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SUMMY

A computer-administered test battery, the Basic Attributes Tests (BAT), was administered to
883 USAF pilot candidites. Five tests designed to assess personality and attitudinal
characteristics (decisiveness, risk-taking, self-confidence, survival attitudes, and fielo
dependence/independence) were examined for their utility in predicting training outcome
(graduation or elimination) and recommendation for advanced training assignment (fighter or
non-fighter ai rcraft).

Results indicated that although the tests demonstrat~d acceptable reliability, as a group
Sthey were not strongly related with the performance criteria. None of the tests was valid

against both performance measures. Only the test of self-confidence appeared to contribute to
p-edicting completion of training. Future research efforts are discussed with regard to refining
the current test of self-confidence and establishing its construct validity.
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PREFACE

This project was conducted under Work Unit 77191845, Selection for Undergraduate
Pilot Training, issued by the USAF Air Training Command. This paper was presented at
the Third Annual South Texas Symposium on Human Factors and Ergonomics sponsored by the
Alamo Chapter of the Human Factors Society. The symposium took place at the University
of Texas at San Antonio on 8 May 1987.

This paper is intended to serve'as an interim report regarding five tests of
personality and attitudinal characteristics from the Basic Attributes Tests (BAT)
battery, being considered for use as selection and classification instruments for
ai rcrew candidates.
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PERSONALITY, ATTITUDES, AND PILOT TRAINING
PERFORMANCE: PRELIMINARY ANALYSIS

I. INTRODUCTION

Individual differences in student motivation, personality, and attitudes have been
acknowledged as important determinants of successful performance In the training environment.
The Air Force has a long history of interest in this field of research, particularly with regard
to the issue of officer candidate selection (e.g., Flyer & Bigbee, 1955; Guinn, Vitola, & Leisey,
1976; Mullins, 1962; Taylor, Murray, Ellison, & Majesty, 1.971; Tupes & Christal, 1957). A
major factor contributing to this concern is the high costs associated with candidate attrition,
particularly in Undergraduate Pilot Training (UPT). The cost for each UPT eliminee currently is
estimated to be about $65,000 to $80,000.

To put curre t pilot selection research efforts into context, a brief background history
follows. Research concerning the selection of military pilot candidates dates back to World War
I. Efforts at Kelly Field in 1919 found the highest predictive validity for pilot selection with
measures of mental alertness and emotional stability (North.& Griffin, 1977). During World War

, II, the emphasis on pilot selection focused on apparatus tests that were used to measure
performance in terms of two-hand coordination, stick-and-rudder skills, rotary pursuit with
divided attention, and discrimination reaction time. However, problems with mechanical
reliability of the apparatus devices, and a policy shift toward decentralized testing in 1955,
led to the discontinuation of apparatus testing in favor of paper-and-pencil tests (Bordelon &
Kantor, 1986).

Several research efforts over the next two decades were designed to increase the validity of
paper-and-pencil tests for pilot selection through the inclusion of nwasures of motivation,
occupational interests, and personality characteristics (e.g., Guinn et al., 1976; Mullins,

1962; Taylor et al., 1971). Although these studies provided modest support for the use of
interest and motivation measures for pilot selection, such tests never were put into operational
use.

Technological developments in the 1970s led to a renewed interest in apparatus testing for
pilot selection (Hunter & Thompson, 1978; Long & Varney, 1975; McGrevy & Valentine, 1974). The

% result was development of a computer-administered test battery, the Dasic Attributes Tests
System, or BAT (Bordelon & Kantor, 1986). The battery includes a number of tests designed to
measure characteristics and skills identified as having potential for predicting pilot
performance (Imhoff & Levine, 1981). Included among the tests are several tests validated in

- World War II at the Army Air Forces School of Aviation Medicine, such as measures of psychomotor
performance and reaction time (Melton, 1947). Other tests included in the battery are based on
more recent advances in the disciplines of cognitive psychology and personality assessment
(Imhoff & Levine, 1981). The present focus is on the predictive utility of personality and
attitude measures included in the battery.

Five tests from the BAT will be discussed. Two of these tests represent computerized
adaptations of paper-and-pencil tests used previously in Air Force research. Dot Estimation, for
example, was developed to measure impulsiveness; and Self-Crediting Word Knowledge had been used
as a test of self-confidence (Mullins, 1962). Other tests were selected to measure
characteristics such as field dependence/independence, risk-taking behavior, and attitudes about
risk-taking. These tests were either designed or selected on the basis of their content validity
for pilot research. However, it should be noted that the tests selected from the literature had
previously been used mainly in academic settings, for purposes other than aircrew selection.

@1



Based on previous research and anecdotal data, it was expected that pilot candidates who
successfully completed training would be less impulsive, more self-confident, and more field
independent; it also was expected that successful candidates would manifest differences in
"decision-making style and in attitudes about risk-taking behavior, relative to candidates who
failed to graduate from pilot training. Finally, it was expected that within the group of pilots
who completed training successfully, there would be differences in characteristics and attitudes
between two groups of students: those recoended for advanced training in a
fighter-attack-reconnaissance (FAR) track, and those recomended foi- advanced training in a
tanker-transport-bomber track (TTB).

S~II, METhOD

I.NM

Subjects

The sample consisted of 883 trainees in the USAF Undergraduate Pilot Training (UPT) program,
Bt. males and 16 females. In terms of race, the sample consisted of 811 Caucasians, 13 Blacks,
and two "Other" (with no data available on 57 subjects). The mean age for the sample was 23.8
years. The composition of the sample in terms of commissioning source is shown in Table 1.

Table 1. Distribution of Subjects by Source (V - 883)

Source FSP Non-FSP

AFROTC Graduate - 9

AF; Graduate - 33

USAF Helicopter Pilot I -

SOth.r military academy I

CTS Graduate 404 351

USAF Rated Officer 2 1

USAF lon-Rated Officer 6 4

Mcn-US-AF Officer 21 46

Total 438 445

kote. FSP a Flight Screening Progrem; AFRO TC
* Air Force Reserve Officer Training Corps; WFA -

4. Air Force Academs; OTS - Officer Trainirqg School.

2



Instrumentation

Embedded Figures

et. This tert has been used to examine the psychological factor of field dependence/independence
. (Goodenough, i976; Witkin, 1949). It should be noted that level of field dependence has been

,, treated as a personality characteristic by some researchers and as a perceptual ability by others.

In this test, the subject was presented with a simple geometric figure and two complex
figures. The task was to decide which of the two complex figures had the simple figure embedded
within it and to indicate a choice by pressing the keypad button corresponding to the figure.
Speed and accuracy of response were recorded on each of the 30 trials.

Dot Estimation

This test was designed to study decisiveness (Mullins, 1962). In both the original and the
Vs current form of the test, the subject was presented with two boxes, eich contatr.ing a random

dsplay of dots. The subject was instructed to determine, as quic.ly as possible, which of the
- two boxes contained more dots. One box always contained one more dot. No instructions were
* given with regard to counting. The rationale for the development of the test was that decisive

individuals would take less time with each item and thus complete more items in a given time
period, whereas less decisive individuals would sper i more time counting and thus complete fewer
items (Mullins, 1962).

In this version of the test, there was a fixed time limit of 5 minutes and 55 items total.
Each box was a 3 1/8-inch by 3 1/8-inch square. In the first item, the boxes contained 10 and 11
dots, respectively. With each succeeding item (until the last 15), the number of dots increased
by 2 per screen, so that for the last 15 items, the boxes contained 50 and 51 dots,
respectively. The measures recorded were the number of trials ccmpleted, the number of correct
responses, the percent of correct responses, and the total time spent on the test. From these

*• measures was computed the average time spent on correct responses.

Self-Crediting Word Knowledge

This test was designed to be an objective measure of self-confidence (Mullins. 1962). Gd
each of 30 trials, the subject was presented with a "target" word and five other words. The

* subject's instructions were to choose the synoy closest in meanfng to that of the target word.

The test was divided into three sections of 10 questions each. With each succeeding block,
the items became more difficult. The subject was informed of this fact and asked to make a bet
prior to each of the three blocks. The average number of points bet was recorded, as well as the
percent correct, the average reaction time for the correct trials, and a produc. vector of
reaction time and percent correct.

k-tlvities Interest Inventory

This test was developed to measure survival attitudes and risk-taking tendency. The subject
was presented with 81 pairs of activities and was asked to indicate z preference for each pair.
The subject was told to assume that he/she had the necessary ability to perform each -ctivity.
The activity pairs forced the subject to choose between tasks that differed as to threat to



physical survival (sometimes subtly, snmetimes not). The measures of interest were the number of
high-risk options chosen and the average amount of time required to choose between pairs of
activities.

Risk-Taking

This test was selected--on the bafis of its previous use in a variety of settings (Slovi:,
1966)-to measure risk-taking tendencies when making decisions. Ten boxes were presented in two
rows of five boxes each. The subject was told that nine of the boxes contained a reward, and ine
of the boxes was a "disaster" box. The subject was allowed to select the boxes one at a tme.

, -• If the selected box contained a payoff, the subject was allowed to accumulate a point for that
ox. However, if the subject chose the disaster box, all points for that trial were lost.

The test consisted of 30 trials. For 12 of the trials, there was no actual disaster box.
The rationale for this design was that on the trials with a disaster box, the "risk trials," tk,
number of boxes selected was impacted by chance selection of the disaster box. On the&
'no-risk' trials, haaever, the subject could choose up to nine boxes without actU.ý.,y
encountering the disaster box (as the disaster box always appeared as the tenth box). i.-" the
"no-risk trials were designed to allow subjects to manifest their risk-taking te lencies
unaffected by chance selection of an actual disaster box.

The measures recorded on this test were response time and nL.ber of boxes cthosen sriparately
for the risk and no-risk trials.

UPT Performance Criteria

UPT final training outcome was scored as a dichotomous .-ariable with pass - I and fail - O.
S. Students who passed UPT received a recommendation from an Advanced Training Recommendation Board

(ATRB) for advanced training leading to an assignment either as a FAR pilot or a TBB pilot (FAR -
1 and TTB - 0). Final training outcome and ATRB recomendatlon were datermlned, in part, by a
subject's performance on six check flights during UPT.

Apparatus

The BAT apparatus (Carretta, 1-87) consisted of a super-icrocomputer built into a

self-contained unit with a glare shield and side panels designed to ensure consistency of testing
sessions. The subject responded to the various tests using, in cobination or Inidvi'Iually, a

two-axis joystick on the -ight side of the 4pparatus. a single-axis joystick on t-e left side,
and a keyboard in the center of the test unit. The keyboard inclt~ded the nzers 0 to 9, ,n
*Enable" key in the center, and a bottc row with "yes" and no" keys amd two otkers labeled
'S/L' for same/left responses) and 'DfR* (for different/right responses).

Procedure

.Most of the subjects In the present sa$ple entered UPT after ccvletion of Officer Trainirnk
c ool COTS). The other subjects came frtm a variety of other sources (see -!ble I). Air Forte

Reserve Officer Trainingi CoRps (AF;OTC), OTS, and all active duty USAF czndidates V-,re
pre%-selected on the Air Force Officer Wialifying Tett (AFOT). The% JF$QT form used with this
sample (Fore 0; Rogers, Roach, 9 Wegner, 1986) consisted of 16 subtests which were ccmined to
fore five coqwosite measures. All five ccoosite scores were availatle to O1$ s 1ection
boardt. 9v A'r Force RegulAtion 51-4, those candidates who were required to take the AFOOT in
orter to enter UPT had to achieve a minim score 4t the t~enty-f 4 fth percertile ar the Pilot

,%.
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composite and a minimum score at the tenth percentile on the Navigator-Technical composite, and

the sum of the two composite scores had to be equal to or greater than 50.

Prior to entering UPT, about half the sample (n - 438) participated in a 14-hour light

aircraft Flight Screening Program (FSP). This program for pilot candidates having no previous

flying experience was designed to acquaint them with the aviation environment through flight

instruction in a T-41 aircraft. (Candidates such as OTS students with private pilot licenses and

Air Force Academy students who completed the standard Academly flight orientation program were

exempt from attending FSP.) For the students attending FSP, satisfactory completion of the

course was required to continue to UPT.

Subjects were administered the BAT prior to entry into UPT. The test battery consisted of 14

tests that required about 3 1/2 hours to complete. After a test administrator initiated the

system, the test session was self-paced by the subject. The test session included programmed

breaks between tests to counteract fatigue factors.

All candidates in the sample took part in a UPT program lasting 49 weeks. Candidates could

be eliminated from training at any point in the program for a variety of reasons. Those

remaining in the program at the forty-second week were considered by an ATRB for either a FAR

track or a TTB track.

Analysis

Reliability analyses were conducted for all experimental test measures (on a larger sample

from which the present sample was drawn). For the present sample, descriptive statistics were

computed, including an intercorrelation matrix of all measures of interest. These measures were

examined both for the entire sample and separately for UPT graduates and non-graduates. For UPT

graduates only, the data were examined separately for those candidates who were FAR recommended

* and those who were TTB recommended. A series of regression analyses was conducted. For each

regression, predictors were measures from one of the BAT tests, with the criterion either UPT

pass/fail or ATRB recommendation.

III. RESULTS

Initial analyses (reported elsewhere; Carretta & Siem, in preparation) were conducted to test

* for the internal consistency of the measures from four of the five tests. (As Dot Estimation was

a speeded test, conventional reliability analyses were not appropriate.) For each of the

measures reported, alpha coefficients (Cronbach, 1951) were considered acceptable (greater than

.70) with the exception of the measure of the number of boxes chosen on risk trials in the

Risk-Taking Test. However, this low reliability was to be expected as there was a chance element

determining when a subject would select a disaster box on any particular trial.

Given tnat the measures appeared to be reliable, the next step was to determine their

I validity in predict.ing piloi. training outc')mes. A series of regression analyses was conducted,

two for each o•f the five tests. One analysis for each test used UPT pass/fail as the dependent

measure; for the other, the dependent measure was the ATRB FAR/TTB recommendation.

Descriptive statistics for each measure and their intercorrelations are reported in Tables 2

"* and 3. The multiple correlation for each test with the two training outcome measures is shown in
Table 4. These correlations indicate that the only test to predict UPT pass/fail outcome was the

Self-Crediting Word Knowledge Test. Althoigh the correlation was significant (R .14, F[4,833]

4.52, p < .01), the magnitude of the r-ationship was modest. None of the other four tests was

4 5



correlated individually with UPT pass/fail, nor were &iy of the five tests associated with the
ATRB recommendation measure.

Table 2. Descriptive Statistics for BAT Test Measures (N u 833)

Time Mean SD

Embedded Figures
Mean RT correct responses (msec) 12,485.76 4,750.92
% correct 64.56 13.86
RTx% correct 2,308.45 68,305.44

Dot Estimation
# of trials completed 48.72 12.62
# of correct responses 31.31 7.06
Total time spent ýn test (sec) 147.40 75.27
Mean RT, correct responses (sec) 5.65 4.93
% correct responses 66.23 10.87

Self-Crediting Word Knowledge
Mean RT, correct responses (msec) 8,214.66 2,055.69
% correct 67.81 10.27
RTA% correct -3,095.03 30,178.40
F•t 39.02 11.42

A ..ivities Interest Inventory

# of high-risk choices 50.39 9.74
Mean RT (msec) 4,535.41 1,144.86

"Risk-Takinge
# Boxes chosen, risk trials 4.54 .82
Mean RT, risk trials (msec) 2,723.65 1,693.99
# boxes chosen, no-risk trials 6.90 1.33
Mean RT, no-risk trials (msec) 2,277.67 1,577.94

-. Note. RT x% correct product terms adjusted for mean RT and %
-. correct performance.

The point-biserial correlations with UPT pass/fail for the measures that contributed to the
multiple correlation for Self-Crediting Word Knowledge are also shown in Table 4. These
correlations indicate that the strongest relationship with training outcome was for the mean
response time on trials answered correctly (r [8832 - .12, n < .001). The percent of correct
answers was also significantly but negatively correlated with UPT pass/fail (r [883] - -. 07,
p < .05), as was the amount of points bet (r [883] - -. 06, p < .05).

-' Another way to approach understanding these relationships between responses on the
Self-Crediting Word Knowledge Test and UPT pass/fail is to examine the means in Table 5. These
means indicate that subjects who passed UPT tended to take longer to respond (M - 8.39s vs._M M
7.85s), had fewer correct responses (M - 67.8% vs. M - 68.8%), and bet fewer points on their
responses (M - 38.5 vs. M_-, 40.1).

6
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Table 4. Correlational Relationships Betseen BAT Tests and Training Outcomes

UPT pass/fail FAR/TD

Test (N - 883) (N -519)
Embedded Figures

Mean RT, correct responses .00 -. 03
% correct -. 06 .05
RTx% correct .00 .04
Multiple Correlation .06 .08

Dot Estimation
# of trials completed .00 -. 05
# of correct responses .01 .00
Total time spent on test .02 .03
Mean RT, correct responses .00 .05
% correct responses .01 .07
Multiple Correlation .03 .14

Self-Crediting Word Knowledge
Mean RT, correct responses .!2,h* -. 05
% correct -. 07* -. 03
RTx% correct .03 .06
Bet -. 06* .02
Multiple Cor-Ilation .I4** .08

Ac vities Interest Inventory
# of high-risk choices -. 02 .04
Mean RT -. 06 -. 05
Multinlc Correlation .06 .07

Risk-Taking
# boxes cho-an, risk trials -. 03 .02
A4ean RT, risk trials -. 04 -. 01
# boxes chnscn, io-risk trials -. 03 .01
Mean RT, no-risk trials -. 03 -. 02
Kult~ple Cor'el ation .05 .U6

Note. RT - Response Time; # Number; % - Percent; kTx% = vector prod-
uct term. Significance levels for zero-order correlations reported only when
multiple co-relation is significant.

<*._ < 5.05, • < . 01. **_< .O00l.

Table 5. Mear Scores for Self-Crediting Word Knowledqe by
Trairing Outcome

UPT UPT
Test fall pass

mneasure (N s 284) (N - 599)
RT (msec) M 7,854.38 8,385.48

SD 1,753.79 2,164.79

.% orrect M 6A,84 67.81
10D 1.03 l0. 5

Bet M 40.08 38.51
OD 10.2r 11.91

Note. Response time (RT) in rilliseconds.

St
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For a subset of the sample who had data on the Word Knowledge subtest of the AFOQT,

additional analyses were conducted to examine differences on the Self-Crediting Word Knowledge

items, controlling for overall verbal ability. The pattern of adjusted means was similar to that

for the unadjusted means (see Table 6), although the differences were smaller. Note, however,

that graduates and eliminees differed significantly in average reaction time, even after

--• controlling for verbal ability. These data tend to suggest that candidates who successfully
• .• completed UPT tended to take longer in their responses, which could be interpreted as a

manifestation of a more cautious decision-making style.

Table 6. Mean Score for Self-Crediting Word Knowledge by
Training Outcome Adjusted for AFOQT Word Knowledge Scores

UPT fail UPT pass

Measure (N - 259) (N - 488)

RT (msec) 7,919.22 8,429.67

% correct 68.11 68.01

- Bet 39.42 39.07

Additional evidence for this interpretation of the data comes from comparing UPT graduates

with non-grads in terms of their responses on measures from the other tests (although these

differences were not statistically significant). Candidates who passed UPT selected, on the
average, fewer high-risk choices on the Activities Interest Inventory (M - 50.25 vs. M - 50.70
[out of 81 items]). UPT graduates also were "less impulsive" on the Dot Estimation Test; that
is, relative to UPT failures, the successful students completed fewer of the self-paced trials
(M = 48.71 vs. M - 48.89), spent more time on the test (M - 148.26s vs. M - 146.11s), and spent
more time on correct responses (M - 56.62 vs. M - 56.42). The UPT graduates also answered more
of the Items correctly (M - C6.33% vs. M *-66.25%); although the differences on the Dot
Estimation measures between UPT graduates and eliminees were not statistically significant, they

are consistent with the interpretation of responses to the Self-Crediting Word Knowledge Test
%e that UPT graduates were more cautious and deliberate, less impulsive and hasty, in their

approaches to the experimental tests than were the UPT failures.

* IV. DISCUSSION

Each of the five BAT tests exhibited acceptable reliability for use as selection devices.
However, none of them was related statistically to both measures of training performance
(graduation/elimination and advanced training assignment). There are several explanations for
the poor predictive utility demonstrated by these tests. One explanation is that the tests may
not have been measuring the characteristics that they were designed to measure (i.e., pcor
construct validity). Although all but one of the tests was adapted from a previously validated
paper-and-pencil test, no subjects were given both the original form and the computerized version

-- • of the same test. That is. some facet of computer administration of the test may have changed
the characteristics of the test.

Another possible explanation for the low validity coefficients for these tests is a

restriction in the range of subject variability, in terms of test performance. That is, the

9
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candidates who entered UPT may have been a fairly homogeneous group, as most already had been
screened on the AFOQT and some form of flight training. In some fashion, those "gates' may have
selected out candidates who differed from those actually entering UPT, in terms of risk-taking
behaviors and attitudes, self-confidence, and the other characteristics that these tests were
designed to measure.

Finally, these tests may be accurately assessing what they purport to measure, but those
characteristics may not be relevant to predicting success in pilot training. Even with the one
test demonstrating modest validity in the present sample, Self-Crediting Word Knowledge, the
average performance difference between passes and non-graduates was fairly smal isee Table 6).
However, in analyses reported elsewhere (Carretta, 1987), this test continued to be a significant
predictor of UPT performance when included in a prediction model that consisted of a number of
psychomotor and cognitive skills tests, the types of tests that have been used more traditionally
for pilot selection. Thus, it appears that the Self-Crediting Word Knowledge Test may contribute
unique predictive validity to a selection system for pilot candidates.

V. CONCLUSION

Future efforts will be directed at improving and refining the present version of the
Self-Crediting Word Knowledge Test. Other research efforts currently underway are designed to
determine the test's construct validity. In order to develop a better idea of exactly what the

--- '."test is measuring, more traditional personality tests of characteristics such as self-confidence
2>: (e.g., Spence, Helmreich, & Holahan, 1979) are being administered to Air Force pilots with

varying levels of training experience who have been tested previously on the BAT. By examining
--.. relationships between the traditional, validated tests of self-confidence with the Self-Crediting

Word Knowledge measures, a better understanding of the characteristics of the test and how it can
be implemented in future models for Air Force pilot selection and classification can be developed.
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