake, the new Plan, at the time of its publica

was complete mainly in concept, but much detailed implementation 
left to be achieved. His chapter gives a very clear picture of the 

ions that this implementation is likely to take and forms a back
grc>untd for the assessment of the probable impact of the new system on the 

of air traffic controllers. 

This theme is central to the final chapter (25), by Sells and Pickrel. 
,ltl1outgh many critical issues concerning the role of the human operator 
corttr·oller) in the future system have yet to be decided, the general 

tecture and directions indicated by Blake enable some important in
es, even at this early stage. These are set forth, along with the 

>swmpt:lons on which they are based, as a focus for new research leading 
possible revision of the selection::battery adopted for operational use 
1981, based on the research repotted in Part IV. It is estimated that 

in the system, of sufficient importance to require changes in the 
may occur as early as five years after the announcement 
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Chapter 24 

THE NATIONAL AIR SPACE SYSTEM -
NOW AND AS PLANNED FOR THE YEAR 2000* 

Neal A. Blake 

INTRODUCTION 

Over the last 25 years, the air traffic control system has evolved 
from a "manual" control system based primarily on procedural separation 
techniques, to an automation-aided system where many of the routine tasks 
have been taken over by computers, and radar control procedures form the 
basis for aircraft separation throughout most of the nation's airspace. 

During the late 1960's and early 1970's, computers were installed 
in the domestic EnRoute Centers and the top Terminal facilities. A cur
rent program will result in installation of a lower capability automated 
system at a number of additional radar Terminals. Our current major 
system development programs will result in automation of some of the de

ion-making functions associated with aircraft separation assurance 
and metering, sequencing, and spacing of aircraft, during the 1980's. 
An improved landing system and a new surveillance system with integral 
l!rOUn·d-air-ground data link are expected to enter the system during this 

time period. 

As we look forward to the next 25 years, we see a number of issues 
must be faced and decisions that must be made before the next set of 

tern improvements can be implemented. Some of the fundamental issues 

1. How far toward a fully automatic ATC system can we, and should 
we proceed? 

2. What is the evolving role of the controller as the level of 
automation increases? 

3. Should responsibility for a larger part of the aircraft separa
tion assurance function be delegated to the pilot? 

has recently conducted, with the user community, a New Engineering 
opment Initiatives activity which examined Policy and Technology 

for the future system. The user inputs resulting from this activity 
provided guidance to us in the planning and conduct of programs to 

in higher levels of automation in the .ATC process. Although definition 
future automated functions is still in a fairly early stage and no 

it is possible to look into the still cloudy crystal 
~~~~~~~~~.best thinking on what the system of the future might 

on a presentation by Mr. Blake at the Fourth Human 
om Aviation, Atlantic City, N.J., May 13-15, 1981. 
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look like. This chapter summarizes the anticipated evolution of ATC that 
will take us from today's system to a highly automated system. 

THE FAA AUTOMATION SYSTEM. CURRENT AND NEAR TERM 

The FAA's ATC automation system is a large complex of man and ma
chines. Control of EnRoute air traffic is provided from 25 Air Route 
Traffic Control Centers, which include 20 automated domestic Centers, 
and three automated and two manual offshore Centers. These systems in
terface with 182 automated and 16 manual Terminal radar approach control 
facilities and 447 FAA-operated Control Towers. They also interface with 
3 automated and 316 manual Flight Service Stations (FSS). Future plans 
call for consolidating FSS operations at 61 automated facilities. 

A portion of the control room in one of the centers is shown in 
Figure 1. Each center is organized into a number of high and low al
titude control sect6vs where radar and procedural controllers manage 
the air traffic within defined airspace regions. 

The present equipment of the automation system in the centers in
cludes IBM 9020 computers and display channel equipment, which provide 
the automated functions and genevate the information on the controller 
displays. In addition to the primary data channel shown at the top 
of Figure 1, two backup channels are currently implemented in the cen
ters, which provide a reduced capability radar display system to be used 
during periods of computer outage. We are in the process of converting 
from use of a broadband channel, shown at the bottom, which presents a 
scan-converted television image of the radar data, to a much improved 
direct access radar channel, shown at the center, that displays aircraft 
and weather information to the controller, using data from the digital 
channel normally supplying the computer. This latter type of display 
more closely approaches the capability provided by the primary channel. 
Future enhancements to this system will permit achievement of a backup 
system capability that is nearly equivalent to the primary channel. It 
is our intention to discontinue use of the broad-band channel after the 
direct access radar channel is accepted for operational use. 

The 9020 computer complex at one of our centers is shown in Figure 
2. This equipment represents 1962 vintage technology and--is physically 
large. Current state of the art technology will allow development of a 
more capable computer system approximately one-third this size. 

A typical EnRoute sector,,suite- contains radar, procedural, and as
sistant controller positions. Development programs are under way that 
are expected to replace the flight strip printers and flight strip •tor,ave 
bays with electronic displays of tabular flight strip data; these are 
cussed later. 
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The projected improvement of the ~ir Traffic Control System is de
to be evolutionary, not revolutionary. Future system improvements 

continually under development. In the past, we have had the computer 
.capacity to implement these new functions as they were developed. Imple

of future functions, however, will be contingent upon software 
!J.,noJro·~eJment programs that permit "buy-back" capability. Figure 3 sum

functions in this evolutionary automation ladder. 

Today, the primary functions performed by the EnRoute computer systems 
radar and flight data processing, which provide an all digital dis-
of aircraft track and associated information on controller radar dis

and print flight progress strips at control positions. 

The next functions, Conflict Alert and EnRoute Minimum Safe Altitude 
(EMSAW), aid the controller in detecting situations where safe 

ion from terrain or other air traffic may be lost. The EnRoute 
also support the controller with a number of additional func

including intersector and interfacility coordination, handoff of 
identification between controllers, and generation of geographic 

and outlines of severe weather storm areas. 

in Development 

Functions currently in the development process that are candidates 
near-term implementation, subject to computer capacity availability, 

the following: 

EnRoute metering advisories to assist the controller in 
achieving desired aircraft flow rates in high density 
Terminal areas. These form the first step of an inte
grated flow management system, 

Extension of the conflict alert function to warn the con
troller when controlled aircraft are predicted to come 
too close to uncontrolled aircraft operating in the same 
airspace. 

Addition of conflict resolution advisories to present 
to the controller the range of control actions that 
would result in safer resolution of the conflict situation. 

·Replacement of printed flight strips with electronic tabular 
displays of flight data and automation of some planning ac
tivities. 

Implementation of interfaces with the new Discrete Address 
Beacon System (DABS) an~ the Center Weather Service Unit. 
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Major New Functions, To Be Developed 

Implementation of additional major new automation functions, which 
are associated with automated decision-making, will not be possible until 
the new higher capacity, more reliable EnRoute computer system is opera
tional. Development programs in this area are being carried on in paral
lel with a program to replace the EnRoute computers and will produce the 
system improvements needed in the post-computer replacement time period. 
Some of the functions in this area include: 

1. Use 0f the Discrete Address Beacon System data link. 

2. Aucomation of a nationwide traffic flow management service 
comprised of national flow control, EnRoute metering and 
Terminal metering and spacing functions -- all aimed at 
reducing airborne delays. 

3. Automation of EnRoute clearance generation, to reduce plan
ning and, ocontrol workload in the centers. 

Improvements and Planned Additions to Current System 

Some of the more significant improvements that have recently been 
·added or are planned for addition to the system to support the controller 

summarized briefly, below. 

Conflict Alert warns the controller of potential separation minima 
ations two minutes in advance. Altitude clearahces are used when in

manually by the controller. Altitude clearance is n~ operational 
12,500 feet at all EnRoute centers and to the ground in many of the 

altitude sectors. It can be used with primary radar targets when the 
troller manually inserts aircraft altitude information. In the Terminal 

implementation is nearing completion at all Automated Radar Terminal 
III (ARTS III) facilities. Controller reaction to conflict alert 

been positive, despite occasional complaints about false alarms. We 
that Conflict Alert is a contributor to increased safety of flight. 

The Conflict Resolution Advisories function is designed to provide 
EnRoute radar controller with a display of possible alternatives for 
resolution of conflicts identified by the Conflict Alert function. 

· prime objective of the conflict resolution function is to reduce in
of system error, by reducing decision-making time in complex en
situations. The conflict resolution function displays the range 

'ilt<ernatives for the resolution maneuver for the controller, who will 
factors such as desired traffic flow, severe weather, communica

failures, or the presence of uncontrolled VFR aircraft, that are be
the capabilities of the current levels of automation. 
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In addition to Conflict Resolution, FAA is developing two other auto
mated systems, intended as a backup to the primary air traffic control 
system. These are the Automatic Traffic Advisory Service (ATAS) and the 
Traffic Alert and Collision Avoidance System (TCAS). ATAS is a ground
based automation function that is performed in the Discrete Address Beacon 
System (DABS) computer located at the radar site. TCAS is an airborne 
system that can protect equipped aircraft against other aircraft equipped 
with at least Mode C encoding transponders, both within and outside ground 
surveillance coverage. 

Minimum Safe Altitude Warning (MSAW), is another automation feature 
that assists the controller in maintaining flight safety. Here the com
puter predicts that an aircraft is going to be below a predetermined safe 
altitude in the next several minutes. The flashing "LOW ALT" shown on 
Figure 4 warns the controller that a control action may be required. 

The EnRoute metering function organizes airport arrival traffic in 
the EnRoute airspace by metering flights to their destination airports. 
Flights are scheduled for delivery to metering points for an airport at 
a rate that matches the acceptance rate for the airport. 

The metering function determines a metering fix arrival time for 
each aircraft. A list of these times will be displayed to the controller 
for the arrival aircraft. 

In order for the metered flights to meet these times, delay absorp
tion strategies are generated to absorb any required delay. Flight prog
ress is monitored along the approach routes, to determine the necessity 
for and amount of delay and, where appropriate, :the optimal delay absorp
tion strategy is developed, such as speed reduction, descent profile ad
justment, or intermediate fix holding. These advisories are displayed 
to the EnRoute controller who is controlling the flight. 

Since the inception of the air traffic control system, the method 
of posting flight data information to the air traffic controller has been 
the paper flight strip. Before the introduction of the present NAS Stage 
A system, flight data information was. entered and updated manually by 
pencil on the flight strip. The present system uses electro-mechanical 
flight strip printers which, under computer control, print initial and 
updated flight data on paper. strips at the sectors that will handle the 
flight. This system has required mounting or "stuffing" of the strips 
into the flight strip holders by hand, placing the holders in the de
sired position in the flight strip bay, updating the flight data by pen
cil, and entering updated information in the computer by means of a manu
ally operated keyboard device. This is a cumbersome operation, which 
consumes much of the data (D) and assistant (A) controller's time. 

The Electronic Tabular Display Subsystem (ETABS) development 
utilizes electronic displays to replace the flight strip printers 
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flight progress strips now in use at all EnRoute, Air Traffic Control Cen
ters (ARTCCs). Through the use of electronic displays, processors, and 
touch entry devices, non-radar flight and control data will automatically 
be provided to the controller. 

The development of ETABS forms an integral part in the design of the 
new controller sector suite. 

The Discrete Address Beacon System (DABS) now called Mode S will have 
a significant impact on the controller of the future. It will provi.de him 
with more accurate and consistent surveillance information. It will pro
vide a data link between the ground and the aircraft that opens up a vari
ety of possibilities. 

LONG TERM EVOLUTION OF THE AUTOMATED SYSTEM 

The longer term automation evoluation of the system will result from 
the activities of the FAA Advanced Systems Engineering program. Figure 5 
depicts 'the elements of the Advanced Systems Engineering program and their 
interrelationships. This discussion is limited to the most relevant ele
ments: Automated EnRoute ATC, Integrated Flow Management, Weather Detec
tion and Dissemination (not shown), and Data Link Applications. 

The Automated EnRoute ATC Program (AERA) 

Of all of FAA's automation activities, the Automated EnRoute ATC 
program (AERA) is likely to fiave the most significant impact on the con
troller of the future. AERA will automate most routine ATC functions 
that are currently performed by the controller. Since AERA will build 
on and incorporate the existing and near-term automation functions, it 
can be viewed as a logical next step in ATC evolution. 

AERA will automatically perform most EnRoute planning and control 
processes now under the active management of controllers. This system 
will provide better accommodation of flexible, fuel efficient profiles; 
it will also increase ATC system productivity, remove many of the causes 
of system errors, increase ATC service availability, and reduce the po
tential for pilot error. 

AERA will be a set of automated functions, embedded within each En
Route facility, that will automatically plan conflict-free, fuel effi
cient profiles for aircraft. It will recognize aircraft conflicts 10 to 
20 minutes in advance of their occurrence on the basis of current posi
tion and cleared route data, and environment conflicts, including pre
dicted penetration of restricted airspace and severe weather areas. It 
will produce clearances to resolve these problems. AERA will generate 
routine clearances using fuel efficient profiles and direct routes, and 
will present these clearances to the controller. It can also deliver 
these messages via data link to the. pilot. AERA will monitor aircraft 
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In the Terminal area, the automation system will support Terminal 
planning and configuration management •. It will provide vortex protection 
and will have the ability to provide conflict-free paths which recognize 
.limitations imposed by weather and wind shear; and it will make.use of 
Microwave Landing System (MLS) procedures and runway occupancy monitoring 
wid. control systems. An optimum metering, sequencing, and spacing system 

fwill ensure minimum time deviation.·.over the threshold. We will be looking 
'at how best to integrate these capabilities into the system and to estab
lish the impact on ATC automation planning. 

Weather Program 

The overall objective of the Aviation Weather Program is to provide 
timely weather information to all users of the Nation's Airspace System, 

. improve significantly the capability for detection of hazardous weather 
~E!no,mena, and to provide rapid access to the national aviation weather 

base by all users. Two areas of particular interest are the develop
of a new generation of weather radar (called NEXRAD), and the develop
of Automated Weather Observation Systems, which involves the develop
of new weather sensors and the capability to process sensor outputs 
a complete weather observation for voice and digital transmission. 

Improvement in severe weather warnings involves th~ development of 
generation of weather radar, using doppler technology, to provide 
wind velocity and velocity spectrum width. in addition to reflecti

data. Detection of hazardous weather phenomena is expected to be 
improved through the application of doppler radar technology. A 

program was established within the Department of Commerce to de
and implement the Next Generation Radar (NEXRAD). The FAA is pro

both manpower and funding resources in the NEXRAD Joint System 
Office and expects this new radar system to satisfy its require

for the detection of hazardous weather in the EnRoute environment. 
d be noted, however, what due to siting requirements, scan rates, 

play update rates, the detection and display of hazardous weather 
in major Terminals may require a separate Terminal weather radar. 

Figure 6 depicts one of the possible displays of severe weather phe
and shows the type of contour and storm movement information that 
made possible by NEXRAD. 

Displays of Traffic Information (CDTI) 

program to examine the use of Cockpit Displays of Traffic Informa
''·'''uJ:L) deserves special mention. While the technology to provide 

information in the cockpit exists, the pilot's ability to use this 
and the impact this will have on the ATC system is not fully known. 
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Our objective is to evaluate the use of Cockpit Displays of Traffic 
Information for both passive monitoring and active spacing tasks so that 
the advantages and disadvantages of such use can be measured in terms of 
system safety, capacity, and efficiency in operationally realistic en
vironments. We want to evaluate the impact of CDTI on the pilot and on 
the controller as well as on the traffic flow stability. Other factors 
to be evaluated include pilot performance in dynamic merging and spacing, 
display content and format, and pilot/controller work-load changes. This 
liork is being done jointly by the FAA and NASA and is addressing general 
a!i'iation and air carrier use of such displays. 

'The advanced system engineering functions discussed above have two 
:~~c•n ties. Nearly all of them require both an advanced ATC computer 
~·L~'" and data link services. Some of the data link services that are 

evaluated are shown in Figure 7. These have been grouped into sev
periods with the near term functions associated with the inner 
The services include: 

Transmission of traffic and collision resolution advisories 
associated with ATAS and TCAS. 

MSAW Advisories, Enhanced Terminal Information Services, En
Route Weather, Takeoff Clearance Confirmation, and Altitude 
Assignment Confirmation, which are under consideration as 
candidates for the next time period. 

The following are being examined as later services: Airborne 
Flight Plan Filing, Hazardous Precipitation Contours and 
Phenomena Identification Information, Metering and Spacing 
Clearances, ATC Instructions, Downlinking of Airborne Sensed 
Weather Data, Clearance Delivery, and Enhanced EnRoute Weather 
Information. 

Cockpit Displays of Traffic Information and Automated EnRoute 
ATC Clearances, which are under consideration as post-1990 
services. 

believe that the ATC automation program discussed above will pro
er of significant benefits to both users and operators of the 

Airspace System. For example, system operation and maintenance 
be reduced; user requested flight profiles will be accommodated 

, among other things, fuel efficient flight paths; utilization 
and runways will be optimized; display of traffic and weather 
will be improved; conflict-free flight clearances will be gen-

ly):ontat:i lly; and air-ground and ground-air communications will be 
Clearly, achievement of these benefits is dependent on the es
of an appropriate distribution of functions between air and 

tr.l~)~:~:and personnel, and on the provision-of the optimum man-rna-
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New Computers 

The benefits of increased automation do not come free or easily. 
t New, more powerful computers, with hardware and software designed for 

growth and evolution, will be required. New computers will be re
quired to support continued growth in traffic and will provide the 
foundation for the automation functions that have been described. 

FAA is embarking on an extensive program to replace computers, 
to provide for growth in traffic and further automation of the ATC 
process. The replacement is also needed to achieve cost savings, as 
the cost of maintaining hardware and software systems, based on 1960's 
technology, is projected to increase significantly in the future. 

The timetable for computer development has been to award multiple 
concept development contracts to industry in 1983 to begin the design 
of a new EnRoute computer complex. Several phases of design, develop
ment and testing have been planned, to be implemented during the late 
1980's. The next genera.tion of the controller suite for the EnRoute 

will be designed and developed as part of this computer procure-

HUMAN FACTORS IN THE TRANSITION PROCESS 

replacement of computer and display equipment in a system that 
support continuous operation, without degradation in service effi

or safety, presents a difficult transition problem. Human fac
will be a major factor in the transition planning. Sub

efforts will be made to minimize the impact of the transition 

First, the new system will fit into the existing communications, 
illance, and navigation environment. Second, the new system, when 
installed, will look functionally identical to the old system as 

by the controller. New functions that exist in the initial replace
system will be activated gradually once transition to the new system 

occurred. Third, the old system will be available as a backup for at 
90 days after the new system is placed in operation. 

transltlon requirements go hand in hand and will go a long way 
making the transition a smooth one for the controllers and pilots. 

ly, the transition of the displays will follow the computer transi-
There are two important human factors reasons for this. First, 

11 be much easier for the controller to adjust to a new computer 
without the added problems of lea~ning to cope with a new display. 

this transition approach permits a logical evolution of the dis
systems to match the requirements of the more automated ATC system 

future. 
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Evolution of the EnRoute Center Sector Suite 

One possible evolution of the sector suite is illustrated in Figures 
8, 9, and 10. The current sector suite is shown in Figure 8, with the 
three control positions identified. The automation related equipment 
affected by the evolution includes: the radar Plan View Display (PVD), 
computer readout devices, data entry and select panels, and the flight 
strip printer. 

The first major step in the evolution would be replacement of the 
flight strip bays at the data (D) position with electronic tabular dis
plays. A small display, shown in the console shelf, would provide a 
fail safe capability for major system failure protection. This display 
also provides a touch entry capability for data. Note that the assistant 
(A) position retains the flight strip printer and some strip storage 
bays, to provide a system backup capability during transition. 

The next step provides several new displays. The concept shown in 
Figure 9 has added a weather display and a new PVD to the sector suite 
and removed the flight strip printer and strip storage bays. This con
figuration is capable of supporting the Advanced EnRoute Automation 
(AERA) functions. Note that the present PVD is retained for backup to 
protect against system failures during this phase of the transition. 

In the next step, the functions performed by the overhead equipment 
in Figure 9 have been integrated into the consoles shown in Figure 10. 
The present PVD console has been removed and a projection type map and 
auxiliary data display have taken its place. A mock-up of this concept 
of the future display system is available at the Technical Center and 
represents one possible future configuration. Other configurations are 
being defined and will be evaluated as part of the ongoing human factors 
program. 

Major Human Factors Areas of Concern 

Understanding the human element in ATC is an important aspect of our 
advanced automation programs. In conducting our current efforts we are 
not starting from "scratch," but building on and improving the already 
high performance of the current system. The focus of our current efforts 
is not confined to the traditional concern with location of displays and 
controls best suited to the physical characteristics of the human operator, 
although this is certainly an important area. Rather, it rests on con
siderations such as the following: 

1. The causes and types of human error and the impact of these 
errors on the safety, performance and productivity of air 
traffic control system operations; 

2. The definition of automation approaches, which assume the con
tinued existence of human as well as machine error and strive 
to avoid both the occurrence and the consequences of such error; 
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3. Assessment of the proper distribution of air traffic and 
aircraft control monitoring functions between automation 
systems and the controller and pilot; 

4. Determination of the appropriate interfaces between the man 
and the machine at each step up the ladder leading to higher 
levels of automation; and 

5. Determination of adequate automated, semi-automated, and 
manual system backup capabilities to permit safe continua
tion of system operations under a variety of conditions of 
human and machine system failure. 

Human Factors Projects 

Human factors considerations form an important part of the develop
ment of new electronic data displays. These considerations span the range 
from degree of automation of the flow planning process to the optimiza
tion of data entry techniques and hardware. Touch entry and menu board 
selection are of particular interest. 

Controller Suite. As a part of the program for the future automa
tion system, there is under development a set of controller suite mock
ups, mentioned earlier, which will show several stages in the evolution 
from the current to the future automated functions and associated pro
cedures. An intra-service FAA working group was created to establish 
future design requirements for the controller suite, with the specific 
aims of providing design guidelines, functional descriptions, and re
quirements for the new system. As new functions are designed and made 
a part of the ATC system software, the methods for displaying data to 
the controller must be carefully evaluated. 

Display formats and information content. A closely associated pro
gram is an activity to analyze the radar controller information sources, 
data needs, and utilizations of currently available data, and to develop 
requirements for future system display formats and information content. 

Changes in the controller functions. Investigation of the controller 
end of the CDTI-ATC (cockpit-controller) "interaction" loop represents 
another area of investigation. This program will investigate the changes 
in controller actions implied by various redistributions of the control 
functions between the controller and pilot, controller impact and work
load implications of various CDTI passive and active functions, and special 
interface hardware and software design requirements needed to achieve com· 
patibility between the two systems. 

Color displays. Another area of investigation is the use and human 
factors benefits of the introduction of color in plan view situation and 
electronic tabular displays. 
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Experimentation with higher levels of automation. Obviously, the impact 
of increased automation on system safety and efficiency must be demonstrated 
prior to implementation. Our objective, therefore, is to characterize and 
measure the impact of different roles for man and machine in a more auto
mated system. As part of the AERA program, we will be using controller sec
tor suites, sucb as shown in Figure 11, to assist in defining conceptual 
approaches to the.higher levels of automation, and will make assessments of 
system performance at several levels of automation and associated man/ma
chine configurations. Related activities will result in development of a 
systems effectiveness measurement program. In the area of ATC simulation 
technology and methodology, there is no currently accepted set of measures 
of system performance that can be utilized objectively to assess accurately 
the impacts of changes on the existing system. Development is under way of 
a system effectiveness measurement system for the evaluation of controller 
and system performance, to provide more objective measures of the impact 
of change on the system. It is also planned to develop an ATC experiment 
desig~er's handbook, that will provide objective measures to be used in as-

·., sessing the impact of changes to the system. 

Figure :12 lists the major activities that make up the FAA's program 
address the human factors problems that have been discussed. The area 
computer-aided decision-making is fundamental to the proper operation 
the AERA function. The concept is based on programming into the computer 

data base that will enable intelligent selection of conflict resolution 
fuel efficient route profile clearances. The same data base will pro
the controller greater latitude and flexibility in selecting tasks to 

handed off to the computer as traffic increases and workload builds. 

SUMMARY 

This chapter has presented an overview of the FAA development program 
the area of automation and has highlighted some of the activities re-

to the human factors area. As the program progresses to higher levels 
automation, five areas, mentioned earlier, are considered to be of major 
· These are: (1) the impact of human errors; (2) automation ap-

to avoid errors; (3) definition of the functions and role of the 
systems, controllers, and pilots; (4) the evolution of the man/ 

interface; and (5) backup system requirements. 

1 those involved realize that the system is still in the beginning 
.of the development process leading to the advanced automation system, 
. prqcess is beginning to accelerate. 
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Chapter 25 

ADJUSTMENT TO PROJECTED CHANGES IN THE AIR TRAFFIC 
CONTROLLER ROLE AND FUNCTION 

S. B. Sells and Evan W. Pickrel 

By the year 2000, assuming that the NAS Plan announced in December, 
1981 evolves as presently planned and on schedule, the job of the Air 
Traffic Controller in EnRoute centers, as presently known, will be large
ly preempted by the automated system. In addition, part of the present 
functions of controllers in Terminals will be consolidated into the En
Route system, and to a great extent the work of the specialist in the 
Flight Service Station network will also be automated. However, control
lers are expected to continue controlling arriving and departing traffic 
in the immediate vicinity of the Tower Cab, even at the busiest airports, 
to have advisory FSS functions and traffic control functions in the low 
density areas, as well as for VFR traffic throughout the system, and to 
man all facilities, even when fully automated. At various times during 
the transition period, new equipment and new procedures will be intrJ
duced and the structure of the system will be changed. The equipment, 
procedural, and structural changes are viewed as the key to the expected 
changes in the controller jobs. This chapter addresses the changes ex

as inferred from information available in a dynamic planning en
'tironment. 

The planned system changes have been designed to proceed in evolu
stages, designated as (1) Near Term, to around 1985, (2) Inter
Term, to approximately 1990, and (3) Long Term, after 1990. 

boundary times are understood '!S approximate, serving mainly to 
specific eras marked by major events in the evolution of the system, 
involving hardware and software acquisitions. Although there is 

OD!Iiclet·able commonality, and hence redundancy in description, these can 
best understood if discussed separately for the EnRoute, Terminal, and 

Service Station systems. 

REVIEW OF EQUIPMENT AND STRUCTURE BY STAGES 
IN THE EVOLUTION OF THE NAS PLAN 

Status of Systems - 1982 

EnRoute systems. As of 1982 there were 20 domestic ARTCCs that han
aircraft operating under IFR rules between airport terminal areas. 

, there were three centers, in Anchorage, Alaska, Hoholulu, 
, and San Juan, Puerto Rico, that handled "offshore" traffic. A 

domestic center has been responsible for more than 100,000 square 
'of airspace and thousands of miles of.airways and jet routes. The 

area of each center has generally been divided into 30 or more 
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sectors, with a team of usually three controllers (radar, data, and as
sistant) responsible for each sector. The domestic centers (and sectors) 
have been equipped with the NAS Stage A surveillance system, consisting 
of a network of IBM 9020 computers that process flight data and radar 
data. The three offshore centersc have used Sperry-Univac EnRoute Auto
mated Radar Tracking Systems (EARTS) to perform similar, but more limited 
data processing functions. By 1981, these computers, developed in the 
mid-1960s, were approaching their limits in capacity to handle expected 
growth in traffic and the major enhancements to operational software re
quired for the projected automation of the system. 

The current system already incorporates some automated functions at 
selected facilities that are planned to be standard features of the new 
system. These include such features as radar beacon monitoring and hand
off and various automated warning displays, such as conflict alert, en 
route safe altitude warning, minimum safe altitude warning, and low level 
wind shear advisories. The Air Traffic Control manual, dated January 21, 
1982 (page 9) instructs controllers to "(a) use automation procedures in 
preference to nonautomation procedures when workload, communications, and 
nonradar separation when the situation dictates that an operational 
advantage will be gained." An example of the latter was given, "where 
vertical separation would preclude excessive vectoring." Apparently, 
preference decisions in these matters were left to the controller, who 
could suppress the automation functions according to his judgment in appli
cation of these guidelines. 

At the same time that various automation systems have been entering 
the EnRoute controllers' environment, enabling a critical part of the 
system to function at least part of the time at a new technological level, 
the entire system has continued to function, for the remaining time, at 
the old level in which EnRoute controllers still initiate, issue, and 
when necessary, revise clearances and advisories to aircraft, transmit 
flight plans and estimates, receive and post weather information and 
NOTAMS, review, sequence, and distribute flight progress slips, load 
strip holders, operate interphone and radio equipment, coordinate traffic 
with adjacent sectors and facilities, initiate and provide Flight Assis
tance service, and above all, analyze the traffic picture for potential 
conflictions and take appropriate action. 

As the new computers, sector suites, and software described below 
under Near Term, become available, and the planned consolidation of Cen
ters and TRACONs proceeds, it is expected that both levels of functioning 
will continue, but that the new automation will become increasingly preva
lent in the total system. Although some controllers will early on become 
specialized in the new procedures, there will also be others who will not 
encounter them until much later, while many will be required to function 
at both levels. This transitional situation has existed since the earlyc 
1970's and will continue, although with a shifting mix of components, 
until the system is fully automated, probably well after the year 2000. 
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According to recent discussions within the FAA, the initial implementation 
of AERA, to be called AERA-1, will include the controller in the customary 
active role, controlling traffic and sole channel of communications with 
pilots aloft·. Good intentions apart, however, it is inevitable that the 
controller will no longer function autonomously. On the contrary, he or 
she will be "guided" by computer decisions concerning flow control and by 
computer determined alerts and advisories. In these circumstances, the 
extent to which the controller's actions may be driven by the system will 
probably depend on his required workload, which will be determined by sec
tor size (and traffic density per sector) and manning of sectors. 

Terminal systems. The FAA Terminal Air Traffic Control network in
cluded nearly 450 facilities, of which about 60 were closed temporarily 
following the controllers strike in 1981. The Terminal facilities are 
responsible for guiding aircraft in the immediate vicinity of an airport; 
many have included radar-equipped towers that provide approach and depar
ture services up to 40-50 miles from the airport. As of 1982, 188 Ter
minal facilities were radar-equipped with associated computer systems that 
provided controllers with direct readout of the same basic flight informa
tion as the automated EnRoute systems, including the identity and altitude 
of all properly equipped aircraft in the Terminal area. 

The two major Automated Terminal Radar Systems (ARTS) are the Sperry 
Univac ARTS III, at the 63 busiest airports, and the Burroughs ARTS II, 
at 89 medium-activity locations. A less sophisticaed automated system, 
the TPX 42 has been used at ~5 low activity locations and these have been 
scheduled for early phaseout and replacement. The ARTS III has a tracking 
capability, whereby the computer retains a history of all aircraft equipped 
with a radar beacon transponder and predicts where they will be on the next 
sweep of the radar antenna. An upgraded version of ARTS· III (ARTS III A) 
is capable of tracking primary radar targets as well as transponder-equipped 
aircraft. As a result of these capabilities, the ARTS III has been pro
grammed to provide controllers with a Conflict Alert, which warns the con-

· troller when a potential conflict between the flight paths of any aircraft 
in the area is detected, and a Minimum Safe Altitude Warning (MSAW), in 

ich the computer flashes an alert whenever an aircraft equipped with an 
titude-reporting transponder is below or is predicted to go below a mini

safe altitude. 

The rema1n1ng 262 Terminal facilities, located in lower density sec
continue to utilize radio communication with departing and arriving 

and interfacility communications and various auxiliary systems to 
1 departing and arriving traffic. 

Flight Service systems. In 1982, there were 300 Flight Service Sta
offering a broad range of preflight and inflight services, mainly 

general aviation (non-airline) pilots. These services included proces
of flight plans, pilot briefings on weather and safety-related matters, 

and advising en route off-net aircraft, and assisting pilots in 
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distress. This has been a highly labor-intensive and costly network and 
automation plans are expected to reduce personnel and equipment costs, 
while at the same time significantly improving service to pilots, par
ticularly in the area of more complete and timely weather reporting. 

Planned Changes in th~ Near Term 

EnRoute systems. By around 1985, the FAA plans to develop a new 
"host" computer to replace the 9020 system. This will be capable of 
utilizing the 9020 software on an interim basis with minimum modifications 
while providing enlarged capacity to handle the projected growth of air 
traffic. At the same time, two additional major developments are planned. 
These are (1) to design, test, and procure new sector suites equipped 
with distributed processing minicomputers capable of handling the func
tions currently performed by the display channel computers, and (2) to 
develop new software for the host computers that will replace the 9020 
software and implement centralized processing of major new automation 
functions, while leaving the remaining functions to the minicomputers 
at:the individual sector suites. Thus the Near Term will be mainly one 
of development of new hardware and software which are to be installed 
and implemented in the Intermediate Term and changes in the functions 
of the EnRoute controllers during the Near Term will be minimal. 

The new computers are being designed to enable automated interfaces 
between EnRoute and Terminal TRACON facilities and the new software to 
implement flow control metering of high altitude traffic (above 12,500 
feet), expansion of Conflict Alert to include detection of aircraft 
equipped with Mode C transponders when they intrude into controlled air
space, and development of conflict resolution logic programs to alert 
controllers (and eventually pilots) to potential violations of separation 
standards and recommended alternative solutions. At the same time, the 
mechanical, labor-intensive flight strip printers and flight data entry 
and printout equipment in current use will be replaced in the new sector 
suites by more reliable and faster electronic displays. 

Also during the Near Term, it is planned to initiate reduction of 
the 20 domestic EnRoute Centers to 18 and consolidation of Terminal radar 
control facilities (TRACONS) into "hub" locations, as discussed below 
under Terminal Systems. Implementation of these changes must await in
stallation of the new computers and sector suites. 

Terminal systems. By the end of the Near Term, it is expected that 
the new computer system will be ready for installation, significant progress 
will have been made in the development of new system software, and the new 
sector suites will have been designed and tested. During the Near Term, 
few changes are expected in the operation of the Terminal Systems, but 
plans will be initiated to consolidate TRACON facilities into "hub" loca
tions and into EnRoute centers as soon as the new computers and sector 
suites are available operationally. The computers provided to the hubs 
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will be subsets of those used for the EnRoute centers and will employ com
mon software. Sector suites at hub TRACON sites will be identical to 
those at EnRoute centers and will have identical data processing capa
bility. A modular version of this sector suite will be developed for 
the Tower Cab, with identical processors, but with unique displays adapted 
to the space-limited, high intensity light environment of the Tower Cab. 
This sector suite will draw on EnRoute, Terminal, and FSS data bases and 
will satisfy the traffic control requirements for radar flight position, 
aircraft identity, flight data, weather data, and flow planning informa
tion. 

It is expected that the new equipment will be installed at the busiest 
Terminals first and it is possible that some installations may be made 
early. 

Flight Service systems. During the Near Term, the network of 300 
FSS facilities is to be consolidated into 61 hubs and as of 1982 this 
consolidation was well under way. Contracts were awarded to purchase 
computerized systems for 41 of the 61 sites, with deliveries to begin in 
1983. The new equipment will provide FSS specialists with rapid retrieval 
of weather and other flight-~elated data. Model 1 of the automated system 
will be able to display weather and aeronautical data in alphanumeric form. 
During the Near Term the FAA will begin implementing the more advanced 
Model 2 at all 61 sites. Model 2 .will include a second display for weather 
radar, charts, and other graphics. It will also include the capability 
for direct access by pilots to the computer data base by remote terminals. 
In addition, a computer-generated voice response system will be availa-
ble in certain geographical areas to provide pilots direct access by Touch
Tone telephone to limited aviation weather data, such as surface observa
tions, terminal forecasts, and winds aloft. Replacement of low-speed 
teletypewriters with data terminal equipment will begin and development 
of improved weather sensors and weather displays will continue. Low level 
wind-shear equipment will be provided to additional airports and six levels 
of radar contouring, outlining storms, will be available on television 
displays for EnRoute meteorologists and specialists in automated Flight 
Service Stations. 

Developments in the Intermediate Term 

EnRoute systems. The first major impact of the new system on the work 
the EnRoute controller will be experienced as the old displays and dis

play channel processors are replaced by the· new sector suites and the TRACON 
functions are consolidated into the EnRoute centers. This will serve as a 

.basis for future automation. The old Air Traffic Control Radar Beacon 
System (ATCRBS) will be replaced by the Mode S (Selective Address)· system, 
and the completion of this replacement around 1990 will not only enable im-

radar surveillance, especially in high density areas, but also the 
S data link feature will eventually (in the Long Term) enable rapid 

Ol!ISEiml.na,<ion of control and other information to specific aircraft, upon 
later automation developments will depend. 
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A complete switching and control system for vo1ce, which will comple
ment the capabilities of the new sector suite, is to be developed and im
plemented during the Intermediate Term, and this will enable the recon
figuration of sectors as needed. It was understood that a cost benefit 
might be realized by staff reductions as automation proceeded. Thus, as 
flight slips are replaced by electronically displayed flight information, 
and automated decision information in the form of Conflict Alerts and 
other advisories are routinely provided to controllers (relieving them 
of some cognitive processing that they previously had to accomplish with
out benefit of computers) the system would be expected to compensate by 
requiring controllers to manage increased numbers of aircraft. By this 
reasoning, sector size would be increased and the same number or fewer 
controllers per sector would be responsible for larger sectors. 

Another major development during the Intermediate Term will be the 
upgrading of the central flow-control function; the new computer and 
software system will be able to project and estimate NAS congestion 
and delay levels and to evaluate alternate strategies for flow manage
ment, based on d~verse sources of information. 

It is expected that by the end of the Intermediate Term, the number 
of domestic centers will be reduced to 16 and only two offshore centers 
will operate. As consolidation proceeds, should the sectors be enlarged 
and staffing decreased, it is our judgment that the EnRoute controller 
would become increasingly dependent on the computer displays and a subtle 
transition would occur in the controller role. According to present plans, 
there will be a gradual shift in this .direction. The result foreseen is 
that at some point, the previously predominantly independent, autonomous, 
deciding and controlling role of the controller will give way to one bet
ter characterized as an information link in a system in which the control
ler acts more as a dispatcher, 

Terminal systems. The consolidation of TRACON facilities into EnRoute 
centers and hubs will result in removal of approach control and departure 
control from the Terminal ATC operation and will integrate these functions 
into the national flow control system. When this is complete, Terminal 
ATC will be restricted primarily to Tower operation for management of de
parture, arrival, and runway traffic at airports, but will be closely de
pendent on and controlled by decisions in the flow-management system. 

Flight Service systems. By 1990, the consolidation of the present 
over 300 Fl1ght Service Stations into the 61 automated hub facilities is 
expected to be completed and the Model 2 automation system should be im
plemented at all 61 sites. At the same time, the voice-response system 
capability for direct pilot access to certain weather data will be expanded 
and direct pilot access to the computer data base via remote computer ter
minals will also be implemented, providing pilot access to the data base 
by Touch-Tone telephone, as well. New communications switching systems 
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will also be installed to provide direct pilot access and to expedite 
coordination with Flight Service Specialists. The replacement of low 
speed teletypewriter equipment will be completed and computer-aided di
rection-finder equipment will be introduced to expedite location and 
assistance to lost aircraft. 

Major improvements in aviation weather services to pilots will be 
introduced during this period, such as automated weather information for 
pilots flying above 12,500 feet and at certain airports, using the Mode 
S transponder, and request-reply weather service. The weather processor 
at EnRoute centers will distribute current weather radar information to 
Flight Service specialists, Center meteorologists, Central Flow Control, 
and Tower Cabs at major airports. 

Further Developments in the Long Term 

EnRoute systems. The eventual goal of the NAS automation will be 
the implementation of the Automated EnRoute Air Traffic Control System 
(AERA) and the Integrated Flow Management (IFM) functions by the year 
2000, involving a network of approximately 60 EnRoute centers and hub 
TRACON facilities to handle all EnRoute and approach control services 
in the contiguous 48 states. These systems are intended to provide IFR 
traffic with direct, fuel-efficient routing, flow planning and traffic 
management, strategic clearance delivery, and to assume full tactical 
control of all IFR traffic. They will use automated conflict probe and 
resolution, systemwide direct routing, and they are presently intended 
to operate with one person (controller) per sector. 

To develop a nationwide system of navigation, surveillance and com
munications, as well as weather radar coverage, a concept called network
ing will be used. Mode S will replace the present secondary radar and 
the Microwave Landing System (MLS) will replace the current ILS, With 
ModeS, each aircraft will have its own beacon channel, so that it can 
be interrogated individually by ground-based radar and the data link 
feature will enable cockpit display and voice recording of automated mes
sages in properly equipped aircraft. 

At present, it is planned to automate most of the routine functions 
•nerf<>n,Pd by air traffic controllers. Initially, the AERA system will 

designed to staff all sectors with at least one controller and to place 
EnRoute traffic under the a~tive management of the sector controllers. 

, when aircraft are appropriately equipped, the communications may 
directly from computer to cockpit display. In this environment, the 

controller seems inappropriate and the role and functions of the per
at the sector console will require careful study. 

Terminal systems. By the mid-1990's, the consolidation of facilities 
expected to be complete. The present 188 TRACONs will be merged into 
newly established hub TRACONs or existing EnRoute centers. Present plans 
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are not definite for the residual Terminal functions in the Tower Cabs. 
However, it appears that they will be equipped with radar, communications, 
and displays, as appropriate, compatitle with the new systems, so that they 
will be governed by the AERA and IFM decisions and have access to these 
data automatically. Within those constraints, however, they will have the 
responsibility of controlling departures and arrivals in the immediate vi
cinity of airports and on the ground. The major changes in these functions 
will involve the interface with the automated systems. 

Flight Services systems. Over the long term (to the year 2000), Mode 
S data link coverage is planned to be extended downward from 12,500 feet 
to 6,000 feet, to give automated weather service to aircraft at lower al
titudes. Improved weather radar data will be available as the next gen
eration of weather radar systems, called NEXRAD, are added. To the extent 
that automation advances, the role of the Flight Service specialist will 
be increasingly directed to the service of general aviation, using the data 
bases available in the automated systems as a basis for providing improved 
services. 

IMPLICATIONS OF THE CHANGES OUTLINED 

In considering the projected system changes involved in the new NAS 
Plan, it should be understood that this was not a suddenly decided-upon, 
new idea that implied a brand new course for the FAA. There are indeed 
many new developments in this comprehensive, admirably detailed, and 
thoroughly integrated plan. However, to the extent that it included pro
vision for the replacement of outmoded and obsolescent equipment, it was 
an overdue response to pressures experienced for some considerable time. 
And the incorporation in the new equipment of new (automation) capabili
ties enabled by progress in computer and electronic technology was a con
tinuation of developments dating back at least 10 years that had been in
vestigated and partially implemented by FAA systems scientists and en
gineers on a programmatic basis. These are exemplified by the automation 
programs for the 9020 computers, the Automated Terminal Radar Systems 
(ARTS II and ARTS III), and other computerized developments already in 
use in EnRoute and TRACON facilities. What the new plan accomplished, 
in addition to the further new features added, was integration, focus, 
and an announced timetable that enabl~d all employees, the user public 
(pilots and the aviation industry), and the entire world to contemplate 
the big picture and to gain an understanding of developments they might 
expect over the next 20 years. 

Prior to this announcement, knowledge concerning these developments 
was incomplete and unevenly distributed within the FAA and little if any 
systematic effort had been made by the Agency to prepare its own staff 
and the user public for the new equipment and the new procedures entailed 
in its use, when changes were made. For example, a study of controllers 
and supervisors by the Battelle Memorial Institute (Nealey, S.M., Thorn
ton, G. C. III, Maynard, W. S., Lindell, M. K., et al., 1975) reported 
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that: 

"(l) People in positions of responsibility, planning, personnel, 
training, and other programs were not aware of the forthcoming 
changes, and 

"(2) Few people appreciated the imminence of the changes and 
the necessity to begin research and program planning (on the 
effects of controllers). Various estimates from R & D and 
systems staff put the changes in the range of 6-8 years. 
When the (expected new) system was described to FAA personnel 
(controllers, managers, staff personnel, etc.) most reacted 
either that such things were impossible, they were too expen
sive, not practical, or were many years away. When told that 
the changes were scheduled for implementation within 6-8 years, 
most controllers simply did not believe it would happen." 

The failure to inform and the absence of standardization and systema
tic training in the operation of new computerized equipment appears to 
reflect a hardware-oriented bias in the agency, characterized by preoccu
tion with technical and engineering aspects and neglect of human aspects, 
particularly human engineering (the interface of the human operator with 
the system of which he or she is a part) and personnel management. The 
Battelle report noted widespread (but not universal) resistance. to changes 
that had been introduced that involved "less voice communication (with 
pilots and other controllers~ and handwritten work (flight strips) but 
more manual keyboard tasks; ... less burden of soliciting and remembering 
aircraft identification and altitude information but more necessity to 
remember computer format rules." It also described widespread personnel 
problems that unquestionably culminated in the 1981 controller strike. 

The complex problems of personnel management in the FAA were addressed 
by a task force headed by Lawrence M. Jones that was commissioned in 1981 
by the new FAA Administrator, J. Lynn Helms (Jones, Fuller, and Bowers, 

1) and are beyond the scope of this book, although they reflect the 
general bias of "benign neglect" of the human problems in air traffic 

-COlltt·ol that existed previously in the program and that appears to be con
in the human engineering area. The systems that have been designed 

detailed in this and earlier chapters have focused on work output, but 
virtually ignored the changes in information processing skills required 

controller performance and the impact of these changes on controller 
ivation, job satisfaction, and performance. Even in 1975, Nealey et al. 

such questions as, The controller will be working more with a com-
' but in what ways?, What will the job look like to the controller?, 

current controllers be trained to do it?, and Can anyone be trained to 
it? 

and related questions appear not to have been addressed, but 
•e•,tt•eless the issues raised by them have been realized, as in the dis

by Blake in Chapter 24 concerning the plan to establish a real-time 
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test bed to study the role of the controller in an automated environment. 
At times it has seemed that they have been taken for granted on the as
sumption that people always adapt. 

The general impact of automation oh the EnRoute and TRACON controllers, 
in particular, was characterized by Nealey et al. as involving changes: 

from an active role to a more passive role, 
from the function of monitoring, and hence 
from a proactive posture to a reactive posture; 
from primarily verbal communication activity to 
manual activity, and 
from a goal of "control to maximize" to one of 
"monitor to standard. 11 

Our present examination of the subtle changes in the job implied by the 
automation of decision functions, the possibility of enlargement of sec
tors accompanied at the same time by reduction of sector controller staff, 
which would imply drastic increases in sector traffic load, reduced in
teraction with pilots and other controllers, and the implied change from 
active decider and controller to passive relayer of information, is in 
agreement with this characterization. 

SUGGESTED NEW RESEARCH RELATED TO CHANGES ANTICIPATED 

The discussion thus far has suggested that controller adaptation to 
increasing automation of the system may well involve attitudinal and funda
mental personality issues as well as aptitudes and skills related to per
formance under the changed conditions. At least three related lines of 
research are indicated to provide a knowledge base leading to the develop
ment of new controller selection instruments for the future. These are 
discussed below under the following headings: 1. motivational studies, 
2. predictive studies, and 3. simulation studies. 

Motivational Studies 

In view of the findings of Nealey et al. (1975) of some significant 
amount of controller resistance to the introduction of automation proce
dures, and the policy of FAA concerning their use, as quoted from the 
Controllers' Manual (1982), above, it appears timely to obtain hard data 
concerning controller use of the automation procedures in the current system 
environment. Such information would be most useful if collected systematical
ly for statistically adequate subsamples of both EnRoute and Terminal Con
trollers whose work assignments represent various combinations of specific 
positions, technological patterns, and types of location or facility, such 
as the following: 
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M~an Traffic Density Type of Equipment 
Option ' at Facility Available Position 

EnRoute High Automation available Radar 

Terminal Medium Automatio.n not available Data 

Low Assistant 

Individual information concerning test scores, tra1n1ng, experience, sex, 
minority-majority stat~s, and other variables could be considered at the 
same time. 

For those subsamples for which automation equipment is currently 
available, observational and interview data could be collected concerning 
the level of use of automation procedures in order to determine the extent 
to which use is related to traffic density (and work load), position (and 
experience level), training (including specific training to use the auto
mated procedures), use level at facility, supervision, test scores, Acad
emy grades, and other variables. Obstacles to use of automation procedures 
could be determined and solutions sought. For all groups, information 
should be obtained concerning knowledge and attitudes about automation 
that could be related to the same variables. 

Such research supplemented by detailed task analysis studies of the 
jobs performed by each of the subsamples identified would answer questions 
concerning the extent of use of automation procedures where they should 
be used, and whether nonuse is primarily a selection, training-indoctri
nation, supervision, or human factors problem, or some combination of 
these. It might provide guidelines for overcoming resistance to change 
and negative attitudes toward the new equipment and procedures. 

Predictive Studies 

Ordinarily, when a new employee selection system is adopted opera
tionally, data are collected on a continuing basis for periodic review 
of its effectiveness. This enables assessment of the validity and utility 
of the system over time and may provide indications·of need to consider 
revision, particularly when changes are known or suspected to be occur
ring in the applicant population or in any significant aspects of the job 
or its operational environment. Undoubtedly, the FAA will monitor the 

battery for several years, perhaps throughout the Near Term. 

Considering the fact that the new battery was validated for combined 
samples of EnRoute and Terminal controller trainees, and against ~ra1n1ng 
level criteria, it appears desirable to focus further analyses of validity, 

·• not only on new classes completing Academy training, taking account of any 
·.curriculum changes and other significant events in the training environment 

.. that may occur, but also on classes completing radar training and on former 
selected by the new battery as they proceed through developmental 
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and journeyman stages, using such post-training criteria as may be avail
able. Grouping these former students into the subsamples described above, 
the post-training studies would provide a valuable assessment of the pre
dictive validity of the new battery for groups performing different func
tions relevant to the transition to the new technology. At the same time, 
the detailed task analysis of the jobs performed by the subsamples analyzed 
might lead to the generation of hypotheses concerning new predictors that 
might be tested simultaneously with the predictive studies of the new bat
tery, in concurrent designs. 

Simulation Studies 

Human factors studies in a real-time test bed are much needed to de
termine precisely what functions the human operator can and should be ex
pected to perform in the new NAS system, how large a traffic load a single 
operator can preside over as a sector monitor-dispatcher in an automated 
system, and for how long at a sitting. 

Such studies are urgently needed since the present basis of selection 
and training of air traffic controllers, as reflected by the Multiplex 
Controller Aptitude Test, the key instrument in the new selection battery, 
and the present training curriculum, is premised on the rationale that the 
core of controller proficiency is efficiency in the detection and preven
tion of conflictions. The direction of change in the controller job is 
away from analysis of potential conflictions as the critical task to be 
performed. This is to be done by the computer, while other tasks, including 
monitoring the computer displays, inputting information to the computer, 
and reacting to computer directions are to be emphasized for the operator. 
The original NAS Plan (1981) suggested that as soon as flight strips are 
replaced by automatic displays and conflict alerts and other warnings are 
provided, sectors would be enlarged to compensate for the processing time 
that controllers previously required to perform these tracking and deci
sion functions. However, later statements indicated that such changes 
would be studied, and approached very cautiously. In our judgment, such 
study and caution are extremely important, since situations might readily 
occur in which the activity on the display boards would require the full 
attention of the controller and would preclude the possibility that the 
controller might have enough information about the current status of the 
traffic to question the computer reliably and override its decisions, ex
cept perhaps in unusual cases. It appears even more doubtful that the 
controller would be able to "take over" in the event of system failure, as 
suggested by several writers. 

One consequence of the type of situation described appears to be that 
the field of the controllers attention would necessarily shift from visuali
zation of ongoing traffic in real life terms to preoccupation with the com
puter generated information on the display board. This may not be neces
sarily bad, in terms of system effectiveness, but it does imply a require
ment for different aptitudes and perhaps a different person profile than 
that which has been found to be optimal in the present system. 
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A profile of the present controller is given in Dailey's chapter 
(Chapter 7) and this was amplified by some observations in the Nealey 
et al. (1975) report. According to Dailey: 

"The central skill of the controller seems to be the ability 
to respond to a variety of quantitative inputs about several air
craft simultaneously and to form a continuously changing mental 
picture to be used as the basis for planning and controlling the 
courses of the aircraft." (page 13) 

"In preparation for these decision-making functions, the 
air traffic controller must master a vast library of manuals, 
maps, regulations, letters of agreement, and similar publica
tions that guide the planning and decision making. These cover 
such areas as weather, communications, navigation, geography, 
flight service, aeronautics, and flight regulations. All of 
these are constantly changing, and the controller must keep up 
to date on them conti'nuously. The controller must also be adept 
at reading maps, charts, and tables and performing mental arith
metic on the data read. The combination of these mental demands • 
requires that the controller be a "perceptual-discrimination 
athlete." (page 14) 

"The air traffic control system is a man-machine system 
which places primary reliance on the human component, and the 
human operator is often the limiting factor in system output. 
The air traffic control system violates the first tenet of man
machine design -- that is -- 'to design the system so the average 
man with an average amount of effort can carry out his part in 
the system.' Unfortunately, there seems to be rto feasible way 
to do this and so the system requires a controller who is highly 
selected and highly trained. The controller bears a heavy load 
on his memory and his ability to keep many things in mind while 
arriving at well-reasoned solutions to complex problems under 
conditions of stress. Controlling air traffic is not necessarily 
a stressful activity, but in situations with a high traffic den
sity, the job of the air traffic control specialist becomes 
stressful because it requires pushing man's capability to its 
limit to maintain continuous peak performance." (page 24) 

This profile of high aptitude for spatial visualization, coupled with 
learning ability and both short-term and long-term memory, facility in 

al arithmetic, quantitative reasoning, and verbal facility has con
inued to describe the effective air controller into the early 1980's and 

expected to be valid throughout the Near Term of the new Plan. This is 
ed to be true despite some continuing automation of information pre

to the controller, particularly at the busiest Centers. It may 
relevance during the Intermediate Term, when the new computers and 

suites are installed and the integration of EnRoute centers and 
s, and enlargement of sectors are expected to take place. 
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If the installation of the new system is accompanied by the drastic 
reduction of staff mentioned in the system plan (namely, one controller· 
per sector) and should sector size be commensurately increased, then, at 
some point, around 1990, the transition from active, deciding controller 
to passive dispatcher, controlled by the computer could be expected to 
be completed, unless problems incountered along the way should force 
some changes in the system. Both Dailey and Nealey et al. have empha
sized the importance of engineering the automation system to provide an 
active role for the controller. Under the planned system, this might be 
accomplished by restricting sector enlargement to a size that would enable 
the controller to utilize the automated information while at the same 
time having the opportunity to keep track of the traffic mentally. De
termination of this limit is a research problem that could be addressed 
in the real-time test bed studies mentioned earlier. 

OVERVIEW OF THE TOTAL SYSTEM 

Our preoccupation with the anticipated automation of the NAS system 
should not cause us to lose sight of the total system, which includes 
general aviation and VFR traffic as well as commercial airliners· .. and a 
small portion of the general aviation fleet that will be equipped with 
the transponders and cockpit display gear that airliners are expected to 
carry. In view of the developments outlined, it appears reasonable to 
expect that the diversity of function among air traffic controllers will 
be considerably greater in the automated era. And this may be true even 
if EnRoute and Terminal procedures are highly standardized in the auto
mated system, in contrast to the largely unstandardized situation that 
presently prevails. It will still be necessary to assign clearances, 
monitor departures and arrivals, and provide the full range of flight 
services and there will continue to be the less dense and less highly 
traveled sectors. The new Plan is so complex that it was not feasible 
to address this part of the total system, but this will be necessary by 
the end of the Near Term, when the impact of the system changes will be
gin to be felt. 

As the Near Term progresses, it appears that the FAA will have around 
five years (assuming no delays) to evaluate the impact of the developing 
system on the air traffic controller and either to modify the system to 
accommodate to the characteristics of the human operator or to investigate 
the changed requirements for the op~rator (to change the selection pro
gram if a feasible new role is defined), or both. Compared to the time 
devoted to the research on controller performance and selection described 
in this book, this alarm comes quite late and should be considered as one 
of major urgency to assure success of the program. 
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