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PROBLEMS IN AIR TRAFFIC MANAGEMENT:
Il. PREDICTION OF SUCCESS IN AIR TRAFFIC
“CONTROLLER SCHOOL

BART B. COBB, M.S. |

\

AB CT

An analvsis of scores for an extensive battery of- psychol:jica! tests administered to

a large number of air traffic controller {ATC) trainees indicat
of personnel for ATC training. Five test areas which
emerged as most predictive of ATC school performance were:

Extions, non-verbal analogies, and a specially designed test of air traffic

a wseful contribution in the selection

ability, spatial re
control problems, - 7
. L)

The results of previous studies by Brokaw'
and Trites'" have demonstrated that an assess-
ment of aptitudes, attitudes, and other personal
attributes of air - traffic controller trainees can
be used to effectively predict (a) school per-
formance measures attained in a basic training
course and (b) ratings by supervisors represent-
ing on-the-job performance evaluation of work
accomplished at o]l)erational facilities one to five
years after completion of the basic training
course. Both Brokaw’s investigati(,,?w and the

five-year fo’llow—up study, by Trites averg J ased .

on data obtained for a sample of subj
began their training in 1

. who

- present report concerns an‘experimental testing

“vides for two basic Air

.
i1

program involving the more current classes of
the Air Traffic Controller School. 7

The Federal Aviation' Agency ( FAA) pro-
Traffic Céntroller
{ATC) courses at the Aeronautical Center in
Oklahoma City. The instruction and training
offered in either of the two basic eight-week
courses is oriented toward qualification for an
Air Traffic Cqatrol Specialist (ATCS) Certifi-
cate. However, the objectives of the courses
are different. One provides training relevant
to work required of controllers at an Air Route
Traffic Control Center and hence is referred to
as the Enroute or Center course. The other,

936. - In contras"f:‘:'“t\g‘i B ¢

that such tests can make

abstract reasoning, numerical

designated as the Terminal or Tower ‘course,
focuses on training of personnel for terminal or
airport tower duties. The student input is pro-
grammed so that a new class begins each of the
courses every two weeks. Trainees receive in-
struction in academic subjects ditectly related
to air traffic control and are required to perform
laboratory work simulating that which will be
experienced after assignment to an operational
facility.

Participants are selected by FAA Regional
Headquarters Een‘sonne]_ from eligibility rosters

o

ommission (CSC).: “No formal assessment of

@gi}pplled by the ,United States Civil Service

: ﬂpf'itlldes by testing procedures in involved in -

the CSC screening of applicants or in the FAA's -
final choice of personnel for training. Instead, v
selection is based upon previous aeronautical -

experience, particularly Air Traffic Control, Air-

R i
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- Traffic Communications, and/or piloting ex-- _
perience. In most instances, this qualifying
experience  has been attained while on active -
duty with pne of the military services.

The objective of the present study was the
determination of the most effective psychologi-
cal test measures for the prediction of training-
course-performance criteria for students in rela-

tively recent classes of the Enroute Controller

- <Sehool.  The Brokaw study represented a major



LY

point of departure in formulation of plans for
the present investigation.  Brokaw’s findings
indicated the efficacy of certain tests adminis-
tered during 1936 in the prediction of hoth
training school and on-the-job criteria. How-
ever, the need for additional research became
apparent when considen‘ng issues relevant to:

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

(2) The possibility of differences between
aptitude levels for the 1936 and 1960-61
training groups.

(3) The non-availability of United States Air
Force aptitude tests for extended use
with a civilian population.

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

(5) The desirability of additional evidence
to substantiate the general findings re-
ported by Brokaw and Trites.

PROCEDURE

The project was hegun in August, 1969, with
the administration of an extensive battery of
commercially developed psychological tests to
a class of incoming ATC students. After testing
of the first three classes, revisions were com-
pleted to yield a stabilized batter}z Beginning
on September 23, 1960, and continuing through
April 21, 1961, trainees of all incoming ATC
classes were administered this uniform group of
tests. In addition to psychological-test-
performance data, information was also col-
lected regarding the age, experience in job-

“related fields, and educational background of

each student. Upon completion of training,
four criteria of training performiance were de-
veloped for every student in each class. A
listing of all criterion, background, and test
variables is presented in Table 1 with descrip-
tions provided for those specific tests which the
study later indicated as being most significant.

TABLE 1

LISTING OF VARIABLES INCLUDED IN THE ANALYSES

(Descriptions are provided for only those phychological test variables which regression
analysas indicated as being significant in the prediction of training course criteria. )

Criterion Variables:

i .
A. The Combined Academic-Laboratory Grade Average.

B. The Pass-Fail Criterion. ]
C. The §caled.0bfqiﬁve “Personality” Rating.
‘D. The :Scaled Suljective “Personulity” Rating. \
Background Varinhles:_;
. L. Age When Tested. 7
- 2. Sum of Coded Relevant Experignce.
3. Coded Educational Backgmu;ﬁ?é

Psychologival Test Variables:

Variables 4-8 represent subtests of ,the Bennett-Seashore-Wesman Differential Aptitude Test {DAT)

- Battery, Form A. '

o

oo : i . ¢
4. DAT-Space Relations. A 45-item test of ability to visualize objects and forms in two or three dimen-
éions. The task, for each item, is to indicate how many of five depicted solid figures can be made

rom an unfolded pattern.

5. DAT-Nemerical Ability. A 40-item-test presenting a series of relatively simple numerical problems.

Provides a measure of “number” abdlity,

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

7. DAT-Language Usage, Part 11.
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8.

10.

1L
12
13.
14

15
18.
17.
18.
19.

21.
ﬂ

24

28.

8

sgg4

DAT-Mechanical Reasoning,
Variables 9 and 1n represent Part I and Part I of the Air Traffic Problems Test which was developed

under contractural arfangement jn 1952 by the American Institute for Rescarch for the Civil Acrn-
nautics Administration. :

Air Traffic Problems, Purnt I, A 30-itemn test resenting highly simplified versions of Air Traffic Control
sitwitions.  Good performance s not neccﬁsarii' dependent on past ATC experience.  Flight data (Jjs-
plavs are presented for several inbound aircraft, all flying the same speed and conirse, but at different
altitudes and with different ETA’s. Civen a basic 5-minute time separation rule, the examinee must
decide, for each item, whether or not sufficient time separation exists hetween certain aireraft to permit
changes to certain specified altitudes. :

Air Traffic Proklems, Part 11,

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

CPI-Ac (Achictement cig Conformance}.

CPI-Ai (Achictement cia Independence).

CPI-Cm (Communality).

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

CPI-Do { Dominunce).

CPL-Fe {Femininity).

CPl-Fx { Flexibility).

CPI.Ci {Good Impression).

CPI-I:d (Intellectual Efficiency). The degree of personal and intellectual efficiency which a person has
attained. .

CPI-Py { Psychological Mindedness). The degree to which the individual is interested in, and Tespon-
sible to, the inner needs, motives, and experiences of others.

CPl-Re (Responsibility). '

CPl-Sa (Self Acceptance).

CPL-Sc: {Self Control).

CPI-So (Socialization).

CPIL-Sp (Social Presence).

CPL-Sy { Sociability). Outgoing, sociable, participative temperament.

CPI-To (Tolerance),

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

Variables 29-40 pertain to t\vflve subtests of the California Test of Mental Maturity (CTM\L,
Advanced Form A, 1557 editian}. - - '
CTMM-Immediate’ Recall. ) ) . - -
CTMM-Délayed Recgll. :

CTMM-Sensing Right and Left. N

CTMM-Manipulation of Areas.

CT.\L‘_\&-Oppocifes. : |

CTMM-Similarities. /)

s

CTMM-Analogies.! A 153-item te%"wherein seven drawings of different objects are presented for each
item. The first object has a deMnite relationship to the second which the student must recognize in
order to identify, by analogy, the drawing among the last four which is similarly related to the third
drawing. ;

CTMM-Inference. A 13-item test, wherein printed statements for-each item present two premises. The
student must select the logical conclusipn, bated on those premises, from the four possible alterfatives
offered. !

CTMM-Number Scries,

CTMM-Numerical Quantity, Coins.

CTMM-Numerical Quuntity, Arithmetic,

CTMM-Verba! Cor wcepls.

i

Variables 41-47 are representative of seven tests of the Moran Repetitive Measurements { RPAD batters.,
The battery is composed of highly-speeded perceptual, coordination, and memory tests. Al RV
scores used in the present sty were measures of performance Tepreseating indtial administration,
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41. RPM-A, Aiming. This test measures the ability to carry out quickly and prccisel{ a series of move-

ments re%::in'ng eye-hand coordination.
through t

42, APM-FC, Ffexi_bility of Closure.

43. RPM-NF, Numerical Facility.

4. RPM-PS, Perceptual Speed.

45. RPM-5C, Speed of Closure.

468. RPM-V, Visualization.

-

Specitically, the student’s task is to place a stylus point
e center of randomly positioned printed circles of ,08-inch diameter.

7. RPM-SM, Social Memon;. This test measures the abuity of a student to remember faces or photographs.

After studying a group of 168 photographs (faces) for one minute, the student must tumn to a second
sheet and indicate recognition of the 18 faces from among a group of 32 pictures. Only 18 of these
faces are the same. The three parts that compose the test are similar but different photographs are

involved in each part.

Criterion Vartables

The four _riterion measures were derived
through analysis and treatment of data entered
by training school personnel on each student’s
fina! “Evaluation of Performance” record. The
evaluation form used for an Enroute student
differed only slightly from that of a Terminal
student. This record was prepared by senior
and supervising instructors from information
submitted by each of the student’s instructors.

The criteria flevel()ped and used in the study

were:

A. The Combined Academic-Laboratory
Grade Average,

B. The Pass-or-Fail-the-Course Criterion,

€. The Scaled Objective “Personality”
Rating, and | ’

D. The Scaled Subjective “Personality”
Rating. :

. o

A greater number of relatively' independent
criteria could have been developed and utilized.
However, due to the large number of psycho-
logical test measures scheduled for analysis and
limitations of,;available computer programs for
handling more than a specified number of vari-
ables, only the four criteria were inéluded.

The Combined Academic-Laboratory Grade

Average. This criterion measure represented a
mean (or average) of two separate averages;
one based on a summation of all examination
grades achieved by the student at various train-
ing levels f&f seven different academic subjects;
the other based on final performance grades for
laboratory-simulated air traffic control work.
Examinations covering the academic areas
are administered at both an intermediate stage
of the ATC course and at the conclusion of

‘nated if he obtains failing

training. In the latter instance, the tests con-
stitute the Air Traffic Control/Specialist
(ATCS) Certification Examination. A failing
grade of 70 or less at either stage of training for
any academic area normally entails a “retake” of
the examination for the specific areas invalved.
Retention in the training program prescribes
that no more than two failing “retake” grades
be obtained by the student at either stage of
training and a trainee is automatically elimi-
ades for three or
more academic subjects on the first administra-
tion of the ATCS Examination.

The fina] “Evaluation of Performance” form
submitted for each Enroute Air Traffic Control
trainee also provides three final laboratory
grades (or averages) reflecting performance in
(1) Strip Writing, (2) Control Procedures for
ATC Position as Assistant, and (3) Control
Procedures for Position as Jouneyman. An un-
satisfactory grade of 70 or less for any one of
these areas will normally result in elimination
of the student from training. Laboratory work
in the Terminal or Tower course consists of
training in simulated Airport/Approach Control
operations and laboratory performance is re-
flected by -entry of a single and overall grade
(or average) which must be 70 or more in
order for the student to pass the course.

‘The Combined Academic-Laboratory (A-L)
criterion score developed for the present study
was based on the mean (or average) of the
Academic Grade Average and the Laboratory
Grade Average attained by each subject. This
criterion score was rounded to overcome dif-

ficulties in dealing with fractional values. Data

of incomplete records for students who were
eliminated or withdrawn from training were—.

-



treated similarly, but the averages were hased
on fewer numbers of grades.

The Puss-Fail Criterion. All students success-
fully completing the training course were con-
sidered as pass cases; those unsuccessful as fails.
Students whose withdrawal was necessitated by
illness, death in the family, and so forth, were
deleted from the study,

The Scaled Objective “Personality” Rating.
This criterion rating was prepared only for those
students succesSfuﬁy completing the training
course. It was a normalized 9-point score, or
stanine, based upon a classification, by psycho-
logists, of statements recorded by the senior and
supervising instructors for the first four areas
of the “personality” profile section of the
School’s Final Evaluation from. The statements
concemned (1) Performance Under Stress, (2)
Attitude Toward Instruction, (3) Ability to
Work With Others, and (4) Job Interest. ‘It
was Training School policy to prepare person-

“ality profiles only for those students who suc-
cessfulily completed the course. For derivation
of the criterion measure, the statements were
classified as being either positive (favorable)
or ne%ativé {unfavorable) and the algebraic
sum of such Trequencies was obtained as a raw
score for each sﬁaject. Two sets of such scores,
derived independently by different psycholo-
gists for all cases used in the study, correlated
92. In each instance, an average of the two
values was assighed the passing student and
stanining techniques were applied to the data
of each class to determine the final ratings,

The Scaled Subjective “Persdnality” Rating.

This was a noralized 9-point score, or stanine,
based upon a different and subjective assess- .
ment of the same informative statements pre-
viously dichotomized in the derivation of the
Objective Rating. Each of two psychologists,
working independently, examingd and com-
pared the contextual meaningfulness of com-
ments submitted for each student with those
. made for each classmate of the student, derived
a ranking of the student for each of the four
areas, and summed the assigned rankings to
obtain a &w score for each individual, Inde-
pendently derived scores by the two psycholo-
gists correlated .90, Consequently, eacg student
was assigned an average of the two scores and
stanining procedures (by class) were employed
to establish the final rating,

Background Varigbles

‘The three background variables included in
the analysis were: Age, Sum of Coded
Relevant Experience, and Coded Educational
Background.

Age. Chronolngical age (rounded to nearest

- birthday) at the time of administration of the

psychological test battery was recorded for each
student, :

Sum of Coded Relecant Experience. This
variable represented the sum of cedes assigned
for anmounts of previous experience in various:
related work areas. Source of the information
was the “ATCS Registration Sheet” (Form
AC-508) which each student completed imme-
diately after arrival at the FAA Center. A

. code, ranging from 1 through 9, was assigned

for each of ten different types of experience.
Three of the types pertained to Communica-
tions, six to Air Traffic Control, and one to
Ground Control Intercept (GCI). The ten
codes were summed to constitute the “expe-
rience” variable used in the present analysis.

Coded Educational Background. Educational
information obtained from Registration Form
AC-508 was coded on a 9-point scale basis
{but did not represent a stanining procedure).
For example, a non-graduate of high school
was coded as 1; a high-school graduate as 2,
and so forth. A code of 9 would represent
six years or more of college.

Psychological Test Variables

The-test battery was heterogeneous, consist-
ing mainly of commercially developed tests
providing measures of various aptitudes, atti-
tudes, and perceptual abilities. Some were
highly speeded; others were “power” tests. The
selection of tests comprising the battery was

“based on numerous considerations. Some of the
tests were those which Brokaw had reported as
being highly predictive of training-course and
on-the—job criteria; several represénted substi-
tutes for the USAF tests which had been avail-
able for his 1936 study, and. others were
selected on the assumption that they either
provided more comprehensive and ~reliable
measures of certain areas or because thev: pro-
vided measures relevant to the investigation of
potential for measuring new or different areas.

-5



‘Exclusive of lunch and rest periods, approxi-
“mately seven hours were required to adminé +=r
the battery. Though participation in the re-
search program was voluntary, approximately
98 per cent of all incoming students cooperated.

Complete Dala Records

A complete record for a pass case consisted
of data for 51 variables, as represented by the
4 training-course-performance criterion -meas-
ures, scaled ratings for the 3 background
variables, and 44 test performance scores. A
complete record for a fail case was similar but
consisted of data for only 49 variables due to
the non-existence of data for the two person-
ality ratings. Cases with incomplete records
were deleted from most phases of the study.

Samples

The uniform battery of psychological tests
-was administered to incoming students of all
Enroute and Terminal classes for the period
September 23, 1960, through April 21, 1961.
Terminal classes were usually less than half the
size of the Enrpute. Due to this disproportion-
ate accumulation of Terminal cases, it was
decided that investigative efforts of the present
study would be focused on the development
and validation of performance-prediction equa-
tions for students of the Enroute course and
~ that a similar and separate study would be
“undertaken (pending' the availability of cases
for both an experimental and a validation
sample) to determine the most valid predictors
of performance for the Terminal cotirse. How-
ever, proceeding on the assumption that simi-
larities, as well as diffez:énces, characterized
both the students and the training of the two
courses, it was also dedided that regression
equations developed on data of the,,.i‘%rnwute
classes would be applied to deterpﬁne their
efficacy in the prediction of paiformance cri-
teria for a single and sizable sample of Terminal
cases. Consequently, the three samples . de-
scribed below were established for the present
study, The_number of cases listed for each
sample represent only those for which complete
testing and training records™were available and

constitute the minimum N's involved in anv

phase of the analyses.

Sample 1, or Experimental Sample. One
hundred twenty-four cases {95 pass and 29 fail

subjects) of five 1960 Enroute classes were
designated as an experimental sample and
scheduled for analvses aimed at the develop-
ment of criterion predictinn equations.

" Sample 2, or Vdlidation Sample. A sccond

* group, composed of 172 cases (136 pass and 36

fail subjects) of eight 1961 Enroute classes was
established as a validation sample on which to
test the prediction equations derived from an
analysis of data for the experimental sample.

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

Regression Analyses

“Two matrices of intercorrelations were com-
puted fcr the experimental sample. The first,
based on data for the entire group of 124 cases,
was a 49 by 49 matrix which included no “per-
sonality” ratings. The second was a 51 by 51
matrix representing the addition of the two
“personality” ratings and based on data of only
the 95 pass cases. Using these data, and fol-
lowing an iterative multiple regression tech-
nique developed by Creenberger and Ward™
and Bottenberg™’, the best combinations of
predictors for the training-course-performance
criteria of the Enroute classes were selected.
The inclusion of variables in a prediction equa-
tion was términated when no further significant
increase in the magnitude of the multiple cor-
relation could be obtained.

For the initial phases of the study, seven
regression analvses were accomplished on data
of the experimental sample. The first four were
based on data of the combined pass plus fail
cases and resulted in the development of
two prediction equations for the Academic-
Laboratory criterion, and two for the prediction
of the Pass-Fail criteron. For each criterion,
one of the two equations was based on data of
only the psychological tests, while the other in-
cluded a consideration of Age, Experience, and
Education.  The remaining three regression an-
alvses accomplished daxing the initial phases of
the study were vestricted to data of onlv the
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95 pass cases, included a consideration of both
test and non-test variables, and resulted in the
development of prediction equations for the two
“personality” ‘ratings and for the Academic-
Lahorator}— Grade Average. At later stages
of the studv, and eighth and ninth regression
equation were computed for the experimental
sample using the data of only five selected
tests.  One cquation was for the prediction of
Pass-Fail status; the other for the A-L Grade.

The rationale for selection of these five tests

will he explained in suhsequent sections of this
report,

Application and Validation of Equations

The seven regression equations based on
data of the experimental sample were applied,
for validation purposes, to the data representing
the second sample of Enroute cases. These
equations, for prediction of Enroute course per-
formance, were also applied to the data of
Sample 3 to determine their efficacy in the
prediction of performance for the Terminal
course. Finally, the eighth and ninth equations,
based on data of only five selected tests, were
applied to Samples 2 and 3.

All of the prediction equations were applied
using various  weighting techniques for the
tests of each composite, These inclided
b-weights derived from  true betas, integer
weights proportionate to established b-weights,
and weights proportionate to the inverse of
the standard deviation of each test. Inasmuch
as test performance measures were in raw-score
form, this latter method was equivalent to a
simple unit-weighting of standard scores and
vielded correlates rather than values approxi-
mating each criterion. -

RESULTS

The interrelationships of the four perform-
ance criteria developed for the present study
are shown in Table 2. The correlation coeffi-
cients (of .68, 71, and .62) for Academic-
Laboratory Grade (A-L) and the Pass-Fail
(P-F) criterion were not sufficiently high to
justify the two as being interchangeable. The
correlations based on data of the pass cases
only, indicate that the A-L measure is relatively
independent of the two “personality” ratings
which were, as expected, highly related.

TABLE 2
Intercorrelations of Criteria
Acad. Pass- Obj. Sub;j.
Sample and Variable 't Lab. Fail Pers. Pers.
Experimental Sample ' _
Pass plus Fails:  /Acad-Lab. 1.00 “ .68
Passes Qniy: "Acad-Lab. 100 30 ©.28
v / Obj. Pers. | 30 100 80
. . Subj. Pers. / 28 - 80 1.00
Validation Sample ' . '
Pass plus Fails: Acad-Lab. 1.00 71
Passes Only: Acad-Lab. 1.00 g .36 4l
Ob. Pers. 36 f 1.00 4Y
' Subj. Pers. 41 ‘ 81 1.00
Terminal Sample
Pass Plus Fails: Acad-Lab. 1.00 .62
Passes Only: Acad-Lab. 100 36 46
Ob;j. Pers, 36 1.00 81
Subj. Pers. A6 81 ' 1.00

.



TABLE 3

Development and Application of Regression Equations for Prediction of Azademic-
Laboratory Grade -Average and Pass-Fail Status of ATC En Route Students

- When Only Psych. Tests

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

When Psych. Tests Are
Supplemented by Back-

Are Considered ground Variables

Variables Regr.No.1 Regr.No.2 Regr.No.3 Regr. No. 4
Crifen'on:
A. Acad.-Lab. Grade Avg. “ R = .66 R = 69
B. Pass-Fail Status R= .52 - R=.50
Beta Valid- Beta Valid- Beta Valid- Beta Valid-
We iyt Wiy W ity® W iy
Tests:
5. DAT-Numerical Ability 17 41
6. DAT-Abstract Reasoning 43 54 33 40 31 54 32 40
9. Air Traffic, Part I 22 40 .16 40
14. CPI1-Cs, Capac. For Status -21 —-.03
- 19. CPI-Ie, Intell. Eff. 25 29 : 21 29
26. CPIL-Sy, Seciability _ -24 -4 —21 —-.04
28. CPI-Wh, Sense Well Being 19 20
35. CTMM-Analogies 21 35 21 35
36. CTMM-InlSer'ence ' J9 42 , _
41, RPM-A, Aimding -l 00 -7 -15 —15 —.10
Background: : |
L Agej \Vheq"Tested )/) , -26 —.38
9. Coded Sum of Experiek(ce ‘ 21 21

Criterion Values With Actual

)

e Criterion: B )
A. YAcad.-Lab. Grade Avg. 49 56
B. Pass-Fail Status 35 38
* EXP. Sample: N = 12.4; 93 pass plus 29 fail subjects of five 1960 En Route Classes,

® Val. Sample: N = 172; 136 pass plus 36 fail subjects of eight 1961 En Route Classes.,
® Validity coeffivients greater ttmn 16 are significant ot the .05 level and those greater than .21 are significant

at the 01 desel,
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The data of Table 3, bused on the combined
pass and fail cases and representing the results
of four fegression analyses, shows the best
combinations of variables for the Academic-
Laboratory Grade and the Pass-Fail criterion.
‘The data are arranged to facilitate comparison
between Frediction” equations based only on
data of the psychological tests and those based

- on inclusion of data of the ps_vchological tests
and those hased on inclusion of data for the
background variahles. All of the regression
equations validated when applied to the second
sample of Enroute cases, As would be expected,
‘the correlations between the predicted and
actual criterion values for. Sample 2 were some-

what lower than the rnultip]e correlations oh-

tained for Sample 1.

The first regression equation indicates that if
composite scores were derived through con-
ventional b—weighting of scores for six of the
psychological tests for students of the experi-
mental sample, these would correlate .66 with
‘the Academic-Laboratory criterion. Data for
regression number 3 show that when back-
ground variables are included, this multiple
correlation for the experimental sample is only
increased to .69.° Validation coefficients of 49
and .56 were obtained when these prediction
equations were applied to the data of Sample 2.

Results for regression analyses 2 and 4 are
also shown in Table 3, For Number 2, a com-
posite of five psychological tests was found to
correlate .52 with the Pass-Fail criterion. The
data for analysis 4 illustrate that when back-
ground variables are inchuded the xperience
variable emerges tg reduce the number of test
predictors required but dges not contribute
toward an increasé in the miultiple, ( Actually,
the multiple is ‘smaller by:.02 due to the fact
that variables were deleted unless they contrib-

. uted toward a_statistically significant, fncrease

in the multiple correlation.) \When a plied to
the data of sample 2, validation coefficients of
35 and .38 were obtained for equations 2 and
4, respectively. ' :

» The predictor composites shown in Table 4
for regressions # 6, and 7 were developed from
data of both test and non-test variables for the
95 pass cases of the experimental sample. The
amultiple of 62 between the Academic-
Laboratory Grade and the four predictors
shown for regression 5 compares fm‘ombi_y with

the .69 previously obtained for the combined
pass and fail cases of the sample. Valies pre-
dicted with this equation for cases of the vali-
dation sample correlated .37 with the actual
criterion valies, .

Multiples obtained by regressions 6 and 7
for the two “persona]ity” ratings were of com.-
parable magnitude. This might be expected
inasmuch as a correlation of .80 was obtained
between these two criteria, When applied to
the validation sample, equation 6 yielded scores
which correlited 28 with the objective “per-
sonality” ratings actually received. A validity
coefficient of .20 was found for equation num-
ber 7. In the context of this study such vali-
dities may be considered quite low.

Regression Analyses Eight and Nine

Two additional regression equations (Num-
ber 8 for A-L, and Number 9 for the P-F
criterion) were computed for the experimental
sample using the d[:ata of only five selected
tests. The previous findings of Brokaw and
Trites, supplemented by the results of iegres.
sion analyses 1 througl. 7 of the present study,
indicated the significance of five major test
areas for the prediction of various criteria. For
example, Brokaw showed that space relaticns,
abstract reasoning, and air traffic problems
were significantly related to ons or more of
his criterion measures. In the report by Trites,
tests of the abstract reasoning type and of the
space relations or orientation type were found
to be predictive of ratings by supervisors rep-
resenting on-the-job performance evaluation of
controllers “five years after completion of the
training course., In the present study, tests of
numerical ability, space relations, abstract reas-
oning, air traffic problems and analogies were
significantly related to one or more of the
criterion measures, - Due to this convergence .

of evidence, regression analyses 8 and 9 were

accomplished to determine the predictive effi-
ciency of a battery composed of only fiye such
tests. Data; pertaining to the two prediction
equations appear in Table 5,

Regression analyses based on data of the five
tests for subjects of the experimental sample
yielded a multiple of .60 for the A-L critericn
and 47 for Pass-Fail status, The values pre-

- dicted by regression equation 8 for the Enroute

validation sample correlated .54 with. the
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Academic-Laboratory Grade Averages actually
attained. Similarly, values pred .ed by equa-
tion 9 correlated .40 with the actuai Pass-Fail
status.

 Comparability of Different Equations and
Weighting Techniques

" In contemplating relevance of findings in
~ the present study to establishment of an oper-

ational testing program, it seemed appropriate
to- determine the efficacy of each equation ir
predicting criteria other than that for whicl
it was specifically designed. For ekample, tc
what degree can a prediction equation designed
for the A-L criterion be used .in forecasting
pass-fail status, or vice versa? On the basis of
assumptions pointed out earlier in this report,

TABLE 4

Development and Appiication of Regression Eqiiations for Prediction of Criteria for -
Only the Pass Subjects of the ATC En Route Course

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

Variables Regr.No 5 Regr.No. 6 Regr. No. 7
Criterion: o _
A Academic;Laboratory Grade Avg. - R=.62
C. Objective Personality Rating R =47
-':-";kzi,_ D. Subjective Personality Rating ‘R= 43
| Beta Valid- Betz Valid- Beta Valid-
o Wi ity® We oyt Wi iy®
3 est Variables:
- ..4. DAT-Space Relations _ 220 0 42
- . 6. DAT-Abstract Reasoning 16 21
19. CPI-I¢, Intellectual Eff. 33 39 17 15
20. CPI-Py, Psych. Mindedness 14 09
35. CTMM-Analogies i =16 -10
36. CTMM-Inference 23 +.33 -8 —07
47. RPM-SM, Sbcial Memory . 24 19 29 22
Background Varigbles: | L - .
1. ‘Age When Tested  / =25 -3 15 -.00
3. Educational Backgrowhd '-35 -29 -35 -29

4

!

Validation Sample*: Correlation of

Predicted Criterion Values With Actual

" Criterion Variables: .

; A. ¥ Academic-Laboratory Grade Avg. 37

i B. Objective Personality Rating 28

S C. Subjective Personality Rating 20
* Exp. Sample: 95 pass students of five 1960 En Route classes.
. \'ar Sample: 136 pass students of eight 1961 En Route classes.

* Validity coefficents exceeding .19 are significant at the .03 level and those excending 28 are sigmificant at
) g . i 1

the .01 level.
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' TABLE 5

Development and Application of Regression Equations Based on Consideration of Data
Tor Only Five Selected Tests

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

Variables Regr.No.8 Regr.No. 9
Criterion: ‘ o
A. Academic-Laboratory Crade Avg. R=.60
B. Pass-Fail Status R= 47
Beta Valid- Beta: Valid-
Wt ity® wt, ity®
Tests:
4. DAT-Space Relations .03 35 —-08 22
5. DAT-Numerical Ability A3 43 12 32
6. DAT-Abstract Reasoning 34 54 27 40
9. Air Traffic, Part T 19 40 03 23
35. CTMM-Analogies A1 36 22 35
Validation Sample®: Correlation of
Predicted Criterion Values With Actual
Criterion:

A. Academic—Laboratory'Grade Avg.
B. Pass-Fail Status '

o4
40

. E:f Sample: N = 124; 95 pass plus 29 fail subjects of five 1960 En Route Classes.
* Val Sample: N = 172;{136 pass pls 36 fail subjects of eight 1961 En Route Classes.
® Validity coefficic‘:nts greater, than .16 are significant at the .03 level %nd those greater than .21 are significant

at the .01 Jevel.

i
4

it also seemed advisable to. hpply these Enfoute

| -..equations to data of the Terminal classes. In .

order to investigate the! degree to k?rbich an
equation could be simplified withoidt appre-
ciable sacrifice in prediction accuracy, all equa-
tions of the present study were applied to the
data of samples 2 and 3 using four different,
- weighting techniques. Justification for all these
lines of invesgigation becomes obvious when
considering implications relevant to possible
implementation of a test screening program for
the selection of ATC trainees. For example, it
would be highly desirable to have a battery
composed of relatively few tests for which a
minimum number of simplified equations could

i

" be used to effectively predict multiple criteria,

and if sufficiently appropriate, to use the same
equations in making predictions for applicants

of either Enrdute or Terminal ATC training.

The four different weighting techniques in-
volved in computing four expected values per
student for éach of the eight basic equations
were: '

(a) Conventional b-weights, each represent-
ing a conversion of the true beta according to
the proportionate relationship of the standard
deviation of the criterion variable to the stand-
ard deviation of each test predictor variable,
These b-weighds were computed on experi-
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_mental sample duta and applied to other
samples using values carried ‘to four places
“beyond the decimal.
(b) Integer, or two-place, weights which
‘were dircctly proportionate to the established
b-weights described above. .
~ {c¢) Two-place weights proportionate to the
inverse of the standard deviation of each test
predictor variable {( irrespective of betas and
b-weights). This method is equivalent to a
simple summation, or unit-weighting, of test
performance scores after conversion to standard-
score form. L

(d) Two-place weights identical to those
described for method “¢” but including no
negative weights. In other words, any pre-
- dictor variable negatively related to the crite-
. rion was deleted from the prediction equation.

- of predicted values and for all sets of predicted
values versus actual criterion scores for cases

Correlations were obtained between al] sets -

of the Enroute validation sasaple and for the
Terminal trainees of sample 3. A portion of the
resulting matcx i+ presented in Table 6. It
shows compurati-¢ ~ta derived !hrough appli-
cation of two of the different weighting
techniques for each of the basic regression
equations 1,2, 3, 4, 8and 9. For example, the
designation “la” is for data resulting  from
application of basic regression equation num-
ber 1 using the conventional h-weights de-
scribed 2hove under method “a”. Similarly,
“Ic” denotes utilization of method “c” which is
equivalent to a simple summation of predictor
test performance measures in standard-score
form. The lowest correlation between values
predicted by the two methods for any of the
basic equations is .91, indicating that the latter
simplified method is sufficiently appropriate.
In assessing the efficiency with which each
equation can be used to predict both the cri-
terion for which it was designed and the other

TABLE 6

COMPARATIVE RESULTS DERIVED VIA APPLICATION OF
SEVERAL DIFFERENT PREDICTION EQUATIONS

Intercorrelations of Values Predicted By Different
quations For Cases of the Enroute Validation Sample En R. Valida- Terminal

Prediction Equationg

Predicted Vs. Actual
Criterion Values _

Crit. of tion Samp.  Tr. Samp.
No. Prediction 1la Ic 28 2 3a 3¢ da 4 8¢ 8 9a 9c A-L P-F AL P-F

- la Acadlab ; 98, 65 55 90 91 58 49 878 T1 72 49 44 50 44
. lo Aadlab S 60 54 87 91 47 40 T T 62 67 47 43 47 41
22 Pass-Fail, , 97 70 65 71 66 73 70 80 64 42 .35 39 .38
% Pass-Fail . 61 59 59 56 58 57 63 53 36 99 33 m
3a Acad-Lab : /s 56 48 81 77 70 65 56 .49 51 44
3¢ Acad-Lab 48 41 79 76 66 66 54 48 51 .41
 4a Pass-Fail L 99 7372 81 67 40 38,37 33
-7 4c Pass-Fail 68 66 .76 62 35 34 35 .33
" 8 Acad-Lab 97 93 89 51 46 49 42
8¢ Acad-Lab 91 83 53 46 44 .37
9a Pass-Fail 91 51 0 42 34

9¢  Pass-Fail

46 35 45 .31



erfterion, it should first be noted that values

related highly with values predicted, by other
A-L equations, but alse with values stemming
from application of equations designed for the
rediction of Pass-Fail status, Though all of

sideration of data for only five selected tests
(all of which were shown by previous studies
to be significantly related to training srhool or
job-performance criteria), The data of Table 6
suggest that equation 8c¢ should be given

preterential treatment. For example, values

, t
the regression analyses wiere based lon data of
the Enroute experimental sample, the validity
coefficients fuger indicatgd that each of the
equations may also be used to effectively pre-
dict both the AL and the P-F criterion scores
of Terminal-course students. It should be
emphasized that the validity coefficients shown
for the P-F criterion in all tables arE"actually
point-biserial correlations which would be con-
siderably larger if converted to biserial core.
lations.  The latter type more generally’
< approximate the Pearson product-moment

type of correlation used for al] other validity

_ coefficients. _ -

The validities obtained for both versions of
equations 8 and 9 should he regarded with
particular interest. As pointed out earlier in
this report, these equations were based on con-

| PASS 'MARGINAL FAIL
score [ e R,
| - RANGE | _ 5% ~,

2197 86% 42
172-196 43
149-171 44

<l4a8 28% a4

Figure 1~ Per Cent of Passing, Marginal, and Failing Stu-
dents in the ATC Enroute Training Course By Approximate
Fourths of Scores Predicted From Regression Equation 8c,

predicted by the simplified weighting technique
of 8c correlate .9% with those predicted by 8a.
Further, the validities indicate that 8c may be
used for the prediction of either the A-I. or
the P-F criterion for Enroute or Terminal
trainees, Last,-but most importantly, equation
8c is based on data of only five selected tests,
yet its validity coefficients compare very favor-
ably with those obtained for equations derived
from a consideration of the entire test battery.
! ¥

Predictive Eﬂic:'ency of Equation 8c

It will be recalled that the application of
prediction equation 8c was equivalent to a sim-
ple summation or unit-weighting of standard
scorés of performance attained by each student
for DAT Numerical Ability, DAT Space Rela-
tions, DAT Abstract Reasoning, Air Traffic
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Problems Part I, and CTMM Analogies. In
each instance, the resulting score comprised a
Correlate of, rather than a direct approximation
or prediction of an actual criterion value.
Figures 1 and 2 present a graphic illustration of
the cffectiveness with which such an equation
was used to forecast training course perform-
ance criterion measures for students of the
Enroute and Terminal Classes,

grades. In contrast, it should be noted that
only 5 per cent of the 42 cases comprising the
upper quarter of the distribution actually failed
the course, whereas 86 per cent were non-
marginal cases.” A comparison of the data for
the upper and lower intermediate quarters of
the distribution further illustrates the poten-
tialities of a test screening problem for appli-
cants of Enroute ATC training,

. __PASS ~ MARGINAL FAIL

SCORE 1 27

COl _ N
RANGE

2195 | 83% 36
173-194 | . 84% 38
142- 172 | 71% 38

<141 . 85% 36

!

.‘,Figure 2 — Per Cent of Passing, Marginal, and Failing Stu-
i dents in the ATC Terminal Training Course By Approximate
F?urths of Scores Predicted From Regression Equatiun 8c.

Enroute Validation Sample. Figure 1 is based.

on data of 173'students comprising eight 1961
ATC Enroute training classes. For e/ach e3uar-
ter of the distribution of scores predicted by
equation 8c, percentages are shown for the
}mssing (or “non-marginal”), “marginal”, and
ailing students, “Marginal” trainees are those
who passed the course%:ut who are in the bot-
tom 22 per gent of the Academic-Laboratory
Grade distribution for the pass cases only. For
the 44 cases representing the lower quarter of

. the distribution of predicted scores, 52 per cent

failed the training course, 20 per cent passed
with only marginal grades, and the remaining

28 per cent passed with relatively satisfactory

i

Terminal Trainee Sample. Even though
equation 8¢ was developed specifically for pre-
diction of performance criterion measures
attained by students of the Enroute ATC train-
ing course, Figure 2 demonstrates the effective-
ness with which it was applied to data of the
Terminal classes of sample 2. Despitg. the fact
that the at‘:ltrition rate for these Terminal classes
was only 7.4% compared to 20.9% for the
Enroute, Figure 2 illustrates that the majority
of failing students have performed poorly on
the five aptitude tests, Most of the marginal

-pass cases also appear in the lower two quar-

ters of the predictor score distribution. Pending
the availability of additional Terminal cases,

S



further studies will be undertaken to develop
s’ equations aimed specifically at prediction of
performance criteria for the Terminal course,
It is considered doubtful that equations can be
developed which will yield a significant in-
crease in predictive accuracy over that ob-
tained with equation 8c.

DISCUSSION AND CONCLUSIONS.

‘The present investigation indicated that a
psychological battery can make a useful con-
tribution in the selection of personnel for air
traffic control work. Numerous equations de-
rived through regression analyses of data for an
experimental sample of Enroute trainees have
proved higkly valid in predicting the Pass-Fail
status and the Academic-Laboratory Grade
Average attained by students of either the
Enroute or Terminal training course. In con-
trast, the variances of the two remaining and
highly interrelated criteria (i.e., the Objective
and Subjective Personality Ratings) appear to
be relatively independent of the A-L Grade and
P-F status, are less associative with the vari-
ances of the psychological tests included in the
battery, and are therefore less predictable. Even
though it may be assumed that both the A-L
and P-F criteria are more appropriate for pur-
poses of the present study, future research may
demonstrate the usefulnes; of the “personality”
ratings — not as criterion measures, but — as
predictors of specific criteria pertaining to
journeyman performance several years hence.

Results of this investigation supplement pre-
vious evidence submitted by Brokaw and
Trites illustrating the pgtential effectiveness
with which measures of five specific and major
vt aptitudes, or factor areas, may be used in the

‘ screening of ATC applicants. “Inasmuch as the

predictions have been tnade for tr?}iﬁees who

fi

FAA AC 021714

have already met qualification reqprirements
involving an assessment of previous and job-
related experience, implementation of such an
operational test-screening program seems (uite
justified. However, it should be emphasized
that the prediction equations which have been
developed utilized scores obtained from: com-
mercially developed psvchological tests. Be-
cause of susceptibility to compremise, these
commercial instruments cannot be recom-
mended for operational use. To overcome this
difficulty, research is presently underway to
determine the comparative efficiency of a cor-
responding battery of tests published and con-
trolled by the United States Civil Service
Commission. :

Further studies are also contemplated regard-
ing the assessment of additional factor areas.
For example, a considerable portion of future
research will be focused on development and
evaluation of performance measures reflecting
a student’s ability to make rapid and accurate
decisions while confronted with a continuous
input of both diverse and relevant information.
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