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In the course of executing the mainline research program of Project A,

s it has always been an accepted--indeed priority--practice to find mechanisms
‘i{{ and means for communicating and sharing early and/or otherwise salient
o research results and activities with the U.S. Army and with the professional
NN research community at large. As a result, numerous papers, reports, and
e symposium proceedings have been produced each year to meet the continuing
kl& interest of both scientific and operational audiences. The custom within
i Project A has been to compile these documents and to publish them as an
:&ﬁ adjunct to the Project A Annual Report.

A,

e The reports in this Supplement to the Fiscal Year 1986 Annual Report are

X

presented in chronological order., Most of them are referenced in the Annual
Report. That some are not should in no way diminish their importance or
relevance to the readers of these reports. Each document was produced to
meet a specific need and audience and, when taken in context, provides, in
effect, a chronology of reports and communications which can reveal the
process and flow of the overall research program being accomplished
collegially by the U.S. Army Research Institute and contractor scientists.
In many cases these findings have been further refined or synthesized into
more formal contract-deliverable jtems.
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N ARMY ENLISTED PERSONNEL:
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? SUPPLEMENT TO ARI TECHNICAL REPORT 792
[\
R

-
e PURPOSE OF THE REPORT

';) The materials presented in this report were prepared under Project A,
LAY the U.S. Army's current, large-scale manpower and personnel effort for
o improving the selection, classification, and utilization of Army enlisted
|\:} personnel, This Research Note supplements ARI Technical Report ,» the
'ﬂ}j Project Annual Report for the 1986 Fiscal Year. It augments that report by
3 providing copies of a set of technical papers that were prepared during the
‘_ year reporting on detailed phases of the project research methods and
Y results.

<
; ;‘.:;' OVERVIEW OF PROJECT A

"Lﬁ Project A is a comprehensive long-range research and development program

W the U.S. Army has undertaken to develop an improved personnel selection and
3 classification system for enlisted personnel. The Army's goal is to increase

W -
! . its 2ffectiveness in matching first-tour enlisted manpower requirements with
) available personnel resources, through use of new and improved selection/
( classification tests that will validly predict carefully developed measures
M of job performance. The project addresses the Army's 675,000-person enlisted
:}j personnel system encompassing several hundred military occupations.
‘ L}
: The program began in 1980, when the U.S. Army Research Institute (ARI)

started planning the extensive research needed to develop the desired
system, In 1982 ARI selected a consortium, led by Human Resources Research
Organization (HumRRO) and including American Institutes for Research (AIR)

3o

P -
PP R
P M
PRy
» T e o
P

S and Personnel Decisions Research Institute (PODRI), to undertake the 9-year
ON project. It is utilizing the services of 40 to 50 ARI and consortium
A researchers working collegially in a variety of professional specialties.
}3.: The Project A objectives are to:

!; o Validate existing selection measures against both existing and
e project-developed criteria (including both Army-wide job perfor-
)uj- mance measures based on rating scales, and direct hands-on
{Iﬁi measures of MOS-specific task performance).

s

:“' o0 Develop and validate new selection and classification measures.
ﬁ; 0 Validate intermediate criteria such as training performance, as
N predictors of later criteria, such as job performance, so that
L better informed decisions on reassignment and promotion can be
- made throughout a soldier's career.

o

@

0 Determine the relative utility to the Army of different perfor-
mance levels across MOS.

r. -'- - .‘:‘
¥
Ao
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o Estimate the relative effectiveness of alternative selection and
classification procedures in terms of their validity and utility
for making decisions.

The research design incorporates three main stages of data collection
and analysis in an iterative progression of development, testing, evaluation,
and further development of selection/classification instruments (predictors)
and measures of job performance (criteria). In the first iteration, file
data from fiscal years (FY) 1981/1982 were evaluated to explore relationships
between scores of applicants on the Armed Services Vocational Aptitude
Battery (ASVAB), and their later performance in training and their scores on
first-tour Skill Qualification Tests (SQT).

For the ensuing research, 19 Military Occupational Specialties (MOS)
were selected as a representative sample of the Army's 250+ entry-level MOS.
The selection was based on an initial clustering of MOS derived from rated
similarities of job content. These MOS account for about 45 percent of Army
accessions and provide sample sizes large enough so that race and sex fair-
ness can be empirically evaluated in most MOS.

In the second iteration, a Concurrent Validation design was executed
with FY83/84 accessions. A "Preliminary Battery" of perceptual, spatial,
temperament, interest, and biodata predictor measures was developed and
tested with several thousand soldiers as they entered four MO0S. The data
from this sample were then used to refine the measures, with further explora-
tion of content and format. The revised set of measures was field tested to
assess reliabilities, "fakability," practice effects, and other factors. The
resulting predictor battery, the "Trial Battery,” was administered together
with a comprehensive set of job performance indexes based on job knowledge
tests, hands-on job samples, and performance rating measures, in the Concur-
rent Validation during the summer and fall of 1985,

On the basis of testing experience, the "Trial Battery" was revised as
the "Experimental Predictor Battery," which in turn is being administered in
the Longitudinal Validation stage (third iteration), beginning in the late
summer of 1986. All measures are being administered in a true predictive
validity design. About 50,000 soldiers across 21 MOS will be included in the
FY86-87 administration and subsequent first-tour measurement. About 3,500 of
these soldiers are expected to be available for second-tour performance
measurement in FY91l., Three MOS have been added to the original 19 (19K, 29E,
968), and one of the original MOS was dropped (76W).

Activities and progress during the first three years of Project A were
described in annual reports as follows: FY83 - ARI Research Report 1347 and
its Technical Appendix, ARI Research Note 83-37; FY84 - ARI Research Report
1393 and related reports, ARI Technical Report 660 and ARI Research Note
85-14; FY85 - ARI Technical Report (in preparation) and ARI Research
Note __ (in preparation). These reports list other publications on specific
activities.

Other publications on specific activities during those years are listed
in those annual reports. The annual report on project-wide activities during
FY86 is presented in ARl Technical Report . The technical papers
reproduced in this Research Note serve as additional documentation for
various FY86 activities.
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Military Testing Association
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The views expressed in this paper are those of the authors and do not
necessarily reflect the official opinions and policies of the U.S. Army
Research Institute or the Department of the Army.
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1\$ Utility Estimation in Five Enlisted Occupations
N
Newell K, Eaton, Hilda wing and Alan Lau
N
nﬁ: U.S. Army Research Institute for the Behavioral and Social Sciences1
-.:}:
-~
% .
t ) In most organizations the decision to develop and implenent selec-
.~ tion and/or classification tests rests on the assumption that their
,;:: costs will be outweighed by their benefits in terms of increased em
ﬁﬂ: ployee performnance and tenure. The initial costs of testing programs
;;:. have been increasing due to more stringent requirements for documenta-
N tion of validities, test administration using computers, and the poten-
' tial for legal challenges to test fairness. With the increasing costs
“ of starting and maintaining testing programs, more attention is being
:tf: paid to assessing their benefits. The purpose of this paper is to
e expand on methods used by several researchers in this area (Eaton,
(-1 wing, & Mitchel!, 1985; Hunter & Schmidt, 1982).
! . Brogden (1949) and Cronbach and Gleser (1965) provided the first
'ﬂ- systematic descriptions of the utility of testing programs indexed in
P dollars. They linked performance levels to the dollar values estimated
Qﬁa for those performance levels. Their fomula for the gain in productiv-
{}{ ity, or wutility (U$), obtaiped by using valid selection procedures
e includes (a) Ns, the number of individuals selected; (b) SD$, the stan-
- dard deviation of performance, scaled in a utility metric such as dol-
g lars; and (c¢) the average performance expected on the criterion by the
,%:% selected group as estimated from a valid predictor, given by Rxy Ix:
Ny US = Ns SD$ Rxy Ix
The formula was subsequently modified to account for testing costs. A
-\ﬁ} more camplete description of such fomulations can be found in Cascio
;:i{ {1982), Cronbach and Gleser (1965), and Hunter and Schmidt (1982).
:-:.‘-
:{f: While the values of most of the variables on the right hand side
:*' of the Brogden-Cronbach-Cleser formulas are known, the estimation of
T SU$, the standard deviation of performance scaled in dollars, is prob-
‘.?i lematic. One 'SD$ Estimation Technique® is based on estimates of the
AT dollar value to the organization of performance at the 50th percentile
o level, the 85th percentile leve! (one standard deviation above the
:}7 mean), and, sometimes, the 15th percentile level (one standard devia-
'.' tion below the mean). The dollar difference between the 15% and 507
- estimates, and the 50% and 85% estimates, provides an estimate of SO%
e (Cascio & Silbey, 1979; Hunter & Schmidt, 1982; and Schmidt, Hunter,
};: McKenzie, & Muldrow, 1979).
A
Rt

TThe views expressed in this paper are those of the authors and do not
necessarily reflect the view of the U.S. Amrmy Research Institute or the
Department of the Army.
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o
o
) - . H .
:s. A second method is the ‘Superior Equivalents Technique® proposed
N by Eaton et al.(1985). It is suncwhat like the S32 Sstimation Tech-
( nique. Instead of using estimates of the dollar value of 85th percen-
~ tile perfornance, however, the technique uses estimates of the number
Lay (N85) of superior (85th percentile) performers who would be needed to
A produce the output of a fixed nunber (N50) of average (50th percentile)
rov, performers, This estimate, canbined with an estimate of the dollar
Ko~ value (V50) of average performance, provides an estimate of SDS$:

: B

(B .

Ity SD$ = V50 [(N50/N8B5) - 1].
A

”

1y

:"- Eaton et al. speculated that this method would be more appropriate in
K\ situations where the nature of the work is such that managers are more
N accustaned to considering the relative productivity of eanployeces or
( crews than the relative costs of producing given levels of output.
S50

NN A third estimation strategy has been proposed by tiunter and
oy Schmidt (1982). 1In reviewing the results of a variety of studies, they
.t-:- note that SO$ typically falls between 40% and 70% of annual salary.
L This might be termed the °Salary Percentage Technique.*

o

:::"'. In their recent paper, Eaton et al. showed that the Superior Equi-
N valents Technique provided more stable estimates of U.S. Army tank
.- commanders' SD$ than did the SU$ Estimation Technique. They also noted
o~ that both these techniques provided substantially larger estimates of

SO$ than did the Salary Percentage Techniqgue. The purpose of this
paper was to compare the results of the Superior Equivalents Technique

P

A with the SD$ Estimation Technique across five different U.S. Amy en-
:.\‘ listed military occupational specialties (MOS). This was intended to
.~ assess both the variability of SD$ values across the five MOS as well
:-:: as the results with the two techniques. The paper was also intended
e to determine whether a "short hand® estimation procedure could be de-
ja veloped for military occupations, such as the Salary Percentage Tech-
L nique. Last, because the research was conducted with supervisors who
o were both noncamissioned officers (NCOs) and commissioned officers, it
:.,: was possible to assess the impact of level of management on SO$
- estimates.

.3 METHOD

<

S Instrument

A - —_—

s

i A questionnaire based on earlier resecarch (Bobko et al. 1983;
o Burke & Frederick, 1984; Eaton et al. 1985; Schnidt et al, 1979) was
,_ developed to measure the camparative worth to the Army of first-term
e soldiers operating at different performance levels. Separate fomms
N were administered to supervisors in each of the five MOS studied.
_1 The first method asked supervisors to think about how much ten average
e soldiers (50th percentile) contributed to the Army. Supervisors then
i estimated how many superior (85th percentile) soldiers would be needed
!* to do the same amount of work. The second method asked supervisors to
o first consider the worth of average and superior first tour soldiers to
:::r: the Army. They were then asked to estimate how much an average (50th
"-ﬁ: percentile) first-term soldier and a superior (85th percentile) soldier
o
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BN are worth by considering such factors as salary, output, responsibil-
\ ity, and equipment, Dollar cstimates of the yearly value to the Amny
of average and superior soldiers were then requested.

0 Subjects
:( Supervisory estimates were obtained fran 270 NCOs and officers in

" five MOS across three different posts. The five MOS were infantrymen
(11B), armor crewmen (198), light wheel vehicle/power mechanics (638),
medical specialists (918), and radio teletype operators (U5C). Of the

‘.:', 270 supervisors, 226 (B3 percent) were NCO and 29 (11 percent) were
-;_ officers. The ruemainder did not provide rank information. Four super-
:‘_.:‘ visors (one percent) did not respond to the methods of estimating util-
f::} ity and their responses are not included in the analyses. Of the
- remaining 266, 13 did not provide useable estimates for the first
method and (a different) eight did not provide useable estimates for
the second method.
&4
'j Other Data
N_; —_—
To obtain the value of average performance for the Superior
:r Equivalents Technique, as well as the data required for the Salary Per-

centage Technique, we used published pay and allowance tables. In 1985
the base pay for Army enlisted personnel with two years of service
ranged fram $9,000 to $10,000. Non-taxable allowances for such items
as housing, post exchange, vacation, and travel benefits could awunt i
to more than $6,000 for the typical married soldier with dependents.
Qur estimate of an equivalent civilian salary would be about $16,000

6 a
»

,"'.','.‘_'. .

i
a
‘.

.y

P

::'. per year. This is consistent with Henderson's (1985) estimates for the
oy canpensation of a Private First Class living off post with dependents.

'@ RESULTS

i- The results from the Superior Equivalents Techniques indicated
~.f, that, across MOS, 5.20 superior first-tour soldiers performed as well
v as 10 average soldiers. Using $16,000 as the value of average perform-
n.: ance (V50), 5.20 as the nunber of superior equivalents (N85), and 10 as
"‘.4 the number of average soldiers (N50), the Superior Equivalents Tech-
" nique yielded a SD$ estimate of $14,769. Of the 253 supervisors re-
Fox sponding, 7% indicated 1 or 2 superior first-tour enlisted soldiers
Anr were equivalent to 10 average soldiers, 23% indicated 3 or 4, 51% indi-
:‘_- cated S or 6, 17% indicated 7 or 8, and 3% responded with 9 or 10.
" There was only a modest difference between estimates for the five MOS:
furt the nunber of superior equivalents ranged fram 4.90 to 5.58 with SU$
.' estimates from $12,881 to $16,720. The results by MOS are shown in
., Table 1. Full ANOVA results were canputed, including as factors MOS
~ o and RANK of the supervisor providing the estimates. The differences by
::_'; MOS did not reach statistical significance, nor did RANK, nor the MOS x
A RANK interaction.

2

; The results from the SD$ Estimation Technique indicated that,
3 across MOS, average soldiers were worth about $16,725 per year while
:,' superior soldiers were worth about %$25,969. This yields an SD$ estima-
:j tion of $9,6244, Of the 258 supervisors responding, 11% provided SUS
“l

l
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"}-: Table 1: Estimated Nunber of Superior First Tour Soldiers Equaling 10
:\tx Average Soldiers and Camputed SD$ by MOS
2y
(' MOS N . Number Superior SOs
4 ]
s 118 48 5.54 512,881
I 19€ 60 5.40 $13,630
e 918 36 4.89 $16,720
el 638 67 5.15 $15,068
) 05C 42 4.90 $16,653
o Totals 253 5.20 514,769
S
N
-:\2-3 estimates of less than $2,000, 14% between $2,001 and $4,000, 19% be-
,:.“, tween $4,001 and $6,000, 12% between $6,001 and $8,000, 16% between
‘ $3,001 and 510,000, 15% between $10,001 and $16,000, and 12% over
y $16,000. These appear to be nore variable than Superior Equivalents
:'_;: estimates, Larger, between MOS differences also were found with the
-.:"_-.j SO$ estimation technique, ranging fram about $6,254 to $11,150, The av-
:.-: erage values assigned average and superior soldiers, as well as SD$
Wi estimates for the five MOS, are shown in Table 2.
"
'-'.‘:X.' Table 2: Dollar Estimates of Value to the Army of Average and
S Superior First Tour Soldiers by MOS
',"_:‘.. AMOS N Average Superior SD%
1S — — ERE— —
0%
‘" - 118 53 $19,226 $29,000 $ 9 774
AT, 19¢ 63 13,736 20,190 6,254
QN 918 38 18,000 27,132 9,132
) :: 638 64 15,719 26,344 10, 625
ro 05C 40 18,200 29,350 11,150
hoS Totals 258 $16,725 $25,969 $ 9,244

Full ANOVA results were canputed on the SD$ estimates following
the procedures outlined for the Superior Equivalents estimates. With

:\\.: the SD$ estimates, however, the effect of MOS was significant (F =
PN 4,23, df = 4,225, p < .01). Duncan's multiple range tests indicated
Dok the SDS estimates for first tour armor crewmen (19E) were lower than
® those for medics (918) mechanics (63B) and radio telephone operators
:‘:\ (05C). Nejthcr the RANK nor MOS x RANK effects were significant.
3 .‘\
»:':- Last, SD$ values obtained using both the Superior Equivalents and
::-: SUD$ Estimation Techniques were canpared to the estimated civilian
w-f: equivalent salary and to base pay. Using $16,000 as the best estimate
® of estimated civilian equivalent salary and $9,500 as base pay, esti-
:‘ mates of SU$ would be 58-92% of estimated civilian equivalent salary
-,::, based on superior equivalents and SDU$ estimates, respectively. Using
.:-.: only baszc pay as a salary basis, SD$ would be estimated at 97%-156%.
:.r::. The value of 125% of base pay may be chosen as an estimate of SDS.
’ Assuning a value of $10,000 per year as base pay (for simplicity,
o rather than the $9,500 figure used in previous analyses), then SD$ =
A $12,500 and U% can be estimated (Cascio, 1982, pp 220-226). Table 3
:" displays the estimated US, per first tour soldier selected, as a func-
;'§ tion of the validity of the test and the proportion of applicants
'},’ selected,
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i Table 3: Estimated U$ Per Selection as a Function of Test Validity
i:: and Proportion of Applicants Selected
( Test Validity
s
A
G0 a1 .2 .3 .4 .5 .6
:;- Proportion .2 $1,750 $3,500 $5,250 $7,000 $8,750 $10,500
> of .4 1,200 2,400 3,600 4,800 6,000 7,200
) 2 applicants .6 813 1,625 2,438  3.250  4.063 4,875
i':t Selected .8 413 825 1,238 1,650 2,063 2,475
o
‘\ﬁi It 100 soldiers were selected fram among 125 applicants, using a test
ey with a validity of .3, the estimated utility would be 100 x $1,238 =
(" $123,800 per year.
P DI SQUSSION
o
::ﬁ: The first purpose of this research was to assess the SUS of per-
'\jy formance in five Army enlisted military occupational specialties using
- two methods. For both methods there were numerical differences in SO%
;!? across the MOS, and they were ordered logically. The lowest SU$ values
::3: were obtained for team/crew occupations - infantryman and tank crew-
T man - while the highest SU$ values were obtained for those who perform
e many duties as individuals - medics, mechanics, and radio/telephone op-
,:tf' erators. However, between MOS differences were statistically signifi-
(' j ' cant for SD$ values obtained for only one method, the SD$ Estimation
o Technique, and these differences were not clear cut.
s LW
k 3 The Superior Equivalents Technique, designed for use in military
- A settings, did not provide reliable between-MOS differences. 1t did,
l@ﬁi however, yield estimates with considerably smaller levels of between-

subjects dispersion. This is consistent with the results of the ear-
lier Eaton et al., research. On balance, it would seem that both tech-

Ot

3 -
::E: niques provide SU$ estimates which yield a wuseful range in which the
\~A ‘real’ SD$ probably falls, But neither is sufficiently precise at this
!:{2 time to provide between-MOS camparisons in which one can be confident.
0
; ; Obtaining a ball-park estimate of SDS may well be sufficient for
ST most purposes. Seldom does one face a decision where the utilization
r:i: of a selection or classification test rests on cost tradeoffs of plus
e or minus 103 or 20% of testing and start up costs. Rather, such pro-
R grans are more typically initiated only if the potential payoff s
:}: several times the costs. As a consequence, estimating a reasonable.
range of SD$% values can be quite useful.
:rfl Fortunately, this and prior research (Eaton et al. 1985) show
‘Sf: that such an estimate may be obtained using a variant of the Hunter &
:?{ Schmidt (1982) Salary Percentage Technique. In the Eaton et al. work,
s SD$ was 89% of estimated civilian equivalent salary, and 178% of base
Y pay. For the two methods canpared in this research, results ranged
DN from 58%-92% of civilian equivalent salary, and 97%-156% of base pay.
‘}E GCiven this consistency it would seam that a rough estimate of SUS for |
'i“ first-tour enlisted personnel is about 125% of base pay. !
Lo
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Such an estimate is likely to be quite conservative. Eaton et ai.
found SD$ values obtained with the two methods used in this research to
be about half those obtained with yet a fourth method, the System Ef-
fectiveness Technique, designed tu incurpucdte equipment, maintenance,
and other support costs. Burke and Frederick (1984) and Schmidt et al.
(1982) also obtained results suggesting the conservative nature of SO$
values obtained with the SU$ Estimation Technique. The use of such a
rough estimate may well make a useful contribution to front end analy-
ses designed to assess the potential utility of initiating research on,
or implementation of, a selection and classification testing program.
Table 3 provides figures which make such estimates refatively simple.
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:*w. Introduction and Background
Yty
Fﬁ- This paper is based on data collected for the large Amy personnel re-
Lo, search project titled "Improving the Selection, Classification, and Utilization
o of Army Enlisted Personnel: Project A" (Eaton, Hanser, & Shields, 1985).
This project was conceptualized and planned during the 1980 to 1981 time pe-

X, riod, and a contract was signed with the prime contractor, Human Resources
§~j§ Research Organization (HumRRO), in 1982. It is being conducted jointly by
;:gg scientists from the U.S. Army Research Institute for the Behavioral and Social
i Sciences (ARI), HumRRO, the American Institutes for Research (AIR), and Person-
;-? nel Decisions Research Institute (PDRI).

:%- Early in the planning for Project A, it was recognized that a large pro-
A}* portion of the research would have to be devoted to criterion development.

\ji Plans called for the development of several different measures of performance:
N (a) tests of hands-on performance, (b) paper and pencil tests of job knowledge,
28N and (c) ratings.of typical performance. Each of these broad categories of
( criteria were further subdivided. Hands-on tests included tasks which were

o specific to each Military Occupational Specialty (MOS) as well as tasks common
o to all MOS. Two kinds of paper and pencil tests were constructed: (a) to

e emphasize the content of formal school training, and (b). to emphasize MOS-spe-
AT cific task performance. Rating forms were constructed both for MOS-specific

NN task performance as well as for non MOS-specific Army-wide performance that we

have labelled broadly as "soldiering.”

.'_‘ U

--r The initial impetus for developing such a comprehensive set of criterion
7 measures was largely a function of our underlying theory of performance meas-
N N urement. This underlying theory states rather simply that performance in a jobd
138 is multi-dimensional, and that it is not possible to capture that

o multi-dimensionality using only one measurement method. A method of measure-
*i; ment may be intrinsic to some tasks. For example, having the requisite knowl-
‘;3 edge of how to take a person's blood pressure may not be the same as actually
¢}$ being able to perform the task accurately, yet both are important. An individ-
jﬁj ual may score high on a paper and pencil test on this task, but might not score
o as high on a hands-on test of this task. In order to be succesaful in perform-
d ing this task on the job it requires: (a) the knowledge of how to do the task,
o (b) the physical skills to perform the task, and (c) the motivation to do it.
3: Or to put it in another well known way: performance *= f(ability x motivation).
<

3 The views expressed in this paper are those of the author and do not necessar-
!7 ily reflect the view of the U.S. Army Research Institute or the Department of
o the Army
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Because of the complexity of the criterion space being measured in this
project, it is extremely important that it be fully understood prior to choos-
ing a final set of predictors and recommending changes to the Aray's selection
and classification procedures. Several recent papers by project scientists
have begun to address the issues associated with criterion development (c.f.,
Borman, White, Gast, & Pulakos, 1985; Campbell & Harris, 1985; Rumsey, Osborn,
& Ford, 1985). Borman et al. constructed and tested a path model of supervi-
sory and peer ratings to examine how each are related to other measures of
performance. They found that both job knowledge and hands-on task proficiency
are related to ratings, with the dominant path between ratings and hands-on
proficiency. They conclude, however, that "... for the most part different
methods of measuring job performance yield quite different results.” Campbell
and Harris describe the results of attempting to interpret criteria using a
group of "concerned psychologists.” They also present a "working model of job
performance for the domain of skilled jobs.” 1In examining the correlation
matrices of hands-on and job knowledge tests and rating scales, they state "...
the methods correlate more highly within themselvea than they do across meas-
ures.” Rumsey et al. examine the relationships between job knowledge tests and
hands-on tests of job proficiency. In each of these papers, a central theme is
the multi-dimensionality of performance and the importance of using different
measurement methods to capture performance adequately.

The intent of this paper is to further explore the criterion space meas-
ured in Project A. Previous research has focused on aggregate measures of
performance such as total scores on hands-on or paper and pencil tests or aver-
age ratings across several dimensions. In this paper we focus on task level
measures in order to begin to understand better the relationships between kinds
of tasks and methods of measuring performance on them. Through this we hope to
gain a better understanding of the method variance associated with measures of
task performance.

Method

Subjects

Data reported in this paper were collected in 1984 as part of field tests
of the criterion measures developed by Project A scientists. Participants in-
cluded first tour soldiers in two Army MOS: (a) 178 Infantrymen (MOS 11B) and
(b) 167 Medical Specialists (MOS 91A). A complete description of the data
collection methods can be found in Campbell and Harris (1985).

Variables

Percent correct steps per task and average supervisory rating per task
provided the major variables used in these analyses. Percent correct scores
vere obtained on both hands-on and written tests. For each MOS reported here,
approximately 15 tasks were scored using all three measurement methods: (a)
hands-on performance, (b) multiple choice paper and pencil test, and {(c) aver-
age supervisory rating of task performance. Approximately 15 additional tasks
per MOS were tested in the paper and pencil test, and these were also included
in the analyses. In addition, total score on a paper and pencil test focusing
on training course content, average supervisory rating on overall performance,
and Armed Services Vocational Aptitude Battery (ASVAB) subtest standard scores
vere included. This resulted in a total of approximately 71 variables per MOS
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to be included in these analyses. Although these are a relatively small number
of subjects given the number of variables, the limits of analysis are a func-
tion of the number of factors extracted. These sample sizes will support the
extraction of a maximum of five to seven factors per MOS.

Analyses

Though some "feel anxious in the presence of too many partial or
semi-partial correlations” (Campbell & Harris, 1985), we decided to explore
these data using factor analysis. Our specific plans were as follows: (a)
extract a set of oblique factors for each MOS, (b) examine the inter-factor
correlation matrices, and (c) examine the patterns of loadings within and
across MOS. We used a principal axis solution with an iterative solution for
the communalities and a Promax rotation. We decided on the number of factors
to extract based on an inspection of the scree and interpretability of various
solutions. In order to conserve space, descriptive statistics and
reliabilities are not reported here. They are, however, available elsewhere
(Borman et al., 1985; Campbell & Harris, 1985; Rumsey et al., 1985).

Results and Discussion

The data on the Medical Specialists yielded a five factor solution. Table
1 shows the oblique solution. Variables reported in the table are limited to
the three highest loading on any factor, any variable with an absolute loading
of greater than .30 on a cross-method factor, and any variable with loadings
greater than .30 on two or more factors.

Table 1. Rotated Factor Pattern (STD REG COEFS)

80 . . . . Rating:Splint Suspected Fracture <{Supv>
7 . . . Rating:Put on Field/Pres Dressing <Supv>
75 . . . . Rating:Perform CPR <Supv>
8 . . =35 . Rating:Measure/Record Respir. <Supw>
53 . 30 . . Rating:Measure/Record Pulse <Supv>
YA . . P&P:D9-Replace Filters in M17 Mask

.5 .. . P&P:14-Measure/Record Respirations

. 47 . . . P&P:19-Estab/Maintain a sterile fld

. 43 . . HO: A4-Put on Field/Pres Dressing

. 34 . . . HO: A9-Init a Field Med Card

. . 68 . . ASVAB SUBTEST SCR-Arithmetic Reasoning

. . 57 . . ASVAB SUBTEST SCR-Math Knowledge

. . 52 . . ASVAB SUBTEST SCR-Coding Speed

. . 49 . . P&P: 16-Assemble Needle & Sycinge

. . 49 . P&P: K2-Draft/Fire TPR Charts

Y - . P&P: A6-Open Airway

. . 40 . . P&P: IT-Change a Sterile Dressing

. . 41 32 . School: All Items

N [ ASVAB SUBTEST SCR-Auto/Shop

. . .. M . ASVAB SUBTEST SCR-Electronics Information
. . . 59 . ASVAB SUBTEST SCR-Mechanical Comprehension
. . . 37 . P&P: G3-Vehicle Recognition

e e . 68 HO: I3-Measure/Record Pulse

. . . . 5 HO: I9-Est/Maintain Sterile Field

13
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e e . 47 HO: I4-Measure/Record Respir.
33 35 HO: AB-Splint Suspected Fracture

As expected, there are strong method factors, with little overlap of
wariables across method factors. Note, however, that two ratings overlap with
the ASVAB factors, and one of the hands-on tasks overlaps with an ASVAB factor.
Two hands-on tasks have loadings greater than .30 on Factor II, the paper and
pencil job knowledge test factor. Several of the job knowledge test tasks load
on the two ASVAB factors. Also, ASVAB splits into two factors, a math/speed
factor and a technical factor. Table 2 provides the factor correlations.

Table 2. Inter-Factor correlations

1 11 III IV v

I 100 1 7 -1 17
II 1 100 15 27 -2
I1I 7 15 100 -6 19
IV -1 27 -6 100 -8
v 17 -2 19 -8 100

Not surprisingly, the paper and pencil job knowledge test factor, Factor
II, and an ASVAB factor, Factor IV, have the highest correlation. Note, how-
ever, that none of the ASVAB subtests have loadings of .30 or higher on Factor
I1I, and that it is the ASVAB technical factor which correlates highest with the
job knowledge paper and pencil test factor. The ASVAB Verbal subtest did not
meet the criteria for inclusion in this table. These results would seem to
indicate that correlations between ASVAB and paper and pencil job knowledge
measures are not simply the result of shared method variance.

The next highest inter-factor correlations are between the hands-on fac-
tor, Factor V, and the ASVAB math/speed and rating factors, Factors III and I
respectively. While the hands-cn factor is a relatively pure method factor,
its correlations with the other factors strengthen the conclusions of Borman et
al. Each method appears to measure a different but related piece of job per-
formance.

Table 3 contains the oblique promax factor pattern for Infantrymen. Seven
factors were extracted. The choice of variables to report was based on the
same rules as for the previous table of loadings.

Table 3. Rotated Factor Pattern (STD REG COEFS)

I IT III IV V VI VII

64 . . . . . . P&P: ES-Oper as Station in Radio Net
64 . . . . . . School: All Items
61 . . . . . . PAP: B4-Perform OP Maint. on M16A1
59 . . . . . . PA&P: Hi-Perform Tracked Vehicle Maint
5% . . =39 . . . P&P: E1-Collect/Report Info
. 66 . . . . . Rating: Install/Fire/Recover M18A1 <Supw>
. 65 . . . . . Rating: Load/Clear M60 <Supv>
59 . . . . . Rating: Prepare Range Card for M60 <(Supv>
. 54 . 37 . . . Rating: Mean non MOS-Specific<Supv>
. 50 . 33 . . . Rating: Navigate on Ground <Supv>
. 38 . 39 . . . Rating: Set Headspace/Timing oo .50 <Supv
14
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33 . . . . . P&P: GC8-Estimate Range
7 . . . . ASVAB SUBTEST SCR-Auto/Shop
74 . . . . ASVAB SUBTEST SCR-Mechanical Comprehension
73 . . . . ASVAB SUBTEST SCR-General Science
13 . . . . ASVAB SUBTEST SCR-Verbal
. 19 . . . Rating: Op as Station in Radio Net <Supwv>
Y Rating: Op Radio Set AN/PRC-77 <Supv>
. 44 . . . HO: E5-Op as Station in Radio Net
. 3 . . . HO: BC-Engage Targets w LAW
. . 68 . . HO: C6-Call/Adjust Indirect Fire
. . 67 . . HO: GB8-Estimate Range
. . . 55 . . HO: B4-Perform Op Maint on M16A1
. 39 . .37 . . Rating: Call/Adjust Indirect Fire <Supv>
30 . . . 32 . . P&P: B9-Engage w Hand Grenades
32 . . . . . . HO: BB-Prepare Range Card for M60
. . . . . 58 . HO: Ji1-Movement in Urban Terrain
. . . . . 56 . HO: BA-Prepare Dragon for Firing
. . . . 36 50 . HO: B9-Engage Targets w Grenades
e e e . 47 . HO: I'-Install/Fire/Recover M18A1
. . . . . 35 . P&P: BA-Prepare Dragon for Piring
. . . . A ASVAB SUBTEST SCR-Numerical Operations
. . . . . 59 ASVAB SUBTEST SCR-Coding Speed
. . 40 . . . 54 ASVAB SUBTEST SCR-Math Knowledge
. . 4 . . . 53 ASVAB SUBTEST SCR-Arithmetic Reasoning

While similar method factors emerge, the factor space for infantrymen is
slightly more complex. The ASVAB Factors III and VII are quite clean, though
Factor III and the paper and pencil job knowledge test Factor I are relatively
oblique (Table 4.). These factors are substantially more correlated than are
the two ASVAB factors with each other. Note also that the ASVAB math/speed
Factor VII has a lower correlation with the paper and pencil job knowledge test
Factor I, than the more technical ASVAB Factor III. If there is a simple
"written test” factor, it failed to emerge in either of these solutions.

Perhaps most interesting are Pactors IV and V. Each of these factors has a
mixture of variable loadings representing different measurement methods. On
Factor IV the supervisory rating and hands-on test for operating as a radio
station in a net both load substantially. On Factor V the supervisory rating
and hands-on test for call/adjust indirect fire both load substantially, and
the paper and pencil and hands-on tests for engage targets with grenades also
both load substantially.

Table 4 gives the correlations among the factors for Infantrymen. Thia

solution is considerably more oblique than the solution for Medical Special-
ists.

Table 4. Inter-Factor correlations

I Ir III IV v VI VII

I 100 30 53 36 18 25 24
II 30 100 13 40 18 19 =3
I11 53 13 100 6 13 - 29
Iv 36 40 6 100 21 34 -5
v 18 18 13 21 100 =2 1
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The highest correlation is between Factor I, the paper and pencil job knowledge
test factor, and Factor III, the ASVAB technical factor. This result is simi-
lar to that noted previously. The two primarily supervisory rating factors, 11
and IV, are quite highly correlated with the paper and pencil test of Jjob
knowledge factor. In fact, Factor IV correlates almost as highly with Factor I
{r=.36) as it does with the other rating factor, Factor II (r=.40). The two
hands-on test factors, V and VI, are uncorrelated with each other. Factor Vil
has respectable correlations with both the paper and pencil job knowledge test
fector, Factor I, and the rating factor, Factor 1IV.

Conclusions

Our tendency as psychologists is to abhor method variance as something to
be avoided. This should not necessarily be the case in the realm of job per-
formance measurement. Performance of a task requires first the ability and
notivation to learn the task, and second the skill, ability, and motivation to
perform it. Different methods of measuring performance, hands-on tests, writ-
ten tests, and ratings, capture slightly different aspects of performance.
Some of these relationships are apparent from the data presented above.

What remains for us is to understand which kinds of tasks are most appro-
priately measured by which methods. The research reported here, while open to
several interpretations, presents a method and several examples of a way to do
this. Clearly, more research needs to be conducted into the content of the
tasks themselves &and their relationships to method factors across several more
occupations than are included here.
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Janis S. Houston, and Bruce N. Barge

Personnel Decisions Research Institute

Presented on symposium,
“Predicting a Broad Variety of Criteria:
Elaborating the Predictor Space"

At the Annual Conference of the
Military Testing Association
San Diego, California

October 1985

The views expressed in this paper are those of the authors and do not
necessarily reflect the official opinions or policies of the U.S. Army
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Measuring Personal Attributes: Temperament,
Biodata, and Interests

Leaetta M. Hough, Matt K. McGue, John D. Kamp,
Janis S. Houston, and Bruce N. Barge

Personnel Decisions Research Institute

Overview. I’m going to describe the development and evaluation of
temperament, biographical, and interest measures - what we call non-
cognitive measures - included in the Project A predictor battery. Non-
cognitive measures were included in the predictor battery because of their
potential for predicting important on-the-job criteria, criteria such as
Effort, Initiative, Following Regulations and Orders, Adjustment,
Leadership, and Self-Control.

The information I will present today suggests: 1) that non-cognitive
predictors are likely to predict such criteria; in fact, more likely to
predict such criteria than are other types of predictors; 2) that non-
cognitive measures contribute unique variance to the predictor battery and
are, therefore, likely to contribute incremental validity; 3) that the non-
cognitive measures we developed have good psychometric characterictics,
they are internally consistent and show high test-retest reliabiity; and
4) that faking on personality inventories is not the problem it is often
assumed to be. Our overall strategy was: to review the literature on
temperament, biodata, and interest to identify constructs that were likely
to be criterion valid; to obtain expert judgments about expected true
validity of those constructs; to develop measures of those constructs; to
remove or revise sensitive or objectionable items; and to evaluate and
revise measures based on their internal consistency, overlap with other
predictors, and their stability across time and different motivational
conditions.

Literature Review Results. OQur review and summary of the literature
indicated that the validity of interest measures for important Army
criteria were in the high .20s. The validities of biographical inventories
for such criteria were in the .20s and .30s. These results were not too
different from previous literature reviews. Our conclusions for the
personality literature, however, differ from some of the other reviews, and
I’d 1ike to describe these results more thoroughly.

The criterion-related validities reported in the literature for temperament
constructs are shown in Table 1. As you can see, the adjustment criterion,
which includes such things as unfavorable discharge and drug abuse, is
predicted very well by temperament measures. The predictor constructs
Achievement and Locus of Control also predict Educational, Training, and
Job Proficiency criteria. These results differ t.om those reported by
Guion and Gottier in their 1965 Personnel Psychology article. Our results
are, however, similar to those reported by Ghiselli in his 1973 Personnel
Psychology article. We believe the results are explained by the approach
we used.

Our approach was to develop a predictor taxonomy and to classify

temperament scales into the taxon or construct with which they were most
similar. We accomplished this classification by searching the literature
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Table 1

Surmary’ of Criterion-Related Validities of Temperament Constructs

~—amf
Iype of Criterion

Temperament Job Job

onstruct Educational Training Proficiency [nvolvement Adjustment
Potency (Surgency) 06 w2 1336 .07 (65) .04 (13) - 17 (31)
Adjustment .14 (43) .19 (28) .11 (65) A7 (16) (52)
Agreeableness (Likeability) 03 (M .08 (5 .03 (22) -.02 ¢ 5) -.03 (5
Dependability A3 (26)  L12€20) .11 (49) L4 (15) (40)
Intellectance (Culture) A7 ¢ 6) A9 (5 .01 (16) <09 (M TB(C3
Affiliation -.03 (5) sos  cee -.02 ¢ 6) " .09 (&) =07 ¢ &)
Achievement 5 ¢8  [33cw & .33 ¢ 5)
Masculinity -.16 ( 8) (3 .10 (10) .03 ¢ 4) -.13 (1)
Locus of Centrol «n «2) (Gp) see  ee 22s -en
Unclassified Military Scales e eee .18 ( 8) .18 (25) ses ee- @ (20)

® nedians are reported as the summary index.
The number in parentheses is the number of correlations on which the median is based.
NOTE: Median correlations greater than .20 are indicated by a box.

for reported correlations between temperament scales and then using these
correlations to categorize the temperament scales into the five factors
identified by Tupes and Christal (1961) in their peer rating research. We
then added four constructs to the taxonomy to increase the homogeneity of
the constructs. We also used a taxonomic system for the criteria. These
consisted of Educational, Training, Job Proficiency, and Adjustment
criteria. :

We then summarized the criterion-related validities reported in the
literature according to our predictor and criterion taxonomies. Guion and
Gottier did not summarize the literature according to constructs; Ghiselli,
however, reported results only for studies for which he felt the predictor
was conceptually appropriate for the criterion. OQur literature review,
which summarized the reported validities according to a data- .sed
classification of scales into constructs, supports Ghiselli’s results and
conclusions. We believe the construct approach highlighted the predictor-
criterion relationships by reducing the "noise," if you will, and that the
Guion and Gottier approach masked such relationships. )

Expert Judgments of True Validity. Using the construct approach, we

identified the temperament constructs that were likely to yield good
criterion-related validities. We then asked experts to estimate the
expected true criterion-related validities of predictor constructs for
important Army criteria. These estimated validities also indicated that
the non-cognitive predictors were likely to predict Army criteria -
criteria such as Initiative/Effort, Following Regulations and Orders,
Leading and Supporting, Self-Control, and others in the .20s, .30s, and
even .40s. [ might add that the cognitive and psychomotor measures were
not expected to predict these criteria nearly as well.

Development of Construct Measures. Using the results of the literature

review and expert judgments, we identified "good bets" for predicting
important Army criteria. We developed scales to measure these constructs.
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We wrote temperament and biodata items for the ABLE, which stands for
Assessment of Background and Life Experiences, and we wrote interest and
biodata items for the AVOICE, which stands for Army Vocational Interest
Career Examination. We also developed four "response validity scales"
which we called Social Desirability, Poor Impression, Self-Knowledge, and
Non-Random Responses and included the items in these four response validity
scales in the ABLE.

We next examined the ABLE and AVOICE items for sensitivity, or the extent
to which people might object to the content of the questions. The Army and
their scientific advisors also reviewed the items for sensitive content.

We revised or removed the objectionable items and administered the ABLE and
AVOICE to soldiers at Ft. Lewis, Ft. Campbell, and Ft. Knox. After each
administration we examined the psychometric characteristics of the items
and scales and revised them for each subsequent administration.

The last administration was at Ft. Knox where about 275 soldiers completed
the ABLE and AVOICE. We evaluated the scales for internal consistency,
test-retest reliability, and their unique contribution to the predictor
battery. For the ABLE scales, the median internal consistency was .84,
with a range of .70 to .87. For the AVOICE, the median was .86, with a
range of .68 to .96. About 125 soldiers returned two weeks later to
complete the ABLE and AVOICE a second time. The median test-retest
coefficient for the ABLE was .79, with a range of .68 to .83. For the
AVOICE, the median test-retest was .76, with a range of .56 to .86.
Uniqueness analyses we conducted show that both the ABLE and AVOICE share
very little variance with the ASVAB or with the cognitive and psychomotor
tests included in the predictor battery. In short, the.psychomotor
characteristics of both the ABLE and AVOICE are very good; they are
internally consistent, stable over time, and likely to contribute
incremental validity to the predictor battery.

Faking Study. The next issue we addressed was faking. The concern was
that self-report measures are susceptible to intentional distortion. We,
therefore, conducted a faking study, the purpose of which was 1) to
determine the extent to which soldiers can distort their responses to
temperament and interest inventories when instructed to do so; 2) to
determine the extent to which the ABLE response validity scales detect
intentional distortion; 3) to determine the extent ABLE response validity
scales can be used to adjust or correct scores for intentional distortion;
and 4) to determine the extent to which distortion is a problem in an
applicant setting.

We gathered data from 125 Army applicants - people who wanted to be
accepted into the Army and would have a motive for distorting their
responses; we used the Ft. Knox data as an honest comparison sample; and we
conducted an experiment in which soldiers were instructed to respond
honestly or to distort their responses in a specified way.

The participants in the experimental group were 245 enlisted soldiers at
Ft. Bragg. We created four faking conditions: fake good on the ABLE, fake
bad on the ABLE, fake interest in combat activities on the AVOICE, and fake
interest in non-combat activities on the AVOICE. We also created two
honest conditions: honest on the ABLE, and honest on the AVOICE.
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The design was a repeated measures with faking and honest conditions
counter-balanced. Thus, approximately half the experimental group, or 124
soldiers, completed the inventories honestly in the morning and faked in
the afternoon, while the other half (121 soldiers) completed the
inventories honestly in the afternoon and faked in the morning. In summary

then, we had a 2 x 2 x 2 fixed-factor, completely crossed experimental
design.

We performed a multivariate analysis of variance on the ABLE and AVOICE
scales separately. All the relevant fake x set interactions for the ABLE
were significant at the .01 level, indicating that soldiers can distort
their responses. The fake x set x order interactions, significant at

the .05 level, indicate that the order in which the conditions occurred has
a significant effect on scores. We performed a multivariate analysis of
variance on the AVOICE scales and found similar results; people can distort
their responses to an interest inventory.

Another research question was the extent to which the response validity
scales detected intentional distortion. The resuits indicate that the
Social Desirability scale detects faking good; the effect size of the
difference between the means for the honest and fake good conditions is
1.02, or one standard deviation. The Poor Impression scale detects faking
bad; the effect size of the difference between the means for the honest and

fake bad conditions is 2.67, or just over two and one-half standard
deviations.

We next examined the extent to which we could use the response validity
scales, Social Desirability and Poor Impression, to adjust ABLE content
scales and AVOICE occupational scales for faking. We regressed out Social
Desirability from the fake good condition and Poor Impression from the fake
bad condition. Table 2 shows the median effect sizes between the honest
and faking conditions for the ABLE and AVOICE scales before and after
regressing out Social Desirability and Poor Impression. The median
difference in ABLE scores between the honest and fake good condition before
regressing out Social Desirability is .49 or half a standard deviation.
That is, ABLE scale scores differ by about half a standard deviation in the
fake good condition as compared to the honest condition. After regressing
out Social Desirability from the fake good condition, the ABLE content

scales are only .14, or just over 1/10 of a standard deviation, different
from the honest condition.

The median difference in ABLE scores between honest and fake bhad before
regressing out Poor Impression for is 2.10. That is, ABLE content scale
scores in the fake bad condition differ by approximately two standard
deviations from ABLE content scales in the honest condition. However,
after regressing out Poor Impression from the scales, the difference is
less than half a standard deviation. Clearly, the response validity scales
Social Desirability and Poor Impression can be used to adjust scale scores
for the ABLE for intentional distortion. We do not know, however, whether
the adjustment formula will cross-validate and be as effective in another
data set. Nor do we know whether adjusting the scale scores improves the
criterion-related validity of the scales. It may be that the unadjusted
scale scores are more criterion-valid than adjusted scores.

We performed the same computations for-the AVOICE occupational scales and
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_ -1': Effects of Regressing Out Response Validity Scales
< (Social Desirability and Poor Impression)
 { in Faking Conditions for ABLE and AVOICE
A
::_.“ Honest vs Fake Good/Combat | Honest vs Fake Bad/Non-Combat
._-;. Effect Size Effect Size -
b :
! N Before After Before After
- Adjustment  Adjustment Adjustment Adjustment
A
M ABLE .49 4 2.10 .45
:l Content Scales
%
i~
" AVOICE .43 .33 .97 .86
;10. Combat Scales
( i AVOICE .55 .39 .49 .36
: :,,- Combat-Support Scales
R v
oo

-1""-' ' Median values are reported.
.,
qu
; found that the results are not nearly as impressive. The bottom two rows
< show the median effect size of the differences between the honest and
o faking conditions before and after regressing out the appropriate response
o validity scale for the AVOICE.
>
:;: These data demonstrate that: 1) people can distort their responses to
Hat temperament and interest scales, 2) response validity scales detect such -
K distortion, and 3) the response validity scales can be used to adjust
f‘$ temperament scale scores for distortion. However, the question remains:
¢ To what extent do applicants distort their responses? To answer this
s question we compared scale scores from the Ft. Bragg experimental honest
) condition and the Ft. Knox honest condition with the scale scores of
ALl approximately 120 Army applicants. These comparisons suggest that
:) applicants do not appear to distort their responses. As shown in Table 3,
.ﬁzf the applicant means on the temperament scales (ABLE content scales) are
e lower than one or both of the honest means nine out of eleven times. The
2 results for the AVOICE are similar. In short, applicants do not tent to
0 distort their responses.
» Summary. To briefly summarize our approach and results: we identified
P constructs and developed measures of constructs that had demonstrated
> criterion-related validity in the past and were judged by expects as likely
uﬁw to be criterion-valid for important Army criteria. The measures we
(o developed contributed unique variance to the predictor battery, were
(- internally consistent or homogeneous, and yielded reliable and stable scale
04 scores across time and motivational conditions.
e,
'ji Our next step is to criterion-validate these measures with Army criteria.
N Data gathering for that is currently underway.
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Table 3

Comparison of Ft. Bragg Honest*, Ft. Knox, and MEPS (Applicants) ABLE Scales

ABLE Scale

e,

Response Validity Scales

Social Qesirability
(Unlikely Virtues)
Sel f-Knowledge
Non-Random Response
Poor Impression

Content Scales

Emotional Stability
Self-Esteem
Cooperativeness
Conscientiousness
Non-Del inquency
Traditional values
Work Orientation
Internal Control
Energy Level
Dominance
(Leadership)
Physical Condition

F

(
L]

116

116
116
116

112
112
112
112
112
112
112
112
112
12

112

t. Bragg
Honest)*
Mean

15.91

29.54
7.58
1.50

66.22
36.77
53.33
46.37
53.264
36.67
59.7
49.48
$7.56
35.54

32.96

MEPS
(Applicants) Ft. Knox Total
N Mean N Mean S.0.

121 16.63 276 16.60 3.1

121 28.03 276 29.64 3.63
121 .79 276 7.75 .64
121 1.03 276 1.54 1.84

118 66.03 272 65.05 7.86
118 34.04 a2 35.12 5.00
118 54.60 272  54.19 6.05
118 46.49 272 48.97 5.86
118 54.36 272 55.49 6.9
118 36.97 272 37.28 4.50
118 58.37 272 61.40 1.73
118 51.90 272 50.37 6.13
118 56.67 272 57.19 6.95
118 32.84 272 35.4 6.05

118 28.27 272  31.08 7.49

selection.

Guion, R. M., & Gottier.
personnel section.

*Scores are based on persons who responded to the honest condition first.
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o Computerized Assessment of Perceptual and Psychomotor Abilities

.
W Jeffrey J. McHenry and Jody L. Toquam
,'l.i.l

Personnel Decisions Research Institute

< . . .

N One of the main goals of the Army Research Institute’s (ARI’s) Project A
nis is to develop new predictor measures to supplement the Armed Services Voca-
AN tional Aptitude Battery (ASVAB). In this paper, we describe 10 new computer-
.’\ ized perceptual and psychomotor predictor tests that were pilot tested last
) fall and are currently being validated in a large-scale concurrent validation
S study.

o
in The Computer Battery
KA Toquam, Dunnette, Corpe, and Houston, (1985) have described the proce-
o dures used to identify target constructs for cognitive-perceptual predictor
( test development, and to determine which of these constructs would be measured
A via paper-and-pencil tests and which would be measured via computer. Fol-
v lowing a similar procedure, members of the Project A research team working in
o the psychomotor ability domain identified two psychomotor ability constructs
N for predictor test development. Since measurement of both of these constructs
ne required that subjects be presented with a moving stimulus object, it was
"o decided that all psychomotor tests would be presented on the computer.
- - In total, computer tests were developed for seven constructs (i.e., five
A cognitive-perceptual ability constructs and two psychomotor ability con-
e structs). To measure these seven constructs, 10 new computer tests were
e developed. The constructs and tests are listed in Table 1. As Table 1 shows,
N two tests each were developed to assess reaction time, perceptual speed and
( = accuracy, and precision/steadiness, while one test each was developed to

A assess the remaining four constructs. (Complete descriptions of each test are

e available from the authors upon request.)

e

P

J}_".: TABLE 1

%

3 Target Constructs and Computer Tasts

i Target Construct  Definition ’ Test(s)

! ’ Reaction Time The ability to detect a simple stimulus quickly siTplo Reaction
' Time

L Choice Reaction
6 . Tine

¥ .;' Perceptual Speed Th~ ability to compare two stimuli and to determine quickly Perceptual Speed
:.-g and Accuracy and accurately whether they are the same or different de It\ccutacy

528 arge
"'.r‘_ Identification

:: Memory The ability to encode and store information, and then Short Term
6.{_ retrieve that information quickly and accurately Memory
@ Number Facility The ability to perform simple numerical operations (e.g., Rumber Memory
0. addition, subtraction, multiplication, division) quickly and

S, accurately
'::_ Movement The ability to judge the movement speed and direction of an Cannon Shoot
M-, Judgment object and to determine when (or whether) that object will
_:.»_ reach a given point in space
-"i' Multilimb The ability to coordinate the use of two or mqre limbs Target
® Coordination (e.g., two hands, two feet, a hand and a foot, stc.) to Tracking 2
2, perform a task = ’
o,
. Steadiness/ The ability to make fine coordinated movements in response Target
o Precision to a moving stimulus object Tracking 1
."‘.-', Target Shoot
- ".
‘--' J‘,
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N Pilot Testing

N During test development, several pilot tests of portions of the computer
h‘v battery were conducted at Ft. Carson, Ft. Lewis, and the Minneapolis Military
ot Enlistment Processing Station. A more extensive pilot test of the entire
{ battery was then conducted last fall at Ft. Knox.

LA The purpose of the pilot testing was to ensure that the tests satisfied
o three criteria for administration in the Project A concurrent validation

A study. First, we wanted to ensure that the 10 tests were reliable. Second,
B, we wanted to make certain that the tests did not overlap greatly with the

o ASVAB. Finally, we wanted to ensure that the computer tests themselves are
.‘) not highly intercorrelated, since our goal is to measure seven distinct abili-
. ty constructs with these 10 tests.

Ml

:“E? Method

[ “\

:::2 Subjects :

Subjects included 256 first-term Army enlisted personnel stationed at Ft.
on Knox. Subjects were drawn from a wide range of MOS. A1l subjects had been in
§:¢: the service between one and two years at the time of testing.
1SRN
r&: Procedure
N When subjects arrived in the computer testing room, they were asked to
"o take a seat at a testing station. They were told that the computer tests were
o self-administering so they could work at their own pace. They were instructed
::ﬁs to read the instructions carefully, ask questions if they encountered any
R problems, and try their hardest. .

s Two weeks later, 121 of the subjects returned for retesting. They were

:}: ~ given the same instructions that they had received two weeks earlier and asked
(' ‘ to complete the entire computer battery a second time. ;
Cj: Results

"

\:'- Scoring

;:& Responses on computer tests may be used to compute numerous scores. For
t)' example, responses to Perceptual Speed and Accuracy items, may be summarized
= using average decision time, average movement time and average total response
NN time across all items or across only those items in which the subject responds
P~ correctly. The average response for each of these may consist of the mean,
rore the median or a trimmed mean computed by deleting the fastest and slowest

SN response times. Other dependent measures derived from this test include the

x slope and intercept which are computed by regressing the subject’s response
.:ﬁ time against some specified item parameter such as item length. Finally,

X percent correct can be used as a dependent measure for each subject.

oy In total, for the 10 tests, 168 different test scores were computed.

W Preliminary analyses of the reliability of each score and the intercorrela-
o tions among the various scores within each test were used to reduce this list
L to 19 test scores (see Table 2). These 19 scores received more extensive

e analyses.

Tt

A Reliability

o Table 2 contains the split-half and test-retest reliability for each test
T score. The majority of split-half reliabilities exceeded .80, and only two
e are less than .70. As expected, the test-retest.  reliabilities are lower than
._? the split-half reliabilities. Five test scores have test-retest reliabilities
»‘f less than .55. In general, those test scores with low test-retest

.'(._'

.
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TABLE 2

Characteristics of the 19 Computer Test Scores

Overlap
Reliability . __with ASVAB
Teést Score Teh Tee SMC Uniqueness
COGNITIVE-PERCEPTUAL TESTS
Simple Reaction Time - Mean Rt .90 .37 .07 .83
Choice Reaction Time - Mean Rt .89 .56 .09 .80
Perc Speed & Acc - Pct Correct .83 .59 .14 .69
Perc Speed & Acc - Mean RT <96 .65 .06 .90
Perc Speed & Acc - Slope .88 .67 .09 .79
Perc Speed & Acc - Intercept .74 .55 .11 .63
Target Ident - Pct Correct .84 .19 .05 .79
Target Ident -~ Mean RT «96 .67 .16 .80
Short Term Memory - Pct Correct 72 34 .10 .62
Short Term Memory =~ Mean RT .94 .78 .06 .88
Short Term Memory - Slope .52 47 .01 .51
Short Term Memory - Intercept .84 .74 .11 .73
Number Memory = Pct Correct .63 .53 .40 .23
Number Memory - Mean Oper RT .95 .88 .33 .62
Cannon Shoot - Time Score .88 .66 .02 .86
PSYCHOMOTOR TESTS
Target Tracking 1 - Mean Log Dist .97 .68 .23 .74
Target Tracking 1 - Mean Log Dist .97 .77 .17 .80
Target Shoot - Mean Time to Fire .91 .48 .06 .85
Target Shoot - Mean Log Dist .86 .58 .11 .75

reliability are percent correct scores or scores with low split-half
reliability.

Overlap with the ASVAB

The squared multiple correlation (SMC) between each test score and the 10
ASVAB subtests is also displayed in Table 2. These SMCs have been adjusted
for shrinkage. Only for one test, Number Memory, does the SMC exceed .25.

The median SMC across all 19 test scores is .10.

Table 2 also shows the uniqueness for each test score. This value repre-
sents an index of the unique (i.e, uncorrelated with the ASVAB) reliable
variance of each test score. It is computed by subtracting the SMC with the
ASVAB from the split-half reliability. All but two of the uniquenesses in
Table 2 exceed .60. This information indicates that these 10 tests have much
unique, reliable variance that may contribute to the prediction of job perfor-
mance.

Overlap among the Computer Tests

Table 3 contains the intercorrelations among the 19 computer test scores.
Well over half the intercorrelations between scores on different tests are
less than .25, indicating that the various tests are measuring several dif-
ferent abilities.

To determine how we had fared in measuring our target constructs, a
principal axis factor analysis was executed. Variables included 17 of the
computer test scores (two variables, Perceptual Speed & Accuracy Mean RT and
Short Term Memory Mean RT were withheld. from the analysis since they corre-
lated .82 and .83 with Perceptual Speed & Accuracy Slope and Short Term

29
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] TABLE 3
j Intercorrelations among the ASVAB and Pilot Trial Battery (PTB) Tests
¢ Ft. Knox Sample (N=168)
W
L4
”
(
- - -
- e . & F g2z 2 2=
& sz & EE S22 TEEEEC LT
N S L 3 33 3 2 o ExozoEog o o =t i G
(s « 62 28 2 2 2 2aa v a0 o x = - - = "
\ PI8 - SRT-RT |
Computerized CRT-RT 53
o Cognitive- PS&A-PC 17 17
N Perceptual PSZA-RT 19 31 50
Tests PS&A-Sip -03 09 52 82
o PS&A-Int 32 31 -27 -08 -61
W Targ ID-PC 11 07 40 33 32 -13
&» Targ ID-RT 23 42 20 47 32 13 16
( STH-PC <06 04 50 17 26 -23 25 03
. STM-RT 23 40 26 49 25 23 27 47 08
- STH-Sip <06 03 28 29 26 -11 18 13 32 39
o STM-Int 28 42 10 35 11 31 18 42 -11 83 -19
5 Can Shoot 13 10 00 08 -01- 11 -09 25 -02 25 114 18
> No Mem-PC  -16 -09 29 02 15 -20 14 -12 23 -00 02 -01 -18
'« No Mem-RT 21 26 11 34 21 03 10 27 07 18 15 11 08 -45
‘; PTB - Trk 1-Dist 14 25 -12 08 00 11 -04 42 -29 25 -15 35 27 -14 -00
‘ Computerized Trk 2-Dist 11 19 -01 11 04 09 02 39 -19 25 -01 27 30 -14 02 81
‘o Psychomotor TSht-Time 08 16 16 22 09 12 12 32 09 22 15 15 12 -10 15 23 19
; B Tests TSht-Dist 08 16 -07 03 -00 09 -11 32 -12 27 -16 38 25 -08 02 60 55 -15
)
'.:I
(_ Memory Intercept, respectively), scores from the 10 paper-and-pencil tests
X' described by Toquam et al. (1985), and scores from the 10 ASVAB sub-tests.
bt The sample included only those 168 subjects for whom complete data from all
| three sets of tests were available. Factor solutions were rotated using the
3$ VARIMAX method.
' The 7-factor solution was judged the most interpretable. Significant
S loadings (i.e, greater than .35) for each test score on each factor are shown
:j in Table 4. Based on the factor loadings, we named Factors I-VII general
s ability, spatial ability, psychomotor ability, general accuracy, basic
vy processing speed, number facility, and a response style factor, respectively.
% For four of the seven factors (psychomotor ability, general accuracy, basic
p processing speed, and the response style factor), no paper-and-pencil tests
. load significantly on these factors. A1l but one of the tests with signifi-
Y cant lToadings on the spatial ability factor were paper-and-pencil tests.
O Both the ASVAB and the computer battery included tests with significant
loadings on the other two factors, general ability and number operations;
2 however, the only computer test scores with significant loadings on these
; factors was Number Memory. Thus, once again, Number Memory appears to be the

only computer test that overlaps significantly with the ASVAB.

Some of the factors that include computer tests are moderately similar to
the target constructs that we set out to measure with the computer battery.
Basic processing speed, for example, contains measures from three target
constructs: reaction time, perceptual speed and accuracy, and memory.

- The number facility factor includes Number Memory test scores, as we had
e hoped, and also includes the Coding Speed and Number Operations sub-
tests from the ASVAB. Finally, the psychomotor ability factor includes

)
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::‘l measures of both our target psyc[\omotor ability constructs, multilimb
B coordination and steadiness/precision.
) 24 3
RO As Table 4 shows, the time score from Cannon Shoot failed to load signif-
s icantly on any of the five factors. This indicates that the movement Jjudgment
ability tapped by this test differs from the abilities assessed by the other
L computer tests. This provides indirect evidence that the movement judgment
o5g test is measuring a unique perceptual ability, as we had hoped it would.
L
\
Y
;‘7 N
)
] TABLE &
e
‘. $ Results from & Principel Companents factor Analysis of Scores on the ASVAS,
\.l ) Cognitive Paper-and-Pencil Measures, and Cognitive/Perceptusl
; and Psychomotor Covputer Tests"
5.: (M = 1568)
( _ farisbls  Factor ] factor 2 fsctor3 factor & fector3 [Factor & factor 7 A
o
A ASVAS GS s 59
e ASVAS AR 75 B
:-.‘ ASVAS W 44 62
W ASVAR PC 62 &7
" ASVAS MO 8% ”
> ASVAB CS$ L &
ASVAR AS &2 58
) ASVAS MX ” e
- : ASVAS HC 63 38 30 ]
ﬁ" ASVAB €1 2 65
‘O :
! \3 Assemd Obj 35 & 66 -
et obj Rotstion 6 9
Rt Shapes 66 s
( ! Mazes 70 &7
% Path 67 -30 ]
) Resson 1 37 58 54
:."_ Resson 2 37 &7 &
o Orfent 1 37 & 58
WS Orient 2 40 46 -30 52
L Orient 3 60 52 &7
3 SRT-RT &3 “
%y CRY-RT 61 50
$:':; PSEA-PC &7 n T
Ms PSEA Slope s 8
o PSEA Inter -65 50 7
-‘::-’ Torget 10-PC &0 25
CNCd Target 10-R7 3 37 30 57
‘(NG STH-PC 39 173 1
® STH-Slope o L]
TN $TH-Int 38 51 L4
' :)‘_: Cannon Shoot 32 19
: o m-oC 53 37 52
K'\ -, m-RT -37 46 56
" Tracking 1 8 82
e Tracking 2 bed 66
'.:,1' Terget Shoot-TF 42 23
. Terget Shoot-Dist 64 48
'_',.:' Verisnce Explained  $.69 .70 2.83 2.37 1.92 1.7 1.97
)
v
';._* 'leu that the following verisbles were not included in this fector analysis:
{ ;\.: APQT, PSBA lnct\(on Time ond Short Term Memory Resction Time.
i3
.‘ (Please also note that decimals heve been omitted.)
A
I:’.
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3§f Discussion
5‘* A1l of the tests except Simple Reaction Time yielded at least one test
- score with split-half reliability in excess of .80 and test-retest reliability
e in excess of .55. Thus, we met our first goal, which was to ensure that all
Al the computer tests attained adequate levels of reliability.
P Our second goal was to ensure that the new computer tests were not
.:}: redundant with the ASVAB. SMCs between the 19 test scores and the ASVAB
o tended to be quite low. Uniquenesses indicated that the computer tests had
) the potential to contribute a great deal of unique, reliable variance to the
. R prediction of job performance. Thus, we also met our second goal.
o Analyses designed to evaluate the intercorrelations among the new tests
8 showed that the various tests generally shared little common variance. Re-
’iﬁ sults from a factor analysis indicate that there were at least five (and
NN probably six) different ability factors underlying performance on the 10
( i tests; these factors are moderately similar to the target constructs we set
o, out to measure. It is important to note here that results from the factor
iﬁ' analysis must be considered tentative at best because the sample size includes
| only 168 subjects. Data obtained from the ongoing concurrent validity study
e with over 10,000 subjects will provide us with more stable information about
A our constructs and the relationships among those constructs.
"" Generally, we felt that the results of the pilot testing indicated that
S only minor modifications were required in the tests prior to concurrent vali-
(o dation testing. Our observations of subjects during pilot testing suggested a
< number of changes in the instructions for virtually all of the tests. The
o split-half reliability data indicated that several of the tests could be
o shortened without any significant impact on test reliability. Finally, there
C was some evidence (not discussed in this paper, but noted in McHenry & McGue,
: 1985) that the two Target Tracking Tests should be made more difficult and
oS that the Target Shoot Test should be made easier. Aside from these, few
e modifications were made in the computer battery prior to concurrent validation
ﬂi testing. (See Toquam, Dunnette, Corpe, McHenry, Keyes, McGue, Houston,
" Russell & Hanson, 1985, for more detailed information regarding changes in the
computerized perceptual tests.)
:2, Presently, concurrent validation testing is winding down. By the middle
T of next month, we will have collected predictor and criterion data on almost
N 10,000 first-term Army enlisted personnel in 19 MOS. It is our hope that at
g this time next year, we will be able to present some initial validity data for
»jtj our 10 new computerized perceptual and psychomotor tests.
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