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THE RELATIONSHIP OF PREDEVELOPMENTAL “150” TRAININ G WITH NONCOMPETITIVE LY
SELE CTED AIR TRAFFIC CONTROL TRAINEES TO FAA ACADEMY SUCCESS

I. Introduction.

Several past studies have indicated that prior air traffic control (ATC)
experience (usually from military service) is strongly related to being
selected for ATC training in the Federal Aviation Administration (FAA) and to
later success in FAA ATC training (2,3,10). It was also noted in these
studies tha t women who are selec ted for training have significantly less prior
ATC experience than do men ( 1) . More recent unpublished reports (6) demon—
strate that minorities are also less apt to have prior ATC experience than are
nonminorities. Based on the above information related to experience and other
existing social conditions , women and minorities have not been represented in
ATC to the extent that nonminority men have. Civil Aeromedical Institute
( CAMI ) records during 1976 show that 79 percent of ATC trainees who entere d
the FAA Academy were nonminority men , while women and minorities combined
comprised the remaining 21 percent.

In response to a need for more minority and women selectees in ATC, the
Predevelopmental “150” program was begun in 1968. This 1—year program,
conducted primarily at field facilities includes a 17—week set of 15 courses
taught -at the FAA Academy related to basic education , aviation principles , and
principles of air traffic control. Onsite orientation is also provided. The
program is designed to compensate for deficiencies in the backgrounds of
trainees prior to their entry into formal air traffic control training at the
FAA Academy. Various evaluations of the “150” program in the past have been
aimed at determining if the selec tion of women and minorities through the
“150” program resulted in a higher percentage of women and minorities in ATC
work (8,9). However, there has not been an explicit study to determine if the
training received in the “150” program, which constitutes a 1—year agency
investment in every “150” trainee, has indeed produced a direct impact on the
“150” trainee ’s ability to achieve success in air traffic control. Although
no measures are taken to determine how much is learned through onsite orien-
tation, tests are administered during the 17 weeks of Academy training and the
scores are recorded. This study is directed toward determining the unique
relationship between predevelopment training scores and the trainee ’s ability
to achieve success in FAA Academy training.

II. Methods.

Subjects. The sample consisted of all persons wh ’ came through the
Predevelopmental (FAA— 150) program in calendar years 1974, 1975 , and 1976 , who
finished Academy training between January 1976 and March 1977, and for whom
CAMI had both Predevelopmental and Academy training scores. The final number
of persons in the study was n ~ 157.

Variables included in the study. Variables are listed below with the
abbreviated form to be used in this report.

1
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Variable Code Abbreviation

1. Sex (I — woman , 2 man ) SEX
2. Minority Status (1 — nonwhIte , 2 • whi te) MINSTA
3. Option (1 - Terminal , 2 — En Route)  OPTION
4. Education (I — No College , 2 • Some ED

College , 3 — Degree)
5. ATC Experience (1 — Yes , 2 — No) EXP

Civil Service Cousnission Scores

6. Part Score 24 — Computations CSC24
7. Part Score 51 — Spatial Patterns CSC5I
8. Part Score 540 — ATC Aptitude I & II CSC540
9. Part Score 157 — Letter Sequence CSC157
10. Part Score 135 — Oral Directions CSC13S
ii. CSC Composite Score - COMP
12. CSC Earned Rat ing (includes experience and CSCER

preference points)

Academy Scores

13. Academy Final Phase Score 2 PHi
14. Academy Final Phase Score 3 PH2
15. Academy Final Phase Score 4 PH3
16. Total Lab Z—Score ZLM~

Predevelopmental Program Scores

17. Coumwnications COMM
18. Social Studies SOCSTU
19. Human Relations HUMRE L
20. Mathematics MATH
21. Computations COMPLI T
22. Weather WEA
23. Navi ga tion NAV
24. Federal Avia tion Regulations FAR
25. Fli ght Service Station FSS
26. Aerodynamics AERO
27. Aircraf t Identification ACRTID
28. Na tional Airspace System NAS
29. Air Traffic Control ATC
30. Aviation History AVNHIS
31. Facility Management FACMAN
32. Average for Predevelopmental Scores AVE R

Analyses. The first stage of the analyses described the predevelop—
mental subjects in terms of their back ground charac teristics , i.e., sex ,

2
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minority status , education , experience ; scores on the Civil Service Cousnission
tests; scores on tests given during the Predevelopmental program ; and scores
made on the lab problems during Academy training . The description of these
characteris t ics  and scores were in th~ fo rm of means , standard deviations ,
and sample sizes for each variable.

The second stage of the analyses was exploratory. Initiall y ,  how a l l  of
the background characteristics and scores are related to each other was
explored by means of a correlation index , t.~omputed by pairing all the
characteristics and scores. Next , a series ot analyses of variance were
computed. These analyses were used to determine if the predevelopmentals
differed on their scores according to their back ground characteristics. For
examp le , do men score hi gher than women on the Civil Service Couzuission tests~
The last step in exploration involved a statistical look at the pass/fail
rates in Academy t ra ining by each of the back ground character is t ics  to deter—
mine , for example , if  women fa i l  more often than men. Chi—Square was used to
test for differences. In all cases , statistical significance was set at
a • .05 (or better) level of chance.

In the last step of the analyses all the exploratory measures were
reviewed , and the significant measures were used to develop models in the form
of path diagrams to exp lain the unique relationship between the Predevelop-
mental program and Academy success.

III. Results.

Descriptive Statistics. There are a few items to note in re la t ion  to the
descriptive s ta t is t ics  (Table 1) . First , the mean scores for the Predeve lop-
mental program tests are quite high , generally around 90 (out of a possible
100) with an overall average of 91.75 . Second , the Academy scores for
predevelopmentals are low for all training phases and for the overall ZLAR .
(Note: The phase and ZLAB scores are in standard score form; there fore , a
negative score means it is that many standard deviations below the mean.)
Another item related to the Academy scores is the large standard deviations ;
there was a large range in the scores for Academy training. The lowest samp le
size (n) is for the Civil Service Coninission scores (about 50 percent of the
total sample). Finally, the frequencies in the data (Tables 2—6) are
about equal for sex , minority status , and option . Notable deviations occur
for nonminori ty men and for minority women, both of whom are represented

-~ 

- somewhat less than their counterparts.

Exploratory Statistics (Table 7). Correlations between the following

3 - variables were selected for further study in the explanation section . They by
no means define all possible meaningful correlations about which questions
could be posed ; however, they do appear to be the more usefu l ones. The
paired variables and their correlations are: (1) SEX — COMP • 0.129 ,
( 2 )  MINSTA — co~n’ 0.118, (3) MINSTA — ZLA B • 0.239, (4) MINSTA — AVE R
0.343 , (5) OPTION — AVER — 0.225, (6) COMP - ZLA B • 0.161 , ( 7 )  COMP - AVE R
0.204, and (8) ZLAB — AVER — 0.464. As can be seen , minority s ta tus  corrt1ates
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TABLE 1. Descriptive Statistics for
All Variables.

Variable Meafl S.D

SEX 1.48 0.50 157
)flNSTA 1.46 0.50 157
OPTION 1.51 0.50 157
CSC24 46.11 7.75 83
CSC51 57.65 9.68 79
CSC54O 37.81 11.46 80
CSC157 69.71 15.18 80
CSCI3S 27.13 5.31 78
Cc~tP 79.45 7.27 88
CSCER 81.74 7.82 58
PIll -0.85 1.98 153
P112 -1.43 2.43 154
P113 -1.08 1.36 154
ZLAB -1.84 2.40 153
C~~4M 90.54 5.04 155
SOCSTU 90.58 5.07 36
HUMREL 86.48 7.72 23
MATH 91.79 9.26 155
C~~~UT 92.31 693 154
WEA 92.33 6.24 155
NAy 92.06 661 155
FAR 93.50 554 155
FAS 92.58 6.33 155
AERO 95.04 5.59 155

~~RTID 89.21 9.15 155
NAS 94.24 5,11 153
ATC 90.21 4.97 155
AVNI~~S 87.41 5,52 116
FAcMAN 90.14 6.29 129
AVER 91.75 4.08 155
ED 1.93 0.56 98
EXP 1.73 0.44 98
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Table 2. Two—Way Fr.qu.nci., Table 3. Two—Way Frequencies
for SEX by OPTION • for SEX by NXNSTA.

g~~ Tota l ~~~ Total
Males : 41 41 82 Ma le. : 59 23 82

Females : 36 39 75 Females 26 49 75

Total : 77 80 157 Total : 85 72 157

Phi • .02 Phi — .35
— .063, dt — 1, p • ns X’ 21.93, df • 1, p < .001

Table 4. Two—Way Frequencie, for MINSTA Table 5. Two—Way Frequencies tor
by ~~). MI NSTA by ~~~~.

No No Sons No No
laL. call. ~ lL Ru... Total InL.. ks.. ks... T°t’.l

Kin : 35 10 35 5 85 Kin : 35 15 35 85
Hon Kin : 24 9 32 7 72 Non Kin : 24 ii 37 72

Total : 59 19 67 12 157 Total : 59 26 72 157

Phi .07 P~i - .O8
— .048, df — 2 , p ii I .63, df — 1, p • ns

Table 6. Two—Way Frequencies
for PUNSTA by OPTION.

Kin : 50 35 85
Non Kin 

- 

27 45 72 ~ ttSS~0H ~~ 

~~~
Total : 77 80 

- 

Buti SectlO5 C

- -

- - • .21 -.-.— 

—.—
I’ — 7.09, df — i, p < .01 — .—
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well  wi th AVER , and AVE R correla tes wel l  with ZLAB . These relationshi ps
will be of par ticular interest in explanation .

The next set of exploratory statiatics is transitional since the analyses
edge in to the area of explanat ion. These consist first of several one—way
anal yses of variances. These analyses determine if there are s tat is t ically

- - 
significant differences in (1) Civil Service Coninission composite scores
(COMP ) , (ii) Predevelopmental program total average scores (AVER), and (iii )
Academy training lab (ZLAB) totals (three dependen t meas ures ) , based on
whe ther the s ubjec ts are (1) men or women (SEX) , (ii) En Route or Terminal
(OPTION) , (iii) minority or nonminority (MINSTA ), and on (iv) educational
level (ED), and (v) ATC experience (EXP) (five independent variables). The
following differences were found to be statistically significant : (1) MINSTA
for ZLA B , (2) MINSTA for AVE R, and (3) OPTION for AVER. Again note the effect
of minority status . Results of analyses of variance form part of the back-
ground for anal ytic discussion in the next section .

The second set of analyses in the transitional exploratory area
j comprises two—way frequency tables (Tables 23—31). These tables present the

Academy pass /fail rates by sex , minority status , option , and the vario us
combinations . A Phi coefficient and a Chi—Square statistic were computed for
each table to determine if there was a statistically significant difference in
the pass/fail rates for that variable. Pass/fail rates found significan t ly
d i f f erent we re: (1) MINSTA for pass/fail , (2) MINSTA (men onl y) for pass/
fail , and (3) MINSTA (En Route only) for pass/fail. This third set of
exploratory statistics again emphasizes minori ty status.

• Explanatory Statistics. The exploratory statistics presented above are
rela t ivel y s tri ghtforward computations that offer insigh t in terms of rein—
t ionshi ps or differen ces; howe ver , they are inadequate (although they are
of ten so used inc orrec tly) to direc tly explain or to infer causality for
controlling effects. What is needed is a way to consider the relationsh ips
between variables simultaneously and to co nsider the unique contribution of
each of the independent variables to the dependent variable of interest. This
can be done by constructing path diagram models and using correlations to
perform a series of multiple linear regressions to determine the path
coefficients (Betas). Given proper assumptions , the coefficients can then be
interpre ted as the unique contribution of each path in explaining variance in
the dependent variable (5). The correlations presented above revealed some
interesting relationships that can be used to develop path diagrams .

The first diagram relates to the following questions : If the CSC COMP
scores represent a measure of the ability of predevelopmentals to achieve
Academy success prior to predevelopmental training, how much does predevelop-
mental training add to their ability to achieve Academy success? After
partialling out the trainee ’s ability level prior t~~ predevelopmental training ,
how much does predevelopmental training contribute to Academy success? The
ques t ion s can be express ed in the model presen ted in Figure 1. 
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TABLE 8. Analysis of Variance: Sex Effect for CSC
Composite .

.1 Mean SD .
Males 28 82.18 8.40

Penal.. : 30 81.33 7.35

Sou.rc. SS ______ F
Istwe.n Groups : 10.31 1 10.31 0.17 as
Within Groups : 3472.78 56 62.01

Total : 3483.09 57

Level of signi fi cance is indicated by ns (nonsignif-
icant), * (p — .05), ** (p — .005), and ~** (p — .001).

TABLE 9. Analysis of Variance: Education Effect for
CSC Composite.

.j~ Mean S~~.
No Coil : 6 82.50 6.98

Some Coll : 26 82.04 6.09
Degree : 3 85.33 12.34

Sonre. JL_ ~j NS F
Between Groups : 29.27 2 14.63 0.32 ne
Within Groups : 1475.14 32 46.10

Total : 1504.41 34

Level of significance is indicated by as (nonsignif-
icant) , * (p .05), ~~ 

(p — .005) , and ~~~ (p .001) .

TABLE 10. Analysis of Variance: Experience Effect  for
CSC Composite .

.~~~~ 
Mean S.D.

lap. : 11 84.00 5.22
No lap. 24 81.67 7.20

_ _ _ _ _ _ _ _ _  
ss gj NS F

Between Groups : 41.08 1 41.08 0.93 as
Total : 1504.41 34

Level of significance is indicated by as (aonsignif
icant), * (p — .05), ~~~ 

(p — .005) , and **~ (p — .001) .
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TABLE 11. Analysis of Variance: Minority Effect for
csc Composite.

...~~~ Mean S.D.
Kin . : 29 80.03 7.18

Nonmin. : 29 83.45 8.17

Source SS ______ ____ Z___
3.tws.n Groups : 168.97 1 168.97 2.86 as

Tot*l : 3483.09 57

Level of significanc. is indicat.d by ns (nonsignif-
icant), * (p — .05), ** (p • .005) and ~~AA (p .001) .

TABLE 12. Analysis of Variance : Option Ef f e ct for CSC
Composite.

..1 Mean S.D.
T.rminal : 28 81.00 8.46

~ tRoute : 30 82.43 7.24

Source _______ ______

Between Groups : 29.75 1 29.75 0.48 na
Total : 3483.09 57

Level of significanc. is indicated by ns (nons ignif-
icant), * (p • .05), ~~* (p S .005) , and -

•
-

~~ 
(p — .001) .

TABLE 13. Analysis of Variance : Sex E f f e c t  for BLAB.

.11 Mean S.D.
Males : 81 -1.78 2.53

Females : 72 -1.91 2.25

Source SS ______

Between Groups : 0.70 1 0.70 0.12 ns
Total : 872.19 152

L.v.l of signi ficance is indicated by as (nonsignif-
icant), * (p .05), ~- A  (p • .005) , and ~~ (p .001) .

.1
.4

‘I
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TABLE 14. Analysis of Variance : laperience Effect for
BLAB.

I ~~jg~ S.D.
lap. : 26 —2.29 2.43

No lap : 69 -2.09 2.79

Source SS ~.L ~~Between Groups : 0.71 1 0.71 0.10 ns
Total : 677.13 94

Level of significance is indicated by as (noasignif
icant) , * (p — .05), ** (p — .005) , and A A A  (p — .001) .

TABLE 15. Analysis of Variance: Minority Effect for
BLAB.

...~~~ Mean S .D..
Kin . : 83 -2.37 2.57

Nonmin . : 70 -L22 2.01

Source SS ...dL MS _ L__
Between Groups : 49.98 1 49.98 9.18 **

Total : 872.19 152

Level of significanc. is indicated by ns (nonsignif-
icant) , * (p .05), -•

~~~ 
(p .005) , and *** (p .001) .

TABLE 16. Analysis of Variance: Option Effect for BLAB.

T.ral nal : i~ ~~~~~~~~~~~ ~1t 
—

Enloute : 76 —2.01 2.81

Source SS _~~~~~~ MS
Between Groups 2 4.49 1 4.49 0.78 as

Total : 872.19 152

Level of significance is indicated by ns (nonsigni f-
icant) , * (p — .05) , ** (p .00 5) , and *** (p .001) .

10

— ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
- _ .  

~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ________



- - - - — -~ - - --- — —— ---- - - - — -- - - _ _ _
~~~~ 

- UI

TABLE 17. Analysis of Variance: Education Effect for
ZLAB.

~1 
Mean S.D.

No Coll : 17 -2.26 2.84
Some Coil : 66 -2.32 2.77

Degree : 12 -1.02 1.76

huice SS 
~.gL 

MS F
Between Groups : 17.36 2 8.68 1.21 ns

Total : 677.13 94

Level of significance i. indicated by as (nonai gni~- —

icant), * (p — .05), ~~ 
(p — .005), and ~~~ (p • .001) .

TABLE 18. Analysis of Variance: Sex Effect for Pre-
developmental Total Average.

~~ Mean S.D.
S Males : 81 91.79 3.77

Females : 74 91.70 4.43

Sour ce SS .4~ MS F
Between Groups : 0.25 1 0.25 0.01 flS

Total : 2569.13 154

Level of significance is indicated by ns (nonsignif-
icant), * (p • .05), ** (p — .005) , and *** (p — .001).

TABLE 19. Analysis of Variance: Education Effect for
Predevelopmental Total Average.

Mean L.D_.
No Coil : 19 90.79 4.92

Some Coil : 66 91.65 4.06
Degree : 12 93.83 2.76

Source SS MS F
Between Groups : 70.25 2 35.13 2.08 ns

Total : 1658.06 96

Level of significance is indicated by ns (nons ignif-
icant), * (p . .05), ~~ (p — .005) , and A~~A (p — .001).

11
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TABLE 20. Anal ysis of Var iance: Experi ence Effect  for
Predevelopinental Total Average.

-~~~ Ma~~ ~~~~lap. : 25 92.76 3.96
No lap. : 72 91.40 4.19

Source SS di MS _... -. -

Between Groups : 34.19 1 34.19 2.00 as
Total : 1658.06 96

Level of signi ficance is indicated by as (nonsignif-
icant), * (p — .05), ** (p — .005), and *** (p — .001).

TABLE 21. Analysis of Variance: Minority Effect for
Predeve lopasatal Total Average.

-~~~ 
M&i~ ~~~~Kin . : 84 90.46 4.20

Nonmin. : 71 93.27 3.39

Source — SS ...d~L MS _~~~~~~

Between Groups : 302 .38 1 302.38 20.41 ***Total : 2569.13 154

Leve l of significance is indic*t.d by as (nonsignif-
icant), * (p — .05) , ** (p — .005), and *** (p — .001).

TABLE 22. Analysis of Variance: Option Effect for Pre-
developmental Total Average.

.iL Mau i, S ,~~Terminal : 76 90.82 4.48
EnRoute : 79 92.65 3.46

Source ss 
~~L MS

Between Groups : 129.63 1 129.63 8.13 **Total : 2569.13 154

Level of significan ce is indic*ted by na (nonsignif-
icant) , * ~p — .05) , ** (p — .005) , and *** (p — .001) .
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tABLE 23. No—Way Frequency Distribution for Pre-
developmental. (Total Group) by Sex .

Fail Total
Mates : 54 407, 1.9 137. 73 537u

Females : 49 357, 15 127. 64 477.
- 

Total 103 75% 
- 

34 25~ 

-

Phi • .0299
Chi-Squar. — .123 df — I p • as

*proportioas or probabilities based on total sample .
~~One withdrawal (male , nooninority, EnRout.).

TABLE 24. Two—Way Frequency Distribution for Pr.-
developmental. (Total Group) by Minority Status.

_ Japs Pai l - Total
M m .  : St 377,* 27 20% 78 577,

Nonmin. 52 387. 7 5% 59 43%

Total : 103 75% 34 257. l37~~l00t

Phi — .2524 -:

Chi-Square 9.3l9 d f l  p �  .01

Spropor tions or probabilitie, based on total sample.
**On. withdrawal (male, nonminority, Enkoute) .

TABLE 25. No—Way Frequency Distribution for Pre -
developmental. (Total Group) by Option.

Pass Pail Total
Terminal : 52 3$%* 20 15% 72 53%
EnRout. : 51 377. 14 10% 63 477.

Total : 103 75% 34 2fl 13;ee1007,

Phi • .0719
Chi-Squar. • .7127 df — 1 p — as

*proportions or probabilities based on total s~~~te.
MOn. withdrawal (male, nonminority, Exloute).
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TABLE 26. No—Way Frequency Distribution for Pre-
developmental . (Female) by Minority Stat us.

Pass PaiL Total
Kin. : 15 237.* 8 13% 23 367,

Nonmin. : 34 527. 7 12% 41 64%
- 

Tota l : 49 7 57, 15 257. 64~~l0O%

Phi — .1937
Chi-Square — 2.5752 df — I p — as

~ Preportion. or probabilitie, based on total sample .
One withdrawal (male, nonainority, EnRoute).

TABLE 27. No—Way Frequency Distribution for Pr.-
developmental. (Female) by Option.

Pass ~~iI Total
Ter minal : 23 397,* 9 14% 34 537.

InRouts : 24 387. 6 97. 30 477,

Total : 49 777, 13 237, 645*100%

Phi .076
Chi-Square — .3719 df — 1 p as

- 

- 

*Pro,ortiam. or probabilities based on total sampl e.
~~One withdrawal (male , nonminority, EnRouts).

TABLE 28. Two.4lay Frequency Distribution for Pre-
developmental. (lisle) by Minority Status .

Pass 141 .....ZuLaL...
Kin. : 36 49%* 19 267. 55 757.

Nonain.: 18 25% 0 0% 18 23% - 
-

Total ; 34 74% 19 26% 73’*lOQ7.

Phi — .3213
Chi-Squar. — 8.4061 df • I p ~ .01

*Proportions or probabilities based on total s ple.
~~One withdrawal (male, nonainority, EnR out e) .
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TABLE 29. No—Way Frequency Distribution for Pre-
deve lopmsntal. (Male) by Option.

Pass Fail Total
Ter minal : 27 377.5 11 13% 38 52%

EnRoute : 27 37% 8 117, 35 48%

Total : 54 74% 19 26% 73~~l00%

t Phi — .0692
Chi-Square .35l0 d f l  p n s

*Proportions or probabilities based on total sample.
~~Ome withdrawal (male, non.inority, EnRoute) .

TABLE 30. No—Way Frequency Distribution for Pre-
developmental. (EnRoute) by Minority Status .

Pass Fa.jl Total
Kin. : 19 297.~ 12 18% 31 47%

Nonmin. : 32 497. 2 47, 34 53%

Total 31 787. 14 227. 65~~l00Z

— Phi — .3705
* Chi-Square — 10.3401 df — 1 p ~ .01

5Proportions or probabilities based on total sample.
~~One withdrawal (male, nonminority, Enkoute).

TABLE 31. Two—Way Frequency Distribution for Pre-
developmental. (Terminal) by Minority Status.

Pail Total
Kin. : 32 44% 15 21% 47 65%

Nonain . 20 28% 5 7% 25 357.

Total 52 727. 20 287. 72no1007.

Phi • .1236
Chi-Square • 1.1548 df I p • as

*Propordcm. or probabilitie. based on total sample.
~~One withdrawal (male, nonminority, EnRoot.) .
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Figure 1. Path diagram for Model I (without path
coefficients). Effect of Predevelopinental
training on Academy success. 

-

Regressing ZLAB on CSC COMP and predevelopmental AVE R produces the
relationships depicted in Figure 2.

.204

Figure 2. Path diagram for Model I (wi th path
coeff ic ients) .  E f f e c t  of Predevelopmental
t raining on Academy success.

Clearl y ,  the predevelopmental AVER adds a large amount of explanatory power
relative to what CSC COMP does in explaining ZLAB scores. To determine how
well the model represents the data , the ori ginal correlation matrix was
reprod uced by using the path coefficients. The coefficients above the
diagonal are the orig inal correla tions ; the coefficien ts below the diagonal
are the reproduced correlations . As viewed from Table 32, the mode l represen ts
the data very closely. This evidence supports the belief that the Predevelop—
mental program adds si gnifi cantly to the trainee ’s ability to achieve success
in the Academy program.

Building on the exis t ing model , is there another variable chronologi cally
preceding CSC COMP tha t might provide useful information? An obvious one that
consistently showed up in the explora tory anal yses was minori ty status , and
another variable preceding CSC COMP chronolog ically is sex. So, another
question can be posed: Does the relationshi p be tween the Predevelopmen tal

16 
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TABLE 32. Efficiency Table for Model I.

CSC Aver ZLab

CSc 1.000 .204 .161
Aver .204 1.000 .464
ZLab .156 .436 1.000

Correlations above the diagonal are
original ; those below the diagonal are

* 

reproduced from path coefficients.

program and the ability to achieve Academy success differ according to minority
status or sex? First, minority status is introduced into the model. To test
this model , ZLAB scores were regressed directly on MINSTA, CSC COMP , and AVER
to determine direct relationships, and then AVER was regressed on MINSTA and
CSC COMP to determine indirect relationships. The results are presented in
Figure 3.

.~~~~~~~~~~~~~~~~~

(

~~~~~~~~~~~~~~~~~~~~~~~~~ .084l

Q ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

~~~ .~23~~’~’ ”1~~4

Figure 3. Path diagram for Model II. The influence of
minority status on the effect of predevelop—
mental training on Academy success.

The model in Figure 3 demonstrates a mild direct contribution (.0841) of
CSC COMP (the measure used to represent the ability to achieve Academy success
prior to the predevelopmental training) and minority status (.0941) on ZLAB
scores (Academy success) . However , there is a strong direct contribution
(.3864) of AVER (the Predevelopmental program effect) on ZLAB . Now, we can
proceed to observe indirect paths.

There are two dominant indirect routes to ZLAB:
(1) MINSTA -3 CSC COMP —

~~~ AVER —
~~~ ZLAB , and

(2) MINSTA —3 AVER —3 ZLAB.

H 17
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Clearly, the second route cSee Figure 3) is superior to the first.
Essenti&lly, this model de~onstrates that minority Btatus  makes little
direct contribution to ZL1A.B (Academy success) for predevelopmentals , but when
channeled through AVER (the Predevelopmental program), minori ty status makes
a strong indirect contribution to Academy success. The evidence supports the
idea that the Predevelopmental program produces a differential contribution
in terms of the trainee ’s ability to achieve Academy success according to
the trainee ’s minority status .

Again , the efficiency of the model can be observed by the reprod uced
correlation mat r ix  in Table 33, and the fit is very close.

TABLE 33. Efficiency Table for Model II.

Mm CSC Aver ZLab

Mm 1.000 .118 .343 .239
CSC .118 1.000 .204 .161
Aver .341 .204 1.000 .464
ZLab .237 .160 .436 1.000

Correlat ions above the diagonal are
original; those below the diagona]. are
reproduced from path coefficients.

Are there rival hypotheses that could account for this differential
contribution by minority status? One possibility is that the predevelop—
mentals differed in abi l i ty  by minority status prior to entering the
Predevelopmental program . Howeve r , there is no significant difference
(Table 11) in CSC COMP (the measure used to repre sent prior abili ty) by
minority status. Another possibility: the difference is due to differences
in educational level or experience level , rather than minority status .
Again , there are no significant differences by educational level or experien ce
level on either AVER or ZLAB (Tables 14,17 ,19 ,20) , and Tables 4 and 5 show
educa t ion and experience do not d i f fe r by minority status. Still another
possibility involves sex differences. But Table 8 shows no significan t sex
differences. For illustrative purposes sex was introduced into the model in
place of minority status to demonstrate the difference from the minority model
(Figure 4). As viewed from the model , sex makes little to no direct contri-
bution (—.033) or indirect contribution (.0156) through AVER on ZLAB scores.
It makes a mild indirect contribution through CSC COMP scores (.129).
Comparison of the “above” and “below” diagonals on the reproduced correlation
matrix in Table 34 demonstrates a close fit.

The exploratory statistics selected for analyses do no t sugges t any
further model testing. The following three statements summarize the results
of the model testing .

18
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Figure 4. Path diagram for Model III. The influence
of sex on the effec t of Predeve lopmental
training on Academy success.

TABLE 34. Efficiency Table for Model III .

Sex CSC Aver V.ab

Sex 1.000 .129 - .011 - .028
CSC .129 1.000 .204 .161
Aver -.008 .191 1.000 .464
ZLab -.026 .154 .436 1.000

Correlations above the diagonal are
original ; those below the diagonal are
reproduced fron path coefficients.

(1) Model I indicates that the Predevelopmental program (as measured by
AVER) makes a significant addition to the trainee ’s abili ty to achieve success
in the Academy (as measured by ZLAB) beyond his ability to achieve success in
the Academy program prior to predevelopmental training (as measured by CSC
COMP).

(2 )  Mode l II suggests that the contribut ions of the Predevelopmental
program to the trainee ’s ability to achieve success in the Academy is
differential according to minority status .

(3) Model III does not demonstrate a d i f f e rent ial  contribution by sex of
the Predevelopmental program on the trainee ’s abili ty to achieve Academy
success.

19 
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IV. Discussion of Results.

Model I indicates that the Predevelopmental program , overall , aids the
disadvantage d to achieve success in the FAA Academy . This is an impor tant
findi ng , since it indica tes suppor t for the accomplishment of one of the
primary goals of the program. Past studies (8,9) concluded that the Prede—
velopmental program was responsible for an increase in the number of disad-
vantaged persons in air traffic control , and these studies support the notion
of a unique relationship between Academy success and the training they
received in their Predevelopmental program. However, it should be pointed out 

- 
-

concurrent with these statements about Model I, that this study is not
designed to determine cost—effectiveness. Whether the benefit received from
the program is worth the investment is another matter.

The implications of Model II are more difficult to assess. The tentative
evidence of Model II supports the idea that nonminorities were aided by the
program, but the extent of aid to minorities appears open to question.
Several riva l hypo theses were considered and rejec ted as exp lanat ions for this
d i f f e r ent ial by minority status , viz initial abili ty (csc scores) , prior ATC
experience , and educational level. The three major ability measurements , CSC
COMP , AVE R , and ZLAB , viewed independently by minority status suggests the
possibility of another rival hypothesis. Tables 21, 15 , an d 11 show a
sign i fi can t difference by minority status for AVER and ZLAB; however, no
significant difference is found in CSC scores by minority status.

This circumstance could obviously be due to several factors related to CSC
scores. Since we had no quantitative data on CSC selection and testing
procedures , direct contacts were made with the personnel in charge of CSC
testing at FAA regional offices. Interviews with those persons yielded infor-
mation that the Predevelopmental testing procedures included retesting those
who scored below the cutoff  point ; a second or possibly a third testing might
be allowe d , sometimes with specially rela ted remedial instruct ion given
between the testing sessions. What effect might this situation have on the
models?

-
‘ Consider that observed test scores (Of ) consist of the true ability score

(T1) on that test and any error (E i)  involved in the measurement process.

01 — T1 + E~ (1)

Repetitive test ing of a group taking the hi gher scores on the ave rage
resu l ts in higher observed scores by adding to the error component . Conse-
quentl y ,  scores inf lated by the addition of error y ield misleading estimates
of potent ia l  success , since the observed score s are inaccurate estimates of
the group ’s abili ty. Since retesting occurs predominantly for the group who
score below the cutoff , the infla tion of score s would occur predominant ly at
the lower end of the score continuum.

-
‘ The effect of such a retesting procedure on Model I would not alter the

conclusion based on that model , since a hi gher ability level based on CSC

20
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scores would be partialled Out of ZLAB scores prior to determining the
contribution of the Predevelopmental program to what is left over in ZLAB
after the partialling—out process. In this case (retesting) , Model I would be
a conservative estimate of the overall effect of Predevelopmental training on
Academy success.

In terms of Model II, the results of a retesting procedure are quite
different . It could well be that those retaking the CSC battery are in the
minority s tatus category . Retest scores would in f la te  the es t imate  of their
abili ty and give the appearance of equal initial ability levels for minorities
and nonminorities , when in fact their initial ability levels are quite
different. This could account for the differential contributions by mLnority
status in Model II. Likewise , it could account for the significant differences
in Predevelopmental and ZLAB scores by minority status.

At presen t , data are not available on the selection process (in
particular , CSC testing) so that determinations could be made of the effects
of the selection procedures. However, it would appear econom icall y and
socially advantageous to perform such a study. First, suppose the predevelop—
mental failures at the Academy are primarily those who retook the CSC battery

[4 in order to score above the cutoff  point.  Use of the retesting procedure
would not have gained the agency more minorities in ATC , rather the agency
would have expended considerable resources only to fail them at the Academy ,
when those failing trainees could have been selected Out initially. Second ,
such a study would help determine if a real differential does exist by
minority status in the contribution predevelopmental training makes to Academy
success. If in fact there is such a differential , the Predevelopmental
training program should be assessed and redirected toward achieving the goal
of enhancing the chances of minorities and women to be successful air traffic
controllers .

There are at least four elements of this report that should be noted prior
to generalizing the findings:

(i )  Although the reported sample of trainees represen ts 3 years of
students in the Predevelopmental program who have gone through Academy
training between January 1976 and March 1977 , the sample size is not idea l .
Thus, the inferences drawn should be interpreted with some caution .

(i i)  The second considera t ion is related to the first. In order to
investigate the stability of the models , a cross—validation study should be
performed as soon as more trainee data are available.

(iii ) Causal models never prove causality (neither does any other
stat is t ical  technique) .  Evidence is gathered which either supports or denies
a proposition. The more evidence , the more sure the conclusions. Causal
models such as path analysis offer evidence to infer causal i ty .

21
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(iv) Reliability and validity of measurement instruments:

a. Reliability.

1. CSC scores. A search through the available literature yielded
no reliability information regarding these scores. A report by Mie s (7)
stated that such information was in an earlier report (4) by Educat ion and
Public Af fa i r s , Inc. However , a close examination of the latter revealed no
re l iabi l i ty data. It is perhaps safe to assume that the CSC has sufficient
reliabili ty information for the test to be in use.

2. ZLAB scores. Reliabilities were computed on ZLAB scores at CAMI
for each input in 1976. The average of these coefficients (converting r’s to
Fi sher ’s Z) was .73.

3. Predevelopmental scores. Reliability information was not avail-
able on predevelopmen tal scores; however , the average intercorrelation of the
subscores (again, converting r’s to Fisher’s Z) was .44. This could be taken
as an indication of the consistency of the measures.

b. Validity.

I. CSC scores. The 1970 Education and Public Affairs report (4)
contains a thorough listing of validity studies on the CSC scores. The details
of those studies will not be presented here , but the results were conflicting
and inconclusive .

2. and 3. ZLAB and Predevelopmental scores. At present a field
criterion has not been su f f i c i en t ly developed for such a study. The intercor—
relation between ZLAB and AVER is .464. This could be used as a coefficient
of validity for predevelopmental scores .

V. Summa ry.

1. The results of this study indicate that Predevelopmental training ,
overall , enhances the predevelopmental’ s chances for success in ATC training at
the FAA Academy. With this statement one is cautioned not to assume the
program is particularly cost—effective or that the program could not be
improved.

2. The study suggests further that the contributions of Predevelopmental
t raining to Academy success could be differential according to minority
s ta tus ; however , th is  d i f f e r e n t i a l  may be rooted in the procedures used for
selection into the Predevelopmental program (particularly CSC retesting).

3. This study also demonstrates the need for a study into the selection
procedures for the Predevelopmental program. Such a study could have both
economic and social advantages. 
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