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air traffic management personnel. A joint re-

search project was arranged and i tal
controller (ATC)

the year at the Aero-

the first year after training could be fuccess-

The present investigation represents a five
year follow-up of the subjects tested in 1958
#to determine if current job performance evalua-
tions, retention¥in ATC work, incidents of un-
satisfactory ATC work, and medical history
information could be predicted by the dats i
lected in 1956 and 1957.

. deceased,

Brokaw (1). A listing
of these is given in Table 1.

Sample. - Regional Offices of the Federal
Aviation Agency (FAA) were able to su
current FAA facility addresses, or other infor-
mation, on all but 10 of the original 197 sub-
jects.  Since no information was available for
these 10 mén, their data were excluded from
all regression analyses. Of the remaining 187
subjects, 16 had failed the training course and
left the FAA early in 1957, 15 who had
the training course had left the FAA, 2 were
replies were not received for 2, and
3 were with the FAA but no other information
was available, This left 149 subjects (includ-
ing 4 training cowrse failures still with the
FAA) for whom relatively complete criterion
data were obtained.

Criterion Data Collection Method. — A letter
describing the project and data collection forms
was sent to the Chiefs of the facilities at which
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TABLE 1
Listing of Predictor * wiables'

Numerical and Reasoning Tésts
1. Dial & Table Reading (AF)
2. Test 6, Cal. Capacity Quest.

3. Number Series, Cal. Test of Mental
Maturity o
Numerical Quantity, Cal. Test of Mental
Maturity S :
Arithmetic, Pers. Selection and Classifi-
cation Test _
Numerical Quantity, DAT

Air Traffic Problems I

Arithmetic Reasoning, AC 2A

Abstract Reasoning & Perceptual Tests
9. Test 5, Cal. Capacity Quest.

10. Abstract Reasoning, DAT

11. Space Relations, DAT

12. Aerial Landmarks, AFOQT

13. Spatial Orientation, AFOQT

4. Instrument Comprehension AFOQT

Verbal Tests

15. Test 7, Cal. Capacity Quest.

16. Reading, Pers. Selection and Classifica-
tion Test

17. Language Usage, Sentences, DAT
18. Verbal Test, AC 24 _

®N® @M o

!
i

rlerical Speed and Aécuracy Tests
1. Code Translation, Survey of Working
Speed & Accuracy .
-20. Counting, Survey of Working Speed &
Accuracy

Temperament Tests

21. Family Relations, CTB, Cal. Test of
Personality

22. Nervous Manifestations, CTB, Cal. Test
of Personality

Biographical and Experience Variables
23. Age

24. Education

Marital Status

Previous Flying Experience

Airport Traffic Control

Ground Control Approach Experience
Any Air Traffic Experience

Senior FAA Rating |

FAA Certification in any status

FEBRYER
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the men were located. Fof each of the original
men at his facility the Chief was asked to sup-
Ply promotionat and job information, an iindica-
tion of any disciplinary actions taken as & result
of violations of air traffic rules or pzceduru,
and medical history information. In addition,
each Chief was asked to have four of his

supervisors rate each subject on a job per-

formance evaluation form. The form contained

* dtems related to job performance, ability as g

cortroller, judigment, and personality” char-
acteristics.

From these two sources of information, six
~ criterion measures were (It-\-e]nped.

These

Were: (1) Average Supervisor Rating; (2)
Active vs, Inactive Controller; (3) With the
FAA vs. Not With the FAA; (4) Mean Hours
of Sick Leave; (5) No Symptoms vs. Symp-
toms; and (6) No Disciplinary Action vs. Dis.
ciplinary Action. More complete descriptions
of the criterion variables are given in Table 2,
together with their means and standard devia-
tions for thé maximum number of subjects on
whom the criterion variahle had been obtained,

Table 2 also contains similar information for
the criterion variables collected in 1956‘ and
1957, and used in the original study,
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TABLE 2
Bescription of the 1057 and 1961 Criterion Measures

Criterion Voriahle . : N Mean  Sid. Du.‘

1957-Average Lecture Grade: ' 195 924 42
The lecture grade attained by each student in the '
training course,

- 1857-Compeosite Instructor Rating: - 188 993 5.42

Amuiulhmfomqumd_ﬂnmmof'Am
hﬂumurdaﬁwbﬂnﬂndmfsﬂmﬂhghm
Areay { to work habits, , emot
ST e i, My
Ratings were obtained after briefing instructors on

1857—-Average Supervisor Rating; 170 271 595

Supervisor Ratiag: 149 339 837

{ .7 chtained for the derived

s | | 1961-Active vs. Inactive Controller: 169 822 382

, Individuals ‘were dichotomized as being either still
4 active in controller wark or not active.

1961—JVith the FAA vs. Not with the FAA: 100 882 323

_ either with
. the Federal Aviation Agency or not with the FAA.

1961-Mean Hours 'of Sick Leave: © M2 411 M9
_ ' m%nmhgmdsﬂhw%hl:: :

il roeh 1500 v St o

1961-No Symptoms vs, Symptoms: " 46 829 377

A dichotomy representing’medical complaints of indi- '
- viduals as lnnwn to angd reporied b)lr’htheii- facility
CI‘MI.

g
:
|
:

1981—No Disciplinary Action vs.
Disciplinary Action: 48 824 380

, A dichatrmy representing the presence of vr ahsince
“ of disciplinary actions taken as & result of control
] - emors. Reported by facility Chiofs for individuals,

N .
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Statistical Methodplogy. — Because the re-
portbyBrokawdidnoteontaindatasufﬁ-
ciently detailed to permit synthesizing proper
Taw-score regression equation weights and be-
cause of a minor, but potentially important,

 limitation in his analyses, new regression
~ tiple regression procedure dﬁm’bed. by Green-

e and Ward (2), and Bottenberg (3),
:);r‘c;regrmonequahomandtbe:rcmupmd-
ing multiple correlations, beta weights, raw-
score weights and constants were computed for
each of the 1956-1957 criterion variables de-
scribed in Table 2. For each criterion, one
equaﬁonwasbasedonlympsychologiealm
(Variables 1 to 22 in Table 1,) wheress the
second tionwmbuedonthepsycholog-'
iealtestseq;l:sthetlnee variables,
:ge,educaﬁm,nndmari'talmtus. Since two
thesixequaﬁomwerefomdtobe
a subsequent -

psychological tests, the three
ables, and the 19531057 Average Lecture
Grade and the Compusite Instructor Rating as
predictors. of the 1857-Average Supervisor

Rating,
The correlation matrix for computation of all
equations was based on a common

NoflSSsubjectswhohaddahforal]vaﬁabks
and had completed the lni::E

Making several assumptions g the
parameters of the data used in B w's analy-
ses, approximate raw-score regression weights

weraconiputedfor’thepsychologhdtatvaﬁ- .

ables which he recommended’ as
This has been named Regression Equation

!

Number 7. Seven predicted scores were th
computed for each subject using the raw sc
regression weights for the seven equations; a
all variables bed in Tables ] and 2 5
the seven predicted values were intercorrelat:

4 computational routine permitting eg,
Z’:;re]aﬁon to be determined on the ma%dmu
possible number of cases having the appropria
data. _ '

Finally, a number of partial correlations we,

between the 1561 criterion measures and othe
variables independent of the influence of sul
jects’ age.

Since several matrices of first order correla
tions based upon’ varying numbers of subject
were available, the correlations used in th

ble 3. uationsl,z,and:!representthe
o test variables plus the three hio-
graphical variables; uations 4 and 5 are for
the psychological alone; and Equation
Okforthepaycbologica!mt\mﬂables, three
biographical variables, and the two training
school  criterion mmures.by'!'lble 4 co;'ntains
the regression data givea Brokaw (1). In
all instances, hlgblygsiignlﬁcmt multiple corre-
lations were obtained.
Tllpover!apinthevariabluseleetedformh
the seven equations against the three dif-



TABLE 3

Most Efficient Combinations of Psychological Tests, Biographical Variables, and the 1057
School Criterion Measures for Prediction of Average Lecture Grade (Equations 1 & 4),
Composite Instructc. Rating (Equations 2 & 5), and the 1857 Average Supervisor Rating
(Eguations 3 & 6) . -

Regression Equations’

Paych. Tests,
057 3k
Psych. Tests & Biog. 'P:ydno.ﬂ:'m 1957 School
: Criteria
Variable 1 2 3 4 5 ]
No. Description BF 4 B « B r B r B ¢ B

Test Variables _
1 Dial&TableRending (AF) 20 40°* 27 37°° 22 33°° 14 40°*° 25 37°°

2 Verbal Knowledge & Rea- - 23 30°* 28 30°*
soning (Test 6, Cal. Capa- '
city Quest.)
7 Air Traffic Problems I 17 25°*° 25 32°** 16 25°° 24 32°°
8 Arithmetic Reasoning, 24 39°° - 21 39°*
AC 2A
8 Symbolic Reasoning & Pez- 21 35°° 20 27°° 19 35°° 19 27°°
ceptual Speed (Test 5, Cal.
Capacity Quest.)
10 Abstract Reasoning, DAT 22 27°° 23 27°°

12 Aerial Landmarks, AFOQT -18 07 -17 07
16 Reading, Pers. Select. & - 16 28°*
Class. Test .
21 Family Relations, CTB, ., 19 22°° 50 gg°°
Cal. Test of Pers. | = . _
22 Nervous Manifestations, 21 92°° 26 93¢
CTB, Meiital Heal A

Biographical Variables
25 Marital Status . 1§ 00 16090 . :
1957 Criterion Variables _ |
Composite Instructor Rating - ;- ~ 60 56°**
Multiple Correlations 59°°  S0°° 48°C St 47*c 65t
H '-lntercorrrﬁliian matrix for equations was based on a common N of l:‘ismlneawhnmmplded the training
course. decimal points have been omitted from table entries.
t Regression Coefficients (Betas) for standardized scores,
t Validity Coefficients,
- * Significant at less than the .05 level.
*¢ Significant at less than the .01 level,
* Point hiserial correlation




TABLE 4

Regression Coefficients for Standardized Scores (Betas) Reported by
| Brokaw and Used to Derive Equation Number 7*

Variable

No. Description . Regression Coefficients} |
7 Air Traffic Problems 1 20
8 Arithinetic Reasoning, AC 24 1
9 Symbolic Reasoning and P tual Speed
(Test 5, Cal. Capacity Quest.; ' 18
19 Code Translation, Survey of Working Speed
- and Accuracy 5
*Table entries were taken from: Bmhw,LD.SchoolalﬂjobﬂlﬁlthndM
messures for sis traffic comtrol training. WADC-TN-38, Pers, Lah, WADD, USAF,
Lackland AFB, Texas, 1650, . _
t Decimal points omitted.

Table 5 contains the comelations between
those regression equations which were signifi-
can H toe't]he )

tog erwithpMcorrelaﬁonseliminaﬁng

the effect of age, Only Regression No. 2 was
significantly ref:ted to the Disci Action
criterion and this at a relatively low level. Re-

gression Nos, 5,Band7w_ereallsignifieantl

related to the 1961 Average Supervisor Rating.y
If we note the correlations between the 1958.
1957 criterion measures and the 1961 cri .
also contained in Table 5, it is not surprising
that Regression No. 6, which ingluded the
Composite Instructor Rating as 4 predictor
vuing?:, had the highest correlation with the
1961 Average Supervisor MRating. What was
surprising, was the remarkably high correlation
between the Composite Instructor Rating and
the 1961 Average Supervisor Rating. / Obvi-
ously, the instructors ih 1956 were’ making
exceptionally valid judgments’ ctmééming a
trainee’s potential for air traffic control work.

The correlation between Regression No. 8,

newly computed using only psychological tests’
" as predicto?s, and the 1961 AP:Z:age Supervjsor

Rating becam® insignificant when age was par-
tinled out. However, Regression No. 7, which
utilized  tests originally recommended by
- Brokaw (1), remained significant  when a

was eliminated. The significance of the lattor

ionleavesnodoubtthatavaluablecm-

on can be made to the selection of air
mfﬁccontrollmbytheuseofpsychologlcal
tests.

A comparison of the correlations between
the 1956-1957 criterion measures and the 1961
criterion measures indicated that all three of
theenrliermeasmueouldpredictthelml
Average Supervisor Rating and Active vs. In-
active Controller status, whereas retention in
the FAA was predicted only by the 1856-1957
Composite Instructor Rating and the 1957 Ay.
erage Supervisor Rating, relationships
remained essentially unchanged, as indicated
by the al correlation coefficients in Ta-
ble 5, when the influence of age was removed

statistically, :

Individual hological test and bi hi-
cal measures p\: ich '?vglere significantlyog?fted
to dny of the 1961 criteria are presented in
Table 8. Two tests of the ahstract reasoning
type and two of the space relations or orienta-
tion type were predictive of the 1961 Average
Supervisor Rating. When the effect of age was
eliminated from the correlation, one of the
abstract reasoning tests no longer was signifi:
cantly related to the criterion, However, the
fresent findings, and the fact that Brokaw
otnd these four tests significantly related to
one ar more of the ATC school criterion meas.

-8



TABLE §

First Order and Partial Correlations Between the 1961 Criterion Measures,
&elW&ﬂeﬁmMmmdSmuWﬁmBeMm
ions Where the First Order Correlations with the 1961 Criteria

_ _ are Significant
o Criterion r
| Criterion Ags  with Age
Criterion Vorkble | ¥ N+ N Porticled Out
Age —23** 149 :
Average Lecture Grade 24°° 148 -05 135 23°°

,-IWAvmgeSupervisorRathg 33°° 143 -07 135 32°°
Regression Equation 5 17 143 -14 133 14
Regression Equation 6 “4°° 127 09 133 43°°
Regression Equation 7 2°* 143 -11 133 21°
Age ~15* 169 -
Average Lecture Grade - 26°*° 168 ~14 195 24°°

Composite Instructor Raiing  24°** 160 —24 188 21
1957 Average Supervisor Rating 24°** 162 —11 170 g3°°

gii Composite Instructor Rating ~ 45°° 149 —18° 135 43°*
g

Inactive
Controller

3.3 Ao -0 169
;*_; Composite Instructor Rating 16 169 -24 188 18°
3% . 1857 Averyfze Supervisor Rating 20> 162 -1 170 20°
L‘ § igd Age B ¢
; ig 1957 Average Supervisor Rating 28°** 142 -07 133 o8
| £730F Regression Equation 2 17" 138 —08 133 17°
' wmu.h.ubké.mm. : '

*_ Significant at less than the .05 level.
** Significunt at less than the .01 levdl,
*  Point-biserial corvelations, ‘

. [
! ‘ *
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TABLE 6

First Order and Partial Correlations Between the 1961 Criterion Measures

and Psychological Test and

Biographical Measures Where the First Order

Correlations with the 1961 Criteria are Statistically Significant

_ Criterion ¢
Variabls Criterion  Ags with Age

.. Criterion No. Description - e N N PorledOut .

| _93 Age | -23°* 149
.~ 9 Symbolic Reasoning &
Perceptual Speed (Test '
i 5, Cal. Capacity Quest) 21°° 149 -17° 135 18°
10 Abstract Reasoning, DAT 18°° 149 —26°° 135 13
Eg 11 Space Relations, DAT 18° 148 —08 135 17°

13 Spatial Orientation, |
g AFOQT - 28°* 143 -10 135 21°

28 Previous Flying Exper. —19% 130  67°* 135 —05
' 20 Any Air Traffic Exper. 18** 139 -57°° 135 08
Bo B Age -15 169
gﬁ 21 Family Relations, CTB
7S CalTestofPersomality 21°* 150 —03 175 g1°°
333 2 age & 1
N : i —1A0e (1) IR
§;§r aptluuﬂmu lev 188 4> 188 -16
131 3 -1t e
*?Mdpuﬁuhwbnm
* Significant at loes than the .05 level.
*® Significant at lees then the 81 level, '
* Point-biserial correlitions, ;
i F :,.‘
-



ures, indicates tests related to these aptitude
areas should be included in any predictor test

The only other individual psychological test
found to be significantly related to a 1961 cri-
terion was the Family Relations Scale with
Active vs. Inactive Controller status. This re-
 lationship was independent of aﬁe. Although

this suggests that personality scales may be of
some potential use, further refinement of these

nwasumwillbenecessarybeforétheymnbe -

recommended for operational use in a selection
test battery.

From the negative relationship between age
and the 1961 Average Supervisor Rating, it
may be inferred that older trainees are not as

likely as their younger classmates to be con- -

sidered by supervisors some years later as bein
among the better controller{. Age, also, waE
nem@‘vely related to Active vs. Inactive Con-
troller status which corroborates the inference
that older trainees do not tend to be as success-
ful as younger men.

It was surprising, however, to find age nega-
tively rela'tjs to Mean Hours of Sick Leave.
‘This implies ‘that older men are less often ill
than younger imen. Obviously, this requires
further exploration of the factors behli':lg the
relationship. '

Two biographical variables, Previous Flying
Experience and Any Air Traffic Experience,
were significantly related to the 1961 Average
Supervisor Rating; but when the effect of age
was removed, these relationships became n ?’-
gible. Thus, none of the biographical vari:b&u

resenting previous experience was related to

;uegsequent job performagce. It may be that
~ these experience variables which, then and now,
are being used as partial requirements for entry
into ATC traiilins may keep some potentially
unsatisfactory individuals out of A work;
but they certainly have little rela nship to
- subsequent performance as a controller.

Finally, Education was found to he nega-
tively related to retention in the FAA.

reasons for this are not at all clear and further

research is needed to clarify the causative
factors,

DISCUSSION

" The present investigation has indicated that
psychological tests can make a useful contri-

Cn S ——

" coul

bution to personnel selection for air traffic con-
trol work. In addition, it has demonstrated
that the most effective prediction of current
supervisory opinion of a controller’s roficiency
can be cbtained from the controllers ATC

'school instructors, assuming that the same

instructor-curriculum-student relationships have
continued to exist as prevailed in 1956.57.

The relative effeciveness of psychological
tests and the instructor’s evaluation of a student
as predictors of job performance ratings are
presented in Figures 1, 2, 3, and 4. The first
two figures were derived by identifying those
individuals in the low 25 percent of the scores
predicted from Regression Equation 7 using
psychological tests only, in the case of Figure 1,
and the low 25 per cent of the Instructor Rat-
ings made in 1956 in the case of Figure.2, The
per cent of the individuals in quarter of

the 1961 Average (Mean) Supervisor Ratings

was then determined and plotted. o
The second two figures were derived by
identifying those individuals who were either
in the lowest 25 per cent of the 1961 Average
Suﬁ»ervmor‘ Ratings or who had been cited for
violations of air traffic rules and regnlations.
The per cent of these 54 marginal individuals
in each quarter of the scores from Regression
Equation 7 was determined and plotted in
Figure 3; similarly, the per cent oF m
individuals in each quarter of the 1956 In-
structor Ratings has heen plotted in Figure 4.

Considering the correlations previously dis-
cussed, the superior predictive efficiency of
the Composite Instructor Rating would be ex-
pected. But, it must be remembered, these
predictions were made after trainees had heen
recruited, hired by the organization, and put
through a lengthy and expensive training pro-
gram. Some loss in efficiency of prediction by
usinﬁ psychological tests instead of instructors

well be tolerated on economic grounds.
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