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VALIDATION OF TWO AIRCREW PSYCHOMOTOR TESTS

I. INTRODUCTION a capacity for easy expansion to in,-iude additionl
subject test stations.

This report presents iitiai findings or, the This study reports validation of the first tests to
utility of two psychomotor tests for improved be programmed on this equipment, These are
selection of Air Force pilots. During World War b, known as two-hand coordination and complex
and for several years thereafter, an extensive coordination. Two of the psychomotor tes x whichnprogram of psychomotor research was conducted demonstrated good validity for pilot selection In
by the Army Air Forces Psychological Research World War If carried these same names, but the
Unit No. 2 and the School of Aviation Medicine current tests were modeled after them nly in the
(now the School of Aerospace Medicine). Selected sense that they require somewhat the same
psychomotor tests developed under this program response capability of the subject. It was deemed
were an Intergral part of the World War II aircrew neither necessary nor desirable to reproduce the
classification batteries. This early effort has been older tests exactly. The design of the equipment

l bed by Melton (1947). Generally, It was and the development of the current tests have
ound that psychomotor assessments had validity been described in detail by Sanders, Valentine, and

for predicting elimination from pilot training McGrevy (197 1).
beyond that obtained from paper-and-pencil tests.
Use of psychomotor assessments in the Air Force
pilot selection program was discontinued in the
early 1950s because of the expense and difficulty
of maintaining and calibrating the required equip- Subjects
ment under decentralized testing conditions.

As the final phase of the development of the
With recent technological advances, there has psychomotor equipment, 148 Air Force officer

been a revival of interest in the utility of psycho- trainees were administered the Two-Hand
motor assessments both for selection of pilot Coordination and Complex Coordination tests. Of
trainees and for a variety of other personnel these subjects, 121 graduated from the School ofdecisions. In one study sponsored by the Air Military Science-Officer and entered under-

Force, Passey and McLaurin (1966) conducted an graduate pilot training (UPT). All had previously
extensive review of work in the perceptual- taken the Air Force Officer Qualifying Test

psychomotor area and provided tentative design (AFOQT).

requirements for updated psychomotor equipment

and tests. The Tests

The Air Force recently completed an extensive Two-Hand coordination requires manipulation
Mission Analysis on Futur-e Undergraduate Pilot of joysticks, one in each hand, to control the
Training: 1975 through 1990 (1972). This position of an X-shaped stimulus on a screen.
included corsideration of selection devices and Instructions to the subject require that he
procedures most likely to meet the needs of the maintain the position of the X as close as he can to
force over approximately the next twenty years. a triangular target, which moves in a circular path
In anticipation of such future needs, planning for at varying speeds. At any given moment, a devia-
development of a psychomotor research capability tion of the X from the target constitutes an error
began in 1969 and progressed in 1970 to the wh!ch is measurable both in terms of the
establishment of a prototype psychomotor horizontal and vertical displacement. The smallest
research facility at the Personnel Research measurable error is about .01 inches. These error
Division, Air FOrce Human Resources Laboratory, measurements on two axes, when integrated
Lackland Air Force Base, Texas. It was intended separately by the mini-computer over a specified
from the beginning that this facility take time Interval, constitute the basic scores obtained
advantage of technological advances using solid- from this test. A Generated score, equal to the
state components and mini-computers in place of square root of the sum of squares of the two error
the somewhat unreliable systems of the World War scores, Is also obtained.
It era. The resulting system is characterized by
ease of modificati', simple programming to Complex Coordination requires manipulation
accommodate a variety of experimental tests, and of a single joystick to control the movement of an

BEST
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X-shaped stimulus, while at the same time using Table 1. Distribution of Subjects
both feet to control a short vertical line which by Criterion Category, Validation
hovers near thi bottom of the screen. The Study I
instructions require that both the X and the short
line be held stationary at points on the screen cat"Ory N

identified by fixed intersecting lines. Error scores
on the manipulation of the X stimulus are Flying Traking Deficiency Elimination (FTD) 19
integrated over time along two axes separately, Self lnitiated Elimination (SIE) 9
and a Generated score, defined as in Two.Hand Manffestation olAppyhension Elimination 2
Coordination, is also obtained. Thc score for Medcal Elimination 4

mnipuiation of the vertical line is the integrated Total Elimination 34

horizontal displacement from the fixed inter- Total Grauation 87

section over time. In addition, there is a Reset Total Subjc.ts 121
score which expresses the frequency per time
interval •ha: the subject allows the short line to
leave the screen. When this occurs, the line is
returned automatically. Test Procedure

Ike redictors All testing war done in December 1970. The
subjects were first adminitered Two-Hand

For Two-Hand Coordination, the predictors Coorrdination, follow d one minute later by
were the integrated horizontal and vertical error Complex Coordinatio. Each test involved four
scores, known respt tivdy as X Axis and Y Axis minutes of standardized Insiructions and practice,
scores. The Generated score was also ued. For of which three minutes were for practice. Fol-
Complex Coordination, the predictors were X lowing the practice paiod, a five minute test
Axis, Y Axis, and Generated scorms, and the session was conducted. For each test, the error
integrated error score for the vertical line. This is scores were inlegrated over five observation
known as the Z Axis 9. . Finally, the Reset periods of one minute each. Thus, five values were
score was used as a predictor. avalable on each psychomotor predictor for each

Raw subtet wores on the AFOQT constituted subject.

another set of predictors. This test is currently
used in several operational prog:rams, including the
selectioi of student pilots. A proper validation of When the data were analyzed, it became
the psychomotor tests must, therefore, apparent that a programming diffi'ldty had'
demonstrate that they significantly improve this invalidated all Z Axis "sco-s. Other scores were
eisting selection system. Most AFOQT subtest unaffected, and the analysis was performed in
scores are not rotindy computed, but special terms of them.
arrangements were made to obtain them as part of To provide a better characterization of the
the final phase of ie psychomotor test develop- sample ar to facilia.e interpretation of the
ment. Subtests not tormally involved in pilot findings, the mean AFOQT composite scorcs in
selection were included. percentie form were cmputed. Thee were focnd

The Cdtek to be as follows: Pilot 80, Navigator-Technical 70,
Officer Quality 70, Verbal 45, and Qtintitctive

Crit rion data in the form of graduation or 50. The very high Plot mean indicates a fahly
attrition status from UPT were obtained for each severe restriction in the range of Not scores. As a
subject during December 1971 and Jan',sry 1972. consequence, AFOQT Plot validities are under-
Table I presents the crite:rion dstriutbn of the estimates of their values in the unrestricted
subjects. The specific criteria used in the study population to which the test was applied.
were Graduation and Flying Training Deficiency Navigator-Technical and Offier Quality validities
(FTD) elimination. To pemit numerical analysis, are also underestimated to some degree. Since
each criterion variable was coded 1 for 3ubjects admission to the School of Militasy Science-
falling in that criter;on group and zero for all Officer against a pilot training quota requires a
others. mininum qualifying scoe on -iil three AFOQT
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composites, the assumptions underlying the usual were used, a correation of .52 was obtained
corrections for range restriction could not be met. between Complex Coordination and Graduation.
No corrections were attempted. This correlation is significant beyond the .05 level.

A seriea )f multiple lh;ear regression analyses Over the same time interval, no significant corre-

were performed. These are summarized in Table 2. lations were obtained from Two-Hand

For the psychomotor tests, the X Axis, Y Axis, . not

and Generated scores in each of the final two correlate significantly with either criterion, nor did
mnutes oGthen tet sresin e the precto. a set of predictors includng AFOQT subtests and
minutes of the test session were the predictors. scores from both psychonotor tests. This result is
Both psychomotor tests yielded significant explained as a function (f the large number of
multiple correlations with Graduation, but rot predictors in the regression system. The best single
with FTD. When predictor values, including test for predicting UPT performance appears to be
Resets, from each minute of the entire test session Complex Coordination.

Teble 2 Multiple Correlation of Psychomotor Tests
ad AFOQT saini Two Pilot Trainin Critera

(N- 121)

Ptwmdkwr Tens PdkIos Graduation FTO

Two-Hand Co6rdinztion 6 .18 .20
Coraplex Coordination 6 .44" .32
AFOQT 13 -37 32
Two-hanI Coordination plus

Complex Coordination 12 .46 .38
Two-Hand Coordination plus

Complex Coordinalkn plus
AFOQT 25 .56 .47

"Significant beyond .05 level.

ITe hypothesis was formulted that the psycho- The Test
motor tests make no contribution to prediction of Although the second stildy was initiated before
UPT Graduation in the context of the AFOOT. the remits of the first were known, it was decked
The test of the hypothesis yielded an F 'alue of the t ofe fit w on, it se
1.96 and rejection of the hypotheiis at the that Complex Coordination would be the soei
level. The interpretation is that, had the psychomotor test to be validated. This decision
psychomotor test scores been incorporated into foas based on the availablity of valid Z Axis scores
the selection battery, the prediction of success f c
UPI would have been improved. This is the most The Predictois
important outcome of the study.

All Complex Coordination predictors used in
the first study were used again in the second.

III. VALIDATION STUDY It AFOOT scores were also used. However, the ony
readily available AFOQT scores were the opera-

Subjects tional composites in percentile form. The lengthy

The subjects for the second validation study and expensive retritval of AFOQT answer sheets

consisted of 92 Officertraines selected for pilot to obtain subtests vas not undertaken.

training. All were subseqwntly commisioned at C
the School of Military Science-Officer and were
assigned to various bases foi UPT. AFOQT scores The criteria used in the first study were used
were available for all subjects. again, and one additional criterion was defined.
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This w."s designated FTDISIE and consisted of all Test Procedure
subjects who were either flying deficiency Subjects were tested in March and April 1971.
eliminees or self initiated eliminees from pilot Following the standardized instruction and
training. Subjects in either eliinnation category practice period, Complex Coordination was
were coded I and all others zero on this criterion, administered five times with twenty minute
It was suspected that some student pilots who intertrial intervals. For each administration, the
elirminate themselves are impending flying error scores were integrated over 60 separate
deficiency eliminees. Table 3 presents the criterion observation periods of five seconds duration.
distribution of the subjects. Hence, 60 values were awailable fo: each predictor

on each trial of each subject.

Table 3. Obstihutioc of Subjects Resulits

by Criteiou Category, Vdidaioa As in the first study, a series of multiple linear
Study H regresadon analyses were performed. In these

analyses the X Axis and Y Axis scores were
categwo excluded ftom the predictor system.'This decision

waz based on the finding that the mean correlation
FlyintTranink Deficiency Elimination (FTD) 17 of te Generated score with each of these axis
Self lniiate Eimination (SIE) 8 axores is .92, based on five observation periods of
Manifestation of Apprehenhion Elimination 4 one mihute. For purposes of the regresion
Medical Elimination 1 analyses, the 60 observation periods were
Total Elimination 30 combined tv form five observation periods of one
Total Graduation 62 minute, and scores for each of the five minutes
Total Su j'ts 92 were used sepirately as predictors. The results for

each five minutt tra.l are shown in Table 4.

Table 4. Mtiple CocebODno of Complex Coordination and AFOQT
aginst Thel Plot Trainig Cerita

(N = 92)

thambelroef
Pnedler Tod&s pmoiong -T Grafut*" P0TD FTD/lIE

Complex Coordination 15 1 .43 .50 A3
Complex Coordination

plus AFOQT 20 1 .50 .56 .51
Complex Coordination 15 2 .56* A3 .55"
Complex Coordination

plus AFOQT 20 2 .62* .50 .610
Complex Coordination 15 3 .550 .44 .55*
Complex Coordination
plus AFOQT 20 3 .60" .54 .61

Complex Coordinatinn 15 4 A7 Al .45
Complex Coordination
plus AFOQT 20 4 .51 .47 .51

Complex Coordination 15 5 .51 A7 .49
Complex Coordination

plus AFOQT 20 5 .57 .53 .55

"Sigrficant beyond .05 level



Significant multiple cireations were obtained Supplementary data on the zero order validities
on Trials 2 and 3, when the predictors were and intercorrelations of the variatles in these
Complex Coordination alone or Complex studies are presented in Appendix A.
Coordination plus AFOQT, and when the criterion
was either Graduation or FTD/SIE. The AFOQT
scores alone correlated 31 with each criterion. IV. CONCLUSIONS
These correlations are not significant. Since the
same selection standards apply to these subjects as Data from these two studies strongly suggest
to those in the first study, it is assumed that the the pilot selection utlity of the psychomotor
AFOQT validities re again underestimated. In this tests, especially Complex Coordination. While it is

case the underestimate is somewhat less severe, difficult lo assess the actual correlation between

however, as indicated hy a Pilot composite mean the various predictors and the criteria because of
nezr 70. the comple;: ways in which the data are restricted

in range, it is nevertheless clear that the addition
The hypothesis was formulated that Complex of the psychomotor tests to the AFOQT can

Coordination scores make no contribution to enhance the prediction of pilot training success.
prediction of graduation from UPT in the context On this basis it is recommended that an
of the AFOQT composite scores. The test of the operational version of the tests and their
hypothesis yielded an F iilue of 2.00 and equipment be developed, and that a large scale
rejection of the hypothesis beyond the .05 level, validation of this operatioal version be
The implication is that inclusion of Complex undertaken.
Coordination scores in the selection system would
improve the selection of sucessful student pilots.
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APPENDIX A: SUPPLEMENTARY TECHNICAL DATA

Tables Al and A2 present correlations among X Axis, Y Axis, and Generated scores for each minute
of testing time on Two.Hand Coordination and Complex Coordination, respectively. Data are based on the
121 subjects of Validation Study I who entered pilot training. All correlat!.ns are significant beyond the

.01 level except one for Complex Coordination.

Table Al. OCrrelation atnong X Axis, Table A2. Correlation among X Axis,
Y Axis, and Generated Scores, Two-Had Y Axis, and Generated Scores,

Coordination Complex Coordination
(N- 121) (N= 121)

Generated Generated
Score r X/Y Soore r X/Y

X Axis Error, Minute 1 .95 .79* X Axis Error, Minute 1 .594 .11
X Axis Eiror, Minute 2 .98* .89* X Axis Error, Minun- Z .82* .55?
X xis Error, Minute 3 .96* .83* X Axis Error, klinutu 3 .790 .59*
% Axi3 Error, Minute 4 .97" .86* X A ,s Error, Minute 4 .81* .43*
X Avis Error, Minute 5 .97* .87* X Axis Error, Minute 5 .78* .42*

Y Axis Error, Minute 1 .94* Y Axis Error, Minute 1 .85*
Y Axis Error, Minute 2 .97* Y Axis Error, Minute 2 .92*
Y A.Js Error, Minute 3 .95' Y Axis Error, Minute 3 .91*
Y Axis Error, Mhiute 4 .95* Y Axis Error, Minute 4 .87*
Y .tds Error, Minute 5 .96* Y Axis Error, Minute 5 .88*

*Signifimct beyond .0! level. *Significant beyond.01 level

Tables A3, A4, and AS present zero order validity data for the AFOQT and for each minute of
performance on the two psychomotor tests. In Tables A4 and AS, negative .orrelations with Giaduaion
indicate that graduates obtain lower error scores on the psychomotor tests than eliminees. Posi:ive
correlations with FTD indicate that eliminees make higher error scores than graduates. All these data are
based on the 121 cases from Validation Study I.

Preceding page blank
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Table A3. Zero Order Vaillity of AFOQT Table A4. Zero Order Validity of Two.
Subtests against Two Pilot Training Hand Coordination against Two Pilot

Criteria Training Criteria
(N= 121) (N~ 121)

Variable Graduation FTO Variable Graduation FTD

Quantitative Aptitude -. 17 .13 X Axis Error, Minute I -. 24* .17
X Axis Error, Minute 2 -. 19" .11

Verbal Aptitude -. 16 .01 X Axis Error, Minute 3 -. 07 .04
Biographical Inventory .08 -. 08 X Axis Error, Minute 4 -. 14 .13
Scale Reading -J0 -. 06 X Axis Error, Minute 5 -. 08 .50
Aerial Landmarks -. 08 .13 Y Axis Error, Minute 1 -. 17 .12
General Science -. 15 .09 Y Axis Error, Minute 2 -. 17 .09
Mechanical Information -. 04 .09 Y Axis Error, Minute 3 -. 04 -. 03
Mechanical Principles -. 02 .05 Y Axis Error, Minute 4 -. 07 .04

Pilot Biographical Inventory .04 -. 03 Y Axis Error, Minute 5 -. 04 .06

Aviation Information -. 16 .10 Generated, Minute 1 -. 22* .15
Visualization of Maneuvers -. 02 .00 Generated, Minute 2 -. 19" .10

Generated, Minute 3 -. 06 .01strumeltt Comprehension .06 -. 18" Generated, Minute 4 -. 12 .10
Stick & Rudder Orientation .12 .00 Generated, Minute 5 -. 06 .06

*Significant beyond .05 level. *Significant beyond .05 level.

Table AS. Zero Order Validity
of Complex Coordination against

Two Pilot Training Crieria
(N= 121)

Variable Graduation FTD

X Axis Error, Minute 1 -. 15 .06
X Axis Error, Minute 2 -. 32* .14
X A:ds Error, Minute 3 -. 40' .25*
X Axis Error, MWnute 4 -. 42' .29"
X Axis Error, Minute 5 -. 41" .27*
Y Axis Error, Minute 1 -. 16 .09
Y Axis Error, Minute 2 -. 17 .06
Y Axis Error, Minute 3 -. 24' .10
Y Axis Error, Minute 4 -. 20* .15
Y Axis Error, Minute 5 -. 16 .08

Resets, Minute 1 -. 12 .07
Resets, Minute 2 -. 20* .09
Resets, Minute 3 -. 22* .10
Resets, Minute 4 -. 16 .09
Resets, Minute 5 -. 09 .05
Generated, Minute 1 -. 21 .1!
Generated, Minute 2 -. 27" .12
Generated, Minute 3 -. 34* .19"
Generated, Minute 4 -. 35" .25'
Generated, Minute 5 -. 31" .20*

*Sigificant beyond .05 level.

12



A different kind of presentation of psychomotor validity data is seen in Figures Al and A2. In both
figures, the five observation points along the base line are minutes of the test during which the scores were
derived. Figure Al (Y-Axi and X-Ax;s) depicts mean performance on Two-Hand Coordination for three
pilot training criterion groups. In two-Hand Coordination, performance measured on the X Axis
corresponds to the subject's right hand, and performarce on the Y Axis to the subject's left hand. Left
hand performance show little difference between gr&duates and eliminees. Right hand performance,
however, shows higher mean error scores in all observation periods for FTD eliminees than for graduates.

Figure A2 (Y-Axis and X-Axis) ..bows mean performance on the hand controlled task of Complex
Coordination, using the same criterion groups. The mean error of the FTD criterion group on both axes is
higher than for graduates. It was not expected that SIE performance would closely resemble performance
by any other criterion group.

Tables A6 through A8 present intercorrelatin and zero order validity data analogous to those in
Tables Al through AS. These data, however, are based on the 92 subjects in Validation Study II. The
psychomotor data are derived only from Trials 2 and 3, and the validities are only for the Graduation and
FTD/SIE criteria.

The original form of the psychomotor data for the second study was in terms of intervals of five
seconds. It is of interest to observe the course of the mean error scores on the three axes within trials and
across trials. Figuro. A3 contrasts Trials I and 5 in terms of error scores in their original intervals. Within
each trial, the mean errors tend to decrease.. Across trials, the mean X Axis and Y Axis errors become
stabilized at about half their original values after 15 minutes of te3ting time.
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TableA6. Correlation among X Axis, Y Axis, Z Axis, and GenerAted
Scores, Comnplex Coordination

(N =92)

Generat.J Generated
.Variable score r X/Y. scare r X/Y

X Axis Error, Minute 1 .80* .56* .90' .62*
X Axis ErroE, Minute 2 .85' .56* .93* .74'
X Axis Error, Miinite 3 .930 .69* .92* .70'
X Axis Error, Minute 4 .96* *74* .88' .62*
X Axis Error, Minute 5 .96' .81' .88* .65*

Y Axis Error) Minute 1 .93' .89'
Y Axis Error, Minute 2 .90' .93'
Y Axis Error, Minute 3 .91' .92'
Y Axis Error, Minute 4 .89' .91'
Y Axis Error, Minute 5 .94'- .92'

Z Axis Error, Minute 1 .21 .3511
Z Axis Error, Minute 2 .49' *53*
Z Axis Error, Minute 3 f60' .50'
Z Axis Error, Minute 4 .660 .54"
Z Axis Error, Minute 5 .66' 31

*Significant beyonI .01 IntL

TakA Zero~fderValidiy
ofAFOQY Composkes spind Two

Pilot Trainin Citeria
(N =92)

Variable Graduation Sill

Officer Quality -.06 .01
Verbal -. 12 .08
Quantitativre .16 -. 20'

*Significant beyond .05 leveL
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TableA8. Zero Order Validity of Complex
Coordtination againt Two Pilot Training

Criteri, Tril 2
(N =92)1

Va.-!abll Graduation T0/SIE

X Axis Error, Minute 1 .04 -. 03
X Axis Error, Minute 2 -. 29* .28*
X Axis Error, Minute 3 -. 22* .23*
X Axis Error, Minute 4 -. 19 .17
X Axis Error, Minute 5 -. 24 .23*

Y Axis Error, Minute 1 -. 15 .16
Y Axis Error, Minute 2 -. 29* .39*
Y Axis Error, Minute 3 -. 21" .30*
Y Axis Error, Minute 4 -. 20" .26"
Y Axis Error, Minute 5 -. 27* .32*

Z Axis Error, Minute 1 -. 17 .13
Z Axis Etror, Minute 2 . -.27* .26*
Z Axis Error, Minute 3 -. 29" .25*
Z Axis Error, Minute 4 -. 20* .15
Z Axis Error, Minute 5 -. 27* .22*

Resets, Minute 1 .06 -. 08
Resets, Minute 2 -. 23 .18
Resets, Minute 3 -. 20 .19
Resets, Minute 4 -. 2111 .19
Resets, Minute 5 -. 13 .10

Generated, Minute 1 -. 07 .08
Generated, Minute 2 -. 33* .37*
Generated, Minute 3 -. 24" .28*
Generated, Minute 4 -. 220 .220

Generated, Minute 5 -. 27" .290

*Significant beyond .05 leveL
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