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‘-*-J'* “""‘““\Tiuc report covers personnel research effortq duving the past nine vesrs
dn'v.cted toward improving the selection of applicants to work in the Air Traffic Con-
trol occupation. The repor. summarizes the various vesearch efforts and makes
specific recommendations for echanges in present OPM tests throush which applicants !
qualify for employment consideration in the ATC occupation, and the rating and ranking
procedures used to establish a register of eligible applicants for appcintment te the
occupation.

Kew tests developed for inclusion in a revised ATC test battery include the Multiplex
Controller Aptitude Test {MCAT) and an Occupational Knowledpe Test (OKT). Both tests
are paper-pencil, machine scorable, multiple choice type tests. The MCAT presents
simulations of air traffic flow in each item. The applicant must solve air traffic
preblems or a related copnitive skill problem in cempleting each item.. The OKI
|measures important aspects of knowledge associated with prior experience that are
related to successful performance as an air traffic control specialist.

The revised test battery recommended to OPM includes the Multiplex Controller Aptitudd
Test and the present OPM test, Abstract Reasoning and Letter Sequence. The Occupa-
tional Knowledge Test is used for granting additional earned credit in place of the
present OPM Rating Guide. This new test battery meets all professional requirements
for an effective test including fairness.¢<——
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SELECTION OF APPLICANTS FOR’THE,AI? TRAFFIC CONTROL OCCUPAT&QN

INTRODUCT ION

This report has been prepared to consolidate various personnel research
“efforts during the past 9 years directed toward 1npt0v1ng the selection of
appllcants to work in the air traffic contreol (ATC) occupation. The position
classification standards for the Air Traffic Control Specialist (ATCS) Series
{G5-2152) ectablicshed by the Qffice of Perconnel Manag?ﬁent (OPM) def'ine three
rajor options within the occupation.

. Flight Service Stations (FSS) which provide preflight briefing and
assistance and advisory services to pilets Quring flight;

« Terrinals which provide control and separatlon of air traffic at
airports, and,

. Cepters which provide control and separation of enroute air fraffic.

' 'The Federal Aviation Administration (FAA) is the major employing agency for
MTCSe with a workforce of about 26,000 emplovees. in the GS5-2152 series. They
represent alnost 50 percent cof the total FAA full~time staffipg. Selection.
and hiring of .applicants for the occupation by FAR over the past 5 years has
tanged between 1,700 and 2,000 new erployees annually and can be expected to
continue at about the same levels. The Department of Defense (DOD) employs a
total of about 300 civilian air traffic personnel. DOD may select applicants
from the same OPM register used by the FAk, althouah their use of the regicster
is minimal. Positions as ATCSs are essentially nonexistent in the private
sector.

This report summarizes the various research efforts andg, baced on the results,
_wakes specific recommendations for changes in:

-« Present OPM tests through which applicants quallfy for eﬁployment con-
sideration in the ATC occupations. and,

. The rating and ranking procedures used to establish a register of
eligible applicants for appointment to the occupation.

The research documents and studies referenced in the text of this report are
identified in the bibliography.
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HISTORICAL DEVELOPMENT OF PRESENT SELECTION PROCEDURES

‘Selection of ATC personnel has been an area of cuncern for a numnber of
'agencies over a considarable time period. Continuing research since the early
1950's has been directed toward improving the processes by which applicants or
candidates for civil and military ATCSs are evaluated, tested, and selected.
Reference (1) provides a survey of selected research studies on ATC selection
during the perigd 1952-1972.

"In August 1960, the FARM Civil MAeromedical Institute (CAMI) began administering
a heterogeneous battery of commercially available tests on an experimental
basis to pewly selected ATCSs at the FAA Academy in Oklahoma City. After the
9 week Acadeny ATC training course, the student's average academic test scores
and average laboratory soores were surmed to form a composite which was corre-~
lated {(Pearson product -~ moment formula) with the corposite of the experimen-—
“tal aptitude test scores. The coefficients ranged from .35 to .54. Based on
‘these findings, it was concluded that aptitude tests could improve selection
of ATC applicants who would be successful in the occupation.

The conmmpercial test: used experimentally were considered to be more suscep-

. tible to compromise than those controlled hy the Civil Service Commissicn
{C5C). Consequently, those commercial tests that showed the most pronise were
. uged to identify CSC tests which were similar in factor centent., Table I
identifies the five tests and the zero-order correlations derived from these
studies (2}. These CSC tests and an additicnal Air Traffic Problers Test
developed for FA"™ were then erployed, beginning in 1961, in another series of
testing sessic . at the FAR Acadeny. Subseguent regression analysis. resulted
in identifying five best predictors of training success using coursge gqrade and
pass or fail status of ATC students.

TABLE 1 CSC TEST VALIDITIES

Testing Dates: ' : (N = 143 ~ pass)

Septenber 1960-June 1962 (8 = 183} (N= 40 - fail)
QSC_Testsl Course Grade Pass/Fail

CSC 51 Spatial Patterrs LATER ) 2T
CSC 24 Computations L28%% -16%

- C8C 157 Abstract Reasoning L28E .18t
C8C 157 Le&tter Sequence «55%% JAEEN

" €8C 135 Oral Directions L 2JEx : R Lo

~C8C 540 Air Traffic Probless 41** ) «29%*

*p £ .05; **p L .01

l7est nurber ascigned by CSC



Beginning in 1962, the test battery identified im Table I served as a major
deterrinant. in the selectionof one-third of the applicants with little or no
prior ATC relatec experience., Applicants with experience continued to be
selected without a reguirement for formal testing. CAMI continued to collect
and analyze data on the test battery after ite adopticn by the CSC. In
January 1964, the CSC battery was introduced as a means to qualify all appli-
cants regardless of their previcus experience, althcough air traffic related
experience continued to be used as a ranking factor for placing applicants on
the C5C reglster for selection.

In October 1968, further modifications were made to the ATC seélectionh system
aimed at relieving a2 shortage of ATC personnel in a rapidly expanding ATC
syster. A major change provided for hiring applicants with specialized ATC
.- experience {particularly in military radar control} at a higher grade. (G5-%/
" .GS-11) without reguiring that they take the CSC test btattery.

These ATCS selectior procedures renained essentially unchanged from 1968 until
1973 when a rmaximum entry age (31 yvears) for the Center and Terrinal options
was established by Public Law 92-297. At this time, €SC and FAA re-estab-
lished the reguirement that all ATC applicants take the CSC test battery and
achieve a score of 210 or higher for enploynent eligibility. From 1973 to the
present, the ATC seYection proceflures have remained essentially the same.

The nethods and standards for establishing ATC employment eligibility have
varied fror time-to-time since 1962L However, t selection procecs has
typically involved two elements the use of thg_Q_Q_;gs;_ha;;nxx_to_dats;nine
e]191b111ty_£2£_952;9155nt, and the weighting and use of prior aviation-
felated experience either directly or indirectly in selecting from among those
applicants eligible for employment. References (2}, (3), {4}, and (5) provide
sources for more detailed information on the developrent of ATC selection pro-
cedures and (Chapter I of reference 6) presents a nore extensive discussien of
current selection processes.




?ROBLE% AND RESEARCH QBJECTIVES

Attrition of ATCSs during the devL‘opnental training perzod has been an area
of continuing concern for the FAA. Anslysis of trainipng losses over the past
% years highlights the fact that attrition ranged between 25 and 40 percent
dur:ng “the 2 to 5 vear traxh1ng per:od requ1red to reach the full perforrance
 1eve1 (FPL). The.major part of. thlﬁ‘attrlt;on”;gﬁg;ted irom the inability ef
trainees to acquire and demonstrate the skills and knowledge o progress
satisfactorily through the -training prograr. This has been the case indepen=
dent of whether or not the training has been conducted on a completely decen-
.. tralized basis or when selected phases of training have been cenducted at the
... FAA Academy on a centralized basis.

dollars annually ta the FAA_in. salﬁ;jes, trainingl and travel costs. Of equal.
" {mportance to mainteining an adequate staff of full performance contrcllers is
"‘the irretrievable loss of "time," since a new applicant hired as a replacement
rust start at the beginning of the training cycle. ' .

This significant investment loss teo the FAA has two major corponents. First,
the screening and selection criteria used to determine which applicants to
hire for the occupation; second, the length of time taken to identify traindes
who do not déemonstrate the ability to progress to the full performance level
tequired by the occupation.

* %P0 establish more conmprehensive and uniform training, and to provide earler
" identification of trainees who do not demonstrate -the necessary skills and:
abilities, the FAMA re-established a centralized ATC Initial Qualification
Training Progran at the FAA Academy for the terminal and center options and
regtructured the follow-on training conducted at the ATC facilities in January
1976. -Selected phases of training leading to FPL are conducted on a pass/fail
bagig using defined job-related training cutcomes and standards. KA comparatble
pass/fail training program was established for the FSS option in Septenber
1978.

" Terminal, center, and FSS initial cualification training at the FAA Acaderny
consists of approximately 15 weeks of instruction in both acaderic and labora~
tory environments where students must demonstrate. the ability to learn and
apply the knowledge and skills taught at the Academy.  Failure to pass the
training is the basls for removal from the ATC occupation or the FAA. While
the attrition rate fluctuates fror class to class, the average lass rate
during the initial gqualification training over the past 3 yvears in terminal
and center training has been 24 percent. Four percent of the students volun-
tarily withdrew from training and 20 percent failed the course. This rate
vaties for each year. For 1977, the failure rate was 21 percent and with-
.~ drawal 5 percent; for 1978, failure 30 percent and withdrawsl B percent; and
~ in 1978, failures were 28 percent and withdrawals 7 percent.

.‘4“;”‘@
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- The FAA Acadery trainina hes been effective in providino early identificatien
‘of those trainees who do not demonstrate the necessary abilities to progress
to the jorneyran ATCS level. Between 1970 and 1976, when &}l ATC training was

-/ ‘conducted on a decentralized basis at the individual ATC facilities, the
: '“avetagg length of servicde for ATC traineec who separated from the occupation
.. was between 18 and 24 ponths. With initial gualification training conducted
" at the FAA Acadeny, most attrition which can he expected to occur due to per-
" formance takes place during the first 5 ronths of enploynent. By itself, this
change in FAA ATC training provxdes a cost avoidance on the crder of $1C.0 to
$12.0 nillion a vear.

'The:e still rexains, however, the concern with the overall attrition rate of
MTC trainees. For exanple, salary and training costs for the imitial ATC
< gualification training program represent about $10,000 for each employee
. - i R £ . R [/-
hired. With a hiring rate of 1,800 new employees annually, a 24 percent
attrition rate eguates to an investment loss of about $43 willion each year.

Consequently, the primsry purpose of this personnel research is to develop
improved selection procedures in order te hire those applicants who clearly
denpngtrate aptitute for ATC and whose potential for success is greatest.

References {(8), (9), and (10} provxde sources for more detaxled information on
-ATC trdininee attrition, costs, and traxnxng preodrams.

e e



ATC JOB ANALYSIS

AT S ‘ _ 7 .
 :"jh¢ Dictionary of Occupational Titles provides a general description of the

functions and activities of ATCEs in each of the options.  In addition, more
. detailed job/task wnalyses have been corpleted for a variety of purposes.

1

. Position Classification. 1In 1978, the CS5C completed a revised

. Clasgification Standard for the GS5-2152 ATC occupation which identifies
" knowledge, skills, and aptitudes required in the FS5, terminal and
center optionsg.,

. Perforrance Evaluation. Between 1971 and 1975, the Syster Development
Corporation under contract with the FAA completed a detailed job/task
analysis of the terminal and center options, to identify the basic

© .. skills needed for successful performence of each task required of a

. coptroller, as a-basis for developing objective performance standards
and méasures. The resgults are currently used by the FAA in conducting
"over the shoulder™ evaluations and extended training reviews for AICSs
under the ATC Technical Appraisal Program {(TAP).

"o ATC Work .Attributes. As part of a broader research study on ATC selec-

" tion, Education and Public Affairs (EPA), Inc., undet coritract with the
FAA, completed an analysis of the work attributes associated with the
ATC occupation and proposed nmethods for their neasurement. Their
report (7} identifies nine major demands of ATC work (e.d., cognitive
requirehents);  over 30 attributes (e.g., judgment and reasoning '
ability) associated with job demands; and, describes one or more ATC
tasks related to these attributes.

In addition to these more recent ATC job analyses, others éoing back to the
19505 have been conducted (1).



OVERVIEW OF RESEARCH STUDIES .

" “"’Personnel research related to different facets of the ATC occupation has been
S s continving FAA prodram since thw early 1960's. This report, however, will

" focus on the results of studies direcied to initial selection of applicants,
vfpagticulariy the developnent of screeniny tests and the use of prior aviation
;Qexperience in the selection and placement prucess. Over the past 9 vears,
“lgtudies have encompassed sarples of four major population groups. -

. FPL MNTCSs:

. Developrental ATCSs with several years of RIC training who bave not
reached FPL status;

« New ATC appointees who were justvéntering the occupation; and,
N Appliéants for ATC work.

While a nunber of interrelated stud{es have been completed, perhaps the bhecst
way to provide an overview is to bricfly identify them in a chronological
sequence althopgh they were obtain conducted as parallel efforts.

. 1972 - FAR ATCSs. A major study (22) of some 14 experimental t2sts as
candidates for irproving selection of ATCS applicants was comnpleted by

. EPp. The study was based on conicurrent analysis of about B0G- ATCSs
covering all three options and included both journeyrman and new
appointees in the ATC occupation.

. 1977 - FAA ATCS. Based in part an longitudinal analyeis of the infor-
mation ohbtained in the 1972 study, EPA conpleted a comprehensive
analysis of 11 experimental predictors involving over 3,000 employed
and separated ATCSs. This study {13) also encompassed all three ATC
options. i

. 1976-1977 -~ Applicants fcr ATC Work. Since no information was avail-
able on the characteristics of the population which applies for AIC
work, CSC, at FAA's request, adwministered three of the experimental
tests or predictor forms along with the present CSC test battery to
atcut 7,500 applicants for ATC work when the exam was opened in the FAA
Eastern 'and Southern Regions. The infofqation obtained provided a
variety of necessary data op the characteristics of individuals who
express an interest in the ATC occupation by taking the qualifying CSC
test. It also provided a basis for corr.-ting for restriction in range
in the statistical analysis of CSC tests and experimental predictors
adwinistered to those individuals hired for ATC work.

. 1976-1978 - New Appointeee to the ATC Occupation. With the establish—
rent of the ATC initial gqualification training at the FAA Acadeny in
1976, the Office of Aviation Medicine and CAMI initiated a Continuing
prograr of expérimental test developmwent, administration, and analyses
of data on new hires in the center and terninal opticns. Experimental
tests, inclwding those used in the 1977 study by EPA and adrinistered




to the applicanr'populapion by C3€, were given to new ATC hires at
the FAA Academy prior to the beginning of training. In addition, the
CSC test battery scores were obtained for each individual whenever
possible. About 3,000 pew ATC hires were included im this study with
complete data on all variables for cver 1,800 appointees.

Analysis of the data fer this sample together with the informa-
tion obtained on the 7,000 applicants by CSC in 1976-77 provided the
basis for identifying those existing C5C or experimental tests which,
in combination, resulted in the best prediction of sugcess in ATC
training. It should alu~ be pointed out that this sample group (and
-subsequent ATC training classes) provide the basis for longitudinal
analysis of tests and training scores with on~-the-job training and:
succs58 as employees progress toward FPL status.

1978-1979 - New Appointees to the ATC Occupation. Based on analyses
completed through 1977, the FAA Office of Aviation Medicine developed
parallel forus for those experimental tests which provided the best
predictive capability. Beginning in June 1978, two parallel. versions
of the tests were administered to each ewployee entering ATC training
between June 1978 and January 197%. About 1,100 trainees comprise

" the sample for this study. The data provided the basis for item
analysis of the parallel test foris and together with other variables,
 their correlation with training success or failure.

1978 - Applicants for ATC work. During September - Octoher 1978, the
CSC reopened the ATC examination for applicants. At FAA'sS request,
CS€ administered the parallel forms of the experimental tests used at
the FAA Academy along with the standard CSC ATC test battery. CSC
also obtained information on sex and ethnic groups, for these
applicants, which previously had been unobtainable. This applicant
population was comprised of about 7,000, including about 1,000 who
took the examinationh on a "walk-in" basis as part of the affirmative
action recruitment program. This information provided a basis not
only for item analysis of parallel test forms relative tu the applicant
. population, but an opportunity to evaluate the effect of changes

in the qualifying test battery on selection alternatives and criteria.

»




The general relationship between these studies is shown 1o Figure
They are summarized in the following sections with respect fo:

. Objectives

. Sample Descriptions

. Predictors |

. Criterion Measures

. Anaiyticai Methodélogy'

. Results




FIGURE 1.  GENERAL AELATIOWSKIPS BETWEEN ATC SELECTION RESEARCH STUDIES
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1972 STUDY. - sascﬂbu OF _AIR TRAFFIC CONTROL SPECIALISTS "

. Qbjectives. The focus of this research was on selection as related to job
* performance. It was based .¢n concurrent validity analysis. The primary
- questions addressed were:

. To vhat extent is It possible to pred;ct the quality of job b’/,,/~
performance of a. journeyman ATCS from a battery of tests adminis-
tered at the time of job application?

'} To what extent can improvement be ach aved by assigning applicahts
consistently to one of four selected ATC options (FSS, Center, IFR
or VFR tef.ainals) and within these, into high or low density (activity)

facilities?

.. To'what extent do the measures selected to accomplish the above
objectives affect black and white applicants with an equal degree
of falrness?

Sample Description. The total sample was comprised of approximaztely 800
employees who were either journeymen ATC specialists (FPL) or new ATC
appointees including an oversample of black ATC specialists. Sample’
selection provided for distribution between four types of ATC facilities
{Centers, TFR and: VFR Terminals, and Flight Service Stations). Samples
for Centers and IFR terminals were further stratified between high and
low activity facilities. Raclal distribution, ineluding the oversample,
was 93 percent white and 7 percent black.

Using 15 major cities in the U, 5., the sample was randomly selected
{except for the oversample)} from ATC fagilities within a 100-mile radius
of the 15 hub cities. Sampling was controlled Lo exclude 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 present CSC test battery,

In addition, a subsample of about 260 ATC Specialists who took the
paper-pencil battery were administered a series of "psychamotor” tests in
a separate testing session at FAA facilities at Oklahoma City. Of the
journeymen, 34 percent took the psychomotor tests together with 32 percent
of the new appointees. Selection of this subsample waa controlled for region,.
type of ATC facilities and variance on the confidential supervisory per-
formance evaluation which was used as the criterion measure. Racial
distribution of the "paychometor” subaample was 83 percent white and 17
percent black..

1



- Predictors.
. gonsidered:

In selecting poedictors for this study, four objectives were

. They should cover as brbadly as possible, the range of job

and worker attributes identified with the ATC occupation.

Experimental tests should not substantially overlap areas already
covered by the existing CS5C test battery which was to be adminis-
tered to the ATC Specialists. .

Exberimental tests shOuld 2 selected which, based on prior
" research, appeared to have potentlal valxdlty for ATC selectlons..

. ThHe two selected test batteries (paper-pencil and psychomotor)
“should not require more than 8 hours each to administer.

Within these objéctives. the'follouing were selected:

Paper-Pencil Battery

- Aptitnde Tests

Current 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

- IMPersonality” Tests

Concept-Ad jective Test
Closure Speed Test

= Background Information

- Biographical Inventory

« . Psychomotor Battery

Directional Headings Tesat

Hidden Patterns Test

Press Test

Controller Decisions Evaluation (CODE) Test
Multiple Task Performance Test

Compressed Speech Test

12




S The Paper-Pencil Battery was administered to the total sample group.

st administrators were FAA enpioyees, trained by Education and Public
#ffairs. The Psychomolor Battery was given to the subsample at FAA
facilities in Oklahoma City where equipment required l'or administration was
vailable., Detailed discussion on the source, wature of the test, method
f scoring, reliability and validity for the selected tests is provided
lsewhere (1.3, The contractor obtained and kept all test results

nd information on individual ATC Specialists on a ~onf dential basis,
ﬁnd' idual data were provided to FAA. :

riterion Measure, After examining a number of alternatives, a Confidential
Supervisory Evaluation form was used as the criterion against which experi-
pental tests were validated. These evaluatioris were obtained by the con-

ractor directly from the ATC Specialists' supervisor. They were not reviewed by
AA nor were copies provided to the agency, The contractor retained all
ndividual evaluaticn data on a confidential basis. The evaluation covered

- the broad areas of performance within a number of task behaviers for each

rea.

Performance Area . i ‘ Task Atems

Enowledge

Perception

Cozprehension

Memory

Communication

Judgement

Traffic Management Technigues
Performance Work Stress
Interpersonnel Skilils

Other personnel skills

JHas & = S 0Oy

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 "i" being the highest performance and
"% the lowest.

Descriptive Information. Based on biographie responses from 304 FPL ATC
Specialists, the following background and educat:onal information was
obtained:

98% were men; 2% women
'96% had prior military service
72% claimed prior (military) experience as a controllﬁr
2% claimed experienge as a pilot
48% took the CSC teést battery for appo*ntment 10% more than
once,before passing

7% completed high school
251 attended col%hge, less than 1% completed college

- L L] L L]

L
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Analytical Hethodology. Data collected were subjected to a variety -of

. statistical treatments. Among the principal methods were:

Multiple regression analysis in which test measuﬁes were
correlated with performance evaluation measures to determine
how well they predicted job performance.

Analysis of variance for testing differences between groups;
minority and non-minority; journeymen and new appointees;
and, those hired with previous aviation-related experience
compared to those hired uithout suech experience.

Hult-ple discrimAnan function 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:

Capacity of the tests to predict job performance of journeymen
ATC Specialists produced mixed results. The CSC test pattery was
marginal in predicting job performance, as measured by
supervisory evaluations. This result, however, was due pri-
marily to the restriction in range Of-thé CSC test predictors.
This restriction resulted not only from the selection processes
but zlso from the screening which took place during the develop-
mental 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 predictor relationship of the CSC Tests to the job per-
formance criteria was not determined. The psychomotor tests
developed conaistently significant correlations with supervisory
Job performance evaluations.

By combining. paper-pencil and psychcmotor tests, the analysis

indicated that it was possible to improve assignments to the
different ATC options based on tests results and, with additional
tests, to high or low derisity center or IFR terminals.

If relevance to the job is the primary factor in determining

test acceptabllity, the tests proposed from the research met

_that criterion. They also predicted job performance equally

well for each racial group (black and white). However, blacks

as a group conslstently scored lower on the tests than did whites.
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is study provided FAA with valuable information and Insights on the
problems associated with selection and placement of applicants for ATC
work. However, action on the rescarch results and recommendations was
deferred due to a number of considerations imcluding the complexity of
the specialized equipment required for theé psychomotor tests, logistical
difficulties in test administration and complexity In test scoring and
ranking of applicants. '
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1977 STUDY - SELECTION OF AIR TRAFFIC CONTHOL SPECIALISTS

Continuing concern with the rate of ATC trainee atirition -and considera-
ion of reestablishing centralized ATC trainin_ at the FAA Academy
resulted In a review of FAA selection and screening policies in
Décember 1974 ) and corpletion of a cost analysis study of alterna-
tives 14y in March 1975, - Among the actions resulting from this review,
FAA contracted with Education and Pubiic Affalrs, Inc., (EPA) for a
follow-on analysis of ATC selection tests in Jw.2 1975, A summary of
. the final EPA report is provided elgewyhere (1341,

Objectives.. The objectives of this research were directed to essertially
the same concerns as the previous (1972} study completed by EPA: selaction,
placement, and fairness. However, the study design significantly expanded
the sample size, structure, and representation; encompassed more criterion
measures. of ATC job success; and incorporated an evaluation of prior
~aviation~-related experience and educational level as predictors of ATC

- job success. SR -

- Longitudinal Analvsis of 1972 Experimental Tests. The first effort in

" this study was Lo analyze on a longitudinal basis the relationships
between the experimental test results obtained during 1971 and criterion
measures related to the ATC specialists who participated as of 1975.
© Validity coefficients of each test score with each criterion medsure were
calculated. A factor analysis of the tests was also undertaken to deter-
mine overlapping aof underlying variables. The tesis selacted from these
analyses weré theri subjected to multiple regression analysis to determine
the minimum number of tests or test scores which would predict the
maximum proportion of variance in each of the criterion measures.
Table 2 identifies those 1971 experimental tests and predictors (X)
which, based on their simple correlation with the various criterion measures
established for the analysis, warranted further study by means of {ield

fdation. '
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7 Table 2 Predictor and Criterion Measurés of ATC ' Succ'éss
. (1%75) for Controllers Participating in 19r1 ATC
Research’

Sepa-' . Progressioh+ Present 1971 Supv. Sup/Staff

ration Attrition tion = Assess. Posirion

OE X X X X X X -

. -Dial Reading X X - R -
Dir. ' X - - = - X -
Mr Traffic Prob.* - - - X X - X v-
Arith, *k - - - = X X.- -
AIC General Info. X - - - e el .
Concept Adjective - X X - X - X -

X X - X X . X X

Biographical Info.

TR Ir TTaffic Problems CSC Test No. 540

**prithmetic Reasoning was Part 5 of :he Da;,ley Technical and
Scholastic Test (TST)

**kSupetvisory assessment criterion data available for 1971 FPL
ATCS only. No new 1971 appointees progressed to ATC super-
visory or staff positlons by 1975.

With some modifications these experimental tests used in 1971 became the
" "core™ test battery for the 1977 research. A more detalled discussion

of the methodology and results of this longitudinal study 13 provided
elaswhere (14),

Sample Description - 1977 Study. A comprehensive sample design was
- eonstructed to deline the ATC population to ensure a representative
o sample for three specific "year of hire" groups. These groups repre-

. sented three ATC career "stages™: (1) New Hires (1976); (2) Develop-
- mental ATC Specialists with 2 to 3 years ATC experlence with FAA (1§73
- and 1974); and, (3) ATC Specialists with 2 to 6 years experience at the
" Jwrneynnn (FPL) level (1969 and 1970)

- In agdition to these primary RTCS samples, three addi tional ATCs
samples were ineiuded:

+ An oversample of currently employed women and mnoriby
M‘CS's in the same three "year of‘ hire" groups.
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. ATC Specialists who participated in the 1972 research.

. » A sample of ATC Spec,al‘sts who were hired during the three
time periods sampled, bui who had separated from AxC WOrk
before reaching FPL status.

Sample 'selection was constr‘ained to exclude employees who were in ATC
-staff or supervisory positions or ovér age 31 at the time they were
hired except in the F3S optioen.

. Sample selection for the three primary groups was based on stratified.

-random ‘sampling methods to provide a proportionally representative group

f the total constrained ATC tmiverse for each of the four ATC "options" v
PSS, VFR, IFR, and ARTCC) with respeet to both the initial and: current

5 optiun of assigment.

able 3' id'entz.fies. t!_'xe -v,ar-ious ATC speclalists samples by year group, the

tal number desired and the samples actually obtained. Since participation was
voluntary, the number invited was expanded where possible to provi ide for
declinat on and nonresponses. _ _ .

TABLE 3. ATC SPECIALIST BY YEAR HIRED,
- SAMPLE GROUPS AND ATC CAREER STATUS

ATC Sample ATC ' * - Percent of

Year . _ Career Number Desired oObtained Desired

fiired ' Groups '~ Status Invited Sample gsample ‘Sample
965-70 (1) Employed ATCS rPL 1344 800 754 (94v)
(2} ATCS Oversample  FPL 151 200 a1 ( 6%)

{3) S_cparated ATCS DEV - ——— 3s2 -—
973-74 (1) Employed ATCS DEV 1127 800 - 740 t93%)
' (2) ATCS Oversample  DEV 258 200 72 {368)
{3) Separated ATCS DEV R -~ . 166 -

2976 . (3} Employed ATCS  New Hires

o _ (DEV) 610 610 - 530 - (97W)
1571 (1) Bmployed ATCS FPL 480 480 270 (561).

(2} Separated ATCS FPL/DEV —— - 74 -—
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{¥re number of women and minorities who. volunteered was not adequate for
analysis by vear group or ATC option. Consequently, the analysis on test
fairness combined year and option groups to provide 235 women and 321
norities. The oversample for women and minorities was used only for
nalysis of the fairness of the ATC "success" predictors. The final

EPA report  (Chapter Vik ol roterence B3 provides a complete discussion on
hy_ samnline methodo oy,

redictors., Two of the tests used in the 1972 study were mod fied for
se 'n the 1977 research..

CODE (Controller Decision Evaluation) " This test consisted of

three film versions of a computer simulation of moving air o :
traffie patterns appearing on a radar scope. Initially these--- - - . .
were converted to slide projector presentation to eliminate the '
.- need for movie projector equ_pment and to simplify both the

~pesponse recording and scoring. Group administration of the

. various adaptions of CODE during this test devélopment phase

- elearly pointed up the practical problems of using film or slide

- projection equipment in test administration. Consequently, a

- paper-pencil versién was developed which incorporated measures

of abilities to identify potential conflicts of aircraft as well

as the traditional kinds of aptitudes within an air traflfic control
context. The resulting test, the Multiplex Controller Aptitude ;
. Test (MCAT) was made available to EPA as-.a substitute for the '
CODE tests.

Arithmetic Reasoning, 1In the prior research, the arithmetic reasoning
test was one part of the Dailey Technical and Secholastic Test (TST).
Since this part could not be given as an isclated tesi, an Arithmetie
Reasoning test developed by.the Army Air Force, which was s:milar,

was used in the 197? research,

In addition to the predictors derived from the longitudinal analysis of
the experimental tests admin stered in 1971 three cther predictors were
used. :

T

"+ Pre-employment Experience Questionnaire {PEQ)

" To obtain specific data from participating ATC specialists on
various kinds of pre-FAA experience and education, a questionnaire
was developed from the CSC Ratl ng Guide elements used as a basis
for granting additional cred‘t in the ATC employment selection

LProCeste : -
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. AIC Occupatipnal Knowlggge.rest_(OKT)

" This-test was developed to be "job-khowledge speqific," Conse-
_quently, it was not- included in the 1977 research for the purpose
of evaluating its use in soreening ATC job applicants for employ-
~ ment eligibility. It was used to measure the "quallty" of prior

" experience as a poteﬂt*ally improved basis for grant ng additional
credit for experience in the selection process in place of the
existing CSC Rating Guide.

Sixteen Personality Factor:Questionnaire (16 FF)

- The-16 PF Questionnaire is administered as part of the medical
qualification process to all entering ATC Specialists. It is de-
signed to measure lmportant personality characteristics not other-
‘wise measured and the 1977 research offered the opportunity to assess
-its utility for possible selection or placement. purposes

The experimental test battery used in the 1977 research may be div*ded
Eroughly into two groups of instruments; (1) Cognitive Predictors, tests,
which have predetermined right or wrong answers; and (2) Other Predictors
-where applicant responses ordinarily have no inherent value of "plght" or
-“Hrong" except as measurable against criteria or values external tec the
test." The following identifies the predictors used_w*th-n these twd groups.

Cognitive Predictors

Maltiplex Controller Aptitude Test (MCAT)
Directional. Headings Test
Dial Reading Test =
' Arithmetic Reasoning Test
. ATC General Information Test
.. Present CSC Test Battery (5 parts)
ATC Occupational Knowledge Test

- Other Predictors

: Pre—Employment Experience Questionnaire

~. Concept Adjeective

‘Biographical Inventory ' N 2
‘Sixteen Personality Factor Questionnaire (16 PF)
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. ATC Speclalists who participated in the 1972 research.

. A sample of ATC specialists who were hired during the three
time periods sampled, bu. 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 F3S option.

Sample selection for the three primary groups was based on stratified
random sampling methods to provide a propertionally representative group
of the total constrained ATC universe for each of the four ATC "options"
FSS5, VFR, IFR, and ARTCC) with respect to both the initial and current
option of assignment. :

‘Table 3 identifies the various ATC specialists samples by year group, the

‘total number desired and the samples actually obtained. Since participation was
& luntary, the number invited was expanded where possible to provide for

# declination and nonresponses. .

TABLE 3. 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 gample Sample
969-70 (1) Employed ATCS - FPL 1344 8aD 754 (94%)
(2} ATCS Oversample FPL 2181 200 31 { 6%)

(3) Separated ATCS DEV —— - 362 -
1973-74 (1) Employed ATCS DEV 1127 800 740 (93¢)
o {(2) ATCS Qversample DEV 258 200 72 (36n)
(3} Separated ATCS DEV — - 166 ———

976 - {1} Employed ATCS New Hires

' ‘ (DEV) 610 610 S0 {97W)
1971 (1) BEnployed ATCS FPL 480 480 - 270 {56%)

(2} Separated ATCS FPL/DEV Cm— —— 74 ——
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ﬂ:f ATC OCcupational‘Knowledgg Test (OKT)

This test was developed to be " job-knowledge spec_f;c. Conse-
. quently, it was not included in the 1977 research for the purpose
of evaluating its use in screening ATC job appl‘cants for employ-
ment eligibility. It was used to measure the "quality” of prior
experience as a potentially improved basis for granting additiIonal
red‘t for experience in the selection process in place of the
xisting CSC Rating Guide.

Sixteen Personal‘ty Factor Questionna*re (16 PF)

. The 16 PF Quest:onna‘re 15 administered as part of the med'oal
. qualification process to all entering ATC Speclalists. It is de-
" signed to measure important perscnality characteristics not other-
- wise paasured arnd the 1977 research offered the opportunity to assess
its utility for poss:ble selection or placement purposes.

The experamental test battery used in the 1977 research may be divided
ghly into two groups of instruments; (1) Cognitive Predictors, tests,
hich have predetermined right or wrong answers; and (2) Other Predictors
ere applicant responses ordinarily have no inherent value of "right" or
dng“ except as measurable against criteria or values external tc the
Meest.? The following identifies the predictors used within these two groups.

. Cognitive Predictors

Maltiplex Controller Aptitude Test {MCAT)
Pirectional Headings Test ’
Dial Reading Test
- Arithmetic Reasoning Test
.- ATC General Information Test
 Present CSC Test Battery (5 parts)
ATC Occupational Knowledge Test

Other Predictors

. Pre-Employment Experience Questionnhaire.
Concept Adjective
- Biographical Inventory
" Sixteen Personality Factor Questionnaire (16 PF)
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er than re-administer the pr‘esenc CSC test bat.ter'y, the Intent was to
in the CSC test scores for par rtieipating ATC specialists from existi ng
ds. However, this did rot prove to be feasible for a large number of
employees in the sample. {(ursequently, analysis of the experimental

3 in relation to the existing CIT tesht battery as predictors of ATC
33 was not possible in this study.

b. "cognitive predictors" and "other pred‘ctors"'were each analyzed
tely against the oriterion measures used to define "success" in the
ocwpat.‘on. They were also analyzed together in a suppiemental repcrt
5) to determine the extent to which "other predictors" agded to the

mid‘ty of t.he "eognitive predictors.™

discussion and description »f each of t_he predictors used in the study
uding relevant prior research, reliability and validity is provided
; ﬂswhere (Cimpter Vi of reference 14). . :

?br analytic purpcses, the objective was to obtain pre-employment and
sducation Information on all ATC specialists in the sample groups. The
wperizental test battery was administered to approximately 50 percent

of the 1969-1970 and 1973<1974 sample and all new hires in the 1976 group.
j;electio‘n' of efployees to take the experimental test battery was controlled
1o provide proporticnal distribution by ATC option within each year group.
experimental tests were also admn-ster‘ed tc all employees included in

';he ATCS oversample groups.

Predictor data were obtained In several ways. The Prior Experience Question-
palre (PEQ) was completed by the ATC specialists at the time tney agreed to
participate. The experimental tests were administered to the new hires

At the FAA Academy on their first day of attendance by the EPA staff -

asaisted by FAA personpnel. For those ATC specialists assigned to facil: t:es,
the tests were given by FAA test administrators who were trained by EPA. .
4 full discussion of the data collection methodeology is provided in the FAA
- peport (Chapter VILL of reference. 15). .

friteria and Measures of ATC Success., To determine how valid experimental
tests, prior experience and education are as predicters of ATC success,
operational definitions (criteria) of success arnd ways to quantitatively
measure them had to be established. The following four criterion measures
were used in the study and were then combined into a single "aggregate"
"measure of ATC success. _ :
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Tralining Performance. This was measured by scorses received on

the ATC Laborateory Problems and the Controller Skills Test during - "
Anitial ATC training at the FAA Academy. These scores were selected
since they require studénts to demonstrate operational application

- of academic knowledge.

On~the-job Performance. This was measured by confidential job/task
assessments prepared by the 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 osn-the-job performance.

. Progression. This was measured by the ATC "option" to which the

S Was initially assigned when hired, compared to the "option"
- the ATCS was assigned to on January 1, 1976.

" Four "options™ were defined to represent general complexity levels
- of ATCS work (FSS, VFR, IFR, ARTCC) with ARTCC defined as the
"highest" complexity level. Within this hierarchy, progression
values were established as follows:

. "High"--assigned when an ATCS was in an option of a com-
plexity level the same as or higher than the initial optién
to which assigned (i.e., VFR initial assignment; IFR current
assignment on January 1, 1976). '

+ "Low'--asigned when an ATCS was in an option of a lower
complexity level than the opticn to which initially
assigned (i.e., ARTCC initial assignment; FSS current
assigrment on January 1, 1976).

Attrition. This was measured by whether or not ATC Specialists hired
during the year groups sampled for this study were still smploved in
ATC work. Those still employed as ATC Specialists were assigned a
*high" score; those separated were assigned a "low" score. '
Aggregate Criterion of ATC Success. This was constructed from the
four individual criterics (training, on-the=job performance progres-
sion and attrition) and their measures and provides a five-point
- scale value for ATC "success.®

The predictors of ATC "success” used in this study -- experimental
~teats, prior experience, and education -— were analyzed for validity
againat each of the four criterion measures of ATC"success" -- training
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scores, supervisory assessu\nts. progression, and attrition. Final
conclusions and recommendations are based on the validity of the
predictors with the aggregate cfitericn of ATC success. A fuil
discussion of the development of each of the criterion measures is
provided in the EPA Report (Chapter V of rotervice b,

Descr,pt ve Infcrmat:on. Data on the education and experience background
of AIC specialists who participated in the 1977 Study are orovided in tre
EPA Report {Chapter VII of reference 14).  ihe wost mareed changes between
the three "vear-of=hire” groups {and the 1972 sasple) vere in educational -
“level, miliriry service and pilet experience. Table 4 compares the various
sample greups on selected variables,

TABLE 4. EDUCATION AND EXPERIENCE LEVELE

Year Hired as ATCS

1969-70
Prior to 1969 1973 1973-74
1971 1970 1974 Oversarple 1976
(N=305} {N=658) (N=661) (N=1C3) {N=592}
‘#igh Schocl 72v 344 248 25% 1e%
“Some College 25% 53% £ 59y : 56%
.College Degree(s) 1 13% 23% lev 2B%
Military Service 968 75% T4n _ 56% 71v
ATC Experierce 720 — - - S
i, IFR - s k3-1 W 276 32
CVFR - - 119 384 264 37

Plot ! 2% k1ol 34y 1is kLY

The sample of 304 ATCS hired prior to 19?1 was derived fmm the 1972 study (11).
ATC Specialists -could have been hired between 1960 and 1970.

Analytical Methodology. Before undertaking the vali 1dtty analysis, a number
of pr‘el“.minary anaiyses were made to:

. &.\bstant_'iate that the sample of ATC specialists who did volunteer
was not, except for the proportion of minorities, essentially
different from those who did not velunteer.

. Calculate the means, standard deviations, reliability, and inter-
correlations of experimental predictors and ATC sucgess criterion
measures. ' '

23



. Determine that the order of MIAT test:administration did net affect
- test results.

Analyze training scores and convert them to standariized(Z) scores. -

- finalyze pre-employment experience and establiish empirical scale
~ values for validation

Analyzé predictors for inclusion in the validation study.

A full discussion of these preliminary analyses is provided in the EPA

report (Chapter X of retference 14). The statistical results on distribufion,.
eans, standard deviations, and intercorrclacions are provided in Tables IX,2
*thmu;.h IN.21 of that report (14).  Hesults of prelizinary statisticdal ‘m.:l\qes
for the fon-copaitive prodicrors ayp pt tr elsewiere (13).

ks a result of these preliminéry analyses, two of the cognitive tests
were excluded from the validaticn analysis. _

Civil Service Tests. The Lnab'l'tv to obtain the scores on the

CSC test battery tor a significant number of ATC specialists in

the sample and the effect of restriction in range on those scores whlch
were available, seriously interfered with proceeding with the

valldity analysis of the C3C tests in the EPA study.

ATC General Information Tesis. This test was excluded from validity
analysis since it was only administered to the new hires attending
the FAA Academy training; it was not given to the 1973-74 or 1969-T0
ATC samples because of time' constraints on field testing.

equently, the following predictors were _ncluded in the primary vali-
t*cn analysis:

'I‘hltiplex Controller- Aptitude Test {MCAT)
Directional Heading Test

Dial Reading Test

- Arithmetic Reasoning Test

“ATC Oceupational Knowledge Test (OKT)
Pre-employment Experience  (PEQ)

rollow‘ng non—ccgn_t:_ve pr‘ed‘ctors were included in the supplemental
dation ana‘lys"

24

2
b




" Concept Adjective
'_'Biosraphical Inventory

Sixteen Personality Factor Questionnairé'(1éFF)

. In summary, the validaticn nethodology for the cognitive predictcrs'(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 optlons gombined within each
year group against each of the four individual ATC success

. eriterion separately). This result in 718 separate analyses.

.. 2. Predictors selected from Step 1 (vased on validity coefficients
and significant levels) for each ATC option and all ATC options
cumbined across all year groups were then analyzed to identify
the best overall set of predictors for each ¢f the four individual

" oriterion measures. Tnis resulted in 17 separate anglyses.

3. Results of each of the four individual critericn measures were
' then examined for each ATC option and all options combined to
determine the best set of predictors acress criterion measures.
This resulted in 17 separate analyses.

4. The Ffinal set of predictors from Step 3 were then validated against
the aggregate ATC success criterion leading to derivation of
weignted test and experience scores, This involved five separate
analyses. .

5. The weighted test batteby and experience scores were then validated
against the four single eriterion measures. This involved four
. separate analyses. _ :

_ The specific analytical techniques appiied and the raticnale for each of
the steps in the methodeiopy used are tully digeussed in Chapter X of
~reference 14, The resulta of the analvses and the validities obtained are
Cprovided in Chapters X1, XII, XIII, NIV and XV, of reference 14, the
Appendices ko the Cinal EPA report (16).

The methodology previously discussed 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

- empirically establish the appropriate directionality of the various non-
cognitive predictor scales before undertaking validity analysis. The

specific analytical techniques applied in evaluating the non-cognitive

predictors are identifled in reference I5.



- The methodology to evaluate the fairness of the experimental test hattery,

prior experience and the Jccinational Knowledge Test wms directed to - _

o determining differential validiiy in accordance with the Udiform Guidelines
" on Employee Selection Procedures (17 which state:

"When members of one racial, ethnic or sex group characteristically
obtain lower scores on a selectlon procedure than members of
ancther group, and the differences are not reflected in differences
in measures of job performance, use of the selection procedurs
may unfairly deny opportunities t> members of the group that
obtains the lower scores."

'The methodology for evaluating fairness aspects of the predictors used
in this research is discussed in Chupter XVI of reference 14,

" Results. The'following briefly Summariies the results of this research
atudy. More detailed discussion is provided in references 3. 14, aund
15, : : , :

Selectiqn

« Two of the experimental tests--Multiplex Controller Aptitude (MCAT)
and Directional Headings--predicted the ATC success criteria
established for the study at statistically significant leveis of
confidence for all ATC options combined and for the three pripary
year groups sampled (1969-70; 1973-74; and 1976). Two other ex-
perimental tests--Arithmetic Reasoning and Dial Reading-—either d:d
not predict the ATC success criteria or did not add appreciably to
the prediction values obtained from MCAT and Directional Headings.

+ Preemployment aviation~-related experience and the ATC Qceupational
Knowledge Test, while not intended for use in determining initial
‘appointment eligibility, predicted ATC success at statistically
significant levels of confidence and increased. the validity co-
efficients obtained with the experimental tests. :

-  Education beyond high school level prior to FAA employment did nct
 predict ATC success in either a positive or negative direction.
Essentially all of the controllers in the samples included in this
study had at least a high school ‘education.

- Other experimental instruments--16 Perscnality Factor Questionnaire,
Concept Adjective and Biographical Information Questionnaire«-did not
add appreclably to the predictive capability of the experimental
test battery, preemployment experience and the ATC Occupational
Knowledge Test.

26

D T



‘dities derived from the amalysis of combined predictors against
Aggregate ATC Success Criterion by ATC optlon for all year groups
ned are provided in Table 5. Weights for the experiméntal tests
derived from the multiple regression analysis. Separate weignts
developed for each test for each ATC option and for all ATC opt_ons

. TABLE 5. - VALIDITIES OF COMBINED PREDICTORS
" AGAINST THE AGGREGATE ATC "SUCCESS" CRITERION
(BY ATC OPTION -- ALL YEARS COMBINED)

: - Academy- trainees (1976) in the Terminal option were not identified by IFR

- or ¥FR options. Consequently, they were included in both the IFR and

<" VFR option Ns, but only counted once in the total N's for all ATC -
Optms

;.. Reference (13) Appendix A shows the validity coefficients derived for

- . the experimental test battery (unwelghted), prior experience, ATC

- Oceupational Knowledge Test (OKT) and education level for each of the

four ATC success criteria (excluding the aggregate criterion) by ATC option.

.. Appendix B (13} shows the validity of selected experimental tests with the
aggregate ATC success eri terion.
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Weighted Test Battery Plus and PEQ Plus
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. ATC

. FSS
“VFR
IFR

Sex
Mern
_Um_tn_

Oet-ion.

ARTCC

© {tm3. 1410, 01)

Placement

The weighted experimental test battery did differentiate between

the FSS, Terminal (IFR, VFR) and ARTCC options. Average scores for
ATC specialists in FSS terminals and ARTCCs were different at statis-:
tically significant levels of confidence. The average F3S score

was lowest and ARTCC highest. Table 6 provides the ccoparative

mean sScores for the various ATC options and year groups.

TABLE 6. MEAN WEIGHTED TEST BATTERY SCORES"
BY ATC OPTION

1969-70 & 1973-74 1976 NEW ATC HIRES

ATC HIRES . {ACADEMY TRAINEES)
N Mean  SD N Mean s
166 227.4 40.2{TERM}--a -——- - N~
170 244-6 35. «w=-= 310 242.0 "35.0
189 250.0 37.3 -
182 264.2  36.6 263 247.9 38.4

_ means of scores differ significantly
at the 1 percent level of confidence .between FSS, Terminal (VFR and IFR) -
and ARTCC for the 1969-70 and 197374 groups. The 1976 ATC group

difference between terminal and ARTCC is significant at the 5 percent leve

Analysis of varianze shows that the

Test Falrmess

Women as a ‘group scored lower on each of the predictors and on the
aggregate criterion of ATC success. In each case, these differences
were significant at the 1 percent level of confidence (Table 7).

TABLE 7 - MEANS, STANDARD DEVIATIONS AXD t-TES]

TRESULTS FOR PREDICTORS aAND THE AGGRECATE
ATC VSUCCESS” CRITLRION FOR MEXN AND WOMEN

b ~Criterion~ = =

----.------Predictor's-.--'--—----_
: Aggregate ATC

teighted
Test Battery PEQ OXT ‘ "Success”
N~ Mean _SD N Mean _SD- N Mean  SD N Mean SD
1397 264.5 380 2736 3.7 2.9 1318 76.6 12.3 11254 3.1 1.4
171 234.5 4BD 235 .8 1.6 158 64.6 16.3 | 158 2.6 1.4

(t=4.56; p<.01)

(t=15.02;p<.01)  (t=11.21:p<.01)
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Validities of the pred:-~tors against the aggregate ATC success
eriterion are provided in T2ble.B. Except for prior experience,
" these validities are significaunt at the 1 percent or 5 percent levels,

TABLE .8 = .VALIDITIES OF THE WEIGHTEDL TEST
BATTERY,, PEQ AND OKT AGAINST THE
" AGGREGATE ATC “SUCCESS" CRITERION BY SEX
(*=pl.05; *"=p.01) S

Weighted - -~ Prior Expefi— ATC Occupational

Test Battery ence {(PED) Xnowledge (OKT}
Sex N r : R T N S x
Men 1386 L2304 2721 D210 1308 22N
Women 165  _19%¢ 229 -.04 154 .14

It should be noted that few of the 229 women in the prior expérience
sample had aviation-related experience., Consequently, the validity
results. are due to 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, The results with respect to the test battery,
prior experience and the ATC Oceupational Knowledge Test are
provided in Tables 9, 10 and 11 respectively.
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Non-Minorities
All Miporities

MNon-Minorities
Blacks

Non-Minorities
All Minorities

Non=Minorities
Blacks

TABLE 9~ TEST_SAMPLE

PREDICTOR

Weiphted Test
. Battery
LA Mean _sD
1323 2477 371
245 0 22004 479

(t=10.730:p .01)
1323 247.7- 371
145 _ 207.4 407

CRITFRION
Agpregate ATC
_.Success”

:‘E{ii. - Eq;;as1 B
1308 3.0

1.4
R A A P
o f=5.09:p 01}
1308 3.2 1.4
144 2.4 1.3

(t=12.30:p_.01) ..

(£=6.31:p_.01) .

" TABLE 10 - PRIOR EXPERILNCE SAMPLE

PREDICTOR

Prior Aviation
Experience (PEQ)

CRITERTON
Aggrerate ATC
. Success”

N Mean 5D X Mean  SD
7115 3.9 7.9 5067 3.2 1.4
321 2.4 3.0 318 2.6 1.4

(+=8.48:p .01)

(t=7,15:p .01)
1

2115 3.9 7.9 7067 3.2 VA
194 1.7 2.8 193 2.4 1.3
(t=10.27:p_.01) (t=8.39:p_.01) .

TABLE 11 - ATC OCCUPATIONAL KNONLEDGE SAMPLE

PREDICTOR

PREDICTOR . CRITERION
ATC Qccupational Apgregate ATC
__Enowledge Test "Success"
N Mean sh- N Mean 5D
Non-Minorities 1247 . 76.5 12.8 12,5 3.2 1.4
All Minorities 229 69.1 14.7 227 2.7 1.4
: (t=7.85:p~ .01) {t=4.36:p .01) "
Non~Minorities 1247 76.5 12.8 1235 3.2 1.4
Blacks 134 66.9 15.2 135 2.5 1.3
~(t=8.12:p .01) (t=8.12:p .01)
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. Minorities - as a group, and blacks as an element of the minority
‘group, scored lower on each of the predictors and on the aggre-
gate ATC success criterion. In each case, these differences were

significant at the 1 percent level of confidence.

"Validity of each of the predictors with the aggregate success
eriterion for mincrities and non-minorities are provided in
Table "12.

Table 12 Correlations for the weighted tesr battery PEQ
: . scale and Oh: a #inst the aggregate cTiterlon

Y RIAQGTICY/NON-CINOTrity StATUS -

:‘H:?g ' PEQ_ OKT _ ‘
‘Noemirority. 1308 207 2097 .148% 1235 201w
Minoricy 243 219w 318 e 227 277w

Wnen blacks were analyzed separately from all other minorities,

“the validity of prior experience and the Qccupational Knowledge

Test were sustained (r = .259 and .256, both at the 1 percent

level of confidence). Validity of the weighted test battery was

. 120 which did not reach the 5 percent level of confidence

(p = .075). However, the difference in the validity for non-minori-
ties and blacks was not statistically significant.

Conclusions

The results of this study supported the conclusion that several of the -
experimental predictors were sufficiently valid and fair in predicting
ATC success that they should be further developed for operational use
in the selection of applicants for the air traffic control occupations.

However, the lack of sufficient CSC test scores for the sample popu-
lation and the restriction in range on those scores which were availa-
ble made it impractical to compare the validity of the current CSC test
battery with the validity of the experimental tests. In order to address
“ these questions, the Civil Service Commission, now the Office of
Personnel Management (OPM), and FAA jointly directed efforts to obtain
the necessary information from a group of about 11,500 applicants for
ATC work’ during the Fall of 1976 and Spring of 1977.
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STUDY OF ATC"JOB APPLICANTS 1976-1977

Objectives. Historically,-there 123 "been. little or no information availa-
ble on the characteristics of individuals who apply for positions in the
Air Traffic Control occupation. Consequently, this study was developed

to collect and analyze data on ATC applicants with respect to sex, edu-
cation, prior aviation-related experience and the relationship between _
‘these variables and scores on the CSC test battery and experimental tests.
One direct use of this information was to establish a basis for comparing
the validities of the CSC test and the experimental tests by correcting.
for the restriction in range on CSC test scores for approximately 2,000
newly hired ATC trainees who attended the FAA Academy during 1976—1977 and
for whom CSC test scores were ava_lable.

Sample Description. During the period November 1976 through Jamary 1977,
the Civi1 Service Commission opened the coppetitive ATC examination
in the FAA Eastern and Southern regions. These ineluded the areas en-
‘compassed by Regloms II, III and IV of the Standard Federal Regions,
Approximately 11,500 applicants took the ATC Civil Serviee test during
this period, Of this group, about 7,500 also completed the experimental
tests and the Prior Experience Questionnaire. While the sample from the
© 11,500 population could not be controlled, differences between the means,
standard deviations and other statistics on the CSC tests for the 4,000
who did not complete the experimental bests or provide pricr experience
Informdation were not statistically significant from those who did.

Predictors. In addition to the five-part CSC tést battery, two experi-
mental tests, MCAT T06A and the Directional Headings Test, were adrinistered
to the appl‘cant group, These test forms were the same versicns as used

in the 1977 study conducted by Education and Public Affairs (Ciapter I of

reference 14). - The same Prior Experience Questionnaire (15) was also given.

A1l tests were administered by CSC examiners as part of the nonmal com-
petitive testing procedures. Applicants were Informed that the experi-
mental tests would have no bearing on their eligibility statys and the
experimental predictors were administered after completion of the competi-
tive CSC test. The Directional Headings Test and the Prior Experience
Questionnaire had to be manually scored and converted to ADP records.
This was done by FAA under contract. Determinations on whether appli-
cants were men or women were coded on the Prior Experience Questionnaire
based cn the applicants name. At this point, Federal regulations pro-
hibited obtaining any ethnic or minority group information from the
applicarts.

32




Criteria. Since thig study encompassed ATC applicants, it was not. feasible
to establish operational criterion measures of validity. However, a
- variety of statistical analyses were made based on men and women appli--
gants and those who passed. the CSC test in contrast to those who
mled.

Analytical.Hethodoiogy. The data obtained on this ATC applicant group
were analyzed with respect to freguency distributions, means, standard
deviations, analysis of variance and intercorrelation of prediecilors.

Results. Table 13 shows the means and standard dev,at?ons for the total
applicant group, the pass group (those who scored above 209 on the CSC
test), and the fail group by men and women applicants.

ABLE 13

SELECTION TEST PERFORMANCES, APPLICANT GROUPS

CSC TESTS

TEST TOTAL GECAP - PASS GROUP FAIL GROUP

SEX. o T MBN . sp 0T EBN . Sb &) MR sD
- E5C-24 . .

Total (7412) 39.66 9.6 (3960) 44.80 6.8 (3722) - 34.61 9.3

Men (5720)  39.63 9.5 {2980)  44L.51%% 6.9 (2740)  34.32%% 9.2

Momen (1607)  139.83 9.7 (663)  45.91 6.6 (944)  35.56 9.3

€s¢-51 \

Total (7412)  26.65 6.9 (3960) 30.74 3.8 (37122) 22.60 6.4 H

Men (5720  27.40 6.4 (2980)  31.05 3.6 (2740 23.43 6.4

Women (I1607)  23.98%% 7.0 (663} 29.37%% 4.4 (944)  20.20%% 6.0

€SC-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)  20.313%% 9.0 (663) 27.11 5.0 (944) 15,23+ 7.9

£5¢-157n
. Totsl (7412 29.29 10.3 (3960)  36.65 6.0 (3722) 71.99 8.3

Hen (5720)  29.47 10.2 (29803  36.40%% 6.0 (2740} 21.93 8.2

Vomen (1667)  28.62%%  10.9 (663) 237.75 5.8 (944)  22.1 8.0

C5C-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 {2740y 21.03 9.5

Women (1607)  26.131%+ 13,7 (663) 37.00 10.8 (944}  1B.46%% 9.8

€5C TOTAL -

Total {7412y 202,03 52.3 €3960) 244.26 21.2 €3722) 169.16 37.3

Men (5720}  205.04 50.9 (2980) P44.23 22,0 {2740 162.42 36.8

Women {1607)  191.20%% 55.2 (663) 244.26 24.0 (944} 154.08%% 37,8

EXPERIMENTAL TESTS®

MCAT (£SC-510)

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 7.8 |

Women (1498) 22.95%% 8.7 (607) 29,53 7.2%% (891}  1B.46%% 6.5 j
DIR HEADING : -

Total (1073) 46.99 €3583) 59.93 17.3 (3489)  13.68°  19.4

2z.6
Hen (5462) 48.87 21.9 (2899) 60.63 16.6 {2562) 35.56 19.5
Momen €1526) &0.17%% 23.3 S(637)  56.58  19.4wh (88F)  2B.4)%k 1B.2

*CSC 135 (following oral directions) and CSC 137 (Abstract Reasorring) tests are doubled
welghted in computiag the CSC test total score

#85jonificant ot the 1 percent level of confidence..

33




rRroueNcY

From Table 13 it is evident that in total, women score somewhat below

ment on most of the CSC tests and cn the two experimental tests. These
differences, while statistically significant, are not statistically
important due to the large sample size. For example, further analysis
shoys that sex accounts for only 1 percent of the variance in the CSC
total test score; 3 percent in the MCAT; and 2 percent in the Directional
Headings tctal test scores. In other ‘'words, most of the variance in these
three predictors Is due to factors other than sex.

In terms of the "pass" group, the mean CSC test score for men and women

is essentially the same. Consequently, discounting veterans preference

and additional credit allowed for aviation-related experience, women who
pass the CSC test should have about the same- opportunity to be selected

for the ATC. occupation as men. .

a Fr3quenéy distribution for each of the five CSC tests and the two experi-

mental tests were also examined. Two of the CSC tests, CSC 135 and CSC 51,
show a marked negat:ive skew (-1.30 and ~1.80) respectively) and conse-~
quently, provide little differentiation between the applicants.

FIGURE 2
CsC. - FOLLOWING ORAL DIRECTIONS CSC' = SPATIAL RELATIONS
135 (DOUBLE WEIGHTED) _ 51
$00 $00
300 4 . . 200 =
1 MEAN = 21.5 . { MEAN: 26.7
oo S.D. = 8.4 , 4004 S.p= 6.7
2
¥ 3004
o
g -
. 1904
.
Q9 -y T 1.11—1—-"'.|vrv'1 T T
1 L] 1] -] (-] » 30 33

SCORES scones
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‘Frequency distribution graphs of all of the CSC and ex
Tuency t1C . h er imental test
provided in reference JU. : pert ' ests are

Table . 14 provides descriptive information on education and experience leve: '
for men dand women in the applicant group. Aviation-related :pxperiencé g;ﬂs
was obtalned from the Prioc Experience Questionnaire (PEQ). This identified
_the specific work or skill elewcnts which, based on the present CSC Fating, -
allows granting extra credit points to those applicants who pass the CSC te'as't'..

TABLE 14

.Descriptive Statistice-Applicant Greup

EDUCATION LEVEL TOTAL APPLIC.AST_S
Men vith .

. Bigh school or less ‘ 1225 (213}
Less than 2 years college | 2351 {412)
3 or more years zollege 2126 370

Total 5703 (100%)

Yomen with:

High school erless 55 (22%)
Less than 3 years college 618 £€392)
3 or wore years college 630 (392

Total 1603 (100%)

EXFFRIENCE LEVEL

Men with

¥o aviation-related expeﬂence- 4393 (77%)

Aviation-related experience 1327 {237)
Totel 5720 (100X}

Women with:

No avistion-related experfence 1483 {922)
Avistion-telated experience 124 ( B1)
Total 1807  (100%)

EDUCATION AND EXFER1ENCE

With avistion-related experience MEN WOMEN
Eigh school or less ' 211 231
Less than 3 years college . 153 39
3 or more years college 352 k134

%o avistion-related experience

High school or less 22 22X
Less than ) years college 402 39z
3 or more years tollege k1.4 k1) 4

About 22 percent of the total applicants were women. However, as Table 14
shows, the distribution of education level for meh and women is approximately
the same. It dlso shows that approximately 78 pércent of both the men and
women have some education beyond high school. '
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With respeet to av:atlon-related experience, 23 percent of the men as com-
pared to only 8 percent of the women, identif*ed"exper-ence which could
result in granting extra credit points for selection eligibility. When
education and experience are combined, the distribution of education
level remding relatively consistent for both men and women and for those
with ar without aviation-related axperience.

From this information it is ewvident tha:. the level of education for men
and women is essentially the same and does not serve to differentlate
between the appl cants based on the*r sex. The distribution of aviation-
‘related exparience between men and women does differentiate between th
applicants with 23 percent of the men potentially reing eligible for
extra credit in contrast to 'only 8 pércent of the women.

Next, the ATC applicant sample was analyzed in terms of passing or falling
the CSC test in relation to sex, education and experience.. Table 15
sumarized the results of this analysis,

TABLE 13

ATC Applicant Sample

TOTAL CSC TEST STATUS
APPLICANTS PASS FAIL !
Men 5720 (78%} 522 .81 : ;
Wowen : 1607 (221) 437 59%. : i
Total ) 7327 {100%) (50%) (50%)* ' rh
I
EDUCATION LEVEL ;
Bigh School or less 1581  (22%) 17 S 1} 4 .
Less than 3 years college 2973 (40% 497 51% :
3 ox more years college 2357 (381} 61X 397 i
Total . 71311 (1007} (50%) (502)* 11[
. : ‘F
EXPERTENCE LEVEL 3
Fo avistfon-related experience . 5876 (80%) 452 552 ;‘
Aviatiomrelated experience 1451 (20%) 682 2 . o
Tocal 7327 (100%) (50% )% {30%)* ’ , 1
EDUCATION & EXPERIENCE j
Avintion-rcht.e-d experience
High school or less 3os - {211) 521 4L8%
Less than 3 years college 632 (443} 6?: 33:
3 or more Yesrs college 508 (350) 79 1
Total _ 1448 (100X} {68X)% a2z)
¥eo Av'hthn experience with:
High achool 6y less 12713 (221) 27% 731
Less than 3 years college 2341 40T 6:; ig;
3 or more years college 222  {38%) -
Total 5836 (100X} [(}} 434 .(552, 3'

*Pass/Fail raten for tha Tofal Croup
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In total, abcut 50 percent of *he applicants passed the CSC test. Howevér,
proportionally mere men {52 percen*) passed than wemen (41 percent).

When specific education levels are examined, it is evident that

those applicants with the most education have a significantly betler

chance of passing the test. Applicants with 3 or more years of college
passed at about twice the rate of those who did not go beyond high school.
The same relationship holds also for experience. Applicants with aviation-
-related exper*ence also pass the CSC test at about twice the rate of those

withcut ‘experience.

Hhen pass or fail rates are examined with education and experiencs combined,
it is evident that: (1) level of education is essentially proporticnally
distributed between the experienced and non—exper_eneed groups (Table 14);
and (2) experience increased the pass rate in-each of the educatifon groups.
Applicants with no college or experience pass at a 27 percent rate. Those
with'3 or more years of college and aviation-related experience pass at a
79 percent rate.

TABLE 16_

EXPERIENCE AND LEVEL OF EDUCATION,

CSC TEST PASS RATE

NO WITH
EDUCATION LEVEL EXPERTENCE EXPERIENCE, % INCRE_ASE
High School or less 27w : 524 +25%
Less than 3 years college - 440 678 T +23%
3 or more years college 57% 9 +22%

Two-way analyses of variance were carried out for each CSC and experimental
test., For this purpose the "experience group’was further classified into
subgroups since the C3C Rating Guide provides different levels of extra

- eredit based on specific types of experience. The "key" to the experience
and education subgroups are as follows:

Aviatiorn-Related Experience

0-1 No aviation-related experience

2-2 Comunication experience only

3-3 Non pilot with IFR or Air Defense Command (ADC) experience.
4.4t Ncn pilot with VFR ATC experience

5-5 Pilot with IFR or ADC experience

6-6 Pilot experience only

T7=T Pilot with VFR ATC experience
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Education

0-1 High school or less
2-2 Less than 3 years of college
3-3 3 or more years of college

Table 37 provides the results of the analysis wariance for the CSC total
test score, The lowest mean score (173.10) is for the "No Fxperience and
Ro College " Group; the highest medn score (241.00) is for the "Pilot with
VFR Experience and 3 or more years of College™ Group. The analygis qf _
variance shows that experience (row) and education (column)each is statis-
tically significant (p<£.01) though there is no interaction between experi~
ence and education. .

Further analysis, hbuever, shows they are ncot statistically 1mportant for
the total group since only 1 percent of the variance in CSC total score was
accounted for by either variable.

TABLE 17
ATC TESTS V5. EDUCATION AND EXPERIENCE GROUPS
TOTAL €SC TEST SCORE (CSS TOTAL WT.)

N MATRIX CF CASES WITH NON-MISSION DATA ON ALL 3 VARIABLES

ED GROUT ‘GOES DOWN EXP. CROUP GOES ACROSS
B O N 1
_ TOTAL ;
21 22 3 S S NS
0-1 - 1229 34 140 28 . 19 67 54 1581
2-2 - 2266 75 216 a7 s6 180 133 2973
3-3-2179 710 62 25 31 23 160 2757
SN 5684 179 - 418 100 106 477 347 7311
$EANS OF VARIABLH  €SC TOTAL WT
' ED GROUP GOES DOWN EXP, GROUP GOZS ACROSS
o1 22 R = S o

01 - 173.1¢  179.53 210.89  201.96 198.68 191.07 211.%¢ 179.48
2-2 = 197.40 204.79 218.55  23).2) 220.61  221.52 225.19  202.83
33~ 2091 221.59% 226,98 222,72 246.10  236.17 241.00 214.43

MEAN 196.59 206.56 216.94 321,85 226,13 224,31 230.36  202.16

FTARY OF ANALYSTS OF VAREANCE)

Source
Row . 208889.27 2 124484.63  51.23  0.000
cal - 152242.89 ) 25373.82  10.45  0.000
R.BY.C 4432017 12 3693.35  1.52  0.109

VITHIX CPLL 177019¢6.50 7290 2428.2

However, when the CSC total score was categorized by "pass™ or "fail"
groups, education and experience together accounted for nearly 10 percent
of the variance in pass/fail status; so taken together, the effects of
education and experience are important., This same -relationship applies
to the two experimental tests as well. . .
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These data show: (1) that applicants with aviation-related ¢xporicnor have a hicher
probability of passine the CSC test (68 percent as onrpared to 45 percent for those
without experience}; and, (2) that few woren have aviation~related exgoriente.  These

two findings taken tocether, however, are not sufficient to explain the liv'-r pass

rate for women (41 peroent) as compared to men (52 percent).  Applying G ese probabilities
to the experience and he experience cdrowps, it would be expected that 7' 2 woren would
have passed; onlv 663 did pass. For men, 2,879 ren would be exyected o jass; 2,980
actually did pass. onsecuently, sirgly controlline for the fact tht men hawe rmre
aviatior-related experionce does not oxplain why woren score Jower oo Fost of the

tests.

" Intercorrelation of each of the tests, education and exerience are providod in Table 1s.

] TABLE 38 - -
ATC TEST CORRELATIONS == TOTAL SAMPLE )
POSITION LABEL 12 3% s 6 7 A& % 10 B 1213 1% 13 16 17 18
: 1 LI C S S U 31 € cse 5
24.8 51.5 40.8 373 5.5 SC.T TOTA TS 15 0.7 PH.T ED.L PEQ ED.G XP.C Li

. ) CORE TORE CORE CORE CORE OTAL L.AT 10.C 10.A OTAL DH.A DH.3 GTAL EVEL AGC ROLUF ROLP CPX
T24 SCORE

1358 80 St 7% 8 45 52 83 46 &7 49 - 27 & 26 10 1
;gzosgﬁtu :Z T R T VR TR 42 80 57 s % 8F 11 18 12 23 14
T840 scoms. ; . 8 85 8O 6 61 & 8% %6 s9 18 13 1 14 g
37 ScoRe 0 39 €1 83 K% . 43 ) 62 53 % 51 22 iy 32 M g
Ty sco g; s; 8 8L 79 52 w6 85  S¢  S8 56 20 1y a1 16 g
geTm S 8 81 B i 9% 62 - I7 37 e &8 1 . 26 6 25 19y,
gsem Lo 7; B 89 79 ey 61 I th 66 B8 Ty 2. §F 2. 20 g4
Ti0c 4 56 49 .52 &2 M 63 B 5L 5% 81 14 1T g4 I8 g
moa ;2 0o e e 77 e 8% 65 67 69 18 22 18 5 g3
1530 S & 62 b6 - 17 s 0 5. 55 87 70 )8 12 1B i gg
os-A 46 5% S5 B1 54 66 ke 5, 8% 0 B2 g5 20 @6 20 Y 2
m 47 3% s6 6 55 64 68 35 67 &1 g7 20 2 0 27 on
HTOTAL, 49 ST 3% st 39 1 T 5789 10 63 o 3 gy
ED. LEviL 21t 2 20 2 1 18 16 20 70 o953
:g{-} Aé(:n' O I T S TR PR 171 22 12 2 2 LIS
TEQ ACE 26 12 1 o2 o1 2 % 4 16 16 20 0 21 Yoo
ED.GROUP ;cls g; u; 17 18 19 20 Moo w33 23 s 87 A 100
Exp. Cho 1 7l 15 S 12 10 96 20 15 25 37 22 100
xoes:

{6) CSC Total 4% the correlation of the unwelphted CSC test mcores

(?) CSC Totsl WT is the correlation of the weighred C5C test scoves

{8} T510 C im the correlarion of MCAT “sircratc conflict” scores

{%) T510 A 1s the correlation of MCAT “sptitude” scores .

(14) Ed Level s the correlation of individual levels of educacion (01-13) See vef {14) c-}

(15} PEQ. ACG ie the correluticn of sviatfon-related experience scales derived empirically. See ref .
{12) Chapter 4 for the nethodology for developing the scales

{i6) Td Group is the correlecion of the three education groups; (1) high school or less; (2} less
than 3} years of college; (1) 3 or more years of college.

(17} Exp Group 18 the cortelation of the seven aviation~related experience groups

(18) Exp GP. K 18 the correlation of the group with avistion-related experience (excludingthe no
axperience applicants)

These correlation values were usSed to correct for restrictions in rance on test
soores of individuals hired as ATC trainses who attended the FAA Acadeny during 1976,

1977 and 1978.
Several maltiple regression analyses were carried out using CSC test “"pass™ of " gail”
as a criterion for the applicant group. Table 19 shows the results for the present (SC

. test battery, the order in which the individual tests entered the analysis and their
contribution to the ®® which measures. the amount of variance accounted for by’ each test.
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TABLE 19
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Table 20 provides the results of the two experimental te5t§ in predicting

the CSC pass or fail status.

The difference between the R

for these tests

(45 percent) compared to the CSC tests {65 percent) indicate. that they

differ in some degree from the CSC tests in what they measure

In the case of the experimental tests, test 510 A (MCAT Aptitude) which
measures aptitude? similar to the present CSC test entered the regressicn

first and accounts for 40 percent of the t
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STUDY OF NEW APPOINTEES TO THE ATC QCCUPATION, 1976-1978

Objective. This study was initiated by the FAA Civil Aeromedical Institute
(CAMT) in Jdly 1976 to evaluate the present CSC Test Battery and

- experimental predictors in relation to the success of newly hired ATC
trainees in passing Initial Qualification training for the En Route
and Terminal ATC options at the FAA Academy. Upon entry on duty, rew ATC
trainees are given a Z-week general orientation at their A7C facility (or
regional headquarters). They then enter Initial Qualification training at
the FAA Academy ip Oklahoma City for the ATC option to which assigned., On
their first day at the Academy, they are given a series of experimental tests
and questionnaires. Their participation in the test program is voluntary.
The experience has been that most all of the students volunteered.
Extensive efforts were made to also obtain the Individuals' test
scores on the five-part CSC battery and their total earned ratings which
include additional credit for veterans preiference and aviation-related
experience as provided by the CSC Rating- Guide. This information was
then correlated with theipr subsequent training status to evaluate the

CSC and experimental tests which were most predictive of training

success. .

Sampie Description. During the period July 1976 through April 1978,
3,008 students entered Terminal and En route ATC training at the FAA'
Academy. Selected characteristics of this total group are provided in

Table 21.
TABLE 21
SELECT10N CHARACTERISTICS-TOTAL GROUP

- PASS FAIL WITHDRAW
- TOTAL N N ) N {8} N 5.1
£ Men 2580 2634 (79v) 436 (17%) 110 (4v)
Women 428 272 (€4v) 128 (30v) 28 (6€%)
wotal ~ 3o08 2306 - (7781 564 (19%) 138 (4w}
S 206 (244 58 (7V)
Mo - 834 579  (69%)
Unknown h 229 148 . (65%) 62 (21v) 1o (8Y)
A rotal | Joo8 2306 564 . 138
f:
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In order to evaluate the CSC and experimental predictors, it was necessary
to have complete information on the students. The 138 students who with-
drew did nmot have laboratory critericn scores and were eliminated from the
sample. Similarly, the students for whom prior experience information

was missing were also cxcluded. An additional 824 students were excluded
because they did not have one or more test scores, either from the CSC
test battery taken prior to their employment with FAA or were students who
did not volunteer to take the exper*mental tests. -

The final sample used for the analysis after these exclusions consisted of
1,827 students distributed as shown in Table 22,

- TABLE 22
SELECTION CHARACTERIS'I‘1CS—¢\:\'J‘\'LYTIE;\L SAMPLE
- s OF

PASS . FAIL ORIGINAL
TOTAL N N (%) N ™ POPULATION

Men 1587 1314 (83%) 273 1. 61.5%

women 240 162  (68%) 78  (32%)  56.1%
Total 1827 1476  (Bls) 351 (19%) €0.7%
"o Exp. 558 409  (73%) 149 (27%) 66.2%

Aviation-Related Exp. 1269 1067 (84%) 202 (168) 66.5%

1827 1476 sl

The failure rate for this sample (19.2 percent) was essentially the same
as for the total population (19,7 percent) after withdrawals were excluded.

Predictors. The tests used in this study were:

- Civil Service Test Battery
(CSC 24; €SC 51; CSC 135; CSC 157; and, CSC 540)

~ Directional Headings Test (DHT) Total Score

DHT Part A
DHT Part B

- Miltiplex Controller Aptitude Test (MCAT) Total Score

MCAT Aptitude (&)
MCAT Cconflicts(C)

-~ Dial Reading (DL RD)
~. ATC Occupatlonal Knowledge Test (OKT)
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The Directional Heading Test was the same versicn used in the 1977 study
conducted by EPA and which was administered to the 7,500 ATC appli~
cants in 1976-1977. : ' :

The MCAT consisted of several different versions (606 A; 606.8; 736 A;
706 B; b607; 707) which varied in the number and mix of questions
(aptitude/conflict) and in the length of time allowed for the test.

The OKT was form 101B which was essentially the same form utilized by EPA
in their 1977 study. The Dial Reading Test was also the same test used by
EPS. . .

Table 23 provides the means and standard deviations for the sample of

1,827 ATC trainees at the FAA Academy on the various predictors and compares
them to results obtained for the 1976-1977 ATC applicants group as well as
‘with the ATC sample group included in the 1977 ATC Selection Study conducted
by EPA where comparable statisties were obtained.

TABLE 23
COMPARATIVE DESCRIPTIVE STATISTICS

1976-77 ATC APPLICANTS 1977 1976~78 ATC
¢SC_TOTAL CSC_PASS EPA_STUDY - THAINEES
(N=7412-6821) {N=3630-3340) {N=1323-1229) (N-1827)
TEST MEAN SD . MEAN SD MEAN SD MERN 5D
39.66 9.6 44.80 6.8 FA 47.07. 6.7
26.65 6.7 30.74 3.8 NA 31.90 3.3
CSC-540 28.98  13.1 37.70 10.1 NA 42.88 9.7
€5C~157 29.% 10.3 36.65 6.0 NA 38.17 6.4
 £sc-135 © 21.50 8.6 27.00 5.1 17 3 29.31 4.2
MCAT (A} 16.59 5.7 20.27 4.1 NC 23.14 4.5
MCAT (C) 9.17 4.2 . 11.38 3.9 NC 015.74 4.}
NCAT TOT 22.7¢ 9.1 31.65 7.2 NC 38.87 7.6
24.20  12.0 30.63 9.8 NA . 32.68 9.0
22.80 - 11.7 29.25 8.9 31.9 6.9 31.63 9.0
DHT TOT 47.00 22.6 59.93 17.3 A 64.34 17.0
: B NA 39.7 9.4 40.97 9.2 v
o RX 74.9 136 66.96 16.3
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(Table 23 Continued)

KA - 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 FPA
Study only Pari B was scored and used in the analvsis.

NC - Statistics not comparable. In the 1977 EPA Study, two forns
of MCAT were administered to the test sample (706 A, GO6 A).
In the analysis all "aptitude" questions from both forms were
combined for a total aptitude score (mean = 42.8; 8§D-6.2) as
were all "conflict" gquestions (mean = 29.4; SD-5.6).

Criterion Measure. In this analysis, the ATC labaratory average score was
used as the criterion measure of ATC rraining success. Selection of this
criterion was based on several considerations. First, prior studies
demonscrated that these scores were the most reliable predictors of subse-
quent success as an Air Traffic Controller. Second, the laboratory training
phase consists of a series of operational air trvaffic contrel problems in
which students must demonstrate their ability to apply the academic know-
ledpe and skills acquired in trdining. Finally, this phase is conducted on
a pass/fail basis. The laboratory score constitutes 65 percent of the :
students total score in the laboratory phase of trainiug. Almost all of
“of the students who fail Initial Qualifications training do so in the
laboratory training phase. It should be pointed out that during the period
from July 1976 through April 1978 several changpes were made in the Taboratery
training phase which affected vhe pass/fail ratio of gtudents. . In July 1976
- the weight given to the laboratory average was Increased from 35 percent to 65
percent. In September 1976 the number of graded lab problems was increased
from four to six;: and in May 1977 "procedural errors" were incerporated in
the grading for failure to handle aircraft in a timely manner duripg the
problem exercise. In order to accomodate 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 standardized laboratory average criterion is labeled "ZLAB."

The reliability of the laboratory average for Enroute training is .80
(2,223 students) and for the Terminal option .81 (1,982‘§tudgnt5).

A detailed discussion of the ATC Initial Qualifications training program

and follow-on training at the ATC facility level for the Terminal and
Enroute options are provided in references 23, 24, and 25.
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Analytical Methodologx The first step in the analysis was the caleulation
of' deseriptive statistics. The remaining analyses pr'esented several unique
problems.

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. QConsequently, it was necessary to standardize the scores for
these tests. Since MCAT 706 A was also administered to 6,821 ATC appli-
cants 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 706 A. The order effect was handled by using the scores from MCAT
706 A given first. References 19 and 20 provide a more detailed dis-
cussion on the methodology used for these conversions.

The second problen involved in evaludting the CSC and experimental tests
was the restriction in range effect (21) since criterion (ZLAB) information
. was available only on these individuals who were hired. This results in a
spurious low correlation of CSC test scores with the criterion. In order
to adjust the restricted correlations so they would reflect the relationship
. between the tests and the criterion for the applicant group, the correla-

tions were corrected for their restriction in range. Usual methods for
this correction in the three variables case assume that unrestricted infor-
" mation is available only on the variable used for selection or the third
incidental variable but not both. With the information derived from the
1976-1977 ATC applicant poplalation, unrestricted data were available on
both variables. A modified procedure was developed to make use of all of
the available information in correcting for range restr;ct‘on. A full
“discussion of the procedure and the derivation of equations is provided in
reference 22,

The unrestricted correlation matrix from the total 1976-1977 ATC .applicant
group used for correcting for rangé restriction is provided in Table 24,
The means, standard deviations and sample sizes (N's) were provided in
Table 23 except for the Earned Rating.

Fableds. Unrestricted Correlation Matrix from the 5S¢

.1 2 3 [} 5 s 16 11 12 13 14 19
RS S | 1 1 s *r T EAR
VARIABLE 26, S51. 58D 157, 135, 510 %10 %0. DH.  NED.

mscon: SCORE SCORE SCORE A .C TOTAL DH.A DHM.B TOTAL RATE

1 726.Score S0 51 52 Mk 53 46 47 &9 66
2 151.5core Se 60 42 ST S« S . 57 TS
3 T540.5e0re . 56 ™ S8 63 % €5 55 56 59 78
& T157.5core 56 59 €3 9 6 SIS 57 85
5 T135.Score 51 SA 58 52 85 S 8 s9 17
? ¥510.A 52 &0 63 &3 [ 4 94 [13 &7 &9 77
10 T510.C &k &2 56 &9 89 55 ST 60
11 T510.70TAL 53 ST 65 62 65 9 89 & 1 %%
12 DH. A a6 54 S5 ST S4 &5 Sk ; 82 %5 &8
13 oH.B a7 Sk S 8 S8 &1 55 67 95

B DM, TOTAL & ST S¥ 53] 359 g% ST 10 95,

19 cnnu:n RATE & 75 7 oS 1 1?7 &0 76 &8
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The Earned Rating. for the applicant group was derived by taking the raw
weighted CSC 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 CSC Rating
Guide criteria) to the scuras of applicants who passed the (SC Test
Battery. This Earned Rating is the basis on which OPM ranks and

places eligible candidates on a repister from which selections are

made in accorddnce with OPM.regulations.

Table 25 provides the restricted correlation matrix for the 1,827 ATC

trainees at the ATC Academy. The means and standard deviations for this .
'sample were previously provided in Table 23. It should be note that the stand-
ardized (2) scores were used for the MCAT tests in deriving the intercor-
relation (mean = 0; 3D = + 1).

_ . TABLE 25 , _
RESTRICTED COE\RELATIO\ MATRIX_USED_IN REGRESSIO\ ANALYSES

' ' : ~ = = 2 SCORES - = = p—
€SC 2% CSC S40 CSC 157 DHTA DHT B DHT TOT MCAT A MCAT C HCAT TOT| 21A8 | OL-RD

csC 24 3.000  0.333 0.140 0.245 O 255 0. 271 0.216¢  0.14€ 0.204 10.0%7 | 0,343
CSC 540 0.333 1.000 0,185 0.19% 0.222 0.227 0,206  0.1%90 0.221 |0.0%6 | 0,289
cSsC 157 0.0  O.145 1,000 0.090 0.140 0.12& 0.281 0,164 0.229 |0.071 [ C.281
DHT A 0.24%  0.199 0.09% 1.000. 0.503 0.959° 0.2%8 0.268 0.2%6 |0.2G7 | 0.338
DHT B 0.25% 0.222 0.180 0.803 1.000 0.949 0.206 0.268 . 0,308 {0,223 (0,34
T0T 0.271 0.227 0.126 0.930 0.%64% 1.000 0.282 gQ.2m2 0.316 {0.227] 0.356°
A 0.21% 0.204 0.2kl 0.258 0.28% 0.282 1.000 0.5% 0.903 | 0,266 | O.481
B 0.ls8 0.190 0.164 0.266 0.268 0.282 0.5%6 1.000 0.682 10.250 [ 0.4a5
2 MCAT TOT 0.204 0.221 0.229 0.296 0.308 (G.3)6 0.%0) o.882 1.000 10.277 | D.518
Z LAB 0.097  0.096 0.671 0.207 0.22) 0.227 0.266 0.250 0.277 11,000 ] 0.272
DL-RD 0.33 0.289 0.281° 0.338 0.1 0.336 0.48]1  0.445 0.518 |0.272 1 1.000

The correlations of particular interest are those between the tests and the
"ZLAB" eriterion., These are zZerc order validity ccefficients. The effects
of restriction are immediately apparent in the low correlations between the
CSC tests used in the actual selection and the ZLAB eriterion. The two
highést zmro order coefficients are MCAT TOTAL (.277) and DL'RD ,272,
neither of which was restricted directly by selection of the trainces.
Two CSC tests, 51--Spatial Patterns and 135—Following Oral Directions

~ were omitted from the mtrix. They were eliminated based on the negative
skew previously discussed. Extreme selection, such as in the case of ATC
trainees, results in a sharp reduction in the variance in the selected
groups as ~as shown in Tables 13 and 23 which compares the means and
standard deviations for the total ATC applicant group and the ATC appli-
cant Pass Group. and the ATC trainee groups.
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#dded anything 51grufa.cant to thenultiple R beyond CSC 51 and CSC 135

fmltiple regression analyses.

.461 have the hlghest zero order vallchty ooefficients,

oorrelation that was much higher than the other corrected correlations.
‘analysis, if the oorrelations for CSC 51 and CSC 135 were used in the miltiple
regression analysis, none of the other tests either independently or in combination

. When correcting for restriction in range, the difference between the applicant
growp variance and the selected group variance is emplayed as a measure of the
“amount. of curtailment that occurs due to selection. It was not determined if the
skew resulted in a violation of the linedrity assumption: however, the extrome

isparity between the two variances for €SC .51 and CSC 135 resulted in a corrected

In this

These results

CSC 26 CSC 540 €SC 157 DHT 1 DMT 2 DHT TOT MCAT A MCAT C MCAT TOT | 7LAE
cse 24 .. .560 500 AED- 670 490 .520 Yy, .530 Y4
| esC 54n 560 T L590 U550 360 .5%0 L630 - .560 650 1 386
c5c 157 L300 .5%0 530 .50 .570 .630  .890 L620 | .39%
DHT 460 L55%0 © L8200 .9%0 - LE50  .S40 LE60 . A%
ot 2 470 .560 560 820 I 950 670 .550 670 SR
©.oMT TOT L490 590 L570 .950  .950 < -6%0  .570 J700 | T
MCAT A .520 .30 €3 .65 .670  .690 690 S0 |00
NCAT € L850 560 LA%0 .50 .5%0 .570- LE90 Y .890 | .67y
MCAT TOT L5300 .65%0 620 660 .670 700 .40 .B90 S .531
LLAB .2 386 .39 L4320 b A6 .503 4TS 2531 T1r0a
DLRD 515 .501 .502 A8 L5100 .52 611 .551 635 466

¥ Gorrelations in a series of step—-wlse nmltlple regression procedures.

ragores that were included. Results are presented in Table 27.
Table 27 .
INITIAL REGRESSION MODEL

R = 0,5689 25Q = 0,326
v AETA 3
csC 24 "o.00m1 0.0011
C5C 540 -0, 0066 -0,0007
€sc 157 . D.0555 ©.0043
DHT A : 0.0513 00057
DET B C0.0912 © 0,010t
MCAT A 0.1452 0.0322
MCAT © 0.1668 , 0.0407
oL ' 0.1855 _ ©.0201
REG. QONST, - ~3,0582
F-TEST @ . TOTAL MODEL WI™B PART SCORES
R5Q FULL - 0,3236 Model 1
QDI = 00000 Nodel 0
pIFERENCT = D.3236 :
e, -~ DFD = 1800, . P-BATIC = 127,020 P« 0,0001

‘were considered spurious and CSC 51 and. CSC 135 were excluded from the following

Table 26 Unrestricted and Corrected Correlations Used In Regression Analyses

DL-RD

.515
.501

502
98
.510
.522
.611
L5581
635
JHEE

IT-96.

hsults. . The next step in the analyses was to emplcy the unrestricted and oorrected

Fach rrndel

Table 26 provides the estimated unrestricted correlations (as well as the actual
wmrestricted correlation from the CSC sample}. The correlations of primary interest
are the oorrelations of the tests with the ZLAB criterion. After correcting for
xarge restriction, the MCAT at .531, Dial Reading at .466, and Directional Heading

Swas a refinement of the previous modél, with test scores regressed on ZLAB. The first
bundel excluded total scores for DHT and MCAT, since these are the sum of their past



In sugceeding models, C5C 540 was eliminated because of its lack of
contribution, and total scores were used for DHT and MCAT instead of part
scores. The resulting multiple "R* was .5672. Then Dial Reading was .
eliminated because of its marginal value in the 1972 and 1977 .FAAR ATC

_ Specialist studies, and DHT was eliminated because, in its curren® format
“(very brief and highly speeded) it is not suitable for operational use.
Results are presented in Table 28. The initial model yielded a multiple
"R" of .5689, the final.model yielded a nmultiple “R" of .5407.

Table 28

FINKL  REGRESSION MODEL

A ~0.5607 . . ASQ = 0,2924
. .. BETA - s
esc 2 - 0.0608  0.0090
csc 187 0.0964 0.0074
MCAT T 0.4391 . 0.0370
G, CONST. ' - ' 03.2045
F-TEST 24, 157, NCAT TOTAL ‘
RSQ FLL = 0,292 Model 5
RSQ REDUCED = -0,0000 Model 0
DIFFERENCE = 0,292
DFN = 2, DFD - 1800. F-RATIO = 371.890 * P4 0.0001

. A factor-.analysis (principal axis analysis with varimax rotation) wis
performed to explore the characteristics of the the test scores. . The
results are provided in Table 29,

Table 29 Factor Analysis on Teet Scores (Frincipal Axis Analysis - Varimax Rotation)

Variables Factor i Factor 2 Factor J Factor &  Facter 5 Factor 6
[~ 1wl I ) .97 =-8.0550 =0,0261 -0.0.81 0.2583 =-0.0211
csc 540 0.4396 0.1568 -0.1129 =-0.5921 0.5849% ~0.0564
csc 157 0.3578 0.0785 -0.7302 0.007% 0.%883 =-0.03%0
DHYT T : 0.2638 «<0,1068 0.0238 -0.0347 0.715% 0.0%)
HCAT T 0.2715 -0_1042 -0.0066 =0. 0305 0.7357 0.0527
A8 0.283% -0.1036 0.0143 ~8.0415% 0.7666 0.0563
PL-BD 0,317 ~0.0885 -0.0788 -0.06704 LT rhu 0.0313
% vavriance accounted for 22.7188 2.5338 7.9083 5.1392 47.%an 0.2097

Two rather clear structures underlying the data with the orthcgonal
otaticn appear. Facter 1 and Factor 5 account for 22.72 and 42.99 percent
of the variance respectively. Factor 5 contains the largest 1oading for
3ll tests and 2118 with the exception of C5C 24. It is also notable that
the division seems to occur on both factors between the C5C tests (24,540,
[§7) and the experimental tests (MCAT, DHT, DR-RDY and ZLAB.
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The beta weights derived from the Fiaal Regression Model (Table 2B)
were converted to raw score weights and then assigned unit weights. The
following equation constitutes the composite score: ‘ ’

Y

e = LIC»T 24} + 2(CSC 157) 4 4(MCAT)

where Y, = the composite test score for the battery. Using the unit weights,
the multiple R derived was .53%54 compared to .5407 with beta weights, The
82 value derived was .2867 with unit weights compared to .2924 using betd
weights.

_ A cross-validation stydy was performed to investigate the stability of
- the results. The sample was randomly separated into two groups, and the

- weights derived from the first sample were applied to the second sample to

" gbserve shrinkage in the multiple R. Distribution statistics and intercor-

. relatioris for the two groups are presented in Table 30.

TABLE 30 DISTRIBUTION BY RACE AND SEX AND
DESCRIPTIVE STATISTICS

SAMPLE 1 SAMPLE 2
Men Wowen Tocal .
] - Men Women Total
BLACK 47 17 6k
BISPANIC 14 3 17 BLACK %5 . 6
AM, INDIAN N I | .t .. BISPANIC 15 & 19
ORIENTAL 6 1 7 : AM. THDIAN o 0 0
ESKINO 1 0 % . ORIENTAL 7 1 (]
OTHER 730 9% 824 ESKINO 1 1 2
_ _ OTHER 723 101 824
AL 798 116 914 : .
ToT . TOTAL 791 123 914
KEAN 5.0, : ' HEAN 5.2
FA¥1 ) 0.028 1,007 ) LA +0,020  0.990
CEC 24 66.998  6.871 cac 24 47,026  6.85)
CSC 157  38.490  6.538 CSC 157 38,252  6.244
MCAT ~35.608 7.451 MCAT . 35,686 7.307
CORRELATZONS CORRELATIONS
LA 1.000 0.328 0,402 ,0.3%7 ZLAS 1.006  0.326° ©0.396 0,527
csc 24 . 1.000  0.500  0.530 esC 24 1.000 0.%0  0.330
€5C 157 1.000 0,620 csc 157 . 1.000 0,620

m;AT . ) ) 1.000 MCAT 7 1.000

49




The regression equation for the first sample is bre_aented in Table 31.

Table 31

CRDSSVRL"DAT;O‘I CSC SELECTION S'I"J!h

R = 0.5450 RSQ = 0.2970
MARLABLE BETA ' B
cse 24 0.0354 - £.0052
€3 157 €.1023 0.0158
MCAT 04546 0.0615
BEG. CONST. - 3,013
F-TEST CROSSVALIDATION
RSQ FULL - 0.2879 Model 1
. RSQ REDIXED = 0.0000 Hodel O _
. DIFFERENCE - 0.2970 : : _
DFN - 2. PFD = 913, F-RATIO « 192.947 . P&£0.0001

Unit wejghts, derived from the beta values for Sample ] ware computed.
These unit weights (CSC 24 = 1; CSC 157 = 2; and, MCAT = 4} were then used
to compute the multiple Rs and R2¢-in Sample 1 and Sample 2 with the
following. results:

TABLE 32 CALCULATED MULTIPLE R VALUES

sampie Multiple R &2 3
1 .5381 .2895
2 .5292 .2801

Full discussion of the analysis and results on the C5C and experimental
tests for appointees to the ATC occupation in 1576-1978 ig provide in

i ixeference 20 . The resilts from these analyses supported the conclusion
that CSC 24, CSC 157 and MCAT tests be used in combination as a selection

: blttery for screening applicant air traffic controllers. Some information
as provided that indicated a modified forn of the Directional Headings

.hst sujtable for operational use and a Dial Reading Test should be explored
n future studies.

In the analyses af tests in relation to ATC trainees hired during
3976-1978 discussed thus far, the ATC Occupational Xnowledge Test (OKT)} was
cluded from the various reqression analyses. The OKT is a "job-knoviedge
fipecific” test and is not intended for use as a "pass" of "fail" exam in
termining applicant eligibility for employment consideration. Rather its
would be limited to measuring ATC related experience and knowledge as
basis for granting extra point credit to those applicants who pass the
petitive test battery. Consequently, the ATQ Occupational Knowledge

t (OKT} was analyzed as a parallel effort. -
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Objective. The analysis wga'conducted to determine the relationship of OKT to:

- the present method of granting extra credit based solely on
ATC related experience. :

: Pass/fail status during Initial ATC Qualification training. -

« An ATC selection test battery comprised of CSC tests 24, 157
and MCAT and the combined estimated validity of the test battery
and OKT. :

Sampie Description. The sample for the analysis of OKT was the same grour of
1827 ATC trainees (Table 22) that was used for regression analyses of the CSC
 and experimental tests previously discussed.

Predictor. The OKT (form 101B) is a 100-item multiple choice test covering
air traffic control regula.ions, communication, flight service station work,
navigation aids, weather, and radar. The score is the total number of correct
responses. The mean and standard deviation for the 1827 ATC trainees was 66.96
and 16.3 respectively (Table 23). The Kuder-Richardson - 2¢ internal consis-
tancy estimate of reliability yielded a reliability cofficient of .95 for a
sample of ATC new hires.

Criterion. The same criterion measure, ATC laboratory average score (ZLABY,
that was used in the multiple regression study was used in analyses of OKT.

Analytical Methodology. ' The 1827 ATC trainees were grouped into wvarious
ATC related experience categories based on their response to a biographical
questionnaire administered on the first day of training. Four types of

" AIC related experience were identified.

1. Cther experience (included air defense command, communications
operator and prior ATC training without ATC operational experience).

2. Pilot experience-

3. VFR or nen-;adar ATC experience

4. IFR of-radar control ATC experience

These four types of experience (together with "Moo ATC related'experience“)

were then used to classify each of the 1827 trainees into 16 experience sub-
groups which provided for combinations of experience as listed beloir.
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rou - Tyre of Experience : Group (N)

S r
1 No ATC related experience ssej} 592
2 Other experience
3 Pilot 297 389
4 "~ Pilot + Other t} '
5 VFR only 99
6 VFR + Other 27 191
7 ' VER + Pilot 28} :
8 VFR + Pilot + Other 37
9 , IFR only , 86 : '
10 IFR + Other . .29 144
11 IFR + Pilot 18 :
12 IFR + Pilot + QOther 11
13 _ IFR + VFR _ 275
14 IFR + VFRE + COther ' 95 511
15 IFR + VFR + Pilot . 57
16 IFR + VFR + Pilot + Other 84

Total . 1827

Because of the small numnber of traineés in some: of the suboraups, they
were combined into the following five major groups: :
Group 1: No experience + Other experience only (592)
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 test scores for OKT were correlated with experience and later correlated
with the criterion ZLAB. Statistical analyseés of each of the five experience
groups in relation to OKT score ranges and pass/fail status was also conducted.

. Results. The correlation of OKT scores with experience was .6l, OKT correlated
with the ZLAB criterion at .22 versus .1l for experience credit. This indicates
that while OKT is closely related to experience, it is more predictive of success
than the present method of giving credit based on experience in accordance with

“the OPM Rating Guide

The results of the statistical analvsis of eact of the five experience
groups, their OKT scores and ATC training pass/‘ail status xs provided in
Table 33.
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At

“able 13

Fallurc Rate: by OfT ocore Hanijes and URT “cans by Experience Groups

oth Pilot WFh IFR VEit o IFR TOTAL :
Seore qualliegall {Tetal § rait JTotal % Fajl [Total 3 Fall Tolal § Fail Total 3 Fail

G- . 430 29.3% 81 o.% 2% 12.0% 12138 23 43.58 | 550 29.7%

60-64 37 2r00 ) w1 23Mi 1 w2 9 33 23 w83 ] 135 29.6%°
65-69 esozs.onf 55wl 2 el woznmt)oae o3grom 201
10-Tk 33 20.6% ki t3.02 it 16.41 13 .73 3] 19.k% 226 15 48
15-79 22 2.1t 61 oo oxr i3s3 a5 i1 rass{ 2T 12,68

. 80 25 t2.0%f 36 vosx| 33 13t} se sar]asr 7. ) ase 5.6
- roraL s92  26.58) 3% 1s.asl v zv.st b a3zn| st ey |re2r 9.2

Neans
oxr 51.89 §9.94 2.5 16.28 3.0 66.96

std. dev. 148 10.9 1" 9.5 3.7 15.3

While the mean OKT score for the total 1827 ATC trainees is 66.96
{sh = 16.3), examination of Table 33 shows marked differences for the five
experience gsoups and, within each group by OKT score range as shown below.

Experience Group N Mean sD Percent of Failure
Ho + Other Experience 592 51.49 l4.8 26.9%
VFR + Any other ({(except IFR) 191 ' 72.25 11.4 21.5%
. Pilot + Other Experieénce 389 €9.94 10.9 T 15.2%
VFR & IFR + Any other 511 - 78.00 8.7 14.3%
IFR + Any other (except VER) 144 16.28 9.5 13.28 .

Of the total 1827 ATC trainees, 359 (19.6%) were in ATC related experience
groups which presently earn extra credit under the CSC Rating Guide for this
experience and who scored less than 70 on the OXT, The failure rate for the
359 was 26.2% as compared to 28.2% for the 511 trainees with no (or other)

ATC related axperience who also scored less than 70 on- OKT.

As can be seen from Table 33. as OKT'score-ranges get higher, the pro-
portion of failuree generally continues to drop in each of the five experience
groups. Rather than using the present method for granting extra credit. for
auperience, the use of OXT sc¢ores would be significantly more predictive of
ATC training success..

_ Thus far, OKT data reported has compared the OKT test scores to the présent

" method of crediting ATC related experience and each of these in terms of their
Prediction of ATC training pass/fail status. For OKT to be truely useful, it
must contribute to predicting ATC training suceess over ‘and above what can be
achieved by a new selection test battery.
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. As previously shown, a test battery comprised of CSC 24, CSC 157 and
MCAT had a.multiple R ol .54 which accounted for 29% of the variance on
ZLAB. 1If the correlations £ OKT with ZLAB and the other test battery
scores are corrected for restriction in range using Thorndike's formula 7,
then the multiple regression coefficient including OKT can be estimated.

The new Multiple R, calculated including OKT as well as the three tests
previously included in the battery would be .60 and 36% of the ZLAB variance
would be accounted for. This increase is significant (F = 204.3 P <.001),
indicating that the addition of extra points using OKT scores would signi-
ficantly improve prediction and that OKT should be used as a basis for )
determining extra credit. The analysis of OKT surimarized here is discussed
.in more depth in reference 27
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DEVELOPMENT OF THE MULTIPLEX CONTROLLER APTITUDE TEST

EXPERIMENTAL TEST FORMS. Development of the Multiplex Controller Aptitude
Test was based, in- part, on previcus research efforts directed to developing
performance indices for air traffig controllers during 1970-1971 (28). From.
this research, the initial versions of the Controller Decision Evaluation

- (CODE) £ilm tests were developed and used in the 1972 study of Air Traffic
Contro} Specialists conducted by Education and Public Affairs (12).

The CODE test used a motion picture film to present simulated air traffic

in real time as they c¢reoss a controller's display scope, together with a
mileage scale, lines to represent airways and intersections, and a data table
to provide information on each aircraft's identity. route, speed and altitude.
- The test was administered in a free response mode, with the task being to

© predict violations of aircraft separation standards {conflicts) as early and
accurately as possible.

Experimental administration of three motion picture films were carried ocut.
Analysis revealed that most of what was measured. in each 45 minute film could
be derived from only 7 or 8 of the pairs of conflicting aircraft. In addi-
tion, there was considerable idle time during testing which offered the oppor-
tunity to measure more than sxmply conflict performance. Consequantly, test
development procedures were initjated to measure hot only this skiil but others
as well. i

An initial meodification was to develop a structured test, using a slide pro-
jector to place conflict-type questions on the screen. However, when items
were assembled into a film/slide version, half of the test time remained idle
and this provided the opportunity for test subjects to chidnge their answers as
the test progressed and the correct answers became cbvious. It was found that
by presenting a new item every 45 seconds the examinees were kept sufficiently
busy so that this situation could be controlled,

Ample information is available on the scope and table to ask a variety of
questions. Items were written that utllxzed the available detailed information.
to measure such aptitudes as direction follouinq. table reading, spat1a1 visual-
ization, and arithmetic reasoning regarding separation distances and times.

' Some items were very simple, Others were written in a multi-factor format to

. increase their difficulty., For example,. initial instructional gquestions on how
to read the: table were very easy, but a complex problem such as estimating
travel time in minutes between two aircraft (horizeontal separation) required
‘awarenéss of distances across the scope, reading the table to determine their
speed, and mathematxcal computation to determine their rate of closure.

Items were adminxstered exper;mentnlly, the relation betueen item types and

total test homogeniety deétérmined, and this ratio used to determine the number
~of items per type to include in the test. A result, for example, was. inclusion -
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of twice as many time~distance separation items as compass heading items in
~the test. Conflict item locations had been established by mean journeyman
response times when targets were at certain. lecations. Aptitude items weére
Pplaced in the remaining positions, 45 seconds apart, alternating from one
- type to anbther and spiraling to increasing levels of difficulty as testing
progressed. About 40 percent af the jtems were conflicts, and the other 60
- -percent were aptitudes. As films 4, 6 and 7 each provided a differeat pattern
- of air traffic, threée different forms of the test, MCAT 4, & and 7 were
prepared. '

Versions of the CODE test, the film/slide version of MCAT, and other selec+
tion measures were administered to students of the Navy Air Traffic School,
Memphis, and grades of these students obtained as they progressed through
training. Analyses included intercorrelations and rotated factor loadings

‘of the various tests with each other and with such school grades as laboratory
flight plans, control tower, and radar control problems, as, these grades pro-
-yide the greatest range .in criterion scores for predicting FAA student scores.
The film/slide structured version had cor¥relations with criteria that were

. as high or higher than those of the free response CODE. These results en-

" eouraged further development of MCAT.

A next step in test development was to create a "slides only" version, in

. essence taking pictures of the screen each time a new question appeared.

" Pacing of th= slide presentation was the same as in the film plus slide
version, sc the amount of target movement, how far an aircraft moved from

" question to gquestion, was unchanged. Free response, film/slide and zall-slide
versions were administered to students at the Air Force Controller School,

The all-slide version genérally showed higher correlations with the criteria
 than either the free response or film/slide versions.

During these test administrations, it became evident that the use of motion
picture or slide projector equipment would not be feasible for operational

test administration. The effect of equipment failure, room size, lighting,
seating arrangement, and other factors couid not -be controlled at the many

locations where the Office of Personnel Management administers the test to

npplicants.

A next step was to print the slide versions in paper-pencil format. Three
forms were prepared and administered to several populations including:
lnter;ng ATC students at the FAA Academy during all of 1976; ATC Specialists
'ya:txc;patzng in the 1977 study conducted by Education and Public Affairs,
¢., wnder FAR contract; and, 7000 ATC applicants tested by the CSC in tha
1l of 1976 and spring of 1977.

h form was then lengthened to. 55 items and administered to all students
the FAA Academy from 1977 until June 1978; students at various colleges
universities; and, students at the Army Air Traffic Controller School,
Rucker. All. three forms were administered to each of the Army students

d differences in mean performances among forms were found that could effect
‘rm comparability. #lso, student performances improvad. Con51derab1y on ‘the
ond form they were administered, indicating that learning was still taking
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placé. but there was very little increase in performance on the third form,
Differences in ‘learning rate among students was noted, and this ability was
“recognized to be another potuntially useful measure.

~Development of various formus of MCAY has resulted in reliability correlations
that vary with the restriction in range of the scores for the populations

- tested. Cofrelations between early forms were .31 to .50 for ATC Academy
students who had greater restrictions in range of their scores; .60 to .66

for USAF ATC students; and, .87 to .90 for non-contraller FAR employees who
more nearly approximate the population for whom the test was designed. Vali-
dity of the MCAT test with the different criteria used for prediction of

*ATC success",have béen identified in the various studies previously discussed.

A more detailed description of the development of experlmental forms of the
MCAT test is found elsewhere (19},

The test is designed to measure thie skills of the air traffic contreller appli-
cant within an ATC simulated setting, What is accomplished, in effect, is to
teach persons a set of simplified ATC rules, and then test how well they can
apply thogse rules in specific situations. Test subjects spend eight minutes
studying the directions, and then start to answer the gquestions. Because the
air traffic controller activity is complicated and rather difficult to learn,
the test is designed so that initial items are very easy, and then progress in
an order of increasing difficulty. The time limits are deliberately established
to make the test a speeded test. While usual aptitude battery design practice
is to cluster items into homogenecus subgroups, in this test thé content of the
items is alternated from one type to another and they spxral to 1ncreas;ﬁg
levels of difficulty. This mode of presentation is found in only a few tests
such as the Stanford-Binet.. A result shewn statistically is that the non~ .
coenfliction items show unexpectedly high commonality with those items requiring
detection of impending conflicts. Apparently the detection of conflicts
requires the same skills and operations measured by the different kinds of
-aptitude items presented,

‘Figure 3 provides the basic format of the MCAT. About. 40 percent of the total
55 questions ask for identification of potential conflicts, or violations of
separation standards. The remaining questions ask for such information as
differences in the routes of pairs of aircraft, how far apart two aircraft may
be at a given moment, their compass headings, and if they will come into conflict.

DEVELOPMENT OF PARALLEL MCAT TEST FORMS. For operational purposes, multiple
‘forms of a test are necessary for retest purposes and control over compromise.
Based on previcus item analysis and experimental test form development, each of

- the three experimental test forms (407A, 607A and 707A) were split into two

parts by placing the odd items in one part and the even items into a second
‘part. These individual parts were then placed in various ccmbinations to provide
six available forms. Each form was a 55 item test and separated into two parts.
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PICURE 3

THEBJULHFlEXCONTROLLERAEWTTUDETEST
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is given above., The drawing shows the particular
follow. Changes in routes can eccur only
Each x depicted on the routes represents g
direction indicated by the trailing dots.
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n miles per hour, and route tha

.
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.Each part required a person to learn its unique mix and pattern of traffic and
make predictions as to traffic behavior and potential conflictiors. Part'l
was administered allowing 20 minutes for completion; 15 minutes was allowed
for Part 2, The six forms were then administered to two sample populations;
new ATC hires entering the FAA Academy for training. after June 20, 1978,
and to appfoximately 7800 applicants for ATC work who took the present ATC
test administered by OPM in Octcber-November 1978, Table 34 provides the
descriptive statistics for each group for each form of the MCAT test.

TABLE 34
PERFORMANCES _OX MTERNATE FORMS OF MCAT,

FAA ACADEMY OPM ATC APPLICANTS

FORM NO. ID . STUDENTS 1978 TESTED 1978

‘MCAT OPM Mean sD N Mean - SD N
4o0b6e 120 33.8 . 7.45 459 29.3 9.15 1233
4ebo 130 37.4 7.35 458 29.3 g.70 2328
6aTe 140 40.4 7.45 434 33.1 10.40 1222
6elo "}50 37.6 b.80 319 31.5 £.20 . 1086
Tode 160 33.8 7.65 135 29.6 8.70 1135
Tedo - 170 39.8 7.25 356 32.2 10.34. 882

The test is for use with OPM ATCS applicants, and thosé are the data of primary
interest. The FAA Academy students data are included for future test develop-
ment work, to estimate applicant scores on new forms of the test when experimen—
tal data are gathered on FAA Academy students. while all forms are quite <om-
parable for the ATC applicant sample, item revisicns will be made in forms

6o7e and 7edo to increase their comparability.

Many different scoring methods have been explored during development of the test.
The test could be scored for Rights and Wrongs, with separate scores for Conflicts
and each of the Aptitudes, and with differential combining weights for all these
subscores. The test could be scored for the rate of improvement from its early

to later parts. Various multiple regression studies indicate that little is
gained from maintaining separate scores for Conflicts and Aptitudes as was done

in the 1977 study conducted by Education and Public Affairs, Inc. Consequently,
_performance on all items have been combined into & single score in subsequent
analyses. The data also showed that little was gained through use of a ccmblna~
tion of “Righta and Wrongs" instead of “Rights" only.

For a group of 617 ATC students at the FAA Academy tested between June and
December, 1978, a total "Rights™ score test-retest correlation of .60
between comparable two part 35 minuté forms of MCAT was obtained. A planned
doubling of the test. length providing a total test time of 90 minutes should
increase the reliability coefficient to .75 for this restricted group and
prov;de an adequate level of reliability for the ATC applicant population.
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The following summarizes “he development of the MCAT test.

"CODE - film wersions 4, 6 and 7. Scoring: 1971, 40 items;

1974, stanirne: Z3;/5. corrected item scores - best items. Un~
structured Iree respouse.

Film Siide MCAT - Julv 1975. Time éont:olléd for answering each
item. MCAT 406 7S < 41 items, 606 FS - 43 items, 706 FS - 53 items.
Structured =mult:zle choice. . :

All slide MTAT - Cctcber 1975. Time corntrolled for answering each

‘item., MCAT 406 AS - 4l items, 606 AS - 43 items, 706 AS - 53 items.

Structured sultipgle choice.

FPaper Pencil MCAT - January 1976. MCAT 406A - 41 items, 606A -
43 izems (2% misutes test time)} 706A - 53 items (30 mirutes test
time}. Structured multiple choice. ‘ )

Paper Pencil MCXT - April 1976. Time ceontrolled for answering each

" five minute groop of items. Form 606B - 43 items, 706B ~ 53 items.

Structiured multiple choice.

Paper Pencil MCXP - January 1977. Time controlled for weorking total
test (35 mznutesy. 4077, €07A, 707A each 55 items. Siructured
multizle choice.

Paper Penczl MCAT - June 1978. Parallel test forms. Two part tests
with each part fresenting a unique, pattern of air traffic. Part 1 -
20 minutes, Part 2 - 15 minutes. Forms: 4o6es; 4ebo; 6evo; 607e;
Tedo; Tode; each test 55 items. Structured multiple choice.
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DEVELOPMENT OF THE AIR TRAFFIC CONTROLLER QCCUPATIONAL KNOWLEUGE TEST )

The ATC Occupational Knewledge Test (OKT) is a subject element, paper-gpencil,
machine scorable, multiple choice type test. It measures important aspects
of knowledge associated with prior experience that are related to successful.
pexformance as an air traffic controller specialist. The subject matter
areas included are Air Traffic Control Regulations, Terminal Air Traffic
Control, Enroute Air Traffic Control, Communications, Flight Service Statioms,
Navigational Aids, Weather, and Radar.-

Experimental Test Development

The initial ATC Occupational Knowledge Test was designed to measure the
acceptahilicty of an applicant's claimed experience for qualifying at the
GS-9 level or above. There was such a wide variety among applicant's claims
of experience that they were difficult to evaluate, and the OKT would provide
asores to verify the acceptability of cldimed 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 to teach these

. people the specifications for the test and help them write items under the
training and supervision of representatives of FAA Headquarters. This
committee examined the éxact types of qualifying experience that.were given
credit, and determined the specifications for the test to permit its applica-
tion to verify claimed experience. Then over 300 items were written, and
reviewed and edited by the Examination and Certification Section af the ATC
Academy, Oklahoma City.. Two test booklets were created . Form 15 containing
150 of +he items, and Form 16 containing 160 items.

These forms were adnministefed to two classes of students on the day they
raported for training at the ATC Academy, and to samples of GS+~7 and G5~9
Air Traffic Control Specialists in Flight Service Stations, Teérminals, and
Centers. The tests were found to correlate highly with past experience
patterns, had acceptable validity coefficients with training success for
Center, Terminal, and Flight Service Statien training, and demonstrated
ability to differentiate Air Traffic Controller from Flight Service Station
“jab incumbents. The results of the experimental-testing were analyzed at the
individual item level, and these data used for creating multiple forms of

the test.

Since planned initial application was 3 test for use as a partial basis for
determining applxcants aual;flcation for Texminal and Center job entrance-

above the GS-7 level, a first step was to eliminate jitems from consideration
that had been. found lacking by experts in the specialty area. The performance
of virtuoso air traffic controllers was compared to performance of entering

ATC Academy -students on an item by item basis. Prime criteria for an

item's selection were (1) its ability to differentiate between the two groups

" and (2) the item's difficulsy level. The easlest 100 of the most discriminating
items were selected for intlusion in Form 101 - Experimental and the next

most difficult 100 items were assembled as Form 201.
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;b‘mqre detailed dzscussu:m of t}le :Lm.txal development of the Occupational
. Xnowledge Test is found elsewhere (30). Subsequent to 1970, FAA discon-
tinued hiring ATC applicants at grades ahove GS-7 and work on developing
“the ATC Occupamonal Knowledge (OKT) was deferred until 1975 when further
'research was initiated.to. mpmve ATC selection.

In August, 1975, a battery of experimental selection tests, including Forms
101 and 201 of the ATC Occupatignal inowledge Test, were administered to

109 students of the Navy Air Traffic School, Memphis. Student scores on

s Form 101 were distrihuted ‘against their week in training when tested, and
these showed increases in tesk perfonmance levels as the students gained
.eéxperience. Grades of tHese studentg‘Were obtained as they progressed
;thraugh‘txaxnxng. Analyses zncluded“intercorrelatlons and rotated factor

= loadings . of the various tests with ‘emch other and with school grades such

As :academic and laboratory grades and course average. Distribution statistics
plus correlations with scnres on selected variables are ‘presented in Table-35.
-Mean scores on Form 201 are ten points lower than on Form 101, and the Form

7 201 tetal score correlat;ons wlth other measures are similarly depressed.

L : TABLE 35 35

PERFORMANCE RE'LATI%S BE'ﬂsLh‘\ Ol\l AM) SIZLFCTED YARTABLES

51 féwy ATC Students

S - o ER OKT 101 okt 201
4 Sugust 1975 o o R :
‘ ' s *?_Luean' 5D Mean $b
| TOTAL GROUP (N-109) ¥ 61.6 8.9 5.5 6.7
'CORRELATTON WITH: 3+, . g r r
Reading S .02 -.01
“’Education Level _ WU VBT .10
S, MCAT o S L L .42 .22
-~ okr Y01 P -16
LOKT 201 .16 e
-Szhool Grades )
"~ Academic Average .48 .25
Block II Composite 28 -16
‘Block II1I: Basic Lab. .28 .06
‘Block III: Advanced Lah +27 .13
Course Average _4.3 . .25

s the - facto‘r analysis, ’s'tmdent ”petxomance on the ATC Qccupational Knowledge
- Test [OKT) showed little or no ©of ality with their ability to read and
*comprehend the material and very liftle relation with their mechanical-spatial
@ptitudes. OKT=101 had’ lu.gh 1 ngs -on the Air Traffic Controller Perfor-

3 ance “factor, the Control Towe »ﬂhtor factor, and the Laboratory factor.
©OKT-201 had a similar factor s
rfactors, fethaps as a-functxony




A battery of experlmental tests including ATC Occupational Knowledge Test
101 Experimental was also administered to forty-one students at the Air
Force Air Traffjic Controller School, Keesler AFB;, during October 1975,
Distribution st;tistics and correlations with selected scheol grades

are presented in Table 36. The performance of these students were guite
similary to those of the Nawvy Air Traffic Controller School sample.

TABLE 36
PERFORMANCE RELATIONS BEThLFN_ O 0}\1 ‘AND SELECTED VARIABLES
USAF ATC STUDENTS - OK1 101 Standard
QEEPPSI;EEEE ~ Mean Deviation
Total Group {N=4l) 63.66 16.34
School Grades, Final
School Correiations r .
Block I Bas;c FAA Cer* 42
Block II Basic Operatio '—Sbec1a1L5~ .18
Biock III  (Cecntrol Tower Operator .32

Block IV Radar Controller (6CA/PAR) .68

Based on the results of administering Porm™ 101 ard 201 of the Occupational
Knowledge Tést to these groups, as well as to controllers at selected FAA
terminal and enroute facilities in December 19735, the best 100 items were
selected to create Form 101B of the OKY. "This form was part of the experi-
mental test battery administered to FAA facility personnel and ATC Academy .
students in the 1977 selection study conducted by Education and Public
Affairs, Inc (6). Distribution statistixs-and correlations of OKT-~101B
with Supervisory Assessments obtained in the 1977 study for field personnel

are given in Table 37. Correlation with superviscry assessments for field
ATC personnel were among the highest found for variables in the erperimental
test battery.

TABLE 37
RISTRIBUTION STATISTICS AND CORRELATIONS
ATC OCC‘L‘PA'!'IONfu_ KNOWLEDGE T_IS'! - 10}R

(Facility ATC Specialists - 100 items, 97 keyed).

ATC Qprion Correlation with )
and Year Hired Supervisory Assessment N Hean s
IFR 1969-70 B & ) 97 85.1 5.02
1973-74 _ 24 : : 85.0 6.45
TOTAL _ ST 85.0 5.75
VFR 1969-70 : M3 o .. 89 82.0 - 9.71
197374 | . 1 e o100 80.6 B.19
TOTAL _ .21 189 81.2 8.57
ARTCC 1969-70 .21 : 88 79.8 6.71
197374 14 - 94 771.0 9.33
TOTAL : L1 ’ 182 78.4 8.26
SE 1969-70 S SR R 75.0 9.65
1973-74 N # 97 1.5 13.04
TOTAL .19 . 196 71.3 11,55
ALL OPTIORS '1565-70 .08 351 80.4 8.78
197374 .20 153 78.5 10.78
TOTAL : 15 , 736 79.4 9.91
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Comparakle data for a group of new ATC trainees enterlng the FAA Academy in
1976 are provided in Table 38,

DISTRIRUTTON STRLISTICS AND CPPELATION "
xn:aulmh <J¢LKN1&£EE TEST ~ IGLE

(Aadery ATC Trainees - 106 itere, 97 keyed)

Aeadery €1 4-8 " {orrelation with

2z Lab Soore N MERN 5D
Jan - ue 1976 T -
Froute by Subarouwps 803 67.3 16.42
Aviation experience v oL40 L2172 76.6 10.68
No aviation éxperience : .27 .. 452 - 60,2 - 16.23
Men .31 700 68,7 i6.06
Worner L11 103 57.5 15,62
Mirority s . 86 67.5 15.51
Nomr-Mirmority . .29 710 . €8.7 . 16,06
Terminal ‘ ' a1 372 76.9 " 15.44
Enroute : .32 431 - 64.2 - 16.33

As would be expected, wean scores on OKT for this trainee group were lower
and the standard deviations higher than for the more experienced facility
ATC specialists hired in 1965-70 or 1973~-74. Correlations with the non-

- radar laboratory training scores (Z scores) for the Academy were highest
for those with prior aviation experience and for minorities. Correlations
for the terminal and enroute option were also among the highest found for
variables in the experimental test battery. .
[}

The KTC OKT 101B was also evaluated in relation to present methods for
granting extra credit for aviation related experience. The ATC Occupational
Knowledge Test 101B was administered to 784 ATC trainees who entered the

FAA Academy's l6-week ATC training program between July and December, 1976.
ARll trainees completed a pre-employment questionnaire. . Based on responses

to the questionnaire, the trainees were assigned to one of three experience
grcups 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 completiocn of the non-radar lab

(.25) than did claimed experience {.12). Jt was determined that use of an
OKT score of 75 or above to assign extra credit would result in a failure

rate of 3.1 percent for those receiving credit, while use of the present

experience rating would result in a failure rate of 7.6 percent for

new hires who now receive extra credit for experience. 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 is provided elsewhere

In order to obtain data on the ATC applicant groups within available test-
ing time, a 60 item form of OKT (101-C) was developed from form 1C1B,

This was administered to two groups of ATC applicants during September-
November 1978, together with parallel forms. of MCAT after they had completed
the existing operational ATC test battery used by OFM. COne group consisted
of 5331 scheduled applicants. The second gréup was 669 "walk im” applicants

€4




in testing sessions arrange? to encourage women ard minorities to apply for
ATC work. Mean scores for the scheduled applicants on the 60-item OKI (101C)
was 24.2 with a standard deviation of 11.80 and for the "walk in" group, 20.1
and 9.71 respectively. OKT Form 101C was also administered to groups of ATC
trainees at the ATC Academy during 1978. From these ahalvses it was con-
cluded that the ATC occupaticnal Knowledge-Test Form 101B has high reliability
(.91} and that the slight loss of reliability with reduction in test length
would not be of consejuence.

Development of ‘Parallel Test Forms

The purpose of the OKT is to define the domain of ATC Knowledge that is
demcnstrated by applicants for the occupation as a basis for granting extra
credit to those who successfully pass the basic ATC selection tests admini-
stered by OPM, For operational usage, multiple forms are needed to meét
retest requirements and provide some capability for centrol over compromise.
An essential step in the development of altermate forms was to define the
types of items and number of items of each type ta include in each succeeding
form, to structure the domain- of knowledge to make it consistent with the
knowledge requirements of air traffjc control. This was accomplished pri-
marily by determiriing what types of knowledge were retained after training
and early apprenticéships experience and were known by nearly all full per-
formance level controllers. Table % identifies the steps invelved in deter-
mining the final domain of ATC occupdticnal knowledge included in OKT and
provide a basis for developing future comparable forms.

As the Federal Aviation Regulations state that, to become certified as a
Terminal ATCS, the person must pass a written knowledge test on (1) Flight
Rules in FAR Part 91 {Ajir Traffic Control Rules), (2) Terminal Traffic

Control Procedurss, (3) EnRoute Traffic Control Procedures, (4) Communica-
tions 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 ¢f thase subject matter areas.

The original form of the certification test is listéd first in Table 38, and
the vable shows that an equal percentage of items (14 percent) were allocated .
to each subject matter area. For development of the OKT, radar questions were
added to the item pool {line 2), and the best items selected (lines 3-6) to
measure caridiates' possession of the knowledge required. The percentage
allocation per subject matter area is presented in line 7 for version

1018 of the OXT. Each of the seven subject matter areas is further defined
by subject sub-elements which are identified in Table 40. Table 41 shews

the classification of items in Form 101B by element and sub-element. Numbers
in the cells are item number. If the item number is underlined, that item
was found to be known by 90 percent or more of the 1975 sample of 50 full-
performance level Air Traffic Controllers,
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TABLL 19
ATC OCCUPATIONAL KMOWLEDGE TEST - SUBJECT MATTER ELEMENTS
| MRCENT OF ITEMS - EacH Errmewe

Inflighe Commrun,; - Flighe Air
Airpory Traffic cations Asdistance Mavigation Numper
ATC Teafsic Control Opearations Sarvice & Aids to Avias: af
Form o OX Tegr Rulen Pr'oetdu;u_ Proceduren Procaduzc_a Procedures Bavigation  Weather Itens
L. Original FAR Basic pELY lan las : 1én 14an 14 len 152
Corzification Tast .
ALl Items - .
2. Form 16 124 i . 75 124 124 12¢ 124 . 162
ALl Items
3. Yorm 101 - Exp. 20 ) 12 20 .12 2 19 ] 99
all Ttems : .
4. farm 101 - Eap. o ) 1 12 5.3 n s 53
Itams Enown by
$0+4 of Sroup of
Full Performance
Lavel (w=53, 1978
$. Porw 101 - Exp. b 9 28 13 1 25 4 33
Iteks known by 130% T :
af Greup of Fuil
Partormance Level
ATC (Ne16, 1970}
6. Yorm 101N n 12 m 12 2 19 6 1o
All Items - -
T. Few Oparational iz 1 » 13 4 2 5 109
Tdrms (Recommended)
$ub-alement: | 1 - 10 -9 - - 5 [
2 . H 3 2 . - 2
3 Y 2 - 1 2 1§ -
& 8 1 15 » . . Fi
1] 1 1 | i * [ 1]
L * 3 hd 2 H
7 1 1
Y
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CATECORTES (FLEMFNTS AND SUB-FLEMENTRY OF
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1. AR TRA¥FIC RULFS

Alrcraft

At reay

Asrspace

Flving Conditions (Katings, Weather, Speed

Maneuvers, Altltude, Flight level)

Tertaintng to
Pettalning to
Fertaining t

.

Pertatning te
Peviaining to
Pertalning tc
Pertaining
Departments)
Fertatning to

Dffictal Keperrs, Documents)

Fertaining to
Pertatining 1o

Pertaining
Pertatning
FPertaining
Pertaining
Pertnltang

e
Tt
to
o
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=

Pertaining ¢t
Pertaining to
Pertaining to
Fertaining to
Pertaining to
Pertaining to
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Pertaining
Pertaining
Pertaining
Pertaining

to
o
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to
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to

Pertaining
Pertaining
Pertaining
Pertaining
Pertaining

te
to
to
to
to

Pertatning t
Pertaining to
Pertaining to
Pertaining to
Pertaining to
FPertatning to

-]

to-

vpotattons ! lnstructsons
Adrinistrative Messages {Reports. FPhrasecelopy)
Satety/Emergency

2. AIRPORT TRAFFIC PROCFDUVRES

Traffic Intormaticon
Trvaffic Yatterns
Runwav Oprerations
Flight Movement {Destinatiopn Changes, Arrivals,

Administzative Messages (Fhraseology, Auvthorizaticon,

Meterolopical Information (Ceiling, Visibilicy)

Salety (Messages, Warning Devices, Collisions)
3. INFLIGHT TRAFFIC CONTROL PROCEDURES

Separation {(Vertical, Lateral, etc.)

Cleatance {(Routing)

Approach {Flaght bLevel, Holding, Alt. Setring)

Rudar {Centact, ident, Interference, Fraffic Information)

Flight Inforwmaticn and Data

4. COMMUNICATIONS OPERATING TROCEDURLS
Flight Movemcnt snd Contrel Messapes

MAministretive Messages {Phraseclogy)
Meterology Inforeation

‘Elearance

Safery

Service/Maintenance
5. FLIGHT ASSISTANCE SERVICE PROCEDURES

Search and Rescue -

Overdue Alreraty

Emergency Communications

Meterological Information ) .

Facilities

Procedures

6. AIR RAVIGATION AND AIDS TO NAVICATION
Frequencies
Instrument at ton
Position/Distance/Direction
Navigation (Time, etc.)
Navigational Alds
7. AVIATION WEATHER
Visibility/Cetling

Weather Conditlons {Temperature, Winds, Yornade, etc.)
Clouds

Adoinistrative Messages (?hrq.eqlogy)
Forecasts/Reports ’

Responsibllities/Procedurcs
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Sub

Element

ATC '
Rules

45,

2, 35
67, 63
21 items

11
Alrport
Traffic

47, 84

48, 67

8, 42, 62

£
59, 61, 86
58

12 items

ton

ITEMS CODED BY ELEMENTS AND SUB-ELEMENTS
(Underlined Item Numbers Mean 90% + Right for FPL CiL

113-Inflight
Traffic
Control
Procedures

413, 4, 10
25, 70, 71, 12
T4, 99

» 48

12,, 20, 22, 26,
36, 46, 90, 91

28 ftems

TABLE 41

ORT 101B

v
Cormunicatione
Operating
Prozedures

17,18, 21, 23, 22
75

14, 16, 41, 77

15,

12 {rems

¥-Flight
Assistance
Service

Procedures

2 items

-1978)

Vi-Air

Havigation
5 Alde to
Ravigation

43, 48
13

Vil : : -
Aviation
Weather

50, %6, 89

13, 27, 28, 29,

" 19 items

30, 33, M, 79

6 items - 100
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The subject matter areas or elements and perceptage 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. Fourteen hundred

- multiple choice items were drafted and reviewed, and items selected from this
" pool to create eight 100-jtemparallel forms of the test. Twenty items were

cormon to all forms. These forms were administered exparxmentally, item
analysis accomplished, and the eighty best items in each form identifiéd for
keying. These eighty item forms are identified as ATC Occupational Knowledge
Test 102A, 1028, 102C, 102E, 102F, 102G; and 102H. Use of a Rights Only
scoring procedure has been practiced and is reccmmended.

The forms have been administered to incoming studeants on the first day of
training at the ATC Academy since November 21, 1378. The mix of trainees
attending the Academy varied during this period with regard to levels and
types of aviatjon-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 OKD

can only be made for those tests taken by the same group of trainees.

The descriptive statistics obta;ned for each trainee group whlch tock two
different forms of the test are provided in Table 42,

TABLE 42

ALTFRNMTE FORMS OF OKT

(N=97) _ i
Mean §9 i )
Form A 41.95 14.05
Form C 42.55 11.95
(N=67) (N=22)
Mean SsD : ’ Mean Sp
rm A 38.91 14.61 ' 49.59 13.35 .
rin B 36.25 12.15 44.73  10.84
(N=B6) )
Mean §__D_
m B 38.35 14.80
m D 43.45 12.75
(N=384-386) '  (=69-70) 22
Mean SD N Mean Sb Mean sD
Fom E -46.49 13.80 . ' 45.51 13.98 . 48.18 11.66
F 44.34 13.40 : 42.60 13.13 44.50 12.18
{(N=107-408 |
Mean §g
46.28 °  13.95
48.38 13.95
69
) :\"“-‘-:,
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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 across 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 cowmon.

The alternate forms do show some differences which reqﬁire»minor adijustments ]
- by shifting items of a common type but ranging in difficulty level, from one form

to another.

Reliability estimates for the various forms have been derived and are presented

in Table 43.

testing use and administration.

Yesting Date
3-6-79

7-3-79

11-21-79

TABLE 43

Grtudent Crsuzs

Enroute
N=§6

Enroute, .erminal
FSS5, N=89

Enroute, Terwminasl
N=183

70

RELIABILITY CF ATC OCCUPATIONAL FNOWLEDGE TEST

OKT 102 Taken

First vs. Second

E,F,.G. K E.F.C.H
(80 item) (BO item)

E, F.G,H E,F.C,R
(80 item} (80 item)

AB,C,D  A,B,C,D
(20 core €20 core
items) items)

These reliabilities are considered satisfactory for operational

Cotrelation

L9904
.863

877




STUDY OF ATC JOB APPLICANTS ~ 1978

Objectives. - The results of the analysis of the experimental tests for a
group of 1B27 new ATC trainees at the FARA Academy ‘during the period
1976-1978 suppcrted the conclusion that a test battery comprised of

the Multiplex Controller Aptitude Test, Abstract Reasoning (CSC-157}),
and Arithmetic Reasoning (CSC-24) would provide an operational selection
test battery for the ATC occupation with significantly better predlctlon
of success in ATC training.

This conclusion, together with the development of parallel test forms

of MCAT made it desirable to adminjister these tests to a new group of
ATC applicants in order to compare the results of the proposed test
battery with the existing CSC tests with respect to the composition of
the two groups who "passed" each test battery and the effect on score
distribution within each group. A change in policy also made it possible
to obtain race, sex and ethmic data which had not been possible with
the 1976-1977 applicant group.

Arrangements were made between FAA and the Office of Personnel Ma.aqement
to administer the parallel forms of the MCAT and a 60-item versicn off

the ATC Occupational Knowledge Test when the present CSC tests were
administered during September-November 1978 to ATC job applicants.

Sample Description. The present CSC tests, together with MCAT and OKT

were administered to a total of 6,000 ATC job applicants. Some 5,331 applicants
~were scheduled for examination through established OPM procedures. In addition,
FAA had arranged with OPM for a series of "walk-in" test sessions which did

not require advanced scheduling by applicants with OPM. total of

669 applicants took the test on a "walk-in" basis. These "walk-in"

sessions were established as a means of encouraging more women and

minorities to compete for positions in the ATC occupation. Table &4

provides the distribution by race, ethnic groups and sex for 5295 of

- the 5331 "scheduled” ATC job applicants. Table 45 presents these data

for 664 of the 669 "walk-in" applicants.

TABLE 44
Amer. :
Indian Asian Black White Risp. ~ Other TOTAL
Men 42 (IN) 38 (76} 630 (58%) 2060 (76%) 213 (1T9%) 21 {70v) 3824 (72%)
wozen 16 (28) 12 (2av) 463 (42v) 915 124%) 56 (2I8) 9 (308} 1471 (6%}
TOTAL 58 (1s) 50 (1%) 1113 {21w) 375 (T1n) 269 (5%} 30 {1w) 5295 (1008}
TABLE 45
AmerT
Indian Asian Black lfhite' Hisp. Other TOTAL
Men 2 3 145 {50v7) 160 (55v) 44 (65v) . - 154 (530)
Women 1 4 146 (508} 132 (45%) 24 (24w} 3 310 47w
TUTAL 3 Ed 291 (44W) 252 (_44.\) 68 (108} 3 664:(100%)

mn
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There are several points of inﬁerest regarding the racial and sex
distribution of these twc applicant groups.

For the "Scheduled"™ applicant

group, (5295) 92 percent were black or white men and women, with 71 percent

of the group represented by white men and women,
between 70-79 percent of each racial group except for blacks; only 58 percent

were men while 42 percent were women; almost twice the ratio of other

groups.

Generally men represented

For the "Walk-In" applicants the distribution indicates that the objective
of having more minorities ard women compete for the ATC occupdtion was
fairly successful. Some 47 percent of the total group were women in
contrast. tb 28 percent for the scheduled applicants and 55 percent were

minorities in comparison to 2% percent of the scheduled applicants.

test battery and parallel forms of MCAT and OKT:

OPM Test Battery

. (sc-24
. €sc-51

. CSC-135
. C5C-157
. CSC-540

MCAT  OPM ID

Arithmetic HReasoning
Spatial Relations
‘Fellowing Oral Direction
Abstract. Reasoning

Air Traffic Problems

. Form

. Form

. FPorm

. Form

.. Form

. Form
-OKT - 10le

120
130
140
150
160
170

ODD/EVEN TEST COMBINATION

{4ote)
(4ebo)
(@o?e)
(ee7o)
{70de)
(7ed0)

(60~item version)

Predictors. Tests used in th;s study were the existing CSC selection

As in previous experimental testing of applicant groups, the MCAT and

OKT test were administered after completion of the regular CSC test battery.

In addition te the tests, applicants completed forms provided by OPM
on a voluntary basis to obtainracial, sex, and other information for

separate analysis by OPM.’

Criterion and Analytical 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

el;q;bllxty comparison, score distributions and mean and standaxd deviations

on the varlens testd.

72
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Resylts. Descriptive statistics for the “scheduled" and "walk-in" groups
were developed for each test. It should be pointed out that of the 2€0
"Schedyled” applicants who identified themselves as "Hispanic", all but
74 alsc identified themselves with another racial group. For example,
"139 were identified as "Hispanic-White”. 1In this analysis, such cases
were jincluded in the racial group. Consequently, 104 applicants in the
“other" category shown in Table 43 were comprised 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 36 and

for the "Walk-In" group, in Table 47- (In Table 44, the 24 applicants

in the "other" category consist of 21 "Hispanic" and 3 otherwise not
identified. )

TABLE 46 SCHEDULED ATC APPLICANTS

AMERICAM )
INDIAN ASIAR BLACE WHITE OTHER TOTAL
= &5) (W= 591 (W= 1146F (N T514) (W 104) (N 8331
Mean 5.0 Kean $5.D. M E.D. Haan 8,0, kasn  §.0. Msan  5.D.
€3c-24 40,1 9.1 @9 Ty 354 9.6 . 4z.4 7.0 .8 8.6 40.7 8.9
iHent _ - - - (34.3) 9.7 (4. a.n - - - -
omen) - - - - (7.0 9-2) (42.24 .6 - - - -
cs-51 2.6 4.0 2.3 58 .1 6.5 9.1 5.2 7.0 6.5 2.7 k.l
(Meny - - = - (24.3) 6. 42 129.6) (5.0} - - - -
. (voman} - - - - (3% 1} 6.2 21.Mm (5.61 - - - -
L1353 2.6 9.0 159 8.2 166 8.1 26.7 1.0 20.1 8.5 22,7 &.l
(ran} - - - - (6.7} {a.q (24.8) (6.9} - - . -
(Women} - - - - 16.5) (8.1} (24.2) (1.0 - - - -
gec-157 W0 8.2 N0 0.9 27.1 9.3 30.% e.9 2.0 %0 1.8 9.7
iRant - - - - (21.5} (9.3 [39.5) 18,94 - - - -
W) - - - < (22.9) (9.1} (32.1)  t8.8}
CIC-540 9.4 12.7 3.5 12.8 12,1 11.9 3.1 11.7 25.6 1.3 3.6 13.%
() - - - - {23.4) (1.9 {33.8)  {11.&) - - - -
(Woman} - - - - {r.m al.s ) uLe - - - -
=5y M.l A6 MO 86 2.4 T4 . M2 8.1 2.0 [T} *.5
“{Wan) - - - - 22,9} 1.8y (5.0 8.0} - - - -
(Momen) - - - - 121.1% (6.8 . (31.8) 19.1% - - - . -
%Eﬁna 4.3 108 249 113 I © 7 n.2 11,7 318 1i.8 348 1l
) - - - -~ {8 (5.9 (8.8} {12.01 - - - -
(ctban - o= - = f18.95) 8.5) (31.0) .9 = - - -

TABLE 47 WALK-IN ATC APPLICANTS

AERICAN i
ma” e me  mm om

e 4.0 L1 M0 %5 TS BT 23 T 3.4 06 sl .
cac-sy #0 4.0 A 3 2.0 6.2 s S %8 4.2 M.I 6.3
oC-135 189 T2 24,8 23 16T T4 207 68 1.7 .6 204 Ty
€C15T - 20,0 1.6 6 13.2 25,0 9.4 2.0 8.9 0.7 1.6 e s
tac-$40 B4 B4 W32 a1 s 120 125 j0.4 1.6 a7 138
it Wk 3 0 3N TA T NS 3e T I 87 a0 sa
o=t 1.2 6.8 164 5.5 367 6.5 207 108 15 g8 20.1 9.7
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For the "schedyled” applicant group, the mean scores for women were
examined for both the "Black” and "White™ groups to assess their relation-
ships to the scores of men in the same racial group. Table 43 indicates
that womeh score somewha: higher on CSC tests 24 and 157 than men in

each racial group, but .somewiat lower on CSC 51, 540, MCAT, and OKZE,

with the greatest difference between men and women being on the OKT.

The most marked difference in test scorss between racial groups is for

the "Black” and "White" groups, with the mean test scores for "Blacks"
generally about one standard deviation below the mean for “Whites". This
holds for both men and women in each of the groups.

Relatively few differences between mean scores of the “Scheduled" and
"Walk-In" groups are evident by racial groups. Within the "Black" group,
walk-in applicants scored about 2 points higher on CSC 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 may be a result of the higher percentage of women in the
"White" walk-in group (45 percent) compared to the scheduled group
{24 percent). .

With the applicant group tested in 1%76-1977, two of the CSC Tests (51
Spatial Relations and 135 Following Oral directions) showed marked negative
skew. It was of interest to determine if this characteristic was replicated
for these two tests with the 1978 applicant population. Figqure 4 provides

a frequency distribution for test scores for these two CSC tests. It

is evident that again they provide little differentiation between the

applicants.
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Veterans preferenceé for the total group (scheduled and walk-in) was identified

by sex and racial groups. Table 48 provides the distribution by sex

for 5846 of the 6300 applicants.
TABLE - 48

SEX DISTRIBUITON=1976-1077 APPLICANT GROUP

VET _
PREF MEN WOMEN. TOTAL
None 2405 (59%) 1640 (94%). - 4046 (69%)

5 Pt. 1571 (38%) 91}( &) 1668 (29%)
10 + Pt. 123 { 3%) 9 132 ( 2%)
TOTAL 4100 (100%) 1746 (100%) 5846 (100%)

Table 49 provides the distribution of Veterans Preference points by racial
and ethnic group. : .

TABLE 49
VETERANS PREFERENCE DISTRIBUTIONS

VET AMEFTCAN

. PREF. INDIAN ASIAN: BLACK WHITE =~ HISP, oTHER TOTAL

'5 : Nane 4z (70M) 40 (70%) 951 (73N} 2724 (68%) 223 (6BA) 27 (848} 4037 (69W)
: 5P7S. 17} 17 38} 1212} 997 5 1666 (29%)
B . T

- 10 + PIS. 1}(39\1 _ECJD\) 41352 \} 8 (32} - ;32\) _jllas} 132 2%
T TUTAL 60 57 1340 4017 . 329 32 - 5835 .

;£ ' Since Veterans Preference points are added to the test battery score for

3 those who pass the test, it is evident that only 6 percent of the women could

' benefit, and thus be ranked higher on the OPM register for appointment eligi-

" bility. This in contrast to 41 percent of the men who could benefit from
military service.

.

Eligibility for Veterans Preference points by racial and ethnic groups is about
cevenly distributed (30-32 percent) except for the "Black” group (27 percent)
where the higher ratio of women applicants to men reduces the number who receive
~ Veterans Preference points.
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TABLE 50
ATE APPLICANIS-CIVILIAN LASOR FoRck

Civilian
Labor % ATC
| . Force _ Applicants
American Indian .3 . 1%
Asian ' _ - B2 : 1%
Black 9.7% . 24t
White : 85.0% _ 684

Rispanic. 4.2y . N (2"

force while whites as a dgroup are. underrepresented. As a group, women
were also underreprésented; they comprised 28 Percent of the ATC applicant
" group compared to 38 Percent of the civilian labor force. _ 3

Analysis of current Ory Test and OKT

Next, the current opm test battery scores were analyzed in Terms of
"pass/fail" score distribution by ethnie¢ or racial group and by men angd
women. Because of the small nuber of Asian and American‘Indian applicants,

Table 5l provides the results of those who took the current opm ATC test
with respect to "pass/fail". The minimum Passing score on the test
battery is 70 which eduates to the 4pProximate mean score on the test

. where about half of the total applicants Pass and half fajl."

TABLE 51
PASS/FATL-0PM ATC TEST
S Passg Fail
: ) Total "~ OPM Test OPM Test
Groug Agglicants R 1 N %
Men . 4191 2236 (53%) 1955 (47%)
Women - 1785 799 (45%) 986 {55%)
Total 5976 ~ 3035 {512} o 2941 (49%)
75




Coﬁpared to the 7500 applicants tested in 1976=1977, this group had about
- the same pass rate for men (33 percent compared to 52 percent) and a some-
. what higher pass ratioc for women (45 percent compared to 41 percent).

Table 52shows the "pay=/fail”™ rates by racial group.
- TABLE 52
PASS/TFAIL BY KACIAL CGROUT

Total - Pass ' Fail
Group Appl.cants N i N B )
White 2067 2556 (63%) 1511 {37%)
Hispanic 339 . 128 | (38%) 211 (62%)
Black 1407 264 {19%} 1143 (81%)

' Total 5813 2948 513} 2865  4;T

In view of the disproportionate number of minorities wha did not pass

the OPM test, an analysis of score distribution was made bv racial
group {Table 53). '

TABLE 53
OPM TEST SCORE DISTRIBUTION BY RACIAL GROUP

e P81 OPH Test »

l‘ - v fans OPM Tedt e
{N = 2865} I (H-= 2948)
Balow ¢ Apave
Group 50 T %0-5%- $0-69 1 70-79 #0-8% BY Total
r. N L]
L L L X L] s 1 X 3 N L z 2
White 185 (=1} 406 (10%}) 920 (2313 ' 1128 (282} 975 {247 45} (1w 4067
. . .
Nispanie 63 (183) 56 (17 92 {1 : w2 a {1z 3T 5 9
Black _e87 WL LX) 308 2% ) 189 (13D LE I LERN A 1407

It is evident from this analysis that for the Black group in particular,
the higher fail rate is comprised of a large number of applicants who did
very poorly on the test battery. The 457 Blacks who scored below SO on
the test comprised 40 percent of the total number who failed to pass the
test in contrast to about 30 percent for Hispanic and 12 percent for Whites.
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Figure 5 provides a graph of the OPM ATC test score

distribution for
selected rdcial groups.
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Table 54 compares the distribution of ATC applicants, ATC applicants who
passed the OPM test. and the Civilian Labor Force (CLF) .

TABLE 54 _

- CIVIL LABOR FORCE-ATC APPLICANTS-PASS GROLP

L _ Civ. Labor % of % <f Applicants
;;?E Farce ATC Applicants in Pass Group

American Indian 3% . is - 1.0%

Asian .8% 1% 1.1% : . i

Black 9.7% : 243 8.9% -k

White 85.0% ‘68% 84.8% ‘ : ‘ 7

Hispanic d.2% €% 4.23% : : _ :

100.0% 106.0% 100.0% -

78




Cr P A

Adminiserration of tha ATC Cecupational Xnowledge Test (OKT} provided the
first opportunity to evaluate the results For a sizable sample of ATC
applicants. Tno OKT usedwas version 101 C, a 60~jitem test. Censequently,
the results of this test were reviewed for the total group, men, wocen,
racial and ethniz groups and relationship of the results to thosa‘applicants
with-veterans preference, :

e

Tables 23 and 44 provided means and standard deviations on’ the OKT Test
results for the various groups. The *walk in" group of applicants had a
lower mean score than the "scheduled* group; 20.1'in <omparison to 24.9 and
thisz difference was evident fin all racixl STSURS CeXept for blacks vhere

the mean scora was 17.4 {dcheduled) and 16.2 (walk in). This would indicate
that there was relatively little difference in ATC related knowledge for
blacks of sithar gxoup but that other applicants in the "walk In* group had
less ATC related knowledge or experience that those in the "Scheduled™

group. In view of the cbjective. of the “Walk In" recruitment program, these -
differances would be expected,

Table 55 provides the descriptive statistics for men and women cn OKT. -

TABLE 55
DESCRIPTIVE STATISTICS, SEX ©S. ONT
Scheduled Walk In
Group (N) Meap sD (N Mean jois]
Hen (3835) 26,9 1i12.2 (356) 22.2 11.2
Women  (1473)  1%.8 8.7 (312; 17.¢6 6.9

Table 5t provides the OKT score digtributicr for men anc vomen and for racial
‘groups. In deriving this distributioa, the raw SCOres werl converted to a _
scale of 0-100. In this- analysis, the Hispanic group was Jdiscribuyted wirhin

the racial groups showm.
TABLE S6
Bistribution of okr Scores

Below Abov
G ] .
Grous N A5 15-24 25-35 3544 45754 S5-64  65-74 7579 79
Men . . {4191) EL RS { SO 208 9% 1oy 99 8% 3
Wamen (1785) 1Y 0% 43% gy 5% a3 1% .
White (4242) 24 9% 2% 108 104 9% 7 33
Asian : | |

{ 140} '

rmecican Ind.;an; 3t 14% Bl gy gy ) St 1%
Black {1443) B8 3y 35y g3 2 2 2 x »

* less than 1% 79




Approximately 20 percent of the men scored ahove 64 as compared to 4 percent
of the wemen; 19 percent of the white group; 12 percent of the Asian/
American Indian: and, 4 percent of the black group scored above 64 respectively.

Previous studies with ATC trainees at the Academy as well as developmental
and Journeymen ATC specialists provided a significant correlation between
scores on the OKT test and succeéss in ATC training and work. These studies
also supported the conclusion that the OKT provided a better basis for
granting extra credit to ATC applicants who passed the OPM ATC Test than
‘the present rating guide used for this purpose. Consequently, for further

analysis, this applicant group's OKT scores were given the following "extra
points™: :

OKT Scores  Extra Credit

65-69 ' 3 points
70-74 % peoints
75-79 10 points
B8O+ ' 15 points

. These point values are similar to tho;é presently provided by the OPM rating

guide for specific types of ATC related experience which now provides 5, 10
or 15 points depending on the.specxfac experience. ,

In most cases, the types of ATC reiated experience for which an applicant
is presently granted extra credit is -obtained through military service

and training. For example, Air Trafific Control experierce which is granted

‘the most points (10-15) is obtained through military experience. This also

tends to be the case, although to a lesser extent, for pilot and other types
of credited experience.

In order to assess the relationship between military experience and OKT
scores, an analysis of those applicants with veterans preference, their
OKT' scores, and the extent to which they c¢ould earn extra credit was
completed. The results ara provided in Table 57 below.

TABLE 5%
Veterans Preference
RS Jes
Scere Credit N L) N .8 " Total
65-69 3 pts 103 (45%) 126 (55%) 229
T0-74 5 pts 76 {33%) 153 (67%) 229
75-79 - 10 pts 61 {246) 190 {76%) 251
80+ 15 pts - 26 {10%) 233 (90%) 259
' ’ . 266 _{28%) 702 (72%) 968
80
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Prior analysis of the relationship between OKT scorés and "pass/fail" of
ATC training for 1827 studenks indicated that the largest drop in total
failure rate was Fetween those trainees who scored between 60-64 (29.6

percent failure vate) and 65-69 (20.1 percent failure rate).

Consequently,

for this analysis comparisons were based on providing 3 points for those
About 16 percent (96B) of the
total 6000 applicants could have been eligible for additional point credit
A total of 702 (72 percent) also could receive

applicants who scored between €5 and 69.

based on OKI' test scores.
peints for veterans preference.

The increasing number of applicants with

veterans preference who scored “highest” on the OKT indicate that most of
them would probably have had military air traffic control experience.

In contrast, those applicants who were not veterans constituted 28 percent

‘of the total group who could receive extra credit based on OKT scores.

While applicants -in this group score “lower" on OKT, use of this test to
grant extra credit would broaden the opportunity for nonweterans who
acquired ATC related knowledge through other experience to also qualify for

extra credit.

Under current OPM rating and ranking procedures, an applicant must make a
passing score of at least 70 on the present ATC test battery before
additional credit is given for veterans preference or aviation related

Of the total 968 applicants who could be eligible for extra
credit based on OKT scorves, 272 (28 percent) scored below 70 on the present
OPM ATC test battery. Table 38 shows the distribution by “point groups".

experience.

TABLE 58

ELIGIBILITY, VETERANS PREFERENCL, AVIATION RELATED ENPERIEXCE

. _ ' Total
Extra Failed OPM Eligible for
Points Total ATC. Test ‘Extra Credit

15 pts 259 58 (22%) 201 (78%)
10 pts 251 74 (29%) 177 (71w)

S pts 229 62 (27%) 167 (73%)

3 pts 229 78 (3aw) - 151 (66%)

968 272  (28%) 696 (724}

The 696 applicants who passed the

cants who passed the test.

OPM ATC test and would be eligible for
extra credit based on OKY? scores, represented 23 percent of the 3083 appli-

HNext the data were examined in terms of the ATC test score distribution and

the effect of adding additional credit for veterans preference and aviation

related experience on the score distribution for those who passed. Figure 6
provides the distribution of raw QPM test scores for the total applicant

group.
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Fiqure 7 provides the score distribution for all ATC applicants who passed
the OPM test after adding extra credit for veterans preference and OKT test
stores, : :
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It is evident that granting extra credit for veterans preference and oxr -
siqnificantly_shifts the distribution to higher scores, with a totsl of

899 applicants scoring 90 or above (79 rerxcent of those passing} compared

to 500 {1& perecent of those Passing} before'addinguextra crediy.,
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Figure B shows the distribution of QPM scores after adding extra credit
for veterans preference and OKT test scores for men and women,
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While a significant shift to higher scores is apparent for men, there is
relatively little change for women. Of the two extra credit factors,
veterans preference accounts for more of theshift than OKT credit.

For every womanh who receives extra credit for being a veteran, 16 men
also get veteran's preference credit. By comparison, for every woman,
who would get extra credit for aviation-related experience based on OKT
scores, 9 men would also get extra credit. wWhile both factors result in
noving more men than women to higher total score ranges for appointment
consideration, almost twice as many men are moved up based on. veterans
preference than on OKT scores.

The effect of granting extra credit on score distribution 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 56 shows the percentage of men and women in each of four score range
groups based on raw OPM test sgores [before veterans preference pr OKT
extra credit is applied) and compares those to the percentage of men and
women in each group after applying extra credit. It should be noted that
by addinq extra credit it would he possible to have a maxlmum total score
which exceeds 100,
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TABLE 5%

OrM TEST SCORF GROUPS

(Pass Sample N= 3035)

70-79 80-89 90-199“"90-99 100+
Raw With Raw . With Raw - With With
Score Credit Scre Credit Score Credit Credit

Group  (N=1440) (N=1076) (N=1106) (K=1086) (N=489) (N=644)  (N=229)

Men 74% 67% 73% 73% 737 79% 89T
Women . _26% 33% 272 27% 21% 2% o

1007 100% 1007 1002 1007 100% - 1o00%

" Based on the raw OFM test scores, women comprise 26~27 percent of each of the
score range groups as compared to men, Since wemen comprised 26 percent of
the total pass group, they are also proportionately represented {(as compared
to men} in each of the score range groups. However, when veterans,preforence'
and OKT credit is included, the percentage of women increased to 33 percent

. in the 70-79 scove group; remains the same in the B0-89 group; and drops to
21 percent and 1} pércent in the twe "highest” scoring groups. Table 59
provides a quantative measure of the extent to which veterans preference and
aviation related experience, as measured by OKT, differentially affect men
and women for appointment consideration. '

Table 60 compares the same data by minority groups.

TABLE 60

OPM TEST SCORE GROUPS
(Pass Sample K=2948

70-79 . - 80-89 90-100  90-99 100+

Augmented Augmented " TAugmented  Augmented
Rating Rating " Rating Rating. - Rating Rating - Rating
Group {N=1387) . (N=1042) {N=1079) (N=1058) (N=482)  (N=622) (N=226)
White 81% 8ox  90% 892  94% 93% 93%
Hispanic . 5% 5% 4y 4% 4 A a4
Black 142 . 15% 6% 1% 2% 3% o 4
100% 100% 106% 100% 100% 100% 106Z

In the case of Blatk and Hispanic minority groups, it is evident that granting
veterans preference and OKT credit has very little impact on the proportionate
representation within each OPM score group for those applicants who pass the OPM
test. Overall, Table 60 indicates that veterans preference and credit for
aviation experience affects each of the racxdl groups cbqentxajly the same with
o respect 0 their score distributlon. -
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'Analysis of Experimental ATC Test .and QKT

Based on prior researc: conducted by the Civil Aeromedical Institute on
a group of 1827 ATC trainecs at the FAAR Academy, it was shown that an
experimental ATC test battery comprised of the Multiplex Controller
Aptitude Test (MCAT), the OPM Test 157 -~ Abstract Reasoning, and the
OPM Test 24 - Arithmetic Reasoning provided a high multiple correlation
{R=.54) with ATC training laboratory scores {19). It was also shown
that the use of an ATC Occupational Knowledge ‘test added significantly
to the statistical correlation (26) (27).

Since parallel forms of MCAT and a 60-item version of OKT (101 C) were
administered together with the current OPM ATC test, it was possible to
construct an Experimental. ATC Test Battery comprised of MCAT, Abstract
Reasoning, Arithmetic Reasoning, and OKT and compare these results to
the current OPM test battery for the same 6000 applicant group.

conseguently, the analyses previously discussed for the OPM ATC test were
also completed using. this Experimental ATC test battery. Each of the
three tests {excluding OKT) were equally weighted in deriving a composite
score for the experimental ATC test battery. '

The table numbers used in this section will be the same as those used in
the OPM test analysis followed by a suffix "E" where the same data is
presented for the Experimental ATC test.

table 6! provides the results of using the Experimental ATC test with
respect to "pass/fail”. A minimum raw score of 100.47 was used which also
equates to the mean score on the test battery where about half of the
applicants pass and half fail. )

TABLE 61 :
PASS/FAIL ~ FXPERIMENTAL, ATC TEST-
) Pass Patl
eva ﬁ:::- : B, A0 Tope . fpu i
Haa ast mz es. 1879 4sn
Vomen e i T -5 o pm
Total . . 5976 : 3164 {535} : 2812 (473}

‘With the Experimental ATC test battery (excluding OKT), a-somewhat higher
percent of the total applicants passed compared to the OPM test (53 percent
compared to 51 percenc)

With respect to sex groups, both men and women paSSed the Experimental ATC
test at a higher ratée, {55 percent men compared to 53 percent on the OPM

test and 48 percent weomen compared te 45 percent with the OFM test). However,
the mean raw score on the Experimental ATC test was used as a "pass’- score.

On the current OPM ATC test the mean raw sc¢ore for this applicant group

was 207.1 compared to the established pass score of 210. Consequently, the
"higher" pass rate is primarily a result of the pass scores utilized.
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Given this general comparison of the two tests, one key point then is

the extent t¢ which the individual applicants who passed the two tests

in fact differ. Table 62 shows the number of applicants who: (1} passed
both tests; (2) failed both tests; (3) passed the OPM test but failed the
Experimental ATC test. of {4) failed the OPM test but passed the Expe:x-_
mental ATC test.

_TABLE @_2
TEST. RL%ULF DIFFPBIV(IH - I\DIVIDUAI APPLICA&IH
Passed Both i Failed OPM/Paséed ATC
(1) _ e (4)
i P Pass Exp.
' B - ' -ATC 3164
(46%) : ' (72)
Passed OPM/Failed ATC Failed Both
) . } L (2)
; : Fail Exp.
308 2504 | arc 2812
(5%) ' ‘ (42%) .
Pass OPM ' Fail OPM _TOTAL
3035 L 294t 3976

From Table 62 it is evident that using the two different tests affected the
pass/fail status of 745 (12 percent) of the total applicants. In terms of

the Experimental ATC test, 437 different applicants (14 percent of those who
passed) would be eligible for appointment consideration who would not be
eligible based on the current OPM test. UWhile most of the shiftfs hetween
pass/fail on the two tests oeccur around the passing seore of 70, some
applicants who scored as low as 43 on the OPM test, passed the ATC Experimental
test. Conversely, some applicants who scored as high as 853 on the OPM test
failed the ATC experimental test.

' Table 63 shows the paSslfail rates on. the Experimental ATC test by racial

groups.
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TABLE 63 .
PASS/FALL RATES - EXPERIMFNTAL RACIAL GROUPS
_ foral' t2. W0 e Epl A6 Tenc
Scéup. Applicancs K 2 - BT
Vnice 4067 678 ety 10 g
Bispantc e WL Gm 19 (ser)
Plack e 6 gy usy o gaxmy

Total ‘ 5813 015 533 1138 1)

Again, because of the disproportiona;e number of minorities who did not pass
the Experimental ATC test, analysis of score distribution is provided in

Table &4,
TABLE 64 o - . R
SCORE, DISTRIBUTIUNS*EXPERIHENTAL ATC TLST . : . i
’ilmqnm : w3075y i
Sl il Exp ATC Test. '—-———-;:sf*—-———.__ Pass Ewp. ATC Tear
50 50-59 60-49 i 10-7
. - 50-69 ¥ g '
2 ! g ETE v X m'ﬂ?_zz i Tota)
hite ¥ (i 329 ( sy 1021 i N o (2 »
_ @50 4 1158 @y gy £13 I z
spanic 2 (m % (n ; , -
) 8L 00D § sy N w3 (g 339
¥
lack ns  (m 5 (ny &b (az5)
}
1

27 ,_(NZ) . (wm t =) b2

It is evident. from this analysis that, for all racial groups, the number
of applicants who did very poor on the Experimental ATC test {scores below
50) is much smaller than on the OPM test. For example, 32 percent of the
Black applicants scored below 50 on the OPM test compared to 17 ‘percent

on the Experimental test. This also held true for applicants who scored
very high on the OPM test where 11 percent of the White group scored above
89 in contrast to only 2 percent on the Experimental ATC test,

Figure 9 provides a graph of the Experimental ATC test score distribution
for selective racial groups. .
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Table 65 Shows a comparison .o the distribution of applicants who passed
the Expgrimantal ATC test with those who passed the OPM test, and the
distribution of ATC applicsnts with the Civilian Labor Force (CLF).

TABLE 65
EXPERIMENTAL ATC TEST - OPN

TEST RESULTS

8 of % of ATC
Civilian v of ATC OPM Test Exp. Test
Group Labor Force . Applicants Pass Group Pass Group
Am. Ind. .38 1% 1.0% 1.2%
Asian -8% AN AN LY
Black 9.7% 24% 8.9% 7.6%
vhite 85.0% 68% 84.8% 85.5%
Hispanic . 4.2% 6% 4.2% 4.4
: 100.0% 100.0% 100.0%
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In analyzing the relationship of the Experimental ATC Tert and the Occu~
pational Knowledge Test (OKT}, the discussion and descriptive statistics
for the total applicant group, &s provided in Table 55, 56, and 37 also apply
here.

However, some applicants who passed the OPm Test failed the Experimental
ATC Test (and vice versa). Consequently, the number of applicants (and
individual applicants) who could be eligible for extra credit based on
OKT scores will differ for the two tests.

Table 66 provides the number and dlstrlbutlan by "point groups"'of the

total applicant group, those who failed the Experimental ATC Test, and.
- those who would be eligible for extra credit based on their OKT scores.

TABLE 66

TOTAL -APPLICANT POINT GROUPS
- ' - S Total
Extra ' Fajiled Exp. Eligible for
Points Total - -ATC Test . Extra Credit
15 pts.. 259 60  {23%) 199 (7T
10 pts. 251 10 {28%) 181 (72%)
S pts. 229 59  {22%) 170 {78%)
3 pts. 229 _85 (37%) 144 {63%) .
968 . 274 (28%) 694 {72%) i

0Of the to-al 968 applicants who could be eligible for extra OKT credit,
a total ¢f 206 failed both the OPM and the Experimental test. A total
of 66 falled the OPM teést but passed the Experimental ATE test., Con-
versely, 68 passed the OPM test but failed the Experimental ATC test.
Consequently, the two tests affected 340 applicants or 35 percent of the
applicants who scored above 64 on the OKT, '

Figure 10 provides the Qistribution of raw Experimental test scores for
the total applicant group in comparison to the OPM tast score distribution.’
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FIGURE 10
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Those applicants who scored belew 45 on the OPM ATC test tend to cluster
in the 50-59 score range on the Experimental ATC test. Table 67 also
providés the comparative distribution statistics for the "pass group"
for each of the tests,

TABLE 67
PASE GROUP TEST SCORE DISTRIBUTION
2514 1529 B84 gsey 20-94 25e
preali e IS S L U i W S ST s SR TV
. OPM Test 97 - (2m) Fi3  (241) 635 (NI} 471 (1e3) Mo (101) 119 (61) 3035

Exp. ATC Tast 1253 {401} 8§35 (18%) 606  (19T) M1 Ix 8y () B (%) 3ied

The Experimental ATC test provides a considerably greater differentiation on test
scares between the applicants who pass as compared to the OPM test with a much
higher clustering of applicants in the 70-79 score range {67 percent com-

pared to 48 percent) and a much smaller number of applicants witl scores

of 90 and above (2 percent compared to 16 percent).
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The Experimental ATC tast data were also examined in terms of test séore
distribution and the effect of additional credit for veterans preference
and aviation-related experience on the score distribution for those who

‘passed.

Figurz 1 provides the sccre distribution for all ATC applicants who.
Passed the Experimental -ATC tost after adding extra credn: for veterans
preference and 01?1‘ test scores above 64.

FIGURE 11
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With the Experimental ATC test, a total of 485 applicants scored 90 or
above {15 percent of those passing) with the addition of «xtra credit for
veterans preference and OKT scores compared to 62 (2 percent of those
passing) before adding extra credit. This is iu contrast to the OPM test
where 899 (29 percent of those passing) sco'ed 90 or above after adding
extra credit.

Figure 12 shows the distribu\.ion of Experimental ATC test scores after
adding veterans preference and OKT test score credit for men and ‘wWomén.
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FIGURE 12
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“Table 63 also siows the percentage of mea
range groups based on raw Experimental ATC
preference or QKT extra credit is applied}

_EXP. ATC TEST 'SCORES’

and women in, each of four scors

test scores (before veteran:
and cumpares those to the pe

centage of men and women in each group after applying extra credit.

- TABLE 68
DIPEATNRITAL RIC TPST SCORE QhAtrg
10-79 . 20-8% T 801 99 100+
Raw Wich [ dith’ P wich With
Score  Crefit Score Cradit Bcove  Credit  Credsr
) Din2138) _(ee)s2Yy =947 (We1136) (M=69) (W74}  (Me=ij)
Man R T 75 e e o
. Uu— ) i L35 , 2.50 _ L] In 1w 58
L 100 3008 100w 100%

1008

The overall ‘effect of cdmbining the Experimental ATC test score with

veterans Drefererce and OKT scores is to

increase the proportion of women

in t_hé lower score group (70-79) and decreass their representation in the

'.:..higher' score group (90+) in comparison to

ez

use of the current OPM test.




cowpares the same fuformation Ey minority groups.

TABLE 69

Exp. ATC Test Score Croups ) L
{Pass Sampie N=3OTS) - X +

‘;: . 1p-19 s X 80=-89 =100 93-99 100+
A3 ’ Rav With g WiLh R With With
H sScore Crudit Scorm Credit Score Credat Credit
B (N=2090)  {(N=1475} ENe3LB)  (N=1i27)  (N=67}  (K=lba} (§e108)
White [ T4 Bl 2. " 943 9‘-!'... B 5 4
Wi spanic [T [ o 41 sz on : 52
pack W T . A3 3
1008 1008 106G 1008 1008 1008 1308

(11 to 13 percent}.

i The analyses of the Experimental ATC test battery previously discussed were
‘based on equal weighting of each of the three tests {CsC-24, C5C-157, and
_ MCRT) included in the experimental test battery.

-Mdltiple regression analysis using the ATC -laboratory problem scores as the
criterioen for a sample of 1827 ATC trainees at the FAA Academy resulted in

a correlation (R) value of .5407. Converting the beta weights to unit
» weights of:

1 x CSC 24 Arithmetic ) ‘
2 x CSC 157 Abstract Reasoning
4 x Multiple Controller Aptitude

-resulted in a correlation value (R) of .5354. In order to assess the effect

¢ using the waighted test scores, the 1978 ATC applicant group tést results
verc further analyzed.

. Table 70 provides the pass/fail results using the Weighted Experimental _
¢ ATC test (excluding OKT) for men and women. With the test weiglited the percentage
. of men who passed increased from 53 percent (unweighted) to 56 percent.

Women
decreased from 48 percent (unweighted) to 43 percent,

TABLE 70
PASS/FAIL, WEIGHIED EXPER'IMENTAL ATC TEST, -BY SEX

Pass Waightad Tatl Veighted
Total Exp. ATC Test o ATC Test . ) '
Eroup Applicants ] 18 L] i!i
Nen an ’ 2348 (361 1843 (442)
Voman p78s . 768 (431} 1017 (813
Total % Ms s ased - R
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'j?ahle 71 - provides the pass/fatl rates for selective'racial groups with
“the Weighted Experimental ATC test (also excluding OKT). Again, the mean

”

score on the composlte weighted test was used as the "cut" score for the
applicant group.
o TABLE 71
PASS/FAIL, WEIGHTED EXPEKI

»

RISENIAL ATC TEST BY RACE

- : Tocal Fase Wegghred - Fal] Veighted

trouy Applicants Exp. ATC Test Exp. AT Tes:
Rk i35 LI A5

Whize we? 2698 (663} 1369 (33D

Mispanic 138 ' 136 03 (3

" Black 1407 198 (161 1205 (863

Total sat) W2 R TR Y

_The pass rate for the White group remained the same (66 percent) as compared

to the Urwelighted test. The Hispanic group dropped from 42 percent to 41
and, the Black group dropped from 18 percent to 14 percent.

;,fahle 72 provides the weighted test score distribution by raclal groups.

_ TABLE 72
NEIGHTED_ TEST_SCORE_BY_RACIAL GROUP

(N=2781) v . (N=3012)
Fail Weightad Exp. ATC Test y 1o Pass Velghred Exp. ATC Test

3 Selow ! Move
H 5¢ 50-59 §0-69 } 70-19 80-89 89 :
i group [ 3] [ ¢ 31 Eom 0§ i) @ N5 .orsl
B . [ .
' Wre 0 (W (0 1076 (27) | 1643 (aom) w7 (241} % (2 w067
2 L] .
> Hopaelic 2 (1’ e (191} 100 {301} ] e (X3 D A 3 4 {1 33%
- ' ot
i Black 187  Q131) 32 (¥3) 500 (361) l 167 (123} B | B s 3] o (0%) 1407

[}

)

SLoag than 1 patcemt

" By weighting the test, more of the White applicants shift to the 60~69 and 80-89

score ranges and more of the Black applicants shift to the 50-~69 score range.
Ag & total group, fewer applicants score below 50 with the weighted test as com-
pared to the Unueighted test (20 percent versus 25 pe;cent).
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Figure 13 shows the score distributien for selected racial groups ‘based on
the weighted Etpe:imental Tes:z.

FICURE 13
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Comparing the Weighted Experimental ATC test battery to the present OPM test

in terms of pass/fail status of the applicants shows that: (1) 2606 passed

both tests; (2) 2431 failed both tests; (3) 510 passed the Weighted ATC test

but falled the OPM test; and, (4) 429 passed the OPM test but failed the ATC

Weighted Test battery. Use of these two différent test affect the pass/fail

status of 939 (16 percent) of the applicants, With the Weighted Experimental
ATC test, 510 different applicanis (16 percent of those who passed) would be

eligible for appointment consideration that would not be eligible based on

-the current OPM test.

In comparing pass/fail results of the Unweighted and Weighted Experimental
ATIC Tests, 8 percemt of the total applicants were affected; 219 failed the

Unwelghted Test but passed the Weighted Test and 267 passed the Unweighted
but fatled the Weighted Test. ,
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Table 73 conpares the distribution of the ATC applicants and those who
pissed the OPM, Unweighted and Wéighted ATC test with the Civilian Laber
Force (CLF). : = . :

TABLE 73
COMPARAT IVE DY STRIBUTIONS

1 of T of "1 of Wetghted

Civilian % of ATC OFN Exp. ATC Teagr txp. ATC Tasc
Croup Labor Force Appiicants Pasy Croup Pass Croup _?lla Group
Amstican Indisn i 4 1z 1.0 .23 1.12
Astan Y I 1z 1.12 132 1.02
Black . 4 2.3 8.9 7.6 4.4%
whice 83,02 83 84 62 8557 87,13
Hispaaic .21 _b_i_ 4,21 &, &% [ H
100.02 100 100.02 100,02

100,03

;. Figure 14  provides the distribution of weighted test scores for the total
~ applicant group in comparison to the OPM test score distribution. In both
cases, the test scores exclude extra credit for veterans preference or OKI.

e m e

_ FIGURE 14
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Table 74

applying extra credit. Table /7%
racial group.

TABLE 75

. EXPERIMENTAL WELCWTED ATC TEST  SCORE GROLTS

shows the percentage of men and women in each of four score
range groups based on Weighted ATC test scores before applying veterans
preference or OKI credit and compares these to the percentage after
orovides the same information by

and the pass rates for the present OPM ATC test b
AIC test battery, both unwelighted (W) and weighted (W).

.{See Tables 59, 74, and 56.)

7Q-19 8089 R S-L00 90-39 100+
faw ) With Naw With Kaw Wtih Mith
Score Cradit Score Credit Scure Credie Credic
s!—l?ﬂ"s!’ {Neliale) ’H-ID]’G! ‘N!llﬁ:! = T.‘! !N%O:) M=t 26)
M T - en 7 m w - sey 221 202
Momea S oam o om0 om m . st
100X Lo0X 00T o tooz 1001 1ocX 1ogx
TABLE 75
EXPERIMENTAL WEIGHTED AIC TEST SCORE CROLPS
— 1T ks 30-100 9039 100+
Rav’ With Raw With Raw wWich: MWith
Score Credtt Score Credic Score Credic Credit
‘N-]Bl:) {Nei i81) SE-IOSOE (H=1l3b) {N=70) (N=132) (N=123}
Yhite 26T 852 L 14 9% ) (234 932 44%
Rispanic 52 .74 ax n 1) 4 [ X
Mack 9 o = 3 o2 o n az
500z, 100% 1001 1002 1002 10CX 1007

Table 76 provides a comparison of the total secore distributidn with extra credit
attery and the Experimental

These distributions
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TABLE 76
EXTRA CREDIT EFFECT ON PASS RATES
ln::::y 20-79 : 80-89 %0-3% 100+ 'r::::
Baroed Rating L] 2 X (1) LI Y ERN X ]
0PN Tast 1% (51 1086 (36T B (AT} 129 (0 3035 (1)
Lxp. ATC Tast (TW) 1523. (480 1186 (363} . 36 (121) _mi (42) s 'gsm
Exp. ATC Tasr (W) 126 6T 62 (3T w1 (13 126 {4%) e (R

reflect the composition of the OPM competitive teglster from which selection of
applicants would be made based on the "Earned Rating" for each of the test '
batteries with extra credit given for veterans preference and OKT scores.

Total
Applicants
N
. 976
976
5976
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Table 77 provides the descriptivé statistics for‘the-xpplicant-group on
each of the three composite test batteries by men and women and racial
groups.

TABLE 77

DESCRIPTIVE STATISTICS-COMPOSTTE TEST BATTERIES

orM Unweighted Weighted
Test Exp. ATC Test Exp: ATC Test
Group Mean 5D Mean 8§D - Mean gD
- Men {N=4191) 210.0 46.0 - 101.9 22.6 227.3 55.5
Women {N=1783) 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
. Higpanic {N=339) 191.7 49.7 83.9 23.4 206.5 56.1
Black (W=1407) . 165.0 45.8 :'79,6 ~21.0 170.5 47.2
Asian (N=37) 210.7 48.3 103.8° 21.7 235.8 50.8
Amer. Indian (N=6l} 294.5 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 70.0 _ 70.0

*Transamuted scores were derived as [ollows:

Unweipghted Experimental ATIC test battery

Rs~RsX )
Ts = 10.56(#E;§5“} + 70 where:

Rs = Raw score eon upwelighted ATIC tecst
Rs¥ = Mean of unwelghted ATC rest (i100.47)
‘R5SD = Standard deviation of unwaighted test battery (22.67)

Weighted Experimental ATC rest battery

Rs-RsE, - _
Tg = ID.GBGjaﬁﬁ;ﬁ + 70 where:
Rsx = 222,27
RsSD = 56,22-
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Table 78 provides the intercortelations fotr the three test batteries.

: TABLE 78 "

IKTERCORRELAT 10XS-COMI'US OS ITE FEST BATTERIES _
Present ?xp. Exp.

OPM ATC Test ATC Test

. Te;t Unweighted Welghtgdl
aPM 1.00 .92 . .e8
ATC (Unwexghted) - 1.00 .97
ATC (Weighted) _ 1.00

. Conclusions. Given the high attrition rate of ATC trainees and the objective
E ' of developing improved methods of selecting applicants for the ATC occupation,
" attention is focused on the selection tests used in the hiring process. The
‘ vesults of using the Experimental ATC test hattery which was derived from the

" research studies previously discussed are not unexpected.

% - The number of applicants who score high .n the Experimental ATC test (85
.and above) is much smaller than on the current CPM test. Based on the
validity studies which have been conducted, those applicants who score high
on the Experimental ATC test can be expected to have the highest probab111ty ‘

" . of success in the developmental training for the ATC occupatlon. i

o st s

- Granting extra credit for military service is required‘by.law. This does

- impact on the competitive appointment consideration for women but does not

i3 appear to differentially affect individual minority groups. Aviation-related

experience and knowledge which is measured by the Occupational Knowledge test

: has been shown to be a positive predictor of success in ATC training in the

4 research studies previously discussed. Granting extra credit for the demon-
stration of this knowledge improves the competitive position of selected appli-
cants but this is consistent with the objective of developing. improved selection
procedures in order to hire those applicants who demonstrate aptitude for air

. traffic control work and whose potential for success is greatest,

g

it s

L1
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'STUBY OF NEW APPOINTEES TO THE ATC OCCLPATION ~ 1978

Objective. Research stvdies discussed up to this point were directed to:-

1) Identifying an improved ATC test battery;

2) Development of parallel test forms for those tests which
consistently produced significant correlations with the
various criterion measures of ATC success; and

3) Ewvaluation of experimental and OPM tests in relation to
: applicants for AIC work.

Results of these studies suppor:ed the conclusion that a new test battery

comprised of the Mulriplex Controller Aptitude Test (MCAT), Abstract

Reasoning (CSC-157), and Arithmetic Reasoning (CSC-24) provided. consistently

- high correlation with criterion measures. It was also shown that the ATC

- Occupational Knowledge Test provided a better measure of aviation-related

"~ knowledge than the present Rating Guide used to evaluace experience. The
Occupational Knowledge Test (OKT) also provides significant correlations

- with success in the ATC occupation which added to the validity cbtained from
the test battery alone.

. With the development of parallel forms of MCAT and OKT, the next step was to
validate the proposed test battery with a new group of ATC trainees attending
the FAA Initial Qualification ATC Terminal and En route training program. Since

this study has not been published elswehere, this section will discuss the com-
plece methodology and findings.

Sample Description. The sample of trainees used for this validation analysis
consisted of 953 uew trainees ‘attending the FAA Academy during the period

June 1978 through Detember 1978. As in previous studies, tests were admin-
istered on a voluntary basils on the first day of attendance at the Academy.

The cbmposition of the sample with respect to sex and racial groups is provided
in Table 79. '

TABLE 79

SEX AND RACE - 1978 SAMPLE

Men 800 (85.0%) _  Oriental 10 (1.17)

Women 141 (15.0%) Hispanic 23 (2.57)
Unidentiffed _12 -- . Black 81 (8.5%)
o . Other 839 (88.07)
Total © 953 Total 953
100
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Table 80 compares the composition or this sample with the 1978 ATC applit
cant group who passed the OPM test and those who passed the OPM test with
total scores (earned ratings) above 89.

TABLE 80
1978 SAMPLE VERSUS_192/C ATC APPLICANTS
1978 ATC. Passed - Passed OPM 1976 ATC

. Group Aapplicants OPM Test Test 90+ Score Trainee Sample
| e 4191 ( 70%) 2236 ( 74%) 721 (82.6%) 800  ( B5L)
¥ Vomen 1785 (30%) 799 ( 26%) 151 (17.20) sl (15%)
¢ 5376  (100%) 3035 (100%) 873 (100%) 941 © (100%)
dmer. Ind. 61  (1.0%) n aaw 6 (.m - (=)
‘Asianm 57 (1.0%) 23 (L 15 Q.7 10 (1.1%)
Hispanic 339 (5.7% 128 (4.2%) 31 (3.60) 23 (2.4%)
E Black 1407 (23.72) 264 (8.8%) 26 (3.0%) 8L - {8.5%;
White 4067 (68.6% 2556 (84,80 791 (91.0%) 839 (B8.0%)

: - 5931 (100.0%) 3014 (100.0%) 869 (100.0%) 53 (160.0%)

_The representation of minorities in the ATC trainee sample is Ssomewhat

greater than would be expected if all trainees had been selected through
competitive appointment processes from the OPM repister. Because of the
large number of applicants in relaticn to the relative small number of
vacancies, competitive selections of ATC trainees are normally made in
score ranges abdve 90. As shown in the analysis of the OPM test scores
for the 1978 ATC applicants, the White group comprised about 9] percent of
all aprlicants who scored 90 and above on the OPM test battery after in-
clusion of credit for Veterans Preference and aviation-related knowledge/
experience. However, in this group of over 900 ATC trainees, the White
group is B8 percent of the total.

Because of the difficulties in hiring women and minorities through coa-
petitive appointment processes from OPM registers, FAA established an
alternate recrultment 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 bired at the G5-5 level non~competitively. This alternative

recrultment program is identified as the ATC Predevelopmental Program.
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Approximately 200 ATC trainees are hired each year through. this alternate

‘recruitment program. This represents abput 1O percent of annual new ATC

v

hires. These employees receive a year of predevelopmental training in
air traffic control related subjects including 17 weeks of formal class-
room instryction at the Predevelopmental Traioing Center at the University
of Oklahoma followed by training assigoments at FAA terminal, en route
centers, and flight service station field facilities. Upon completion of
predevelopmental training, these employees are promcted te G5-7 (the
normal entry grade for ATC trainees) and assigned to the FAA Acadeny for
Initial ATC Qualification Training. h

In order to further detetmine the composition of the 1978 ATC trainee group,

Table 83 identifies the number of predevelopmental emplcyees included in
the sample by sex and raclal group.

- . UTABLE 81
| PREDEVELOPMENTAL EMPLOYEES BY SEX AND RACE

Ron-Predevelopmental - Predevelopmental

{Competitive Appr.) . (Non-Competitive Appt.) Total
t of - % of : % of % of
N Total Croup ). | Total Group N T
739 (92.4%Z) ( 83.9%) 61 ( 7.6%) ( 55.5%) sod (100%)
92 (65.21) (11.1%)  _49 (34.8%) ( 44,5Z) 141 (100%).
31 (88.37) (100.0%) 110 - (11.7%) (100.0%)" 941 (100%)
9 (%0.02) ( 1.1%) 1 (10.0%  ( 1.0%) 10 (100%)
11 (47.862)  ( 1.30) 12 (52.2%) ( 10.9%) 23 (100%)
26 (32.1%) ( 3.1%0) S5 {67.9%) ( 50.01) 81 . (1007)

797  (95.0Z} ( 94.5%) 42 ( 5.0%) (.38.1%) 839 (100%)
843 (88.5%) (100.07) TW0 (TS50 (10070%) 953 (100%)

It is evident that the Predevelopmental recruitment program provides a
major avenue for entry of women and minorities into the GS-7 Initial
Qua;ification ATC training program. About 12 percent of this 1978 ATC
trainee sample entered the ATC occupation through the Predevelopmental
Prograz. Approximately 35 percent of the women, 52 percent of the
Hispanics, and 68 percent of the Blacks in this group of over 900 ATC

:;;in:es -ame into the occupation through Predevelopmental recruitment
orts.
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. ‘Table ¥ compares the compositien of this group of ATC trainees with
" the Civilian Labor Force (CLF) in relation to both the AIC trainees
hired - through competitive and non-competitive OPM procedures.

TALLY K2
CIVILTAY LAROR FORCE VS, AlG HIREES BY CLASS
. _ o Competitive 1978 Total (Comp. & Non-Comp.)
Group CLF ATC Trainees 1978 AIC Tra;nees
" Men .62 892 - B5%
Women sz 11% 152
‘ Amer. Indian ¥4 - -
Asian 8% C1.1% 1UYZ
Bispanic L. 2% 1.32 2.4%
" Black R 3 3.1% B.5%
. Other 85.0% - 94.5% . 88.0%
R ' " 100.0% . 100.0% S 100.0%

ﬂ57g Predictors. The predictors used in this analysis were:

¢ Multiplex Controller Aptitude Test (4obe, 4ebo, Eelo,

$6o7e;, 7340, and 7ole)
‘@ CSC Test 24 - Arithmetic Reasoning
e CSC Test 157 - Abstract Reasoﬁing
e ATC Occupérional Knowledge Test

OKT 1018, 100 items; OKT -101C, 60 items, OKI 1
(Forms A, B, C, p, E, F, G, H), B0 items keyed

02

" In this study, two of the parailel formé of MCAT were administered to each
student., MCAT } was the first form administeved; MCAT 2 was. the second.

Table 83 provides the intercorrelation of raw s-ores for each half br'part

test on each of two parallel forms of MCAT adm.nistered to 617 ATC students

at the FAA Academy.

TABLE 83
INTERCORRELATIONS-MCAT PARALLEL FORMS
1 2 3 3
First MCAT Aﬂniniste:ed (MCAT 1)
1. First Half, Rights . = .58 .89 .48
2. Second Half, Rights B9 .48
3, Total Rights ' .89
Second MCAT Administered (MCAT 2)
4. First Half, Rights
5. Second Half, Rights
6. Total Rights
103
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.52

51
.56
.60

.85
.89



A test-retest rortelation of .60 between comparable twe-part 35 minute
forms of MCAT was obtained. Test reliability was .75 for this res-ricted
group., Administering tvo forms of MCAT would provide an estimated reli-
abllicy of atout .88 with an unrestricted population. Some 265 trainees
in the tatal sample (953) rook forms 101B or 101C of the OKE. For pur-
poses of this analysis, these test scores were converted to a scale common
to forms 102 of the OKT.' :

'Tha descriptive statistics on test scores for this sample of ATC trainees
is provided in Table 83,
TABLE 84
Q_!-.‘SCRH'_EI)’_E STATIS 1CS-MCAT 19.‘8 S0 ﬂ’lh_

o Vo T
Q)  Bess 50 ®  fese 30 ) pesn
w1 (o 3.4 6.8 ey B T N Wy L1

MCAT 2 {809) 41.% 5.8 (161} 40,7 6.4 (953 4l1.4 [

3 24 0 1519) &6.6 .5 { 67) 47.1 7.1 {392} Ab.8 $.6
S 157 (15 88 6.2 (65 108 60 Ga1y W 6.2
[+ a4 7 {800} &89 153 {141) 57.7 1581 {953y  £3.% LS. ‘

Teos ® He B ® M o @  Nean @ ez B
WAT 1 (10 3.2 4.7 {1 311 6.6 -y 9.3 LS i) 3.8 [
MCAT 2 {1 3.2 5.7 { 1%} 82,7 1.4 [ ) 3.6 (A (835 &3.2 5.5

" £SC I8 { 1 G -— {n 5.7 4.3 { J9) .2 7.1 £543) 6.9 [ 98]

csC 137 { 1) #2.0 — «n nm.7 3.4 (@] )] 3.3 6.1 (545 37,1 6.1

o (10} &L.) 13.% 1N ) 5.0 19.% [ 8) .1 13.1 13 69 1.8

About 12 percent of the 9533 ATC traineas entered the occupation through the
Predevelopmental Program. It was of interest To establish the extent to
which mean scotes and standard deviations om each of the tests differed
between the Predevelopmental (non-competitive appointments) and non-prede-
velopmentsl (ccmpetitive sppointments) groups. Table 85 provides the
descriptive staristics for each of these groups by ses. It is fmportast

to recognize that the scores for the Predevelopmental trainees on MCAT

and OKT were obtained after they had completed a year of training. Scores
o» the C5C~24 and CSC-157 tests were obtained for both groups based ou thoe

current ATC test battery administered prior to employment 1n the AIC
occupation.

TABLE 85
DESCRIPTIVE STATISTICS BY SEX ~ 1978 SAMPLE
Hen-Pradovelopaantal : hdmlmﬂcn
ATC Irainses AIC Tratosss
non ' Mowen Man. Vowen
B hesn (80) ¥ Raia  (5D) 4 Mess (5D} 1 e (D)
. 19 3.8 1 6.8) (92) 5.2 ( 7.8) #1) 3.3 (1) 9 3.4 9
% : gli; 42.% (5.4} 92) 4.5 (6D W) M (8.1 49y 9.5 (6.8
[- 1% T (495) 6.7 (4.9 (k8) &1 { 1.1} (20) 4.y { 0.8} (1 3.0 (&.7)
€SC~-157 (%93) M9 {67 (&8) &0.8 ( 5.7) (20) 5.8 (5.7} an n.3 D
o (139) #s.46 (3.0 2 5.0 {15.& 6ty 72.5 {(10.8} {1 .1 (9.4)
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"On_cll tests except OKI, the mean score of the Predevelopmental group is

lower than the non-predevelopmental group. On OKT it is evident that the

yeay of predevelopmental training for employees who are hired non-competitively
1s quite successful in providing knowledge on air traffic rules, regulations,
and procedures which the OKT was designed to measure. Both men and women

' Predevelopmentals score significantly higher than their non-predevelopmental
" counterparts as reflected by the mean scores on OKT for the two groups. In

addition, the standard deviations on OKT for the Predevelopmgntal group was
congiderably lower, indicating a much more restricted range ol tesr scores,

On the two present CSC tests (157 and 24), women in both groups score somewhat
higher than men. This is consistent with the pattern derived from the 1976~
1977 AIC applicant group who passed the OPM ATC test and the 1978 ATC appli-

~ cant group.

. On the MCAT, men and women in both groups increased their mean test scores

cn the second adminisciation of this test. However, the différence in mean
scores between the predevelopmental and the non-predevelopaental groups re-

_mained fairly constant for each of the tests:. Men in the predevelopmental

program scored between 4 and 5 points lower and predevelopmental women between

-2 and 3 points lower on each of the tests as compared to non-predevelopmental

trainees. '

Table 56 provides the éascriptive statistics for the predevelopmental and
non-predevelopmental groups by race.

TABLE, 86

uwgr-dwnlgpquul AIC Tratoees

|§
s
™
++
2
r
=

Orlencal Hispanic © Alack
¥} hHasn (3D} N) Mean (5D} 4} Hesn (S0} N} Mean (5D) ) Mean (ST}
AT 1 (B M.é (3.3) ay 4.7 (47 (24) 30.8 [ &.4) 8y IY (6T {B21) 313 (4.7
BCAY 2 (B) A4 (A.M) {11 432 (5.0 (24} M5 (5.8 (7780 AN2 { 5.4) (821} &)1 ( 5.%)
CSC 24 (1) &40 - C4) 50,8 (62 {13) a4 (LI (532) 6.9 (6.3) ($52)  46.9 ( £.5)
CSC 137 (1) 430 - {4 4.0 ¢ 1.8 {15y 35.4 (8.3 $332) M. e}) (532} 9.0 (6.2)
O - (&) .9 (13.4) {1 481 (20.3) (24) 38.3 {13.1) (778} 635 (he.0p (821} X1 (is.1}
Frplevalopmenta) ATC Trainess
Oriental Rlspanic Black Vhite Total
o Besg  (5D) ) THeea  (SD) 0 FHean (5D} {5} [Hean (503 ™) “Hesn (s
WCAT 1 (1) .0 - (12 31.% (3.2} {5¢) 2.3 (A.D tY .4 (09 (113 3Lé (e ly
AT T (1) 30 - (1) 41.% ¢ 9.2) (36) 35.% (1.1, (49 421 (6.0 | (112 M0 (1.5
L H - - - (3 T (4 {28) &34 (7.0} 0N 439 { 4.8) £ 40) 4k ( 6.6)
e ) - - -— (3 3.3 {48 {24)  35.) ( 4.1) a3y .2 (6.5 {40y .1 8.1}
-3 )y 0.9 Ll (12} ¢%.12 Q.4 (36) 6%.9 (1a.4) 43N 1.1 0.3 (10.7)

(112) $%.7

As a group, the Predevelopwental trainees scored lower om all tests as
compared to the nou-predevelopmental trainees except on OKI. The greatest

" difference in mesn scores vere assoclated with the MCAT test which also had

greater score ranges for the Predevelopmental group. These differences-
were generally evident within each.of the racial groups as well,
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On the OKT, each racial group of Predevelopmentals geénerally scored signi-

-ficantly higher with 2 more restricted range of scores than their non-pre-
~ developmental counterparts  However, it does not appear that the academic

ATC knowledge acquired during :the one year of training carrys over, in
application, to the MCAT for the predevelopmental group.

On the MCAT, there is a consistent pattern of "learning"” berween the first

-and second administration of the test for all trainees although the non-

predevelopmental trainees generally maintain a constant difference in mean
‘scores on both tests as compared to the predevelopmental trainees. This
pattern supports the use of a double length MCAT as a means of measuring
this "learzing ability" on the part of applicants.

Criterion. In this analysis, whether or not the student passed the ATC
Academy training course or failed/withdrew was used as the ecriterion
measure against which the tests were validated. Of the students who with-
drew, those who did so for medical reasons or because of personal or family

. emergencles, were excluded from the sample since their training was inter-

rupted through no cause of the student. In these cases, the student is

allowed to reenter training after the medical situation or emergency is-
resolved. ' . ' ‘ : ‘

Essentially all o” the students who fail or withdraw do so in the laboratory
rhase of training which requitres the trainees to demonstrate and apply their
krowledge and skill to air traffic control problems conducted in a laboratory
environment. The structure of the grading of the laborato . phase of trainihg
is provided in Figure 15. Estimated reliabiliry for the Six'en route control
problems is .79 and .73 for the terminal control problems for students attending

~the FAA Academy during the period June-December 1978.

The ATC laboratory training phase consists of six operaticnal ATC problems
designed to replicate the non-radar air traffic control environment. Trainees
conduct identical control problems within a common air traffic control sector
using identical equipment and evaluation criteria for each ATC optien. These
operational problems provide stimulus and decision-making conditions repre-
sentative of the job enviromment and require responses from the trainees in
rerms of actioms that are both possible and required to control air traffic
oti~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 instructor using established grading standards
for defined types of student errors or deficiencies. Additionally, each
student’s performance i3 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 Test {CST) is administered.
This test was designed to measure the application of knowledge and skills
taught during the first months of training. Three basic elements for evalua-
tion are distributed within the test: (1} Application of aircraft separation
standards—students must respond to control situations presented by flight =
strips and. charts; (2) responding to or forwarding {nformation recelved

et

106



- which pertains to coordination of aircraft movement or {nformation with other,
¢ontrollers; and (3) other ATC control items such as board management, timali-

" - ness of actions and phraseology. The CST is a S50-item multiple chofce test

with an administration time of one hout. The correlation betwean the average

"~ score on the six operational problems and the CST for this group of tralnees

was .50 for those in the terminal option (N=4534) and a correlation of .54 for
enroute students (N=473).

_During the academic training of -the ATC Laboratory Phase, a bloc™ test is

- administered for each sublect. A comprehensive knowledge test ‘< alse admin-
istered to measure the degree o which students have learned the academic
portions of ATC subjects taught during laboratory training. This comprehensive
phase test 1s administered prior to giving any operational laboratory control

.- problems. TFigure 9 provides a breakdown of the ATC laboratory training and

. the basis upon which a student's total score for this phase of training is

 derived. Students must complete this phase ¢f training with a total score of
"70 or more to pass the FAA Academy and continue on-the-job training at
_assipned ATC facilities.

- Analvtical Methodology. The first step in the analysis was the calculation of
descriptivestatistics on the ATC trainee sample using those students who had
test and criterion data., It should be noted that the sample size was affected
by the lack of complete information oa all variables, particularly on CSC tests
24 and 157 vhere scores could not be retrieved from FAA or OFY records.

Multiple regression analysis was carried out using the experimental test battery
with and without OKT to determine the multiple correlation.of the test battery
with “"pass" or "fall" status of the trainees. Separate regression analyses

were conducted for the total group and fov subgroups- men, women and racial
groups where subsamplé sizes warranted.

The selection utility of the test battery was examined to assess the iampact
on training costs; impact on the sample of ATC trainees in terms of those who
would {or would not) have been hired 1f the test battery had been used for
selection decisions; and, an analysis of the pass/fail status of those wha
‘would have been either eligible or ineligible for hiring based on the test,
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FIGURELS

COMPOXENTS AND WEIGHTS USED 1N COMPUTING THE
FAA ACADEMY ATC LABORATORY TRAINING TOTAL SCORE

**Evira Credit Sixth | Extra Credit 2,607
13.00% Problem! Instructor Assessment 3.907
[‘ Problem Errors 6.350%
P ‘ :
i**lnstructur Fifth' Extra Credit 2. 60%
! Assessment Problem!l lInstructor Assessment 3.90%
i 19.50% Problem Errors 6.50%
o ) Fourth § Extra Credit - 2,602
Lav Average - Problem{ Instructor Assessment 3.90%
- *65.0% . _ _ Problem Errors - 6.50%
. Third Extra Credit 2.€0%
Problem Errors|Problem| Instructor Assessment 3.90%
32.50%. ‘I Problem Errors 6,507
Second Extra Credit 1,30%
Problem| Instructor Assessment 1.95%
Problem Errors 3.25%
First Extra Credit 1.30%
‘Problem] Instructor Assessment 1,95%
‘Problem Errors 3.257

Controller Skills Test 25.00%

Comprehensive Phase Test 8.00%

Block Avérage Z.00%

*The lab average constitutes 65X of'the total score for this phase of
“ATC training. :

*t0n ¢ach lab problem the instructor gives a performance rating for that
problem that 1s averaged with the student's problem performance.
Cince the rating iIs nrot allowed to he helow 40, essentially the student
is given a certain amount of extra credit in the computation of the
problem. average. Each of the six problems is gradea by a
different instructor. :
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- AIC Sample Used.
8 was affacted by the lack of complete inforcation on all variables.
' consequence, the total sample was not available for some of the analyses,
f particularly the mulciple regression.
F the total ATC ‘trainee sample (953) showing the number of trainees who had

As pointed out previeusly, the sample of 953 ATC trainees
As a

é‘data available for each of the variables.

fis.

Variables
Hen
HWomen
" Total

Sex

Black
Hispanic
Aslan
Other
Total

* Availabllity of test scotes on CSC 24 and 157 had the most impact on the

i~ ATC sample which could be v¢sed in some cof the analyses.

. & comparison of the means and standard deviations for the group of trainees
with CSC 24 and 157 scores, the group without, and the scores on those tests

TARLE 87

Table 87

AVAILABLE DATA - 1978 ATC TRAIXEE SAWLE

Status As
Predev.
NonPredev.

788
133
g 71

80
23
9
421
B3

common to both groups.

also provided.
‘differenees.

MCAT 1
MEAT 2
© o oKT,

800
W

e
ruu

109

i;kesults. The following discusses the analysis and findings in terms of
- the ATC sample used, the descriptive statxstics, multiple regression and
j*utillty of the tests.

provides a distribution of

CSC 24 Pass/Fail

CSC 157 Crirerion
515 790 -
87 137
582 . 327

39 } 19
H 3
1 : ) 9
545 ' 821

592 L'EF]

Table .88 provides the means and
The data for the pass/fail criterion is
These data were examined for statistically significant -

Table 88 provides

- In addition to common test data, OPM Transmuted scores and Earned Ratings
vwere avallable for many of these ATC trainees.
. is the score the trajinee made on the present OPM test battery before additional
“eredit for veteran's preference or aviation-related experience is applied.
_ The Earned Rating is the total OFM score including extra credit for veteran's
preference and aviation-related experience.
standard deviations for these data,

The Transmuted OFM score

<4
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portions for pass/fail.

TABLE 88
DESCRIPTIVE STATISTICS - CSC TEST SCORES

Totsl : ATC Sample

ATC Smmple $1g. Tesy Rat. Rffwot
AIC Sample Wik CSC Z&Il!‘f‘ Iu'thm; CSC 2L/157 hasylis Bl
Commoc Tastw ; ot - ; et F or - .
and Duts £ Keaa 2 ) M 0@ 00 M
NCAT L (953) .88 (1.10) (3%2) .07 ( 4.94) 061} | M3 ( 2.40) e 1.07 d = 07
MCAT 2 (931) £2.59 { 3.9¢} ~ (3%D) 43,01 { 5.47) (361} 4#1.90 (4.05)™ ¢ = 2,80 d = 1%
oKT (953) 6.9 (13.44) (392} 83.2) (i1%.81) £261) 6504 (15.01) t =125 4 - 02
oM Scors (T) 104y 47,51 { 7.49) . (391) 87.21 { 7.4 {113} $%.08 { T.3mes ¢t o -).I.O_ d = 2
orm (Ir) (631) 94.92 [ 5.84) {340}  95.07 ( 3.43) {111) %422 ( &.81) £ = LAk 4= .4
. PeasiTasl (B} (939 £ Lab) 383) . 6 (L W (354) L LR G % ) ) >~ 82 b 04
o (p £ 1)

A t-test was performed to examine the significance of differences on the tests
and OPM scores. A z-test was used to weasure the difference between the pro-
The differences are not significant operat:onally.

A number of analyses were based on sex and race in addition to test scores,

- Consequently, test scores on MCAT 1, MCAT 2 and OKT were examined for statis-

tically significant differences by race and sex between the ATC tralnees with
CSC 24 and 157 seores and those without scotes on the latter two rests.

Table 89 provides the results. The "Hispanics" and "Asian" groups were not
used. becausé of the small sample numbers. :

" As. shown in Table 89, group differences were not significant for the "Women"

or "Black" groups. Statistically significant differences were found for

the "Men" and "Other" groups where the sample sizes were large. However,

the estimated effect size in Table BY are all below the Cohen's criterion (31)
for small.
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TABLE 89
MCAT A.\ALYSEQ BY SEX AND RACE -

TOTAL ALC ATC SAMPLE _ ATC SAMPLE sic. TESY
SA WITH CSC 247157 . WITHOUT CSC 24/157 RESLLI
Sroup Tast M} Hesn b 1M e 5B {4} hean sb .
. . « 2.3
MCAT L (800) 374 (6.9 (513) L6 ( 6:6) (285 3.0 (7w TS
e MCAT 2 (800) ~ 42.9  { 5.8} (515) 433 (5.1 285) 2.1 ( 6.0)er £ g-:;
MCAT TOT (609} 60,3 (11.25) 1%y 80,9 (109 (285; T2 (Bt .
o (800)  64.8  (15.5) (515) 461 (13.8) (2857 " 66.% © (14.8) ¢ = -1.8%
oman MCAT 4ty 3 { .8 (ery 3.3 (8.0 (1) W8 (1.7} €=~ .8
v neAT ; :La:) 0.7 (6.4 (61} 0.7 (6.6} (74} 40.6 (6.9 te -'°$
NCAY TOT 41y 768 (LD (61 a0 (13D €7 5.4 {13.0) L2
o (e1) 8377 (%1 (e7) 3.3 (e (T 389 (1L.B) I LY
. MEAT § (e 9.8 (1.9 (W 1.7 (1D (e 9.8 (B2 == .03
(et BLAT 2 (8 3.6 (£.B) €39y 363 (1.5} (42) 6.9 (6.1 .t =-.26
MCAT TOT (A e6e (11D (19} 660 (139 (o) 66.7  (12.8) t == .0l
oxr {8) &2 (13.1) (39 856 {13.4) (42} 6.4 (13.8) ORI
near 1 (23) 374 (6.8} (N 338 (6D (16 338 (6.1
Hpaste WCAT 2 (1) AT (T4 (7 w1 (5D (18} 43,8 (0.0)
nCAT TOT (23} w8 (LD (N 133 (%) . (1) 8.6 (2.5
oKT (1 so  (20.0) €7 #0.& (2D C16)  Sh4.  (18.%)
. weat 1 LI %2 (&7 L1 ne (—) ¢ M . (66
Jatan WCAT 2 (10) 3.2 (50 ¢ 1) 2.8 (—) { 9 .3 (6.0
WCAT TOT (10} T84 (3.9 € 1) 1.0 () (" 1 (9.0
orr (10 6l {t7) 1 B0 [ —) (9 586 (11.2)
: . ) ‘ . L
- Othe woaT 1 e N (6D (543)  31.7  ( 6.6) (Qu)  N.s (6.9 te 1.2
osner NCAT 2 (039 432 (3.5} (345) 435 ( 5.4) (296)  42.3  (a.6P" €= a..:
nCat ToT @ S0 (0.8 (545) B1.2  (10.%) %)  19.9  (11.1p te 2.1
okt N s 0L (345) 631 Q5.8 (2194)  65.4  (13.3) t==i.78
# p(&.03)
" p(L .01

¥ST. EFFECT

SI1ZE
1= 2

ot 4B

R Oaf

e B B

[

e

The question as to whether the two groups can be considered equivalent cannot

be answered definitely.

they are, considering:

However,

.. No group differences were found on four of the

measures (Table &£).

. N group differences were found for the "Women" or “Black"

ATOupS.

'« Whete group differences were found, the estimated effec: sizes
were small.

« Where group differences were statistically significant, they
- were in a positive direction for MCAT, but a negative direction

for QKT.

other.

 Table 90 shows the distribution of the total 953 ATC sample in compariscn

to the ATC trainees (592) who hHad scores on all test variables
velopmental and non-predevelopmental groups.
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the analysis supports the assumption that
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TABLE 90

DISTRIBUTIONS- INITIAL AND REDUCED SAMPLES

Tatal ATC Sample . C _Prn!eudgﬂnul ) . Iloa-hodwnlaumuf
’ ' Radyced
Initial Reauzsd Loteya! Reduced Iniclak e

Sempla Sample . Sample =111 Sample —Saple :
Sroup L X L I : ¥ ¥ N 3 . o
Ken 00 { 85.01) 515 { BE.SY) 61 (3.5 21 (R Y9 ( B8.9T) W93 { BT
Vomen ial  { E5.02) 6T L 11.3%) 48 .32} 49 £ 48.7%) 2 (aan) 0.81)
Tocal V4l (100.0%) 382 (160.0%) 710 (100.0L) 39 (100.0%) 831 (100.0%) Se3  (1B0.0%)
Black $( 8.3 3% { 661} 55 (50.01) W { 60.03) FUSR A YO T 3 W S S 9%+ 3
Wepanic 23 ( 2.4%) Tt Lm 12 (e 3 ( Lam TR ST ) PR 3
Anfsn Wt i) [ - 1 1 { Lot} - { - 9 (L.l 1o
Other 839 ({ B8.01} 545 92.01 &2 (3811} 1) 3291 191 951} 332 { %6.cf)
Torsl ¥33  (100.0%) 39Y (100,02 Tig (f00.0%) &b 2:0670:! &l (00 557 (16ALOD)

_—

Deéscriptive Statistics. Of the total 953 ATC trainees, 582 men and women
and 592 trainees based on race had complete data on all test variables. The . :
£ next step was to compute a total weighted test battery score and descriptive T
E . statistics using NCAT 1, MCAT 2, CSC 157 and CSC 24 for the total group;
those whe passed the ATC training and those who falled or withdrew. In
addition, the number of students, means and standard deviationms for the
. Predevelopmental trainees (non-competitive appointwents) and non~predevelop-
' mental trainees {competitive appolutments) are shown 1in Table 5i.

At thié point, OKT scores were excluded, the tests used were weighted as
follows:

2(MCAT 1) + Z(MCAT 2) + 1(CSC 157) + 1(CSC 24)

Weights were dérived from the regression analysis which is discussed later.

) TABLE 91 . -
PESCRIPTIVE STATISTICS-TWO DEVELOPMENTAL CATECORIES
4 — PAE] — e PATL TUTAL -
- [} o Re = o, R ga [ )
X = Q29 0 (1L%) e a1 (49 S5 W aen e
: Memen (M) e (29 COAMY BLE (2. Len 1B W . .
- Slach (i whe ase e (W s Qe ,
F Bimpaate (8 s (B [T T T N (N st :
: s fan (1. e (=) I Rt €1 Mae (=3
[Tt~ Ay 343 (LD s Bre (1. 149 w3 (3.9
Tocsl Growe (=) - [ S | (=1} - [ ] (1Y m3.e (38
PR EYGROPITAL X TAAINSE)
w S —— ] m -
P [ - 1% 1.3 (e (176} 143 (.8 9 ey ()
. Weman (W) Ml e () 3L M (8 Wi ()
; Phast (B e e (N Mme G (B ned (e
Rapeatc (N nLs (ed) (D s (D I TN TR
At () I3 (=} t—) - =1 Cuoma (=
Peine (1% 4.9 (.8} 1T TR LN ) N 13I8 ) B9
: Tacal Crewp =) — =) (=3 =~ (=) DI, e (e
i MPPOraNTs, ATC TRAINES
Xy m ﬁ jc 08 - =} f: 7% A%}
1 Mta tlam (I M QLI (e NS (330
:.- : |; Wy (208 (1) s (.00 [T TR )
. (e C1N AT (1.4 t) W) 9 e
:::-u E 2 TR NTI (13 we (-} f D nLe (8.0 :
s tan ) — (=) =31 - {—1 C=F - C=—1
Grmer £ M- uer (X% ¢ 8 Hnre imen (13 .3 (MDY R .
Tetal o A=) - t~) [ £==1 L) 8.3 (3.8 .
.
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" It should be pointed out that the total of passed and failed trainees in

soe cases do not equal the number shown for the total group.

‘For example, '

the 320 men who passed and the 189 who falled is 509 compared tao 515 shown

for the total group.

This 1s a result of baving 6 rrainees in the total group
for whom information by.sex was not available.

The means and standard deviations for this same group of ATC trainees were

derived, ineluding OKT.

as follows:

The total weighted test battery score was established

2 (MCAT l) + 2(MCAI 2) + 1(CSC 157) + 1(CsC 24) + I(OKI)

Since the OKT is not intended for use in determining if appllcan:s pass the
ATC test but rather as an alternmative to the present OPM Rating Guide for
establishing extra credit for aviation-related knowledge, it was given a

weight of "1" in deriving the weighred total

" rable. 92.

CROUYP
Men
Women
Black
Mispanie.
Asian

Other
Total Group

CROVE
Ren
Women
Mac

i spanic
Astan

Ochar
Tocal Group

Blach
Sigpanic
Asian
Othar

Totsl Growp

TABLE 92

EFFECT OF OKT WEIGHTS OF VARIOUS SAMPLES

m

(320)
( 34)

(12)
{ &)
(B
(345)
{3

HEAN

1.7
7.3

1no.2
2.0
319.0
0.5

PASS = wmrarm—im

..-_..__- PASS e e

KLid

(313
{ %)

«9»
(2
(1
(388}

(=)

L5

nl.é6
8.9

0.0

ane

9.0
320.6

EAY

3.4
1.3

36.0.

3.0
H3A

¢ wepmasme PASE meeeem——

TOTAL ATC TRAINFES .
FAIL tornx--------

pi] M M 52 T U
(25.6) (1893 294.0 (29.B) (1% 313 (303
(28.5) (3 5.2 QLY €87} 96 (34.9)
(18.0) € 26)  265.8  (20.T) (39 W1 LB
(3.3) € 3 22,3 (L. ¢ 50 08
(=) (=) - (— (1Y 3180 (-
(26.) {194)  295.27 (29.4) {(545) 1.3 (30.Q)
{—) (-2 - (== €592y  309.0  (31.4)

BON- PREDEVELO AL ATC ¥ WEES
FAIL TOTA:, ~-

1] ) HEAN 50 RU R 7. 30
(15.6) A76)  195.0 @B.6) - (493) N2 (198
(29.0) (1) 2186 (3.0 C48) 2967 (34.8)
(4.0 (9 25.9 (18.2) (15 77340 ()
(55.2) { 2 2720 (13,8} (&) 6.5 (41.5)
{-— (- - (=) ( 1) Nwe (-3
(26.0} Qs 2956 (29.4) (31 ML.S (39.8)
Al B {(~) =~ (--) (552) 0.5 (.3
PREDEVELOMOINTAL AT TRALNEES

= FAIL — - e POTAL —amnemmm

50 . wea 30 ¥} KEAM so
(27.8) (13 8.1 (3.5 L300 284.2 LT}
(28.1) 1) 2690  (31.6) (19 283.0 (3.9
Ly (i1 2628 (.4 (20 784 {(318.9)
{12.7) (1 ke (—) ( 3 m.e (155
(=) (=) — {—) (=) = ()
9.4} { & 252 {19.0) (1 ws LD

-2 (=) - [ ] () 2870 (3.4
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The results are provided in
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The difference in test performance between those who pass and those who

fail are consistent, for the total group and for the subgroups. For
example, the mear score (Table 92) for the pass group is consistencly

"~ above 300 while the mean scores for those who failed is conglstently belpow
300. Generally there is a separation of about one standard deviation
between the mean scores of those who pass and fail for each of the subgroups.
For the total ATC sample, the smallest difference in mean scores is between.
the "Ocher" fail group (295.2) and the "Women" pass group (307.3).

‘This pattern generally holds for the weighted test battery which excludes = ' o
OKT (Table 91'), The most evident exceptions are the mean scores for the '

"Men" and "Other" uon-predevelopmental "fail™ groups compared to the "Black"

pass group. However, the number in the Black group 1s small (5) and the
-mean difference slight, especially when compared to difference in the standard

deviations. :

Intercortelaﬁionsand Multiple Regression Analysis. The next step was to
relate test results on parallel forms of MCAT and OKT together with CSC 24 o
‘and CSC 157 to the AIC Academy pass or fail/withdraw criterion. ) ) e

Table 93 presents the Intercorrelation of these tests for the total ATC ‘ .
sample and for each subgroup by sex and race. The correlation of particu~ ' - SRS
- lar interest are those batwéen the tests and the criterion. These
.- arve zero order validity coefficients. . :
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" MeaT 1

MCAT 2
OKT

€5C 24
cse 157
Cricerion

| eSC 24

L£sC 157
£Lriterion

TABLE 93 o
INTERCORRELATIONS-POTFFITAL TEST BATTERY VARIABLES

TOTAL ATC TRAINEE SAMPLE .

(Minimum B=585 -- Criterion and CSC 24)

MCAT | MCAT 2 OKT €5C-24 CSC-152 Criterion
Test {N=353) - {H=933) (N=951) (N=592) (N=592) - [N=5B5)
MCAT 1 - .60 08 .29 3 L35
MCAT 2 - A2 .20 .20 7
OKT . : : - - 24 - . 1& .23
Cs5C 24 - - 40 L0
€sC 157 i - 18
Criterion -
MEN ATC TRAINEE SAMPLE VOMEN _ATC TRAINEE SAMPLE
Minimum N=509 ~~ Criterion apd CSC 24) (Minimum W¥=66 ~— Criterlon and CSC 24)

MCAT 1 MCAT -2 OKT C5C. 24 cSC 157 Criterion MCAT MCAT 2 OKT csC 24 €8C 1*7 Criterion
;n—aoa! {N=300) !N-SOO! SN-SIS! SNOSIS! SN-SG‘)'! Teat !N.-I&lz !H-[l-"_}_ gh‘-lv’«l! (Nnt7) SH'G'_)_ {H=bb)
- .57 .05 3 H .22 ) MCAT 1 - I 1) A1 A2 2 .37

- .08 .25 21 .37 MCAT 2 - A7 ~.97 19 .38
- - 23 -.13 .2t CXT - =, 25 .07 13
- W10 .12 C8C 24 - W13 -]
- ) €sC 157 - L40
- Criterion -
OTHER !!EITI) ATC TRAINEE SAMPLE BLACK ATC TRAINEE SAMPLE
(Minimum N=539 -- C*fterlon and CSC 24} Miniwun Ne3A «- Criterion ..md C8C 24)

MCAT 1 MCaT 2 OKT €sC 24 CSC 157  Criterion MCAT | MCAT 2 OKT CSC 24 €SC i57  Cetterion
(NsB39)  (H=8)9)  (N=AJy)  (HaiAS)  (NW343) (N=$19) Test  (Hed1) (=813 {N=81) (N=39)  (H=39) (H=38)
- +33 - .10 .28 .21 .19 MCAT 1 - .63 .33 15 -.29 .36
- - %) A9 .20 .33 MCAT 2 - .22 .06 ~. 24 JAS

- - 24 =13 .43 oxXT ’ - =10 - 12 .24
- .1 .07 €SC 24 - ~.07 35

- W37 CSC 157 - 87

t- . Criterion -




It should be poin:ed out that these validity coefficients are for a re-
 stricted population. Correction for restriction in range was not a concern
© in this analysis since tha objective was to compute regression equations

- and determine the relative contribution of these variables for predicting
course pass/fail. However, Table Y provides a comparison of these valldity
coefficients with the restricted and unrestricted coefficients obtained for
the prier ATC sample of 1,827 trainees who attended che FAA Academy during
the petiod January 1976 - april 1978.

: TABLE 94
VALIDITIES - POTENTIAL TEST BATTERY VARIABLLS

AIC Traingés® : AIC Trainzept*
Jam. 1976 = Apri] 1978 Juos 1378 - Dgc, 1978
Rastricted Coryested Rascricted
T I - L3
MCAT Exp. (I scotes) -1 ] .53 . -
MCAT ¢ (Maw mcores) ) - - s : 35
MCAT 2 (Row scores) - . -~ »37
cuC 24 A0 34 o .10
SLE kST ) .7 40 .18
oKY .22 : - B «25

* Critétion » ATC Lab. Average Suu (£ scores, See Tables 25 gnd 26}
4 Criterioa = icademy Tratniog Pase/Fail (Lab. Traiving)

The restricted correlations were next used in multiple regression analysis.
E: ‘The first regression analysis employed MCAT 1, MCAT 2, CSC 24 and CSC I57 ;
- as predicror variables. OKT was' excluded since it is not intended as a
’ screening test for applicants. Each of the four tests were included in the

4 ;. regression analysis in order to ascertain its contribution to the multiple

. correlation coefficient (R). The results are shown in Table 95.

= : TABLF_§5
. REGRESSION ANALYS1S - FOUR PREDICTOR VARIABLES

e ATC SAMPLE | BN e O m

E: (wes8s) (=309 (ebb)
3 Tast | . U] Bata L Y 2 Bets B 22 ery
] NCAT T D4 a1 .aen 37 e .80 LTS .10 L3430
MAT 2 05 L6k L2470 406 .10 L2354 W12 L1700 L2259
'- £se 26 405 .16k =.0109 400 160 -.012t A1 175 L0258
i3 €sC 157 Al LT3 L0997 (606 .16% - .D69% 513 .213 L1240

oTEm ‘

530 . a8
Tant L3 53_ Beta ) ! !.Z Bata
S meAT L .29 L0805 L1308 L565 L3198 LATIR
MCAT 2 353 .126  .229% 578 .35 L2008
€se 24 L3858 .26 -.0210 L6040y L1836
£5C 15 .06 A5 . 092 409 A7 2682
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. 0f the four tests, CSC 24 -and CSC 157 contributed to the multiplé’ correlation
- goefficient for the "Women" er "Black" groups but made little or no contri-
_bution for the total group as shown below:

Contribution to R

Group csc 157 - csc 24
Men .006 -
Women .104 _ .007
Black - .069 ' .061
Total 011 : -

Other regression analyses were conducted for the total group which excluded
CSC 24; the multiple correlation and beta weights obtained were essencxally ’
- the same as those derived when CSC 24 was included.

In terms of the total group, the findings for CSC 24 are consisteunt with
‘results for other ATC trainege samples and ATC applicant groups. For *ha
sample of 1,827 ATC students (1976-1573) previously presented, the CSC 24
‘contributed least to the mulriple correlation and had the smailesr bera
weights (Tables 27, 28, and 31). T¥For the ATC applicant group (1976-1977),
'C3C 24 contributed least to passing the current OPM ATC test (Table 19).

" However, since CSC 24 and CSC 157 do contribute to the predictiod of the

- ¢ritetion for someé of the groups, the decision was to include them in the
test battery for further anmalysis. Consequently, the weighted test battery
used 1in developing descriptive statistic S and for examination of the tests
consisted of:

2(MCAT 1) +'2(MCAT 2) + 1(CSC 157) + 1(CSC 24)

Table 96 provides the results of the multiple regression analysis for the
four tests plus OKT. In this case, the order im which each test entered
the regression analysis was determined by its centribution to the multiple .
. correlation coefficient. As shown for each group, the tests entered in a
different order, especially in the case of "Women" and "Blacks."

TABLE 96
REGRESSION ANALYSIS*PKEDICTOR VARIABLES AND OKT
ToTAL _
ATC SANPLE—reer= ) HEW " WOMEN
(=588} : (Ne309) ’ (M=)
Tt &2 X e Ter & 2 e far 3 B peu

MCAT 2 .37 140 2N WCAT 2 .69 136 L2264 €SC 137 .a0) 162 2997
oxt 419 L1828 oK AL L1771 2M1 oxT SN .28 382
NCAT 1 .43§ .200 1547 MCAT L. 448 L300 L1539 MGAT 1 .59 .03 L1254
€5C 157 a3 225 1358 €SC 187 460 LI L1109 WCAT & 503 363 1873
€3C 24 477 .228 .0588 €3¢ 24 462 .14 0530 CIC 24 413 376 L1198

(uLTE) ‘ FLACK.
W=339) =38 :
LR I TR T N

Xaac

WCAT 1 .328 (108 1924 WGAT | 563 M9 3573
oRr L398 (150 2581 £SC 246 625 3% (M0
[~ (-T2
MCAT )

C
426 0180 1397 oKT J498. J4BR LS
438 L1917 (1193 3G 15T .74k 553 (2791
C8C 74 440 194 0476 MCAT 2. .7 L5716 (1974
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Table 91 shows, in summary, the mu;niple correlation coefficient (R) values
derived by group and the variance (R?) accounted for in the pass or fail/withdraw
criterion based on the restricted zero-order correlation coefficients (r).

TABLE 97, .
SIMMARY VALUES - M"( I.P SSIUN ANALYSES
Test Test Baccery
Battery And ORI
Group & B . r &

" Total Sample A1 173 AT L2128
Ocher .368 .135 440 L1684
Men 406 (163 . 462 214
Women 523 .2An .613  .376

Black .68 478 759 579

Test Utilicy. The purpose of this analysis was to examine the practical
utilicy of the new AIC test battery, relate the findings to the information
obtained for the 1978 ATC Applicant Group and estimate the potential FAA
training investment costs which could be saved by using the new AIC test
for selection of applicants.

As previously noted, the weighted test scores for this sample of 585 AIC
trainees was based on:

WTI'- 2(MCAT-1) + 2(MCAT-2) + 1(CSC 157) + 1(CSC 24)

However, for the 1978 ATC Applicant Group, only one parallel form of MCAT
was administered rather than the two which were given te this group of AIC
trainees. In order to be able to relate the two groups, rhe weighted ATC
test scores for the 585 ATC trainees were recomputed using only the first
MCAT administered and then wefighting each of the tests on the same basis as
was used in the analysis of the 1978 ATC Applicant Grcup. The weighting
used was: '

WT, = 4(MCAT-1) + 2(CSC 157) + 1{CSC 24)
The total raw welghted scores were then transmuted for eacH trainee¢ based on:

§ - 222,27

S6.22 T 10

T, - 10.68¢%

- as ﬁas shown with Table 77. Agsin, a transmuted score of 70 or above was
equated to "passing" the new AIC test for this ATC trainee group.
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‘and WT_ ), correlation coefficients were computed berween the two weighted

In order to assess the difference between these two weighting,féctors'(UTl_

scores on the AIC test battery and between these and the scores op the
present OPMM test battery which were also available for the AIC trainees.

Table 98 provides the descriprive statistics and correlations.

. TABLE- 98
DESCRIPTIVE STATISTICS RND INTERQORRELATIONS, ATC-OPM TESTS

Test . Mean 5D
" OPM Score (Raw) EET R 262.0 2.1

ATC Test (W1, Raw} 592 5.6 21.57

ATC Test (‘\-"l‘2 Raw} 592 272.6 _ 5. -
OPH. ATC Score ATC Score
Score '-"Il b'!z

OPM Score - .62 .65

ATIC Score - “1 - .93

ATC Score - UTZ ) . - -

Sinco the weighting used to examine the utility of the new ATC test batrtery
(WTy) has a similar higher correlation coefficient with the OPM test scorves
(.65 compared to .62), the results should tend to be similar.

The mean transmuted score on the present OPM test batrery for this group of
ATC trainees was 87.2 with a standard deviation of 7.6. Their mean transmuted
score on the new ATC test battery (WT,) was 79.& with a standard deviation of
6.7. This lower mean score is consis%ent with the findings dérived from the
1978 ATC Applicent Group which demonstrated that applicants who passed both
the present OFPM test and the new ATC test, generally score lower om the AIC

test {see Figure 13).

For this sample of 585 ATC trainees, Table 99 compares the score distribution
for the preseat OPM test battery and the new ATC test battery for the total
sample and for the Predevelopmental (non-competitive applicants) and Non-
predevelopmental (competitive applfcants) groups. These are transmuted test
scores without Veterans Preference or aviation-related knowledge/experience
c¢redit. The 585 AIC trainees for whom complete test and criterion data were avai)}
able represent 61 percent of the 953 attending the Academy duripng June throuch
December 1978. The 40 Predevelopmental trainees represents 36 percent of the
non-competitive hires; the 545 Nonapredevelopmental trainees represent 65 percent
of the competitive hires, .
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TABLE 99 ' __ _ SRS
SCORE DISTRIBUTIONS-585 TRAINTES ' x
TOTAL ATC TRAINEES '

Present 0P Hew ATC

Score - T : T
oo "'_R_ .e.sl'. — . . ’;T'QSl. s-":f_;l‘
95y : 1 1G53 z n
90-9a 128 2. . 7 461
. 5 8%-8% 113 22.6% 98 16,87
E - - B0-8a 1 18,83 . 181 27.6%
4 3 : 75-79 8 10.8% 167 5.3
10-74 n 5.7% 12 17.4%
"Pass” Test . FS 160, 0% BT T
65-69 : - p 39
60~ - - 8 } 8.1
. 55-%9 - - 1 :
REE “Fali" Tesr __T_ S - ' T
- : L o .- 585 Too.ot 85  ToG.0%
- Mean S 87.2 79.6 :
sb N 6.7
NONPRED, TRAINEES PREDEV. TRAINEES , o
. o (Competitive Hires) : {Noncomperitive Hires) : v
. = : Present OPM Bew ATC Fresent OPM . Kew ATC
. ; Score Test Test (WT2) Tes: " Test (WID)
Range % i X I [ 3 % '
< . " !
- 95+ 11% .8 2 3.3 b 4.6 0 ‘
i 90-94 ra2 22.4% z7 5.0% 3 7.0 0
85-89 129 23.7% 92 17.8% I3 9.3 } 2.5
80-84 10 18.5% 157  28.8" % 2311 4 16.0%
75-79 as 8.8. 136 24.9% 15 37.2 n 27.5%
= 70-2: ) LBY 80 16.5% 7 8.6 12 30.0%
3 Pass" Tests 335 1060 509 934t 0. 10007 I8 30,0%
T 65-69 = = T3 - - TEN ~
A k. 60-64 - - 5 6.63 - - 2
- 55-59 - - o} . - - ?5 30-08
"Fail" Test o - KT ] - 13
: 45 40 10005 w0 T00.0-

100,65 5e% 160.0%

Two significant points are evideat from the data in Table .99 R

- First, 48 (8.2 percent) of the 585 AIC trainees, all of whom passed the :
present OPM test for employment eligibility, would not have passed the new ' .
ATC test and therefore would not liave been eligible for appointment as an .
air traffic controller trainee. When the total group is further identifi=d .
by competitive hires from established OPM certificates (Non-predevelopmental) and . s

k : non-competitive hires (Predevelopmental) who were hired through alternate _ : S

S = recruitment procedures, other differences are apparent: (1) 30 percent of . ooy

the Predevelopmental Group would mot have been eligible for appointment im ' S

contrast to 6.6 percent of the Non-predevelopmental hires (this 6.6 percent

compares to 7.2 percent of the 1978 ATC Applicant Group who also passed the . _ :

OFM test but did not pass the new weighted (WI3) ATC test; and (2) 23 percent k Lo

of the Non-predevelopmental trainees ascored 85 cor above on the new ATC test ' '

in contrast to 2,5 percent of the Predevelopmental group. These data provide .

some further quantative insight into the descriptive statistics on the mean

score differentes berweén these two groups which were identified in Tables 85, - iy
86, 9}, and 92. It should be pointed out that the trainees in this sample could _ 3
not score lower than 70 on the OKT and thus had t. have higher scores. o CTe g
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Second,. the score distribution of these ATC traineeés on the new ATC test 1s
markedly lower than on the present OPM ATC test. About 42 percent of the
total trainee group scored 90 or above on the present OPM rest¢ in contrast

to only 3 percent whe scored this high on the new ATC test. In the Non-
predevelopmental group, 44 percent scored 90 or more on the OPH test compared
" to 5.4 percent on the new ATC test. Of the Predevelopmental trdinees, none
scored above 89 on the nmew test but almost 12 percent did on the OPM test.

These findings are consistent with the results obtained for the 1978 ATC appli-
cants where passing scores on the experimenr.al ATC test were significantly
‘lower than on the OPM test. :

Civen this marked difference in score distribution berween the OPM and the

new ATC test, the next step was to relate the scores on the present OPM and

new ATC tast to the pass or faill/withdraw criterion. Test scores and criterion
data were available for 695 trainees for the OPM test and 583 trainees for
" the new ATC test (WI2). The results are provided in Table 100. Again, these
scores do not include extra credit for veterans preference or aviation-related
cxpetience or knowledge.

TABLE 100

DISTRIRUTION COMPARISONMS-OPM. AND NEW ATC TESTS

ATC TRAINEES ATC TRAINEES i

---------- ~OPH TEST--wor——omommne | mmmmeme==-NEM ATC TEST (WI2)~ommcn-
: ATC Trng Fail/WD ATIC Trng Fall/NND
Total Fail/up Rate Towal Fail D Rate

LA ) [ A : R T
145 (20.01) 3 22.8% 2 (3 o i
128 (21.3%) 47 31.8% } 27 ( 4.6%) 5 18.5%
156 (22.50) 62 39.7% ' 98  (16.81) 20 '20.4%
131 (i8.8%) 59 45.0% 164 (27.67) 46 28.0%
1 {10.92 18 50.0% - W7 (25.1%) 62 82,23
¥ ( 5.6%) 22 . 56,42 RS 5+ > SR A ¥ Y 39 52 51,02
- __- ] — ke (8.20) » 19.22
693 100.0% 261 37.62 585  100.0% 213 3Bz

Table 100 clearly identifies the difference between the present OPM test and
the new ATC test with regard to the percentage of trainees who successfully
complete the ATC training in each of the ATC test score ranges. TFor example,
with scores between 90-94 almost 32 percent of the OPM test group fail or
wvithdraw in comparisen to only aboit 19 percent of the group with test scores:
in this range on the new ATC test. Of particular interest is the fact that of
~ the 48 ATC trainees who scored below 70 on the new ATC test, 79 percent did not
successfully complete the training.

Table 101 provides the score range disctribution and failures/withdrawal rate
for the 585 treinees in relation to the new ATC test identified by Non-prede-
velopmentsal and Predevelopmental ATC trainees.
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- TABLE 101 _
FA.ILURF/KI'IUDN\S AL RATE DISTRIFLMTIONS BY DEVELOPMENTAL C:“;TEI':ORY

NONPELED. ATC PREDEV. ATC
L memeseces THAINEES - —~—wvommmms ’ e TRAINEES = oo mmm e
Hew ' Fall/lwh ' - Fall/wd
ATC Test Tutal Fatl/wn Rate ' Total Fail/WD Rate
Score Range L] L] 5 % : ‘N K 3 . _z_

- 85+ 2 Q o 035 0 0 - (>3
%0-94 27 5 2.5% 18.5% V] 1} - 02
B5-89 97 20 10.1% 20,65 1. [} - 0z

- 80-84 157 LA 23,15 29. 9% 4 0 - 0%
15-719 136 57 28.6% 41.9% | H 5 0.8% 45,52
70-74 40 &Y Z2L.eR 47.48% b2 g 37.5% 75.0%
Below 70 ) _8 14 1% 11.85 12 10 Al TR 83.3%

Total 545 19% 100.0% . 36,52 40. 24

100.02 60,03

These data focus attention on the 48 traipees who did not pass the new ATC
test battery and who would not have been eligible for appointment if
selections had been based on the new test, Of the 48, a total of 3i either
failed or withdrew from the training; a loss rate of 79 percent. For Non-
predevelopmental trainees the loss rate for this group was 78 percent and
for Predevelopmentals it was B3 percent.

This has a direct and important impact on hoth recruimment for the air traffic
control occupation and the cost of traiming for FAA. Had these 4B trainees
not been hired, the overall loss rate would be reduced frow 38.1 percent to
34.4 percent and by lon-predevelopmental and Predevelopmental groups, from
36.5 percent to 33.6 percent and from 60 percent to 50 percent respectively.

For each Predevelopmental trainee, FAA invests about $28,000 in salary and
training costs and about $10,000 in each Non-predevelopmental stuydent by
the time their FAA Academy ATC training program is completéd. For each
student who fails or withdraws from training, this 1nvestment is lost and a
new trainee has to be hired.

If the 38 trainees had not been hired based on their fajlure to obtain a minimpum
score of 70 on the new ATC teést, FAA's loss in training investment costs would
have been reduced by $560,000. Extending this for 2,000 new trainees entering
Acadewy training on an snnual basis would result in a cost aveidance of about
$1,350,000 each year.

This projection of the cost avoidance utility of the new ATC test battery
addresses only the benefit obtained if ATC applicantswho scored below a
winimum of 70 on the new ATC test battery were not hired. The other signi-

_ ficant area where benefits could be obtained is te determine the difference
in the group of ATC applicants who would be hired under competitive selection
procedures with the current OFM test and the new ATC test with allowance of
extra credit for veterans preference and aviation—related experience or
-knowledge.
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In order to examine these differences, the OPM Earned Rating which is
derived from the. ATC trainee's score on thé present OPM ATC test battery

. plus additional credit for -eterans preference {0 to 10 points) and credit
for aviatfon-related experience nrovided by the OPM Rating Guide (015
points), was available for 621 of ihe 843 Non-predevelopmental ATC trainees
in this sample. The 110 Pre~developmental ATC trainees who were appointed
non-competitively were not included in this analysis since 2xtra credic

for veterans preference or aviation-related experience is not a facter in
their appointment eligibility; they need only to pass the OPM test battery
with a score of 70 or above. The "equivalent" ¢f the OPM Earned Rating
using rhe new ATC test battery (WT2) and the ATC Occupational Knowledge Test
{OKT) was derived for the Non-predevelopmental {(competitive hires) ATC
trainees. The 36 trainees who did not achieve a minimum score of 70 on the
new ATC test were excluded from the analysis since they would not have been

b

. eligible for appointment. The “Earned Rating" for these trainees was based
on their score on the new ATC test plus additional credit pramlded for their
OKT scores as follows: _ _ ' ' -
OKT . Additiomal
Scores . - Points
80+ g 15
75-79 . 10
70-74 5
65-69 i : ' . ‘
The difference between the OPM transmuted score and the OPHY 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 pre-
ference points were not separately identified in the total of extra credit
given in the OPM Earned Rating, it was not possible to specifically identiry
those ATC trainees who weré 5-point or 10-point veterans.
In ordér teo derive an "equivalent" Earned Rating with the new AT( test which
would reflect extra credit for veterans preference and aviation-related
knowledge based on OKT scores, the following procedures were used:
OPM EARNED RATING _ (Mean = 95.1; N=540)
MINUS OPM TRANSMUTED SCORE (Mear = B7.2; N-591) )
- TOTAL OPM EXTRA CREDIT (Vl) (AV—GVl = 7.9 poings)
IF: : . THEN: _ _ | ,/ =
Vl is less than 3 . VET points = 0
QKT credit = 0, 3, 5, 10, 15
Vl =35 : VET points =5
OKT credit = 0, 3, 5, 10, 15
v, - 19, 15, or 20 - VET points = 5 L L
® _ OKT credit = 0, 3,.5, 10, 15~ :
V, is wmore than 20 _ VET points = 10 ' - . ~
' ' OKT credit = 0, 3, 5, 1G, 15 : P
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o Tﬁe net effect of this procedure would be a somewhat higher distiisucion of

MEarned Rating” scores for the new ATC test than wouvld be the case if specific
vetarans credit had been-available for each ATC trainee.

Given these conditions, an estimated total Earned Ratiing could be computed
based oa the new ATC test for 486 of the ATC trainees appointed competitively
(Non-predevelopmental) from OPM registers. The 4B students wha scored below 70
on the new ATC Test were excluded from the.sample. Table 102 compares the distri-
bution of these Earned Ratings to the Earned Ratings for 62] trainees based on
‘the present OPM ATC test battery and Rating Guide. The 486 trainmees for whom
estimated Earned Ratings could be computed using the new ATC tes: is a subsample
of the 621 trdinees who had OPM Earned Ratings available.

TAELE 102

NON-PREDEVELOPMENTAL ATC TRAINEES
. (Competitive Hires)

Earned . - OPM Eatned - . Est. New ATC -

. Rating Rating. Earned Rating
Score Range 3 £2) ] _ga_

100+ 205 - (33.00) 54 (11.5%)

50-93 . 34 {50.6%) .- 143 {29.462)

;g:g‘; 9‘; - 415.9%) _ 229 (&7.1%)

7 3 [ G4 ) 80 {12.62)

Total ) 621 (IQ0.0Z) . 486  (100.0%)

" About 84 percemt of the 621 ATC trainees had OPM Earned Ratings of 90 or.
more. Since competitive selectién from OPM registers requires hiring those
applicants with the highest Earned Ratings first, this dictribution of OPM
Eatrned Ratings would be expected. However, the Earned Rating distriburion
based on the new ATC test for the 486 trainees who are part of the sample of
621, is quite different.

_ Only 41 percent of the trainees have Earned Ratings of 90 or above and almost
.13 percent are below B0 as compared teo less than 1 percent for the OPM Earmed
Rating. Consequently, many of the ATC trainees with Earned Ratings below
90 on the new ATC exam would not have been hired competitively since other

- applicants. with higher ratings would have been selected in their place.

In terms ofpracﬁical.utiiity of the new ATC test battery and OKT, these
differences in Earned Rating score distribution are of significance osaly if -
the pass or fail/wirhdraw rates also differ between the OPM and new ATC Earmed

Rating. These differences are provided in Table (03,

- TABLF. 103

NON~PREDEVELOPMENTAL ATC TRALNELS
(Comperttive Hives)

OPM Earned ; Est. New ATC )
: Rating Esrned Rating :
Totcl rnilﬁwn Rete Toral FallsD Rase i,
Score Bange L. B 2 L by ‘2 T
100+ 205 56 ‘26,31 54 6 11.1% ~15.2x
920-9% ns 122 38.91 143 33 23.1% -15.82
BO-8Y 99 & 41.5% | 229 B6  37.61 - 9.9%
70-79 3 2 8662 60 38 6.3 - .3
Total 21 25 36.2X 486 163 3353 Co
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It is clear from the data in TablelU3 that the ptobability of successfully
completing the ATC training program is greater in each of the Earned Rating
score ranges above 79 for the new ATC test battery.

It is evident .that an OPM register based on the rniew ATC Earmed Rating would
result in hiring a somewhat different group of £TC trainees than was in
" fact hired with the present OPM register. It is possible to relare the data
" fn Tables 102 amt 103 to thwe results obtained for the (978 ATC Applicant Group
on both the current OPM test and the new ATC test. This information would
provide a basis for assessing the differences in selection of groups of
applicadts and the potential effect of these selections on fail/withdraw
rates and on training investment losses. '

"The previous analysis of the 1978 ATC Applicant Group i{dentified (Table 76)

" "the Earmed Rating score distribution of applicants who passed both the

_present OPM test: and the new weighted ATC test battery (WI.). 1If this group

of 621 ATC ctrainees had been hired from the group of 1978 iIC applicants based

" on Earned Ratings obrained on the present OPM exam, the relationship would be

as shown in Table l04. For the 1978 ATC Applicant Group, the number in each
Earned Rating category in effect represents the OPM regxster from wh;ch applicant

selectionsuould be made.
) . TABLE 104 -

PROJECTED EARNED RATINCS - 1978 ATC TRAIhFES
OFM Eatned Rating

OPY Earned ' Qualified oPM

Rating Scove- 1978 AIC 19?B£:Irgegrﬁ;::f "Selection”
Ranpe R Applicants (Cmgetitive Hires) Racic

@ [ [63) o

100+ 229 ( T.5D) 205 { 33.01) 8

90-99 64 ( 21.20) 314 { 50.6%) :«:Zg;

80~-89 ) 1686 ( 15,80} 99 { 15.9%) { 9.1

019 1076 ( 35.53) 3 (s .31
Towsl 3035  (100.0%) T (180.0%) {26.5%)

. The registers maintained by OPM for ATC applicants are by separate employing
. jurisdictions. Consequently, each of the eleven FAA regions selects from its
own certificate of applicants based on the geographic preference identified
by the applicant and the Earned Rating. As a result, one region (Southern,
for example) may be able to £1i1l all of their ATC recruitment needs from
applicants who have Earned Ratings above 100. Other regtons (Alaska or
Great Lakes, for example) may recruit a number of applicants with Earned
Ratings in the 80's or even 70's. However, Tableld4 shows that essentially
all of the 621 ATC trainees scored 80 or above and, with a mean OPM Earned
Rating of 94.9 for the total group, selections were made in mwost cases from
the "top" of the registers with scores of 90 or more, The selection ratio
‘of 89.5 percent between the 205 1978 trainees and the 229 1978 applicants who
would have been available with Earned Ratings of 100 or more, is somewhat
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higher than typically experienced by FAA regloms. Generally, of those

. applicants offered ATC positions, about 80 percent are selected; the other
20 percent decline or are dropped from consideration because of medx:al

or security reasons, :

The next step was to project the romposition for a group of 621 ATC trainees
by their Earned Rating if they had been selected from a comperitive register
derived from the new weighted ATC test exem including extra credit for veterans
preference and OKI scores. :

The number of 1978 ATC applicants in each Earned Rating score group derived
from the new ATC exam was used as the "selection register" as shown in
Table 105. This is the same distribution as previously provided in Table 76.
A maximum selection ratio of 80 percent in each Earmed Rating group was
used as more representative of actual selection experience. Since fewer
"applicants have Earred Ratings of 90 or more based on the nmew ATC exam, more
selections would be made from among applicants with Earned Ratings in the
80-99 range. Based on these factors, the projected distribution of the 621
ATC trainees based on the new ATC exam would be as indicated in Table 105.
TABLE 105

PROJECTED EARNED RAT ING DISTRI BU [IONS, 1978 ATC APPLICANTS

Qualified
Naw ATC 1978 ATG . Let. 1978 Selection
Earped REating Applicents ATC Tratoees Ratio
_Score Range .} L2 L] Ke3l I3}
126 {401 100 {16.1%) o)
232;9' 402 (12,92} 322 { 51.97) (841)
8089 162 { 37.3%0) 192 ¢ 1o.z§) ixvzi
70-79 - 1426 { 45.82) 1 1. -
" Tocal 316 (1ou.oh) il (100.0%) (202

With the OPM Earmed Rating distribution for the 621 ATC trainees and a pro-
jected Earned Rating distribution based on the new ATC exam, the fail/withdraw
rates provided in Table 88 can L~ applied to each group to estimate the difference
in loss rates between them as provide? in Table 106.

TABLE 106
DIFFERENCES IN LOSS RATE ESTIMATES BY TFhT EXAMINATION

FRESINT . we

e e OPH ATC EXAM = . - ATC EXAM——

O Rarned 1978 ¢ Fail/wD New ATC Eat 1978 ATC Est. TaLi/ND
Rating Trajnees Late Tarned Traindes Rate.
Scoras )] 2 X ) Rating Scores ).} il . [+ 5]
100+ 05 ( 23.0%) $4 (26.3%) 100+ o6 [ 1612} 1 (11.1%)
9°0-99 MHe  ( 50.60) 122 {38.92) 90-99 21 (5191 0 T (230D
§0-89 99 (15.%1) &7 (47.5T) a0-3% 192 { 36.91) 12 (31.6%)
70=-19 : 3 {31 2 f66.61) . Mo=19 oL ) 5 (6h.61}

Total R Ay B Gem Total 8L (e, 1% eI
126
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" Table10€ demonstraces the pétential ueility rf the new ATC exam in. terms
of an overall reduction of the fail/withdraw rate of about 1§ percent (from
-36 2 to 26.1) for this sample of 621 ATC trainees.

With respeet to FAA's tr31ning investument léss, projecting this reduction on

an annual basis for 1,800 ATC applicants hired through competitive selection '
procedures would result in a cost avoidance of about $1,825,000 since signi-

ficantly more of the trainees should successfully complete the ATC training
program. By combining this with the §1,350,000 reduction in iavestment loss

resulting from not hiring those applicants who pass the present OPM ATC test
“but £ail the new ATC test, the potential cost avoidance which could be obtained
"is in the order of $3,000,000 a year:
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UNIFORM GUIDELINES ON EMPTOYEE SELECTION REQUIREMFNTS

The Uniform Guidelines (17} jointly established by the Equal Opportunity Com-
mission .(EEOC), Deparcient of Labor (DOL), Department of Justice (DOJ), and

the Office of Personnel Management (OPM), provides four basic requirements

for selection procedures in relation to equal employmenc cpportunity Basically,
these requirements are:

® to determine if a selection procedure has an adverse impact on
" employment cpportunities of minorities or women

s 1if there is an adverse impact, the need to validate the
selection procedure

¢ vhen empirical data demonstrates validity of the seleéctionm

- procedure (that is, it is predictive of or significantly corre~
lated with important elements of job performance), the need Lo
examine the fairness of the selection procedure

] consideration and investigation of alternative selection pro-
cedures. Where two or more selection procedures which are sub-
stantially equally valid for a given purpose, the procedure
which has the lesser adverse impact should be used.

The various research studies which have been discussed encompassed z wide
range of selection considerations and devices both of a cognitive and non-~
cognitive structure. The analytic methods applied combined new devices

with present OPM selertion devices and evaluated their interactiom with
varfous criteria of performance to identify those tests and procedures

which provided the highest relationship between selection procedure scores

and performance criteria which are fungtionally relevant to the air traffic
control occupation. Based on this, the requirements ¢f the Uniforwm Guidelines
and other elements of EED programs will be addressed in relation to the new
ATC exam and selection procedures derived from the research.

- Adverse Impact. - For enforcement proceedings, the Uniform Guidelines s;#te:

"4 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 group with the highest rate will generally be resarded

by the Federal enforcement agencies as evidence of adverse impact . ."

This definirion was adopted as a ptactical “rule of thumb™ and not a legal
definition,

In the selection procedures for hiring applicants for the air traffic control

- occupation addressed by this research, adverse impact can oécur at two points

in the selection process. The first point is establishing basic eligibiliry

for employment gonsideration by successfully passing the test battery. The
-second point is the Earned Rating score (including credit for veterans preference
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and aviatian-related experience or knowledge) which del:ermines the: cm::pe:ir.ive
- ranking of applicants who pass the written test.

‘The information base against uhich measures of adverse impact can be idenrified

consist of the group of 5,976 applicants who took the preseat OPM and experi-
mental ATC test battery in 1978. Ethnic, Tace or sex data has not been obtaingd
by OPM fot othér groups of apy‘icants.

. For this group of 1978 ATC applicants, the relative selection (pass) rates by

_race and sex on the preseant OPM ATC test battery is provided in Table !v/-
Comparable data for the new ATC test (WT;) is provided in Table 104. Both
tables exclude any extra credic for veterans preference or aviation kauvwledge
gince the purpose 1s to evaluate the relative rates of basic eligibility status
far the applicants. These selection 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 B0 percent "rule of thumb" was applied to each
group im relation to the majority group selected to derive the "adverse impact

' ratio” which would occur st this point in the selection process. When this

. ratio 1s less than B0 percent, the Uniform Guidelines state that this will
_generally be regarded as evidence of adverse impact. The Guidelines also

peint out that where the ratio is less than 80 percent, it may not constitute
adverse impact where: (1) the differences are based on small numbers and are
not statistically significant; or (2) where special recruiting or other pregrams
cause the pool of minority or female candidates to be atypical of the normal
group of applicants. Since these 1978 applicants include a "walk-in" group
resulting from special recruiting efforts for minotricies and women, the adverse

.impact analysis was done for the total group (including 664 "walk-in" applicants:

and the "Scheduled Gtoup which would be representative of the normal pool of
applicants. ) ) TABLE 107 :

Advarss Impact Analysis
fresent OPM Teetr Battery

Tots]l Group . rer—oreSoheduled Croupee-—msmo~ua
Adverss. Scheduled Adverse
Totsl 1978 1 Vho lupace 1978 - T Whe  lapacc
Grovy ATC Applicants Yassed Racio ATC Applicangs = Paased Aatio
Men _ S awm sm — 2038 53 =
. Women . %%% 451 851 147y
Woits 40867 641 — . B it 632 -—
H1spanic ‘ e asx 59%) : F 8 st 80Ty
Mack 1407 13 {302) : 114 18% (I9%¥
AELen 57 (313 9$x . 50 ::: :’9‘:)
Amay. Tod. 61 5z 801 S8 : 1
9 3366
TABLE 108

- ) Adverse lapsct Analysais
Wew ATC Test Batzery (Wij)

e Total Gr s Schedwled .Cre p
. ' Adverse Scheduled Adverse
: ‘Totsl 1978 I Who Impsct - 1278 X Wha Impact
Croup ATC Applicants  Passed ~ Racio AIC Applicants  Passed Ratio
s © A 982 — 3838 s —
Vomsn .- 1185 i am 1471 L] £781)
E11/9 308 i
Whice 4047 [ o o 315 71 -
Hippanic : 139 ar (622) : 271 AlX 611)
Black 1407 13 €21X) 1116 14X an
Anian 57 stl 92 - 0 s_:; (u:
e, Ind. s 2] 333 L2 S 58 - 532 bi 2 4]
LD T _ 1 ;
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"The data on the preceeding two tables show that fincluding the "walk-in" :
-applicant group has relatively little effect on the ratios derived. Generally,
"there is only a difference of oune percent petween the Total Gragup and the '
Schaduled Group except for Asians and here the number is quite small.

-The present OPM ATC Test has an adverse impact on both the Hispanic and

Black Groups. In the light of past FAA experience in hiring minerities from
competitive OPM registers, this result is not unexpected but Table L07 provides
a quantative measure of the degree of adverses impact for these twe groups.
Tablz 108 shows that the new ATC test also has sowe adverse impact on women
applicants in addition to the Hispanic and Black Groups and that the degree
of adverse impact on the Black Group is somewhat higher.

For American Indians, the addition of one or two more applicants to the "pass
‘group” would result in a selection ratioc of 80 percent or more on either the

OPM or ATIC test. Consequently, evidence of adverse impact based on this sample
is not clear, : ' o : _ e B

The analysis was also completed for those who passed the OPM and Weighted ATC e -
test to determine if there was adverse impact in each of three score range - D
groups. Candidates who pass the test bagtery are ranked on competitive OFM 3
-registers based on their total score and those with the highest scores seledted
first. This "Earned Rating", which includes additional.points for veterans
preference and OKI credit, was used for .the analysis. The results are provided ) o o
in Tables 109 (OPM Test) and 110 (Weighted ATC test). S . ' ) o

TABLE 109

ADVERSE IMPACT ANALYS(S
PRESENT OPK TEST BATTERY
WITH VETERANS. FREFERANCE AND EXPERIENCE CIEDIT

“ OPM o5 ) oPH : e
rmed Ragin ! )
Total 1978 a0 - 19 ...f‘.:;: ?:;?f-‘-—-- -——'-ir;‘odohu'n :
AIC Applicants - T *o
Whe Passed . Mverae Adverse ’ Adverse ’ e
. OFH Tear ¥ Ratio lapact ¥ Batic lupact N Batte  1mpace .
Man % s ;0 - 7% ' S o
— 6L . ——— 122 3% — i ~ )
Somen . 199 S 28 45T . Ne S
o 252 98 H ¥o 13 1m Yoo T
01 1076 1ods 873 ’
. ,_l
Vhite 253 TS TR 1t - 934 .
_ — 6% -— b2 TR T3] -— :
::.:::nle 128 0 sz Ho 7 3% Ko LY T 1 ' i
Mack 164 8L &Y Bo T t S 26 10X Yes B
detsa - ‘ ;s £2 31 N & Yes 15 4% Mo i
. led. 3 _ 10 32T wa 15 483 Ho s 201 ? .
Joi4 . . 1084 to4r . 869 . ¥
w5
"
L
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-ALC Applicanta
;. Who Passed ’
How AIC Jeis ]

2348 TS

e i3

316 1426

L. 2698 Cun

b 136 78
ol 198 134
- 38 “1s
2 19

SO " I 1458

1978 AIC spplicnnts.

the OPH test

JABLE

110

ADVERSE [MPACT ANALYS1S
NEW ATC TEST BATTERY WT,)

Adverse

- Ratfo impacec
&01 —
k4 No
432 ———
§63 No
681 No
(114 %o
59% o
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05

257

1182

1047
9
50
13

ATC

Zarnad Rariog

i 0 = B e

Mvecae

Katio  Imgact
n -
a2 Na
39% -—
292, Yes
25 Yem
by -Heo
183 ?

1458

WITH VETERANS rurmm:i AND EXPEI.IE(CE CREDIT

ATC
LA . Earned Rating
- Total 1978 e 1) = T Gsimecien

ATC
CLarosd Bating

———e ) v rm———
Adverae
X Ragio lmpacs
492 213 -—
¥ 5t Yer
528
480 182 —_—
F 152 +
1% T Yes
& 172 Ko
s 12 ?

315

While these 15 no evidence of adverse impact in the score ranges of 70-89 for
. women, “Yyoth the OPY test and the ATC test have adverse impact in the score
Tange of 99 or mare. As identified earlier (Figure 8), a significant factor
- 1s the extya credit granted for veterans preference and, to a lesser extent,
' credit fox aviation-related knowledge as measured by the Occupational Knowledge
Test (OKTd. It 1is alsc evident that the Weighted ATC test resulrs in a greater
adverse impact on women in the 90 and above score range than the present OPM )
tast. This is primarily a resuit of the fact that raw.test scores for all S
- applicants are lower on the.ATC test than the OPM test.
men, womex score lower on the Weighted ATC test.
14, women woiprise 27 percent of the group with raw scores of 90 or more
. on the OPM test but only 12 percent of this group on the Weighted ATC test.

However, relative to
As shown in Tables 59 and

.JIn comparfmg racial groups on the two tests, Tables 109 and 110 show a "?'" in
soae of the score ranges. In these cases, the number of applicants is small
and the aldition or subtraction of one or two applicants in the score range
would remmit i{n either meering or not meeting the ‘80 percent rule of thumb".
Cnnaequé-tly. evidence of adverse impact is not clear based on this sample of

It is chl: thet there is an adverse impact on the Black Group on- both the OPM
and the &I€ test in the score range of 90 or more.
on the Welighted ATC test, and possibly on the OPM test, there is alsc an adverse
“impact. -&gain, this is primarily a result of the fact cthat as a group, Blacks

~--Mho passed the test, score lower than thne majority group.

In the score range of 80-89

. Xo the case of the Hispanic Group, there is possibly adverse impact in the score
" range of %0 or more on the GPM and ATC test but not in the range of 80--89 for

Lot
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In terms of competitive employment opportunities, based on the present OPM
ATC teat, between B0 and 85 w»orceat of the appeintments are generally made
from smong applicants with Earned Racings of 90 or more. Consequently,
employment prospects ¢f &pplivants with scores in the 80-89 range would be
‘characterized as "poor” to “fair'. Based on the Weighted ATC test, however,
about 40 percent of the applicants hired would have stores of 50 or more.
Consequently, employment prospects of applicants with scores in the 80-89
range on the ATC test would be "#air" to "good" (lable 102).

When the gcore range of B0 or more on the Weighted ATC test was -examined,
there is an adverse impact for the women and Black Groups. For the Hispanic
. and American Indian Groups the numbers are small and the additicn of one

or two more applicants in the score range would meet the "80 percent'.
¢riterion. The results are prwided in Table 1.

C Ly TamLe 111
£ ADVERSE IMPACT ANALYSIS

w<

NEW- ATC TEST BATTERY - SEX AND RACE

Total 1978 . ) . ATC
ATC Applicants Larned Rating

Wha Passed . 80 or More Mverse

Hav AIC Teer . ] Ratie Iapact
Hen 2348 1597 50T —
Wenen ’ 748 L %3 I Yes

T - < 1eve
Vhite 2698 . 127 Sm S
fiispanic 13 %0 (Y54 ?
Black 198 : [T F o Yes
Msisn 1 19 %2 ¥o .
Anerican Ingdien 12 ] 41% . ?
: ' 209 1483

This analysis shows the Weighted ATC test has an adverse impsct on women and
some minority groups with respect to both initfal elipibility (in passing the
test) and by using the total scores, including extra credlt for ranking success-
ful candidates. In’ this situation, the Uniform Guidelines require evidence of
the validity of test, the basis for establishing the cutoff pass.score and the
\se of scores for rank crdering of candidates,

Test Validity, Pags- Ccove and Candidate R.anking The validity of the new ATC
test battery as wel, &% individual test components of the battery has been
demonstrated in rel,atimn te a number of ATC -:erfomance criterionp measures.
In sumeary:

e 1977 ATC Study. For a sample of approximately 2,100 full .
performance, developmental and newly hired ATC specialists, ' \//
MCAT, Directional Headings, Occupational Knowledge (OKT) and
the Fri,v-Evrerience Questionnaire (PEQ) provided significdnt




correlations (p £ .01) with the Aggregate ATC Success criterion
for each of four ATC optiocas (F5S, VFR, IFR and ARTCC) and for
all options: cocbined (see Table 5). In addition, wean test -
scores for each of the four ATC options were different at statis-
tically significant levels of confidence (p £ .01) or (p £ .05)

‘with the FSS option average score lowest and the ARTCC score
highest (see Table 6).

e 1976-1978 ATC Studv. For a sample of 1,327 ATC trainees, experi-
mental forms of MCAT together with Abstrazt Reasoning (OPM 157)
and Arithmetic Reasoning (OPM 24) provided a multiple correlation
(corrected for range restriction) of .54 with the ATC laboratcry
problem average score criterion (see Table 28). Cross validation,
using the weighted test scores derived from the multiple regression
provided a mulriple correlation value (R) of .5381 for one sample

" and .5292 for the other {see table 32).  When test scores on the
Occupational Knowledge Test (OKT) were combined with the experi-
mental test batctery (MCAT, OPM 157 and OPM 24), am estimated
myltiple correlation value of .60 was obtained with the increase

. significant -at the .01 level of confidence.

e 1978 ATC Study, For a new sample of 585 ATC trainees, parallel
forms of MCAT together with the present OPM tests 157 and 24 pro-
vided a multiple correlaticn value (R) of. .42 for the totsl sample.
The R values by sex and race ranged from .37 to .69 (see Table 93).
The criteria used was the puss or fail/withdraw status of the
trainee at the completion of ATC Laboratory training. Validity
coefficients (r values) used in the multiple regression were not
corrected for range restriction (see Table %% }.. When test scores
on parallel f. ms of OKT were combiped with the weighted test
battery, the multiple correlation value for the tcral sample was
+48 with R values by sex and race ranging from .44 to .76 (see
Table 96. The increase in the variance (R<) accounted for by the
weighted test battery with OKI was significant at the .0l level of
confidence for the total sample and for each race group. For
vomen the increase was sipnificant at the .05 level (see Table97).

The urilicy of the new ATC. test battery (as compared to the present OFM
battery) was examined with respect to appointment eligibility (pasg scores)
and ranking of successful candidates based on total scores including credit
for veterans preference and ATC-related knowledge.

To do this, the information available for the 1978 ATC trainee sample was
related to the 1978 ATC applicant group. A common test battery, consisting

of parallel forms of MCAT, OPM 157 and OPM 24 was administered to both groups.
For the OKT, a 60-item test (10!1-C) was administered to the 1978 ATC applicant
- group and parallel forms of OKT 102 (B0 item) administered to most of the
1978 AIC trainee sample. The c¢ommon test battery was weighted:

& x MCAT Total Right Scores

2 x OP¥ 157 Total Right Scores
1 x OPM 24 Toctal Right Scores
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This weighting differs somewhat from the weights derived for the test battery
which included two parallel forms of MCAT for the 1978 ATC trainee group
{see page 114). However, the correlation coefficient. between the. twe
weighted ATC.tests was .93 (se> Table 98).

In the analysis of the new ATC test battery, the passing score was set at

the mean raw score for the 1978 ATC applicaat group (222.27). This was then
equated to a transmuted passing score of 70 (see Table 77). With this base,
equivalent scores oun the same weighted ATC test battery were computed for

585 of the 1973 ATC trainees, A total of 48 ATC trainees (8.2 percent) failed
to achieve a score of 70 on the new ATC test., Of these 48 trainees, 79 percent
(38) failed the ATC laboratory training or withdrew (see TablelO)), Some 39
of the 48 trainees had scores in the 65<69 range and 9 scored below 65 (see
Table 9%). The score range of 70~74 pn the ATC test included 102 of the 585
trainees (17 percent). Of this group, 51 percent (32) failed or withdrew
-{see Tablel0D). Consaquently, use of the mean test score resulted inm a 28
percent reduction in the fail/withdraw rates between the ATC trainees whe
scored ia the 70-74 range in coutrast to those who scored below 70 on the

ATC test. The difference between a fail/withdraw rate of 51 percent in the
- 70-74 score range and a rate of 79 percent below scores of 70 clearly supports
the “cucoff“ score developed in the analysis.

The use of scores on the ATC test, with and without extra credit for veterans
preference and ATC-related knowledge, as a basis for ranking successful AIC
candidates was also examined. Since extra credil* is a selection consideration
only for those candidates who aré appointed from competitive OPM registers,

‘the analysis included only those 1978 ATC trainees who were hired competitively
{Non-predevelopmental} and who scored 70 or above on the ATC test. On this
basis, 509 of the 585 trainees were includéd in the analysis.

For the ATIC test battery without extra credit, Table 10} (the Non-predevelop-
mental ATC Group) shows that the fail/withdraw rate in each score range pro-
gressively decreases as the test scores increase. In the 95-100 range there
were no failures or withdravals (only 2 trainees were in this range). In the
70-74 range, 47.8 percent failed or withdrew. The largest increase in the
fail/withdraw rate is between the 75-79 rgnge (41.9 percent) and the 80-85
range {29.3 percent); a difference of 12.6 percent in the fail/withdraw

rate. Table 110combines the ATC test score ranges and provides the failure/ -
withdraual rates for this sample of 509 trainees.

TABLE 112

1978 ATC TRAINERS
ATC TIST SOORES
FITEUT IXITRA TREDIT)

Scora . Fatlfitthdea
Range »  NuilfMicdrey Rate
0. b3 3 1.
80-0¢ fal) 66 26.02 - .
7079 26 100 Ak 2T o
Total T 133 ek _ -
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These data clearly show that ranking ATC candidates, based on their test.
scores and selecting those with the higher scores first, will result in
hiring applicants with the highest probabilicy of successfully campleting
the ATC training program.

Ranking candidates based on total "Farned Rating” scores which include rest

scores plus extra credit for veterans preference and ATC~related knowledge

~ based on OKT scores was examined next. From the Sample of 509 ATC trainees
.who were hired competitively, the equivalent of the OPM Earned Rating for
the ATC test could be computed for 486 trainees. Table!l!l’ provides the

" fail/withdraw rates by Earned Rating score ranges and compares these to the

- rates based on the ATC test score ranges without extra credit.

TABLE 113

. 1973 ATC YRAINEES
. (nm-l'ndﬂetamuk-CG'cuuh Hires)-

——— e iiarine AT 1..;---.- ATC Test
(Wichout Extra Credit) {Wich Extra Credit)
Falldithdraw . Fail Wichdraw

Scote Range L] Fall/Wsthdopw | Rate .,‘I FasiMtthdraw Rate
%0 + L T | o 1. 197 » 15.8%
50-49 254 66 26.02 129 & - 37.6%
1o-7% 228 180 - 62T 58 8 B} 7% 1

Total 509 11 33.62 486 163 : 33.5%

i
It is evident from Table L!3that ranking candidates for selection considerationm
on the basis of the Earned Rating (whick includes extra credit) alse resulcs
in selecting those applicants first with the highest probability of succeéssfully
- completing the ATC training. It is alse evident that selection based on the
Earned Rating results in a higher fail/withdraw raté in each score range than
if candidates were hired solely om the basis of their test battery scores without
granting extra credit.

In deriving the Earned Rating score for this sample of 486 ATC trainees, extra
credit for veterans preference was included since it is granted by law. Extra
credit based on OFX test scores was included based on the positive and signi-
ficant correlations with ATC performance criterion used in the various research
studies, :

Consequently, it was hypothesized that extra credit for being a veteran,
which has not been examined for validity with the criterion measures used in
the research, does not predict (or negatively predicts) suecess in the ATC
Laboratory training. In order to examine this, scores for the 509 AIC
trainees were computed which exclud:d any veterans credit and included only
the weighted ATC test battery score and extra credit for OKT scores.
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Table |14 provides the score distributions for the group of 509 1978-AIC
trainees before and after the applicaticn of extra credit for air traffic
control related knowledge based on OKT points,

. TABIF LRE]

197b ATC !RAI\EFH - FF%FFT OF EXTRA LhEDIT

i L ATH ATC TTALORER=n s T e [ 978 ATC Triladesee——-
(Pleczsbucion Without ORI Credit) (Dipecribution with OKT Craedit)
.} B i x z
80+ " 572 90+ 139 27,32
bo-89 254 49.92 " so-89 25 TRt
To-78 2% 44.42 70-79 12 24,67
Tosal 509 100.0% ’ Total 503 100.01

It is significant to note the addition of OKI poinic resulted in moving
110 of the ATC trainees to a score range of 90 or more--an increase of
about 22 percent, It also resulted in reducing the mumber of trainees

in the lowest scoring group (70-79) by 9i-—from 226 to 125~—a reduction of
about 20 percent.

Based on the validity data previously established for toe OKT, it would be
expected that those trainees who moved to the higher sccre ranges as a
- result of OKI extra credit would bave lower fail/withdraw rates and that
those who remained in the lowest score range would have higher fail/withdraw
rates. The comparison of the fail/withdraw rates in the three score ranges

for the 509 AIC trainees before and after applying OKT extra credit points
is provided in Table 115.

" TABLE 115
1978 ATC TRAINEES FAIL/WITHDRAW RATES: EFFECTS OF OKT CREDIT

—l 978 ATC Tumn—-—- : 1978 ATC Traineas--~--

(\!ulw::izﬂ cndt:;m Mith :glﬁudic) o

.3 Michdrow . Rate x Withdraw Rate

%00 29 s ' T 13.72.
20-89 254 “% 26.01 [ .82
W78 a8 100 .27 i n 59,28
Toral 509 an 153 _ soy n n.6a

Siace the fail/withdraw rate for the toral group of 509 trainees is a con-
stant (33.6%), the rates can only vary between the different score ranges
as shown in Table 115. In.otder to assess the effect of OKT extra credit
on the total fail/withdraw rate, one can assume a selectjon made from among
the group of 509 trainees. For example, if one were to hire 300 trainees

136



from the 509 in rank order (highest score range first) with an estimated
selection ratio of 80 percent in each score range, the fail/withdraw rate
for the 300 hired before application of OKT extra credit would be 30 percent.
The fail/withdraw rate fur the 300 selected after application of OKT extra

_ crzdic would be 25 percent. If only 100 of the 509 were selected, the

- fail/withdraw rate for the group without. OKT extra credit would be 24 percent
in contrast to l& percent for the group with OKT credit. These data support
the conclusion that ranking applicants for selection consideration based
on test scores and OKT credit will result in hiring applicants with the
highest probability uf successfully completing ATC training.

Table !léshows the fail/wi:hdraw rates for the 509 trainces based on (1) the
ATC test alone;(2) the ATC test plus OKT credit; and, (3) the ATIC test plus
credit for OKT and Veterans Preference points.

TABLE 116

1978 ATC TXAINEEG FAILka?HDRAW RATES ~ EFFECT OF, CREDITS

ATC Taat ——— coe e ATC Tost - - ATC Teat

- ke Extra Credit) 7 (Plus OKT Extcs Credic Only) {Plus OKT and Vetr. Pref, Credat)
Scare b1 Fail FIWD X Fail g T Fail F/WD
Range ] N Wirhdraw  Rate ] " Withdraw  Rate L B Mithdrew  Rate
90 + 9 { 61} 3 (H’.Zt.} 1w () ) 19 13.11) 137 (W12} % (19.82)
86-89, 254 ( 50%) [ 13 (26.0%} WS WT) 18 {31.82) 279 4¥3) 46 {37.61)
70-19 226 [ 4aT) 100 (& 12) 1y £.25%) kL) (3%.22) & (1 38 (6).13)

Total 309 (1003) 173 (336D 509 (1001} in (33, 63) 486 (1o0X) j AR (33.31)

The use of OKT credit resulted in moving 110 trainees into theé 90 ani above
score range compared to the ATC test alone,. The number of fail/withi-aws
itereased by 14 for a rate of 13 percent for this group. When veterans
proference credit is also applied for 486 of the 509 trainees, an add:tional

58 trainees moved to the 90 and above score range and the number of fail/
withdrawsz increased by 20; a fail/withdraw rate of 34 percent for this group of
58 students. Y¥rom the data presented in Table 116, granting extra credit for
veterans preference increased the fail/withdrawal rates in the higher score.
ranges and therefore has a negative relationship to potential suecess in

ATC rraining. i

Test Fairness. When empirical evidence of validity for a selection proce-
dure such as presented for the new ATC test has an adverse impact on a race,
sex or ethnic group, the Uniform Guidelines. require examination of test
fairness where technically feasible.

In establishing the Uniform Guidelines on Employee Selection, it was recog-
nized there is serious debate on the question of test [airness. There are
several competlng definitions ‘of test or selection fairness, each of which
incorporates a different set of social values. . Reference (12} provides an
analysis of three incompatible ethical positions in regard ro fair and un-
biased use of tests together with differing statisticzl definitions of "test
fairness" and their relationship to specific  echical pogitions. These  three
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ethical definitions are characterized as:
e Unqualified Individualism
‘e Qualified Individualism

o The Quota Ethic
The General Accounting Office, in examini'g Federal selection :ests and examina-
tions (33) stated with respect to these three definitions: : : : -

“The published literature on test validitj indicates that most tests
are either falr to minority groups or slightly biased in their
favor by the second definition, (Qualified Individualism) which
according to OPM, is the ounly concept of falrness consistent with
merit system principles. The literature also indicates that by the
first definitien, (Unqualified Individualism) tests are slightly
biased against minority groups, and if one subscribes to the las¢
definition (Quota Ethic) tests have always been h1ased against : o
minorities.” :

The "Qualified Individualisn" definition of fairness adopted by the Office of ;
Personnel Management (OPM) holds that tests are bilased when thosge with equal

" ‘chances of success on theé job have unequal chances .of being selected for the
Job. This definition relies solely on valid measures of aptitude, achievemenc
and experieénce; maximizes productivity and provides equal opportunity consistent
with merit principles. The statistical model, upon which the Uniform Guidelines
appear to be based, was stated by Cleary (33). Basically, this model requires
the regression line which predicts the criterion (e.g. performance) from "scores"
be the same for all cultural groups and, absent this, separate yegression lines
should be used as a basis for selection decisions. Statistical tests déveloped
by Gulliksen and Wilkes (34) provide a procedure which meets the Cleary model.
Basically, three independent and sequential tests are involved:

{1) population vafiances {standard error of estimateé) are equal
{non-significant differences), then,

(2) slopes of the population regression lines are-equal (non-
signific&nt differences). then . . '

{3) intercepts of the population regression lines are egual _ - /
(non-significant differences).

If each of the three statistical tests is met, the regression lines are the same
and the "fairness”" definition of "Qualified Imdividualism™ 1s satisfied in that
"gcores” uscd for selectfon predict the criterion equally for the various groups
considered. On the other hand, if a statistically significant difference is
found at amy point in the sequential analysis, the test is considered to treat
the groups unequally.
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In examining the new AIC test battery in accordance with the "Qualified

Individuvalism" model of fairness, test scores and criterion data obtained

for the sample of 953 ATC trairiees attending the FAA Academy during

~June 1978 through December 1978 were used in the gnalysis. The number of

Hispanics (23 toral-—7 with OPM test data) was too small for analysis.

There were no American Indians in this sample. There was no evidence of

adverse impact on selection of Asians with the new ATC test battery. Con- _
sequen:ly, the analysis for test fairness was completed wlch respect to s -~
men and women or for White and Black groups. '

Sample sizes varied depending on the availability of data on the two OPM
tests (OPM 157 and 24) included in the new ATC test battery. Test and
criterion data were available for the following ATC trainees (Table 117). e

TABLE 117 - _ ' .

DISTRIBUTIONS BY SELECTED SAMPLES |
Wem : Vomen C O vhice " black -
(M=800 (M=141) . m-ﬂ]‘l! SN_-BI ]
Sanple Sanple Ssmple Saapis
Tesg . ] : X N . - P
weat 1 : %0 13 " _ 2]
MCAT TOTARL 1% &3] - B . ] )
oM 137 508 s T oo . : i
o 2% ' 0% % . 339 » __f
Yo
In conducting the analysis of test fairnessL the tests were weighted in \
accordance with the wvalues derived for the 1978 ATC trainees, These
weights are:
- ,.'
2 x MCAT 1 (Total Right Scores)) -u MCAT Total x 3 -
2 x MCAT 2 (Total Right Scores) e
-1 x OPM 157 (Total Right Scores) : ' L~
1 x OPM 24 (Total Right Scores) ' S
o : tom
" The. test for significance for all analyses of faxrness was the .05 level oE %:7
confidence. : e
Since almost all of the 1978 ATC trainee mample had test scores available i
on the two parallel forms of MCAT, an analysis of fairness of the MCAT by ‘iﬁ
itself was completed. Table 118 ghows the results for the first form of _ (4
‘the test administered (MCAT 1) and the total score for both forms (MCAT 1 \xt

plus MCAT 2) by race and sex. The test means and standard deviations are
based on raw test scbres. Since MCAT was the. only test used in this analysls,
the rav scores were not weighted. The criterion value is based on a mean of
"0" with a standard deviation of "1" and reflects, in effect, the percent

of trainees who passed the Laboratory training; the validity coefficient (r)
'is the correlation value of ‘the %est with the pass or fail/withdraw criterion.
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In terms of sample sizes used In this analysis, the 137 womoa comprise
14.8 percent of the combined sample of men and women (927) compared to
15,7 percent &f the 7,894 ATC trainees who were women hired from January
1976 through October 1980. The 79 Black trainees represent 8.7 percent
of the combined sample of the Whi e and Black group (907) compared to
8.3 percent of the 7488 White and Black ATC trainees hired during this
same period (see Table 123).

For men and women, the test of falrness shows no significant differences
{NS).  Fo: the White and Black groups, the difference in the intercept of
the repression line, was statistically significant (SIG) for the first

MCAT test administered but differences in the standard error and the slope
of the regression line were not sigaifidant (NS). When the total scores
for-both MCAT forms administéred were analyzed, there were no significant
differences between the two groups. This aralysis indicates that the total
MCAT scores. predict the ATC laboratory pass or failfwithdraw criteriom
equally for men and women and for the Black and White groups.

The next step was to develop differant test battery combinarions with the
MCAT test scores and OPM 157, OPM 24, and OKT test scorcs and analyze

these various test batteries for significant differencss hetween ren and
women and the White and:Black groups. The intercorresarions betueen the
various test combinations used and their correlation with the pass or fall/
withdraw criterium are provided for each group in Tauble 93. Since a mumber
of trainees did not have test scores on OPM 157 {(and OPM 24), the sample
sizes were reduced as shown in Table 119. The corvelations shown are based
on weighted test scores where appropriate using rzw test battery scores {RS)
as well as transmuted scores (TS). The correlations which combine a test
battery with OKT use both the raw OKT score (RS) as well as OKT extra points f
(PIS) derived from the raw OKI score (i.e., 0, 3, , 10, 15 points).

The descriptive statistics for the samples used in’ the fafrness analysis are v
algo provided in comparison to the total sample for eacl group as was given : .
in Teble 84, o - X

- 141 -
Sy

‘- ? S

e s ot i e e




_ TABLE 119
TEST FAIRESS ANALYSES OF TEST BATTERY CPTIONS

------------------ MEN= soms e i e - HOMEN-.

(Table 54 ’ (Table B4
B HEAX 5D LI 7 ] N MEM 3D R MEMN 5D
MCAT 1 509 il.6 6.6 8OO 37.4 6.9 .13 11,4 8.1 143 3.y 7.8 -
MCAT 2 50¢ 43.3 5.7 800 47.9 . 5.8 6 40.7 6.7 14} 0.7 6.k
HCAT TOT 509 80.9 11.0 LY R— - 66 741 13.4 14l - -
OPK 157 509 38.8 = 6.2 515 388 6.2. 66 39.9 6.0 67 39.8  .6.0
OPM 25 509 . 46.7 6.5 515 46.6 6.5 66  47.3 1. 67 &r.2 1.1
| OKT (A5} 509 6h.1 15.8 - 800 64.9 155 6 56,5 la.b 161 57.7 151
- — - R— MEN -~ -~ . -
(N=509) _ - . ‘
(13 @ 3 W (M (e ) W (v a. an an  0»n
. o o . (15)
: s HCAT MLAT
HCAT  MCAT  HCAT  TOT.  MCAT  TOT.

HUAT YOT. TUT. I0T. 157 "T0T. 157
TOT. 187 157 157 P 157 4 Pass
MCAT opPH OPH OKT 157 oOxKT OKY 2% oKT 24 OKT Fail

MCAT
e
157

10T, 38T . 2% (RS} (RS)  (T5)  (rs) (FTS)  (mS)  (RS) (TS} (). WD
9

{3) MCGAT TOT.  --- .24 .13 .03 .97 .83 - .82 .95 .96 .95 .82 1A
(2} OPH 157 —— 09 -.16 4B 48 R EY .45 A2 .45 .30 A
(3) omM 24 L e- 23 .32 .32 A4 15 .53 .35 .53 .3 12
(&) OKT (%S) -— -.a2 -.G2 . S A ~-.07 .46 .07 L4l L
(31 MCAT TOT + 1SI{RS) — 1.00 .83 5 .97 .86 .97 .82 .38
(6) MCAT TOT + I57(15) - —— .83 .83 .97 N .97 .82 .38
(73 MCAT TOT + 157 + OKT{RS) w— .9 S L L - B S V1
" {#) MCAT 10T + 1.7(TS) * OKT{PTS)
(9) WMCAT TOT + 157 + Z4(iS)

- 85 100 .82 .3
(10) MCAT TOT + 157 + 24 + OKT(RS) : :

— .85 L9 Lk
" (11) NCAT TOT + 157 + 24(T5) — a2 37
(12) MCAT TOT + 157 + 24(IS} + OKT(PT5) — Lk
(13) Criterion (Lab Fass or F/UD) ) ——
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TABLF 119

{Contimme-d)
ot o A m P emm—. e raame A WM B et e e mmkmne e et e ke e e s = e
(S=th} .
(1} (€41 [$1] 16) 53] it [t} h [LH {w (i [T (AR}
: s -
(153 AT MLAT
- MOCAT MLAT MEA[ TOT.. MCAT Tur.,
HLAT HUAT TOT. TUT. 19T, 137 T0T. 15?7
- TUT.  foT. 87 157 3% Mo 1) 2% Paas
MCAT oPH  OFH UKT 187 157 AT oxr 18 oxt 2% 0XT - Fetl
70%. 187 24 (m3) {ns) (IS)  qmu)y  (RFS) 0 (ms) (RS {T8) iPgs). - _MB
(1} MCAT TOT. --- 23 0. .17 L9 .95 B9 .92 .95 TR .90 k)
{2y oPd 152 e 12 .0t LAl Al . 38 «du ] =0 L83 35 Ly :
() orr 26 T .06 L06 - .06 .0 29 .18 .29 20 0w o
: (W) ot sy - 17 AT s L&l .M .51 . .3 -3
(5} MCAT TOT + 157(RS) P v Y TR TS ST SENCIUT S SRUN T IERRY TR T
(6) MCAT TOT *.137(15) - ;- 93 e e 81 .m0 .38
(7Y MCAT TOT + 117 + OKT{%S) m .95 .86 .98 .8 .82 46 e
() WCAT TOT + 152(TS) + OKT{PTS} e .89 .95 .69 9% 31
(9) WEKT 19T ¢ 137 + 4@RS) -~ .8t oo .92 e v
€103 NCAT TOT + 157 + 24 + OKE(RS) —— 81 - .95 47
(1) WEAT TOT + 137 + 24(TS) e 82 9
T (12) MCAT TOT + L57 + 24(T5) + OKT(PT5) ——— %2
" (W Criterton (Lab Fass or FAND) -
B 1 1 | A . - BLACK
(Tatle B4 (Table 84
¥ MEAN 5D K HMEAY 5D B OMEAN gD N MEAN SO
MEAT 1 529 3.7 6.6 0 B3 3.6 6.7 ¥ 297 7.8 8t 29.8 7.5
MCAT 2 539 436 . 5.5 839 4.2 5.5 B 3.1 1.5 Bi. 3.6 6.8
MCAT TOT 53 B1.2 10.6 339 -- - 3 65.8 14.0 T E— —
oPM 157 539 39,1 " 8.2. 54 391 6.2 B4 61 93153 6.l
oMt 2% 539 468 6.6 545 46.9 6.5 W 467 6.6 LYY S R
oKr (RS) 339 N1 15,9 89 639 158 B 65.5 13.6 91 66.27  13.1
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The first test battery analyzed for fairness consisted of MCAT Total and
OPM 157 raw scores. In this analysis, MCAT Total was weighted by "'2" and
oPM 157 weighted by "1" in accordance with the weights previously derived,
Then the OKT raw scores- {weighted "1") were combined with the MCAT and

~ OPM 157 raw scores and this combination separately evaluated. The results
_for-eaéh sex and race group are provided in Table )29, It should be noted

that at this point, a "passing” score for the combined MCAT and OPM 157

test scores was not established. Consequently, the addition of the OKT raw
score was independent of whether or not the ATC trainee "passed” the MCAT/OPM
157 test battery and also independent of extra credit paints (0, 3, 5, 10, 13}
which wiuld be derived from the raw OKT scores. . e :

The combination of MCAT amnd OPM 157 raw test scores show that this test
battery predicts the ATC laboratory pass or fail/withdraw criteria equally
for men and women and for Black and White groups. The same results were
cbtained when MCAT, OPM 157 and OKT raw test scores were analvzed separately.

" Use of raw scores in aﬁﬁlyziﬁg the test baitery comprised of MCAT, OPM 157
. and OKT does not take finto account the proposed use of CKT in the selection

process. Since OKT is a job specific test, it £s not intended for use in
the initial "pass/fail" determination of appointment eligibility for ATC

_applicants. Its use would be limited to determining if those applicants

who passed the test battery (in this case MCAT and OPM 157) would also be
given extra credit for ajir traffic control related knowledge as measured by
OKT. Further, the amount of extra credit (0, 3, 5, 10, 15 points} would be
based on the raw OKT score with no credir 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 cowbination with OKT
in relation to its intended use, it is necessary to (1) establish a "passing”
score on the test battery for an ATC applicant group, (2) transmute the

rav 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 battery.
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In order to transmute the total raw score for the ATC trainee sample, it was
necessary to estipate the mean $core which would have been obtained by an
ATC appiicant group on the ATC test tattery and equate this mean score to

a passing score of 20. Fortunately, the tests used in the analysis of the
ATIC trainee sample were identical to the tests taken by the 5,931 ATC appli-
cants 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 trainees and the ATC applicants, it is
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 .
estimared mean score of 161.2 for the 1978 ATC applicant group .om a test
battery comprised of MCAT Total and OPM 157 was derived as shown below:

1978 . , 1978

ATC Applicants’ . ATC Trainees
MEAN x WI = TOTAL . MEAN x WL = 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
OP4 157 28.8 1 28.8 38.8 1 38.8
Est. Mcan Raw Score 161,2 ) o 197.8
(1) ATC Applicant Mean - MCAT 1 -~ 30.6 829
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 (6.0)

#(3) Est. MCAT 2 Mean for Applicsnt Group = 35,6
. (6.0 x .829 = 5.0 + 30.6 = 35.6)

Since the correlation between the two differently weighted ATC tests for

the ATC trainee sample was .93 (Table 98), an estimated mean score for the
ATC applicant group of 159.5 was alsc derived using the ratio of the mean
scores for the 1978 applicant and ATC trainee groups for the common weighted
tests as shown on the next page. '
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(1)
(2
(3

%)

MEAN
Actual Applicant GrduK Mean (¥ - 6000) .
{4 x MCAT 1+ 2 x iS?,. : . - _ 181.6 (Table 43}
Actual Mean ATC Trainee Gﬁaup'iﬂ = 592) _
(4 x MCAT 1 + 2 x 157) : _ - : 225.2 (Table 69).
‘Actual Mean ATC Trainee Group (N = 592) :
{2 x MCAT 1 + 2 x MCAT 2 + 1 x 15?) - : 197.8 (Table 69}

197.8 x X . 159.5 Est. MEAN for Applicant Group oo AIC Test'ﬁeigﬁted
225.2 © 181.6 '

(2 x MCAT 1 + 2 x MCAT 2 4 1 x 157}

Given these two estimated mean scores for an applicant group on the ATC test
battery comprised of MCAT and OPM 157, a mean value of 180 was used as a
"passing” score and equated to a transmuted score of 70, The total raw

weighted scores for each ATC trainee on MCAT and OPM 157 were then rranstuted
by: '

RS.- 160; x 30

oo L
Ts - ( HAX RS -~ 160

Yy + 70

RS = Total weighted raw score
MAX RS = 255.0
MEAN. RS = 160.0

An analysis of fairness was completed using the obtained transmuted test
battery scores for the ATC trainees. A separate analysis was completed using
the transmuted scores plus extra credit points (0, 3, 5, 10, 15) derived

from OKT raw scores for those ATC trainees who "pass" the test battery with
scores of 70 or more. The results are provided in Tahle 121.
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The combination of transmuted test battery scorés for MCAT and OPM 157 plus
_extra credit points for air traffic control related knowledge based on OKT
scores replicates the operational use of the selection tests. The analysis

of fairness provided in Table 1!l shows that this test battery including
' OKT, predicts the ATC laboratory pass or fall/withdraw criterion equally for
men and women and for Black and White groups.

The final step in the fairness analysis was. to examine the entire test batrery
comprised of MCAT, OPM 157 and OPM 24 with and without extra credit for air
traffic control related knowledge based on OKT scores. The results are pro-
vided in Table 123. 1In order to add OKT extra gredit points, it was again
necessary to transumute the tot:l raw score for MCAT, OPM 157 and OPM 24 and

to establish a passing raw score which was equated to a transmuced score of

70 as shown below:

1978 - 1978

ATC Applican;s _ ’ AIC Trainees
TEST MEAN x WI « TOTAL MEAN x WT = TOTAL
MEAT 1 0.6 2 61,2 36.9 2 73.8
*(MCAT 2 . 35.6 2 71.2) 42.6 2 85.2
OPM 157 8.8 1 28.8 8.8 1 38.8
OPM 24 40.6 1 40.6 . 46.6 1 46.6
Est. Mean Raw Score 201.8 - ' 244.4

" *See page 143 for derivation of estimated mean score for MCAT 2,

Again, an estimated mean raw score for the applicant group was derived using
a ratio method as follows:

€1) Actual Applicant Mean (N = 6000) '

(6 x MCAT 1 + 2 x 157 + [ x 24) ) = 222.3 (Table 62)
{2) Actual Mean ATC Trainee Group (N - 592) 7

(& x MCAT | + 2 x 157 + 1 x 24) = 272.6 (Table 83)
(3) Actual Mean ATC Trainee Group (ﬁ = 592)

(2 x MCAT I + 2 x MCAT 2.+t x 157 + 1 x 24) ‘= 245.6 (Table B3)
{4) 245.6 'x . 200.3 Est, Mean for Applicant Group on ATC Test

272.6 222.3  Weighted
_ (2 X MCAT 1 + 2 x MCAT 2 + 1 x 157 + 1 x 24)

Given these two estimated mean scores for an applicant group (201.8 and 200. 3)

on the ATC test battery comprised of MCAT, OPM 157 and OPM 24, a mean value
of 200 was used as a “passing”" score and equated to a transmuted score of 70.-
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. The total raw Qéighted scare# for each ATC tfaiﬂge on MCAT, 0P 157 and
OPM 24 were then transmuyted by: .

5 - 200) x .30

Ts = (3G ws -200 )+ 70
R, = Total weighted rav score
MAX RS = 306

MEAN RS = 200

Table 122 shows the results of the fairness analysis on this ATIC test batrery
{for both raw and tramsmuted scores) and for the ATC test battery transmuted
scores in combination with extra credit points based on OKT for those trainees.
who scored 70 or more on the test battery, C

As shown in Table 122, theré were no. significant differences on the ATC test
battery between men and women. However, the addition of OPM 24 test scores
(Arithmetic Reasoning) to the scores of MCAT and OPM 157 resulted in the esti-
mated standard error (population variances) between the Black and White groups
being statistically significant. The statistical tests developed by Gulliksen
and Wilkes (34) require that if a significant difference is found at any of
the three stéps in the-analysis, no further tests are made since the Tegtes—
sion lines used for predictions-are, by definition, unequal.
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‘The fact that rhe regression lines for the White and Black grqups'aEeASt&Cis~

tically unequal, by itself, does not identify: the practical implicatiens for
a selection procedure. Under che Cleary model of test fairness, if tests are
"biased” (unequal), an alternative solution is to use the separate regression
lines for selection decisions. This solution, however, explicitly introduces
tace, sex, or ethnic gtoup {in this case race) as a predictor in the selection
process. This is incompatible with the ethical position of "Qualified
Individualisa” and law (32).

In these 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., performance) for

that group which scored lower on the test and had a lower mean on the cri-
terion measuce {32). In the analysis of this ATC test battery, use of a
single regression line obtained by combining the White and Black groups (or

" the total sample) would "bias" the selection procedure in favor of the Black

group. This result conforms with the general findings ir the published
literature referred to by the General Accounting Office in their review of
Federal selection tests (33). :

"Table 122 also shows that when extra credit ﬁoints based on OKT aré added to

the transmuted scores for this ATC test battery, there were no significant
differences between men and wcmen or the Black and White groups. While
this indicates that the combisation of the test battery snd OKT points pre-

_dicts the ATC laboratory pass or fail/withdraw criterion equally for all

groups, the test battery itself would be used to establish initial appoint-
nent eligibility for applicancts.  The fact that additien 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 OPM 24 under.the Uniform
Guidelines. Given rhat OPM 24 results in unequal prediction of the pass or
fail/withdraw criterion between the White and Black greups, it should not

be used as part of the ATC selection battery. From a practical viewpoint,

the exclusion of OPM 24 has essentially no impact on the multiple correla-

‘tjem or the predictive value for the total group or for men and women since

its contribution to the prediction of the performance criterion is very
small (see Tables Y5 and 96).

Alternative Selection Protedures. During the course of these research studies, .

a number of alternative instruments of a‘cognitive and non~cognitive structure
were examined. The 1972, 1977, an® 1978 studies of full-performance, develop~
mental, and trainee air traffic contrellers examined the relationship between
non-cognitive instruments {(including biographical data and personality tests)
and performance criterien. Use of biographical data as an alternative

selection procedure wvas examined in some depth.

In May 1979. the ™AL proposed tp the Office of Persannel Minagement (OPM) a
demonstration pr. ect onder the Civil Service Reform Act that addressed
recrultment and selection af women and minorities in the ailr traffie control
occupation €35). This proposal favolved a S-year period during which approxi-
sately half of the new ATC hires (750) in the FAA Southern region would be
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selected in nonregistar order as a contrel group and the otheér half (750)
" selected in tne regular manner from the OPM register to form a moncentrol
group. Candidates in the Southern region wouid be given a detailed multiple
choice biographical questionnaire ‘and "profiled” on relevant life experience
dimensions and grouped inte life prdflle clusters. The life profiles would
then be used as an alterncte means for ranking and selection'of candidates
for the control group., Succes= in ATC training would then be evaluated for
both the control and noncontrol gioups as a medns va‘;uatxng the altewvnative
_ selection procedure {36).

“After review of the proposal and the b10graph1ca1 questzonnalre. OPM p01nted
out a numbey of concerns on "Job Relatednmess”, Privucy, "Subjectivity", and
"Public Relations" for most of the questions included in the biographical
form (36). On December 4, 1979, the Deputy Director, OPM, suggested the use
of numerical scores based on "life profiles” derived from empirical data
established from validity studies. It was also pointed out that the "job.
relatedness” issue presented a difficult problem because of practical and
legal requirements (37}

The biographical questionnaire oroposed for this project has peen administered
to 545 of the ATC trainees attending the FAA Academy during the period 1976-
1977. Ianformation on sex, race, OPM selection scores, ATC training laboratory
composite scores and training pass/fail status was alsec available for this
sample of 545 students. These data were provided- to the Institute for
Behavioral Research, University of Georgia, for ahalysis. Eight factors were
identified through factor analysis:

Academic factor

‘Social factor

Child Relationship factor
Initiative factor '
IFR/VFR Experience factor
‘Parental Permissiveness factor
Physical/Sports factor
Socio/Economic factor

00000400

Based on these, the 545 trainees wer~ clustered into six subgroups with similar
life experiences. Because of the weak relationship between success or failure
in the laboratory training and the subgroup memberships, the eight life ex-
perience factors were used to predict the laboratory score using regression
and stepwise regression analysis. The results showed that the factors were
not good predictors of the laboratory composite score which determined the
pass/fail status of ATC trainees. Generally the results showed that ATC

~ experience and tests involving mathematics and physical seiences would yield
better predictions of success in AT training. The report (39) sugpested
that using a sample of working controllers to establish similar life experi-
ence and group membership might prove more meaningful. While this had been
planned as part of the project methodology (36), the results of the University
of Georgia study, the OPM concerns regarding validity of biopraphical data as
a selection basis and cost consideration resulted in terminating this approach
tcward alternative selection procedures,

. 154
.
. . . o v
- o r— f‘ “a ‘. ) -'}.ﬁ';:’ .
3 ~ [ U3
wd - B ‘ .
Aoy e Ty 5 B
P 2SR NI S ;




-
i
7

As pointed out in conjunction vith the analysis of the sample of 953 ATC -
trainees attending the FAA Academy Zn 1978 (page 101), the FAA recognized

" the difficulty of selecting women and minorities frowm competitive OPM

registers in 1968. As a consequence, the Predevelopmental ATC progran was

‘established. 1In 1974, Executive "rder 11813 provided for noncempetitive

conversion of Cooperative Education students acd this authority was incor-

" porated io 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 €o be &
major vehicle to address che adverse impact on women and minorities as
well as the Federal Equal Opportunity Recruitment Pragram (FEORP) require-
ments established by the 1978 Civil Service Reform Act.

Table 1723 shows the total number of ATC trainees hired from Jaouary 1976
through October 1980; those hired from OPM register {competitive) and those
hired through the Predevelopmen:al and Co-op progtam (non-competitive) by
race and . sex. ‘ :

TABLE 123

ATC TRAINEES HIRES
Janusry 1976. - -October 1980

Cow - M Tea e ey eeCemetitive 2ot
Men 6653 ( B4.31) 6218 { 93.51) o ‘;35‘ | « 6. sx')
Uomen 1241 €15.71) _831 £ §7.43). 404 £ _1_2_6;_)_

Total . . 78%  {(100.0%) 7055 { 89,41} - 839 '. ¢ 10.62)
American Ipdisn n o« . ST NCE g L% 3] . 3 € W1y
.nin _ &6 ( .s1} (Y] {9240 5 ¢ 160
Bispenic : 226 ( 281 1% { 60.91) : # (3ea1)
Black ' 618 ¢ 791 300 ( 4B.5%) e ¢ 51.32)
White 8870 { 85.11) ' s42 93,80 428 {622}

Tagal 785 (100.0%) 35 C e5.20) R 7Y { 10.81)
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. .CONCLUSIONS AND RECOMMENDATIONS

CONCLUSIOKS: The various research studies previously discuSSed support the
follouing conclusions,

. The experimental ATC test battery comprised of MCAT, OPM 157,
and OFM 24 is a valid and statistically significant tool for
use in screening applicants for the ATC occupation. The need
for scrdening applicants is particularly important for this
occupation because of: (1) the high cost of training to the
taxpayer; (2) the large number of applicants in relation to
the relatively few vacancies which are filled each vear; and
{3) the fact that there is essentially no "self screening” on
the part of applicants since there are no educatienal or spe-
cialized experience requirements for appointment elig;bility

- at the encry grade levels (GS=5 or G8-7).

® 'The use of the Occupatlonal ¥nowledge Test (OKT) in conjunction
with the experimental ATC test battery increases the predictive
validity of tho selection procedure. It provides a better
method of establishing the applicant’s lmowledge relevant to
the ATC occupation as compared to the Rating Guide presently
used by the Office of Personnel Management. Further, the
use of QKT allows applicants who have acquired this knowledge
outside of the specific work experiences given credit under
the present Rating (uide to e€arn extra credit for competitive
selection consideration.

o The use of the experimental ATC test battery and OKT scores for
ranking competirive ATC applicants for appointment consideration
and selecting those with the highest scorés first is a valid use -
of the applicantd test scores since 1t significantly increases
the probability of success in the ATC occcupation 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 occppatlon. :

e The statistical analyses encompassed a large number of different
experimental tests including the five OPM tests presently used
for scoring ATC applicants. The resulting experimental ATC
test battery (MCAT, OFM 157, and OPM 24) was derived from
multiple regression analysis. The tests were examined with

o S respect to both unweighted and weighted test score values.

A Only the OPM 157 test of the present five OPM tests contributed
to the multiple correlstion (R) predicting the ATC training.
(performance) criteria. Weighting the tests increased the

) validity of the ATC test battery.




. Analysis of the utility of the ATC test battery indicates a
"significant potential for reducing overall cost of ATC

. training. The new test is effective in identifying those
applicants who pa2ss the present OPM ATC test but have high
fail/uithdraw rates in the Initial ATC Qualification traiming.
program. Operational us. of the new ATC test battery would.
require more frequent adminisrration (perhaps three times a year)
in order to obtain more applicants with Earned Ratinmg scares
.above 85 as compared to the presenx OrM eest.

Establishing the passing score on the new ATC test battery at

the approximate mcan score for an ATC applicant group is
supported by the analysis of fail/withdraw rates by score range
groups. Setting a higher passing score (for example a transmuted
score of 80) would significantly incresse the adverse impact on
women and minorities as well as make it extremely difficult to
recruit women and minorities through ei:her competitive or non—

- competitive selec:ion procedures.

The present OPM ATC test batcery aud the experimental ATC test
battery both have am adverse. impact on some minority groups,
particularly Blacks. When extra credit for veteérans preference and
ATC related knowledge or experience is granted to those applicants
who pass the test battery, there is also an adverse impact on
wcten. The experimental ATC test battery has a somewhat greater
adverse impact on selection of Women and Blacks than does the present
OPM ATC test battery. The veterans préference credit is a signi-
ficant factor in the adverse impact on Women. While the statis-
tical evidence does not suppurt the validity of veterans preference
in relatrion to performance criteria, it is required by law.

Given the evidence of adverse impact on women and some-minority
groups, especially Blacks, analyses of test falrness were com-
pleted on the various components of the experimental rest battery
and the OKT. These analyses show that the requirwments of the
Uniform Guidelines on Employee Selection are met for the ATC test
battery comprised of MCAT and OPM 157 and for MCAT, OPM 157 and
OKT extra credit pepints. This was true for both men and women
znd the White and Black groups.

The Multiplex Controller Aptitude test (MCAT) is the major com-.
penent in the validities obtained with the new AIC test. The
analysis of fairnmess for MCAT, by itself, included a sample of

men and women as well as White and Black trainces which was pro-
portional to the total populatiom of ATC trainees attending the
FAA Academy during the period of January 1976 through October 1980.
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‘@ The addxtion of OPM 24 test scores to ;he MCAT and OPM 157 testc

. battery revealed a significant difference in the population
variance between the White and Black groups indicating that an
ATC test battery comprised of MCAT, OPM 157 and OPM 24 did not
meet the fairhess requirements of the Uniform Guidelines {or the
White and Black groups. The effect of these Jifferences 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 betrween men and women on

- this ATC test battery.

" RECOMMENDATIONS: Based on the conclusion derived from the research studies,

the following recommendarions feor the use of selection tests and procedures
to qualify, rate and rank. applicants for the Air Traffic Control occupatxoﬁ
are supported.

- . Theé ATC Test Battery used for qualifyiug appllcants for placement ’ ' ;" 2

on competitive OPM reglsters or for qualifying applicants for . : ;A
non-competitive appointment consideration should ¢onsist of:
o ©oa

(1} The two forms of the Mult:iplex Controller Aptitude Test - - .i
(MCAT) with the total correct scores weighted by a ‘ :
value of 2.

- (2) The present OPM Test, Abstract Reasonihg and Lepter. ‘ _

Sequence scored (R-1/4W) weighted by a value of 1. _ ' t

(3) Each form of the MCAT has 55 questions sepmented into ;
two parts; 20 minutes is allowed for Part & {27 or 28 .
questions); and, 15 minutes allowed for Part B (27 or . -
28 questions). Eight minutes is also allowed for . ' ) :
reading test directioms and practice problems. There~ - o
fore, a total of 43 minutes is required for administrae
tion ¢f each MCAT form and the total test timé required
for both MCAT forms is 1 hour and 26 minutes. The
Abstract Reasoning and Letter Sequence test is a two-
part test; each part has 25 questions. Test time for

"Part A is 15 winutes; Part B is 20 minutes. There are
.9 sample items with 5 minutes allowed for these praczice
questinns.

v

e

(%) Total testing time for the recommended ATC. Test Battery, kY
including practice and test familiarization time, is ;ﬁ

2 hours and 6 midutes. i

4

4

The composite weighted rav score ou the test battery should be trans-
muted by a linear transformation of the distribution se that the
mean raw score of the applicant group is .equated to a passing score
of 70.
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& All applicants, exther competitive or non-competx;iva, who score
- 10 or greater should be considered as eligihle for appointment
: cansideraticn in the Alr Traffic Control occupazlon i

‘.

‘e

The Gccupazional Knowledge Tesc‘(OKT} should be admlnistered o
all competitive and non-competitive applicants together with the
recommended ATC Test Battery. The results of the OKI tesrt should
be used for granting addicional earned cradic in place of the .

presegt OPM Rating Guide.

(1) The OKT is an BO-item test and is scored for correct:
answers only., Test time 1s 50 minutes. There are no
practice items, Two minutes are allowed for reading
test directions.

{2} The total test administration time, including OKT, is
2 hours and 58 minutes.

' (3) Addirional eatned credit should be granted only to

“those applicants who achieved a score of 70 or greater
~.on the qualifying ATC Test Battary (MCAT and OPM 157).

{4) Additional earned credit points should be grantad to

qualifying applicants based on OKI scores as follows:

OKT_Scores _ :
Right Transauted . Addirional

OXT Scores Scale Points Earned
0-50 0-100 -
52-55 = 65-69 = 3
56-59 = 70-74 = 3
60-63 = T5-79 = 10
64+ - 80+ = 15

(5) For competitive applicants, additional points based en OKT
scores should be added to the scores of applicants who

achieve 70 or more on the ATC Test Battery. The total score,.
together with any veterans preference points, should be used

to rank candidates for selection consideration on the OPM
register,

{6) For non-competitive applidants, the OKT scores together with
- the ATC Test Battery should be used as a basis for offering

GS-7 appointments in the ATC occupation rather than GS5-5

predevelopmental appointments to-those individuals whose'high

scores indicate they have the aptitude and knowledge to
eanter the GS~7 Infrial ATC Qualification training.

Qualified applicaﬁts should be ranked for competitive appointment

consideration based on the sum of thelr scores on the ATIC Test

Battery, the OKT and Veterans Preference credit with those appli-
cants having the highest total score (Earned Rating) - given first

consideration for selection.
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. The existing 0?% registar of qualified applican s {approvimately-

4,500) should be retained, Applicauts who ‘quali’y on the basis
of the new ATC Test Battery should be snterspersed in their
appropriate rank order with those applicants who are presently
"~ on the regis'er.

The six parallel form: of MCAT and the efht parallel forms of
. OKT which have been develcred and used in conjunction with the
- validation studies should bBe placed into operational use for AIC
- applicant screening and selecrion.

The FAA, Office of Aviation Hed1c1ne. should be delegated the
responsibility from OPM for continued development of additional
parallel forms of MCAT and OKI to insure against compromise of
. operational test ferms, . .
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