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the general public, including foreign nationals.,

This paper has been reviewed and is approved for publication.
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Munpower and Personnel Division
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SUMMARY

United States Air Force (USAF) pilot candidates were administered a computerized test
battery, the Basic Attributes Tests (BAT), that is currently being validated for use in pilot
selection and classification. Included in the battery were five tests measuring personality and
attitudinal characteristics. These tests were evaluated singly and in combination in terms of
their abflity to enhance the prediction of pilot training outcomes, relative to that prediction
offered by the paper-and-pencil measures being used operationally. Based on results from the
present data, it was recommended that four of the five tests under review be eliminated from the
BAT and that other measures of personality and attitudinal characteristics be evaluated for
possible inclusion in a subsequent version of the BAT battery.
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PREFACE

This work was completed under Work Unit 77191845 in support of a Request for
Personnel Research (RPR 78-11, Selection for Pilot Training) submitted by Air Force
training program managers. This paper is intended to serve as interim documentation
regarding the personality/attitudinal tests of the Basic Attributes Tests (BAT) battery.
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PERSONALITY, ATTITUDES, AND PILOT TRAINING
PERFORMANCE: FINAL ANALYSIS

I. INTRODUCTION

Most research into mflitary pilot selection and classification has concentrated on

psychomotor skills and perceptual/cognitive abilities (e.g., Imhoff & Levine, 1981).

Rylationships among pilot personaiity, attitudes, and performance have been researched Tless,

. althoygh interest in the topic dates back to World War I (North & Griffin, 1977). The present

technical paper focuses on recent efforts to validate a number of personality and attitude

- measures included in a computerized battery of tests currently being evaluated by the United
° States Air Force (USAF) called the Basic Attributes Tests (BAT) battery,

- Although in the past 50 years several studies have explored relationships between pilot
characteristics and performance, there has been little progress in using measures of individual
differences to predict aviator training and performance criteria (Griffin & Mosko, 1977). Two
associated factors may account for the weak relationship between personality tests and outcome
criterfa. One 1s that the tests generally have focused on distinguishing between normal and
abnormal individuals. The second factor is that such tests have been prone to response bias;
that is, subjects guess what the test is designed to measure and fake their responses accordingly.

Recent developments in personality testing have addressed both of these 1issues. One
development has been the design of tests in which the dimension being measured is not immediately
apparent. A number of these measures have been used in the Afr Force (Mullins, 1960, 1962), such
as Dot Estimation and Self«Crediting Word Knowledge.

Another development in personality testing has been the design of tests in which the response
alternatives to items are equivalent in terms of soctal desirability, minimizing the tendency of
subjects to fake their responses (North & Griffin, 1977), The Activities Interest Inventory, for
example, requires the subject to choose between twe activities which differ only in the degree of
riskiness associated with those activities,

A third development is the increasing use of personality tests to select for positive
attributes, as opposed tc screening for possible pathological attributes. Helmreich and his
colleagues, for example, have found that among both airline and general aviation pilots the
characteristics of self-assertiveness, interpersonal orientation and achievement motivation are
each associated with attitudes and performance (Helmreich, 1982; Siem, 1987; Siem & Helmreich,
]985.)

The five tests described below were selected for inclusion in the BAT battery to measure

u domains {dentified as having potential for pilot selectfon and classification (Imhoff & Levine,

- 1981), In particular, the tests focus on the measurement of decision-making style, risk-taking

attitudes, self-confidence and field dependence/independence (see Table 1), These measures were

- chosen based on the observation that a pilot, particularly when flying a jet fighter, must

’ analyze accurately situations that involve a high degree of risk and then respond decisively yet
without acting impulsively (Imhoff & Levine, 1981),

As their use was intended to 1improve present USAF pilot selecticn practices, these
personality and attitude measures were assessed here in terms of their ab{lity to explain unique
varfance in the various criteria in pilot training performance; that is, criterion variance over
and above that explained by the currently used selection instruments (subtest scores of the Air

Force Officer Qualifying Test [AFOQT]), Because the AFOQT subtests are cognitive/perceptual in
nature, it was expected that they would not be correlated highly with the personality/attitudinal
‘ measures from the BAT,
® ]

L B R AR Pt A Rl R MR A N A M Sl T P TS P T W T NN X I e R MR AR A MO 0N 0 DO N T O R A Y R R W ot WA I AN Y



Ageandoe asuodsau ‘oamyy asuodsay

sadjoyd

¥sta-ybiy jo Jaqunu ‘owy) Isuodsay

Jduemuoyaad
uMo Jo u0}3dipaud s, 323fgns

‘Aaeandoe asuodsad ‘ampy asuodsay

u3je3 XASEL JO Junowe ‘o) Isuodsay

3$93 uo

Juads amy3 °sasuodsaa 3934403 JO

J3qunu ‘pajojdwod S(eiJa3 JO saqunN

3ouapuadapul/asuapuadap piaty

bujyey
=)S§4 “SIPNILIIR [RAJAUNS

JUIPLJUOI-§ 1 9S

‘K31[1qe JudwSSISSE-}|ag

Bujyes uopsioap “bupyes-xsiy

SSQUDA}S | 9P/ SSAUIALS | ndu0)

6¥61 ‘ULNIN

2961 ‘sujlilnn

2961 ‘suiLlnW

9961 ‘JjA0|S

2961 °“sujlInuW

St

ol

ot

oL

S

saunby 4 pappaqey

Kio3uadnug

IS3UBIU] S| ALY

abpa mouy

paon Buyyppady-jjas

Bupye)-xsiy

uojjemi3sy 3o0Q

I53493U} JO SUNSEIY

paunsedm SIINQEIITY

UILSY

(“upm) wojyeang

ey S|

SIS LRUIPNI|ITY/ A {RUCSIId JO Alvwmns
‘1l @iqeg

:(1v8) 5IS9) SIINqAIY dyseq

0 MO W R O A O WO O R A AL NS AU A AN A UANAARAAT BT AR AL AU KA O AN

30 P T JUM AN K USSR N Y WL W M W



RN N A N T [ — . .

. i.?«%' Ixe RTHOD

Wy

O Subjects

.,t‘é} The subjects in this study were 1,992 USAF officer candidates tested on the Basic Attributes
x:,;s Tests (BAT) battery. As not all BAT-tested subjects were accepted into Undergraduate P{lot
‘::.‘.\.s', Training (UPT) or completed the training, the sample sizes for the varfous prediction and
:?,:?. criterion measures vary (see Table 2), For a definftion of criterion measures, see below,

R

".'n . Table 2. Humbers of Subjects Avatlable

BN

_:%;:f . Prediction/criterion measures N

nt AFOQT BAT Personality Tests 1,992

I UPT Outcome (pass/fail) 812

) ATRB Rating (TTB/FAR) 534

)

:,‘;2 Instrumentation

l:‘l!l

o LA
The AFOQT 1is a paper-and-pencil test battery consisting of 16 subtests, Scores from the
;};{1 subtests are combined 1into five composite measures: Verbal, Quantitative, Academic Aptitude
',:af, (Verbal and Quantitative combined), Pilot, and Navigator-Technical. See Table 3 for the subtests
:Igz that make up each AFOQT composite.

P

b Table 3, Composition of AFOQT Form O Aptitude Composites

il Academic Navigator-
}:::: Subtest Verbal  (uantitative aptitude  P{lot  technical
-';’::‘ Verbal Analogies X X X

:{9} Arithmetic Reasoning X X X

s Reading Comprehension X X
e Data Interpretation X X X

3’3‘;} Word Knowledge X X
X :gﬁo Math Knowledge X X X

:*c Mechanical Comprehension X X

Electrical Maze X X

® ‘ Scale Reading X X

R Instrument Compre.ension X
A, Block Counting X X

.u::‘ Table Readiny X X
: Aviation Information X

g . Rotated Blocks X

e General Science X

A Hidden Figures X

i‘."l

1:..!

:.:: In the analyses described below, raw scores for the 16 subtests are used rather than
3{., composite scoeres., This was done for two reasons: first, to fdentify the content areas of the
), AFOQT that are related most closely to flight training performance; second, to determine whether
" the BAT personality/attitude tests are able to explain unique varfance in flight training
::'.".: performénce not accounted for by the 16 AFOQT subtests,
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Dot Ectimation

The psychotogical factor assessed by this test is compulsiveness/decisiveness. Two boxes
containing an arbitrary number of dots are presented on the screen. One of the two boxes has one
wore dot than the other. The subject's task is to determine, as quickly as possible, which of
the two boxes contains the greater number of dots. The subject is not told to count the dots in
each box, but told only to decide as quickly and accurately as possible which has the greater

number,

In the present effort, reaction time and accuracy of response were recorded on each trial, .
This was the only test in the battery that had a fixed time limit (5 minutes, maximam of 55
triCIS)o -

Risk-Tak1ing .

This test assesses risk-taking tendency in making decisions. Ten boxes are presented in two
rows of five boxes each., The subject is told that nine of the ten boxes contain a reward, whereas
one of the boxes is a "dfsaster" box. The subject is allowed to select the boxes one at a time,
If the selected boxes contain a payoff, the subject fs allowed to keep 1t; but {if the sudbject
chooses the disaster box, all of the payoff earned on that trial {s lost. The average number of
boxes selected provides an index of the subject's tendency for taking risks when making decisions.

Response time per choice and number of boxes chosen were recorded on each of the 30 trials,
Unknown to the subject, during 12 of the 30 trials there was no disaster box (i.e., no risk),
This was done to get a clean measure of risk-taking behavior, as performance on the disaster box
trials might have been affected by chance.

Self-Crediting Word Knowledge

Self-assessment ability and self-confidence are the psychological attributes measured by this
test, This is essentially a vocabulary test where the subject is presented with a "target” word
and five other words from which 1ts closest synonym has to be chosen, There are three blocks of
ten questions each, The target words become increasingly difficult with each successive block.
The subject 1s informed of this increasing difficulty and is required to make a bet prior to each
block which reflects how well he/she expects to perform. Response time and accuracy of response
were recorded on each of the 30 trials.

Activities Interest Inventory

The psychoclogical factors underlying this test are survival attitudes and risk-taking
tendency. This test is designed to determine the subject's interest in various activities, The
subject is presented with 81 pairs of activities and is asked to indicate a preference for each
paire The subject is told to assume that he/she has the necessary abflity to perform each
activity. The activity pairs force the subject to choose between tasks that differ on threat to
physical survival--sometimes subtly, sometimes not. Here, 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,
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Embedded Figures

This test 1s designed to assess the psychological factor of field dependence/independence.
[t 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.

As this test has been examined separately in another paper (Carretta, 1987), it will not be
examined in detail here, However, analyses were performed to determine its relationship to the
other BAT tests discussed in this paper.

In this test, the subject 1s presented with a simple geometric figure and two complex
figures, The task is to decide which of the two complex figures has the simpie figure 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.

UPT Performance Criteria

UPT final training outcome was scored as a dichotomous variable with Pass = 1 and Fail = 0,
Subjects who passed UPT received a recommendation from an Advanced Training Recommendation Board
(ATRB) for advanced training leading to an assignment either as a Tanker-Transport-Bomber (TTB)
pilot or a Fighter-Attack-Reconnaissance (FAR) pilot (FAR = 1 and TTB = 0},

&Earatus

The BAT apparatus consists of a super-microcomputer built into a self-contained unit with a
glare shield and side panels designed to ensure consistency of testing sessions. The subject
responds to the various tests using in combination or individually a two-axis joystick on the
right side of the apparatus, a single-axis joystick on the left side, and a keypad in the center
of the test unit. The keypad includes the numbers O to 9, an "ENABLE" key 1in the center, and a
bottom row with "YES" and "NO*" keys and two others labeled "S/L" (for same/left responses) and
“D/R" (for different/right responses). Figure 1 1s a picture of the test apparatus. During a
test session, the test administrator's keyboard is stored under the desk of the test apparatus.

The test battery as used in this study consisted of 15 tests lasting about 3 1/2 hours.
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 avoid problems with mental and
physical fatigue.

Procedure

Prior to entry into UPT, each subject was administered both the AFOQT and the BAT. Pilot
candidates were commissioned through either the Air Force Reserve Officer Training Corps (AFROTC)
or the Afr Force Officer Training School (0TS)., Candidates commissioned through AFROTC took the
AFOQT prior to entering college or while an undergraduate. For AFROTC candidates, the BAT was
administered during the summer of their junior year in college, For the 0TS candidates, the
AFOQYT was administered after their attainment of a college degree and the BAT was administered at
the beginning of their participation in a 2-week F1ight Screening Program (FSP),

A1l candidates took part in the UPT program, which lasts 49 weeks. The ATRB decision was
made at the 42nd week of UPT, with final outcome (pass/fail) assigned at the end of the program.
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III. RESULTS

AFQT Scoras

A model that used the raw scores from the 16 AFOQT subtests was reiated significantly to both
UPT performance measures. For predicting UPT final outcome (graduation/elimination, R = ,285,
P £.0001), the subtests that contributed most strongly were Instrument Comprehension (r = .218,
P £.0001) and Aviation Information (r = .173, p < .01). Scores on the Rotated Blocks (r = ,102,

£ .10) and Arithmetic Reasoning “subtests {r = .053 p < .10) contributed marginally to
prediction of UPT final outcome. Although other “subtests had 'Iarger zero~order correlations with
UPT final outcome than did the Arithmetic Reasoning subtest, they were given less weight in the
simul taneous regression model. This suggests that although their zerc-order correlations were
larger, they were not contributing to the prediction of unique variance in the criterion variable
(UPT final outcome). Similar results were obtained for the advanced training recommendation.

For the ATRB recommendation (fighter/non-fighter assignment, R = .273, g_ £.001), the subtests
that contributed significantly were Instrument Comprehension (r - . 155, < .05), Block Counting
(r = -.008, p<.06), and Table Reading (r = .117, p < .05). Arithmetic Reasoning (r=.129, p<
.10) and Word Knowiedge (r = -,033, .E < .10) scores contributed marginally to prediction of
advanced training recommendation,

These results suggest that the relative importance of the ability domains measured by the 16
AF0QT subtests may change during the course of training. Procedural knowledge about fiying
(e.g., Aviation Informatfon) acquired before entering UPT may be most important during the early
stages of training. Individual differences 1in procedural knowledge probably decrease during
training as level of flying experience increases, During the later stages of training (when the
advanced training recommendation is made), {individual differences in information processing
abiiity become more important (e.g., Arithmetic Reasoning, Instrument Comprehension, Table
Reading), These regression analyses are summarized in Table 4.

Dot Estimation

Descriptive Measures

This test provided several measures to evaluate compulsiveness/decisiveness, including the
number of trials completed, number of correct responses, total amount of time spent performing
the test, average response time for correct responses, and percent correct.

As can be seen in Table 5§, the average number of trials completed was 49.6 out of a maximum
of 55. As previously discussed, this test was designed as a “speeded” test; thus, few subjects
should have completed all items. On speeded tests, performance {s determined, in part, by the
number of trials completed. A performance “ceiling” may have occurred with this test as too many
subjects completed all ftems (65%). This could be avoided in the future by either increasing the
number of trials or reducing the time 1imit to a point where few subjects complete all items.

Average number correct (31.7) and percent correct (65,61) were acceptgble. as subjects were
not explicitly instructed to count the number of dots in each box before making a choice.

&
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:::; Table 4, AFOQT Subtest Scores: Susmary of UPT Outcome Regression Analyses
. '(‘3»)‘
_:?':: Correlation with AFOQT measures
; UPT outcome ATRB outcome
3 M= 0.66 M= 0.57
_:ﬁ‘ AFOQT measure {N = 812) (N = 514)
X
R Subtest
. \l,‘
] Verbal Analogies -. 044 .040
. Arithmetic Reasoning .083 Jd29 .
4y Reading Comprehension ~.059 .066
I Data Interpretation .03 4 .
5::\@ Word Knowledge -.088 -.033 -
;;a: Math Xnowledge -.026 .039
ny Mechanical Comprehension .024 .098 .
N Electrical Maze L0n 041
XY Scale Reading 03 .095
e Instrument Comprehension 218k .155%
it Block Counting .075 -.008*
o8 Table Reading .087 J17*
i Aviation Information 73w a2
e Rotated Blocks .102 .048
&;:; General Science .002 .022
%:og Hidden Figures .027 .046
A )
',5:;. A1l 16 Subtests (multiple R) L285wn L2730k
5:'5 Note. Significance levels (*) refer to the unique contribution of a
. variable 1in the context of a reduced set of variables which themselves
;*; contribute uniquely to the predictien of a criterion. Critical values for
»-,g:i zero-order correlations at the .05 level of significance are .069 for N = 800
:‘,;e (UPT) and .088 for N = 500 (ATRB).
n
:::! *p < .05,
' Rl **‘E. f_ 0010
" *rkp < .001.
N’ *"**.E_ < .0001,
923
A
' Table 5. Dot Estimation: Means and Standard Deviations
bR
g Vardable Mean s :
\
3 Number of Trials Completed 49,6 1.8
;:g‘ Number of Correct Responses .7 €.9 :
_*': Percent Correct (%) 65.6 10.3
10 Total Time (ms.) 1,143,796,1 74,010.6
i:;l Average Response Time (ms.) 5,387.6 4,750.1
4 (correct responses)
o
g N = 1,992,
%t
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o
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i
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Factor Structure

The 1inter-ftem correlatfon matrix, presanted in Table 6, indicates that there was a
speed/accuracy tradeoff., As subjects completed more trials, the proportion of correct responses
declined (_r_'_ = -,68), On the other hand, subjects who spent mor2 time on the test had a higher
proportion of correct responses on the trials they completed (r = ,56),

Table 6. Dot Estimation: Inter-Item Correlation Matrix

Yariable

* 1 2 3 4 5
‘ . 1« Number of Trials Completed 1.00
- 2, Number of Correct Responses «87 1.00
B 3. Percent Correct -. 65 =423 1.00
: " ‘0 mu]T“Q ﬂu ‘Js JG 1&0
- 5. Average Response Time “e 92 -.83 «56 .87 1,00
b (correct responses)

Ns 1.9920

PR RSN

The factor solution indicated one principal factor that accounted for 75,7% of the total item
varfance, This suggested that the Dot Estimation test was unidimensional in nature. Results of
the factor znalysis are presented in Table 7,

Table 7. Dot Estimation: Summary of Factor Analysis

e tae act i ser oo s IR

Yarifable Communal ity Factor loadings !

Number of Trials Completed 97 -.98
. Number of Correct Responses +60 -.78
: Percent Correct .33 +57
h Total Time +67 »82
: Average Response Time .99 99
L {(correct responses)
. % of total % of explained Cumutative %
‘ Factor Eigenvalue variance variance explained

1 3.57 75.7 100,0 100,0

N = 1,992,

Inferential Measures

P, o )

A model that used the five Dot Estimation sceres was not related significantly to either of

. the UPT performance measures: UPT final outcome (R = .039, n,s.), ATRB rating (R = .121, NeSe)e
N A combined model that used the 16 AFOQT subtest scores along with the Dot Estimation scores was
related statistically to UPT final outcome (R = ,287, p <.0001) and to advanced training
assignment (R = ,292, p < .001), In both cases, the combined model failed to improve prediction

TR L

above that p-erided by the AFOQT scores alone at the .05 level of probability. A summary of the
Dot Estimation regression analyses is provided in Table 8.
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Table 8, Dot Estimation: Summary of UPT
Outcome Regression Analyses

Correlation with predictor
UPT outcome  ATRB outcome

M= 0,66 M = 0,57
Predictor measure (N = 812) (N = 514)
Dot Estimation Variables
Number of Trials Completed «,015 -.037
Number of Correct Responses -, 005 =, 002
Percent Correct «025 052
Total Time 012 +066
Average Response Time .020 «032
(correct responses)
Multiple Correlation
Dot Estimation .039 121
16 AFOQT Subtests « 2854 ik o273k
Combined Mode’ <287 Wik 0 292%k%
R Square Change 001 0N
*hkp <001,
dikp < 40001,

Risk=Taking

Descriptive Measures

The most conceptually interesting performance measures on this test were the average number
of boxes chosen (i.e., level of risk) and average response time on each trial. Table 9 summarizes
level of performance on the "risk" and “no-risk" trials,

Table 9. Risk-Taking: Means and Standard Deviations

Number

Yariable of trials Mean §b
Number of Boxes Chosen

Risk 18 4,5 0.8

No Risk 12 6.9 1.3
Average Response Time (ms,)

Risk 18 2,663.3 1,675.6

No Risk 12 2,232.8 1,608.8

N= 1.9920

Performance on the no-risk trials suggested that these subjects, in general, appliied a
somewhat risky strategy (average number of boxes chosen = 6,9), An “optimizing" strategy would
be to make five choices per trial to maximize rewards in the long term. Reliability estimates
were calculated separately for the 18 risk and 12 no-risk trials, as performance on the risk
trials was determined, in part, by chance, The number of boxes chosen was much less reliable for

10
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the risk trigis (Cronbach's alpha = ,520) then for the no-risk trials (Cronbach's alpha = ,984),
However, average response time per trial was reliable for both risk (Crombach's alpha = .910) and
no~risk trfals (Cronbach's alpha = ,972).

Factor Structure

The inter-item correlations, presented in Table 10, indicated that the two “riskiness”
measures (number of boxes chosen during risk and no-risk trials) were moderately correlated with
each other (r = ,61) but not with average response time per trial (-.06 < r < .01). The two
average response time measures were related strongly to each other r= .97),

. Table 10. Risk-Taking: Inter-Item Correlation Matrix
. Yariable
Yarifable 1 2 3 4
Number of Boxes Chosen (risk) 1.00
Number of Boxes Chosen {no risk) 61 1.00
Average Response Time (risk) -.06 .00 1.00
Average Response Time (no risk) -.05 .0 .97 1.00
N = 1,992,

As expected, the factor analysis yielded two factors; namely, response latency and
level of risk. The principal factor consisted of the two average response time variables and
accounted for 49,4% of the total item variance (61.6% of the “explained" variancel. Both of the
number of boxes chosen variables loaded on the second factor, which accounted for 39.9% of the
total item variance (38.4%1 of the explained variance). The factor analysis is summarized in

Table 11,
Teble 11. Risk-Taking: Summary of Factor Analysis

Factor loadings

Yarfable Communal 1ty 1 11

Number of Boxes Chosen (risk) .61 -.04 .78

Number of Boxes Chosen (no risk) .61 .02 .78

Average Response Time (risk) .97 .98 -.03

Average Response Time (no risk) .97 .98 -.0

% of total ¥ of explained Cumulative ¢

. Factor Eigenvalue variance variance exptained

° 1 1.94 49,4 61.6 61.6

. N =1,992.

Inferential Measures

As with the Dot Estimation model, performance measures from the Risk-Taking test demonstrated
peor predictive utility against UPT final outcome (R = 066, n.s.) and advanced training |
assignment (R = ,062, n.s.). |

|
1 1.21 39.9 38,4 100.0 1
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A combined model that used the Risk=-Taking measures along with the 16 AFOQT subtest scores
was related significantly to UPT final outcome (R = ,289, p <.0001) and advanced training
recommendation (R = .282, p <.01), As with Dot Estimation, the combined model did not improve
prediction above that provided by the AFOQT alone, The Risk-Taking regression analyses are
sumnmarized {n Table 12.

Table 12, Risk=Taking: Summary of UPT Outcowe Regression Analyses

Correlation with predictor .
UPT outcome ATRB outcome
M = 0,66 M =0,57 -
. Pradictor measure (N = 812) (N = 514) :
Risk-Taking Variables .
Number of Boxes chosen (risk) -4 053 -.024
Number of Boxes chosen (no risk) -, 029 -, 013
Average Response Time (risk) -0 029 -, 009
Average Response Time (no risk) -, 023 -, 023
Multiple correlation
Risk=Taking »066 +062
; 16 AFOQT Subtests + 2854k (2730
Combined Model ¢ 2897tk «2827%%
R Square Change +002 +005
**_E _(_ sO]o
***_E < +001,

wlp L0001,

Self-Crediting Word Knowledge

Descriptive Measures

As previously mentioned, this test 1is essentislly a vocabulary test designed to measure
self-assessment ability and self-confidence, Self-assessment was operationalized as the
difference between the subject's expectations (bet) and hnis/her actual performance (number
correct),

As shown 1in Table 13, subjects' actual performance (67,12 correct) far exceeded their
expectations (39,0% correct). Average response time for correct responses was 8,02 seconds, A -
speed by accuracy interaction term was calculated by multiplying average response time by percent
correct and correcting for the means on those varfables. As the interaction tem is strongly
negative, it indicated that subjects who made more correct responses also responded more quickly .
(i.e., subjects above the mean on one variable tended to be below the mean on the other variable).

:
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Table 13, Self-Crediting Word Knowledge:
Means and Standard Deviations

Var{able Mean S0
Average Response Time (ms.) (corract responses) 8,022.5 1,914,5
Percent Correct 67,1 10.5
Bet 39.0 10.3
Avarage Response Time x Percent Correct «3,555,3 24,830,7

Note, The Average Response Time x Percent Correct interaction term was
calculated by subtracting the grand mean from each subject's mean for the
two variables and then muitiplying the two difference scores together
((subject's average response time - grand mean response time] x [subject's
percent correct - grand mean percent correct]‘.

N = 1,992,

Accuracy of response (Cronbach's alpha = ,653) and average response time per trial
(Cronbach's alpha = ,885) demonstrated acceptable reliability,

Factor Structure

A preliminary evaluation of the factor structure of this test resulted in five performance
variables. In addition to average response time, percent correct, bet, and the speed/accuracy
interaction term, a fifth variable--difference between actual and expected performance (percent
correct minus bet)--was caiculated. The fifth variable was dropped, however, because {1t was
correlated too strongly with the other variables and resulted in a communality value equal to 1,0,

The inter-item correlations, summarized in Table 14, indicated that the remaining variabies
were not related strongly to each other, As expected, actual and expected performance were
moderately related (r = ,33). Average response time was negatively related to actual (r = -.16)
and expected (r = -,21) performance. Subjects who were more self-confident (bet more) were more
accurate and responded more quickly than did subjects who were less self-confident (bet less),

Table 14, Self-Crediting Word Knowledge:
Inter~Item Correlation Matrix

Variable

" Yariable 1 2 3 4
y Average Response Time {correct responses) 1.00

X Percent Correct ~16 1,00

: Bet ’02] 033 1.00

:- . Average Response Time x Percent Correct - 13 - 19 00 1,00
* N = 1,992,

The factor analysis produced two factors which together accounted for 65.6% of the total ftem
varfance, The two “accuracy” scores (percent correct and bet) defined the principal factor,
while average response time and the speed/accuracy interaction term defined the second factor,

These two factors reflected the crucial components of this test; namely, accuracy/
self-confidence and response speed. Results of the factor analysis are summarized in Table 15.

13
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Table 15. Self«Crediting Word Knowledge:
Summary of Factor Analysis

Factor load{ ngs

Variable Communality 1 11
Average Response Time (correct responses) 21 -.39 -e24
Percent Correct .49 +62 +32
Bet «28 «53 01
Average Response Time x Percent Correct 32 e 0 «56

% of total % of explained Cumulative %
Factor Eigenvalue variance varfance explained

¢ 0.85 36,9 65.6 65,6

Il 0.45 28.7 34,4 100,0

N = 1,992,

Inferential Measures

The Self-Crediting Word Knowledge model was related statistically to UPT final outcome (R =
157, p 2 .001) but not to advanced training recommendation (R = .036, n.s.)s Contrary Tto
expectations, subjects who took longer to respond were more Hkaly to pass UPT (R = .141,

<.001), Those who took longer to respond may have been showing caution rather than a lack of
confidence,

A combined model that used the 16 subtest scores from the AFOQT along with the scores from
the Self-Crediting Word Knowledge test was related statistically to UPT final outcome (R = ,312,
P < 0001), and significantly improved prediction above that provided by the 16 AFOQT subtests
1one (F[4,791] = 3,83, p < .01)s For the ATRB outcome, the combined model showed 1ittle
1wrovmnt over the AFOQT scores alone, Table 16 provides a summary of these regression
analyses,

Activities Interest Inventory

Descriptive Neasures

As with Risk-Taking, this test was designed to assess attitudes toward risk-taking, The
primary measure of interest was the number of high-risk activities chosen by each subject from
the activity pairs,

The average number of high-risk actfvities chosen was 49,6 out of 81 (61,2%). Average
response time per trial was 4,48 seconds, The number of high-risk activities chosen and average
response time were not statistically related to each other ‘L s =,07)s The reliabilities of
response chofce (Cronbach's alpha = ,864) and response time (Cronbach's alpha = ,954) were
acceptable, Teable 17 presents the means and standard deviations for these measures, A factor
analysis was not performed because there were only two variablas,

Inferential Measures

Scores on this test were not statistically related to UPT final outcome (R = ,043, n.s.) or
advanced training recommendation (ﬁ = ,061, nese)s

14
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Table 16, Self-Crediting Word Knowledge:
Summary of UPT Outcome Regression Analyses

Correlation with predictor
UPT outcome  ATRB outcome

M = 0,66 M =057
Predictor measure (N = 812) (N = 514)
Seif-Crediting Word
Knowledge Variables
Average Response Time
{correct responses) 14 ke -.026
Percent correct -.074 .026
Bet -,063 019
Average Response Time
X Percent correct .029 .000
Multiple Correlation
Self-Crediting Word Knowledge R EYAL .036
16 AFOQT Subtests s 285w 2 27 3¥0
Combined Model o 3] 2ikx $278%*
R Square Change L016%* .003

Note. Significance levels {*) refer to the unique contribution of a
varfable in the context of a reduced set of variables which themselves
contribute uniquely to the prediction of a criterion, Critical values for
zero-order correlations at the .05 levei of significance are .069 for N = 800
{UPT) and .088 for N = 500 (ATRB),

p _<_a01o
***P _(_ ,001,
weekp - < L0001,
Table 17, Activities Interest Inventory:
Means and Standard Deviations
Yariable Mean Sb
Number of High-Risk 49,6 8,9
Activities Chosen
Average Response Time 4,483.8 1,080,3
per Trial
Ns 1.992.
N A combined model that used the 16 AFOQT subtest scores along with the Activities Interest

Inventory scores was related statistically to final training outcome (R ¢ ,291, p < ,0001) and to
advanced training recommendation (R = .,276, p < ,001) but did not improve prediction signifi-
cantly over a model that used only the AFOQT subtests., The Activities Interest Inventory
regression analyses are sunmarized in Table 18,
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Table 13. Activities Interest Inventory:
Summary of UPT Outcome Regression Analyses

_goirelation with _gndictor
UPT outcome ATRB outcome

M= 0,66 N = 0,57
Pradictor measure (N = 812) (N » 514)
Activities Interest
Inventory Yariables
Nusber of High-Risk Activities Chosen -.020 . 049
Average Response Time -,036 -.042
Multiple Correlation
Activities Interest Inventory 042 .061
16 AFOQT Subtests « 285%Haw S 273%rx
Combined Model o 29] heen 2 276%%
R Square Cha_nge .003 .002
< L0071,

weeip <0001,

Embedded Figures

Descriptive Measures

The most important performance measures on this test were accuracy of response and average
response time. Although overali accuracy of response was acceptable (65.5% correct), accuracy
fell below “"chance level® (50%) on 11 of the 30 trials. Most of these trials exhibited low
correlations with the item-total score, suggesting that the stimuli used on these trials were
poor discriminators of performance and should be eliminated from this test. Despite this
probiem, responses were fairly reliable (Cronbach's alphs = .702).

Average response time for correct responses was 12.2 seconds and was very reliable
(Cronbach's alpha = ,915). These descriptive measures are susmarized in Table 19.

Table 19. Embedded Figures:
Means and Standard Deviations

Yariable Mean }Y
Average Response Time (ms) 12,200.0 4,802.9
(correct responses)
Percent Correct (%) 65.5 14,5
N = 1,992,

Additional details regarding the {tems of this test (e.g., item-total correlations, inter-item
correlations, and factor structure) are not discussed here but are available in an earlier paper
{Carretta, 1987). Carretta (1987) suggested that performance on the Embedded Figures test could
be summarized by three varfables: average response time, accuracy of response, and a response
time by accuracy interaction term,

16
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Inferential Measures

The Embedded Figures model (average response time, percent correct, and response time by
percent correct interaction term) demonstrated poor predictive utility against both of the UPT
performance criteria. The model was not statistically related to UPT pass/fail outcome (R =
.050, n.s.) or to advanced training recommendation (R « .089, n.s.).

When the Embedded Figures model! was combined with the 16 AFOQT subtest scores, the combined
model was related statistically to both UPT final outcome (R = ,296, p < .0007) and advanced
training recommendation (R = ,2943, < .001). The combined wmodel, however, did not

significantly improve predf?tion of performance above that provided by the AFOQT scores alone.
Results from these regression analyses are presented in Tabie 20.

. Table 20. Embedded Figures: Summary of UPT Outcome Regression Analyses

Correlation with predictor
UPT outcome ATRB outcome

M = 0.66 M= 0.57
Predictor Measure (N = 812) (N = 514)
Embedded Figures Measures
Average Response Time -.005 -.020
Percent Correct -, 046 .039
Average Response Time
X Percent Correct -.016 075
Multiple Correlation
Embedded Figures .050 .089
16 AFOQT Subtests » 285¥% Ik $2730hk
Combined Model + 296% 3k +293%k%
R Square Change .006 0N
mp i 00010
werkp ¢ ,0007,
Integrated Model
N
Factor Structure ¢
i
A factor analysis was performed using the 18 variables from the five tests in order to !
' determine the relationships among them. An examination of the inter-item correlation matrix t
presented in Table 21 reveals that there are few strong correlations between variables from
N different tests. This suggests that there 1{s 1ittle overlap among the tests 1in the
. characteristics being measured. Although the variables within Dot Estimation and, to a lesser
extent, Risk-Taking demonstrated good internal consistency, those from the other three tests did
not. The Self-Crediting Word Knowledge, Activities Interest Inventory, and Embedded Figures
tests lacked clear factor relationships.

17
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The factor analysis, presented in Table 22, produced a six-factor solution that accounted for
66,1% of the total item variance. Only factor loadings with a magnitude of .30 or higher are
presented, in order to simplify the table. The principal factor can be {nterpreted as
“speededness” or “compulsiveness" as the five variables from Dot Estimation were the only ones
that loaded on 1t. Factors II (response latency) and III (riskiness) were defined by variables
from Risk-Taking. Contrary to expectations, the Act{vities Interest Inventory variables did not
cluster with those from Risk-Taking, although both tests were designed to assess attitudes toward
risk~taking, The remaining three factors were uninterpretable as each was defined by only two or
three variables and, as a result, lacked stability.

Table 22. BAT Personality/Attitudinal Tests: Summary of Factor Analysts

“ Factor loadings
" Variable Communality i 11 111 v v V1
‘ Dot Estimation ‘
N Trials Completed 94 -, 95
N Correct Responses .99 -.93 «36
Total Time .70 o76 »30
Aversge Response Time .97 <97
Percent Correct .67 57 60
Risk-Taking {
N Boxes Chosen (risk) .57 <75
N Boxes Chosen (no risk) .64 .80
Average Resporse Time (risk) .95 .96
Average Response Time (no risk) .98 .98
Self-Crediting Word Knowledge
Average Response Time .63 .79
Percent Correct <61 .71
RT by % Correct .09
Bet 25 «32
Activities Interest Inventory i
N High-Risk Choices .02 !
Average Response Time .26 49 !
Embedded Figures :
Average Response Time .09 :
Percent Correct .05 |
RT by % Correct .02 ;
: % of total % of explained ]
Factor Eigenvalue variance variance Cumulative & 1
- 1 3,78 21,8 40,0 40,0 ;
’ 1 2,07 12,4 22,0 62.0 !
111 1,26 9.1 13.3 75.3 ‘
v 1,04 8.4 11.0 86.3
v .73 7.2 7.7 94,0
Vi + 56 6.2 6.0 100.0

N = 1,992,

|
|
|
T MNote. Factor Loadings less than ,30 omitted. '
|
|
{
{
|



The goal of this factor anaiysis was to identify the common and unique variance awmong the 18
variablies from the five BAT tests, and to produce a minimum number of meaningful factor scores to
be used as predictors of flight tratning performence. However, because the factor solution was
not clear, the original 18 variables, rather than the factor scores, were used in an integrated
model. ‘

Inferantial Measures

A 34-predictor regression equation that used the 16 AFOQT subtest scores along with the 18 R
BAT variables was related significantly to UPT final outcome (_i}_ = ,346, p <.0001). This model
was compared to & reduced model that also was related significantly to UPT final outcome (AFOQT -
subtests and Self-Crediting Word Knowledge scores, R = 312, p <.0001). The two models did not *
differ significantly in their predictive utilities (F[14,777] = 1.41, n.s.). That is, scores
from the Dot Estimation, Risk-Taking, Activities Interest Inventory, and Embedded Figures tests .

did not significantly improve the prediction of successful completion of pilot trairing abeve
that provided by the AFOQT subtests and Self-Crediting Word Knowledge scores. The 34-predictor
AFOQT/5 BAT test model was related significantly to advanced training recommendation (R = .326,
p £ .01) but did not significantly improve prediction above that provided by the 16 AFOQT
subtests alone (F [18,499] = 0.98, n.s.).

Sl-lg

The AFOQT subtest scores as a group demonstrated a moderately strong relationship with UPT
performance. It should be noted that the relative importance of the 16 subtests differed for the
two flying training outcome measures.

The five sets of perscnality measures from the BAT were sufficiently reliable to be used in
selection systems; however, none of the BAT tests was related statistically to both UPT final
outcome and advanced training recommendation. Performance on the Self-Crediting Word Knowledge
test was related to UPT final outcome. Subjects who took longer to respond (i.e., were more
cautious) were more 1ikely to complete training successfully.

1V, DISCUSSION

There are several explanations for the poor predictive utility demonstrated by these
personality/attitudinal tests. One explanation is that the BLT tests may not be measuring the
characteristics they were designed to measure (i.e., poor construct validity). Although each
test was adapted from a previousiy validated paper-and-pencil test, no subjects were given both
the BAT and the paper-and-pencil versions of the tests. As a result, the BAT tests can be v
evaluated in terms of face validity, but not construct validity.

(S

Even if the BAT tests have acceptable construct validity, scores on them were not found to be
related strongly to pilot training performance. Subjects in this study may have been too similar
to one another in temms of the characteristics measured by these tests, or they may have been
faking their responses to present a positive image to others, or their *true" personalities may
not have emerged because of situational pressures. Aanother possible explanation 1{s that a
“personality/attitudinal profile" that considered several characteristics together might be
related more closely to training performance than would any single characteristic alone.
Although the personality/attitudinal profile hypothesis was not supported by results from the
integrated model, this does not mean that personality and attitudes are not related to flying
training performance or that research with personality/attitudinal measures should be abandoned.
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Recent efforts by Spence and others {e.g., Spence & Helmreich, 1983; Spence, Helmreich, &
Holahan, 1979) have yielded promising relationships among measuras of interpersonal skills, need
for achievement, and pilot performance. In a research effort being sponsored by the National
Aergnautics and Space Administration and the US Navy, other personality attributes not considered
here are being evaluated including measures of locus of responsibility (Reid & Ware, 1973),
instrumentality and interpersonal orfentation (Spence et al. 1979), mastery and competitiveness
(Spance & Helmreich, 1983} and other personality factors (Dahlstrom, Welsh, & Dahlstrom, 1972).

V. CONCLUSIONS

Each of the five BAT tests included in this study exhibited acceptable relfability. However,
none of them was related statistically to both measures of flying training performance
(graduation/elimination, advanced training recommendation)., Performance on the Self-Crediting
Word Knowledge test was related statistically to UPT final outcome.

As a result, it is suggested that only the Self-Crediting Word Knowledge test be retained 1in
the BAT battery., Future studies are planned to evaluate the constiruct validity of this test by
adninistering it with other measures of self-confidence and self-assessment.
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