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EDITORS' PREFACE

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

The papers in this supplement to the fiscal year 1987 annual report are
grouped according to presentation at four professional meetings during the
year. Many of the papers 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 audi-
ence and, when taken in context, provides in effect a chronology of reports
and communications that reveal the process and flow of the overall research
program being accomplished collegially by the U.S. Army Research Institute for
the Behavioral and Social Sciences and contractor scientists. In many cases
these findings have been further refined or synthesized into more formal
contract-deliverable items.

Lawrence M. Hanser
Lola M. Zook
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IMPROVING THE SELECTION, CLASSIFICATION, AND UTILIZATION
OF ARMY ENLISTED PERSONNEL

ANNUAL REPORT, 1987 FISCAL YEAR
SUPPLEMENT TO ARI TECHNICAL REPORT 862

PURPOSE OF THE REPORT

The materials presented in this report were prepared under Project A,
the U.S. Army's current, large-scale manpower and personnel effort for
improving the selection, classification, and utilization of Army enlisted
personnel. This Research Note supplements ARI Technical Report862 , the
Project Annual Report for the 1987 Fiscal Year. It augments thatreport by
providing copies of a set of technical papers that were prepared during the
year reporting on detailed phases of the project research methods and
results.

OVERVIEW OF PROJECT A

Project A is a comprehensive long-range research and development
program the U.S. Army has undertaken to develop an improved system for
selecting and classifying enlisted personnel. The Army's goal is to
increase its effectiveness 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 of job performance. The project addresses the Army's
675,000-person enlisted personnel system encompassing several hundred
military occupations.

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

0 Validate existina selection measures against both existing
and project-developed criteria (including both Army-wide
job performance measures based on rating scales, and direct
hands-on measures of MOS-specific task performance).

* Develop and validate new selection and classification measures.

0 Validate intermediate criteria such as training performance,
as predictors of later criteria, such as job performance, so
that better informed decisions on reassignment and promotion
can be made throughout a soldier's career.



* Determine the relative utility to the Army of different
performance levels across MOS.

* 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
fairness 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 MOS. The data
from this sample were then used to refine the measures, with further
exploration 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 Concurrent Validation during the summer and fall of 1985.
The results of the Concurrent Validation were used to form five performance
constructs and to report to the Army incremental validities of the Trial
Battery components over ASVAB predictors.

On the basis of testing experience, the "Trial Battery" was revised as
the "Experimental Predictor Battery," which in turn is being administered in
the third iteration, the Longitudinal Validation stage, which began in the
late summer of 1986. All measures are being administered in a true predic-
tive validity design. About 50,000 soldiers across 21 MOS are 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 per-
formance measurement in FY91. Three MOS were added to the original 19 (19K,
29E, and 96B), and one of the original MOS was dropped (76W).

For administrative purposes, Project A is divided into five research
tasks: Task 1, Validity Analyses, and Data Base Management; Task 2,

2



Developing Predictors of Job Performance; Task 3, Developing Measures of
School/Training Success; Task 4, Developing Measures of Army-Wide
Performance; Task 5, Developing MOS-Specific Performance Measures.

Activities during the first four years of Project A were reported as
follows: FY83, ARI Research Report 1347 and its Technical Appendix, ARI
Research Note 83-37; FY84, ARI Research Report 1393 and two related reports,
ARI Technical Report 660 and ARI Research Note 85-14; FY85, ARI Technical
Report 746 and ARI Research Note (in preparation); FY86, ARI Technical
Report 813101 and ARI Research Note 8913704.

Other publications on specific activities during those years are listed
in the above reports. The annual report on project-wide activities during
FY87 is presented in ARI Technical Report 862 . The technical papers
reproduced in this Research Note serve as --dtional documentation for
various FY87 activities.

3



RELATIONSHIP OF SQT SCORES TO

PROJECT A MEASURES

Jane M. Arabian and Jeanne K. Mason

U.S. Army Research Institute

Presented on Session, "Test Validation"

At the Annual Conference of the
Military Testing Association

Mystic, Connecticut

November 1986

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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The AMy develops and adinistars Skill gualification Tests (Sgr) to Sol-
diers In many of the Militar-y Ocqietional oecialties AS). * !bi testing pro-
gram ME originally intended to diagnose needs for training. However,, SoT
scores are also used for personnel mangmeint decisions (e.g.# promtion policy
decisions, distribution goals for soldier quality, etc.)

Although SOT are not developed for all IMS, particularly the smaller PMS,
the IVS that do have SQT represent a variety of occupational specialties and a
large proportion of Army accessions. Further, the test administration and
score reporting program is wall-established,, rendering the SOT scores readily
accessible to the Army research community. Since these skill tests are admini-
satred to soldiers after school training (AIT), when soldiers have had experi-
eWNe performing in their specialty, the Sgr scores have been employed as proxy

measures of job performance to suprt personnel policy decisions. However,* the
assumption that SQT can be validly used an a measure of job performance has not
been tested directly.

Converging evidence does suggest that SgT are viable measures of job per-
formanice. For example, the distribution of SOT scores by ASVAB (Armed Services
Wbcational Aptitude flattery) scores, more specifically Aptitude Area (AM) com-
posite scores frau ASVA, were employed by proponent schools to support par-
ticular MW6 AA entry score requirements. Along with the proponents, input, the
Army's submission to Congress on Army manpower quality goals also included data
on the relationship of written and hands-on performance scores, obtained from
TMASANA, with ASVAB scores (Office of the Assistant Secretary of Defense,
1985). * 1Iile both sets of data (SQT/ASVAB and 2IASMl data/ASVA) produced
similar results, namely a positive relationship between ASVAB and the perform-
ance measures, direct examination of the relationship between SqT and TRAsANA
hands-on and written test scores was precluded by the mll numer of cases
available with both sets of scores. Consequently, It was not possible to de-
termine the validity of SOT scores as measures of job perfo~ince at that time.

With the collection of job performance data from the 1985 (concurrent vali-
dation) testing phase of the Army's Project A, "Iproving the Selection, Clas-
sification and Utilization of Army Enlisted Personnel", and the merging of SOT
data into the Project's research database, it has became- possible to validate
SOT scores against independently developed criteria of job performance. The
Project A masmmes selected for this SOT validation research include paper and
pencil insures of school knowledge and job knowledge as well as a work samples
(hands-on) meassure of job proficiency. If the results of this research demon-
Itrate a strong positive relationship between SWT scores aid the Project A

measures, then it could be confidently asserted that the sOT are valid meassures
of job perfomace. Ose of SOT data would then be mpirically jusntified asa
measure of job perfonamanc for personnel mmenagt decisions.

The subjects in the present research are a sub-ample of the project A
cocrrent vaiainsml.The data for Project A were collected from June

to Moibver 1985. The soldiers were, all at Skill Lavel I with 1S to 24 months

6



imqauimnce in the AMy at the time of testing. The sub-somppis had 3.117 sol-
diers with test scores for each smiasure of Interest (SQT and three project A
measures as wall as ASYAB) * Soldiers from the following eight MOS6 ware repre-
moted in the uub-saumple: 1lS--infantzywan; 13B-Caeon Crewmman; 193-Tank

Crewmn; 31C-Wio beletype Operator; 638-1Light Iimled Vehicle/Power Gonera-
tion Mechanic; 64C--Motor Transport Oprator; 7lL-Afinistzative Specialist;
9m-4-ilitary Police.

measures
ffWSQ Is a multiple, choice,, written test of overall MOS6 knowledge de-

signed for a 2-hour administration period. Soldiers ares tested by NO06 and
Skill Level. Tasks included in the SWT are randomly selected from the Sol-
dier's Manual for a given NO0S. Approximately 20-35 tasks (maxizmum of 161
items) are included in an SOT. The notice amiow~ing the test includes a list
of IM6 of the tasks that will appear an the test. The overall SOT score is a
percentage copted by adding all scores from each task and dividing the sum by
the total nutiber of tasks an the test. Further infomaticn about SQT develop-
mient arnd adinistration is availables in the SOT Teat Development Mabnual
(TRADOC,, 1983). Sg? scores used in the present research were from the 1985
adinistration with the exception of MOS6 31C,, whse scores were from 1986.

'The Project A School Knowledge tests (10),* also labelled Job-Relevant
Knowledge tests, ware developed to measure the cognitive caqpnent of training
(school) success, Test items were based on, e.g. * the Asmy Ocupational Survey
Program aid Program of instruction (course curriculumn) inaformtion for each
MOS. All items ware reviewed by job incumbents,, school trainers and appropri-
ate, MOS training proponents for content, accuracy,, etc. The K3 test for each
MOS contained approximately 150 multiple choice items and me administered in a
2-hour period. A detailed description of the test development procedure and
psychometric properties of the tests can be found in 1t. Davis, G. Davis,,
Joyner,, and de Vera (1985).

The development process and psychometric properties of the Task-Based
1406-Specific, Job Knowledge (KS) aid Hands-ft (HD),, measures are described in
C. C~ipbell, R. w lle Rknoey and Ewards (1985). Briefly, the job perform-
ance domiain for each MOS was determined from several sources, including: the
Army Occupational Survey Program results, Soldier's Msnual of Common Tasks,
140-specific Soldier's amanuals, and input from the MOS proponent agency. Sub-
ject matter experts provided judgments of task criticality, difficulty and
similarity. Separate panels of subject matter experts in each MOS used the
jud4gnments to select MO0S tasks for 95 measore development. The written Ks meas-
ures cover saw 30 tasks and have approximately L5-WM multiple choice items
whiich require about 2 hours for adinistration. the HO measures are a sub-set
of 15 of the 31 tasks covered in the 15 measures for each 140. Aside from lo-
gistical constraints (e-9g., tasks too hazardous to ~t), tasks selected for
testing in the NO wuaf entailed physical strength or skilled psychomotor per-
fomimocl TerFoIn' within a time limit, may Procedural steps, and/o stope
that are 4wcusd in their nozoal seune

A YKU11Iiws created from the Project A longitudinal research database.
The workfile contained Skill Level 1 SQT scmor, average percent correct K3, KS
and HD scores and ASYAB Ah compaosite score for eac came (subject). The Ah
scorie is used in the AMy enlistment process as the primary classification
eligibility measure for each NO06. Univariate descriptive statistics and corre-
lation analyses wore performed using the SRS statistical package.

7
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lhe s ivariate descriptive statistics for eah perfomance variable (SOT,
93, 15 and HO) by MDS are presented below. %hwe is satisfactory variance and
range In the data to pemit further analyses.
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orrelatlons were obtained between the apprapriate Ak cqposite score, SOT,
mad eich Project A perfoinancoe nasure by MS for cams with cmplete data. The
correlations, in the table below, are generally nwmisteat with data frcs other
st•iles. 2t SOM are positively correlated with the ASVAB AA cinposite scores
as wall as with the Project A perfomance masures. Sian the focus of this
eport is an the relationship between SOT and other measures (i.e., v3. MK and

HO) of job perfoinrm, weighted averages using the Fisher a transfortion
were cmked aczos mos only for the SOT azd Project A correlations and the
Intercorrelations --ing the Project A mesures. As uould be expected, the
correlation be"tw sam-ede measures (paper and pencil, e.g., SQT:KS, K3:K5)
are sm. At higher than the cros-maods (paper and pencil vs hands-on, e.g.,
K3:HO., S(QT:HO) correlations.
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10 correlations between SQ0 and the three Project A measures were cor-
rected for attenuation and range restriction. The reliability estimates for
the Project nmasures, used for the attenuation correction, are presented below.
SQT reliability estimates were not available; therefore, the corrections were
based on only the Project A measures.
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idth respect. to the correction for range restriction,, a fanula was mn
played whaich is approprilate for the correlation of a new, measurer such as the
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The equi-percentile equating performed on this data set should not be taken to
suggest cut off scores for the Project measures. (Nor would it be reasonable to alter the
SQT cut off given only the data presented here). While it would be possible to apply
standard setting procedures to the Project A data, it would not be advisable to use the
SOT score of 60 to set standards on the other measures. The primary reason for this
position is that the SQT cut off score of 60 was not necessarily derived empirically or
validated against a definition of minimally acceptable performance. In order to evaluate
the SQT cut off, and perhaps determine cut offs on the Project A tests, additional
information would be needed about satisfactory and unsatisfactory performance levels.

Conclusions

Project A research has provided a unique opportunity to validate SQT against
independently derived measures of job performance. The research presented in this
paper strongly supports the validity of SQT as a measure of job performance. Although
only a limited number of MOS were in the sample, the variety of occupations and the
consistency of the results suggest that SOT in general (i.e., including MOS not in the
sample) may serve as a valid measure of job performance for personnel management
decisions. Further research is particularly needed, however, to validate the SOT cut off
score.
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The Army is currently engaged in a project, commonly referred to as
Project A, to develop a job-based selection and classification system. The
project involves the linking of existing and newly developed predictor
measures to measures of performance in the Army. The success of the project
will depend in no small part on the degree to which the performance measures
accurately and comprehensively reflect actual performance of Army jobs.
Toward the end of developing a comprehensive performance measurement system,
we have developed four different kinds of measures--ratings, administrative
measures, hands-on job performance (work sample) measures, and job knowledge
measures.

Here we focus on two of the testing methods--hands-on performance tests
and job knowledge tests. It has been suggested that, short of measurement in
an actual job situation, a hands-on test has the highest fidelity of any type
of measure (Vineberg & Taylor, 1978). Yet, probably because of the enormous
expense associated with hands-on tests, they are seldom used. Written tests
are less costly to administer and in some cases may be as appropriate as, or
more appropriate than, hands-on tests. To use an example presented by
Vineberg and Taylor (1972), a knowledge test is better suited to assess an
automobile driver's knowledge of driving rules and road signs than a hands-on
test.

It is of considerable practical interest to know the extent to which the
two testing methods are interchangeable. If it could be shown that both
methods provide virtually identical information, then one could be eliminated
and considerable savings could be achieved. Otherwise, one must consider the
possibility that each type of measure provides a unique, valid contribution
to an overall assessment of an incumbent's job proficiency and that both are
needed to obtain maximum job coverage.

An investigation by Rumsey, Osborn and Ford (1985) used meta-analytic
procedured to examine the relationship between hands-on and job knowledge
tests. Excluding investigations which used a language-oriented work sample,
they found a mean correlation of .57, adjusted for attenuation, between
hands-on and job knowledge tests. This correlation suggests some degree of
overlap but not total interchangeability.

Are there factors which might substantially moderate the correlation
between the two types of measures? Rumsey, et al. (1985) found some evidence

This research was funded by the U.S. Amy Research Institute for the
Behavioral and Social Sciences, Contract No. MDA9O3-82-C-0531. All
statements expressed in this paper are those of the authors and do not
necessarily express the official opinions or policies of the U.S. Army
Research Institute or the Departnent of the Army.
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that type of work sample had an impact, as correlations for investigations
using verbal performance tests tended to exceed those in investigations using
motor performance tests. These investigators also found limited support for
the proposition that type of occupation influences the correlation obtained.
However, much remains to be learned about potential moderating factors.

Vineberg and Taylor (1972) have suggested that the extent to which a job
requires skill is an important consideration in examining correlations
between knowledge and work sample measures. They noted that skill, unlike
knowledge, can only be acquired through practice. Job knowledge tests are
presumably best suited to measure knowledge; performance tests are presumably
best suited to measure job skills. For those jobs in which task requirements
can be reduced to job knowledge, the correspondence between the two types of
measures should be high; for those in which skill is an important
requirement, the correspondence should be lower.

The effort reported here involved first identifying the skills that are
required to perform hands-on tasks that are tested in nine military
occupational specialties (MOS) in Project A. Then, the extent to which these
requirements moderate correlations between job knowledge and hands-on test
scores was determined.

Method

Occupations (MOS). Performance tests and job knowledge tests were
developed for nine Army occupations, or Military Occupational Specialties
(MOS). These MOS were selected to be as representative of the full set of
entry-level MOS as possible, covering the range of job content, Career
Management Fields, and ASVAB Aptitude Area prerequisites. The MOS are shown
in Table 1.

Task Selection. For each MOS, selection of tasks from the job domain
proceeded according to four criteria: the tasks should cover the job content
areas, they should be the relatively more important ones, they should permit
variability of performance, and they should not be of yery low performance
frequency.

Test*Devel~oment. Fifteen tasks in each MOS were selected for
performance testing Eased on such factors as number of cued steps and degree
of skill required. Performance tests were developed to score the soldier on
whether each step of the task was performed correctly, and to provide
standard conditions and instructions for the testing. Multiple-choice format
job knowledge tests were also developed for those tasks in each MOS. All
tests were pilot-tested, and later field-tested on 114 to 178 soldiers in
each MOS. Results from those administrations were used to revise the tests;
in some cases, hands-on tests or job knowledge tests were dropped.

Data Collection. Between June and November, 1985, the hands-on and
knowledge tests were administered to over 5000 skill level I soldiers in the
nine MOS, at 14 sites in the U.S. and Europe. (This was Project A's
Concurrent Validation phase.) The numbers of soldiers tested in each MOS are
shown in Table 1. Job knowledge tests were administered by project staff;
actual scoring of the performance tests was done by NCO, trained in scoring
procedures by project staff.
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Table 1

MOS Selected for Testing and Numbers of Soldiers Tested

Number
MOS Tested

11B Infantryman 662
13B Cannon Crewman 586
19E Tank-Crewman 434
31C Single Channel Radio Operator 303
63B Light Wheel Vehicle Mechanic 541
64C Motor Transport Operator 629
71L Administrative Specialist 481
91A Medical Specialist 480
95B Military Police 638

Knowledge/Proficiency Assignments. Three project staff who had been
involved in test development and had served as hands-on test managers during
the Concurrent Validation testing independently sorted the hands-on steps
into one of the three categories: knowledge, simple motor, or complex motor.
The level of agreement among the judges was around 80% across the nine MOS;
disagreements were resolved by discussing the assignments among the three
judges.

Because each performance test score was the percent of steps performed
correctly, we classified the tests as K (Knowledge) if at least half of the
steps had been sorted into the knowledge category, and as P (Proficiency) if
half or more of the steps were in the two proficiency categories. The P
tasks were further categorized as P1 (simple motor tasks where manipulation
is trivial, easy to perform, and easily learned) if more steps were in the P1
category than in ei.her of the other two categories, or as P2 (complex motor
tasks which require more than two trials to perform well) if more steps were
in the P2 category than either of the other two categories. Tasks where the
number of P1 and P2 steps were the same, or where neither P1 nor P2
outnumbered the K steps, were held out of analyses that compared those two
levels of categorization.

Table 2 shows the number of tasks in each MOS that were tested in both
the performance mode and the job knowledge mode, and the number of tasks
where the performance test was categorized as K, P1, or P2.

Data Analysis. The nine MOS had between 14 and 17 tasks tested in both
the job knowledge and performance modes. For each task, the scores used were

-the percent of steps performed correctly and the percent of items answered
correctly. These scores were then correlated by task across the soldiers in
each MOS. After the correlations were transformed to Fisher z scores, they
were entered into an analysis of variance, with the nine MOS ind the
knowledge/proficiency categories as independent variables.

Results

Table 3 presents the means and standard deviations of the correlations
between performance tests and job knowledge tests for each of the nine MOS;
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Table 2

Number of Tasks Tested in Performance and Job Knowledge Modes
and Number of Tasks Assigned to Knowledge/Proficiency Categories
for Nine MOS

Total
OS Tasks K P1 P2 P

11B Infantryman 12 2 7 2 10
138 Cannon Crewmian 17 2 B 7 15
19E *Tank Crewmuan 14 5 7 1 9

.31C Single Channel Radio Operator 15 10 4 0 5
63B Light Wheel Vehicle Mechanic 15 4 4 6 11
64C Motor Transport Operator 14 3 5 5 11
71L Administrative Specialist. 12 4 1 7 8
91A Medical Specialist 15 6 6 1 9
95B Military Police 16 8 4 3 8

aIncludes tasks not clearly P1 or P2; see text.

the statistics are also shown for the groupings of tasks based on
knowledge/proficiency category assignments. (The correlations had been
transformed, using the Fisher z transformation, before calculating the
summary statistics; the result? shown in Table 3, however, have been
transformed back to Pearson correlations.) In eight of the OS, the
individual task correlations ranged from about .00 to .40; in one OS, the
highest correlation was .19. (Task correlations tend to be substantially
lower than correlations for entire jobs; hence, the level of these
correlations cannot be meaningfully compared with earlier findings.) With
the large number of soldiers tested in each OS, even small correlations
(around .08) are significant at the .05 level. Over two-thirds of the
correlations in every OS were significant at that level.

Two analyses of variance were calculated, using the transformed
correlations (Fisher z) as the dependent variable. In the first ANOVA, the
nine MOS and the two gEnowledge/proficiency categories (K and P) were the
independent variables. The second ANOVA likewise used OS, and also the
three levels of the knowledge/proficiency categorization (with two levels of
proficiency - simple motor (P1) and complex motor skills (P2), as the
independent variables. Both ANOVA results are summarized in Table 4.

In both analyses, the main effect for MOS was nonsignificant, and the
interaction terms were not significant. In both analyses, the
knowledge/proficiency term was significant. Where knowledge/proficiency was

.considered on only two levels, the difference favored the K tasks, where the
performance test had been categorized as predominantly knowledge. In the
second analysis, where there were three groups of tasks - knowledge (K),
simple motor (PI), and complex motor (P2) - comparisons of the means of those
groups revealed that only the difference between K tasks and P1 tasks was
significant at the .01 level (F - 14.33, df - 2,95); K tasks and P2 tasks
differed slightly (F = 6.68, df - 2,95, p < .10), as did K tasks and the
combined group of P1 tasks and P2 tasks (F = 7.581, df = 3,95, p < .10), The
difference between P1 and P2 tasks was not one bit significant.
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Table 3

Means and Standard Deviations of Performance x Job Knowledge Test
Correlations by Knowledge/Proficiency Category for Nine NOS

Total
NOS Tasks K P1 P2 p

lIB Infantryman N 12 2 7 2 10
Mean .17 .26 .18 .09 .15
S.D. .37 .14 .16 .02 .14

13B Cannon Crewman N 17 2 8 7 15
Mean .17 .20 .16 .17 .16
S.D. .11 .07 .11 .13 .12

19E Tank Crewman N 14 5 7 1 9
Mean .14 .23 .09 .12 .10
S.D. .13 .19 .07 - .06

31C Single Channel Radio N 15 10 4 0 5
Operator Mean .20 .22 .15 - .15

S.D. .14 .17 .03 - .03

63B Light Wheel Vehicle N 15 4 4 6 11
Mechanic Mean .10 .10 .07 .10 .10

S.D. .04 .04 .02 .03 .04

64C Motor Transport Operator N 14 3 5 5 11
Mean .15 .26 .11 .09 .12
S.D. .12 .20 .09 .05 .09

71L Administrative Specialist N 12 4 1 7 8
Mean .24 .30 .16 .20 .20
S.D. .11 .13 - .09 .09

91A Medical Specialist N 15 6 6 1 9
Mean .17 .17 .15 .33 .17
S.D. .13 .18 .08 - .09

95B Military Police N 16 8 4 3 8
Mean .15 .18 .10 .10 .11
S.D. .11 .11 .06 .17 .10

Across MOS N 130 44 46 32 86
Mean .16 .21 .13 .14 .14
S.D. .12 .15 .10 .11 .10
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Table 4

Analysis of Variance Sauary Tables for NOS x Knowledge/Proficiency

MOS x Knowledge/Proficiency

SOURCE SS df MS Ratio F p

11] OS .156 8 .020 [1/4] 1.45 <.25
2 K/P. .137 1 .137 [2/3] 18.08 <.01

MO1 4S xKIP .061 8 .008 [3/4) .57 NSE 43 Within cell 1.499 112 .013

NOS x Knowledge/Simple Motor/Complex Motor
F-

SOURCE SS df HS Ratio F

[li NO0S .142 8 .018 [1/4) 1.20 N45
" K/P/P2 .108 2 .054 [2/3) 4.90 <05
3 4OS x K/Pl/P2 .161 IS& .011 [3/4] .73 NS
Within cell 1.388 95 .015

•Reduced by 1 df for missing cell estimation.

Discussion

There is fairly clear evidence here that the differentiation between
knowledge requirements and proficiency requirements on hands-on performance
tests explains some of the variability in correlations between the two modes
of testing. When the steps required on the performance tests are primarily
knowledge mediated, and are demonstrations of the acquisition of task
knowledge, then the correlations with written tests of the tasks are higher
than when most of the performance test steps require demonstration of
psychomotor skill, however simple.

Further analyses, already underway, will involve meta-analysis of the
obtained correlations, and an examination of the knowledge/proficiency
distinction as a possible moderator variable.
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THE DEVELOPMENT OF A MODEL OF THE
PROJECT A CRITERION SPACE1

John P. Campbell Lawrence M. Hanser
University of Minnesota Army Research Institute

Lauress Wise
American Institutes for Research

Conceptual Background

The goals of performance measurement in Project A are to define, or
model, the total domain of performance in some reasonable way and then develop
reliable and valid measures of each major factor. The performance measures
are to serve as criteria for validating selection/classification tests, and
not, at this point, as operational appraisals.

Some additional specific goals are to: a) make a state-of-the-art
attempt to develop job sample or *hands-on" measures of job task proficiency,
b) compare hands-on measurement to paper-and-pencil tests and rating measures
of proficiency on the same tasks (i.e., a multi-trait, multi-method approach),
c) develop standardized measures of training achievement for the purpose of
determining the relationship between traini-g performance and job performance,
and d) evaluate existing archival and administrative records as possible
indicators of job performance.

Given these intentions, the criterion development effort focused on three
major methods: hands-on job sample tests, multiple choice knowledge tests,
and ratings. The behaviorally anchored rating scale (BARS) procedure was
extensively used in the development of the rating methods.

Modeling Performance

The development efforts to be described were guided by a particular
"theory" of performance. The basic outline is as follows.

First, job performance really is multi-dimensional. There is not one
outcome, one factor, or one anything that can be pointed to and labeled as job
performance. It is manifested by a wide variety of behaviors, or things
people do, that are judged to be important for accomplishing the goals of the
organization (Army).

Two General Factors

For the population of entry level enlisted positions we postulated that
there are two major types of job performance components. The first are
specific to a particular job. That is, measures of such components would
reflect specific technical competence or specific job behaviors that are not

1This research was funded by the U. S. Army Research Institute for the
Behavioral and Social Sciences, Contract No. MDA9O3-82-C-0531. All statements
expressed in this paper are those of the authors and do not necessarily
express the official opinions or policies of the U. S. Army Research Institute
or the Department of the Army.
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required for other jobs. We anticipated that there would be a relatively
small number of distinguishable factors of technical performance that would be
a function of different abilities or skills.

The second kind of performance factors include components that are
defined and measured in the same way for every job. These are referred to as
Army-wide criterion factors and incorporate the basic notion that total
performance is much more than task or technical proficiency. It might include
such things as contributions to teamwork, continual self-development, support
for the norms and customs of the organization, and perseverance in the face of
adversity.

Factors vs. a Composite

Saying that performance is multi-dimensional does not preclude using just
one index of an individual's contributions to make a specific personnel
decision (e.g., select/not select, promote/not promote). As argued by Schmidt
and Kaplan (1971) some years ago, it seems quite reasonable for the
organization to scale the importance of each major performance factor relative
to a particular personnel decision that must be made and to combine the
weighted factor scores into a composite that represents the total contribution
or utility of an individual's performance, within the context of that
decision.

A Structural Model

If performance is characterized in the above manner, then a more formal
way to model performance is to think in terms of its latent structure,
postulate what that might be, and then resort to a confirmatory analysis.
Within limits, this is what we tried to do. Unfortunately, it is true that we
simply know a lot more about predictor constructs than we do about job
performance constructs. There are volumes of research on the former, and
almost none on the latter.

Unit vs. Individual Performance

Finally, people do not usually work alone. Individuals are members of
work groups or units and it is the unit's performance that frequently is the
most central concern. Project A has not incorporated unit effectiveness in
its model of performance. The project is focused on the development of a new
selection/classification system for entry level personnel and is concerned
with improving personnel decisions about individuals and not units. The task
is to maximize the average payoff per individual selected.

What we have chosen to do is to try to identify the factors, or means, by
which individuals contribute to unit performance and to assess individual
performance on those factors via rating methods.

Criterion Development

Actual criterion development proceeded from two basic types of
information. First, all available task descriptions were used to generate a
population of job tasks for each MOS. The principal sources of task
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description are the Army's periodic job description surveys and the Soldier's
Manual for each MOS which is a specification by management of what the task
content of the job is supposed to be. After much editing, revising to insure
non redundancy and a uniform level of generality, and a formal review by a
panel of subject matter experts, a population of 130-180 tasks was enumerated
for each MOS.

An additional series of expert judgments was then used to scale the
relative difficulty and importance of each task and to cluster tasks on the
basis of content similarity. Sampling tasks for measurement was accomplished
via a kind of Delphi procedure. That is, each member of a team of task
selectors was asked to select 30 tasks from the population of tasks such that
those selected were representative of task content, were important, and
represented a range of difficulty. The individual judge's choices were then
regressed on the task characteristics and both the choices and the captured
"policy" of each person were fed back to the group members, who each revised
their choices as they saw fit. The consensus of the task selection panel was
then thoroughly reviewed by the Army command responsible for that particular
job. This last review was the "final" word on the representativeness of task
samples and produced a sample of 30 tasks for each job.

Standardized job samples, the paper-and-pencil job knowledge tests, and
numerical ratings scales were then constructed to assess knowledge and
proficiency on these tasks. Each measure went through multiple rounds of
pilot testing and revision. The job sample tests were fairly elaborate and
were composed of multiple test stations sometimes spread over a football field
size area. Because of time limitations (4 hours), only 15 of the tasks could
be tested hands-on.

The second procedure used to describe job content was the critical
incident method. Panels of NCO's and officers generated thousands of critical
incidents of effective and ineffective performance. There were two basic
formats for the critical incident workshops. One asked participants to
generate incidents that potentially could occur in any job. The second type
focused on incidents that were specific to the content of the particular job
under consideration. The behaviorally anchored rating scale procedure was
used to construct rating scales for performance factors specific to a
particular job (MOS-specific BARS) and performance factors that were defined
in the same way and relevant for all jobs (Army-wide BARS). The critical
incident procedure was also used with workshops of combat veterans to develop
rating scales of "expected" combat effectiveness.

Since one major objective was to determine the relationships between
training performance and job performance and their differential
predictability, if any, a comprehensive training achievement test was
constructed for each MOS by carefully matching the content of the program of
instruction (POI) with the content of the population of job tasks, and writing
items to represent each segment of the match.

The final entry in the array of criterion measures was produced by a
concerted effort to get what we could from the files or archival records. We
began by enumerating all possibilities from three major sources of such
records: the enlisted master file, the enlisted military personnel file, and
the military personnel records jacket (the 201 File).
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We systematically compared these three sources using a sample of 750
people and a standardized information recording form. The 201 file looked the
most promising in terms of recency and completeness, but of course, it is by
far the most expensive to search. As a consequence, we collected eight
archival performance indicators via a self report questionnaire. That is,
people were asked what was in their personnel file as regards letters of
commendation, disciplinary actions, etc. Field tests on a sample of 500
people showed considerable agreement between self report and archival records,
for both positive and negative things. Further follow-up questionnaires and
interviews suggested that self report may be the more accurate. The self
report items were combined into five indicators that were actually used as
criterion measures.

Determining Actual Criterion Scores

The first step in our analyses was to identify the basic criterion scores
whose structure we would analyze. If all the rating scales are used
separately and the MOS-specific measures are aggregated at the task or
instructional module level, there are approximately 200 criterion scores on
each individual. Some aggregation was needed.

Reduction of the Hands-On and Written Variables

The 30 tasks sampled for each job were clustered via expert judgment into
8 to 15 functional categories on the basis of similarity of task content.
Each of the school knowledge items was similarly mapped into a specific
functional category.

Ten of the functional categories were common to some or all of the jobs
(e.g., first aid, basic weapons, field techniques). Each job also had two to
five functional performance categories that were unique.

After category scores were computed, separate factor analyses were
executed for each type of measure within each job. There were several common
features in the results. First, the unique functional categories for each job
tended to load on different factors than the common functional categories.
Second, the factors that emerged from the common functional categories tended
to be fairly similar across the nine different jobs and across the three
methods.

Using the empirical factor analysis to guide us, we adopted a set of
content categories which became the performance test scores used in subseuqent
analyses.

Reduction of the Rating Variables

The Individual rating scales were, for the most part, highly reliable.
Empirical factor analyses of the Army-wide rating scales suggested three
factors. These were:

1. Effort/Leadership, including effort and competence in performing
job tasks, leadership, and self-development.

2. Maintaining Personal Discipline, including self-control,
integrity, and following regulations.
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3. Physical Fitness and Military Bearing, including physical
fitness and maintaining proper military bearing and appearance.

Similar factor analyses were reviewed for the job-specific scales for
each job. Two factors were identified based on these results. The first
consisted of those aspects of job performance that were central to the
specific technical content of each job. The second factor included the
remaining, less central Job performance components.

The individual items in the combat performance prediction battery also
were subjected to an empirical factor analysis. Two factors emerged. The
first factor consisted of items depicting exemplary effort, skill, or courage
under stressful conditions. The second factor consisted of negatively worded
items portraying failure to follow instructions and lack of discipline under
stressful conditions.

Building the Target Model

The next step was to build a target model of job performance that could
be tested for goodness of fit within each of our nine jobs. The project began
with an initial model of performance (Borman, Motowidlo, Rose, & Hanser, in
press) which had been modified on the basis of field test data (Campbell &
Harris, 1985). Principal components factor analyses within NOS were used to
suggest further modifications.

Several consistent results were observed. First, the expected "method"
factors appeared, specifically one factor for the ratings and one for the
written tests. The evidence for a "hands-on" method factor was less
compelling. Second, the nature of the substantive factors tended to be
similar across MOS.

Based on the empirical analyses, a revised model was constructed to
account for the correlations among our performance measures. This model
included five job performance constructs and two measurement method factors.

Confirming the Model Within Each Job

The next step in the analysis was to conduct separate tests of goodness
of fit of this target model within each of the nine jobs. This was done using
the LISREL confirmatory factor analysis program (Joreskog & Sorbom, 1981).

In conducting a confirmatory factor analysis with LISREL, it is necessary
to specify the structure of three different parameters matrices: the
hypothesized factor structure matrix (a matrix of regression coefficients for
predicting the observed variables from the underlying latent constructs); the
matrix of uniqueness of error components (and intercorrelations); and a matrix
of covariance among the factors. In these analyses, we set the diagonal
elements of the covariance matrix to one, forcing a "standardized" solution.
This meant that the off-diagonal elements would represent the correlations
among and between our performance constructs and method factors. We further
specified that the correlation among the two method factors and each
performance construct should be zero. This effectively defined the method
factor as that portion of the common variance among measures from the same
method that was not predictable from (i.e., correlated with) any of the other
related factor or performance construct scores.
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To be perfectly clear, the approach we used was obviously not purely confirmatory.

the hgypothesized target model was based in part on analyses of these same data.

Confirmation of the Overall Model

Given the certain amount of prior examination of the data described above, the
results of the confirmatory procedures applied to each job seemed to support a
common structure of job performance. The procedures also yielded reasonably
similar estimates of the intercorrelations among the constructs an of the loading s of
the observed variables on these constructs across the none jobs.

The final step in our analyses was to determine whether the variation in some of
these parameters across jobs could be attributed to sampling variation. The specific
model that we explored stated that: (1) the correlation among factors was invariant
across jobs and (2) the loadings of all of the Army-wide measures on the performance
constructs and on the rating method factor were also constant across jobs.

The overall model fit extremely well. The root mean square residual was .047, and
the chi-square was 2508.1. There were 2403 degrees of freedom after adjusting for
missing variables and the use of the data in estimating uniqueness. This yields a
significance level of .07, not enough to reject the model.

Summary and Discussion

Some aspects of the final structure are noteworthy. First, in spite of some
confounding with measurement method, the latent performance structure appears to
be composed of very distinct components. It is reasonable to expect that the different
performance constructs should be weighted in forming an overall appraisal of
performance for use in personnel decisions. Using regression techniques to partial
the methods factors from the substantive factors should also tell us more about what
does or does not predict the residual variance.

Finally, since (a) the five-factor solution is stable across jobs sampled from this
population, (b) the performance constructs seem to make sense, and (c) the
constructs are based on measures carefully developed to be content valid, it seems
safe to ascribe some degree of construct validity to them.
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Table 1

umary of Criterion asures Used In atch A
and Batch Z Concurrent Validation Sples

Performance Nessures Commo to Batchi A ead Batch Z

o Army-wide Rating Scales (all obtained from both supervisors and
peers).

- Ten behaviorally anchored rating scales (BARS)
designed to measure factors of son-job-specitfic
performance.

- Single scale rating of overall effectiveness.

- Single scale rating of NCO potential.

o Combat prediction scale containing 41 Items.

o Paper-and-Pencil Test of Training Achievement developed for each
of the 19 NOS (130-210 Items each).

o Personnel File Information form developed to gather objective
archival records data (awards and letters, rifle marksmanship
scores, physical training scores, etc.).

Performance Measures for Batch A Only

a Job Sample (Hands-On) tests of PIOS-specific task proficiency.

- Individual Is tested on each of 15 major Job tasks In
an GOS.

e Paper-and-pencil Job knowledge tests designed to measure
task-specific job knowledge.

- Individual Is scored on 150 to 200 maltiple-choice
Items representing 30 major Job tasks. Ten to 15 of
the tasks were also measured hands-on.

* Rating scale measures of specific task performance on the 15
tasks also measured with the knowledge tests. Most of the rated
tasks were also included In the hands-on measures.

* POS-specific behaviorally anchored rating scales (BARS). From 6
to 10 BARS were developed for each PIGS to represent the major
factors that constitute job-specific technical and task
proficiency.

Performance reasures for Batch Z Only

o Army-wide Rating Scales (all obtained from both supervisors and
peers).

- Ratings of performance on 11 common tasks (e.g.. basic
first aid).

- Single scale rating on performance of specific job

duties.

Auxiliary NMeasres Included In Criterion Battery

o A Job History Questionnaire which asks for Information about
frequency and recency of performance of the NIOS-specific tasks.

o Work Questionnaire - a 44-item questionnaire scored on 14
dimensions descriptive of the job environment.

o Measurement Mothod Rating obtained from 411 participants at the
end of the final testing session.
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Table 2

Six basic functional categories of job performance and
knowledge obtained from factor analyses of hands-on job

sample tests and paper-and-pencil knowledge tests.

1. Basic Soldiering Skills (field techniques, weapons, navigate,
customs and laws).

2. Safety/Survival (first aid, nuclear-biological-chemical
safety).

3. Communications (radio operation).

4. Vehicle Maintenance.

5. Identify Friendly/Enemy Aircraft and Vehicles.

6. Technical Skills (specific to the job).
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Tab'e 3

Performance factors represenCing the Common latent s:r-c:4re
across all jobs in P:o;ect A sample. The cri:e:icn
measures chat comprise each fac:or are as ind.:a4ed.

1) Task Proficiency: NOS (Job) specific core technical skills: The ;rofi-
ciency with which the individual performs the casks Vhicn are ":e'ntra." to
his or her job (NOS). The casks represent the core of the Ion and they are
its primary definers from job to job.

The subscales representing core content in both the knowledge
costs and the job sample cests that loaded on this factor were
summed within method, standardized, and then added tage:%er for
a :otal factor score. The factar score does not include any
rating measures.

2) Task Proficiency: General or Comoo skills: In addi:ion ta the core tech-
nical Content specific to an OS, LndLviduals in every 4OS responsible for
being able to perform a variety of general or comon tasks -- e.g., use of
basic weapons, first aid, etc.. This factor represents proficiency on tnese
general casks.

*The same procedure (as for factor one) was used to sum the
general task scales, standardized within methods, and add the
two standardized scores.

3) Peer Leadership, Effort, and Self Demvlontc: Reflects the degree to which
the individual exerts effort over the full range of job tasks, perseveres under
adverse or dangerous conditions, and demonstrates leadership and suppor: toward
peers. That is, can the individual be counted on to carry out assigned tasks,
even under adverse conditions, to exercise good judgment, and to be generally
dependable and proficient.

-Five scales from the Army-wide BARS rating form (gen. tech.
performance, peer leadership, demonstrated effort, self develop-
ment, gen. maintenance), the expected combat performance scales,
the job specific BARS scales, and the total number of comenda-
tions and awards received by the individual were suimed for this
factor.

4) Kaintainins Personal Discipline: Reflects the degree co which the indivi-
dual adheres to Army regulations and tradiLions, exercises personal self con-
trol, demonstrates responsibility in day to day behavior, and does not create
disciplinary problems.

-Scores on this factor are composed of three Army-wide BARS

scales (adherence to traditions and regulations, exercising
self control, demonstrating integrity), a subscale from the
combat rating pertaining to avoidance of trouble, and two
indices from the administrative records (number of disci-
plinary actions and promotion rate).

5) PhvsIcal Fitness and Military Bearing: Represents the degree to which the
individual maintains an appropriate military appearance and bearing and stays
in good physical condition.

Factor scores are the sum of the physical fitness qualification

score from the individual's personnel record and the "military
bearing and appearance " rating scale.
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TABLE 4

Measurement Methods Factors in Project A Job Performance Model

1) Written Test Method : That portion of the common variance among
measures from the paper-and-pencil knowledge tests not predictable from
(i.e., correlated with) any of the other related factor or performance
construct scores.

2) Ratings Method : That portion of the common variance among measures
from the rating instruments not predictable from (i.e., correlated with)
any of the other related factor or performance construct scores.
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Patterns of Skill Level One Performance
in Representative Army Jobs:

Common and Technical Task Comparisons

Roy C. Campbell
Charlotte H. Campbell

and
Earl L. Doyle

Human Resources Research Organization

In the project for Improving the Selection, Classification and
Utilization of Army Enlisted Personnel, commonly known as Project A, nine
jobs or military occupational specialties (MOS) were covered intensively in
the concurrent validation. The coverage included, among other measures,
hands-on tests and written tests based on task samples for each MOS. The
MOS, along with the number tested for each method, are shown in Table 1.

Table I

MOS and Number Tested

MOS SLI Title Written N Hands-On N

1iB Infantryman 67B 682
13B Cannon Crewman 639 619
19E Armor Crewman 459 474

31C Single Channel Radio Operator 326 341
63B Light Wheel Vehicle Mechanic 596 569
64C Motor Transport Operator 668 640

71L Administrative Specialist 501 494

91A Medical Specialist 483 496
95B Military Police 665 665

Army doctrine specifies that all skill level one soldiers are
responsible for being able to perform all tasks in their MOS skill level one
Soldier's Manual (SM) as well as the tasks listed in the skill level one
Soldier's Manual of Common Tasks (SMCT). This latter document lists those

.tasks, known as Common Tasks, that every soldier, regardless of job or
location, must be able to perform to survive in a hostile combat environment.

This research was funded by the U.S. Army Research Institute for the
Behavioral and Social Sciences, Contract No. MDA903-82-C-0531. All
statements expressed in this paper are those of the authors and do not
necessarily express the official opinions or policies of the U.S. Army
Research Institute or the Department of the Army.
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For Project A, the domain definition for each MOS consisted of these two
types of tasks--those that were included because they were dictated by the
soldier's job (MOS-specific or Technical tasks) and those that were included
because Army doctrine requires all soldiers to perform minimum essential
tusks dictated by exposure to wartime conditions (Common tasks). During the
final process in which tasks from each domain were selected for testing, the
process was structured so that the selection would represent the full range
of task requirements in an MO. Thus, for each MOS, the tasks tested include
both Technical and Common tasks in both the hands-on and written components.

To be sure, the distinction between Technical and Common tasks is
sometimes artificial. The skill level one soldier being trained probably
does not discriminate between the two categories. And in many MOS, such as
11B, 95B, and 91A, there is little actual job distinction between
POS-specific and Ca-mon tasks. In these, and in some other MOS, if a task
did not already exist in the SMCT, the job requirements would dictate the
task be included as an MOS-specific task.

Yet much is made over Common Task requirements. The specific task
concept for Common tasks began emerging in 1976 but is based on the long
established Army tradition and concept that all soldiers, in combat, may be
called upon to fulfill certain survival functions. The complexity of the
modern battlefield has compounded, not diminished, this requirement. SMCT
tasks receive as much attention and revision emphasis by TRADOC as do any of
the MOS-specific technical tasks. Units are required to test selected common
tasks annually. Army Training and Evaluation (ARTEP) and field exercises for
all type units emphasize combat survival along with unit mission performance.
But there are differences in emphasis as well. The 11B Infantryman literally
lives with his M16 rifle; the 71L Administrative Specialist may only draw
his/her M16 for maintenance and quarterly or semi-annual training. Yet by
doctrine, each is equally responsible for certain M16 tasks. The question
then, is whether there are distinctions among Army jobs in the performance of
Common tasks and also whether there are significant distinctions between
performance on Technical tasks and Common tasks. Project A, with the test
results from over 5000 soldiers, provided an opportunity to examine this
issue.

Method

In the 9 MOS, a total of 290 individual tasks were tested. Table 2
shows a breakout of these tasks by Technical and Common category and by test
component. Almost all tasks tested in the hands-on component were also
tested in the written component; however, there were some tasks tested by
written component only.

Table 2

Distribution of Observations by Test Component

Hands-On Written

Technical 89 158

Common 60 123
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The first analysis considered all the NOS combined (Table 3). There was
only a slight and insignificant difference on hands-on results between the
Common and Technical domains--the apparent difference being accounted for by
the larger variance in performance in the Technical tasks. In the written
tests, however, the difference in performance is significant, with higher
performance levels reflected in the Common task performance. It should be
noted however, that this difference may be the result of test difficulty. As
yet, no overall item analysis of the written tests has been performed to
identify difficulty patterns.

Table 3

Comparison of Technical and Common Task Performance on Hands-On
and Written Tests For Nine MOS Combined

STest Component

Tasks Hands-On Written

Technical N of Tasks 89 158
Mean % 68.2 57.6
S.D. 19.2 12.8

Common N of Tasks 60 123
Mean % 73.3 63.7
S.D. 15.1 12.9

Test of Difference Between t = 1.721 t = 3.948
Common and Technical p < .09 p < .001

Although the nine OS were carefully selected to represent the entire
domain of Army jobs, the Technical/Common tasks analysis continued by looking
at the nine MOS broken down into families. These family classifications
followed the groupings developed by McLaughlin, Rossmeissl, Wise, Brandt, and
Wang (1984). Three families are represented: Family I is Combat (11B, 13B,
19E), Family II is Operations (31C, 63B, 64C), and Family II is
Skilled/Technical (71L, 91A, 95B). (The 71L OS actually belongs in a fourth
job family--Clerical--but we have grouped it with the Skilled/Technical OS
for the analyses reported here.)

Table 4 shows the results by this family-breakout. For the written
tests there are no significant differences in performance between families,

-that is, where family membership affects outcome. In the hands-on tests,
however, there appears to be a significant difference by family--Families I,
II and III being each separated by about 5 points in performance. Closer
examination however reveals that much of this difference by family iV Jue to
interaction between Common and Technical tasks within the family. Common
task performance across families is quite consistent. The difference between
families is accounted for almost solely by the Technical tasks, with 17
points difference in mean performance between the two most separated
families.
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Table 4

Performance Results Based on Family Membership

Job Family
Ill -Skilled/

I - Combat II - Operations Technical
Hands-On Comoonent Tasks

Technical N of Tasks 36 24 29
Mean 6 61.4 78.4 68.3
S.D. 23.3 12.0 14.7

Common N of Tasks 19 22 19
Mean % 72.8 73.7 73.3
S.D. 16.9 15.8 12.9

Written Component Tasks

Technical N of Tasks 63 49 46
Mean % 55.1 58.1 60.4
S.D. 13.0 11.2 13.0

Common N of Tasks 44 39 40
Mean • 63.0 63.0 64.2
S.D. 12.9 13.7 12.3

------------------------------------------------------------------
Analysis of Variance: Job Family x Technical/Common

Hands-On Component

Source SS df MS F

Job Family 1910.16 2 955.08 3.28 .04
Technical/Common 543.78 1 543.78 1.86 .17
Family x Technical/Common 1561.08 2 780.54 2.68 .07
Error 41694.06 143 291.57

Written Component

Source SS df MS F

Job Family 508.83 2 254.41 1.55 .21
Technical/Common 2316.63 1 2316.63 14.14 .00
Family x Technical/Common 205.18 2 102.59 .63 NS
Error 45062.95 275. 163.86
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Within families however, there is always-a significant difference
between Technical task performance and Common task performance. However,
this performance difference is not entirely consistent-in Families I and
III, Common task performance is better than Technical performance. In Family
11, the opposite is true for the hands-on test although the trend shown in
Families I and III holds true for the written tests.

Conclusions

For a variety of reasons, relative differences in performance between
Army jobs were expected. These differences can be variously attributed to
innate task difficulty, assignments, training emphasis and even entrance
requirements into the MOS. However it would appear that the Army policy
regarding Common task proficiency appears to be working. While differences
in performances between groups of MOS showed up as expected, these
differences were almost entirely attributable to technical tasks within each
group. Common task performance is remarkably uniform between Family groups.
Based on Project A results it would appear the Army Common Task Management
has produced its desired results.
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Effects of Test Programs on Task Proxiciency

Fatrick Ford and R. Gene Hoffman
Haman Resources Research Organization

The general purpose of Project A is to predict job performance by
establishing the relationship between entry measures and performance on a
sapie of job tasks in nine selected MOS (Eaton, Goer, Harris, & Zook, 1984).
At a ccnceptual level the relation between applicants' ability and the tasks
on a job ought to be stable so long as the job does not change. In practice,
however, there are several mediators between ability and performance. Among
the potential mediators are test programs that focus individual training in
units. in these programs a central agency establishes a set of tasks that
are to be tested and, presumzably, trained in units. Data collected for
.-'roiet A during June to Nlovember 1985 provide an opportunity to look at the
effect of these programs on soldier performance.

This paper considers three programs that may affect task proficiency:

"* Cc..non Task Test (CTT). This is a hands-on test that all
soldiers are to take each year. The Training and Doctrine
Co,•and selects a subset of tasks from the skill level one
Soldier's Manual of Common Tasks. During the Project A
data collection tne operative Cl- had 19 tasks. Across the
nine MOS, the test samples for Project A included 14 of them.
For comparison, 25 other non-CTT common tasks were also in
the Project A data base.

"* Expert Infantry Badge (EIB). This is a hands-on test that
is administered to eligible infantrymen (MOS 11B). During
the data collection it included 21 tasks of which 8 were
included in the Project A 11B sample. The 1IB test battery
included 21 other tasks.

* Expert Field Medical Badge (EFMB). This is a written and
hands-on test that is administered to medical specialists
(MOS g9A). During the data collection the hands-on section
included 32 tasks of which 10 were included in the Project A
91A sample. The 91A test battery included 20 other tasks.

The criterion measures for looking at the effect of the test programs
are results from tests administered as part of Project A. There are two
types of criterion measures:

* Hands-On Tests - These tests were based on direct observation
of a soldier's performance of a job task. The tests were
developed to provide consistent conditions for performance.

Tiis research was funded by the U.S. Army Research Institute for the
Behavioral and Social Sciences, Contract No. 14DA903-82-C-0531. All
statements expressed in this paper are those of the authors and do not
necessarily express the official opinions or policies of the U.S. Army
Research Institute or the Department of the Army.
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Scores were percent of steps performed correctly cr, in some
cases, percent of Droduct prepared correctly. There was a
sc:.a.-rate score fcr each tesi..

0 Written Tests - These tests were in a multiple-choice
format. Items wero organized into subtests with each
subtest corresponding to a job task. The score was
percent correct by task.

During the data collection (which was the Project A Concurrent
Validation), the tests had been administered to over 5000 skill level one
(SU1) soldiers in nine MOS. The MOS covered along with the number of
soldiers tested for each method are shown in Table 1.

Table 1.

MOS and Number Tested

.'.n SLi Title Written N Hands-On N

liB Infantryman 678 682
13B Cannon Crewman 639 619
19E Armor Crewuan 459 474

31C Single Channel Radio Operator 326 341
63B Light Wheel Vehicle Mechanic 596 569
64C Motor Transport Operator 668 640

71L Administrative Specialist- 501 494

91A Medical Specialist 483 496
95B Military Police 665 665

Approach

Tbe CT' analyses were limited to the SLI common tasks (defined as tasks
included in the SLI Soldler's Manual of Co.nmon Tasks). Performance on
Project A tasks that were also on the CTT was compared with performance on
Project A SLI common tasks that were not on the CTT. The comparison was made
on two levels--across all nine MOS and by MOS family. The MOS families were
based on previous work (Rossmeissl, Wise, Brandt, & Wang, 1984) that
identified four families: combat (liB, 13B, 19E); operations (31C, 63B,
64C); clerical (71L); and skilled technical (91A, 95B). The CTT analyses
combined the clerical and skilled technical families. The analyses were
conducted separately for hands-on and written criteria.

The analysis of specific MOS programs included all Project A tasks for
MOS l1B and 91A respectively. Two comparisons per method were conducted for
each program: (1) MOS program (EIB or EFI.B) tasks and CTT tasks with Project
A only tasks and (2) M4OS program tasks with tasks not covered by the MOS
program (including CTT tasks that were not in EIB or EFMB, respectively).

41



Results

Th2 CT, comoarisons are sumarized in Table 2. Whether the diffirenses
are statistically significant depends on the oriennaJion of the inter re er.
If the question is simply "Does performance on this particular set of CT
tests differ from performance on this particular set of non-CTT tests?"
essentially all of the differences would be st3tistically significant. That
is, witn test scores as percents, the extremely large number of soldiers
tested yield standard errors of the mean for most tests at approximately .9.
A more conservative standard is required, however, if the tests are treated
as samples of their domain and the pertinent question is "Does performance on
all tasks in the CTT domain differ from performance on all tasks in the
non-CTT domain?" For the second question, the N is number of tasks sampled
within task categories (e.g., CTT/Non-CTT) rather than soldiers.

The CTT comparisons were analyzed by means of a two way analysis of
variance using tasks as subjects, with program membership as independent
variables. Following the conservative interpretation (N as nw.ber of tasks),
none of the differences are significant.

Table 2

Sunmary of Results on CTT Tasks and Non-CTT Co.mon Tasks

N of
Test Mdse Task Tywe Family Tasks Mean S.D.

Hands-On CTT All 28 76.73 8.31
(60 cases) Combat 8 79.67 7.99

Operations 11 74.92 7.48
Skilled Tech.

& Clerical 9 76.01 9.68

Project A All 32 70.40 18.84
Conmon Combat 11 67.87 20.16

Operations 11 72.49 21.61
Skilled Tech.

& Clerical 10 70.88 15.43

Written CTT All 56 65.77 12.54
(123 cases) Combat 18 66.13 13.04

Operations 18 67.93 12.34
Skilled Tech.

& Clerical 20 63.51 12.54

Project A All 67 61.91 13.01
Common Combat 26 60.87 12.64

Operations 21 60.37 14.20
Skilled Tech.

& Clerical 20 64.87 12.32
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"he EIB c€zarisons are suiarized in Table 3. Here both hands-on
comparisons are significant: Special program (EIS or CTT) with no special
pro~raim (FuS.OZ, P<.02); and EIS with non-EIB (Fa6.21, P<.05). :Neiter
written con.;:rlson approaches significance.

Table 3

Suumary of Results on 11B Special Program Tasks

N of
Test Mode Task Type Tasks Mean S.D.

Hands-On EUB & C1T 8 80.19 12.70
(13 cases) Project A Only S 57.26 16.50

EIB .6 79.70 14.22
Non-EIB 7 64.23 18.49

Written EIS & CTT 13 61.58 9.51
(28 cases) Project A Only 15 59.18 12.37

US5 8 62.21 9.80
Non-EIB 20 60.03 11.69

The ER46 comparisons are summarized in Table 4. None of the differences

are significant.

Table 4

Summary of Results on 91A Special Program Tdsks

N of
Test Mode Task Type Tasks Mean S.D.

Hands-On EF4B & CTT 6 75.27 6.25
(16 cases) Project A Only 10 70.58 12.49

EMiB 5 76.43 6.24
Non-EFB 11 70.49 11.86

Written EFNB & CTT 14 68.72 9.27
(30 cases) Project A Only 16 65.66 13.06

EF.B 11 70.33 9.40
Non-EFRB 19 65.21 12.21

Discussion

Our reluctance to call the CTT differences significant ought not to be
interpreted to mean that the CTT program makes no difference. All it means
is that there is so much variation.among the hands-on means for Project A
only and so few cases overall that we can not say with confidence that
hands-on performance on any set of tasks selected for CTT will be better than
perfor-mance on tasks not selected. It is possible, for example, that some of
the tasks not selected are more complex or require greater coordination than
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tasks sclected for CT7. Besides the possible sampling error among tasks we
must aiso re:-.:r-er that the Project A results are a snapshot of a wice range
of units at different points in their training cycles. Since the CTT effect
could wieaken over t-e, any evaiuaticn that does not minimize the delay
understates ".--e affect.

The results do suggest that the portion of the CTT captured by Project A
during the st--.r of 1985 had a positive association with hands-on scores.
It is somewhat surprising that tne difference was strongest in the MCS in the
Combat fami ly.

Tne E!B appears to be_ a very powerful program and must be considered
when interpreting criterion data on 11B. It is less clear, however, that
similar programs would achieve cmparable results in any MOS. Tie impact of
the EF;:B or -, for example is not nearly as dramatic. Among tfa myriad of
e•piana.iorns for tie difference, twc see. to be especially a:propria:e.
First, t-.e :""B has not had time to develop the credibility that the EIB has.
The credibili:y of the program affects the number of people who are tested
and, prcbabiy more important, the intensity of training that precedes the
testinc. Second, there may be a ceiling effect for 91A. Performance of
.-.edical spe:ialists may be high enough without the program that any
increment is small.

Conclusion

The irmact of test programs on soldier performance is ambiguous. No
program considered in this paper had a meaningful effect on performance as
measured by written tests. The 1985 CTT apparently affected hands-on results
in the Project A data but we cannot generalize that a comparable effect will
occur every year. The effect was to equalize performance on a subset of
common tasl:s across MOS mainly by increasing hands-on performance of soldiers
in corbat 1.3S. The EIB program had a strong effect on hands-on performnance
of infantrymen and should be considered as a moderator of 11B performance.
However the ErF4.B program for medical specialists, though parallel to the EIB,
did not have a comparable effect.
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Iffects of Soldier Performance
and Characteristics on Relationships vith Superiors 1

Ilene F. Cast and Leonard A. White
U.S. Army Research Institute for the Behavioral and Social Sciences

Vith the increasing emphasis on interactive leadership approaches (Jacobs,
1971; Grean 1976) has come a recognition of the contributions subordinates
make to the leadership process. Although leaders may tend to have a charac-
teristic style, they vary their behavior substantially in response to subor-
dinate actions and needs. Graen has shovn that leaders form different kinds
of working relationships vith their subordinates. Relationships range from
'in-group* ones characterized by mutual support and trust to *out-group" ones
where both parties do only what is required by the formal employment contract.

Green (1976) notes that relationships formed early in one's career have
lasting effects. Uased on a longitudinal investigation of management
trainees, Vakaybayashi and Green (1984) conclude that a nevcomer's relation-
ship with his or her superior serves motivating and mentoring functions that
help the nevcomer to assimilate into the organization and to gain access to
Information end resources central to the functioning of the york unit. This
experience gives nevcomers the confidence they need to set higher performance
goals. Thus, the relationships that first tour soldiers form with their
superiors are not only Important from the standpoint of socialization into the
Army, but may also affect career progression, and leadership potential.

Past research has showv that subordinates' performance is a poverful
determinant of subsequent treatment by superiors (e.g., Greene, 1975).
Generally, poor performers are more likely to have lov quality relationships
vith their superiors. Dovever, because this phenomena has been investigated
primarily in the laboratory, field research is needed.

There also is evidence that relatively stable personal dispositions
enable some subordinates to form more positive relationships vith superiors.
Green end his associates (Graen, Novak, & Sommerkamp, 1982) demonstrated the
importance of subordinates' grovth need strength to the formation of effective
relationships with superiors. Bovever, vith the exception of Graen's work and
research by Hough, Gast, White and 1cCloy (1986), researchers have not
adequately adressed the potential effects of individual differences on
subordinates' interactions with their superiors. Such research is needed.

Using data from Project A: Improving the Selection, Classification, and
Utilization of Army Enlisted Personnel (Eaton, Coer, arris & Zook, 1984),
this paper examines bow working relationships between superiors and
subordinates are directly affected by subordinates, job performance,
temperament and ability. In addition, this paper explores ron-linear effects
of soldier ability and temperament on working relationships with superiors.

Method
Subjects

Subjects were 5,123 first term soldiers in 9 military occupational
specialties (NOS): 683 Infantrymen (113), 636 cannon crev members (133), 489

1 The views expressed in this paper are those of the authors and do not
necessarily reflect the viev of the U.S. Army Research Institute of the
Department of the Army.
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tank crew members (19E), 349 radio teletype operators (31C), 618 light vheel
vehicle mechanics (63B), 670 motor transport operators (64C), 502 administra-
tive specialists (71L), 487 medical specialists (91A) and 689 military police
(95B). Vithin the sample, 88% of the soldiers yore sale and 12Z female. Of
those vho reported their racial origin, 23Z were black, 3% were hispanic, 70%
were white, and 4Z replied *other". On the average, soldiers had been in the
Army for 18 months and vith their present companies for about a year. To
facilitate data analysis, jobs were grouped into four occupational clusters
identified by McLaughlin, Rossmeissl, Vise, Brandt and gang (1982). The
Combat cluster included NOS 11B, 135 and 19E; NOS 31C, 635 and 64C comprised
the Operations cluster; NOS 71L sade up the Clerical clUster and the remaining
NOS, 91A and 955 comprised the Skilled Technical cluster.

Instruments

Supervisor Behavior Questionnaire. The authors vrote items to tap cat.-
gories of supervisory activities identified through analysis of 600 behavioral
examples of effective and ineffective leadership. These items required
subjects rate statements about their supervisor using a 5-point scale from
Very Seldom or Never (1) to Very Often or Always (5). The resulting question-
naire vas field tested in a sample of 696 first term enlisted (White, Gast, &
Rumsey, 1985) and revised prior to administration in the present sample.
Principal factor analysis with promax rotation revealed five factors with
eigenvalues greater than one: Inspiration/Support, Participation, Structuring
Vork, fairness/Discipline, Work Allocation. The present research employed
only the scales corresponding to the first tvo factors; these scales were most
similar to scales measuring qualities of "in group" relationships in previous
research (Vecchio. & Gobdel, 1984; Novak, 1985). Typical items on the 9-item
Inspiration/Support scale included "Your supervisor understands your problems
and needs" and "Your supervisor varxis to make you give your best effort". The
4-item Participation scale contained items like *You are permitted to use your
own Judgment in solving problems". . Reliabilitles (Chronbach's alpha) for
these two scales were .82 and .70 respectively.

General conitive ability. The Armed Services Vocational Aptitude Battery
(ASVYAB) vas administered to all subjects prior to entering military service.
A composite of four ASVAB subtests, known as the Armed Forces Qualification
Test (AFOT), served as the measure of general cognitive ability.

Temperament. Bough, Kamp and Barge (1984) developed ten scales to assess
temperament constructs shown to be related to criteria of work performance in
previous studies. The resulting inventory, Assessment of Background and Life
Experiences (ABLE), was tested on 470 soldiers at three forts. These data
guided revisions to the items and scales. When subjected to principal factor
analysis vith varimax rotation, the revised scales yielded three factors with
eigenvalues greater than one: Dependability, Achievement Orientation, and
Emotional Stability. Scales measuring self-esteem, dominance, energy level,
and work orientation comprise the Achievement Orientation factor. The
Emotional Stability factor assesses the degree of stability vs. roactivity of
emotions. The Dependability factor includes measures of conscientiousness,
non-delinquency, support for rules and regulations, and respect for tradi-
tional values. Factor scores for these three scales used in the analyses.

Job knowledge tests. Through job analysis important knovledge areas were
identified for each MOS. Project A personnel, assisted by subject matter spe-
cialists, developed items to tap these knovledges. The overall job knovledge
test score vas the percentage of items answered correctly by each soldier.

47



Bands-on task proficiency tests. Critical tasks vere identified to
represent the task domain for each NOS. A multiple step proficiency test was
developed for each task, and each step was scored pass or fail. For each
task, the score was the proportion of steps passed; then these task scores
were averaged to yield an overall hands-on test score (Campbell, Campbell,
Rumsey & Idvards, 1985).

Army-vide performance rating scales. Eleven 7-point behaviorally anchored
Tating scales were developed to assess soldier effectiveness across army jobs.
These scales vent beyond task performance to include aspects of socialization
and commitment to the organization. Ten scales covered specific aspects of
soldier effectiveness; the eleventh scale required an assessment of overall
effectiveness. Supervisors' ratings on this eleventh scale were employed in
the present analyses (Campbell et al., 1985).

Proceture

After receiving training in the use of the behavior anchored rating
scales, supervisors, in groups of 3-15, evaluated their subordinates. The
mean number of supervisors providing the ratings for each ratee ranged from
1.66 to 1.83. Ratings were averaged across raters to form an overall
Army-vide effectiveness rating for each ratee. Tests of job knowledge and
hands-on task proficiency were also administered to the soldiers.

Results and Discussion

The performance measures (i.e., hands-on, job knowledge and supervisory
ratings) were standardized within each NOS cluster. Then, moderated regres-
sion techniques vere used to examine determinants of leadership within each
HOS cluster. The *moderating" effect of one independent variable on another
Is indicated by a significr t increase in explained variance due to entry of
the cross-product term aftier all main effects have been entered entered into
the model. Separate models were constructed for Supportive and for Participa-
tory leadership. Explanatory variables were entered into the equations in
sets; models were tested in the following sequence: (a) main effects of
individual difference variables, (b) main effects of performance variables,
(c) all main effects, (d) all main effects and interactions between ability
and temperament variables, (e) all main effects and interactions among
temperament variables, and (f) all main effects and all interactions.

Table 1 summarizes the results from all models tested. Among the perform-
ance measures, supervisors' assessments of subordinate performance predicts
reported leadership most consistently. Looking across all of the models, work
sample performance and job knowledge* do not contribute significantly to the
prediction of Supportive leadership. Task proficiency predicts participation
vithin the Operations Operations and Skilled Technical NOS clusters; job
knowledge predicts participation within the Operations cluster.

Indepandently, the set temperament of variables accounts for at least as
such variance in reported leadership as individual differences in job perform-
ance do. bhen considered apart from the performance measures, the three
temperament measures are significant predictors of rated leadership across
HOS. Combined vith the performance measures, the independent contribution of
the temperament measures weakens somewhat, suggesting that these measures
share variance with supervisory ratings. Cognitive ability is a significant
predictor in only one NOS cluster, the combat related jobs. Although ability
does not generally make a direct contribution to the prediction of rated
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leadership, past research suggests that it is an antecedent of job knovledge
vhich, in turn affects hands-on performance and supervisors' assessments of
subordinate performance (Vhite, Norman, Bough & Roffman, 1986). Given the
mediational role that job knovledge plays, its failure to to have a direct
effect on reported leadership in the present Investigation is not surprising.

Without exception, the combination of individual differences in tempera-
ment and job performance performance variables accounts for more variance in
leadership measures than either set of variables considered alone. Horever,
the addition of interaction terms offers little advantage. In no case do they
tncrease the amount of variance accounted for by more than tvo percentage
points. Further, the interactions have no consistent pattern of significance.

Finally, the tvo leadership variabiles appear to differ in how veil they
can be predicted by the independent variables. With the exception of the
Combat job cluster, regardless of vhich model is tested, the independent
variables account for more variance in Participation than Inspiration/Support.
Further, Achievement Orientation is a significant predictor of Participation,
but not of Supportive leadership. Thus, in determining the amount of support
a leader vill provide, subordinate attributes may contribute less than other
determinants of leadership behavior (e.g., leader attributes, organizational
norms and values, resource allocation), vhereas in most NOS, participation may
depend moie heavily on subordinate characteristics.

in summary, soldiers vho report receiving higher levels of support from
their superiors tend receive higher scores in dependability and emotional
stability and are seen by their superiors as effective performers. Further,
soldiers vho report more involvement in work related decisions have the
preceding characteristics and are also scored as more, achievement oriented.

The present research successfully extended past research in tvo important
ways. First, it demonstrated in a field setting that performance predicts
reported leadership. Second, although performance affects soldiers' treatment
by their superi6rs, individual differences in job-related temperament factors
are at least equally important. Further, both sets of variables make
independent contributions to the prediction of reported leadership. Because
treatment by superiors can be predicted from relatively stable individual
differences, supervisory treatement should be expected to generalize across
supervisors and through time. Thus, subordinates vho negotiate more effective
relationships vith their superiors during the first tour should be expected do
so throughout their careers. Additionally, it is likely that future bosses
will see these individuals as more effective.

Future research should trace the careers of individuals in the Project A
database to determine if, in fact these predictions hold. Further, the
present research assumed one-way causality; future research might address the
bi-directional causality of superior-subordinate interactions.
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table 1

Results of Regressaon Analyses fpr Each NOS Cluster

Main Effects
MODEL AFQT ACH DEP EMOT HO JK SR

1 2 3 4 5 6 7

InsDiration/SupDort

clerical NOS

INSP - IND. DIF. NS * ** *
INSP m PERP. NS NS
INSP *PERP + IND. DIP. WS NS N* MS NS NS **
INSP m MAIN EFF. + AFQT*TEMP NS NS NS NS NS NS 0,
INSP m MAIN EFF. + TEPO*TEMP NS NS N, MS NS NS **
INSP w MAIN EFF. + ALL INTERACTIONS NS * NS NS NS NS **

INSP m IND. DIP. NS NS ** **
INSP m PERF. NS NS *
INSP m PERF + IND. DIF. NS NS N* 0* MS NS 0,
INSP wMAIN EFI. + AFQT*TEMP U* NS 0* *, MS NS *0
INSP wMAIN EFF. + TEMP*TEMP NS NS N* 0* MS NS **
INSP = MAIN EFF. + ALL INTERACTIONS * NS N* 0* NS TS **

O2erations liOS
INSP = IND. DIF. NS 0* 0* *
INSP w PERP. NS NS *0
INSP m PERF + IND. DIP. NS N* 0* 0* MS NS **
INSP w MAIN EFF. + AFQT*TEMP NS NS N* 0* 0* MS *0
INSP - MAIN IF?. + TEMP*TEMP MS N0 0* 0* MS NS *0
INSP m MAIN 1FF. + ALL INTERACTIONS NS NS *N 00 MS NS *

Skilled Technical lOS
INSP m IND. DIP. NS 0 0* *
INSP m PERF. NS NS **
INSP ? PERF + IND. DIP. NS NS 0* 0* NS NS *
INSP m MAIN EFF. + AFQT*TEMP NS NS NS NS NS. NS **
INSP m MAIN EPF. + TEMP*TEMP NS NS N* 0* MS NS *0
INSP = MAIN EFF. + ALL INTERACTIONS NS NS NS NS NS NS *0

1 2 3 4 5 6 7
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Paz'tIcillation

, IND. DIF. NS ** ** *0
tT m PERF. NS ,, *,
MT wPERF +IND. DIF. NS N* ** MS NS *
XT mMIN IFF. AFQT*TEMP NS U S NS NS NS NS
MT nmAIN FF. +TIMc*TEMP NS ** ** ** NS , S *
ITinmAIMZFF. +ALLINTERACTIONS US * MS MS US NS NS

.tT IND. DIFo MS I , N, 0S
RTT P2RP. S MS **
RT PEM + ID. DIF. IS 0* *, * MS MS **
RT XANAI 3FF7. + AFQT*TENP uS 00 ** US US NS *0
RTMAIN EFF. +TEMP*TEMP MS 00 00 * MS MS **
RT MAIN 3FF. + ALL INTERACTIONS HS 00 *, NS US NS *0

dration$i NOS
RT w IND. DIF. MS *u 00 **
RT= PERF. 0* MS **

JRT- PERF+ IND. DIF. US *0 00 ,* 0 , *
RtT MAIR EFF. +AFQT*TEMP NS * U MS 00 * 00 00
JtT MAIN 3FF. +TEKP*TEKP MS US 0 0* 00 00 *,
RT -MAIN 3F?? + ALL INTERACTIONS MS 0 u MS * 00 00 00

zilld G=ehnical lOs
ART m IND. DIF. US 00 **0
& T 717. 0 MS NS
kRT w PERF + IND. DIF. US u, 00 00 , NS 0
URT wmAIN ZFF. + AQ *TEMP NS NS NS NS N* MS 00

MRTwMAINEFF.+ !TP*TEMP NS 00 0* 0* ** NS 00
%RT MAIN A FF. + ALL INTERACTIONS NS HS MS 0* MS MS 0*
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The Project A Concurrent Validation Data Collection 1,2
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Introduction
The purpose of this paper is to describe the Project A concurrent validation data

collection and relate some "lessons learned" about the administration of large scale
data collections. During this data collection, predictor and criterion measures were
administered to approximately 9,500 entry-level soldiers and rating scales were
administered to approximately 7,000 supervisors of these soldiers. The original Project
A Research Plan specified a concurrent validation target sample size of 600-700 skill
level (SL1) job incumbents for each of 19 mos, using procedures that had been tried
out and refined during the predictor and criterion field tests. The Research Plan
specified 13 data collection sites in the United States (CONUS) and two in Europe
(USAEUR). the number of sites was the maximum that could be visited within the
Project's budget constraints, which dictated that sites be chosen to maximize the
probability of obtaining the required sample sizes. the data collection schedule, by
site, is shown in Figure 1.

The basic sampling plan, data collection team training, data collection procedures,
and lessons learned are presented in the following sections.

Sampling Plan

The general sampling plan was to use the Army's World-Wide Locator System to
identify all the first-term enlisted personnel in the 19 mos at each chosen site who
entered the Army between 1 July 1983 and 30 July 1984. If possible

IThis research was funded by the U.S. Army research Institute for the Behavioral and
Social Sciences, Contract No. MDA903-82-C-0531. All statements expressed in this
paper are those of the authors and do not necessarily express the official opinions or
policies of the U.S. Army Research Institute or the Department of the Army.

2The material in this paper is from two sources: Campbell, C.H., & Hoffman R.G. (in
press). Concurrent validation hands-on data collection: Lessons learned. Alexandria,
VA: Human Resources Research Organization (HumRRO).
Human Resources research Organization, American Institutes for Research, Personnel
Decisions Research Institute and Army Research Institute (1985). Inmr.oidngftl2
selection. classification, and utilization of Army enlisted personnel: Annual Report. ARI
Technical Report Z46. Alexandria, VA: Army Research Institute.
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Figure 1. Concurrent validation schedule.

the individual's unit identification was also to be retained. The steps
described below were then followed. The intent was to be as representative as
possible while preserving enough cases within units to provide a "within
rater" variance estimate for the supervisor and peer ratings.

A. Preliminary Steps

1. Identify the subset of 4OS (within the sample of 19) for which
it would be possible to actually sample people within units at
specific posts. That is, given the entry date "window" and
given that only 50-75 percent of the people on any list of
potential subjects could actually be found and tested, what MOS
are large enough to permit sampling to actually occur? List
them.

2. For each MOS in the subset of MOS for which sampling is
possible, identify the smallest "unit" from which 6-10 people
can be drawn. Ideally, we would like to sample 4-6 units from
each post and 6-12 people from each unit. For the total
concurrent sample this would provide enough units to average
out or account for differential training effects and leadership
climates, while still providing sufficient degrees of freedom
for investigating within-group effects such as rater
differences in performance appraisal.

3. For the four NOS in the Preliminary Battery (PB) sample,
identify the members of the PB sample who are on each post.

B. The ideal implementation would be to obtain the Alpha Roster list of
the total population of people at each post who are in the 19 NOS
and who fit our "window." The lists would be sent to the data
collection manager where the following steps would be carried out.

55



1. For each MOS, randomize units and randomize names within units.

2. Select a sample of units at random. The number would be large
enough to allow for some units being truly unobtainable at the
time of testing.

3. Instruct the Point-of-Contact (POC) at the post to obtain the
required number of people by starting at the top of the list
and working down (as in the Batch A field test) within each of
the designated units. If an entire unit is unavailable, go on
to the next one on the list.

4. In those MOS for which unit sampling is not possible, create a
randomized list of everyone on the post who fits the window.
Instruct the POC to obtain the required number by going down
the list from top to bottom (as in the Batch A field tests).

C. If it is not possible to bring the Alpha Roster to the data
collection manager, provide project staff at the post to assist the
POC in carrying out the above steps.

1. If it is not possible to randomize names at the post, first use
the World-Wide Locator to obtain a randomized list, carry the
list to the post and use it to sample names from units drawn
from a randomized list of units. If there are only 6-8 units
on the post, then no sampling of units is possible. Use them
all.

D. If it is not possible for project personnel to visit the post, then
provide the randomized World-Wide Locator list to the POC and ask
him or her to follow the sampling plan described above with written
and telephone assistance. That is, the POC would identify a sample
of units (for those MOS for which this is possible), match the unit
roster with the randomized World-Wide Locator list, and proceed down
each unit until the required number of people was obtained. If the
POC can generate their own randomized list from the Alpha Roster, so
much the better. The World-Wide Locator serves only to specify an a
priori randomized list for the POC.

E. If none of the above options is possible, then present the POC with
the sampling plan and instruct him or her to obtain the required
number of people in the most representative way possible (the Batch
B procedure).

The final sample sizes are shown by post and by NOS in Figure 2. Note
that it was not always possible in all MOS to find as many as 600 incumbents
with the appropriate accession dates at the 15 sites. Some MOS simply aren't
that big.

Data Collection Tem Training

Each data collection team was composed of a Test Site Manager (TSM) and
six or seven project staff members who were responsible for test and rating
scale administration. The teams were made up of a combination of regular
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Figure 2. Concurrent validation sample soldiers by NOS by location.

project staff and individuals (e.g., graduate students) specifically
recruited for the data collection effort. The test site manager was an mold
hand" who had participated heavily in the field tests. This team was assisted
by eight NCO scorers (for the hands-on tests), one company-grade officer POC,
and up to five NCO support personnel, all recruited from the post.

The project data collection teams were given three days of training at a

central location. During this period, Project A was explained in detail,
including its operational and scientific objectives. After the logistics of
how the team would operate (transportation, meals, etc.) were discussed, the
procedures for data entry from the field to the computer file were explained
in some detail. Every effort was made to reduce data entry errors at the
outset via correct recording of responses and correct identification of answer
sheets and disketttes.

Next, each predictor and criterion measure was examined and explained.
The trainees took each predictor test, worked through samples of the knowledge
tests, and role played the part of a rater. Considerable time was spent on
the nature of the rating scales, rating errors, rater training, and the
procedures to be used for administering the ratings. All administrative
manuals, which had been prepared in advance, were studied and pilot tested,
role playing exercises were conducted, and hands-on instruction for mainte-
nance of the computerized test equipment was given.

The intent was that by the end of the three-day session each team member
would (a) be thoroughly familiar with all predictor tests and performance
measures, (b) understand the goals of the data collection and the procedure
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for avoiding negative critical incidents, (c) have had an opportunity to
practice administering the instruments and to receive feedback, and (d) be
committed to making the data collection as error-free as possible.

As noted above, eight NCO scorers were required for Hands-On test scor-
ing. They were recruited and trained using procedures very similar to those
used at each post in the criterion field tests. Training took place over one
full day and consisted of (a) a thorough briefing on Project A, (b) an oppor-
tunity to take the tests themselves, (c) a check-out of the specified equip-
ment, and (d) multiple practice trials in scoring each task, with feedback
from the project staff. The intent was to develop high agreement for the
precise responses that would be scored as GO or NO-GO on each step.

Data Collection Procedure

The data collection proceeded as follows: The first day was devoted to
equipment and classroom set-up, general orientation to the data collection
environment, and a training and orientation session for the post POC and the
NCO support personnel.

On the first day of actual data collection the soldiers who arrived at
the test site were divided randomly into two equal groups, identified as Group
1 or 2. Each group was directed to the appropriate area to begin the adminis-
tration for that group. They rotated under the direction of the test site
manager through the appropriate block according to the schedule.

For soldiers in a Batch Z MOS, like 12B, the procedure took one day. For
soldiers in a Batch A OS, like MOS 91A, the procedure was similar but took
two days to rotate the soldiers through the appropriate blocks. The measures
administered in each block are shown in Figure 3.

BATCH A l.OS BATCH Z MOS
4 Blocks 4 Hrx. Each 2 Blocks 4 Hrz. Each

Block I Predictor Tests Block I Predictor Tests

Block 2 School and Job Knowledge Tests Block 2 School and Job Knowledge Tests
Army.Wide Ratings Army-Wide Ra&ings

Block 3 MOS Specflic Hands-On Tests

Block 4 UO0 Ratings
MO Speclfc Written Tests

Figure 3. Concurrent validation test outline.
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Lessons Learned

Collecting data from 16,000 soldiers in 15 locations over six months is a
difficult task, one that requires careful planning, attention to detail, an
ability to adapt, a fondness for crisis management, and a special relationship
with the telephone. For anyone planning an effort of like grandeur (or even
grander), a few lessons learned from some of the survivors seems appropriate.
We divide the lessons into three categories: planning, coordinating, and
operating Each category is briefly discussed below.

Planning. Start as early as possible (18 months before collecting data)
to identify the support you will need, to include personnel, equipment,
facilities, and time requirements. Once you know what you need and when you
need it, schedule a series of briefings with the Commanders. Start at the top
with the CG of FORSCOM, TRADOC, and USAREUR and work your way through a series
of briefings until you reach the local POC responsible for seeing that you get
what you need when you need it. Be prepared to change your plans at each step
to meet local concerns. Once you meet and brief your POC, you can begin
coordinating.

Coordinating. The closer the time to begin data collecting, the more
frequently you will speak to the POC. Expect to speak daily when you get
within 30 days of data collection. In some instances, you may have to make a
trip to the installation for a final coordination meeting. Be prepared to be
very flexible with regard to the installation's internal schedule.

Operating. Most of the lessons learned in this category have to do with
hands-on testing.

1. Many instances of equipment variation can be (and were) anticipated.
Test developers and site coordinators must find out what major pieces of
equipment are not likely to be available at the selected sites in advance of
actual testing if high quality tracked tests are to be prepared.

2. Printed scoresheets must be proofed carefully to ensure that for
every step which should be scored, a score can be recorded.

3. Scorers must be thoroughly trained, not only on how to set up and
administer the tests, but also on how to record data on the scoresheets. They
must be given practice in using the scoresheets (not just talked through it)
before testing, and monitored closely during testing, especially with the
first few soldiers tested. Continual monitoring must also occur throughout
the testing.

4. Scorers and hands-on managers must document meticulously who was
tested on what, and also who wasn't tested on what, and why.

S. Experienced hands-on managers are often able to implement procedures
to deal with equipment malfunctions or variations, but these too must be
documented.

6. Completed scoresheets must be checked as soon as possible after
testing so that careless or incorrect scoring can be detected, and the errant
scorer can be retrained.
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Post Differences in Hands-On Task Tests

R. Gene Hoffman
Human Resources Research Organization

One of the major efforts for the U.S. Amy's Selection and
Classification Project (Project A) has been the development of hands-on
performance measures. The effort required preparation of tests to cover
approximately 15 tasks for soldiers in nine different job specialties (MOS).
Because of equipment differences within certain MOS, it was necessary to
create alternate versions of some tests. Thus, 103 different task tests were
prepared. Eleven tests were used in more than one MOS with the number of
tests per MOS ranging from 14 to 27. As part of the concurrent validation
data collection effort, these tests were administered during 1985 to
approximately 500 to 600 soldiers per MOS. In order to collect that volume
of data, test sites included 13 different Amy posts in the United States
plus European test sites. At the European sites, approximately 120 soldiers
for each MOS were tested. At the CONUS sites, the numbers of soldiers per
MOS per site ranged from 9 to 110 with typical numbers being near 30, near 45
or near 60 because of scheduling requirements. The tests were administered
in blocks of two to four tasks per test station with typically one NCO in the
respective MOS at each site handling test administration for all soldiers at
any given station.

Given these "road show" requirements for data collection, considerable
effort was made to standardize the hands-on testing procedures. These
efforts included attention to test set-up and scoring instructions and to the
training of test administrators. Prior to concurrent data collection, test
procedures were pilot tested on a small sample of soldiers using four to five
test administrators and then field tested on approximately 150 soldiers.
Administrator training included five phases: (1) presentation of general
testing principles, (2) familiarization with individual test station
requirements, (3) practice, (4) review by contractor personnel prior to data
collection, and (5) monitoring by contractor personnel during data
collection. Further details concerning test construction and
administration are presented in Campbell et al., (1985) and Campbell (in
preparation).

Given that hands-on testing has a history of being susceptible to scorer
differences (e.g., Maier, 1983), this paper examines differences between
posts in hands-on test scores and the extent to which any such post
differences are not "real" differences, but are, in some way, artifacts of
the measurement process. Thus, analyses examined alternative sources of
variance in hands-on test scores that could account for any mean differences
between posts. Candidate measures for explaining differences available in
the Project A data set include: (1) written tests, (2) supervisor and peer
ratings of performance, (3) practice, (4) time in service, and (5) ability.
Post effects were estimated after variance due to these measures was removed
from the hands-on tests (using hierarchical multiple regression) and compared
with post effects prior to any adjustment.
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Analysis

Analyses were conducted for every hands-on test in all nine MOS. No
adjustment was made for tests appearing in more than one MOS. That is,
repeated tests were treated as separate observations. Thus, there were 147
observations of post differences where an observation is a test/MOS
combination. The first series of analyses estimated unadjusted post effects
(percent of variance in hands-on score accounted for by post alone) and post
effects adjusted for written test scores (except, obviously, those tasks
tested only in the hands-on mode), task ratings by peers and by supervisors,
overall performance ratings by peers and supervisors, practice (composite of
self ratings of recency and frequency of task performance), time in service
(test date minus entry date), and general ability (AFQT). In conducting
these analyses, significant reductions in sample sizes between post only and
adjusted post analyses were observed for all MOS. The reductions were most
attributable to missing ratings. Therefore, an alternative or "reduced"
adjustment model was also examined in which ratings were excluded. Thus, for
each of the 147 tasks, three different.R2s were calculated between post and
hands-on scores: k1) an unadjusted "post alone" R2 , (2) an adjusted R2 for
post after all other variables in the "full model" were controlled, and (3)
an adjusted R2 for post after all other variables in the "reduced (ratings
excluded) model" were controlled. Adjusted R2 s were calculated as the
increase in R2 when post was added after all control variables in a
hierarchical multiple regression predicting hands-on score. Mean sample
sizes for these analyses were 500.21 for post alone, 164.01 for the "full
model" (i.e., all variables) and 341.77 for the "reduced model."

The R2 s between post alone and hands-on scores estimate the extent of
between post differences in hands-on scores. These were compared to the R2s
for post and hands-on scores after variance due to the other variables in the
full and reduced models were controlled. Differences in variance accounted
for by post (i.e., differences in R2 s) were calculated as indices of the bias
resulting from post differences. Thus, two bias indices for each hands-on
test resulted from these analyses: a "full model" bias and a "reduced model"
bias. The term bias has been used in response to the question: "Would
standardizing hands-on scores by post bias those scores?" Positive values
for these bias indices would suggest that any post differences are to some
extent real and that standardizing would introduce bias. On the other hand,
near zero values suggest that post differences are unrelated to other
measurements of performance, therefore may reflect measurement error, and
that standardization may be justified.

The above analyses were conducted on a task by task basis. From these
analyses it is not possible to tell whether the "post" effects are actually

-at the post level or are more correctly attributable to scorer differences.
Two approaches were used to address this question, neither of which is
definitive. First, if "post" effects (within an MOS) were operating
consistently for all tasks within an MOS (e.g., motivational differences
between posts), then it should be possible to account for post variance in
any one task by removing variance associated with the hands-on test scores
for other tasks within each MOS. Thus for each task, an adjusted R2 for post
effects were examined after variance associated with other MOS tasks was
removed. An "other tasks" bias index was constructed as the difference
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between post effects alone and this "other tasks" adjusted R2 . If this index
is near zero, the "post" effects are task specific and not consistent across
tasks within an MOS.

A second way to partially dissect the task by task post effects is to
examine scorer-within-post variance capitalizing on the instances where two
or more scorers scored the same test at the same post either by general
design (i.e., duplicate equipment and test stations in the test plan) or by
local variation (i.e., an early finishing scorer helping at another station).

The series of analyses examining post effects controlling for
performance on other hands-on tests occurred some time after the first, and
in that interval two 91A tracked tests were merged; therefore 146 separate
tasks were analyzed. Again a "bias" variable was calculated as the
difference between post effects alone and adjusted post effects.

Results

Results for these analyses are summarized in Table I below. All data
points were either R2s (for the Post Only analyses), increases in R2 s (for
the full, reduced and other task model analyses), or differences between R2s
(for the bias variables). Thus, table entries are the means, standard
deviations, minimums and maximums for these R2s across the 147 tasks.

Uncorrected post differences account for an average of 19% of the
variance in hands-on test scores, indicating the presence of post differences
in hands-on scores. Post effects range from 2% to 50%. For only 36 of the
147 tasks is the post effect less than 10% of the hands-on variance.
Furthermore, there is no evidence that post differences can be consistently
attributed to written test scores, practice, ratings, ability, or time in
service. Mean bias from the full and reduced model analyses are both very
near zero suggesting that removing post differences by standardization would
not bias the hands-on scores.

Table I

Hands-On Test Variance (R2 ) Associated With Post
With and Without Controls and Associated Adjustment Bias

Variance Associated with Post Standardization Bias
Other

Post Other Full Reduced Task
Only Full Reduced Tasks Model Model Model

Model Model Model Model Bias Bias -Bias

Mean R2  0.19 0.22 0.18 0.12 -0.03 0.01 0.07
S.D. R2  0.11 0.11 0.11 0.08 0.08 0.05 0.06
Min. R2  0.02 0.01 0.01 0.01 -0.25 -0.24 -0.04
Max. R2  0.50 0.52 0.52 0.34 0.24 0.23 0.33
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Results for the "other tasks" model are presented in Table 1. Bias as
estimated by this model is somewhat larger than the others and suggests that
to some extent post differences for any given task are related to post
differences for other tasks. However, certainly not all of the task level
post effects are explained.

Table 2 indicates that the 147 tasks are rather homogeneous with regard
to reduced model bias. For the 147 tasks, 114 reduced model bias indices are
between -. 05 and .05. The other bias indices are similarly homogeneous.
Thus, the post effects that are present remain so after attempts to explain
them are considered and that trend is consistent across all tasks.

Table 2

Distribution of Reduced Model Bias Across 147 Hands-On Tests

Reduced Model
Bias Frequency Percent

-0.30> o .00
-0.2 1 .68

> 0 .00
1 4 2.72

-0.o1k 6 4.08
-0.05 56 38.10
-O.0DS 58 39.46
0. 0k- 18 12.24
0.1 - 1 .68
O.2Ik 2 1.36
0.2 1 .68
0.25

The final analysis made use of the duplication of scorers for some tasks
at some posts. Because this duplication was not systematically planned, some
instances of duplication of scorers were due to a scorer at one post scoring
only one or two soldiers. Such cases are not very illuminating. To avoid
them, only tasks for which degrees of freedom for scorers-within-post was at
least 5 were examined. Forty tasks met this criterion (degrees of freedom
"ranged from 5 to 23). For these tasks, the mean scorers-within-post effect
accounted for 4.6% of the hands-on variance. This number probably
underestimates the size of the scorer effect because post effects were still
confounded by scorer effects. That is, for all but a few tasks in this
analysis, several posts were represented by only one scorer. For the
thirteen tasks with 10 or more degrees of freedom for scorers within post
(and fewer posts with only one scorer), 6.4% of the hands-on variance is
associated with scorer differences. While it is not possible to totally
disentangle post versus scorer differences, it is probably safe to conclude
that there were consistent scorer differences, and that some of the
differences among posts are attributable to scorer differences.

These analyses unfortunately are like trying to show that something does
not exist when we can look in only so many places. That is, we are trying to
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rule out alternative explanations for the post effects while we are limited
in the availability of ways to look. Given the evidence, unwanted post
effects at the task level can not be ruled out, and the standardization of
hands-on test means by post appears justified.

One may wonder what might be the negative consequences if the decision
to standardize by post is incorrect. The most damaging consequence would be
an introduction of error leading to a reduction in the predictability of
hands-on measures. To shed some light on this possibility, the
predictability of standardized and unstandardized hands-on test scores were
compared using the reduced model variables (i.e. R2s for predicting hands-on
tests from written tests, experience, practice, time, and ability). Across
the 147, the average difference between the two R2 is .02 with the
standardized hands-on scores being slightly less predictable. The standard
deviation of the difference across the 147 tasks is .05. Thus, across the
tasks standardizing has little effect one way or the other on the
predictability of the hands-on scores.

Summary

In summary, post effects on hands-on scores were present and no
alternative explanation of those effects was found. This leaves the
implication that the post differences reflect error in the measurement
process.. Second, the post effects seem to be operating idiosyncratically at
the task level, i.e., as the post or scorer effects unique to each task,
rather than as the post level effects consistent for all tasks in an MOS.
Third, while it is not possible to totally disentangle post and scorer, some
of the between post differences are probably due to scorer differences.
Fourth, post differences should be controlled in further statistical analyses
of hands-on test scores. And finally, even if this conclusion is incorrect,
statistical corrected by standardizing by post will not have a grave impact
on the predictability of the hands-on scores.
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Estimates of Task Parameters
for Test and Training Development

R. Gene Hoffman and Patrick Ford
Human Resources Research Organization

The Army's Project A is a large scale effort to validate the ASVAB and a
battery of new selection and classification tests for enlisted soldiers. The
effort requires comprehensive job performance measures as validation
criteria. In the early stages of the project the domains of nine selected
MOS were described to allow the selection of performance variables which
could be translated into reliable and representative samples of those
performance domains. The problem was to narrow down large domains. The
problem is a familiar one in the military context in both the testing and
training arenas. That is, job analyses have already been conducted and
doctrinal directive written which specify at great length the tasks which
soldiers in each HOS are supposed to be able to perform. Far too many tasks
are designated as part of the job than any particular training or testing
program can cover.

To reduce the task domains for Project A, five task parameters were
identified as potentially significant for the selection of sets of
representative tasks. These include (1) the relative importance among the
tasks, (2) the similarities among the tasks, (3) the performance frequency of
each task, (4) the difficulty of each task, and (5) the variability in
performance for each task. Details concerning all of these parameters and
how they were used in task selection is reported elsewhere (HumRRO & AIR,
1984) and will not be repeated. Our focus is retrospective. Performance
measures have been constructed and administered to approximately 400 to 650
soldiers in each of the nine MOS. This provides the opportunity to examine
the validity of the task selection data for three of the task parameters:
(1) task difficulty, (2) task variability, and (3) task frequency.

Data Base

The "population"-for this analysis is tasks rather than people, and the
sample is-the overlap between the set of tasks for which hands-on performance
tests were administered during Project A's concurrent validation phase and
the AOSP task list as refined for task selection uses (Campbell, et al.,
1985). Some adjustments were necessary because equipment variation
necessitated the use of alternative test forms whereas AOSP statements were
equipment generic. Thus, 135 tasks spanning the nine MOS were included in

-the analysis.

Difficulty and variability task parameters were estimated during task
selection using a single rating scale. For each AOSP task within their
respective MOS, subject matter experts (SME; Ns ranged from 10 to 26 for the
nine MOS) were asked to describe the performance distribution of soldiers.
They were asked to indicate: "Out of 10 soldiers, how many can do the task:
(1) All of the time?, (2) Most of the time?, (3) About half of the time?, (4)
less than half of the time?, or (5) Never?" SMEs were also given an escape
option of "Not observed." Each set of S4E responses therefore represented a
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frequency distribution of task performance. By assigning performance values
(1 to 5) to the response intervals, a performance mean and standard deviation
was computed for each task for each SME. For each task, these individual SME
means and standard deviations were averaged across SME, excluding SME who
responded with "not observed." Thus, the average SME mean and average SME
standard deviation became the difficulty and variability parameters used in
the task selection process. Interrater reliabilities within each MOS were in
the .70s and .80s for task difficulty and in the .50s and .60s for task
variability for the nine MOS. SME (generally E-6 to E-7) rated approximately
150 to 300 tasks within their MOS. Further details are presented in HumRRO
and AIR (1984).

Task frequency data used in task selection were taken directly from the
AOSP survey results for skill level one soldiers. The specific index was the
percent of soldiers reporting that they performed each task.

On the criterion side of this validation, actual test statistics from
the concurrent validation data collection provide task difficulty and
variability estimates. Performance on these tasks was assessed using four
modes: (1) hands-on tests, (2) written tests, (3) peer ratings and
(4) supervisor ratings. Means and standard deviations for all four
measurement modes were used as criteria against which SME derived estimates
were compared. Hands-on and written test scores were percent correct for
either steps or items. Performance ratings were given by both peers and
supervisors on a 7-point scale ranging from "among the very worst" to "among
the very best" at the end points with "about the same as others" at the
midpoint.

Project A concurrent validation also included a job history
questionnaire completed by each soldier. For each task in the hands-on test
sample, the questionnaire asked soldiers to describe on a five point scale
how recently they had performed the task and how frequently in the past six
months they had performed the task. These responses, averaged across
soldiers, provide an independent assessment of task experience for validating
AOSP frequency data.

Convergence between task selection data and concurrent validation
measurement data was assessed with simple correlations. Correlations
within each MOS and across all MOS are reported.

For MOS level correlations for task difficulty and variability
estimates, Ns range from 13 to 17 tasks for hands-on and ratings measures,
and 12 to 16 for written measures. Not all MOS had the same number of
hands-on tests and for six tasks there was no matching written test. One
task had no matching rating. Across the nine MOS, the total numbers of tasks
were 135 for correlations involving hands-on data, 129 for correlations
involving written tests and 134 for correlations involving ratings. Since
AOSP frequency data were not available for all tasks, MOS level correlations
of task experience were based on Ns which ranged from 10 to 15, with a total
of 108 tasks across all MOS.
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Results

Table 1 presents correlations between SME estimates and data-based
estimates of task difficulty. At the MOS level the correlations fluctuate
from -. 04 to .95 and given the small Ns on which these correlations are
computed such large fluctuations are expected. Confidence interval estimates
depend on sample size, size of the observed correlation and are not
symmetrical. For simplicity however, it is useful to use one central
confidence interval for reviewing a set of correlations. Thus, the 95
percent confidence interval, using the lowest N (12) and an average r near
.50 is r - -. 10 to r - .84 which is not very different from the range
observeff in Table 1: Across all MOS, SME ratings of task difficulty are more
predictive of rating means as given by peer and supervisors than written and
hands-on test score means. The .95 confidence interval for total sample
correlations using the lowest N (129 for written tests) and an average
r = .50 is r a .36 to r = .62. Thus, the variation among the correlations is
not greater-than chance.

Table 1 Table 2

Correlations Across Tasks Between Correlations Across Tasks Between SME
SME Means and Measurement Mode Means Standard Deviations and Measurement
For Each MOS and Total Sample Mode Standard Deviations For Each MOS

and Total Sample

Hands Peer Sup. Hands Peer Sup.
MOS On Written Rating *Rating MOS On Written Rating Rating

11B 0.50 0.21 0.69 0.80 11B 0.62 0.34 0.86 0.68
13B 0.92 0.70 0.81 0.82 13B 0.75 0.37 0.77 0.77
19E 0.54 0.47 0.95 0.93 19E 0.51 0.52 0.28 0.17
31C 0.58 0.13 0.83 0.86 31C 0.60 0.28 0.17 0.54
63B -0.04 0.07 0.69 0.56 63B 0.16 0.14 0.07 -0.02
64C 0.34 0.51 0.49 0.65 64C 0.26 0.12 0.87 0.82
71L 0.71 0.66 0.36 0.30 71L 0.22 0.39 0.70 0.30
91A 0.30 -0.11 0.65 0.74 91A 0.25 0.06 0.18 0.68
95B 0.21 0.15 .0.29 0.31 95B 0.50 0.39 0.33 0.48

TOTAL 0.43 0.33 0.59 0.62 TOTAL 0.35 0.26 0.42 0.48

Table 2 presents the analogous correlations between SME estimates of
task variability and data based estimates. Agai*n at the MOS level the
correlations fluctuate from -. 02 to .86. Again, however correlations do vary
more than expected by chance.

For reference, intercorrelations among task means and among task
standard deviations are presented in Tables 4 and 5 in an Appendix.

Table 3 presents correlations between Project A frequency and recency
and AOSP task experience estimates, as well as correlations between an
unweighted linear composite of the frequency and recency with AOSP frequency.
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Looking at the composite, correlations range from .02 to .90 for the within
OS data (.95 confidence interval for an average r = .56 is r = -. 10 to

r a .88). Across all OS, frequency and recency means for the 108 tasks each
Eorrelate .46 with AOSP frequency (.95 confidence interval is r - .31 to
r - .58). Frequency and recency means correlated .91 with eacF other, so
that using a composite of the two does little to strengthen the relationship
between the two sets of experience data.

Table 3

Correlations Across Tasks Between AOSP Frequencies and
Job History Responses for each MOS and Total Sample

MOS Frequency Recency Composite

11B 0.85 0.90 0.88
13B 0.55 0.46 0.52
19E 0.53 0.43 0.50
31C 0.14 0.09 0.13
63B 0.00 0.05 0.02
64C 0.65 0.81 0.76
71L 0.11 -0.08 0.02
91A 0.88 0.92 0.90
95B 0.49 0.58 0.53

TOTAL 0.46 0.46 0.47

Discussion

Results indicate that, in the absence of hard performance data, SME
estimates can provide reasonably valid, though certainly not perfect,
estimates of difficulty and variance. Given validity coefficiencies in the
.40 to .60 range, SME estimates of task difficulty can be useful for making
gross judgments differentiating particularly hard or easy tasks. In essence,
that was the use made of the SME difficulty estimates during task selection
with the very hard and the very easy tasks generally not selected for
testing. Thus, there is some degree of range restriction in the SME ratings
used in the present analysis and the validity of the SME estimates may be
understated.

The strength of the relationship between SME task difficulty and
performance rating means is interesting in light of the performance rating
scale. Theoretically the scale should have led to means near the mid-point
for every task, with near zero variance across tasks. Realistically, our
knowledge of common rating errors led us to hedge our bets here. Thus, we
analyzed the performance rating means expecting to find convergence with SME
means. Even though the standard deviation across tasks of the rating means
were restricted to .28 and .36 for peers and supervisors, respectively, the
variance in task means that did exist was strongly associated with SME task
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difficulty estimates. Raters apparently had a hard time making purely
normative judgments. That is, raters may have been reluctant to give average
or below average ratings on tasks that almost all soldiers perform well.

Validities for the SHE estimates of performance variability are lower.
Intercorrelations among all estimates of task variability show a similar
reduction (compare Tables 4 and 5 in the Appendix). Thus, relative
differences among tasks in variance seem more affected by test mode than do
their relative differences in difficulty. This makes SME estimates of task
performance variability less useful for task selection.

Project A and AOSP estimates of task frequency show modest but perhaps
more limited convergence than might be expected from two self-reports of
essentially the same phenomenon: participation in various tasks. There are,
however, several differences between the two which may have reduced their
convergence. First, they provide different experience indices (percent of
soldiers who do a task from AOSP data versus average number of times a task
is done from Project A data) which may have distorted the relative
distributions for tasks done as a daily part of the job (e.g., type a DF for
71L clerks) versus tasks practiced only during set training periods (e.g.,
load, reduce a stoppage and clear an M16). Second, the surveys were
conducted at different times (several years apart for some NOS), and any
instability over the intervening time periods would reduce convergence. This
was the case for two OS with low experience convergence (31C and 63B) where
preparation of task tests was more cumbersome than other [OS because of the
variety and continuing evolution of equipment. Finally, AOSP estimates were
based on a sample of the entire first tour, while Project A estimates were
based on soldiers representing a more limited range of one to two years time
in service. As soldiers increase in time in service, their job duties may
expand and change. The distinctions between the two surveys are important
caveats for interpreting either set of experience data.

References

Campbell, C. H., Campbell, R. C., Rumsey, M. G., and Edwards, D. C. (1985).
Dtest of task-based MOS-specific criterion measures
TARI Technical Report 717). Alexandria, VA: U.S. Army Research
Institute for the Behavioral and Social Sciences.

Human Resources Research Organization (HumRRO) and American Institutes for
Research (AIR) (1984). Selecting job tasks for criterion tests of [OS
proficiency (ARI Working Paper RS-WP-84-25). Alexandria, VA: U.S. Army
Research Institute for the Behavioral and Social Sciences.

72



Appendix

Table 4

Intercorrelations Among Measurement Mode Means

Peer Supervi sor
Mode Hands-On Written Rating Rating

Hands-On 1.0
Written 0.52
Peer Rating 0.58 0.40 1.00
Supervisor Rating 0.53 0.37 0.93 1.00

Table 5

Intercorrelations Among Measurement Mode Standard Deviations

Peer Supervisor
Mode Hands-On Written Rating Rating_

Hands-On 1.wo
Written 0.40
Peer Rating 0.48 0.17 1.00
Supervisor Rating 0.42 0.20 0.70 1.00

This research was funded by the U.S. Army Research Institute for the
Behavioral and Social Sciences, Contract No. MDA903-82-C-0531. All
statements expressed in this paper are those of the authors and do not
necessarily express the official opinions or policies of the U.S. Army
Research Institute or the Department of the Army.
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In their landmark 1959 paper, Campbell and Fiske urged
psychologists to adopt a multitralt-multimethod approach to the
measurement of psychological constructs. Over the past 25 years,
psychologists have applied Campbell and Fiske's ideas to a host of
assessment problems.

The Campbell and Fiske paper had a profound impact on the design
of the U.S. Army Research Institute's Project A. The goal of Project
A is to validate the Armed Services Vocational Aptitude Battery
(ASVAB) and a set of new, experimental predictor tests. Through the
first four years of Project A, we have devoted much of our time and
resources to the development of reliable, valid measures of job
performance. The development efforts were guided by our theory of job
performance, which holds that job performance is multidimensional.
There is no single attribute, outcome, or factor that can be pointed
to and labeled as "Job performance" (Campbell & Harris, 1985; Hanser,
Arabian & Wise, 1985). Consequently, one of the critical activities
in performance measurement is to describe the basic factors that
comprise performance. To ensure that these factors were measured
adequately, four different types of Job performance measures were
developed: hands-on job sample tests, multiple-choice knowledge
tests, performance rating scales, and administrative measures.

In a large-scale study of those measures, almost 5000 first-tour
enlisted personnel in nine Army Military Occupational Specialties
(MOS) participated in a one and one-half day job performance
assessment last summer and fall. Their data were used to help build a
model of first-tour enlistee job performance (Wise, Campbell, McHenry
& Hanser, 1986).

In developing this model, one of the first things we noticed was
that scores on the hands-on and written job knowledge tests were
fairly highly correlated, as were scores from the rating scales and
administrative measures. However, the hands-on and written tests were
only moderately correlated with the performance ratings and
administrative measures, suggesting that these different measurement
methods were tapping different portions of the job performance space.
The hands-on and written knowledge tests were measuring "can do" or
maximal performance, while the rating scales and administrative

1This research was funded by the Army Research Institute Contract
No. MDA-903-82-C-0531. All statements expressed in this paper are
those of the authors and do not necessarily express the official
opinions of the U.S. Army Research Institute or the Department of the
Army.
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measures were assessing "will do' or typical performance. Within the
"can do" performance domain, two performance constructs were
identified. The first, Core Technical Proficiency, was comprised of
those performance components that were specific to a particular job
(e.g., *typing correspondence" for an administrative specialist,
"driving a tank' for a tank crewman, etc.). The second construct,
General Soldiering Proficiency, was defined by common soldier tasks
(e.g., navigation, first aid, operating an M16). In addition to these
two *can do* constructs, three "will do' constructs were also
identified: Effort and Leadership; Personal Discipline; and Physical
Fitness and Military Bearing.

One of the most important implications from the Wise et al. study
is that researchers must be aware of possible confounds between trait
and method when they use a multitrait-multimethod approach to
assessment. However, in the Wise et al. study, the performance
ratings were not designed to measure the same traits as the hands-on
and written knowledge tests. The performance rating scales were
designed to measure broad dimensions of job performance, and had been
developed using the critical incident technique (Flanagan, 1954). The
hands-on and written tests were designed to measure performance of
critical tasks. The purpose of this paper is to see if similar
results are obtained when task-specific performance rating scales are
used instead of rating scales developed from critical incidents.

Method

Sublects

Subjects were first-tour enlisted soldiers drawn from the
following nine NOS:

e Infantryman (11B) (j - 613)
e Cannon Crewman (138) (l - 535)
e Armor (Tank) Crewman (19E) (t - 410)
* Radio Teletype Operator (31C) (L - 280)
* Light Wheel Vehicle Mechanic (638) (ft - 477)
e Motor Transport Operator (Truck Driver) (64C) (! - 527)
* Administrative Specialist (71L) (N_ - 344)
e Medical Specialist (91A) (Q - 410)
* Military Police (958) (f - 588)

Measures

The following three sets of measures were administered to each
subject:

9 Hands-on performance tests on approximately 15 critical tasks.
These tasks were carefully sampled from the domain of important
tasks for each job. Each hands-on test consisted of a number
of critical steps, with each step scored GO or NO GO. The
number of steps within a task varied from as few as six to as
many as 62. The hands-on task score was the percent of steps
scored GO.

e Written job knowledge tests consisting of three to 15 questions
on each of the critical tasks. The score on each task was the
percent of questions answered correctly.

e Supervisor and peer ratings of performance on each of the
critical tasks. Each rater rated his/her assigned subject's
performance on each task in terms of how well the subject
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performed the task compared to other soldiers. On average,
subjects were rated by two supervisors and three peers. Mean
supervisor and mean peer ratings were computed for each task.
These two mean ratings were then averaged to compute the final
task rating.

Results

Model of Task Performance
Campbell (in preparation) has described a model of first-tour

soldier task performance that was derived using the data from the
subjects in this study. Briefly, the intercorrelations among the
within-method task scores were examined to identify similarities
across methods and across MOS. On this basis, five task factors were
identified:

* Core Technical. Included tasks that were specific to the MOS
(e.g., Otyping correspondence" for an administrative
specialist, "driving a tank" for a tank creman, etc.).

e Communication. Included tasks related to operating a radio
set.

e Vehicle Operation and Maintenance. Included tasks involving
driving a vehicle and performing simple operator maintenance.

* General Soldiering. Included tasks that are critical to field
and combat performance, such as weapons operation and
maintenance, navigation, etc.

* Safety and Survival. Included tasks related to safety and
first aid, including procedures for coping with nuclear/
biological/chemical (NBC) conditions.

Each of the critical tasks was assigned to one of the five task
factors. As Table 1 shows, some of the factors were not assessed for
some of the MOS. For example, for Administrative Specialist (71L),
there were no tasks for two of the factors: Communication, and
Vehicle Operation and Maintenance. For Infantryman (11B) and Motor
Transport Operator (64C), the table indicates that there was no Core
Technical task factor. This is because Communication, General
Soldiering, and Safety and Survival =r the core technical part of the
11B Job, and Vehicle Operation and Maintenance j.s the core technical
part of the 64C job.

Table 1

Measurement of Task Factors by MOS

Task Factor 11B 13B 19E 31C 63B 64C 71L 91A 958

Core Technical X X X X X X X
Communication X X X X X
Vehicles X X
General Soldiering X X X X X X X X X
Safety/Survival X X X X X X X X X

Analyses
The objective of this study was to test whether the observed
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correlations among the hands-on and written knowledge tests and task
ratings were consistent with the Campbell task factor model.
Confirmatory factor analysis (Joreskog & Sorbom, 1981) was used to
conduct this test.

To perform a confirmatory factor analysis, one must first specify
a set of latent constructs that explains the relationships among a set
of observed variables. In the present study, two sets of latent
constructs were hypothesized. The first consisted of the task factors
identified by Campbell. The second included three method factors,
representing the three measurement methods that were used to assess
subjects' performance.

Each task score was allowed to "load" on one task factor and on
one method factor. For example, we allowed the hands-on task score
for "typing correspondence' for 71L to load the Core Technical task
factor and the Hands-On method factor; its loadings on the remaining
factors were constrained to zero.

We also specified the relationships among the underlying factors.
We specified that the three method factors were uncorrelated with each
other and with any of the task factors. However, we allowed the task
factors to be correlated.

The confirmatory factor analysis program, LISREL, then derived
the non-zero loadings of the tasks on the task and method factors and
the correlations between the task factors. These loadings and
correlations were derived to be as consistent as possible with the
observed correlations among the task scores.

Finally, LISREL computed a chi-square index to describe the level
of agreement between the observed correlations and the factor loading
and correlations that it has derived. Essentially, LISREL does this
by working backwards and estimating the correlations from the factor
loadings and correlations, then comparing these estimated correlations
to the observed correlations. A large and significant chi-square
value indicates that the observed and estimated correlations differ.

The portion of Table 2 labeled "With Task Ratings" shows results
from the present study. The table shows that the observed and
estimated correlations differed significantly for all nine MOS.

Table 2

Fit between the Task Factor Model and the Observed Correlations

With Task Ratings Without Task Ratings Change

MOS Ch1 2  df p Chi 2  df p Ch1 2  df p

11B 632.6 492 .00 182.6 206 .88 450.0 286 .00
13B 3250.7 1218 .00 788.2 521 .00 2462.5 697 .00
19E 1033.5 696 .00 232.4 293 .99 801.1 403 .00
31C 1372.5 935 .00 439.8 395 .06 1335.7 540 .00
63B 1300.5 942 .00 440.3 402 .09 860.2 540 .00
64C 791.5 492 .00 234.9 206 .08 556.6 286 .00
71L 950.7 492 .00 225.2 206 .17 725.5 286 .00
91A 1910.1 942 .00 719.7 402 .00 1190.4 540 .00
956 1359.0 813 .00 414.5 344 .01 944.5 469 .00
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We felt that there were two possible reasons for this result.
Our first hypothesis was that the model was not appropriate, and that
a different set of task factors would do a better job of explaining
the observed correlations among task scores. Our second hypothesis
was that the model was working quite well for the hands-on and job
knowledge tests, but was not appropriate for the task ratings because
the task ratings were not measuring "can do' performance. We chose to
investigate this second hypothesis.

Marsh and Hocevar (1983) have suggested a method for testing such
hypotheses using LISREL. To implement their suggestion, we re-ran
LISREL without the task ratings data (and dropping the ratings method
factor). According to Marsh and Hocevar, one can compare the chi-
square and degrees of freedom from the new analyses with the chi-
square and degrees of freedom from the original analyses to determine
whether the model fit the data better after the ratings data were
dropped. The portion of Table 2 labeled "Change" shows that the
improvement in fit was significant for all nine MOS. The portion
labeled "Without Task Ratings" shows that the Campbell model was
consistent with the observed correlations for seven of the nine MOS.

Discussion

The results in Table 2 indicate that the factor structure of the
task rating scales is different from that of the hands-on and written
job knowledge tests. Other analyses (not reported in this paper)
indicated that the performance construct most highly correlated with
the task rating scales was the Effort and Leadership "will do"
performance construct.

The data point to the need to consider the relationship between
measurement methods and traits when employing multitrait-multimethod
techniques to assess individual differences. Even though measures
drawn from two methods have the same name (e.g., "driving a tark"), it
is no guarantee that they measure the same underlying construct.
Researchers must be guided by theory and previous research in deciding
when it is appropriate to expect that measures from different methods
will be useful in analyzing a given construct.

Within the field of performance measurement, for example, Hunter
(1983) has shown that the relationship between cognitive abilities and
supervisory performance ratings is different from the relationship
between cognitive abilities and hands-on or written knowledge tests.
Hunter has developed a theory to account for the relationships among
different performance measures. His work, the Wise et al. (1986)
research, and this research all suggest that one should not expect a
one-to-one correspondence between performance ratings and other
measures of job performance.

Other results from Project A promise to shed additional light on
the constructs underlying different performance measures. For
example, preliminary results of Project A validity analyses (Campbell,
1986) indicate that cognitive ability tests are much more highly
correlated with the "can do" performance constructs (i.e., with scores
from the hands-on and written knowledge tests) than with the "will do"
performance constructs (i.e., with performance ratings and
administrative measures). On the other hand the Assessment of
Background and Life Experiences (ABLE) (Hough, Barge & Kamp, in
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press), a temperament/biodata questionnaire, was a much better predictor of "will do"
performance than "can do" performance. In fact, the validity of ABLE scales often
exceeded the validity of ASVAB scales for predicting performance ratings (Campbell,
1986).

Finally, the present study demonstrates the usefulness of confirmatory factor
analysis for testing theories about the latent variables underlying a set of observed
scores. Most commonly, researchers use confirmatory factor analysis programs such
as LISREL to obtain statistical tests of the agreement between their theories and a set
of observed data (Joreskog & Sorbom, 1981). In this study, we also used LISREL to
test two competing theories (Marsh & Hocevar, 1983). As these results demonstrate,
LISREL provides a powerful tool for improving the quality of our theories and the
conclusions that we draw from our data.
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INFLUENCE OF ENVIRONMENT, ABILITY AND TEMPERAMENT ON PERFORMANCE IN ARMY MOS

Darlene M. Olson Walter C. Borman
U.S. Army Research Institute1  Personnel Decisions Research Institute

Job performance has been conceptualized as a product of abilities,
skills, and personal characteristics that individuals bring to the Army, of
environmental experiences that influence a soldier after enlistament, and of
the person s motivation to perform. Although a substantial portion of the
total variability in performance criteria can be explained by individual
difference factors, work environment variables related to support, training
opportunities, and perceived job importance have been found to have weak, but
consistently significant relationships with supervisory ratings of soldier
effectiveness, Army-wide rating factors (e.g., Personal Discipline) and
measures of hands-on task proficiency (Olson & Borman, 1986).

The impact of cognitive abilities, temperament, work environment and
their possible interactive effects on job performance should be investigated.
Peters & O'Connor (1980) have proposed that environmental factors may moder-
ate the relationships between ability and performance. In contrast, Schmidt
and Hunter (1977) have contended that the prediction of performance from
ability is stable across situations and over time for various jobs. More
current research (e.g., Stew & Ross, 1985) has found dispositional effects
for job satisfaction criteria. Hence, research suggests that both person and
environment factors should play a role In explaining the variability in sol-
dier performance.

The model of soldier effectiveness advanced here assumes that perform-
ance is influenced by a soldier's abilities and temperament, which are meas-
ured when entering the military, and individual perceptions of the work
environment developed through experience with the Army job setting. In this
context, the purpose of this research was to investigate potential moderating
effects of work environment dimensions on the relationship between individual
differences and job performance in four clusters of Army jobs.

Method

Subjects. The sample contained 5080 first-term Army enlisted personnel
in 9 different jobs. There were 673 infantrymen, 629 cannoti crewmen, 485
armor crewmen, 351 radio operators, 618 light-wheel vehicle mechanics, 659
motor transport operators, 500 administrative specialists, 485 medical spe-
cialists, and 680 military police. These MOS were sampled at 11 continental
United States and four European Army installations. These jobs were grouped
into one combat (11B, 13B, and 19E NOS) and three non-combat clusters [Cleri-
cal (71L MOS), Operations (31C, 63B, and 64C MOS), and Skilled Technical (91A
and 95B KOS)1. Previous empirical research (Mclaughlin, at. al., 1984) dem-
onstrated that the above clusters are sufficient to group Amy jobs on the
basis of aptitudes measured by ASVAB.

Performance Measures. Criterion development work was conducted by the
Project A contractors and included construction of the following measures: 1)
Army-wide rating scales relevant for evaluating soldiers in any first-tour

IThe views expressed in this paper are those of the authors and do not neces-
sarily reflect the view of the U.S. Army Research Institute or the Deparment
of the Army.
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Army job, 2) job-specific rating scales, 3) bands-on task proficiency meas-
ures, and 4) job knowledge tests. The Army-wide rating scales were developed
using a variant of the behaviorally-anchored rating scale methodology, and
impbasize performance dimensions relevant to any NOS (e.g., maintaining
equipment). The job-specific scales, which were also 7-point behavior sum-
mary scales, focus on narrow performance areas relevant to a designated job
(e.g., transporting personnel for the motor transport operator job). The
bands-on tests consisted of 15 NOS-specific tasks. Hands-on scores were
computed for each soldier by averaging the proportions passed across the
tasks tested. Multiple choice tests were developed to assess job knowledge
relevant to important and representative tasks in an NO1. A total job knowl-
edge score for each research participant was derived as a percentage of the
number of items answered correctly. Factor-analysis of the performance rat-
ings resulted in an interpretable solution: 1) Effort and Leadership 2) Per-
sonal Discipline and 3) Military Bearing (Campbell, Haunser, & Wise, 1986).
Factor scores for the performance ratings, along with an overall soldier ef-
fectiveness composite based on the unit weighting of ratings on the Army-wide
dimensions were used in subsequent analyses.

Work Environment Measures. The Army Work Environment Questionnaire
(AWEQ), a revised 53 item multiple choice questionnaire measures the follow-
ing Army environmental constructs: 1) Resources, 2) Supervisor Support, 3)
Training/Opportunities to Use MOS skills, 4) Job/Task Importance, and 5) Co-
hesion/Peer Support. AWEQ items are answered using a 5-point frequency rat-
ing scale (e.g., 1 - Very Seldom or Never to 5 - Very Often or Always).
Respondents are asked to indicate how often each environmental situation
described in an item occurs on their present job. Items consist of state-
ments such as "You get recognition from supervisors for the work you do"
(Supervisor Support). Five standardized unit weighted factor scores are de-
rived for the AWEQ.

Cognitive Ability. A composite measure of four subtests from the Armed
Services Vocational Aptitude Battery (ASVAB), known as the Armed Services
Qualifications Test (AFQT), was used as an assessment of general cognitive
abilities.

Temperament Measures. The Assessment of Background and Life Experiences
(ABLE) inventory (Peterson, Hough, Ashworth, & Toquam, 1986), which includes
ten tempera-ment/biodata scales, was administered as a self-report measure of
soldier temperament. From factor analysis of the ABLE a three factor solu-
tion emerged: 1) Achievement, 2) Dependability and 3) Adjustment. The
Achievement factor has items loading from the Self-Esteem, Work Orientation,
Dominance and Energy-Level scales. The Dependability factor contains items
from the Non-delinquency, Traditional Values, Conscientiousness, Cooperative-
ness, and Internal Control scales. The Adjustment factor baa items loading
from the Emotional Stability scale.

Procedures. The rating scales were administered to groups of 15 or fewer
peers or supervisors of the target ratees after they were trained using a
combination error and accuracy training program. During the peer rating ses-
sions, raters (who were in addition ratees and members of the research sam-
ple) also responded to the AWEQ. The ABLE inventory was administered in
separate small group sessions. Task proficiency measures were admininstered
to each soldier by experienced job incumbents or supervisors, who were
trained to evaluate and score each bands-on task. MOS-specific job knowledge
tests were given to groups of 15-30 soldiers.
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Resul ts

Regression Analyses. hoderated regression analysis was used to estimate
the relationships of ability, temperament, perceptions of the work environ-
ment, and their interactions to typical performance ratings and more objec-
tive performance criteria. A series of four separate regression models were
built for each of the four performance measures nested in each job cluster.
First, the separate performance variables were regressed on an individual
differences model, which contained AFQT and three temperament factor scores
to determine the contribution of individual differences at the time of en-
listment to subsequent job performance. Second, an environmental model,
which contained the five work environment constructs was used to predict the
separate performance measures to examine the amount of variance explained by
these variables. Third, a full model containing both individual differences
and environmental factors was tested. Finally, a set of Interactions among
the predictors (ability X temperament, ability X environment, and temperament
X environment factors) was added to the full model and the separate perform-
ance criteria were regressed on it to determine the post-enlistment interre-
lationships among environmental/organizational influences on soldier
performance and the expression of individual differences in ability and tem-
perament on the job.

The regression analyses are presented in Table 1. In each of the four
job clusters, the highest multiple correlations were observed for the predic-
tion of job knowledge, with R ranging from .37 to .57, E < .05. Ability
explained the largest amount of variance in job knowledge scores. Generally,
the full model of individual differences accounted for more variance in the
performance measures than was explained by the environmental model. However,
for both the Operations and Skilled Technical job clusters, higher multiple
correlations (Rs - .32 and .26, respectively) were obtained for the predic-
tion of task proficiency from environmental models as compared with the in-
dividual differences model (R - .14 and .20, respectively).

In the clerical and combat jobs, soldier ability and temperament charac-
terized by Dependability accounted for the most variance in the performance
criteria. For the Operations and Skilled Technical NOS, the temperament fac-
tors (particularly Dependability and Achievement) explained significant
variability in the rating measures, and soldier ability tended to account for
significant variance in the more objective performance measures. The envi-
ronmental model accounted for 3-10Z of the variability in criterion measures
for the separate job clusters. The largest standardized regression coeffi-
cients were observed for the prediction of ratings from Supervisor Support
and Job/Task Importance factors. Training had a strong main effect for the
prediction of task proficiency and job knowledge measures for the NOS clus-
ters. Further, those variables with the largest standardized beta coeffi-
cients in the separate individual differences and environmental models were
retained in the full model of main effects for the clusters.

Table 2 shows that ability X Job/Task Importance interaction effects
tended to be significant across NOS clusters (except for Operations) and
performance measures (except for hands-on). The majority of interaction
effects were concentrated between individual differences related to soldier
temperament and work environment constructs. Specifically, temperament fac-
tors related to Dependability and Adjustment interacted with soldier percep-
tions of Job/Task Importance, level of Supervisor Support, and available
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organizational Resources. Fewer significant interactions were observed be-
tween cognitive ability (AFQT) and temperament in the prediction of job per-
formance. Training X Achievement and Cohesion/Peer Support X Adjustment
Interactions significantly predicted task proficiency In Combat and Opera-
tions clusters respectively. Further, for the Operations jobs, several sig-
nificant Interaction effects between soldier perceptions of Resources and
Individual differences were found to predict maximal performance criteria.

Generally, when designated interactions are added to the full model of
main effects, only about 11 of the variance in performance beyond that ex-
plained by main effects can be attributed to Interactions. However, for the
Clerical MOS, interaction effects accounted for an additional 3-7% of the
variability In soldier performance, with higher percentages of explained
variance associated with the more objective performance criteria.

Discussion

This research examined relationships among individual differences in
ability end temperament, perceptions of the Army work environment, and the
performance of first term enlisted personnel. Findings revealed that indi-
vidual differences and environmental perceptions have independent effects on
performance in the four job clusters. Some differential effects were found
across job clusters with maximal performance (e.g., job knowledge and task
proficiency) predicted best from cognitive ability (AFQT) In the Clerical and
Combat jobs.

Significant effects for the work environment Indicate that both types of
typical performance ratings are predicted from the more climate-oriented
constructs of Supervisor Support end Job/Task Importance; particularly In the
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Combat and Operations clusters. In contrast, soldiers' perceptions of Train-
ing and their opportunities to utilize MOS skills, as well as the availabil-
ity of Resources (e.g., tools and equipment) tended to predict both job
knowledge and task proficiency measures for all job groups. Interaction
results show that both temperament and work environment factors moderate the
relationship between ability and performance. In addition, work environment
factors related primarily to Supervisor Support, Resources, and Job/Task
Importance, and to a lesser extent Training tended to moderate the relation-
ships between Individual temperament factors and performance.

These findings tentatively indicate that job performance is influenced
not only by individual differences in ability, but also by the dispositions
that soldiers bring to the Army and their perceptions of the environmental
context encountered after enlistment, regardless of bow jobs are clustered.
Further, findings suggest that pre-enlistment differences among soldiers in
ability and temperament interact with their environmental perceptions in the
prediction of various performance outcomes. Considerable variance in soldier
performance can be attributed to the main effects of individual differences
and environmental perceptions, and generally significant Interactions among
these factors explain little meaningful variance.
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NEW PREDICTORS OF SOLDIER PERFORMANCE

Norman Peterson, Leaetta Hough, Steve Ashworth, and Jody Toquam
Personnel Decisions Research Institute

"Introduction

New predictors of soldier performance have been developed as part of
Project A. Previous papers presented to this association have described
the theoretical approach, development, and pilot and field testing of those
predictors (Hough McGue, Kamp, Houston, & Barge, 1985; McHenry& Toquam,
1985; Peterson, 1985; Rosse & Peterson, 1985; Toquam, Dunnette, Corpe, &
Houston, 1985). .Very briefly, those papers showed that a construct-
oriented approach was utilized to identify and develop new measures that
would comp ement the Armed Services Vocational Aptitude Battery (ASVAB) in
terms of abilities measured and likelihood of increasing the prediction of
training and job performance. Both paper-and-pencil and computer-

•administered measures were developed to tap constructs in cognitive (pri-
marily spatial) ability, perceptual/psychomotor temperament, biographical,
and vocational interest domains. Pilot and field testing results showed
the new measures were psychometrically sound and were measuring constructs
relatively unique from the ASVAB.

This paper describes some of the results of analyzing the properties
of the new measures, collectively called the Trial Battery, as exhibited in
the concurrent validity sample of Project A. This sample consisted of over
9 000 active duty soldiers in their first three years of service, from 19
different military occupational specialties. Other papers in this sym-
posium provide more detailed descriptions of the data collection procedures
and job performance criteria also collected from that sample (Harris, 1986;
Campbell, Hanser, & Wise, 1986).

New Predictor Factor Scores

The Trial Battery consisted of three major types of instruments:
1) six timed paper-and-pencil tests of cognitive spatial ability, 2) ten
computer-administered tests of perceptual/psychomotor ability, and 3) three
untimed paper-and-pencil inventories measuring temperament/biographical
data (the Assessment of Background and Life Experiences or ABLE), voca-
tional interests (the Army Vocational Interest Inventory or AVOICE), and
Job reward preferences (the Job Orientation Blank or JOB); collectively
referred to as non-cognitive inventories.

Over 60 separate scores are obtained from the full Trial Battery.
Space does not allow presentation here of statistics for all these scores.
We used principal components factor analysis (varimax rotation) to identify
a smaller number of factor scores for use in validity analyses. Examina-
tion of these solutions led us to choose 19 factor scores; these were
formed by simply summing the scores that defined each factor, not by using
a multiple-regression, factor-scoring method. Therefore, we are here using
the term factor to denote simply a higher-order organization of Trial
Battery test scores, and do not intend these factors as representations of
underlying pyschological constructs. These 19 factors are simply a parsi-
monious method of combining the larger number of individual scale scores
for purposes of validity analyses in a way that is faithful to their
covariances. Table 1 shows the names of these factors, the number of
scores making up the factor, the median reliability coefficients of the
scores entering each factor, and the median uniqueness estimate of the
factor. Figure 1 shows the names of the scale scores that made up each
factor, organized by type of instrument.

The medians of the internal consistency reliability coefficients range
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from .46 to .93 mean - .78. All but four are greater than .70. One of
these, General ieaction Accuracy, is the sum of percent correct scores on
very simple, computerized perceptual tasks. These scores have, by design,severely restricted variance--we were concerned primarily with General
Reaction Speed which does have high reliability. The other three factors
with relatively low internal consistency reliabilit are from the Job
Orientation Blank, especially the Routine Work and 3ob Autonomy factors.
These are really Just single scale scores, with only three or four items on
each scale, which probably accounts for the low values.

The test-retest reliabilities range from .13 to .85; mean - .67. The
paper-and-pencil measures all have reliabilities of .70 or greater with
the exception of Food Service Interests which is .66. The reliabilities of
the computer-administered measures, however, are between .46 and .62,
except for the .13 value for General Reaction Accuracy which we discussed
above. Although these values are not as high as we would like keep in
mind that these computerized tests are all relatively short (all ten tests
"are administered in about one hour). Measures that prove most valid could
be lengthened to increase reliability. Also, we point out that these are
retest intervals of two to four weeks; test-retest coefficients reported for.
computerized tests are often same-day or next-day intervals which, of
course, would yield much higher coefficients.

The uniqueness coefficients in Table 1 are indexes of the amount of
reliable variance that does not overlap with, or is unique from, other
measures--in this case, the ASVAB. The higher this index, the greater the
opportunity for incremental validity (over ASVAB). These values range
from .40 to .90; mean - .71. The Trial Battery measures, as a whole, do
appear to have high potential for incremental validity, especially for the
non-cognitive measures.

In sum with a few exceptions, the Trial Battery factors appear reli-
able and relativel unigue based on analyses of this large, concurrent
validity sample. e ad that these results are highly similar to those
reported a year ago on a much smaller sample (about 200).

Prediction of Job Performance

Table 2 shows results of initial analyses of the validity of new
predictors for predicting ob performance and Table 3 shows results of
initial analyses of the Trial Battery's incremental validity (over ASVAB)
for predicting job performance.

There are five criterion factors shown in both tables. The first two
re present "can do" factors and are made up largely of hands-on and written
job knowledge test scores (labeled Core Technical Proficiency and General
Soldiering Proficiency). The last three represent "will do" factors and
are made up largely of peer and supervisor ratings on behaviorally-anchored
rating scales and self-reported administrative actions such as awards and
Articles 15 (labeled Effort and Leadership; Personal Discipline; and,
Physical Fitness and Military Bearing). As earlier stated, Campbell, et
al. (1986) report in more detail the development of these criteria.

Six predictor composites are shown in Table 2, one made up of four
factors derived from the ASVAB; the other five made up from the Trial
Battery factor scores, combined within instrument type. The composites
were formed via multiple regression.

Several things are noteworthy about Table 2. First, it shows the
ASVAB does an excellent 4ob of predicting the "can do" criteria, a moder-
ately good job for one of the "will do" factors (Effort), and not very well
for two of the "will do" factors. Second, it shows that the Spatial and
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Perceptual/Psychomotor composites from the Trial Battery follow a pattern
similar to the ASVAB, but do not outpredict the ASVAB. We point out that
the perceptual/psychomotor, computer-administered battery requires about
60-75 minutes to administer, but yields validities of .49 and .56 for the"can do" criteria. Also, the six spatial tests require about 90 minutes to
administer and do nearly as well as the ASVAB. Finally, the non-cognitiveportions of the Trial Battery do only moderately well at predicting the
"can do" criteria, but the ABLE equals or out performs the ASVAB and the

cognitive/perceptual/psychomotor portions of the Trial Battery for pre-
dicting the "wi1l do" criteria. Indeed, the ABLE is 13 and 16 points
higher than the ASVAB for the Discipline and Fitness/Bearing criteria. All
in all, the overall pattern of the findings in Table 2 is about what we
expected.
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FROM PAPER-AND-PENCIL TESTS FROM NON-COGNITIVE (CONTINIED):

Overall Spatial Job Autonomy (JO3)
Assembling Objects Test Autonomy
Nap Test
Naze Test Achievement (ABLE)
Object Rotation Test Self-Esteem Scale
Orientation Test Work Orientation Scale
Figural Reasoning Test Energy Level Scale

FROM COMPUTERIZED MEASURES Dependability (ABLE)
Conscientiousness ScalePsychomotor "Noo-Del inquency Scale

Cannon Shoot Test (Time Score)
Target Shoot Test (Tim To Fire) Adjustment (ABLE)
Target Shoot Test (Log Distance) Emotional Stability Scale
Target Tracking I (Log Distance)
Target Tracking 2 (Log Distance) Physical Condition (ABLE)
Pooled Mean Movement Tim Physical Condition Scale

Perceptual Speed and Accuracy Skilled Technician Interest (AVOICE)
Short Term Memory Test (Percent Correct) Clerical/Administrative
Perceptual Speed & Accuracy Test (Decision Time) Medical Services
Perceptual Speed & Accuracy Test (Percent Correct) Leadership/Guidance
Target Identification Test (Decision Time) Science/Chemical
Target Identification Test (Percent Correct) Data Processing

Mathematics
Number Speed and Accuracy Electronic Communications

Number Memory Test (Percent Correct)
Number Memory Test (Initial Decision Time) Structural/Machines Interest (AVOICE)
Number Memory Test (Mean Operations Decision Time) mechanics
Number Memory Test (Final Decision Time) Heavy Construction

Electronics
General Reaction Speed Vehicle/Equipment Operator

Choice Reaction Time Vm
Simple Reaction Time Combat Related Interest (AVOICE)

Combat
General Reaction Accuracy Rugged Individualim

Choice Reaction Percent Correct FRreadms Enthusiast
Simple Reaction Percent Correct

Audiovisual Arts Interest (AVOICE)FROM NON-COGNITIVE INVENTORIES Drafting
AudiographicsOrganizational and Co-Worker Support (JOB) Aesthetics

Job Pride
Job Security Comfort Food Service Interest (AVOICE)
Serving Others. Food Service Professional
Ambition Food Service Employee

Routine Work (JOB) Protective Services Interest (AVOICE)
Routine Law Enforcement

Fire Protection

Figure 1. Test and Inventory scale scores making up Trial Battery
Predi -,tor Factors.
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While the AVOICE does not show higher prediction than the ASVAB for
the "can do" criteria, it is interesting that it correlates .33 and .37
with those criteria. The AVOICE was intended primarily to assist in clas-
sification rather than prediction per se, so it is encouraging to see these
correlations with 'can do* criteria. Finally with respect to Table 2, we
note that the JOB, ABLE, and AVOICE are expected to add most to the predic-
tion of attrition; those analyses have not been done yet.

Table 3 shows a first, very crude look at the incremental validity of
the Trial Battery. In these analyses, we simply added all 19 Trial Battery
Factor scores to the ASVAB factor scores and looked at the increase in the
mulitiple correlation. The third row in Table 3 shows that 1) the predic-
tion of all five criteria is increased, 2) little increase occurs for the"can do" criteria, and 3) sizeable increases occur for the "will do" cri-
teria.

Efforts are underway now to make more refined Trial Battery composites
and to estimate the classification efficiency increments obtained via use
of the Trial Battery. These initial results, however, show that the new
predictors do 1) predict soldiers' job performance at meaningful levels in
the way that was expected and 2) make meaningful increments over the ASVAB
to validity for important aspects of soldiers' job performance.
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Effect of Practice on Soldier Task Performance*
Paul Radtke

Dorothy S. Edwards

American Institutes for Research

One of the forms administered in the Army's Selection and
Classification study, usually known as Project A, was a Job History Ques-
tionnaire. For each of nine Military Occupational Specialties (MOSs) the
form listed all of the tasks covered by paper and pencil knowledge tests
and by hands-on performance tests. These tasks were selected from the
domain of tasks for an NOS by a panel of experts because they were done
frequently and were important to overall job performance. About thirty
tasks were selected for each MOS; all were measured with performance based
knowledge tests; about half were also measured with hands-on tests.

In the Job History Questionnaire soldiers were asked to indicate how
often during the past six months they had performed each task, using a
scale of "Not at all, 1-2 times, 3-5 times, 6-10 times, or more than 10
times." Next, soldiers indicated how recently they had performed each
task, using a scale of "Never, during past month, 1-3 months ago, 4-6
months ago, or more than 6 months ago-"

The frequency and recency ratings were correlated with the scores on
the knowledge tests and with the hands-on tests for each NOS. The results
for two sample MOSs, one combat and one support OS, are shown in
Tables 1-2. The number of cases for these correlations varies, but in
every case is substantial. The minimum and maximum N is given at the top
to reduce the number of columns in the tables. When there is a wide range
in the number of cases it reflects a smaller N on one or two tests and
nearly maximum Ns on the others. The size of the N makes a rather small
correlation significant statistically; the rather small correlations
probably have little practical significance. Note that the recency corre-
lations should be negative, because of the way the scale was written.

The tables have some items of interest, however. Recency appears to
be more closely associated with test performance than does frequency of
practice, in that more of these correlations attain statistical signifi-
cance. Recency and frequency are correlated, as shown in the last column
of the tables.

There is a tendency for the more complex tasks to be more highly
correlated with frequency and recency, though there are some exceptions in
both directions -- complex tasks not correlated or easy tasks correlated.

Performance on OS-specific tasks tends to be more highly correlated
with frequency and recency of practice than performance on the common

*This research was funded by the U.S. Army Research Institute for the

Behavioral and Social Sciences, Contract No. MDA903-82-C-0531. All
statements expressed in this paper are those of the authors and do not
necessarily express the official opinions or policies of the U.S. Army
Research Institute or the Department of the Army.
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tasks. It may be that common tasks have been subject to more practice
during the soldier's enlistment. This hypothesis is consistent with the
generally higher mean scores on the common tasks. If true, the common
tasks my have been "overlearned," and thus less subject to forgetting or
to decrement through lack of practice.

Some common tasks were tested in more than one MOS. This allows us
another way to look for consistency in association of test scores and
frequency or recency of practice. Table 3 shows these data for the common
tasks. One task, "Determine grid coordinates" shows significant correla-
tions with frequency and recency in six of the seven MOSs in which the
knowledge test was given. It also showed significant correlations in the
hands-on tests in most of the MOSs in which it was given. It is the
consistency of the findings rather than the magnitude of the actual corre-
lations that makes us believe that competency in this task is indeed
related to frequency and recency of practice. The test was very similar
in both measurement methods: soldiers had to read grid coordinates using a
protractor. They had an advantage in the written mode in that the correct
answer appeared as one of four choices, whereas they had to report the
coordinates to the test administrator in the hands-on mode without the
recognition advantage afforded by the multiple choice item.

A second test that has a similar pattern of significant correlations
with the knowledge tests is "Put on and wear protective clothing." This
test, however, does not correlate with the hands-on measure. Since the
soldier must put on the clothing required at four progressive levels of
protection, over-dressing at phase 1, or MOPP Level 1, as it is called,
could keep the soldier from correctly reaching the higher levels.

Naturally we looked for characteristics that these two tasks have in
common that are not present in other tasks that do not show this pattern
of correlations. We found only one. Each of the tasks requires a specific
procedure that terminates in an objectively verifiable product or result.
Exact grid coordinates are determined and reported, and certain garments
are worn at each MOPP level. This means that the "right answers" are
totally unequivocal and readily observable by even a careless scorer in
the hands-on mode. These tests had reliability estimates that were among
the highest in the MOSs in which they appeared, which is probably also a
function of the clarity and observability of the response.

Another test that is fairly consistent in correlations with frequency
and recency is "Load, reduce, and clear the M60 machinegun." It was given
in only three MOSs, so the consistency cannot be as pronounced as with the
grid coordinates and protective clothing tests. Table 4 shows the corre-
lations for this task as well as those for a similar task: "Load, reduce,
and clear the M16A1 rifle." Performance on the M16 tests is not as highly
correlated with frequency, probably because it is the soldier's main
weapon and is more often practiced and proficiency is maintained at a high
level. The task is also somewhat simpler than the matching task on the M60.

At the bottom of Table 4 we have shown the mean percent passing the
knowledge tests and the mean percent *GO" on the hands-on test for all
MOSs in which the M60 and M16 tasks were covered. Note that performance
on the hands-on test is higher than on the knowledge test for both tasks,
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Tahle 3. Correlations Between Job History Questionnaire
Scales and Scores on Common Soldiering Tasks

Decimal points oamttted: *- significant at P - .01

A. Freouencv - Knowledae Tests

K Tests 118 13B 19E 31C 63B 64C 71L 91A 95B

CPR 04 -02 03 09 00 -11"
Nerve agent 04 02 01 07 07
F/P dressing 03 10 15' 09 07 -03 10*
LRC 116 -09 -01 01 -02 -01 07 00
Op/Ntn M16 06 -03 05 03 06
LRC M60 12* 18* 20*
Nag. Azim. 04 -02 12*
Grid Coor. 15* 16' 13' 13* 08 18* 08
Put on mask 02 07 05 05 -05 08
HOPP 02 07 12* 09 16" 15' 18* 14*
CEOI 38* 24*

B. Recency - Knowledae Tests
CPR -17* 02 -09 -10' 00 -13'
Nerve agent -13* -12' -11' -06 -20*
F/P dressing -06 -04 -12* -07 -08 -05 -08
LRC M16 00 -12' -02 -01 01 -16' -02
Op/Mtn M16 -08 00 -02 -10' -06
LRC 1460 -09 -15' -22'
Nag. Azim. -06 -08 -05
Grid Coor. -12' -23' -18' -18' -17' -20' -04
Put on mask -05 -04 00 -04 03 -06
MOPP -13' -04 -12' -15' -11' -12' -18' -12'
CEOI -29* -27'

C. Freauency - HO Tests
CPR 12' 15' 13' 17'
Nerve agent 01 11"
F/P dressing 09 06 04 02 01 -02 07 14"
LRC M16 01 -03 -01 01 06
Op/Mtn M16 08 05 02
LRC M60 25' 14' 07
Nag. Azim. 01 07
Grid Coor. 09 22* 13' 09 18' 17'
Put on mask 07 04 -04 08 07 09
MOPP 05 01 04
CEOI 31'

0. Recency - HO Tests
CPR -19' -18' -09 -15'
Nerve agent -01 -10'
F/P dressing -09 -10 -15' -06 -08 -02 -11 -13'
LRC M16 01 -07 -02 02 -12'
Op/Mtn M16 -04 -07 -10
LRC M60 -20' -30' -03
Nag. Azim. -12' -02
Grid Coor. -06 -21' -17' -16' -19' -13"
Put on mask -08 00 -02 -06 -21' -06
MOPP -06 -07 -08
CEO -27'
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but the performance on the N16 weapon is superior to performance on the
M60. The N60 task is somewhat more complex, and has more steps, but the
M16 is almost certainly practiced more often. Soldiers do appear to be
able to load, reduce, and clear their primary weapon, as indicated by the
mean of 85% GO on the hands-on test.

Table 4. Correlations between frequency and
recency of practice and test scores on two

weapons, the M60 machinegun and the M16 rifle

Freauency V* '

LRC M60 K 12" is* 20*
LRC M60 HO 25* 14" 07

LRC M16 K -09 -01 01 -02 -01 07 O00
LRC M16 HO 01 -03 -01 01 06

Recency

LRC M60 K -09 -15* -22*
LRC M60 HO -20" -30" -03

LRC M16 K 00 -12 -02 -01 01 -16" -02
LRC M16 HO 01 -07 -02 02 -12"

LR M16 LC M6

Mean % correct, K 72.79 61.80
Mean % GO, H-O 85.84 68.35

A final test that shows substantial correlation with both frequency and
recency of practice is "Use automated CEOI* (Communications Electronics
Operating Instructions). It was given in only two MOSs, and is similar to
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grid coordinates in that it results in an objectively observable result.
The correlations were as shown below:

Tank
Crewman HP

CEO! K-test & freq. 38* 24*
CEOI K-test & recency -29* -27*

CEOI H-O test & freq. 31* Not given
CEOI H-O test & recency -27* Not given

This test requires memory of procedures for looking up information in a
table and reporting call signs, radio frequencies, and authentication
data. A number of soldiers taking the hands-on test reported on how
easily the procedures for reading the table are forgotten.

Conclusions

The ratings on frequency and recency of practice of tasks tested in
Project A show very low correlations with test performance. There are,
however, some tasks that show a significant relationship, and in a consis-
tent enough manner to suggest that we are not dealing with chance results.

Tasks that are related to practice seem to be those that produce objec-
tively observable results, that are relatively complex, and related to the
MOS specific parts of the Job rather than to the common soldier tasks.

Reference

Campbell, J.P. 1986, August. Project A: When the textbook goes operational.
Paper presented at the 94th Annual Convention of the American Psychological
Association. Washington, D.C.
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Some Conditions Affecting Assessement of Job Requirements
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As an adjunct to the Army Research Institute's Project A to Improve the
selection and classification process, research was initiated to develop and
test a rating scale method to asseus (Eaton, St. al.# 1984) human attributes
(e.g., abilities, Interests, etc.) that are needed for success in a particu-
lar Military Occupational Specialty (NOS) (Smith, 1985). The work followed
from the ability taxonomy and rating scale work by Fleishman and his associ-
ates (see Fleishman & Quaintance, 1984). Within Project A, a taxonomy of
buman attributes that affect performance was developed from expert judgments
of validity (Wing, Peterson, & Hoffman, 1984). The taxonomy included 21
clusters of cognitive/perceptual, psychomotor, and noncognitive (temperament
and interests) variables. Smith (1985) constructed a sat of scales corre-
sponding to 20 of these attributes plus physical strength and stamina. This
set of scales, the Attribute Assessment Scale (AAS), which was designed to
use work supervisors as Subject Hatter Ehperts (SHEs), contains primarily
Amy-specific behavioral anchors. Several problems were uncovered during
preliminary tests of the instrument with two different sasplea (Smith &
Rossmeissl, in process). The research which Is presented here attempted to
address those issues. As with the earlier research, the goal was to demon-
strate that the scales can produce reliable, differential profiles of at-
tribute requirements that discriminate across OS. These profiles then
could be matched to measures of an individual's attributes for selection and
classification purposes.

In the first test of the AAS (Smith, 1985), senior noncommissioned offi-
cers (NCOs) from two 1M05 provided ratings of the requirements for entry
level work in their own OS for three performance levels (15th, 50th, and
85th percentiles). Two types of Intraclass Correlation Coefficients (ICCs)
were calculated over all attributes. The first (rl) provides a point esti-
mate of Interrater reliability or the reliability 6f a single rater. The
second (.k) indicates the reliability of the man rating. These coeffi-
cients were extremely weak. There was very little lnterrater agreement and
at least 30 raters were needed to obtain moderately reliable seans-a mber
higher then would be practical in operational use. An ANOVA indicated that
attribute profiles for the two OS were not significantly different.

There appeared to be three major problems related to the instrument and
the research. First, the inclusion of three performance levels my have had
a strong, negative Impact on the results. The demands of the task appeared

Tbe views expressed in this paper are those of the authors and do not
necessarily reflect the views of the U.S. Army Research Institute or the
gapartment of the Amy.

ffiliated with U.S. Army Research Institute at the time this researcn
took place.
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Simpose a unique kind of restriction in the range of possible ratings,
plus It took considerable effort. Second, the multiple levels added more
confusion to a performance criterion which was already very broad - all
work within all duty positions - allowing for considerable variance. The
third problem centered an the scale anchors. This included Sifts' frustra-
tion with their content and/or difficulty in using then as reference points
for evaluating duties within their NOS.

The second test of the AAS (Smith G Rosmaeissl, in process) considered
two of these issues. SEEs were& small number of officers and NCOs from
three MOS. We provided a written job description from Army Regulation
611-201, and SEEs gave a single rating of the level of each attribute re-
quired for "average" performance of entry level work in their own MOS. An
Important aspect of the research was a post-rating discussion period during
waich StlEs provided information about problems that they bad in completing
the task, specific issues related to interpretation of 'average" perform-
ance, confidence in their responses, and ways to improve the procedures.

With the exception of one MOS for which procedural problems were noted,
the results were promising. Overall, the magnitudes of the ICCs were better
than those obtained In the original research. Reliabilities of mean rating
(r ) equal to .73 and .84 with only 4 and 9 raters respectively were encour-
ag ng. ANOVA results indicated no significant differences In profiles
across NOS, but given the small sample sizes this was not surprising. Our
post-rating discussions indicated that use of the criterion "average" per-
formance may have reduced MOS differences as well. Problems with this ter-
minology included some tendency a) to describe the average soldier -ather
than, e.g., the average Administrative Specialist, b) to confuse average
performance with average level of requirements, and c) to view average per-
foruance as actually substandard. The discussions also confirmed there were
still problems related to the anchors and the ambiguity/enormity of the
"whole job" criterion.

Given these outcomes, we decided to test thA rating scales again under
different conditions. In this research we examined ratings of attribute re-
quirements for the whole MOS versus ratings of important, representative
component tasks using two sets of scales with different anchors.

METHOD

hundred fifty-nine NCOs from three NOS (Cannon Crewman: 13B, Light
Wheel Vehicle Mechanic: 63B, and Single Channel Radio Operator: 31C) at two
posts served as StEs.

Procedure
Within DOS and posts, ShEs were assigned in blocks of 12 or less to one

of 4 condition groups. Group I rated the job as a whole, using the origi-
ml, behaviorally-anchored AAS. Group II rated the job as a whole, using
scales with generic anchors (1-very low, 6-.oderats, 7-very high). Groups
III and IV rated the attribute requirements for 15 component tasks of their
NOS. The tasks were those used in the hands-on testing portion of Project
A. Group III used the behaviorally-anchored scales; Group IV, the
generically-anchored ones. SHEs estimated the levels of the 22 attributes
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which are required for "successful performance" of Skill Level I work for
their own MOS. ShEs In the previous research favored this choice of per-
formance criterion. In addition to the written instructions, we provided
SHEa with brief training in how to use the scales to derive ratings.

Analyses
To determine reliability, we calculated ICCs (.L and r ) from Attribute

X Rater AHOVAs by group for each HOS. To compare reliabitlrtics based on
sae ssed groups, we estimated reliability of man ratings based on 6
raters (.E6) using the Spearman-Brown formula. Ve performed an MOS X Attrib-
utes X Anchor (Generic vs. Behavioral) I Criterion (Vhole Job vs. Tasks)
univarlate repeated-measures ANOVA to examine differences In profiles among
MiOS and any effects due to anchor or criterion conditions. The single, high-
est rating assigned to any task within each attribute was used in the ANOVA.

Results
YTe ICCs (ri, r, r_) for the four conditions by MOS are given in Table

1. Overall, estlnts interrater agreement are low. The best Ls are for

Radio Operators across all 4 conditions, yet there still are large be-
setn-subjects variances for el 1OS. Across MOS, no particular condition

yielded higher rEs or Eks than another.

Table 1

Reliability estimates for a single rater, mean of k raters, and
mean of six raters of three NOS by experimental conditions

NOS Anchor Criterion k El !k L6
Type

Cannon Behavioral Task 19 .08 .63 .31.
Crewman Job 12 .22 .77 .63

Generic Task 25 .07 .67 .31
Job 12 .04 .36 .20

Radio Behavioral Task 9 .28 .77 .70
Operator Job 12 .22 .77 .63

Generic Task 12 .17 .71 .55
Job 17 .19 .80 .58

Mechanic Behavioral Task 22 .11 .74 .43
Job 7 .12 .48 .45

Generic Task 6 .07 .32 .32
Job 6 .21 .61 .61

The IOS I Attribute I Anchor I Criterion ANOVA indicated there are sig-
nificant differences in attribute profiles across N0S and that these differ-
ences were affected by the experimental conditions. Although the 4-way
interaction is not significant, two 3-way interactions (Attribute X MOS X
Anchor and Attribute X NO0 X Criterion) and all 2-way interactions involving
attribute are significant with a Geisser-Greenhouse j<.05. That is, mean
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a fuctious of the type of ancbors or the criterion. Collapsing over type of
criterion, generically-anchored scales yielded higher man ratin8g for all
attributes. On the other bond, the affects of criterion condition (job vs.
tasks) were dependent on the type of attribute. For the most part, across
HOS, we found higber mens for evaluations of the whole job for the cogni-
Uve/perceptual attributim, some of the psychmotor attributes, and of the
moncognitive attributes, realistic and investigative interests. The oppo-
site wea true for physical strength, stasina, and the other soncognitive
(temperament) attributes. Figures l(a-c) graphically depict the three 2-way
Interactions.
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Plaure. Comperigon of profiles of attribute means by a NOS, b Criterion
(Job Task), and c Anchor (behavioral vs. Generic).
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DISCUSSION

As with Initial tests of the MAS, the interrater agreement found here is
relatively low. For most purposes, however, we are more Interested in the
reliability of the mean ratings which were moderate for most of the condi-
tions. Use of generically-anchored scales did not improve the reliabilities
as our previous research had suggested, but the behaviorally anchored scales
were no more reliable than the generic anchors. In effect, however, using
behavioral anchors tended to lower mean ratings, perhaps by reducing a "more
means better" tendency toward Inflating estimates of requirements for good
performance. These findings suggest that in similar situations the impact
of using behavioral based anchors my not merit their Increased developmen-
tal effort and cost.

Similarly, to the degree it was tested here, having SMEs rate components
of the job did not increase agreement among raters either. In our analyses
we used only one of the 15 ratings made by SMEs In the task rating condi-
tions. Perhaps we would find better interrater reliability if we focused on
each task individually. The choice of criterion did affect magnitude of
ratings, but not In the same way for all attributes. Differences in means,
as well as lack of agreement among raters, may well have been a function of
the comprehensiveness or representativeness of the tasks. Some S8Es argued
that the specific tasks we used required little or none of some attributes
(especially temperament attributes), but that these attributes are required
for other aspects of the job. A few SHEs Indicated they gave high ratings
on the tasks for this reason, thus ignoring our instructions to rate only
the 15 tasks provided.

Although we were unable to increase reliability by altering the condi-
tions of the administration of the AAS, the data were sufficiently reliable
to yield meaningful results. The key interaction of NtOS and attribute was
statistically significant: We did attain significantly different require-
smets profiles across MOS mean ratings. Also significant were the compari-
sons investigating the effects of anchor type and level of analysis (job
versus task). In other words, while the reliabilities were low, they were
sufticient to provide valuable information. Given this and the other find-
iags, the AAS, while not producing results which advocate Its use for selec-
tion and classification purposes, still may have some potential. For
example, it may be useful for identification of the two-three top
high-driver attributes for an HOS, ot for evaluation of a narrowly defined
task, such as a particular kind of mission. Our debriefings with SMEs lead
us to believe that any future use of the AAS or similar kinds of Instruments
really should involve an Intensive training session. SKEs should be given
thorough explanations, with examples, of what the attributes entail and
helped to see how they relate to various aspects of the job.
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Short Versus Long Term Tenure as a Criterion for Validating Bliodata

Elizabeth P. Smith and Clinton 3. Walker 1

U. S. Army Research Institute for the Behavioral and Social Sciences

This research tests the hypothesis that the traditional criterion for
validating biodate In military research, via. attrition during the first six
months of service versus successful completion of that period, has produced
less effective scoring keys and lover validities then a longer criterion pe-
riod would. This hypothesis to based on wo findings. First, at least half
of attritions in previous research have occured after the first six months of
service (Goodstadt & Tedlin, 1980; Hicks, 1981). Second, only half as many
items in a 60-Item blodate instrument were keyeble at the six-month point as
were at tenures of one to three years in data from 5,941 applicants to the
Army in FY1981 and 1982 (Walker, 1985). If these findings are generally
true, then keying on tenures longer than six months will move many first term
attritions from the successful criterion group to the unsuccessful one, where
they belong, and will produce a larger pool of keyable items. Both of those
results should Improve validity. In the present paper, items from the Army's
Military Applicant Profile (MAP) are keyed on status at the 6-month and then
at the 39 - 45 mouth point, depending on date of entry, and the validities
are compared for those two criterion periods.

Me thod

Instrument

A 240-question research version of the HAP, which is a multiple choice
biodata questionnaire, provided the items. Two forms of the Instrument, with
different sequences of the Items, were used. In content, the questions deal
with self-esteem, motives for enlisting, experiences in school, work experi-
ence, expectations of military life, social habits, experiences in the fam-
ily, athletic activity, and miscellaneous other experiences.

Sample

The sample was 9,416 receptees at all seven Army Reception Stations who
took the instrument in January-June 1982. This number included 7,653 sales,
of which 6,403 were high school graduates and 1,250 were non-graduates or GED
holders. Also in the ample, but examined only for cross-validity, were
1,763 females, all high school graduates.

Criteria

All cases were divided into "stayers" and "leavers" as follows. Stayers
were either an Active Duty at the end of the period being examined or had

Tbe opinions in this paper are the authors' and do not necessarily reflect
views or policy of the Army Research Institute or the Department of the Army.
Richardson, Bellows, Henry, and Company, Inc., under contract to Army Re-
search Institute, developed the items for this work and collected the raw
predictor data and six-month criterion data. Joseph Stephenson created the
dataset with the longer tenures. We gratefully acknowledge his support.
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been discharged for positive reasons (e.g., end of enlistment,transfer into
an officer candidate program) or "no fault" reasons (e.g. medical, hardship).
Leavers were cases who bed been discharged for any causes other than those
above. These latter cases were presumed to have been discharged early for
any of various failures to adapt to Army life. For comparing short and longer
tenures as criteria, the status of the cases was examined first at the end of
the initial six months of service ans then as of 1 October 1985, which was
from 39 to 45 months after accession. Leavers after the first six months
were in the successful group for the first analysis and In the unsuccessful
group for the longer tenure.

Procedure

Empirically derived scoring keys were developed on a 602 sample of all of
the sales. To select Items for keying, ye ran item-level chi square tests on
the frequencies with which the separate response choices were picked by the
criterion groups (stay vs. leave). Items giving p < .05 were retained for
keying. These items wera keyed using a horizontal percentage method (Cascio,
1982; Riegelhaupt & Bonczar, 1985), weighted for differences in sizes of the
criterion groups. These weighted percentages of stayers were then rounded
and converted to single digit weights ranging from -1 to +3. The conversion
rule vas as follows: up to 24% stayers - -1; 25 to 34% - 0; 35 to 44% - 1;
45 to 541 - 2; >54% - 3. Under this rule for assigning weights, some Items

were weighted more heavily than others by having a wider range of possible
scores.

Item scores for each case were summed and tested for differences between
criterion groups. Then, point bieerials were calculated on the relation be-
ween total scores and the dichotomous stay-leave criterion. After finding

validities on the development sample, we computed validities on the independ-
ent holdout sample of all males, on two random samples of the females 60% and
402), and on similar splits of the two male groups (graduates and on-gradu-
ates) which were subsets of the larger development and holdout groups. These
procedures were followed first for the short criterion period maximum service
of six months) and then, on the same cases, for the longer criterion period.

As a check on whether the same items would be effective for predicting
success over both short and long criterion periods, we divided items into
those which were unique to each key (i.e., two sets) and those that were com-
mon to both keys. Total keyed scores for each set ware then validated. We
also ran a second kind of cross-validation to find how well each key works in
predicting the the length of service on which it was not developed. That is,
we calculated validities for the long-tenure key on the short criterion pe-
riod and for the short-tenure key on the long criterion period.

Results

Table I shows bow many Items were keyable at both tenures and bow many
were uniquely keyable at only one. Validities for these sets of Items and for
the total set that was keyable for each condition (unique plus common) are
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Table 1
Validities for sales of sets of items that vere keyable at only the short
tenure, only the lon& tenure, and at both

Tenure at Which Items Vere Keyed

Items (a)

Short Long

Criterion Total Unique Common To tal Unique Common
(145) (23) (122) (181) (59) (122)

Short
Development sample .25 .17 .24 .18 .10 .21
Holdout sample .19 .14 .19 .18 .11 .19

Long
Development sample .22 .09 .23 .31 .27 .30
Holdout sample .18 .11 .18 .26 .25 .24

Note. The critical value for a difference between two independent correla-
tion coefficients, one for the development, sample (n - 4,594) and one for the
holdout sample (n - 3,059), is .046 (z < .05, two-tailed).

Table 2
Validities by sample and by tenures for keying and for validating; rates
of Success

Tenure on Which the Items Were Keyed

Short (145 Items) Long (181 Items)

Criterion length: 2 Criterion leng th: %

Group N Short Long Stay Short Long Stay

All Hales
Development 4,594 .25 .22 .87 .18 .31 .75
Holdout 3,059 .19 .18 .86 .18 .26 .75

Fmoles
Sample 1 1,077 .14 .11 .80 .14 .15 .77
Sample 2 686 .19 .15 .79 .16 .16 .76

Non-graduate males
Sample 1 743 .20 .12 .79 .13 .19 .56
Sample 2 507 .20 .11 .80 .12 .19 .58

Graduate males
Sample 1 3,888 .22 .20 .88 .17 .27 .79
Sample 2 2,515 .21 .20 .88 .16 .25 .79
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also given. Validities and cross-validities at both the tenure for keying
and the other tenure are given In Tables I and 2. Table 2 gives validities
and success rates for various groups of cases: all males, females, graduate
males, and non-graduate males.

Table 3
Descriptive statistics on development and holdout samples as a function of
the tenure for keying items and the criterion for validating total scores

Tenure on Which the Items Were Keyed

Short Long

Criterion N a ad ta a ad ta

Short
Development ample
Stayers 3,993 252.5 15.6 14.01 3,993 257.3 20.3 11.27
Leavers 601 260.2 20.6 601 245.9 23.6

Holdout sample
Stayers 2,629 252.3 15.5 9.43 2,629 256.9 19.9 9.77
Leavers 430 243.1 19.2 430 246.7 21.3

Long
Development sample
Stayers 3,457 253.0 15.5 14.02 3,457 259.6 19.4 20.64
Leavers 1,137 244.3 18.9 1,137 244.5 21.9

Holdout sample
Stayers 2,306 252.7 15.4 9.55 2,306 258.5 19.5 14.88
Leavers 753 245.7 18.1 753 246.2 20.1

a _ .0001

Table 3 gives mean total scores and standard deviations for stayers and
leavers In the development and cross-validation samples and results of
t-tests on their means. These results are given for the cases where Items
were keyed and validated on the eame end on different time periods.

Discussion

In five different respects, these date support the hypotbesia that
tenures longer than the traditional six months are better for keying and
validating biodate. First, a full 461 of attrition in this sample occurred
after the six-month point. Thus, a key developed at that point is degraded
by the presence of almost half of the leavers In the successful criterion
group. Second, while over half of the valid items are keyeble at both the
short and long tenures, more than twice as many are uniquely keyable at the
longer one (59 vs 23). Thus a longer Instrument results from extending the
period for keying.
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Third, validity and cross-validity are higher when Items are keyed and
validated on the longer period. It is true that congruence in the tenures
for keying and validating (i.e., either Short key with Short criterion or
Long key with Long Criterion) produce the highest sets of validities here;
but still the original validity In the Short-Sbort condition (.25) does not
exceed the cross-validity in the Long-Long condition (.26). Similarly, the
Long key for the common items has as high a cross-validity for the Short
criterion as does the Short key for any set of items, while it has a higher
validity at the Long criterion than any set of Items with the Short key does.

Fourth, shrinkage of cross-validities Is less for item sets that are
keyed at the long tenure. In Table I the median shrinkage for Short keys is
.045 while for Long keys it is .02. Finally, the largest mean differences in
total score, both In terms of keyed points and in t-value are for keying and
validating at the longer tenure (Table 3).

The data in Table 1 support one other optimistic conclusion. Although
the sets of unique items have fairly low validities for the criterion on
which they ware not keyable, the 59 Items which were significant at only the
long tenure have a good validity and cross-validity for the longer criterion.
Among the highest validities in that table are those that come from this set
of about one-third of the Items that are useful over that longer period. This
finding implies that there my he enough valid items to produce several test
forms of satisfactory validity. Among other thIngs, the issue of bow to as-
sign Items to forms needs to be addressed.

A second topic for further research is that of possible differences in
early and late leavers. If found, any such differences might help to explain
differences between leavers and stayers. A comparison of the content of the
two unique sets of items may yield some hypotheses on this issue.

Although these results confirm the statistical superiority of keying and
validating on longer tenures, that practice has a cost: that of delaying in-
plementation of the instrument while the criterion matures. One question for
further research is bow to balance the benefits of high validity with those
of early implementability so as to maximize the net benefit.

The results for females and for non-graduate sales are not as positive as
for men overall. Whether a good unisex scoring key could be developed re-
mains to be seen. From the the percents of stayers in Table 2, attrition
seems to be a somewhat different process in sales and females: unlike males,
attrition, almost all of females' occurs In the first six months.

Even though the samples of females and non-graduate sales are large in
absolute numbers, they my not be large enough in these data to produce sta-
ble performance in a biodate instrument. Two aspects of the military re-
search setting make results from validations of non-coguitive predictors
relatively unstable. First, attrition is managed, and policy on acceptable
levels thereof varies over the years. Thus the criterion is driven by at
least one force that is not tightly connected with the characteristics of the
examinee*. Second, the characteristics of the applicant and accession pools
also change over the years. For example, a decade ago about half of acces-
sions were non-graduate males; now the rate Is around 101. These facts make
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it important to use large, stable maples for developing keys.

Previous attempts to evaluate the valid.ty of MAP In the operational set-
ting have found validities to be such lower than In the research setting
(Walker, 1984). Unlike the present research, past work In developing scoring
keys has not cross-validated them. The robust cross-validities for the
long-long condition bare give reason to believe that the keys developed here
would retain a good level of validity if put into operation. Even with that
assumption, further research on the rates of accurate and inaccurate selec-
tion decisions to be expected should be carried out to see whether the In-
strument Is likely to be cost-effective.
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ASVAB VALIDITIES USING IMPROVED JOB PERFORMANCE MEASURES

Lauress L Wise, Jeffrey J. McHenry - American Institutes for Research
*Paul G. Rossmeissl - US. Army Research Institute

**Scott H. Oppler - American Institutes for Research

Project A job performance measures are unique in their combination of depth
(work samples, ratings, knowledge tests, and administrative measures) and breadth
(19 very diverse jobs). This paper examines the validity of the Army's ASVAB
Aptitude Area (AA) Composites for predicting job performance as assessed by these
new measures. Project A performance measures have been organized into five
constructs (Wise, Campbell, McHenry, Hanser, 1986). Four of these constructs
(General Soldiering Proficiency, Effort and Leadership, Personal Discipline, and
Physical Fitness and Military Bearing) are the same for each Military Occupational
Specialty (MOS). Armed Forces Qualifying Test (AFQT) scores and other selection
criteria (e.g. high school graduation, moral and physical requirements) are
designed to predict performance on these common constructs. The fifth construct,
Core Technical Proficiency (CTP), covers aspects of job performance unique to each
MOS. AA scores, used as job specific selection criteria, are appropriately
validated against this construct.

In addition to evaluating current AA composites, we identified specific
alternative composites. We did not identify alternative composites for every MOS,
since we had data for only 19 of the more than 250 entry-level MOS. Instead, we
identified alternative composites for each cluster of jobs that currently use the
same AA composite. In this paper, we only considered redefining the existing
composites. We did not consider changing the assignment of MOS to specific
composites.

Methods

Current forms of the ASVAB generate nine subtest scores: General Science
(GS), Arithmetic Reasoning (AR), Verbal (VE combining Work Knowledge and Paragraph
Comprehension), Coding Speed (CS), Numerical Operations (NO), Auto/Shop Information
(AS), Mathematics Knowledge (MK), Mechanical Comprehension (MC), and Electronics
Information (El). AA composites are defined as unweighted sums of four or fewer of
the standardized subtest scores. There are 255 such possible composites (126 using
four subtests, 84 using three, 36 using two, and 9 using a single subtest). We
evaluated all of them.

Project A Concurrent Validation (CV) data were used in evaluating the current
composites. The CV data included the new job performance measures applied to over
9,000 soldiers in 19 different MOS. Table I shows CV sample sizes by MOS and race
and gender and also the ASVAB subtest and the CTP criterion means and standard
deviations.

This research was funded by the U.S. Army Research Institute for the Behavioral and
Social Sciences, Contract Number MDA903-82-C-0531. Statements expressed in this
paper are those of the authors and do not necessarily reflect the official opinions
or policies of the US. Army Research Institute or the Department of the Army.
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Four separate criteria were used in evaluating current and alternative
composites: (1) predictive validity. (2) fairness to Blacks and females, (3)
classification efficiency, and (4) face validity. Each is described briefly before
proceeding to a discussion of the results.

Predictive Validity. The correlation of each composite with the CTP score was
adjusted for restriction of range due to explicit selection. A multivariate
correction due to Lawley (Lord & Novick, 1968, p. 146) was used with each of the
ASVAB subtests treated as a separate selection variable. The result was used as
the measure of predictive validity. No adjustment was made for "shrinkage" in
cross-validation since separate regression coefficients were not estimated. For
evaluation of the current composites, this is entirely appropriate. Because we did
pick among a large number of alternative composites on the basis of the data at
hand, some shrinkage should be expected for the alternatives that appear most
extreme. Conventional shrinkage formulas do not handle this situation, so our best
approach is to be somewhat conservative in adopting new alternatives to the
existing composites.

Fairness to Blacks and Females. Separate regression equations were computed
by race and gender where there were at least 50 examinees. Both slope and
intercept differences were identified. A single overall measure of the difference
in the separate equations was defined in terms of the expected criterion difference
for an AA score of 100 (the estimated 1980 norm population mean.) Since selection
cutoffs varied between 85 and 110 for the MOS in question, a score of 100 was
selected as being in the heart of the ,ritical region for evaluating the selection
fairness of alternative composites. Differences in the prediction equations at
points significantly below or above this value would have little impact on
determination of applicant qualification. The difference in predicted values was
converted to a I score by dividing by the standard error of the estimate of the
difference (Pothoff, 1964).

Classification Efficienc. The Brogden index, defined as the square root of
the average validity times the square root of one minus the average of the
intercorrelations among the composites was used as a measure of classification
efficiency. This statistic is an indicator of the accuracy of predictions of
differences in an individual's expected performance across jobs.

Face Validjy. The final evaluation factor was face validity. Face validity
is not easily quantifiable, but is more appropriately used as a check of the
"reasonableness" of the results. It is our attempt to check purely empirical
results against some conception of theory. We would be uncomfortable, for example,
with results indicating that AS is an important predictor for clerical jobs, but
quite comfortable with AS as an important predictor for vehicle mechanics.

Results

Table 2 shows validities, Brogden indices (Clss. Eff.), and, where
appropriate, race and gender I statistics for each contending AA composites.
Separate statistics are shown for each applicable MOS and unweighted averages of
the validities and I statistics are shown for the cluster as a whole. Each row of
statistics corresponds to a different composites. The first row gives statistics
for the current composite. Rows with data on alternative composites are labelled
Al through A9. Data are also shown for the CL and SC composites replaced in 1984
after our prior analyses (McLaughlin, Rossmeissl, Wise. Brandt. & Wang. 1984) with
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the previous composites labelled PR. Where some other of the current composites
has a higher average validity than the operational composite the duster, data are
shown in rows that are labelled according to the other composite. The results
presented in Table 2 are discussed separately for each of the current AA
composites.

Cleil.(CL. The current CL composite has a higher average validity than
any alternative. It does, however, underpredict female performance in the two
clerical specialties where separate predictions were generated. The addition of
either NO or CS significantly reduces the underprediction for females without
significantly reducing validity. Adding NO reduces underprediction the most, while
adding CS has the greatest face validity and results in slightly greater
classification efficiency. A slightly different pattern was found for 76W. The
addition of AS increases validity for predicting 76W performance, while decreasing
validity for predicting 71L and 76Y performances. Notwithstanding these
differences, the current and primary alternative CL composites predict performance
in all three clerical MOS quite well.

Cmbat (C). The current CO has high validity each of the MOS examined. Some
gain in validity would be realized by substituting GS for CS and, perhaps, also
swapping MK for AR. The inclusion of GS would improve prediction in all three MOS.
The greater contribution of GS also is rational in light of increasing technical
sophistication in the systems used in combat specialties. Adding GS would also
reduce the small degree of overprediction of the performance of Blacks.

E.e! onic (EL) The current EL composite does quite well for the one EL
specialty examined. Substitution of NO for one or both of the quantitative
subtests would increase both predictive validity and classification efficiency, but
not to any practical extent.

Field Artillery (FA). Neither the current FA nor any alternative appears to
have a very high validity for predicting 13B performance. Consideration of
alternative composites is motivated by the fact that several other current
composites have higher validities for predicting 13B performance than the current
FA composite. Substitution of NO and AS for CS and MK would yield the most
significant gains. Such substitution also significantly reduces overprediction for
Blacks.

General Maintenance (GM. Very high validities were found for the current GM
composite for both 51B and 55B. Very slight gains might result from substituting
VE for El or from simply dropping EI, but these gains would be offset by small
increases in overprediction of Blacks' performance and slightly lower
classification efficiency estimates.

Mechanical Maintenance (MM). High validities were found for the current MM
composite in predicting both 63B and 67N performance. Small gains in the
prediction of 63B performance and increased classification efficiency would result
from dropping the NO subtest.

Oerators/Food (OF). The OF results closely parallel the CL results. Female
performance is significantly underpredicted for 94B. Another specialty, 64C. shows
a somewhat different pattern of validities, with AS again (and not surprisingly)
adding significantly to the predictive validity of this one specialty. In fact,
the same composites appear optimal for both the CL and OF MOS - AR+VE*MK+NO for
16S and 94B (as for 71L and 76Y) and AR*VE÷MK÷AS for 64C (as for 76W).
Substituting AR and MK for AS and MC would significantly reduce underprediction of
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female performance for 94B while increasing overall validity.

Surveillance and Communication (SC'. A high predictive validity was found for
the current SC composite. Some gain in validity, along with a slight increase in
classification efficiency, would result if MC were replaced by NO. This would lead
to a small increase in the underprediction of performance for Blacks. If MK were
also substituted for AR, the same gains in validity and dassification efficiency
could be obtained along with a deease in underprediction of Blacks' performance.

Skilled Technical (ST). The current ST is a true Army composite - it il all
that it can be. It has a higher average validity than any possible alternative,
and it shows no significant differences in the prediction of performance for Blacks
and females.

Summary

The Army's existing AA composites were found to have very high validity for
predicting job-specific performance as assessed with the Project A measures. A few
changes to the existing AA composites to improve validity or reduce gender
differences were identified for further consideration. Specific recommendations
are:

CL Add NO to reduce gender differences.
CO: Replace OS with CS to increase validity/reduce race differences.
FA: Replace CS and MK with NO and AS to increase validity.
MM: Drop NO to increase validity.
OF: Replace NO and MC with AR and MK to increase validity.

Reassign 94B (and similar MOS) to CL to reduce gender differences.
SCQ Replace AR and MC with MK and NO to increase validitiy and reduce

race differences.

Recommendations for further analyses include: (1) investigation of
criterion factors associated with low ASVAB correlations for the 13B
measures and significant gender differences for 71L and 94B and (2)
evaluation of alternative assignment of MOS to composites, particularly
for the CL and OF composites.
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Table 1. Descriptive Statistics

MEAN STNDAD DEVIATION
msco mmo .1 m -T a A.. n -2 -a -s . -m .A 5 -a. _.• . T m ff, aE im 95 is U

11B: INFANTR 00 ALL 491 514 529 539 519 525 515 557 515 551 533 80 80 73 63 64 65 76 78 75 73
123: COMAT ,MG CO ALL 54459 506 527 496 510 499 555 502 539 522 96 86 70 71 66 60 81 77 83 76

ULACK 108 453 43 4 440 495 489 479 460 47 473 7 66 47 58 65 4 62 47 58 57
WHITE 385 529533 542 519 514 501 584 515"559 539 94 77 70 62 6661 65 80 81 73

133: CANNON CEW FA ALL 46 510 487 519 488 516 497 514 495 509 502 S 8769 70 61 65 91 66 83 78
SLACK 168 485 438 491 456 516 493 458 478 46 467 84 76 60 68 59 68 71 55 70 67
WHITE 250 528 528 54 518 518 501 563 507 546 533 82 73 65 57 61 63 74 71 7469

16S: MANPAD CREW OF ALL 338 516 509 519 505 527 498 548 495 531 527 94 81 79 66 64 76 81 77 84 76
BLACK 89 494 49 469 460 50 489 48146 477 484 78 77 57 52 60 75 6755 6760
WHITE 232 524 534 541 524 522 500 578 510 553 546 99 71 77 62 65 76 69 81 79 74

19E: AMOR CREW 00 ALL 394 514 527 536 513 515 506 567 515 549 535 75 84 73 69 66 67 79 77 78 80
BLACK 71 469 459 497465 499 483 497 477 488 474 69775664656766636363
WHITE 297 524 58 547 530 517511 58852 56 533 75 75 74 60 65 66 70 76 73 76

27E: TOW/ORG REP EL ALL 123505S40 552 524 518504 561 532 548 560 101 6662 586968 75 69 72 70
31C: RADIO/TTY SC ALL 289 508 51854) 521 554 547 547 521 527 514 85 76 72 59 54 60 80 79 86 79

BLACK 74 88 461 494 494 56 557 4984693 479 482 696871 60 4 66 70 63 7764
WHITE 204 513 538555 532 550 542 565 529543 525 9 68 66 56 56 56 77 82 84 82

513: dtPNT/MSNY G ALL 69513 508 510 497 505 481 555 491 536 533 101 72 72 60 7066 70 67 7664
54E: NPC SPEC ST ALL 340 507 540 543 529 517 503 S3 5335543 531 99 71 73 57 70 69 82 74 72 76

SLACK 84 466 505 516 515 5084 4085 516 500 493 986669 55 70 72 63 64 55 68
WHITE 223 522 558 554 541 520 511 571 538 562 549 95 64 74 52 71 67 74 76 70 71

558: AIMO SPEC ON ALL 203 507 497 495 475 491 476 526481 490 523 97 64 65 62 646 69 60 7657
RACK 75 472 477 469 458492 475 486 470 451 516 99 48 56 53 61 69 52 43 56 "
WITE 112 531 513 513 486491 475 556 486 519 527 89 69 63 65 670667 78364

638: vHCLE ECH m ALL 478 513 506 528 496 520 509 579 501 543536 76 73 71 62 63 59 78 69 79 65
BLACK 78 464 445 78 456 520 491 510 476 479 503 72 64 59 64 61 63 70 5S4 7 52
WHITE 374 526 522 541 507 519 513 598 508 559 546 70 72 69 57 63 5969 71 75 66"64C: MOTOR TRANS OF ALL 507 510 486 498 481 513 499 548 483 522 509 72 75 766365 67 75 68 7671
SLACK 121 487 44 456 450 523 492 496 456 471 471 73 65 60 54 61 69 70 54 65 74
WHITE 358 520 502 513 493 508 501 568493541 523 66 71 77 62 66 65 6869 72 66
FEMALE 52 495 45 503 520 554 559 464 490 480 454 71 73 78 55 65 67 65 61 72 54
PALE 455 512 486 498 477 509492 558 40 526 515 72 75 76 63 63 64 70 69 75 70

67m: HELCPTR REP MM ALL 238 510 567 567 56 550 531 613 550 601 582 93 60 59 47 53 63 54 67 54 57
71L: ADMIN CLERK CL ALL 427 506 493 528 514 562 552 476 515 484 481 8782 72 594961 79 75 7969

BLACK 159 491 46 499 495563 535 44 498 454 464 81 74 65 5945 63 61 69 71 55
WHITE 235 516 518 54 531 560 560 502 528 505 494 89 79 70 51 52 58 84 75 79 74
FEMALE 237 524 486 519 522 566 561 47 508 461 465 72 73 67 49 50 63 64 66 68 52
MALE 190 483 502 539 505 558 540 514 524 512 501 98 91 76 68 48 57 82 84 83 82

76W: PETRO SPPLY CL ALL 339 519 479 511 494 536 512 5084 91 500 498 95 90 74 69 54 65 99 72 91 81
ILACK 139 476 430 472 463 539 500 447 461 44 461 88736365526473606667
WHITE 174 551 521 539 522 535 518 560 514548 530 88 85 69 60 55 64 90 73 84 78

76y: LEIT SUPPLY CL ALL 444 516 489 518 500 550 531 496 507 496 496 93 85 74 67 51 58 86 75 84 78
SLACK 169 487 442 479 473 553 518 455 473 453 463 90 69 62 60 46 54 71 60 65 63
WNITE 231 536 528 547 524 547 538 532 530 530 524 93 76 71 60 56 61 03 78 83 73
FEMALE 75 519 463 501 492 569 551 429 494 448 53 84 73 62 594861 57 71 72 62
MALE 369 516 494 522 501 546 527 510 509 506 504 95 87 76 68 51 57 84 76 a3 78

91A: IMDIC SPEC ST ALL 392 514 547544 540 525 520 528 530 543 524 79 62 64 46 69 70 82 71 70 68
SLACK 91 486 519 512 521 519 508 486 511 495 96 72 50 5842 74 62 70 65 54 58
WHITE 260 52 562 555 550 527 524 548 538 560 534 80 61 64 2 68 71 80 72 68 70
FEMALE 116 513.532 545 542 550 549 65 543 504 475 81 59 59 48 58 65 66 66 64 52
MALE 276 515 554 544 539 514 508 555 525 559 544 79 63 66 46 71 68 73 72 67 63

948: FOOD SERVCE OF ALL 368 526 496 515 503 533 510 516 49510 503 90 80 77 63 63 69 82 72 76 75
SLACK 124 493 "9 466 471 534 501 469 463 64 471 77 70 58 56 60 72 63 51 56 66
WHITE 222 546 524 543 524 532 517 56 515 536 524 94 74 73 58 66 66 79 73 75 74
FEMALE 78 553 474 499 513 562 546 448 489 467 446 79 80 65 53 57 82 6 64 59
MALE 290 519 502 519 501 526 501 534 497 522 518 92 79 80 65 63 62 77 74 75 72

959: NIL POLICE ST ALL 597 504 562 554 542 530 519 573 537 571 550 74 53 60 42 62 62 68 61 58 62
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Table 2. Validity, Cultural Fairness, and Classification Efficiency
Indicators for Current and Other ASVAB Composites

Curuait/Ofthu Avg. Avg .1Avg .C QSs I by t by S1bV 1 Ibyby t tv
C ~itf Dui IdJ £± YA m L M wa IM 1 * Ua !i m -Mha

CL*- CLERCLg L: AniN SC 76w- PETw) SPPLY 76Y: UNIT SUJPPLY
CL: ARt#VE.4 .661 -2.2 16.1 .231 .64 .6 20.4 .67 -5.8 .67 -1.4 11.8
Pit: V.EOKCS .578 -5.7 3.1 .248 .59 -. 2 5.6 .55 -12.8 .60 -4.3 .5
Al: AR+E1#NO* .656 -3.1 6.7 .232 .65 .4 10.6 .65 -7.8 .67 -2.0 2.9
A2: AR+VE+C$Sf4 .656 -2.2 8.1 .233 .65 1.6 11.4 .65 -7.0 .67 -1.1 4.9
A3: AA4VE.AS.N .655 -. 5 22.2 .222 .60 1.0 32.2 .70 -2.0 .67 -. 4 12.3

CO: CMAT 113: INFANTRYMAN 12B: COAT ENG 19E: i A CRE
CO: AS+CS+AS.$,C .617 -3.2 .231 .66 - .64 -3.5 .55 -3.0
Al: GS.AS4.NK.$I .648 -1.9 .229 .67 - .67 -2.9 .60 -1.0
ON: GS+ASIOK+EI .641 -2.5 . .230 .67 .67 -3.5 .58 -1.5
AZ: GS#W#AS .643 -2.4 .230 .67 .67 -3.3 .59 -1.4

EL: ELECTMM 2E*TOIIC E
EL: 654ARWIKeEl .779 - .231 .78
Al: GS04 1 .791 - .235 .79
A2: 6s•,061.l .791 . .232 .79

FA: FIELD ARTILLERY 1N: AhNO CEW
FA: At4,CS.44CM .341 -8.4 . .231 .34
Al: GSiNO+As+oC .383 -3.1 .227 .38 -
A2: AR*ND#AShM .381 -3.8 . .227 .38 -

UM: GENERAL MAINTENANCE 51B: CR T/MRY 55B: 0WEC
UN: G6+AS*Wl÷EI .785 -5.0 - .231 .81 .76 -5.0
Al: GS+VEI•AS+M .796 -6.3 . .229 .84 .75 -6.3
A2: GS•AS•* .791 -6.4 . .230 .84 .74 -6.4
A3: GSUARVE.AS .789 -4.5 . .228 .82 .76 -4.5 -
A1: GS+CS*ASS* .789 -10.0 . .229 .86 .72 -10.0

1W1: MECHANICAL MAINTENANE 638: VENCLE I= 67N: . ELCPTIR R•P
M: NO*ASC.4K .729 -4.7 . .231 .66 -4.7 .80
Al: ASfCKEI .745 -4.5 . .240 .69 -4.5 - .80
A2: GS*•AS44CEI .742 -4.4 - .233 .68 -4.4 .81
A3: AS+• 4M"•C•I .739 -5.6 - .229 .67 -5.6 .81
"*4: AR.N•C€ASS. .739 -4.3 . .230 .67 -4.3 .81
AS: GSAS•WC .738 -3.9 . .234 .67 -3.9 .81
A6: AS*OC .733 -3.5 . .2" .68 -3.5 .79

OF: OP!RATORS/FO0 16S: ,ANPAD COE 64Q OTR TANS 948: FOL) SEI
OF: VE**O•*sNC .538 -1.0 8.4 .231 .44 .9 .52 -1.4 -4.6 .65 -2.5 21.3
Al: A*RVE+A$*6 .571 .8 9.0 .228 .51 3.0 .53 -. 5 -14.1 .68 -. 2 32.1
A2: GS+AR•t+A, .568 .5 10.7 .228 .50 2.9 .54 -. 1 -4.8 .67 -1.5 26.2
A3: t*1AS4W .567 -. 2 12.3 .230 .49 2.1 .54 -1.1 -2.3 .66 -1.4 26.9"*4: 6rAR4Wi .561 -1.1 10.0 .232 .52 2.2 .49 -3.6 -15.5 .68 -1.9 35.5
AS: GSU*ARVE*.4 .561 -. 8 13.3 .231 .52 2.7 .48 -3.7 -17.6 .69 -1.5 44.1
A6: AR+VEW .558 -1.4 13.2 .228 .52 2.0 ."6 -5.2 -19.0 .69 -1.2 45.4
A7: AEtWVE'IW .566 -. 4 6.4 .234 .50 1.7 - .51 -2.4 -24.7 .69 -. 6 37.6
AS: A*O4W*.6O. .548 -4.8 -1.8 .236 .51 -. 1 - .14 -10.8 -16.5 .70 -3.4 13.0
A9: AR+4.C$I .546 -3.2 2.3 .236 .51 .2 .44 -6.9 -14.7 .70 -2.9 19.3
EL: 0S'A*tIW+IE .558 -. 8 9.4 .225 .50 2.1 .51 -2.0 -7.1 .66 -2.6 25.8
ST: =w4w4•911.C .557 .6 7.1 .228 .50 -1.4 .51 1.9 -16.9 .66 -3.0 31.1
FA: ARM4CSWfI[ .555 -2.9 6.3 .230 .49 -. 7 .49 -5.1 -22.6 .69 -3.0 35.3

SC: LMILLAClE I CUMUICATION 31Ce RM IOTY ja
SC: A1W4AS.I$C .693 1.9 . .231 .69 1.9
PtR: VYE•K43CA$ .701 .5 - .232 .70 .5
Al: AlWVE•4 As .M29 2.4 .233 .73 2.4
A2: VE*.NOD*AS .729 .9 . .233 .73 .9
A3: AIIEVE"460.E! .728 1.2 . .234 .73 1.2
4: ,S.AR*NO.EI .727 2.0 . .232 .73 2.0

ST! SKILLED TECHNICAL 54E: K SPEC 91A: MEIC SPEC 958: MIL POLICE
ST: GSVE*WNK. .683 -1.5 .1 .231 .69 -1.6 .73 -1.3 .1 .63
Al: GS#CS÷AS+lK .679 -1.1 .5 .231 .67 -1.5 .75 -1.5 .5 .62
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This is a working paper preoared for a conference on performnarce
measurer-ent sponsored by the Committee on the Performance of Military
Personnel of the National Research Council. It reports some of the initial
selection test validation data collected by the Army's Selection and
Classification Project (Project A). These data $hould still be viewed as
preliminary and should not be cited, quoted, or distribujted.

After briefly summarizing the objectives of the project, the basic datu
collection design, and the steps used in the development of the new selection
tests and criterion measures, the intitial validity results from the
concurrent sample will be presented.

14 uch of the background information that outlines the objectives, sar:'e
characteristics, selection test development, and oerformance measjre
develcooent is taken from a 1986 APA paper (Campbell, 19e6) that gave an
overview of the entire project. Most of the results that are presented were
generated by analyses done since that time.

Overall ProJect A Objectives

Project A is directed at multiple operational and research objectives.
The major ones are shown in Table 1.

The current Army selection/classification system for enlisted personnel
screens 300 to 400 thousand people each year, selects 123-143 thousand of
them, and assigns each individual to one of approximately 275 entry level
positions. The primary selection instrument is the Armed Services Vocational
Aptitude Battery (ASVAB) which currently has ten subtests and composites of
subtests developed for different categories of occupational specialties.
Cutting scores have been established for each job, or Military Occupational
Speciality (?4OS), and if the individual is above the cutting score on the
appropriate ASVAB composite, assignments are made on the basis of Army needs,
training space availability, and individual preferences. A system of bonuses
is currently in use to influence individual preferences in the direction of
Army needs.

The mandate of Project A is to develop an experimental battery of new
selection/classification instruments, validate them against appropriate
measures of job performance, assess their collective differential validity
for making classification decisions, and provide the information necessary
for conducting "what if" games with differential weights for job assignments,
changes in cutting scores, quotas, etc. The latter activity would be carried
out in conjunction with the assignment algorithms developed by Project B.

In the course of trying to meet this mandate, Project A has taken a
broad approach. For example, we have tried to provide a systematic
description, in a taxonomic sense, of the universe of information that is
potentially useful for making predictions of future job performance and to
develop a model of its latent structure. Similarly the Project has tried to
develop a general latent structure model of job performance for entry level
skilled jobs, at least as they are represented by the population of jobs
performed by enlisted personnel in the U. S. Army.
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Table 1

Army Selection and Classification Project

?oer~tional Objectives

2) Develop new measures of job performance that can be used as criteria
against which to validate selection/classification measures.

2) 'ili~ate existing selection measures against both existing and project-
:eveicped criteria.

3) 'evelco and validate new selection and classification measures.

4) Oevelop a utility scale for different performance levels across MOS.

5) Zstimate the relative effectiveness of alternative selection and
classification procedures in terms of their validity and utility.

Resea-,: Objectives

1) :dentify the constructs that constitute the universe of information
available for selection/classification into entry level skilled jobs.

2) Develop a general model of performance for entry level skilled jobs.

3) Investigate the construct validity of the "method" variance in Job
performance measures.

4) Describe the utility functions and the utility metrics that individuals
actually use when estimating "utility of performance".

5) Estimate the degree of differential prediction across (a) major domains
of predictor information (e.g., abilities, personality, interests), (b)
major factors of job performance, and (c) different types of jobs.

6) Determine the extent of differential prediction across racial and gender
groups for a systematic sample of individual differences, performance
factors, and jobs.

7) Develop new statistical estimators of classification efficiency.

133



tf tle latent structure of jDo -er'ormance and the taxonomic structijre
of selecticn/clissification prediction information is modeled, and measures
are developed to assess the major constructs using samples of soldiers from a
representative sample of jobs from a large population of Jobs, then a nunb.ýr
of interesting iuestions can be examined systematically. For axari;le, to
what extent is cifferential preciction possible across major cormonents of
performance? To what extent is there differential prediction across the
majop cornoonents of the predictor universe? To what extent does validity
generalization across jobs cezend joon the performance component being
assesse:? F- 3vy differental orediction across race and gender grouos,
wnat is the s:u-ce of suc" cief-eraniial regressions in ter-s if 'redic:t-
:c'e-,: e-f:-nanze com;cnent Cz:iinations? What hapPens to the overall
-e:rssi:n p-:tire wnen those ccrnoonents are omitted?

Basic Project Design

The basic design of Project A shown in Figure 1 is simply that of a very
larce test valiaation study that incorporates several independent data
collections.

There are four major data files. The first consists of the available
corncuter records for people who Joined the Army in 1981 and 1982. The basic
cata are the ASVAR, the available training school grades, and the Skills
Gualification Test (SQT), which is a paper-and-pencil measure of current job
knowledge constructed, administered, and scored by the individual's unit
ca,-and. Complete data were availaole on at least 100 people for 93 of the
275 mOS.

The three waves of new data collected by the project consist of (1) a
longitudinal sample called the preliminary battery sample which is composed
of approximately 2,000 recruits in each of 4 MOS, (2) a major concurrent
validation sample composed of 400-600 incumbents in each of 19 MOS, and (3)
an even larger longitudinal validation sample composed of over 40,000
recruits taken from 21 MIOS. Besides providing different kinds of validity
information, the three samples were intended to provide the opportunity for
multiple revisions of the new predictor battery. The preliminary battery
sample was assessed with a four-hour battery of carefully selected
off-the-shelf tests to provide a set of marker variables for the project-
developed tests. Approximately one-fifth of this sample became a part of the
concurrent validation sample, which was the first time the full array of
project-developed tests and performance measures were administered together.
Each job incumbent in the concurrent validation sample was assessed eight
hours each day for two days. The longitudinal validation builds upon the
concurrent findings and is designed to yield a sample of 400-600 per MOS
after the decay rates for the MOS cohorts have their effect. To produce a
sample of 10,000 incumbents at the time of job performance assessment,
approximately 45,000 new recruits are being tested on the predictor battery.

The reenlistees from both the concurrent sample (83/84 cohort) and from
the longitudinal sample (86/87 cohort) will be followed into their second
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tour and assessed with arotner array of joo pe-'ýr-ar:" neAsj-es. Crir: t-e
second tour the job tasks require a higher level of s0i11 anj tne
supervisor/leadershio component becomes muCh more prominent.

Predictor Development

The standard operating procedure for predictor deveiooment in personrei
selection research is to do a job analysis first. On the basis of a ion
analysis, the knowledges, skills, and abilities (KSA) recuired for sLccess"'Jl
performar:e are inferred, and an additional judgment is then ,ade aote:jt wni:1
KQA a-e trainaole and wnlchi must he selected for. 4e 3idn't precise'y 4o
,hat in Projec, A.

Instead, the strategy was to identify a universe o" pote-t:al ore:ic:tr
constructs acoropriate for the population of enlisted 40S, samole
representatively from it, construct tests for each construct sampled, and
refine and imvrove the measures through a long series of pilot and field
tests. The intent was to develop a predictor battery that was maximally
useful for an entire population of jobs and not to tailor-make them for the
specific jobs in the sample. The loss in specific prediction accuracy for
the jobs in the sample (if any) should be compensated for by the gain in
coverage for all other jobs in the population.

The long process of predictor development is represented in Figure 2.

It began with an exhaustive search of the entire personnel selection
literature. Research teams were created for cognitive abilities, perceptual
and psychomotor abilities, and non-cognitive characteristics such as
temperament, interest, and biographical history. Every available automated
and manual technique was used in the search and an initial list of several
hundred variables was compiled. The list went through several waves of
expert reviews and eventually came down to a list of 53 potentially useful
predictor constructs. They are listed in Table 2.

A similar, but different, procedure was used to identify a population of
performance factors - 72 in all. We then assembled a sample of 35 personnel
selection experts and asked them to estimate the correlation between each
predictor construct and each criterion factor, when that correlation was
corrected for restriction of range and criterion unreliability. The
resulting judgments were analyzed for inter-judge agreement, rows and columns
were factor analyzed, and the results were compared to analogous information
from the empirical literature. Most importantly, however, the exercise
provided another substantial set of expert judgments about which predictor
constructs should be the most useful. A hierarchical analysis of the
predictor validity profiles is also shown in Table 2.
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Table 2. Hierarchical Map of Predictor Space
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All the available information was then used to arrive at a final set of

variables for which new measures would be constructed. This represented

months of effort by lots of pedole to select the variables that would best

supplement the ASVAB in predicting Job performance across all MOS. What

followed were many months more of instrument construction, several waves of

pilot tests, and a series of mavor field tests. Includeo in these efforts

were the development of a computerized battery of perceptual/psychomotor

tests, the creation of the software, the design and construction of a special

response pedestal permitting a variety of responses (e.g., one hand tracking,

two hand coordination) and :he acquisition of 74 portable computerized
testinc stattors. After each data collection, revisions were made on the

basis )ý item statistics and expert review. Finally on May 15, 1985, the

oredic:)r a:terv was deemed ready for concurrent validation. That battery,
known as tne Trial Battery :T3), is listed in Table 3.

Performance Measurement

The goals of training and job performance measurement in Project A were
to define, or model, the total domain of performance in some reasonable way
and then develop reliable and valid measures of each major factor.

Some additional specific goals were to: a) make a state-of-the-art
attempt to develop job sample or "hands-on" measures of job task proficiency,
b) comoare hands-on measurement to paper-and-pencil tests and rating measures
of proficiency on the same tasks (i.e., a multi-trait, multi-method
anproach), c) develop standardized measures of training achievement for the
purpose of determining the relationship between training performance and job
performance, and d) evaluate existing archival and administrative records as
possible indicators of job performance.

Given these intentions, the criterion development effort focused on
three major methods: hands-on job sample tests, multiple choice knowledge
tests, and ratings. The behaviorally anchored rating scale (BARS) procedure
was extensively used in the development of the rating methods.

Modeling Performance

The development efforts to be described were guided by a particular
"theory" of performance. The basic outline is as follows:

First, job performance really is multi-dimensional. There is not one

outcome, one factor, or one anything that can be pointed to and labeled as
job performance. It is manifested by a wide variety of behaviors, or things
people do, that are judged to be important for accomplishing the goals of the
organization.
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Table 3

Summary of Predictor Measures Used in Concurrent Validation
(The Trial Battery)

CcG:T!-.'E P:?ER-AND-PENCIL TESTS ';u-her of Items

Tes: 'Ni-e (Ceýstruct Name)

easn Test (Induction-figural reasoning) 30
2rien,ýton Test (Soatial orientation) 2.'1ac .-2s- ~az orientation) 20

%.•J.e. .ca:,•. Test (Spatial visualizatior - Rotation) 90
'sse-:'ing ýjects Test (Spatia! visualization - Rotation) 32
4aze -- s. (Soa-:al visualization - scarning) 24

COMP2'ER-ADMINISTERED TESTS Number of Itens

es! Name (Construct Name)

Si-icle Reaction Time (Processing efficiency) is
-ho4:e Reaction Time (Processing efficiency) 30
Memc- Test (Short-term memory) 36
Tar:e: Tracking Test 01 (Psychomotor precision) 18
Tar:et Shoot Test (Psychomotor precision) 30
?er-19:ual Speed and Accuracy Test (Perceptual speed and accuracy) 36
:der:7iication Test (Perceptual speed and accuracy) 36
Tarcet Tracking Test #2 (Two hand coordination) 18
Num~e- Memory Test (Number operations) 29
Carron Shoot Test (Movement judgment) 36

NON-COGNITIVE PAPER-AND-PENCIL INVENTORIES

Inventory Name and Constructs Number of Items

Assessment of Background and Life Experiences (ABLE) Inventory 209

Adjustment
Dependability
Achievement
Physical Condition
Leadership
Focus of Control
Agreeableness/Likeability

Army Vocational Interest Career Examination (AVOICE) 176

Realistic Interests
Conventional Interests
Social Interests
Enterprising Interests
Artistic Interests
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Two General Factors

For the population of entry level enlisted positions we postulated that
there are two major types of job performance components. The first is
composed of components that are specific to a particular job. That is,
measures of such components would reflect specific technical competence or
specific job behaviors that are not required for other joDs. The second kind
of performance factor includes components that are defined and measured in
the same way for every job. These are referred to as Army-wide criterion
factors.

For the Job specific conponents, we anticipated that -here would be a
relatively small number of distinguishable factors of technical performance
that wculd be a function of different abilities or sxills and which woula -e
reflected by different task content.

The Army-wide concept incorporates the basic notion that total
performance is much more than task or technical proficiency. It might
include such things as contributions to teamwork, continual self-development,
support for the norms and customs of the organization, and perserverance in
the face of adversity.

In sum, the working model of total performance with which the project
began viewed performance as multi-dimensional within the two broad categories
of factors. The job analysis and criterion construction methods were
designed to "discover" the content of these factors via an exhaustive
description of the total performance domain, several iterations of data
collection, and the use of multiple methods for identifying basic performance
factors.

Factors vs. a Composite

Saying that performance is multi-dimensional does not preclude using
just one index of an individual's contributions to make a specific personnel
decision (e.g., select/not select, promote/not promote). As argued by
Schmidt and Kaplan (1971) some years ago, it seems quite reasonable for the
organization to scale the .importance of each major performance factor
relative to a particular personnel decision that must be made and to combine
the weighted factor scores into a composite that represents the total
contribution or utility of an individual's performance, within the context of
that decision. That is, the way in which performance information is weighted
and combined is a value judgment on the organization's part. The
determination of the specific combinational rules (e.g., simple sum, weighted
sum, non-linear combination) that best reflect what the organization is
trying to accomplish is a matter of research.

A Structual Model

If performance is characterized in the above manner, then a more formal
way to model performance is to think in terms of its latent structure,
postulate what that might be and then resort to a confirmatory analysis.
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Unfortunately, it is true that we simoly know a lot "tore 3out pre•,cýor
constructs than we do about job performance corstructs. There are VII.mes
research on the former, and almost none on the latter. For personnel
psychologists it is almost second nature to talk about predictors in terms o0
theories and constructs. However, on the performance side, the textbooks are
virtually silent. Only a few people have even raised tVe issue (e.a.,
Dunnette, 1963; Wallace, 1965).

Unit vs. Individual Performance

Finally, peoole do not usually work alone. Individjals are ne'~e-s 0`
work groups or units and it is the unit's performance tiat frequently is t-?
most central concern of the organization. However, aetermii-4n the
4ndividual's coitributjon to the unit's performance is not a simple :rzlei.
:!rther, variation in unit performance is most likely a functior of a numoe,
of factors besides the "true" level of performance of each indivimual.

For two major reasons, Project A has not incorporated unit effectiveness
in its model of performance. First, the project is focused on the
develooment of a new selection/classification system for entry level
personnel and is concerned with improving personnel decisions about
individuals and not units. The task is to maximize the average payoff per
individual selected.

The second major reason is the prohibitive cost. It simply was not
possible to develop reliable and valid field exercises 'or assessing unit
performance in a representative sample of jobs within a reasonable time
frame. In isolated instances it might be possible to take advantage of
regularly scheduled exercises or use existing performance records that a
particular unit (e.g., maintenance depot) might keep. However, it proved not
possible to obtain such data in any systematic way. Even if it could be
done, it would not be easy to establish the correspondence between individual
performance and unit effectiveness.

What we have chosen to do is to try to identify the factors, or means,
by which individuals contribute to unit performance and to assess individual
performance on those factors via rating methods. We also have a certain
amount of information on situational and unit characteristics and are
attempting to determine how much of the variance in individual performance is
accounted for by thosi characteristics.

Criterion Development

Actual criterion development proceeded from two basic types of
information. First, all available task descriptions were used to generate a
population of job tasks for each MOS. The principal sources of task
description are the Army's periodic job description surveys, which use
questionnaire checklists of several hundred task statements to survey job
incumbents about the frequency with which they perform each task, and the
Soldier's Manual for each job which is a complete specification by management
of what the task content of the job is supposed to be. The two sources
describe tasks at a somewhat different level of generality with the occupa-
tional survey items being much more specific in nature.
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Unfortunately, no textbook or available technology tells us wnat the

specifications of a task description should be for cifferent purposes. we

ooted for statements which described a complete operation, which had a

recognizable beginning and end, and which were relatively independent of

other tasks. That is, it is possible to perform Task A without performing

Task B. After much editing, revising, and a formal review by a panel of

subject matter experts, a population of 130-180 tasks was enumerated for each

MOS.

An additional series of expert judgments was then used to scale the
relative difficulty and importance of each task and t: cluste- tasks on the

basis of content similarity. Samoling tasks for -easjrente• was accormolished

via a <lnd of Delpni procedure. That is, each -veice- of a team cf task

selectors was asked to select 30 tasks from the peculation of tasks such that

the selected tasks were representative of task :ontent, were important, ard

reoresented a range of difficulty. The individual judge's choices were then

regressed on the task characteristics and both the choices and the captjred
"policy" of each person were fed back to tne group members, who each revised

their choices as they saw fit. Typically, convergence was achieved quickly

and the final selection was by consensus. The consensus of the task selec-
tion panel was then thoroughly reviewed by the ArTy command responsible for
that particular job.

Standardized job samples, the paper-and pencil job knowledge tests, and
numerical ratings scales were then constructed to assess knowleoge and profi-
ciency on these tasks. Each measure went through multiple rounds of pilot
testing and revision. The job sample tests were fairly elaborate and were
composed of multiple stations sometimes spread over an area of football field
size. Each task to be tested was broken down into several steps each of
which was scored pass/fail.

The second procedure used to describe joo content was the critical
incident method. Panels of NCO and officers generated thousands of critical
incidents of effective and ineffective performance. There were two basic
formats for the critical incident workshops. One asked participants to
generate incidents that potentially could occur in any job. The second ty:e
focused on incidents that were specific to the content of the particular joo
under consideration. The behaviorally anchored rating scale procedure was
used to construct rating scales for performance factors specific to a parti-
cular job (MOS-specific BARS) and performance factors that were defined in
the same way and relevant for-all jobs (Army-wide BARS).

The critical incident procedure was also used with workshops of combat

veterans to develop rating scales of "expected" combat effectiveness.

Since one major objective was to determine the relationships between
training performance and job performance and their differential predict-
ability, if any, a comprehensive training achievement test was constructed
for each MOS by carefully matching the content of the program of instruction
(POI) with the content of the population of job tasks, and writing items to
represent each segment of the match. We were most interested in task content
which is taught, and also performed on the job, versus tasks which were
performed on the job but not part of the POI. Scores on this latter category
of items (when given to trainees) would be a measure of incidental learning.
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The c.-rrelation of direct learning and incidental learning with .o•
performance, both when initial ability is controlled and when it is nct, is
of ccnsiderable interest.

"-se final entry in the array of criterion measures was produced oy a
conceted effort to get what we could from the files or archIval recorls.
Potertially at least, there are numerous performance indicators lurking in
exis,:•g computer records and personnel files. We began by enumerating all
poss:ilities from three major sources of such recoras.

"e Enlisted Master File (E-mF) - a central computer record
"selec,-e.i personnel actions.

-e Enlis-ed Military Personnel file (E'iPF) - whicn is the".eianent nistorical record of an individual's military service
keot on microfiche at a central location.

military Personnel Records Jacket (MPRJ) - or more co-nonly
<rcwn as tne 201 file which is the personnel folder tVat
follows the individual.

We systematically compared these three sources using a sample of 750
people and a standardized information recording form. The 201 file looked
the most promising in terms of recency and completeness, but of course it is
by far the most expensive to search. (The textbooks never mention these
cost-benefit questions.) As a consequence, everyone crossed their fingers
and we collected eight archival performance indicators via a self-report
Questionnaire. That is, people were asked what was in their personnel file
as regards letters of cormiendation, disciplinary actions, etc. Field tests
on a sample of 500 people showed considerable agreement between self-report
and archival records. Almost all disagreements were in the direction of more
frequent self-reports, for both positive and negative things. Further
followup questionnaires and interviews suggested that self-report may he the
more accurate. Anyway, we used them and their distributions and correlations
seemed quite reasonable. The self-report items were combined into four
indicators that were actually used as criterion measures.

The complete array of performance measures in the form in which they
survived a large scale field study of N - 150/MOS for nine MOS is shown in
Table 4.

These are the measures which were administered to the concurrent sample
of 400-600 people in each of the 19 MOS. The distinction between the Batch A
(9 MOS) and Batch Z (10 MOS) is that not all criterion measures were
developed for each job in Batch Z. Budget constraints dictated that the
job-specific measures could only be developed for a limited number of jobs
(i.e., Batch A).
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Table 4

Summary of :.ri:erion Measures jsed in onc-irren:
Validation Samples&

Pee'ov'.apce Metsures Ccow-mon to 3a:--4 A and 3at:% Z '4CS (Jobs)

1. Ten benaviorally anchored rating scales designed to measure factors of
non-ioo-soecific perfor'nance (e.g.. giving peer leadership and support,
malnaining edui;ment. self discipline).

2. Single scale rating of overall job performance.

3. Single scale rat:ng of NCO (norr-comissi^ned officer) potential.

1. Paoer-and-oencil -est of Training Achievement develoced far eacn of t•e
4C 'c {1o23 items eacn).

. A 40-1tem sumnatecf ating scale for the assessment of expecten conca:
oaer'rmance.

5. Fijve :erformance indicators from administrative recoris. The first
four are obtained via self-report and the last one from computerized
reczras.

o Total nunoer of awarls and letters of commendation.
o ;4ysic¢l fitness oualification.
o 4umoep of discilinary infractions.
a Rife marxanship qualification score.
o Prmotion rate (in aeviation units).

e'lormance measures for 3atc:h A Only

7. Joo-sample (hands-on) test of ,OS-specific task proficiency.

o Individual is tested on each of 15 ma.or job tasks.

S. Paoer-3nd-pencil job knowledge tests designed to measure task-soecifi:
joo knowledge.

o Individual is scored on 150-200 multiple choice items representing
30 major joo tasks. Fifteen of the tasks were also measured
hands-on.

9. Rating scale measures of specific tasx performance on the 15 tasks also
measured with the knowledge tests and the hands-on measures.

10. MOS-soecific behaviorally anchored ratings scales. From 7 to 13 BARS
were developed for each MOS to represent the major factors that
constituted job-specific technical and task proficiency.

Performance Measures for Batch Z Only

11. Ratings of performance on 13 representative "common" tasks. The Army
specifies a series of common tasks (e.g., several first aid tasks) that
everyone should be able to perform.

Auxiliary measures Included in Criterion Satte"v

12. Job History Questionnaire which asks for information about frequency and
recency of performance of the MOS-specific tasks.

13. work Environment Description Questionnaire - a 141-item questionnaire
assessing situational/environmental characteristics, leadersnip climate,
and reward preferences.

1A11 rating measures were obtained from approximately 2 supervisors and 3

peers for each ratee.
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Results From the Concurrent Validation Sample

If all the rating scales are used separately, the "OS-specific measures
are aggregated at the task or instructional module level, and the major
predictor subscales are used, there are approximately 2Z0 criterion scores
and 6V-70 predictor scores on each individual.

At this point, a classic argument arises between the emcirical keyin'•
"let's look for all the specific variance we can" types and the i-dividuals
wno want to reduce collinearity as much as possible and aeal at .tne construct
level. We have tried for more of the latter than the frmer 'or a numoer of
reasons. one reason is that we would like the proýect to :rocuce as ria-y
ceneralizable truths as possible. Another stems from tne ailernma teý4een
acciracy c? oredic:ion and accuracy of estimat:on, o- tne cress validation
prorle". That is, the riore a prediction equation maxinizes t~e accuracy of
Preciction in tne sample, the more error it introduces into the estimation of
the cezree of accuracy in the population.

Prcject A is faced with the task of estimating several kinds of dif-
ferertial validity. It is reasonable to ask at the outset whether it is even
possible, for a system of any multivariate complexity, to detect reasonable
amounts of differential prediction with reasonable amounts of statistical
power. The fewer parameters one must estimate, the greater the chances of
being able to do that, which is a primary reason for examining the latent
structure of predictors and criteria as carefully as possible.

Since we can draw a fairly reasonable picture of the population
variance matrices for both predictors and criteria and thus provide a better
starting point for Monte Carlo studies, one major research question we hope
to answer is whether it is ever possible to estimate the parameters necessary
for building a true classification algorithm. If it can't be done with a
sample of 20 jobs and 500 cases per job, then perhaps the textbook discus-
sions of the classification problem are a bit academic.

The Road to Constructs

For both predictors and criteria, the procedure for getting from the
individual task or scale scores to factor or construct scores was similar;
except for the degree to which the previous literature was of help. Many
decades of research on the measurement of abilities, personality, and
interests have provided a lot of information about the structure of
individual differences. Similar help from the performance side is really not
available except for a modest number of descriptive studies of specific
occupations such as managers, nurses, police officers, fire fighters, and the
elusive and seldom seen college professor. Unfortunately, we were operating
in a different job population and knew only that paper-and-pencil measures
and rating measures would produce a lot of so-called method variance.

Given this initial disparity, we used both expert judgment and factor
analytic results from the field tests to formulate a target model. A picture
of that model is shown in Figure 3.
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This picture is included only to show one stage in the almost continuous
process of bootstrapoing ourselves towarl a more final conceptual des:ription
of the predictor/criterion space.

The target model was then subjected to what might be be described as a
"quasi" confirmatory analysis using the concurrent validation sample. For
the predictor scales that meant using the target to specify the numoer of
factors for a full sample solution (i.e., all MOS combined). The predictor
constructs and their associated component scales are shown in Table 5.

'or the within MCS criterion matrixes we used confirmatory analyses and
atte-oted to test alternative models. The 31ternative models were ootained
,y 31ig the principal irvestieators to first look at the data, in t-e
-or', of a series of principal component analyses, and to formulate a target
matrix for a LISREL solution. Some clear alternative ideas emerged and these
were comoare3 in each NOS. After not too much cutting and fitting, we
arr-ved at a single portrayal of the latent structure of performance that
ýotl fit the data in each job and seemed to make gcod sense. Obviously, the
co-ifir-•atory analysis was not used in a strictly confirmatory way. This
structure of job performance is portrayed in Table 6.

The model best confirmed by LISREL specified five "substantive" and
"ratings" and "written test" method factors, that were orthogonal to the
substanttive factors and to each other. The first two substantive factors
are based on the knowledge tests and the job sample measures. We have called
these the core technical performance factor and the general (not so core)
task performance factor. The technical factor reflects content which is
central and largely specific to the MOS. The second factor encompasses con-
tent that tends to be common across several jobs and is less central to the
core performance objectives. For this job population a significant part of
the factor is represented in the common tasks, such as first aid, basic
navigation, use of communication equipment, etc. However, it should be
possible to make this distinction for virtually any job.

The remaining factors are based on the ratings, primarily those
developed by the critical incident method, and the administrative/personnel
records that were collected via self-report. Factor three encompassed the
most scales and was the clearest in terms of its loading but the most
heterogeneous appearing in terms of content. It appears to he a general
effort and performance, performance under adverse conditions, peer leadership
factor. In a spirit of wishful thinking, we had originally hoped to separate
some of these elements, but either the lack of a distinct latent structure or
the fallibility of the measures prevented it. Factor four is much more
homogenous and reflects the rating scales having to do with personal
discipline and avoidance of trouble and the number of negative personnel
outcomes people reported. Factor five is fairly narrow in content and shows
very clear loadings for ratings of military bearing and the physical fitness
score that is part of everyone's personnel record.
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Table 6

Performance factors reoresenting the cc-non la:jnt struct,:re
across all jobs in the Project A sample. Th-a criterion

measures that comprise each factor are as inrcicated.

1) Task Proficiency: Specific core technical skills: The proficiency with
which the individual performs the tasks which are "central" to his or her jon
CMOS). The tasks represent the core of the job and they are its primary
cefiners from job to job.

o The subscales representing core content in both the knowledge
tests and the job sample tests that loaded on tnis factor were
su'•med, standardized, and then added together for a total factor
score. The factor score does not include any rating measures.

) Task Proficiency: General or common skills: t, addition to the c:re
"ýec1 :a :o)te•: s~ecifi: to an M.'CS, inaiiiouals in every 'OS are
resoc-sivle for being able to perform a variety of general or conwon tasKs --

e.g., use of basic weapons, first aid, etc. This factor represents profi-
cien;cy on t~ese general tasks.

o The same procedure (as for factor one) was used to compute the
knowledge and hands-on general task scores, standardized within
methods, and add the two standardized scores.

3) Peer Leadership. Effort, and Self Development: Reflects the degree to
which the individual exerts effort over the full range of job tasks,
perseveres under adverse or dangerous conditions, and demonstrates leadership
and support toward peers. That is, can the individual be counted on to carry
out assigned tasks, even under adverse conditions, to exercise good judgment,
and to be generally dependable and proficient?

o Five scales from the Army-wide BARS rating form (Technical Knowledge/
Skill, Leadership, Effort, Self-development, and !'aintaining Assigned
Equipment), the expected combat performance scales, the job-specific
BARS scales, the general performance rating, and the total number of
commendations and awards received by the individual were summed for
this factor.

4) Maintaining Personal Discipline: Reflects the degree to which the
individual adheres to Army regulations and traditions, exercises personal
self-control, demonstrates responsibility in day-to-day behavior, and does
not create disciplinary problems.

o Scores on this factor are composed of three Army-wtde BARS scales
(Following regulations, Self-Control, and Integrity) and two indices
from the administrative records (number of disciplinary actions and
promotion rate).

5) Physical Fitness and Military Bearing: Represents the degree to which
the individual maintains an appropriate military appearance and bearing and
stays in good physical condition.

o Factor scores are the sum of the physical fitness qualification score
from the individual's personnel record and two rating scales from the
Army-wide BARS (Military Appearance and Physical Fitness).
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In general, this solution fits the data from all MOS, see-is reisor3tle
and appropriate to Army management, and is not too far from our hyp:t'esized
structure, although we hoped to split factors two and three into a lew nore
pieces.

Given these two pictures of the predictor domain and the perfornance
space, we have begun exploring questions of differential validity across
criterion components, differential validity across jobs, differential
validity across subgroups for people, and overall classification efficiency
under a variety of constraints.

Criterion Intercorrelations

As described in Wise, Caripbell, Hanser, and McHenry (1986) five res-zial
scores were created from the five criterion factors in the followin- manner.
A paoer-and-pencil "methods" factor score was created by first summiiing tle
two paper-and-pencil knowledge tests (job knowledge and training content
knowledge scores) and then partialing out the variance due to the correlation
of the total paoer-and-pencil test score with all non-paper-and-Pencil
criterion measures (e.g., hands-on scores, rating scores, and administrative
records scores). This residual was defined as the paper-and-pencil method
score. This variable was in turn partialed from the Core Technical
Proficiency criterion factor and from the General Task Proficiency factor
creating two residual scores. A similar procedure was used to create a
rating method factor score which was in turn partialed from the
Effort/Leadership, Personal Discipline, and Physical Fitness/Military 3earing
factors, thereby creating three more residual scores.

The five criterion factor scores, the five residual criterion scores,
tne single rating obtained from the overall performance rating scales, and
tne total score from the hands-on test were used to generate a 12 x 12 matrix
of criterion intercorrelation for each MOS in Batch A. The averages of these
correlations across MOS are shown in Table 7.

Remember that to create the residual scores the paper-and-pencil factor
was partialed from the first two criterion factors and the rating method
factor was partialed from the last three criterion factors. The
intercorrelations of the 5 criterion factors are in the upper left quadrant,
the intercorrelations among the 5 residual scores are in the lower right
quadrant, and the cross correlations are in the upper right and lower left.
Also remember that the first two factors contain items from both the
knowledge tests and hands-on tests and the last three factors all corntain
both ratings and administrative measures.

Some noteworthy features of this 12 x 12 matrix are the following:

e The intercorrelations of the factor pairs which confound measure-
ment method (e.g., 1 with 2 or 3 with 4) are higher, as expected,
then factor pairs which do not confound method (e.g., 1 with 3 or
2 with 4). However, they are not so high that collapsing the
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Table a

Multiple Ccrrelations1 between
Criterion Scores

and Predictor Composite Scores Uerived from Cacal Predictr Set Alone

Predictor Composite

Composite Composite Comoosite
Oerived Oorived Composite Oerivea

Composite from from Cerived fru.4 joo
Derived Per-eqtual/ liodata/ from eomarifrom Spatial P :fnoeotor Temperament Interest Preference
ASlIS Ability CWouter (ABLE) (AVOICE) (Gs)

Criterion Factory Factor Factors Factors Factors Factors
Score (k- 4) (k - 1) (k - 6) (k - 4) (k - 6) (k •3)

Hands-On
Total
Sc:re .49 .46 .42 .20 .27 Z2

C are
Tecinical
Proficiency
(raw sczrt) .63 .S7 .53 .2S .3S .27

Core
Tec.hnical
Proficiency3
(res scort)3 .48 .40 .38 .21 .23 .21

General
Soldiering
Proficiency
(raw score) .66 .64 .54 .25 .3M .Z9

General
Soldiering
Proficiency
(resid sctre) .51 •so .43 .22 .28 -22

Effort/
Leadership
(raw score) .33 .27 .27 .33 .2S .19

Effort/
Leadership
(resid score) .46 .42 .38 .31 .32 .2S
Personal
Discipline

(raw scoreo .20 .16 .IS .32 .15 .11

Personal
Discipline
(resid score) .21 .18 .16 .28 .17 .10

Fitness/
Bearing
(raw score) .20 .11 .11 .36 .12 .11

Fitness/
Bearing
(resid score) .21 .12 .13 .34 .13 .10

lMultitple s are adjusted for shrinkaqe and corrected for range restriction, but art
not corrected for criterion unreliability.
2k the number of prea.ctor factor scores used in computing the composite.
3Residual scores were formed by partialing a paper-and-pencil *method* construct

from Core Technical and General Soldiering Proficiency and by partialing a ratino"amethodo construct from Effort/Leaoership. Personal Olscipline and FItness/Bearika.
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The entries in the table represent the average across all MOS. The
level of validity of ASVAB for the first tw. factors is about the same as, or
higher than, that usually observed when ASV'13 is correlated witn training
criteria. ASVAB does predict job performance. For the third factor the
validity of the cognitive tests drops, but is still substantial, and the
validity of the non-cognitive inventories increases. This reversal becomes
even more distinct for factors four and five. Notice that the interes:
scales are also a reasonably good predictor of task performance and do not
predict factors three, four, and five as well as the temperament scales. The
mixed nature of factor three is interesting and along with the ccnfounding cf
ie:-od variance between the first two and the last three factors, it invites

a consi:eration of residual scores.

For us at least, one of the most interesting aspects of the taole is a

comparison of the factor three raw score with the residualized factor tnree.
As compared to the correlations with the raw score the correlations of tne
cognitive measures with the residual go up substantially and the correlations
with the temperament composite go down slightly. The correlation of the
interest composite with factor three also goes up when the rating method
factor is partialed out. In general, interest in task content is more
closely associated with task performance than with the more volitional natjre
of factors three, four, and five. These differences are not nearly so oro-
rounced for the other two factors that involve ratings. We think this is
because factor three includes the scales that in fact asked raters to assess
t*e technical performance of the ratee. It is tempting to infer that raters
are in fact influenced by the actual task competence of raters but that the:y
also reflect differences in what might be termed dispositional or volitional
behaviors of the kind predicted by personality/interest measures. Does tk'e
individual work hard, help others when they need it, keep going under adverse
conditions, etc.? In our framework, these are both important components of
performance and they are predicted by different things, but assessment via
r3tings cannot separate them very well. Perhaps it is also understandable
wriy raters would have a difficult time separating them. It would require
almost a mental partial correlation to do so.

Incremental Validities

The incremental validities for the new cognitive testSand new noncogni-
tive tests over and above ASVAB alone for each of the performance factors can
be obtained from the results presented in Table 9. While these comparisons
are still at a rather general level and more analyses need to be done, one
reasonable conclusion is that the new battery will provide the largest
increments for the prediction of the "will do" aspects of performance.
Also, we have not yet begun to consider what mix of ASVAB subtests and new
cognitive tests might prove optimal for both selection and classification.
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Table 5

,ultiple Correlationsi betwecn
IritCrior Scores

and Prediczo- Comoosite Scores Derived froic Lacn Predictor Set Plus the ASVYA

forediCter Composite

Comoosite Composite Composite Coe.oosite Comoosite
Derived Derived Derived Coiuesite Derived De-1veC

Coffloesite from from from Derived from from
Derived ASVAS ASVAS and ASYAB and from ASVAS and ASVAS art

4rom and Percectual/ Biocata/ ASVAB and JOD keward All irial
ASVAS Spatial Psychomotor lewoerament Interest Preierence Battery

C-iterien Factors Ability Computer (ABLE) (AVOICE) (JOB) (TE)
Construct Alone Factor Factors Factors Factors Factors iacLOr.

kancs-Gn

Score .49 .51 .51 .49 .50 .49 .53

aectnncal
:r:'Iclercy
.riw score) .63 .65 .64 .64 .63 .64 .67

Core

secnnical
Pr:ficiency
ires score), .48 .49 .49 .49 .50 .48 .52

General
soleiciring
Przficiency
(raw score) .66 .69 .68 .67 .67 .67 .71

General
Scldiering
Pr?-Ficiency
tresid score) .S1 .53 .S2 .51 .S2 .51 .5S

Effort/
Lieaershiv
(raw score) .33 .34 .34 .43 .37 .35 .45

Effort/
Leadership
(resid score) .46 .47 .47 .51 .49 .47 .53

Personal
Disclpl ine
(raw score) .20 .20 .20 .37 .23 .23 .38

Personal
Discipline
(resid score) .21 .21 .22 .35 .24 .23 .36

Fitness/
bearing
(raw score) .20 .21 .21 .41 .24 .22 .42

Fitness/
Bearing
(resid score) .21 .23 .24 .40 .25 .23 .41

Imultiple Es are adjusted for shrinkage and corrected for range restriction, but are not'
.corrected for criterion unreliability.
'Residual scores were formed by partialing a paper-and-pencil method" construct from Core
1echnical and General Soldiering Proficiency and by partialing a rating 'method' construct from
Effort/LeAoership, Personal Discipline and Fitness/Bearing.
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Taote 10

aeswiLts e Soepwise aegressions 4ithin IEs.= P*rbic:cr Damin
for the Fmsr A'V-mdlOe ft-.oramme Cnt,-ucts

acrCss ALL 9 Batch A MOS

Cr1 teorn Construct

Geuerat Effort an Effort and Personal P". F-tr.ess/
SoLdier'ng Lwleersh ip Leadership Disciotirae NiL Searing

predictor Cns"trucTs (raw score) (resid score) (raw score) (raw slere) (row score)

ASVAB FACTCRS
verbaL 3.10 0.03 -0.07 -0.33 -0.11
2uantat;ve 0.20 0.08 0.03 0.37 3..3
',c.izn a; 0.26 3.21 0.21 0.:6 - .3. Z5
Soem 0.03 0.07 0.09 0.4. O.*0

ADJ, UNCCRR R 0.461 0.2m0 0.2%6 0.*C,6 0.161

SPATIAL
OveraLt Spatia 0..&7 0.25 0.11 0.07 -0.05

UNCCRRECTED R 0.466 0.253 0.142 0.066 0.047

COMPUTER
Ccantex Perte Seed -0.09 -0.06 -0.07
C•cvLex Pere Accy 0.19 0.07 0.09 0.05

Numnr Sco*d/Accy -0.14 -0.06 -0.09 -0.03

Psycfomotor -0.19 -0.08 -0.10
Sirn Reaction Accy 0.04 . . . -0.06
Simp Reaction Soeed .... -0.07

ADJ, UNCrRR q 0.363 0.149 0.208 0.032 0.371

TEM4PERAMNENT
Adjustment 0.09 0.04 0.03 0.03

OependaoiLity 0.04 . 0.06 0.30 0.12
Surgency 0.0'. 0.23 0.25 . 0.12
Phys Condition -0.06 -. 0.06 0.24

ADJ. UNCCRR R 0.129 0.255 0.303 0.303 0.356

INTERESTS
coffec 0.24 0.20 0.17 0.04
Machines .-.. & -0.06

AudlovisuaL . -0.04

Technica. 0.06 0.08 0.09 0.14

Food Service -0.10 -0.16 -0.12 -0.06 -0.05

Protective Svc -0.06 -0.09

ADJ, UNCGRR R 0.229 0.235 0.199 0.078 0.119

JC8 VALUES
Sucoort 0.03 0.05 0.05 0.10

Autcrnot 0.05 0.07 0.03 -0.C6 -0.05
Routine -0.11 .0.12 -0.09 -0.03 -0.02

ADJ, UNCORR R 0.123 0.150 0.112 0.063 0.C97
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Tam*e 11

Results of Steawise Regressicns uitlin Eac.I Predic*or :cvmim

for .cs-soacific Core Tec.mn cal Proficiency
for Eac!• of t2e 9 Batcn A VOS

NOS

Predictor Ccmtructxs 11 13B 191 31C 638 6"C 711. 91A 958

ASVAS PACTCAS
Vertal 0.20 m 0.13 0.19 . 0.16 3.25 0.91

Quartative 0.14 0.09 0.15 0.14 0.14. 0.38 0.22 M.16
Tech'nical 0.23 0.23 0.27 0.23 0.53 0.3., -0.'1 0.9 0. "1
Sceed 0.10 0.11 . . .3 0.'7 0.09

ADJ, UINCCRR R 0.503 0.254 0.1.5. 0.427 0.533 0.413 3.."1 0.456 0.2M2

SPAT IAL
"eraltl Spatial 0.48 0.33 0.43 0.32 0.41 0.37 0.&1 0.38 0.28

UNCORIR!•CD R 0.1.75 0.334 0.432 0.315 0.412 0.366 0.411 0.330 0.2.3

CCPPIUrER
C'.-a Pert Speed -0.25 -0.10 . . -0.0 -0.14
Comp Pert Accy 0.29 0.11 0.16 0.13 . 0.19 0.27 0.09 0.13
Mumser Sodcm/Accy -0.11 -0.11 -0.20 -0.25 -0.08 -0.07 -0.22 -0.20 -0.19
Psvc.omoator -0.13 -0.17 -0.11 -0.09 -0.20 -0.10 . -0.'S -0.09
Simc Reaction Acey . . 0.12 . 0.C8 0.07 . 0.08
Sinn Reaction Speed . . . . . .

ADJ, UNCORR 4 0..06 0.257 0.31.3 0.253 0.242 0.269 0.326 0.261 0.223

TVE~vsRAMIENT

Adjustment 0.12 0.14 . 0.10 0.10 0.08

Cecmemiab i i, . . 0.08 0.10 . 0.10 0.'9 0.12
Surgency 0.19 . . . 0.09 0.14
Phys Condition -0.13 . -0.12 -0.10 -0.15

ADJ. UNCUR R 0.113 0.000 0.129 0.000 0.119 0.000 0.176 0.211 0.114

INTERESTS
Comnot 0.25 0.25 0.26 0.11 0.09 0.12 0.18
Machines . 0.10 0.13 0.38 0.09 -0.23

Audiovisual . . . -0.11 -0.08
Technical 0.08 . 0.10 . 0.19 .
Food Service -0.22 .0.16 -0.11 . -0.10 -0.12 -0.07 -0.06
Protective Svc -0.11 -0.10 . . -0.11 . .

ADJ, UNCORR R 0.276 0.255 0.218 0.000 0."1, 0.135 0.160 0.039 0.000

JC8 VALUES
Su•port , , 0.14

AutomfoY 0.08 0.17 0.14 0.11
Routine -0.15 .0.14 -0.21 -0.10 -0.07 -0.12 -0.08

ADJ, UNCORR R 0.141 0.201 0.166 0.000 0.133 0.080 0.038 0.058 0.000
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'aot* 12

IesuLts of SteOaise tegressioms
for the four Army-Wide Perforiince Cw,"i:,uc-.s

wroes Atl 9 atch A "OS

Criterion Canetruct

Generat Effort am Effort and Pefsonal Phys Fitness/

SoLdiering Leacershio Leadership Discipline Nifl Bearing

Poodictor C.nstrunts (row score) (resid score) (raw score) (raw score) (row scare)

AS'IAS FACTCRS

0orai 3 .019 0.03 -0.06 -0.10

zuant tative 0.09 0.C& . 0.05

Tec..nrcal 0.12 0.11 0.15 0.07 -0.03

Speed . 0.04 0.06 0.03 0.08

SPAT .AL

Overast Spatial 0.25 0.13

.a1ex Pert Spe -0.05

CzOtex Pert Accy 0.08 . 0.04

,uircer lpeed/Accy -0.02 . . 0.03

PsyCnamoor -. 04 . -0.02

Sifo Reaction Accy .... 0

Simp Reaction Speed -0.03 -0.0S

TEIMPSRX"INT

Adjustirnnt
oew. abiLity 0.11 0.06 0.11 0.30 0.09

Surgency -0.04 0.15 0.20 0.03 0.14

Phys Ccndftfon 0.03 . -0.05 0.22

INTERESTS

Come~t 0.13 0.11 0.10 . 0.04
Macnnes . . . -0.05

Audiovisual 0 0.02 -0.04 -0.03 0.04
Techni ca L••

Food Service -0.04 -0.08 -0.06 -0.04

Protective Svc 0.03 . -0.03 -0.0S

JC8 VALLES

Suomort

Autvomy .. -0.0-0

Routine -0.03 -0.04 -0.03

ADjUSTED, UNCCRRECTED R 0.54.0 0.392 0.366 0.317 0.385
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Tabte 13

Results of Stepwise Regressiors
for MOS-Specitic Care Technical Proficiency

for EaIh of the 9 a4tc3 A OCS

mos

Preqlcior Constructs 11 139 1"9 31C 638 "C 71L 91A 9.3

ASVAI ;AC.CRS
'VertaL 0.17 0.10 0.21 . . 0.08 3.Z6 0.13

Cuartitative 0.09 . . 0.30 . 0.27

TecnnicaL 0.10 . 0.16 . 0.33 0.30 .0.13 3.12

Speew . . . . -0.07 0.,3

SPATIAL

Overall Spetial 0.22 0.25 0.19 . 0.14 0.16 0.25 0.23 0.22

C'•PUTER
Cccclex Pare Speed -0.18 . . . . -0.12

Conplex Pere Accy 0.13 . 0.39 .0.10 .0.*4 0.1S 0.09
mumer Sceed/Accy -0.09 . -0.11

Psycho•moor. .. . .

Slip Reaction Accy . 0.07 . . .

Sflp Reaction Speed -0.10 . . -0.11 ,

TEMPERAMENT
Adjustnent -0.08 . . -0.09 .

DependroiLity 0.12 . 0.10 0.15 0.13 0.07 0.11 0.22 0.12
Surgency . . . . .. .

Phys Condition . . -0.09 -0.06 -0.13

INTERESTS

Conbat 0.15 0.21 0.17 . . 0.16

Machines . . 0.21 0.32 . -0.16

Audiovisual . . . -0.14 . . -0.09 -0.13

Technical .. . .. 0.12

Food Service -0.07 . .

Protective Svc . -0.08 . -0.08

,JCI PREFERENCES
Support . . 0.09 . 0.12 0.09

Automowy 0.09 -0.11 . .

Routine -0.06 -0.11 . 0.07

ADJUSTED, UNCZRRECTED R 0.560 0.305 0.46. 0.352 0.591 0.401 0.481 0.507 0.294
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Moving on from this point our fjture validity analyses will De concerned

with:

9 More precise estimates of validity generalization across jcbs as

a function of criterion content and predictor battery cornposi-

tion.

@ Estimation of differential prediction across race and gender

groups as a function of criterion content and predictor battery

composit'on.

* Estiqation of overall selection valicity (against a criter43n

co'-.osite) as a function of criterion component weights and

preaictor battery composition.

o Estimation of classification efficiency.

REFERENCES

Campbell, J. P. (1986). When the textbook aces ooerational. Paper presentei
at the 94th Annual Convention of the American Psychological Association,
Washington, D.C.

Ounnette, Me. . (1963). A modified model for selection researc,. Jour-.1 -)f
Applied Psvcholoov, 47, 317-323.

Schmidt, F. L., A Kaplan, L. B. (1971). Composite vs. multiple criteria: A

review and resolution of the controversy. Personnel Osyc.o!)cv 2-,
-'i9--34.

Wallace, 5. R. (1965). Criteria for what? A-e-ican Psvycolocist, 20

Wise, L. W., Campbell, J. P., Hanser, L. M., & McHenry, J. Js (1986). A

late-t structure rodel of Job performance factors. Paper presentec at

the Ptn Annual Convention of tne American Psychological Associati.zr.,
Washington, D.C.
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A LATENT STRUCTURE MODEL OF JOB PERFORMANCE FACTORS: APPENDIX*

Jeffrey J. McHenry
Lauress L. Wise

American Institutes for Research

John P. Campbell
Human Resources Research Organization

Lawrence N. Hanser
U.S. Army Research Institute

Presented at a Data Analysis Workshop of the

Committee on Performance of Military Personnel

Baltimore

December 1986

* This Appendix supplements the paper,, "A Latent Structure Model of Job
Performance Factors," first presented at the Convention of the American
Psychological Association in August 1986, and available in ARI Research
Note 813704.

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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ASSUMITIONS XIOUT JOB PMUORXANCE
XN NTRY-LZVBL ZNLISTUD 3O8

* Performance is not one thina. It is genuinely
multidimensional. Consequently, no one measure can be
identified as the measure of performance. There is no
ultimate criterion. For example, a job simulation, no
matter how elaborate, reliable, and valid, is not an
ultimate measure. All measures have their measurement
flaws, and all measures are constrained to some portion
of the job performance domain.

* For the population of first-tour enlisted NOS, itmakes
sense to talk about job performance factors that are
defined the same way across jobs (i.e.. Army-wide factors)
and performance factors that are specific to a particular
jgb. The job-specific factors are the latent variables
that capture the differences in task content that require
different knowledges, skills, and abilities (KSAs). The
Army-wide factors reflect tasks and other components of
job performance that do not require different KSAs.

"* While the content of job-specific factors and the degree
of required performance on any particular factor may
differ across jobs, the latent structure or basic form of
performance is the same for all skilled entry level jobs
in the military.

"* To form criterion composites that represent an overall
performance score for test validation purposes, or some
other purpose that requires a single score, the individual
latent variables must be measured, scored, weighted, and
combined in some fashion. When formina criterion
comDosites for different jobs, it is not the form of the
latent variables that changes. but their relative weight.
Also, it is a value judgment of the organization as to
how much a particular performance component should be
weighted for a particular measurement purpose.
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]l).SlURBXEM NZTODS

e Army-Wide BARS

e NOS-Specific BARS

* Combat Performance Prediction Scales

* Administrative Measures

e School Knowledge Test

e Job Knowledge Test

e Hands-On Performance Test
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AR•Y-WIDE BHEAVIORALLY-ANCHORED RATING SCAL• S (BARS)

SUMMARY FACTORS

e Effort and Leadership

e Personal Discipline

e Physical Fitness and Military Bearing

o Overall Effectiveness

MOS-SPECIFIC BBHAVIORALLY-ANCHORED RATING SCALES (BARS)

SUMMARY FACTORS

e Core Responsibilities

* Other Responsibilities
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COMBAT P3RFORMANCZ PREDICTION 8CALES

SUMMARY FACTORS

"• Performing Well under Adverse Conditions

"* Avoiding Mistakes

RDMKINISTRAITZ MEEASURES

sUMMARY 1FACTORSI"

* Letters and Certificates

* Physical Readiness Test Score

* M16 Qualification Score

o Articles 15/Flag Actions

e Promotion Rate Deviation Score

172



SMPLE ]UNCTIONIL DUTY CLU8TRR DEZIFINTIONS

First aid

Consists of items whose primary purpose is to
indicate knowledge about how to sustain life,
prevent health complications caused by trauma or
environmentally induced illness, including the
practice of personal hygiene. Includes all related
diagnostic, transportation, and treatment items
except those items normally performed in a patient
care facility. Includes items related to safety
and safety hazards.

Navigate

Consists of items whose primary purpose is to
indicate knowledge about how to plan or execute
movement between points over unknown terrain either
cross-country or using road networks, or identify
the location of objects. Includes all means of
determining direction, distances, and locations
using maps of all types, overlays, compasses,
terrain, celestial objects, and field expedients.

NBC

Consists of items whose primary purpose is to
indicate knowledge about performance when nuclear,
biological, or chemical contaminants and threats
are present, planned, detected, or expected.
Includes maintenance and operation of clothing,
gear, and equipment whose primary purpose is to
counter, protect, or detect NBC threats. Includes
NRC markers. Does not include first aid treatment
of contamination.

Weapons

Consists of items whose primary purpose is to
indicate knowledge about maintenance, preparation,
and firing of small arms. Small arms are defined
as sized weapons, including automatic weapons, up
to and including caliber .60 and shotguns. Includes
ancillary sighting systems and techniques, stands
and mounts, zeroing and techniques of fire. Excludes
firing from aircraft and vehicles where the weapon
is fired by electrical/hydraulic aiming/firing
systems and sighting systems that are part of the
aircraft/vehicle and not part of the weapon.
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NMDS-ON, JOB KNOWLEDGE, AND SCROOL KIO WLEDGE TESTS

9UM¥ARY FACTOR8

* Core Technical (NOS-specific)

e Communications

* Vehicle Operation and Maintenance

* General Soldiering

o Identifying Target and Threat Vehicles
and Aircraft

e Safety and Survival

REMBONS FOR IDENTIFYING A REDUCED SET OF PERFORIwMCE CONSTRUCTS

FROM THE WITHIN-METNOD PZRFORMANCE FACTORB

0 Desire for performance indices that incorporate
information from multiple measurement methods

"* Parsimony (high correlations between many of the

factors)

"* Reliability

"* Construct weighting

175



JOB PERFORMINCE MZ.SUIR SUMOMRY STATISTICS

FOR 11B: INFANTRY

I UMIAILE 1 S 1 2 3 4 5 & 7 8 9 10 11 12 13 14 15 16 17 18 192021 22 234
- ---- -------------- ----

!Overall Rain 4.60 0.90 .9074 68 7785756523 12 17-353626 14 43 5211 10 33 19 18 12 14
2Eff/LdrRatina 4.41 0.8290 .74 65•90 U80 7 24 8 13-30 36 30 12 536 7 10 1333 20 9 17
3 DiscipliveRtug 4.50 0.87 74 74 . 49 7163 113 3 7-39 31 16 10 33066 6 824 13 13 5 13
4Fitaess ati 4.86 0.89686849 . 66 245 1727 Y-2422 10 9-1 10 10-2-4 13 6 6 1 1
Jjob-SepoTecT 32.98 4.58 77 90 9 . 867 231 17-Z02227 15 535 12 1036 213 9 16

6 Job-be O0ther 22.67 3.6615U716686 . 80672 9 14-233223 10 63X26 12123 17 = 11 !7
7Combat Ezlpry 9.o2 1.497:S063527s 0 . 7s24 13-319n 12 737= 9 16 342223 9 19
9 Cmbat Prbles 10.03 1.4 65 6766 45 67 75 . 14 8 6-33 27 20 7-1 36 24 9 1 1 L3 18 8 14
9Abards hCerts 3.33 2.18234 13 17232524 14 . 1520-2 4 13 6-1 14 15-0 13 9 9 5 4 1 2

10 Phis. Readinss 273.44 23.00 12 8 3 715 8 8 I S . II 2-6 1-7-9 0 5 -7-0 8-2-1-4-i
i b lf69ua f • ic. 2.74 0.57 17 13 7 9 17 14 13 6 20 11 . 1 1 13 6-0 10 2 3 0 14 10 5 3 6
12 Articles 1 0.39 0.85-35-30-39-24-Z0-23-31-33 -2 2 1 .-45-10 -1 -6-90 -• -i -.- 10 -1 -9 0 -!
13PremniossRate 0.03 0.6836 36 31 22 322927 4-6 1-45 . 16 7 7 19 17 12 10 13 14 12 11 17
14 NIO Basc 50.30 10.062 30 16 10 723 23 20 13 1 13-10 16 . 10 6 44 30 13 V 40 ..4 ZO .6 53
1,NO Safest 22.67 3.41 14 12 10 9 15 10 12 7 6-7 6-1 7 15 . 2 b 16 8 316 7 3 3 4
16HOCan 13.15 1.33 4 5 3-! 5 6 7-1-1-9-0-6 7 6 2. 4 6-1-3 0 4 6 4-i
17 A Basic 50.93 9.713 3630 10 335 3736 14 0 10-10 19 44 16 4 . 66 40 4265 !0 4030
is1 Safety 20.02 4.31 257V 10= 625224 15 5 2-9 17 30 8 668 . = ^A 47 41 -"2 =:0
19 A Can 4.37 1.47 11 10 6-2 12 12 9 9-0 -7 3-6 12 13 1-! 40 23 . 16 U 2 19 14 1I
20 A IdentFi 8.25 2.24 10 !3 9-4 10U2A6 15 13-0 0-6 1027 -83 42 26k !6 . 31 24 18 16
21 S Basic M2.7 14. 893333 24 13 36 33 34 31 9 8 14-10 18 40 16 0 6 47 26 31 .63 44 43
" S Safty 9.31 2.2 19 20 13 6 21 !7 M 21 9 -2 10 -1 !4 24 7 4 50 41 = 24 63 . 45 34. 2
23 Cem 5.L 1.67 18 20 13 622223 18 5-1 5 -91220 3 6 40 32 19 18 60 45 . 40 31
N4SK Vehicle 0.78 0.421 29 5 1 9 11 9 9 4-4 3 0 11 16 3 2.0 14 6h44 ) .3 10

SK3 idemtify 2.80 1.16 14 17 13 1 16 17 19 14 12-6 6-5 17, 4 -1 3520 , 1 137 43 .6 w! I

Ma~ 30
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JOB PZRYORMhNCJ ZEASURE SMUINARY STATISTICS

FOR 13B: CANNON CREWMAN

0 VARIMLE HN N 1 2 3 4 5 6 7 9 9 10 11 1213 1415161718 1920 21 ZZ 22224 2Z

I Oveall ating 4.9 0.79 . U 71 61 62 72 73 61 11 10 *--5 30 20 19 17 6 26 18 14 8 3 24 15 12 8 9
ZEff/Ldv"atifa 4.43 0.76 h . 76 6574 78 61 14 6 1-23 227 ZI 14 932 20 1I 11 530 20 15 51"
3Discipline RtnE 4.61 0.78 717r . 51 M60 63 60 -0 -4 -1-20 26 12 9 12 422 16 15 4 3 18 14 14 6 16
4Fitmess lating 4.95 0.8261 6251 . 47M51 39 723--1-2 16 8 4 0 3 5-1-1 1-2 4-41--4 .- 6
5Job-Sps• Tech 23.39 3o.55 65347 . 8060391110 1-Z10 X 18 9-12510 10 17 824 8 91 6 4
6 Job-We Other 23.90 3.08 72 74 60 33 80 .6649 6 5-4-9 12518 8 1 29 18 15 13 626 14 16 4 8
7CumbatE.lry 9.00 1.44737863116066 . 631410 3-1.232023•13 32=1613 b a22=! 7-" !
SCombat Prtke m 9.92 1.56 i1 61 60 39 39 49 63 . 8 7-3-1626 14 16 8 12 19 17 10 14 8 15 14 9 5 3
9 AwdsICams 2.59 1.1 11 14-0 7 11 6 14 8 . 12 18 0 8 15 19 15-1 11 10 6 5 a 1l 6 5 8 Z

1OPhis. Radinness 261.7432.70 10 6-423 10 5 10 7 12 . 11-3-2 7 2-7 8 -64-10 5 4 -0-6iO-1*i5
11 N!B•ualific. Z.,5 0.49 5 1-1-1 1-4 3-3 18911 . 6 I 7 8 12-3-4-5-6 7-3-3-7 0 3-3
12 Ar'lie. , 5 4.44 t.03---2--Z0-5 -Z -9-05-16 0 -3 6 .- 31 -0 -4 -S -5 -7-10-1• -7 1 -5 -6 -2 -5-
13 PomotionRate 0.01 0.63 30 25 2616 10 1823M 8-2 131 . 6 10 10 3 10 6 5 5-1 2 5- 1.0 7

No Took. 50.71 9.9420 712 8 3 25014 15 7 7.-0 6 . 47 20113 13 710 !. 136 18 2O !1 9
i5 d0oasic 4850 13.00 19 2 9 4 11 18 1 1619 2 9 -4 10 47 .2.1 58 42290 q15 402 .17 9!
16"aSafety 40.16 6.63 17 14 12 0 9 813 8 15-712-5 10 2021 . 112 4 14 11 9 3 =53 iS 11 24
V7 HOCow 10.0 1.59 6 9 4 3-1 1 3 12.-1 8-3-5 3 11 8 11 . 1 1-,! 6 5 7 g-1 ! 2
A8A Tteh. 30.67 9.94 23222252•9- 19 6 It -- 4-7 10M 4224 1 . 58 54 :2 -:064 52 416 7/
19 J. Basic 31.91 5.79 18 90 16 -1 10 18 16 17 10 -6 -5-10 6 12 38 14 1 5 . 55 14 39 38 3! • 7
20 A Safety 23.59 4.43 14 15 15-1 10 15 13 10 6-10 -6-1•2 5 7 20 11 -Z 54 5 . !0 14 41 38 352• 6-7
21 AI Can 1.12 0.68 81 1 4 1 17 3 6 14 5 5 7-775 10 9 9 6 21 14 10 .T 1.- 19 .2 '-6 1411

dutif 7.12 2.25 3S 3-2 8 6 8 8 8 4-3 1-1 15 3 5 20 23 11 132 0. "

SSK•Tech. 50.82 9.34 24 30 18 4 24 M"-5 11 -0 -3 -35 2 36 40 2 764 d 41 ! 9 . 63 47 340
Z4 3i Basic 23.17 5.27 1520 14 -4 8 14 12 14 6"-6-7-6 5 18 920 5 49 313 Zia3 4 . !140r
Sq Sa 8tty 8. 4 ., 12 1215 14-1 12 16 7 9 5-10 0-Z-2 20 17 1-! 41 3 3 162 4751i . 3 36
266S Cosa 3... .. 6 -4 6 4-1 1 9-11 3-5 10 U1 15•:1 i 377 Z6 14 10 35 : .0

SF* .7. 1- 7 9 !2g. -90 A 3 2 -1!-3 -2 7 9 0 Z4 3 2 ", -^ '..' @10 ! 62

Ne 401
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JOB PUR]FORMAICZ NZ1BURE 8M7MARY STAZTSTZCS

'OR 1.9Z: ARiOR CRUWXAN

SUMII I 1 2 3 4 5 6 7 8 9 1011121314151617111920 ? 1223 24 -' 6272S
- - --- -- - - - - -- - - - - --

overull Rating 4.62 0.78 . 84 7258 72 53 69 61 12.0 8-37 41 12 1516 I4 23 - = 19 10 2.7 26 A 1a 7
2 Ef/lLerR tin 4.38 0.74 84 . 685 76 50 80 65 1621 8-32 41 17 6 19 17 31 34 31 Z7 14 3 3•2•3•1•
3 Disciuline ital 4.50 0.83 7268 . 455 413564-! 12-14-3539 6 15 14 221I 3 18 17 6 V 18 8 !4-2
4 Fitess ahung 4.76 0.6X5so545 . 44 39 43 36 10 43 -0-19 28 8 2 16-3 1 5 10 S.-4 0 -0 -0 4 2 2

ob-Svec Tech M.19 3.20 72 765344 . 75 715 10 1417-3134 17 19 132"26 !9 ."7, 2 '8 1! 0 i
6 jeb-Sptec Oher 14.71 1.895350 41 39 75 . 50 41 9 13 13-18 19 139 913 6 712 2 ' 4 1: S 0 9 1

7mbatEulry 8.38 1.36 69 0 54371530 . 63 t' 18 8-3=34 15 15 1420•23 !920 72 ='19 1.C0 1
8 Cabat Pvbklhs 9.20 1.47 61 65 6436-Z4163 .- 1 7 4-31 29132 13 624 182" 13 824 18 17 i1 6-
9 Atuas ICens L.52 1.60 12 16-1 10 10 9 15-1 . 13 19-7 13 6 4-3 13 5 7-0 10-212 12 3 4 9 1

10 Phys. Rudiuness 249.41 27.1! 20 21 12 43 14 13 18 7 15 . -1-10 10-3-3 4 2-6 0-6 4 1 -4 ! Z-Z 2-7
1 116&"if ic. 2.40 0.66 8 8-14-0 17 13 8 4 19-1 . 14-1 7 7 3 10 11 12 13 17 31 10 6 12 Z f1-,
I! Articles 13 0.33 0.7";037-32-35-19-31-18-32-31 -7-10 14 .- 43 -9 -8-16 1-13-17-17 -7 1-1,-1 0 -7 -6
"13Proumtion late 0.03 0.58 41 41 3" 3 34 19 34 29 13 10-1-43 . 10 7 15 12 14 243ZB " 17 " !S 65 ! !
14 .40 Teoo. $0.00 9.99 12 17 6 8 23 15 15 03 6-3 74-q 10 . 1824 2036 27- 713 168M 1 9 2 19 0
15i•08auzc 38.16 2.4815 2615 217 9272 4-3 7- 711 .21233032 11BI5: 419-')
16 No Safety 21.85 2.95 16 19 14 16 19 13 1S 13-3 4 3-16 1524 21 . 14 = 118 10 6 1"3 5 ,17 6
"a OCam .2.35 7.59 417 2-3132 14 6132 210 11220=14 .23 23Z 321!:•. 13 1 3
la A Trec. 50.00 9.9 M 31 21 1 2! 8 20 24 5 -6 !1-13 14 36 30 = 23 . 60 ! 45 34 64 & 44 3 4C 7

A Basic Q&.16 7.238 34 :3 5 23 7M 18 7 0 12-7 24 27 18 2 60 . d 65 67 46 11 43
!.Safey 21.19 4. -31 11026 12 19 ,-0-6 13-1728 3 16 18 5.. . . 34 46 a. ,7 3

j-.i Came :1.33 3.59 9 277 -7 5 19 20 3 10 4 17 -7 Z13,1 10240 3 453 .4 'b 45!51 31 30`4 .
A.1 ideDO,.•I 10.0: 1.78 10 14 6-4 8 4 7 8-- 1 31 1 . 18 16 6 !1 34 30 34 ZS .14 3,

SN Tech. $4.54 9.66 27 33 :7 0 V 15 ' 24 IZ-4 10-19 173 213 IZ 64 65! 46 4!Z '. As s !9 .'*e
^.4 S Ias:c 34.94 3.44 232 18-02 5 122 18 1' 16013 213 2" -60 675 31 Z3 . 6z 47:•Z-.

SSK Saft:t 8.a8 2.14 !8B 3 8-0 18 8 19 17 3 Z 12-13 !3 9 U 5 0 44 4637 34 -5" 8 . 38 -"
6SK Come 7.59 1.60222=2Z2 415 91015 4-2 Z-0 6 2 4 5 33841 30 185P473U .24 14

S1 aVe•itcle 0.54 0.50 7 11-2 2 6 1 2 -1 8-7 -1 -6 1 0-0 6 3 7 6 5 Z 3:.:1:.: 4 9 .
29 S Identify 3.01 0.96 18 23 14 2 20 9 18 16 8 Z 16 -71 ! 19 1 17 2 42 433 M24 37 48 47 Mw 4 .
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JOB IUIORXNCZ IM URSZ IM aRY S!TAJL!TZSTZCS

FOR 31C: BIWGL, C 0MNZL RAD• O OPZRUTOR

# WII4LE Mi 3 1 2 3 4 5 6 7 3 9 10111213141516171819Z0ZI3.z242!2.Z?'3r
- - ----------------------- --

I overall btiR 4.73 0.79 . 83 73 64 74 66 66 66 17 11 2-31 30 20 24 15 15-224 17 9 14 31. 1' 1.0 14 -
2 Efi/LEr btia 4.40 0.72 3 . 65'781716U63 18 12 7-31 30 24 Z 21 15 23028 14 16 6 13Q 23 1220 U
3Discipliateltng 4.64 0. 73 66 . 52 54 51 53 60 4 4-11-3Z 26 10 14 7 10-1 20 1I 4 15 6 7 9-4 10-2-
4Fitatislatim. 5.05 0. 64 57 52 . 47 40 42 42 1134 -6-25 24 12 810 4-2 1 2 0 8-4 6 -5 -6 -2 -9-
5 jiot-bi Ttoa 14.27 2.01 74 81 54 47 . 76 66 57 14 4 5-16 22 20 24 20 !1 -1 29 3016I5 9 1 8 19 14 1!b3 -.
6 Jeb-S Othter 14.37 2.09 66 71 58 40 76 . 54 48 3 -3 -3-17 2= 11 18 15 1 0 17 22 a 9 1. 5 : 9 w!-
7 CmAat i llr 9.09 1.54 666 3 42 66 54 . 77 11 1 5-21 17 6 13 18 23-7Z30 15 19 11 1218 9 !410 7
8Ca"at P"Iwbm 10.47 1.71 66 63 0 42 57 41 77 . 9-1-2-22 14 4 16 11 1-062 24 3 14-1 5 15 5 9 0
9Auarw6Cots 2.16 1.751711 41114 311 9 .2310 212 912 6 3 2101011-0-5 8 89I= 4 4 6

10Phys. loagiaess 2.5429.59 11 12 434 4-3 1-123 . 4-11 4 1-10 0 1-6-4-6 4 *. 3-6-4-0 1-130*
i1 Alb , &"ific. .16 0.77 2 7-11 -6 5-3 5-2 10 4 . 4 3 4 5 10 7 5 7 10 8-4 - 5 9 4 4 11 ":.
U2 Arucls I5 0.34 0.84-31-31-32-2-16-17-23-22 2-11 4 .A34 -9 -3 -7-12 -3-16 4-13-20-10 -3-i! -4-1! -4 -
13?•iuuetoniRate -0.02 0.3 30 30 26 24 22 17 14 12 4 3-34 . 8 1221 9 5 18 17 10!9 13 01512 4-0
14NO eto. 78.44 9.492024 10122011 6 4 9 1 4-9 6 .252523 942 1 3 23211!VZ!.4 S
1.5Noas;c U1.25 3.34 24 2I 14 824!8 13 16b !-!0 5-33 12 1827 8311 I8 14f 521 7.-4 IV 0 1a
lbNoSafety 20.15 3." 153Z 7 1020 15 18 1j 6 0 10-721 2518 . 23 16 t02 13 9 6 S3 !I 19 4 ,
"17HO Can 16.73 6.39151510 411 123'5 3 1 7-12 9 23723 . 134 .12 Z1" M31, t 49

18"Oaveicle 11.73 1.31-2 2-1 -21 0-7-0 2-6 5-3 5 9 8 16 1 . 11 9 10•-6 1 i 4 ::
";9 A Teet. 37.16 11.9 24 30 20 12 17 2 10 -4 7-16 18 42 31 10 34 '1 . 60 9, 60 • ,'Z-" .005' :.g
2 A Basic 23.12 4.61 1728 15 230630 24 10 610-9 172 31 21 9 940 . S3O 43,9 :"
Z,61 Safety 23.31 4.63 9 14 4 0 16 8 15 3 11 4 8-!3 1023 18 1321 105 ,1 .96 . 0 -'30 40 • 183 :

I. !Um W10. U 2.74 14 16 15 8 15 9 19 14 -0 1*20 19 .10 9 38 260 50 !0 . M10. U 3 -. :
Sj Vatlcle 4.54 -.S 3 6 6-4 8 2 11 -1 -• -10132' 5 6 -637 3 . :7 X: "o :

-4 jAi dentif y 6.72 2.13 13 13 7 6 15 5 12 ! 8-6 5 -3 12 15 8 7 3331 30 !9 67 . . . 40
2 SK Toc. 77.87, 15.43 19. 9-5 19 5 18 15 8-4 9-1 13 39 7 1" f = r.49 44•4'0 .& s .ia'
6 3a Basic 10.95 2.74 10 12 -44 15 2 9 5 12-0 4-4 15321 24 10 17 16 49 240 36 4 6.. !6 42
7 SKSafet 11.08 2.81 14 20 10-2 16 9 14 9 4 1 4-t212 247 19 11 145043 48 36 :.6 -` . 56 .41:.
,S3 S Vqicle 3.33 1.84 2"202-9 13 3 10 0 4-13 11-4 4 9 10 4 5 12 44 40367 13 :: 48441 C .
29 S identiPf 1.16 0.9 -2 4-=-.,-1-9 7 -3 6-! !0 -3-0 S C 9 ! 1! 29W !2 4 19 :10 -:• . .

N1 239
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JOB VlPUR1O2 Z ISURZ aMOiRU] I 8'hTZSTZCS

1FOR 632: LGHT WEIZGT VHI=CLZ EZCEC NXC

# YRIML• i 1 2 3 4 5 6 7 8 9 1011 1213141514171819 O Z! " =14 _-w 2

IOverall ti. 4.5 0.84 . 67557775 665•20 7-4-242411-1 51020 15" it 212•- 9: ::9
2 Eff/Ldr Ratin 4.31 0.03 6 . 73 50 4 780 69M6 1 1-5-2 23 19 -1 3 12 23 1& .7 IS ?ZA 19 14
3Disciulitiota 4.54 0.M7575 . 1 63 65J9 1A. 2-#-27?6 10-1 7 1 11 5 19 3 14'23 0 14
4 Fitsess Raio 4.82 0.86 57 5051 . 38 49 4 41 13 31 2-20 20 -2 -2 8 7-0 '. 8)-0-Z 16 14 13 8
! jet-SaeTech, ZZ.42 4.10 7514 63 30 .783 57 21 -1 -5-16 16 23 1 3:3 2021 41b 7219 V h S S
SJob-Seef Othr 23.19 3.52 7578654978 .768 513 51 18 17 12 4 4 12 18 17 &13 1181i 9 0

7Combat•Ewz Iv 8.87 1.41 1 69 59 44 65 68 . 69 14 4-7-16 17 13 0 19 1 11 M 8 -018014 3 13
8 Comat FibIM 9.92 1.86 f65666641 57 556 .14 0 -6-20 27 10-3 4 9 171120N 7 1? isJ818
9 a s ICvrts Z.31 1.81 20 21 1 1321 18 14 14 . 4 2-11 7 11 -4-0 ! 7 212 11 13 14 10 a 13

!QPhys. hadisess 235.4731.93 7 1 Z31-1 5 4-0 4 . 10-10 :5 1 8 3 -i-7-12 -2--10 o '1 0-3
.Ihl1hBoalifit. 2.19 0.73-4-54- 2--5-8-7-6 ZL0 . 1---Z 5-4-0-6 33 :-Z-Z :-0 ;
12 Articles 1 0.37 0.8O-Z4-Z3-27-20-16-1I-16-20-11-10 1 .-A -3 -2 -Z -4 -7 -5 -6 -0 -- 11 -7-13 -8
13pv etin mRats 0.04 0.5224232620 I 1717 2 7 15 4-36 . -5-4-2-1 13 9 4 8 13 !6 14 9 12
14 NOToh. 110.11 6.84 11 19 10-2 V 12 13 10 11 1 -Z-3-5 . 1 6 18 3 23 19 37 19 16 4 24
1. NO Basi 34.96 4.09 -1 -1 -5-2 1 4 0-3-5 8 5-2-4 8 .- 10 7 6 12 14 14 10 7 1! -i 1.;
614oSafety ZI.92 3.25 5 3 7 5 3 4 9 4-0 3-4 -2- 6 10 . 22 o to 1 1 : 7-7 41

17NO Vzcile I1.. 1.84 10 12 9 7 13 12 9 9 7-1-0-4-1 8 72 . 15 6 4 11 17 4 42 013
I8 A Toe. 68.6i 11.9320 M 11 -020 18 16 17 7-7-6 -7 13 33 6 2 15 .2 47 267 50 39 36 59
I9 A Bshc 24.36 4.69 15 16 5 221 17 11 11 2-12 3-1 9 M 12 5 462 . 45 44 47 41 36 =-Af"
20 JK Safet 18.91 3.022 27 19 8 23012-2 3-6 4 !9 14 18 4 47 45 . 38 40 36 -
2 J9 wkicle 15.M1 4.03 111I 3.-0 19 13 9 7 114. 2-0 922"1 1 11 - 44 - . 56,2::4

S2K Teoo. 56.00 12.89 21 26 14-2 37 21 20 19 13-10-2-6 13 37 10 ! 17 67 47 406 .U 5 4'7 0

:S3 k31s'4: U4.56 4.24 216 21 18 18 21 14 1 -2-o1 16 19 7 Z 6 5o 41 36 37 .r& 61!c !i
.4; V. Safety 6. 1.74 2 19 20 14 18 164 Is 10 0 m -7 15 14 15 7 6 3 36 M 4247 6' .3 50
23 5 Can 0."0 0.30 15 141 13 6 ? 8 18 8 -3-0-13 8 4-1-7 D 3 •-20 :" 305 0w39 .'m
Sa Vehicie 24.10 5.54 19 & 14 8 20 13 18 18-4 4-6 13 24 14-0 13 .59 9 49 69 56 93 r •

-N& 403
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JOB PZIP'ORMaCZ NZ.BURZ SMOMIRY STATISTICS

FOR 64C: MOTOR TRINSPORT OPERATOR

# VMIALE M ND 1 2 3 4 5 4 7 8 9 1011 12 131415161718 19 210Z 3Z: 2.4
- - ------ --------------

Govtrall Iatin 4.52 0.73 86 7163 72 59 358 13 11 4-3033 820 U 16 17 19 312 :1•: 141
2Eff/Ldrlating 4.36 0.75 86 . 77V786974 56 17 9 6-2531 16 D 10M 326 721 17 15

3 Dis$iplivehag 4.33 0.81 7377 . 32751354 10 3-2-29M 4 14 14 15 519 i h 412 2 '-6
4Fitms shuis a 4.74 0.17635952 .5439464X 323 3-2021-2 814 5 6 4 2 q 6 7 -
$j*0 i TRu Z9.61 3.76 72 71 67 54 . 71 635 2 13 1 7-ZIg 9 1 !9 17 20 16 -17 ..
6 Je-ob-eOther 17.79 2.3239 51 39 7 . 63 41 18 4 13-15 I9 12 I 16 17 16 !9 4 13 17 T !-"
7 Cuoantb E ry 3.80 1.454 6 74 38 46 65 63 . 65 12 6 11-21 20 19 16 4 15 . !.8 1i0 15
8CmktpP•blms 9.50 1.63 58354 35241 65 . 8-3 2-2426 12 15 10 16 17" 7 15 14 01,9
9 hwrs& Corts 3.12 2.0013 1710 3 13 1812 8 . 4 11 5 12 3 4 5 -3 -2 1 b 3 4 -!
10 Phys. ladisess 248.48 37.70 11 9 3 2 6 46 -3 6 . 3 -6 -1 -1 3 2 -4-4-4 -5 0-6

R16 Gbuaiif ic. 2.09 0.75 4 6 -2 3 7 13 11 211 3 . 4-5 9 13 5 7 , 3-01j
12 Ari !scle 15 0.46 o.96-30- -29-Z0-Z1-15-21-24 -6 4 -3 -1- 1-7-1-: 0 -S -9-;1-
13P F eoim m ate -0.01 0.37 33 31 321 19 22 Zb12 -1 -5-36 . 10 9 10 9 121 51 1 9 811

14NOBasic 43.44 10.16 8 16 4-2 9 12 20 1 1-1 9-1 0 . 29 10441 30 i 7Z 42
05 lSafet 83.73 9.84 20 20 14 8 16 11 !9 1 4 3 13-11 929 . 14 2731 4 4 ! 914 24

16 .4 Vehicle 33.30 4.19 15 18 14 14 19 16 16 10 5 2 5-11 10 10 14 . 5 8 1! 3 10
17 ABasic -7.38 5.82 16 23154 17 170 16-3-4 7-7 9442 V .b754 !0 47 29.
SXSaJKhfety 33.42 S.42 i722 15 620 16 1. !7-Z-4 5-13 1231 31 8 67 . 49 4 4247 f 49
.9 A Zti•::'t 3.40 7.70 192 19 4 19.9:, 0 1 -4 3-12 1 3024 15 54 49 . :.1 49 .
20 Ailui tify 1.1 S !.41 3 7 1 5 4 5 7 6 -0 0 5 7 4 3.0 4 " . i, 10-i :I!
MI, Xasic 14.41 4.36 13Z! !6 5 16 13 18 15 3 -2-1 -5 11 2324 104742 49 17 . 56 o
. S •Safety 6.44 1.93 12 17 12 6 17 17 8 14 A-5-3-6 92,19 11 39 47 40 !0 % .

ZSK Cauu 0.9 0.2 16 15 15 7 12 7 10Z0-1 0 1-120 8 b 14 1 .037 '-" . 43 3b.2
24 3S1 Vebzc 1 1.7.2 10.07 142•1 16 -2 15 14 15 19 2 -0 -1 -4 I-"la 341 N 1 49 4 5 3 6859s 3'!

.a 477
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JOB PERPORMANCZ MEASURE SMOIARY STATISTICS

FOR 71L: ADMINISTRATIVE CLERK

* M•ILE M SD 1 2 3 4 5 6 7 3 9 10 11 12 13 14 15 16 1718 I92021 23 Z4
- - --- - -----------------------

I Overall Ratina 4.92 0. . 83 71 772 63 63 9 20 24 4-2320 17 14 3 =15 1721 1i 01 ! !0
ZE/ifflLrRating 4.b4 0.78 83 . 7 U5 73 4 70 60 21 19 2-9 19 2 14 229 17 1 217 9 7 11
3DisciplineRug S01 0.88 71 73 . 47635 358 13 13 4-7 1920 10-3 =15 11 Z0 7 8 1 4
4 FiRuns Rati 5.23 0.89 375 47 . 40 39 492035 5-2320 3 7-3 1 2 2-1 0-5 0-2
5Job-SeonToe 19.M 2.737273340 . 7654 50 8 7-5-212124 3-2 2 lIb 1310 9 6 7
6 Job-Suee Mir 18.57 3.13 63 64 3 39 76 . 50 46 10 13 -1-1 177 13 1 "2 15 1426 3 9 10 8
7 Cmat Ezu11 8.74 1.3 63 70 38 35 54 30 . 72 Z419 i -15 18 20 11 13 3 17 14 2 0 8M
8Comat Pbl Irs 10.7 12 5 39 60 58 49 50 467 . 21 16 7-22 13 12 14 6 41 2 1: 1! i 9 !4
t-kims ICats 2,2 1.732021 1320 8 102421 . 1720-4 q -0 10-1 -10 5 11.-0--42 1

10 Phys. Reainess MAO M3.39 24 1913 Z 713 1916417 .11 -9 to 1 4 5 0 -5 S 5 4 1:' 3
*lRnhliulifi:. 1.86 0.80 4 2 4 5 -5-1 8 72011 . 3 2-4 12 89- 7 3-3 2-7-. 1

SIA 4picle 15 0i.s 0.62-23-19-27-23-Z2-21-15-M- -4 -9 3 .-42-13 - 1-10 -7 2-10 -5 -. -5 4
3 PromotionRate 0.01 0.46290!9 19 20 2117 1313 9 5 4-42 . 12 ! 12 4 6 9 ! 7 6 -

i4 HO Tech. 86.09 14.2b 17 Z ZO 3 24 = 9 12-0 1-4-13 12 . 28 13 58 34 M 523 7 11
1•5 . Sauic 18.56 5.00 14 14 10 7 8 13 2014 10 4 122 -5 28 . 43 9 48 3 3 17 4
a .40 Safety 20.34 4.00 3 Z-3-3*- 1 11. 6-1 1 8 1 2 1343 . 11 2:3 130 017

z7.NTuc. 4".21 9."323n9=3 12 i2313 o 111-0 -r-iO 6 53 11 . 4, 46 M; ;ZN4 177
18 JoAlsic 25.23 5.16 15 17 15 2 16 1523 5-S 7-7 634 4826 47 . 50 40 44 77".9•A Safety, 1.24 3.01 17 1811 2 1 16 147 12 11 8 3 2 9!3352450 . 43 - 32 192

ZOSK Tece. 44.99 9.7 '1128•20-1 82 14 1-0 5-3-10 55 93 7 7 40 43 . 44 33 15 1
2iS Uzsic 9.90 2.S 13 17 7 0 10 3 13 13-2 4 2-3- 725 i13 4:,43244 .A:433:
2 S Safety 426. 1.29 11 9 8 -5 9 9 8 9 -Z 12 -7 -5 6 23 7 10 24 V32 M . '.15
2 3S Come, 0. 0.48 5 7 1 0 6 10 1 ! Z-1.- 4 7 6 0 47. 19 !W 18 4
24 Y Vehicle .71 !.. 210 11 4 -2 7 8 23•14 1 8 13 4 -0!1 23 17 17 30 2 16 31 15!5

74c 313
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JOB PERFORMXNCE MEASURE SUMMARY STATISTICS

FOR 91A: MEDICAL SPECIALIST

I VARIABLE M S0 1 2 3 4 5 6 7 8 9 10111"13141 51617!S19z0.,6 Z .0

"iOvoerall .ati:n 4o41 0.82 .f 7 60 67 62 71 70 : !5 -2--29 32 17 6 13 29•14 "r i : 3 !!
tff/LirRatios 4.40 0.77 86 . 76 56 7 677371 24 13 -4-30 3320 9 1926ii21- 13 14i

3 Dhtcpi:meRtnA 4.54 0.917376 . 47 6047 369 12 7--29-31 15 11 13 321 20 -4 633 M : Il 10
4 FitansRatios 4.74 0.92603647 . 4 384q947 1039 0-20 18 3-0-4 3 7 4 7 1 - -4-I5
W,5 .ek-Se Tec•h 23.09 3.24 67 73 60 41 .67 55 N :5 6 -1-27 2613 Z 13f 2 16 14 -3 3i. 15 !
6 joe-Spec Otter 18.47 2.3 62 67473367 . 64 51 23 7 9-17 '27 10 i 16 18 3215 S 2 . "6 16
7Cabaoia imiry 9.20 1.48 71 73 349 5564 . 730 9 9-20 6 16 1015 =3. i is3 :0 i 71^
8 Combat Problems 10.11 1.77"70 71 69 47 51 79 . 23 5-5-23 30 14 6 11 Z4 6 -23-1 9, Z i6.
9-Ayams & W.eMi 3.04 Z.012224 L 10 152330 M . 14 34 -6 13 3 7 = 4 10 I, "..6 ...

10 ,iuys. hlaivtss W.71 31.94 15 12 7 39 6 7 9 5 14 . 17-11-2 4-6-5-3-7-2 3-5-6-3-6-7
iIba1li ic. 2.03 0.783-2-4-0 0-1 9 9 -S34 17 .- 1-4 3 0 8"-1 7•-0 61-4": --
.2 Artcics I5 0.41 0.89-29-30-ZK9-20-Z-!7-20-28 -9-.! .- 33-10 1 -7-10 -7 -6 1 .,..; -.
3 ,sonotio latie -0.00 0.5 32 331 1822b72630 13-2-4-33 . 10 9 7 16 0 9-9 11. I. is.

14 HOTech. 50.48 10.02 17 20 15 3 18 10 16 14 3 4 3-10 10 . 16 34 39 2730 2 13 44 ,33 i 4
9.3O7sic 9.7 3.00 6 911-0 2 610 6 7-6 0 1 916 .17"3721 9 :4.7':2

16 o af ty 33.52 4.31013 19 13 -013 16 15 1=-! 2-77 7 3417 Z.323233 '. !7 3C30 "..3
'7 A Tech. V. = 13.71 Z3 Zb 3 3 = i1"f. i44-3 4-101U639 '12 .5733i: -4 '
i A asic 15.19 3.63 24 2321 7 16 25 25 Z10 -7 5 -7 20'r,737 3124!4.55 3341:.

.; J Safet 42.71 7.3! Z5 120 4 142•01 23 8-'-7-6 9 30.1336 ..-

A• ,vthicie 3.42 1.04 4-2-4 7"-3 5 1 h1 11 3 4)V?-9 "•29 3 13 .10 Z -3 6 6
A ,•X fluft• 6.62 2.2 8 13 6 1 3 15 18 9 i -5 12 -5 11 13 14 17 16 24 16 1:. 1

ZSK Tei. 91.6 17.57 28 33 33- 32 23 Z 32 4 -8-4-13 18 44 17 307415 :, . :44 5
:3 S Bas•c 2.04 0.78 12 14 14 2 5 11 20 3 11-3-2-16 11 8 18 10 10 :3 2! -3 Z. 3 ,
24 SK Safey 5.77 1.3 15 16 11-4 15 18 17 16 12 -6 2 -6 14 2 3 46 3 49 61252 .K
"" - 71k€-" 4.59 1.62 6 9 10-15 7161L 6-6 2-I 11. .4V'-. 6 2: .

N1 383
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JOB PEIRORMANCE MEASURE SUMMARY STATISTICS

FOR 93B: MILITARY POLICE

f 'UABALE IN SD 1 2 3 4 5 6 7 8 9 1011 1213 14 1 ,16 171819 20 Zl "" 3 T2 4 22TV30
-- -- - - - - - --- - - - - - -

I 0verall hRtia 4.74 0.80 . 7 69 70 78 U 74 70 18 22 13-23 15 13 18 8 4 1 12 10 8 4 q 9 19 3 7 a 8 -0
2E-.fPdr Ratina 4.50 0.73V7 . 71 61 777276820 17 11-22 19 1421 10 10 1 10 3 7 7 15 10 8213 -1

3Discliane R•t 4.71 0.776971 . 46 65 485563 6 7 4-V7Z2 6 9 5 7-3 11 10 6 8 12 12 i5 !4 6 10 -
4 Fitanes Ratio 4.90 0.84 70 61 46 . 58 565552 16 43 13-Z6 16 912 7 5 2 0 3-2-0 3-3 3 5 Z- 1-7
5 ;-6pec Tech 29.00 3.6678776592 . 73 68 63 15 1! -19 17 12.19 8 12 2 14 16 9 5 9 7 17 11 ' 5 51 5
6 Jot-6 e Other 23.60 3.10 68 72 48 66 73 . 7161 2 1827-16 6 11 22 14 19 7 2 13 6 4 16 7 9 12 6 5 4-2
7Comat Em rwm 9.56 1.36 74 7835556871 . 79 19 19 16-17 14 !7 19 14 14 6 10 17 1 17 15 6 19 599 a
8Cmbat Problem 10.45 !.X 70 68 63 52 6361 79 . 1555 15-28 21 14 16 11 10-0 16 18 17 11 141 0 !? 9 6 iz
9 Aut s &Certs 3.17 2.09 1820 6 16 15 = 19 15 .Z 026-3 11 3 16 6 3 11-11 2-1 7.-0 9 4 4 10 4 -0
10.•Py. Readiaess 211.75 32.78 22 17 743 15 18 19 1520 . 13-12 7-1 6 4 2 4-6 i-3--3-'-1Z-)-^ -4-3 ;-.
I I 16hhua1i-cr- 2.23 0.76 163 11 4 13 11 7 16 156 13 . 1-3 4 6 I 4 6-3 7 3 2 -q1 1. -3-Z-Z-L 4
12 Articles 1., - - 0.27 0.70-258--27-Z--19-16-!7-Z8 -3-12 1 .- 39 -4 -0 -8 -3 2 -6 - -5 -2 0 0 -7 -6 -3W -7 6
13Prenu uom Rate 0.01 0.47 21 192 16 17 8 14 1'1 7-3-39 . 4 4 6 1-3 !5.:c 16:0 6 2 0 A 7 ! 6.-i
!4 .0 Tech. 31.538 4.63 15 14 6 9 12 11 17 14 8 -1 4 -4 4 . 18 I2 6 11 13 11 107 5 14 7 3 10 -,
510"aus:c 50.04 10.28 18, 2 9 12 19 22 19 16 16 6 6-0 418 .7 1Z 118 34 ":7 5,,Z,!612 -'."d :`3. 7 ..IV

i6 0 Saf•ty 31.76 5.16 .8 10 5 7 8 14 14 11 6 4 5"- 6 1220 . 9 15 10 20 2121 'l1 9 15 ..,T :8 9 .0-
I7 Z Cam 10.M7 217 4 10 7 5 12 194 14 10 8 2 4-3, 1 6 2 9 .31 14,1 1330 14 7 . 16 "-. -
IS hOTVebicle 10.56 1.63 1 1-3 2 2 7 6 -0 11 4 6 2-311181 5 31 . 1 4 8 916 Z ! 9'T 10-i
!9 A Teca. 38.44 5.90 120 11 0 14 210 Ib-0 1-6-3-615131810!4 1 .60 r35IS 40Z3 :i m
40J1 A aszc 50.11 9." 10 13 10 3 16 13 17 18 2 1 7 -6 15 11 34 20 "1 460 . 605 1 2,33 49 463 " .:
.A : Safetvy 3M.5 4.55 8 7 6-2 9 6 11 17-1 -3 3 -5 16 102 2b 11! 853 60 . 40 -"4 IN 36 373 3 7
22 A Ceu 13.54 4.62 4 7 8-0 5 4 7 11 7-3 2-21 0 7 21 21 30 19 35 5 40 . Z6 !8 = 31 36 Z4 -3
23 A Vehicle 2.03 1.19 9 15 12 3 9 16 15 14-0-2-9 0 6 3 17 12 14 16 183 32 242Z6 . :5 1823 N !7-i
24 Ji dmtify 6.88 .29 8 10 12-3 7 7 6 10 9-12-1 0 2 55 9 7 2 15•220 18 15 ." -02 17 12.-.

5 Tecth. 40.20 7.04 19 18 15 3 17 9 19 19 4-2 1-7 0 14 12 15 ? 11 40 3 36 = 2 ZI .4 44 3837
26 3-• asic 17.85 3.86 813 18 511 I S215 -I! 4-a1-0-6 !0 7Z7 17 ZI 12 33 49 37,333•20 4 9 . 60 40 44-

SK 3KSafety 14.45 3.35 7 12 14 2 12 6 9 9 !0-4-2-3 7 323 Z1 16 9 2346 3312 2.49 60 .940

293 oUe 3.12. 1.2• 6 8 6-1 5 5 9 6 4-3-2 5 11012 917 132435 27362 173340 39 . -0
S 988Viucle 6.02 1.9 8 9 10 1 5 4 9 13 9 2-1-7 2 6 IS 10 11 10 1931 24 !7 2 37 44 40" . -
30 8 Ideatify 0.29 0.51-6 -5 -3 -7 -2 -2 1 0-0 -5 4 6 -1 -0 -7 -6-10 -1 1 40 -3 -3 -2 -i -6-0 -1

NZ 506
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SUIKARY OF RNSULTS

FROM TEE WITRIN-MOS MINCIP,1L AOO NAT 35RLYSES

OF THE PERFORMANCE FACTOR SCORES

"* Emergence of method factors

-- Written knowledge tests

-- Rating scales

"* Correspondence between Army-wide BARS and administrative measures
factors

Effort and Leadership from the Army-wide BARS
and

Letters and Certificates from the administrative
measures

Personal Discipline from the Army-wide BARS
and

Articles 15/Flag Actions and Promotion Rate Deviation
Score from the administrative measures

Physical Fitness and Military Bearing from the Army-wide BARS
and

Physical Readiness Test Score from the administrative
measures

"* Lack of correspqndence between performance test scores (i.e.,
measures of "maximal" performance) and performance ratings (i.e.,
measures of "typical" performance)

e Distinction between technical (MOS-specific) factor and remaining
general soldiering factors

e Lack of distinction among different general soldiering factors
(i.e., Communications, Vehicle Operation and Maintenance, etc.)
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LATENT CONSTRUCTS

UNDERLYING THE PROJECT A ENLISTED PERFORMANCE MEASURES

e "Content" constructs

-- Core Technical Proficiency

-- General Soldiering Proficiency

-- Effort and Leadership

-- Personal Discipline

-- Physical Fitness and Military Bearing

e "Method" constructs

-- Written knowledge tests

-- Rating scales
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DEFINITIONS 07 THE PERFORNANCE CONSTRUCTS

0 Core Technical Proficiency
This performance construct represents the proficiency
with which the soldier performs the tasks that are
"central" to the MOS. The tasks represent the core of
the job and they are the primary definers of the MOS.
For example, the first tour Armor Crewman starts and
stops the tank engines; prepares the loader's station;
loads and unloads the main gun; boresights the M60A3;
engages targets with the main gun; and performs misfire
procedures. This performance construct does not include
the individual's willingness to perform the task or the
degree to which the individual can coordinate efforts
with others. It refers to how well the individual can
execute the core technical tasks the job requires, given
a willingness to do so.

0 General Soldierina Proficiency
In addition to the core technical content specific to an
MOS, individuals in every MOS also are responsible for

-- being able to perform a variety of general soldiering
-- tasks -- for example, determines grid coordinates on

military maps; puts on, wears and removes M17 series
protective mask with hood; determines a magnetic azimuth
using a compass; collects/reports information - SALUTE;
and recognizes and identifies friendly and threat
aircraft. Performance on this construct represents
overall proficiency on these general soldiering tasks.
Again, it refers to how well the individual can execute
general soldering tasks, given a willingness to do so.

0 Effort and Leadership
This performance construct reflects the degree to which
the individual exerts effort over the full range of job
tasks, perseveres under adverse or dangerous conditions,
and demonstrates leadership and support toward peers.
That is, can the individual be counted on to carry out
assigned tasks, even under adverse conditions, to exercise
good judgment, and to be generally dependable and
proficient? While appropriate knowledges and skills are
necessary for successful performance, this construct is
only meant to reflect the individual's willingness to do
the job required and to be cooperative and supportive
with other soldiers.

187



* Personal Discipline
This performance construct reflects the degree to which
the individual adheres to Army regulations and traditions,
exercises personal self-control, demonstrates integrity
in day-to-day behavior, and does not create disciplinary
problems. People who rank high on this construct show a
commitment to high standards of personal conduct.

* Physical Fitness and Military Bearing
This performance construct represents the degree to
which the individual maintains an appropriate military
appearance and bearing and stays in good physical
condition.
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UIIQURM8S USTInITZ8

B3PTtZ! MODEL FOR ACK JOB

Military Occupational Specialty

Factor Score 11B 13B 19E 31C 63B 64C 71L 91A 95B

HO Tech -- .52 .71 .48 .64 .74 .33 .57 .88
HO Soldier .59 .66 .75 .52 .95 .74 .55 .76 .63
HO Safety .92 .85 .75 .52 .95 .59 .79 .71 .77
HO Comm .95 .95 .81 .62 -- -- -- -- .82
HO Vehicle -- -- .03 .95 ** . .-- .90

JK Tech -- .21 .30 .15 .12 .39 .17 .11 .53
JK Soldier .10 .43 .22 .26 .29 .74 .31 .58 .43
JK Safety .32 .53 .32 .31 .45 .49 .44 .15 .57
JK Comm .56 .93 .32 .34 -- -- -- -- .64
JK Vehicle -- -- -- .56 .32 ** -- .94 .82
JK Identify .36 .89 .40 .51 -- .95 -- .92 .90

SK Tech -- .27 .13 .09 .10 .14 .14 .15 .52
SK Soldier .09 .37 .14 .48 .31 .42 .54 .74 .46
SK Safety .46 .59 .43 .41 .50 .55 .72 .47 .55
SK Comm .40 .72 .35 -- .65 .82 .78 -- .67
SK Vehicle .73 .62 .69 .55 .18 ** .73 .76 .75
SK Identify -- .45 .10 .22 .25 .25 .34 .10 .13

Overall Rating .13 .13 .13 .13 .13 .13 .13 .13 .18
Eff/Ldr Rating .11 .11 .11 .11 .11 .05 .11 .11 .05
Discpln Rating .22 .22 .22 .22 .22 .05 .22 .22 .06
Fitness Rating .38 .38 .38 .38 .38 .05 .38 .38 .05
NOS Tech Rtngs .08 .11 .13 .14 .08 .37 .17 .12 .33
MOS Other Rtng .10 .13 .17 .19 .12 .35 .20 .18 .27
Comb Exmplry .02 .02 .02 .02 .02 .14 .02 .02 .08
Comb Problems .13 .13 .13 .13 .13 .60 .13 .13 .40

Awards/Cart .89 .94 .93 .95 .91 .94 .86 .85 .90
Phys Readiness .95 .33 .67 .34 .50 .83 .46 .49 .49
Articles 15 .58 .59 .68 .60 .56 .76 .51 .75 .64
Promotion Rate .45 .60 .53 .41 .57 .64 .62 .67 .70
M16 .50 .50 .50 .50 .50 .50 .50 .50 .50

** Vehicle content was merged into the Technical factor for 64C.
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GOODO•OS-OF-IZT INDICZ8

8ZPMMTZ MODEL FOR RACE JOB

Root Mean
MOS Square Residual Chi-Square df p

liB: Infantryman .061 326.2 227 .02

13B: Cannon Crewman .057 350.0 322 .14

19E: Tank Crewman .065 170.0 348 .999

31C: Radio/Teletype
Operator .069 369.2 375 .58

63B: Vehicle/Generator
--Mchanic .060 332.1 296 .07

64C: Motor Transport
Operator .058 280.1 247 .07

71L: Administrative
Clerk .067 232.6 249 .77

91A: Medical Specialist .061 277.1 275 .45

95B: Military Police .052 470.0 374 .001
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PICTOR LOADINGS

SEPMRT MODEL FOR ZICK JOB

Military Occupational Specialty

Construct/Factor liB 13B 19E 31C 63B 64C 71L 91A 95B

Core Technical
HO Tech -- .61 .47 .64 .51 .29 .77 .59 .32
JK Tech -- .75 .78 .79 .74 .26 .78 .75 .32
SK Tech -- .70 .79 .73 .82 .55 .229 .81 .43
MOS Tech Rtng -- .45 .10 .22 .25 .25 .34 .10 .13

General Soldiering
HO Soldier .60 .51 .46 .64 .17 .50 .60 .42 .60
HO Safety .26 .33 .32 .31 .12 .63 .37 .48 .47
HO Comm .05 .06 .39 .56 -- -- -- -- .80
HO Vehicle -- -- -- .22 .17 ** . .-- .31
3K SoIaler .76 .52 .74 .62 .45 .48 .87 .58 .46
JK Safety- .55 .37 .75 .38 .71 .51 .72 .58 .33
JK Comm .30 .23 .66 .38 -- -- -- -- .29
JK Vehicle -- .17 -- .10 .41 ** . .-- .35
JK Identify .46 -- .20 .28 -- .12 -- .24 .21
SK Soldier .73 .45 .67 .39 .78 .56 .45 .44 .42
SK Safety .47 .32 .53 .62 .57 .47 .30 .64 .32
SK Comm .42 .26 .42 -- .41 .35 .20 -- .20
SK Vehicle .22 .24 .05 .30 .61 ** .22 .47 .28
SK Identify .46 -- .46 .13 -- -- -- -- --

Effort/Leadership
Eff/Ldr Rating .76 .56 .85 .64 .68 .83 .66 .76 .70
MOS Tech Rtngs .70 -- .63 .40 .41 .50 .25 .59 .52
MOS Other Rtng .77 .41 .48 .43 .54 .62 .43 .61 .56
Comb Exuplry .80 .47 .68 .54 .57 .87 .63 .80 .77
Comb Problems .48 .20 -- .39 .52 .53 .55 -- .56
Awards/Cart .32 .23 .24 .19 .28 .25 .34 .34 .22
Overall Rating .46 .39 .33 .17 .57 .42 .65 -- .41
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FACTOR LOADINGS

IBPARATU MODZL FOR RACK JOB

(continued)

Military Occupational Specialty

Construct/Factor 11B 13B 19E 31C 63B 64C 71L 91A 95B

Discipline
Discpln Rtng .77 .58 .73 .45 .63 .85 .74 .58 .73
Comb Problems .29 .16 .62 .03 .05 .19 -- .82 .33
Articles 15 -. 63 -. 61 -. 55 -. 62 -. 65 -. 47 -. 69 -. 46 -. 60
Promotion Rate .74 .61 .68 .79 .63 .57 .59 .54 .54
Overall Rating .39 .20 .53 .54 .09 .42 .06 .75 .38

Fitness/Bearing
Fitness Ratngs .69 .23 .84 .48 .54 .42 .50 .60 .78
Phys Readiness .11 .90 .49 .89 .70 .53 .76 .69 .69

Ratings )-hgOd
AW Ratings .60 .73 .47 .70 .66 .54 .65 .66 .66
MOS Ratings .73 .73 .60 .69 .67 .49 .69 .54 .63
Comb Ratings .47 .65 .55 .69 .57 .27 .55 .47 .40

Written Method
JK Tech -- .47 .28 .55 .59 .73 .44 .58 .57
JK Soldier .41 .51 .33 .40 .61 .57 .11 .37 .59
JK Safety .37 .52 .12 .63 .08 .49 .17 .76 .57
JK Comm .34 .11 .07 .55 -- -- -- -- .52
JK Vehicle -- -- -- .42 .62 ** -- .24 .21
JK Identify -. 15 .23 .50 .36 -- .05 -- .08 .23
SK Tech -- .48 .48 .55 .46 .88 .42 .27 .50
SK Soldier .50 .66 .54 .59 .15 .51 .54 -- .54
SK Safety .53 .55 .42 .29 .34 .48 .44 .19 .60
SK Com .51 .47 .46 -- .16 .24 .05 -- .42
SK Vehicle .49 .57 .24 .48 .55 * .38 .05 .42
SK Identify .21 -- .42 .44 -- -- -- -- --

M16 Qualification .71 .71 .71 .71 .71 .71 .71 .71 .71

** Vehicle content was merged into the Core Technical factor for 64C.
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3BTINETZD CONSTRUCT CORBRLATIONS

8IPIBITZ MODEL FOR EACH JOB

Military Occupational Specialty

ist Construct 2nd Construct llB 13B 19E 31C 63B 64C 71L 91A 95B

Core Gen Soldiering -- .77 .83 .63 .58 .73 .48 .66 .70
Technical Effort/Lead .67 .86 .51 .44 .50 .78 .44 .35 .46

Discipline .42 .13 .37 .26 .12 .69 .19 .43 .50
Fitness .25 .01 .03 .04 -. 18 -. 09 .10 -. 05 -. 09
116 .27 .00 .04 .11 .05 .05 -. 09 -. 17 -. 10

General Effort/Lead -- .89 .58 .57 .53 .44 .37 .43 .40
Soldiering Discipline - .29 .45 .30 .29 .29 .04 .37 .24

Fitness -- -. 19 .05 -. 05 -. 03 -. 14 .09 -. 05 .00
- M16 -- -. 06 .30 .30 .04 .11 .27 .02 .02

Effort/ Discipline .49 .67 .62 .55 .65 .51 .51 .59 .39
Leadership Fitness .57 .04 .38 -.11 .10 .23 .32 .21 .42

M16 .38 -. 13 .21 .24 -. 02 .35 .22 .17 .28

Discipline Fitness .33 .05 .24 .24 .30 .30 .27 .19 .25
116 -. 12 -. 25 -. 30 .09 -. 28 -. 11 .01 -. 28 -. 08

Fitness M16 .52 .26 -. 05 .02 .19 .22 .18 .27 .26
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TESTING TZE LATENT STRUCTURE MODEL

ACROSS ALL NINE MO0 SIMULTANEOUSLY:

ASBUMPTIONS

* Intercorrelations among the performance constructs
are the same for all NOS

* The loadings of the Army-wide factors (i.e., the
Army-wide BARS factors, the combat factors, and the
administrative measures "factors") on the content

-and 2ethod constructs are constant across MOS

0 No 116 factor or construct
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MIIQMMzss ZTIJIMTZB

BZNGLE NODUL ACROSS ALL JOBS

Military Occupational Specialty

Factor Score liB 13B 19E 31C 63B 64C 71L 91A 95B

HO Tech -- .62 .79 .62 .76 .91 .44 .68 .90
HO Soldier .72 .58 .80 .70 .95 .73 .64 .87 .67
HO Safety .95 .84 .90 .87 .95 .73 .90 .75 .81
HO Com .95 .95 .86 .71 -- -- -- -- .82
HO Vehicle .-- -- .95 .95 ** . .-- .93

JK Tech -- .23 .28 .13 .15 .32 .28 .16 .60
JK Soldier .10 .44 .28 .40 .48 .41 .44 .47 .40
JK Safety .48 .56 .41 .49 .62 .44 .55 .26 .54
3K Conm .85 .91 .57 .55 -- -- -- -- .67
JK Vehicle -- -- -- .87 .44 ** -- .95 .85
3K Iden-fy - .71 .90 .84 .81 -- .95 -- .64 .90

SK Tech -- .25 .10 .24 .18 .17 .27 .19 .54
SK Soldier .13 .37 .20 .52 .41 .31 .58 .83 .49
SK Safety .54 .62 .54 .51 .55 .51 .80 .29 .54
SK Comm .46 .75 .48 -- .77 .78 .92 -- .70
SK Vehicle .75 .68 .95 .61 .31 ** .86 .86 .75

Overall Rating* .18 .18 .18 .18 .18 .18 .18 .18 .18
Eff/Ldr Rating* .09 .09 .09 .09 .09 .09 .09 .09 .09
Discpln Rating* .17 .17 .17 .17 .17 .17 .17 .17 .17
Fitness Rating* .05 .05 .05 .05 .05 .05 .05 .05 .05
MOS Tech Rtngs* .18 .34 .22 .24 .18 .18 .18 .18 .25
MOS Other Rtng* .05 .24 .46 .37 .05 .05 .05 .05 .27
Comb Exmplry* .26 .26 .26 .26 .26 .26 .26 .26 .26
Comb Problems* .29 .29 .29 .29 .29 .29 .29 .29 .29

Awards/Cert* .93 .93 .93 .93 .93 .93 .93 .93 .93
Phys Readiness* .83 .83 .83 .83 .83 .83 .83 .83 .83
Articles 15* .77 .77 .77 .77 .77 .77 .77 .77 .77
Promotion Rate* .70 .70 .70 .70 .70 .70 .70 .70 .70

* These loadings were constrained to be equal across all MOS.
** Vehicle content was merged into the Core Technical factor for 64C.
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GOODNESS OF FIT INDICES

SINGLE MODEL ACROSS ALL JOBS

"* Chi-square - 2508.1
df - 2403

p- .07

"* Root Mean Square Residual - .047
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FACTOR LOADINGS

SINGLE MODEL ACROSS ALL JOBS

Military Occupational Specialty

Construct/Factor liB 13B 19E 31C 63B 64C 71L 91A 95B

Core Technical
HO Tech -- .59 .43 .58 .46 .27 .71 .54 .29
JK Tech -- .71 .79 .76 .57 .72 .70 .74 .37
SK Tech -- .66 .70 .54 .73 .55 .68 .85 .42
MOS Tech Rtng -- .21 .12 .16 .25 .01 .12 .05 -. 02

General Soldiering
HO Soldier .52 .66 .44 .52 .16 .51 .57 .35 .58
HO Safety .20 .44 .31 .36 .10 .49 .30 .50 .41
HO Comma. .06 .12 .37 .52 -- -- -- -- .43
HO Vehicle -- -- -- .15 .21 -- -- .27
3K Soldi-r-- .95 .50 .79 .64 .42 .69 .66 .69 .49
JK Safety .69 .36 .75 .45 .53 .66 .57 .65 .42
JK Comm .35 .25 .59 .51 .- -- -- -- .39
JK Vehicle -- -- -- .28 .37 ** -- .07 .34
JK Identify .43 .21 .34 .36 -- .12 -- .39 .18
SK Soldier .81 .40 .67 .33 .70 .50 .42 .40 .38
SK Safety .57 .34 .45 .40 .63 .43 .31 .62 .34
SK Comm .51 .21 .31 -- .42 .29 .17 -- .23
SK Vehicle .35 .22 .06 .17 .65 ** .32 .36 .21

Effort/Leadership
Eff/Ldr Rating* .76 .76 .76 .76 .76 .76 .76 .76 .76
MOS Tech Rtngs* .59 .33 .54 .50 .45 .62 .43 .62 .62
MOS Other Rtng* .77 .59 .33 .45 .59 .48 .47 .58 .58
Comb Exuplry* .72 .72 .72 .72 .72 .72 .72 .72 .72
Comb Problem* .44 .44 .44 .44 .44 .44 .44 .44 .44
Avards/Cert* .26 .26 .26 .26 .26 .26 .26 .26 .26
Overall Rating* .48 .48 .48 .48 .48 .48 .48 .48 .48

198



ACTOR LOADINGS

SINGLE MODEL ACROSS ALL JOBS

(continued)

Military Occupational Specialty

Construct/Factor 11B 13B 19E 31C 63B 64C 71L 91A 95B

Discipline
Discpln Rtng* .69 .69 .69 .69 .69 .69 .69 .69 .69
Comb Problems* .25 .25 .25 .25 .25 .25 .25 .25 .25
Articles 15* -. 48 -. 48 -. 48 -. 48 -. 48 -. 48 -. 48 -. 48 -. 48
Promotion Rate* .52 .52 .52 .52 .52 .52 .52 .52 .52
Overall Rating* .28 .28 .28 .28 .28 .28 .28 .28 .28

Fitness/Bearing
Fitness Ratngs* .82 .82 .82 .82 .82 .82 .82 .82 .82
Phys Readiness* .37 .37 .37 .37 .37 .37 .37 .37 .37

Ratings Method
AW Ratings* .56 .56 .56 .56 .56 .56 .56 .56 .56
KOS Ratings* .61 .61 .61 .61 .61 .61 .61 .61 .61
Comb Ratings* .42 .42 .42 .42 .42 .42 .42 .42 .42

Written Method
3K Tech -- .49 .29 .54 .71 .30 .42 .49 .49
JK Soldier -. 16 .51 .29 .40 .53 .25 .28 .60 .60
JK Safety -. 07 .49 .07 .52 .26 .28 .35 .52 .52
JK Comm .00 .11 .19 .38 -- -- -- .41 .41
JK Vehicle -- -- -- .19 .62 ** -- .20 .20
3K Identify -. 05 .20 .12 .17 -- .10 -- .25 .25
SK Tech -- .54 .65 .64 .49 .71 .45 .53 .53
SK Soldier .44 .68 .58 .61 .25 .66 .50 .60 .60
SK Safety .34 .51 .49 .57 .18 .56 .30 .59 .59
SK Comm .51 .46 .60 -- .20 .36 .20 .50 .50
SK Vehicle .38 .51 .17 .60 .45 ** .17 .46 .46

* These loadings were constrained to be equal across all MOS.
** Vehicle content was merged into the Core Technical factor for 64C.
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ESTIMATED PERFORMANCE CONSTRUCT CORRELATIONS

SINGLE MODEL ACROSS ALL JOBS

First Construct Second Construct Correlation

Core Technical General Soldiering .80
Effort/Leadership .48
Discipline .35
Fitness/Bearing .01

General Soldiering Effort Leadership .47
Discipline .35
Fitness/Bearing .06

Effort/Leadership Discipline .67
Fitness/Bearing .42

Discipline Fitness/Bearing .40
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SCORING TEE CONSTRUCTS:

PRELIMINARY DECISIONS

"* "Rational" vs. regression weights

"* Regression weights were not used because:

-- They would be difficult to explain

-- We were concerned about their stability

"* Mapping of factors onto constructs

Each factor was assigned to one
construct. If a factor was assigned
to two constructs in the latent
structure model, for scoring purposes
it was assigned to the construct on
which it had the highest loading.

"* Unit weights by measurement method

As an intermediate step in computing
construct scores, we first computed
construct subscores by combining all
of the factors from a given measurement
method. We then summed these subscores
to compute the total construct score.
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CONSTRUCT SUBSCORES

* Core Technical Proficiency
-- Hands-On Subscore: Average percent GO across all Core

Technical tasks
-- Knowledge Subscore: Sum of job and school knowledge Core

Technical items answered correctly

e General Soldiering Proficiency
-- Hands-On Subscore: Average percent GO across all General

Soldiering tasks
-- Knowledge Subscore: Sum of job knowledge and school

knowledge General Soldiering items answered correctly

* Effort and Leadership
-- Overall Effectiveness Subscore: Overall Effectiveness

rating from the Army-wide BARS
-- BARS Subscore: Sum of (1) the Effort and Leadership

factor from the Army-wide BARS, and (2) the Core factor
and (3) the Other factor from the MOS-specific BARS

-- Combat Subscore: Average rating across all of the items
from the Combat Performance Prediction Scales

-- Administrative Measures Subscore: Letters and
Certificates factor score from the administrative
measures

e Personal Discipline
-- Army-wide BARS Subscore: Personal Discipline factor

score from the Army-wide BARS
-- Administrative Measures Subscore: Sum of (1) the

Articles 15/Flag Actions and (2) the Promotion Rate
Deviation factor scores from the administrative measures

e Physical Fitness and Military Bearing
-- Army-wide BARS Subscore: Physical Fitness and Military

Bearing factor score from the Army-wide BARS
-- Administrative Measures Subscore: Physical Readiness

Test factor score from the administrative measures
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PROJECT A CONCURRENT VALIDATION: TREATMENT OF MISSING DATA

The job performance data collected in the Project A Concurrent
Validation (CV) are unprecedented in scope. The data cover 19
diverse Military Occupational Specialties (MOS) and were collected
using an exhaustive array of different job performance measurement
methods. For nine MOS, designated Batch A, a complete set of
performance measures was developed and administered. For the
remaining MOS, designated Batch Z, an abbreviated set of "Army-
wide" measures was used.

The measures that we used included:

"* hands-on tests (HO): observation and scoring of
performance on 15 carefully sampled job tasks

"* written tests of job knowledge (JK): tests of facts and
procedures for 30 carefully sampled job tasks

"* written tests of school knowledge (SK): tests of facts
and procedures taught during training for the MOS

"* ratings of performance by peers and supervisors on several
sets of rating scales, including:
- 11 Army-wide Behavior Summary Scales (AWB)
- 7 to 13 MOS-specific Behavior Summary Scales (MSB)
- 15 Job Task Rating Scales (JTR) for Batch A MOS
- 11 Common Task Rating Scales (CTR) for Batch Z MOS
- 40 Combat Performance Prediction Scales (CPP)

"* self-report of administrative and personnel records
(ADM), including:
- letters and commendations
- Physical Readiness Test Score
- Marksmanship Score
- disciplinary actions (Articles 15, Flag Actions)

"* data from operational Army files on promotion rates and
scores on Skill Qualification Tests.

Data on possible moderators of job performance (job history and
work environment) and on new predictors of job performance (a
half-day paper-and-pencil and computer test battery) also were
collected during the CV.

The CV data collection procedures were subjected to extensive
pilot and field tests. The data collection teams were extensively
trained and were supervised by senior staff. The quality and
completeness of the data collected attest to the thoroughness of
these procedures. However, notwithstanding our best efforts, the
final data were to some extent incomplete. The purpose of this
paper is to describe the amount of missing data in the Project A

204



CV data base, the problems posed by incomplete data, and the

steps taken to overcome those problems.

Reasons for incomplete Data

Figure 1 lists some of the chief reasons for missing CV
data. Most of the reasons are self-explanatory, but a couple
examples involving the hands-on tests may help to illustrate some
of the anticipated and unanticipated problems we encountered.

At Fort Hood, Texas, we were testing Armor Crewmen when a
spring in the breech block of one of the howitzers failed. On
that particular occasion, we had arranged for a back-up howitzer.
Consequently, we did not lose any data.

During hands-on testing of Infantrymen at Fort Banning,
Georgia, we were not so fortunate. The afternoon started bright
and sunny. Consequently, we decided to administer the tests at
our primary testing site, near a meandering creek, rather than at
our back-up bad weather site. The weather in central Georgia is
notoriously fickle on summer afternoons, though. A short time
later, we were caught in a deluge. The creek rose. Everyone was
up to their shins in water. And our test administrators were
scrambling madly, trying to protect their equipment and score
sheets from the driving rain. Unfortunately, one test
administrator simply was not quick enough. As he and the hands-
on test site manager watched, two scoresheets began to float
away. A final effort was made to retrieve them, but before they
could be reached, they were sucked into the creek and carried
swiftly downstream. The thunderstorm abated a short while later.
However, valuable time had been lost, and it was not possible to
move all of the subjects through all of the test stations prior
to the end of the soldier's work day. As a result, we were left
with quite a bit of missing data.

Two other problems encountered during hands-on testing were
equipment variation and icore sheet errors. In most cases, we
were able to make allowances for equipment variation by developing
parallel forms of a test. Often, this involved omitting certain
steps that were unnecessary for one of the equipment models. In
other cases, parallel sets of steps were developed. We tried to
make this clear on our score sheets and in scorer training. On a
few occasions, we were unsuccessful. For example, in one hands-
on test for Radio/Teletype Operators, the scoring sheets for one
task included some steps to be scored for one type of equipment
and a different set to be scored for another type of equipment.
As a result, no subject should have had scores for all of the
steps. Yet, two cases had data for both sets of steps, creating
a unique problem of "too much" data rather than missing data. In
several other instances, a scorer had trouble understanding some
of the directions on the score sheets and left one or more steps
unscored.
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Figure 1

REASONS WHY DATA WERE SOME1TIM1S INCOMPLETE

HANDS -ON DATA

"* Anticipated Variation in Equipment
"* Unanticipated Variation in Equipment
e Soldiers Not Available for Part or All of Scheduled Time
e Equipment Breakdown or Nonavailability
* Conditions Preventing Testing of Some Soldiers on Some Tasks
* Scorer or Scoresheet Errors

RATING DATA

"* No Suitable Raters Available
"* Soldier Does Not Perform Some Kinds of Tasks
"* Rater Not Following Instructions

WOW'LEDGE TEST

"* Soldiers Not Available for Part or All of Scheduled Time
"* Soldiers Exceptionally Slow in Taking Test
"* Soldiers Not Following Instructions
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Finally, a problem that plagued us throughout our testing
was that subjects often had other commitments or were called away
in the midst of tests. A subject might get halfway through a
test, then have to leave for a dentist appointment that had been
scheduled two or three months previously. These unavoidable
absences doubtless caused more missing data than any other factor
listed in Figure 1.

Amount of Missing Data

For any given instrument, data may be either partially
missing (i.e., the soldier failed to complete some items or steps)
or totally missing (i.e., the soldier was not available for a
testing session). Moreover, if data are partially missing, there
may be relatively small amounts of missing data or relatively
large amounts of missing data.

Table 1 shows the extent of missing data for the school
knowledge (SK) tests. There were only a very few instances (1%)
where a soldier failed to take the test at all. There were also
very few soldiers (1%) with relatively large amounts of missing
data. There were, however, a significant number of cases (16%)
with a small number of omitted items.

Table 1 also shows small differences between the Batch A and
Batch Z MOS in the proportion of soldiers not tested at all. For
all but one of the Batch A MOS, the percent not tested is above
1%, while the percent not tested is below 1% for all but one of
the Batch Z MOS. This difference is a direct consequence of the
fact that all of the Batch Z testing took place in a single day
while the Batch A testing required two full days of a soldier's
time.

Table 2 shows the extent of missing data for the job knowledge
(JK) tests. (Subjects in Batch Z MOS did not receive job knowledge
nor hands-on tests.) Again, there were very few instances (1%)
where soldiers were not tested at all. The proportions of soldiers
with relatively small (20%) and relatively large (3%) amounts of
missing data are slightly higher than for the SK tests, but
generally quite comparable.

The extent of missing data for the hands-on tests is shown
in Table 3. The number of soldiers not tested was again small
(1.8%). The number of soldiers with at least some missing data
was, in many cases, very large. For the most part, this was due
to equipment variation or failure.

Table 4 shows the extent of missing data for the rating
measures. A scale or instrument was considered present if at
least one peer or at least one supervisor provided a rating. With
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T)ABLE 1

NUMBER AND PERCZNT O CASES WZTH INCOMPLZTE St
DATA FOR EACH MOS

'os we mm" <i ou.. u >10%. me A mum TOM

l1e 05 2 4712
d 1I2J4 I 0.28 1.14

¶38 638 110 5 14 67
80.64 16.41 I 0175 2l.c

ISE "40  3  IS 4 j S 503
10.12 17.S0 0.40 1.5e

31C j 314 40 1 11 364
, 5.7 10.53I 0.27 &.01

635 536 j I 10 1 10 537
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64.43 12.16 0.40 2.19
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I 5,S3 14.26 0.00 a.21

27E 111 34 2 0 147
75.l1 23.13 1.36 0.10

51i a5 14 S 1 106
$1.44 12-16 4.63 0.93

54E 350 so 2 2 434
""0.61 15.43 0.46 6.46
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"M.16 42.03 1.81 0.00
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Toy 487 119 1t1 S 430
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TABLE 2

NUMBER AND PERCENT OF CASES WITH INCOMPLETE
JK DATA FOR EACH BATCH A MOS

MOS No Missing < 10% Miss >10% Miss All Miss Total

118 506 180 7 9 702
72.08 25.64 1.00 1.28

138 460 180 17 10 667
68.97 26.99 2.55 1.50

ISE 350 115 30 a 503
69.58 22.86 5.96 1.50

31C 304 24 31 7 366
83.06 6.56 6.47 1.91

638 481 120 26 10 637
75.51 18.84 4.08 1.57

64C 533 141 5 7 686
77.70 20.55 0.73 1.02

71L 395 107 6 6 514
76.85 20.82 1.17 1.17

91A 428 59 9 5 501
85.43 11.78 1.80 1.00

958 595 74 21 2 692
85.98 10.69 3.03 0.29

TOTAL 4052 1000 152 64 5268
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TABLE 3

NUMBER AND PERCENT OF CASES WITH INCOMPLETE
HANDS-ON DATA FOR EACH BATCH A MOS

Mos No Missing <10% MIss >10% MIss AU Miss Total

11B 186 471 30 13 702
26.78 67.09 4.27 1.85

138 164 351 114 18 667
27.59 52.62 17.09 2.70

19E 341 131 1i 13 503
67.79 26.04 3.58 2.58

31C 2 228 125 11 366
0.55 62.30 34.15 3.01

63B 135 380 106 16 637
21.19 59.65 16.64 2.51

64C 132 433 112 9 686
19.24 63.12 16.33 1.31

71L 244 218 46 6 514
47.47 42.41 8.95 1.17

91A 346 14S 5 5 501
69.06 28.94 1.00 1.00

95A 326 308 56 2 692
47.11 44.51 6.09 0.29

TOTAL 1898 2665 612 93 5268
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the exception of the Job Task Ratings (JTR), the completion rates
were all quite high. The JTR scales provided a "cannot rate"
option that was counted as missing, and this accounts for most
instances of partially missing data. Tables 5 and 6 show the
same information for supervisors and peers alone. The percent of
soldiers with no ratings was quite a bit higher (8.4%) because no
appropriate peer or supervisor was available in many instances.

Table 7 shows the amount of missing JTR (Batch A MOS) and
CTR (Batch Z MOS) data by MOS. There was considerable variation
across MOS. For some MOS (e.g., Combat Engineers, MANPADS Crewman)
there were very high levels of completeness. However, for MOS
where soldiers tend to work in isolation from other soldiers in
their MOS and tend to perform only a subset of the tasks rated,
the incidence of missing data was significantly higher. The best
example is Administrative Specialist, where only 24% of the
subjects had complete data.

From the results presented thus far, it might be tempting to
conclude that, except for the JTR/CTR data, missing data was not
a significant problem in analyses of the Project A CV data.
Table 8 indicates that this is not the case. The table shows the
nunber of Batch A soldiers with different patterns of complete
and missing data across the four performance measurement methods.
Fewer than 15% of the cases in the entire sample have complete
data for all four methods. If the ratings data are set aside,
there are still fewer than 25% of the subjects with complete HO,
JK, and SK data. Similarly, ignoring the HO data still leaves
only about 42% of the CV subjects with complete data on the
remaining measures. Whether or not the sample of soldiers with
complete data is representative of the target population, the
sheer loss of statistical power associated with reduced sample
size would be unacceptable. Something had to be done.

Treatment of Missing Data

The processing of missing data was approached in two stages.
In the first stage, we focused on one instrument at a time and
dealt with only those subjects who were missing a small amount of
data on the instrument under consideration. In the second stage,
we formulated procedures for dealing with subjects who were
missing a high percentage or all of the data on a given instrument.
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TABLZ 4

PERCENT OF CASES WITX MISSING DATA BY
RATING INSTRUXZNT USING COMBINED

SUPZRVISOR AND PEER RATINGS
(ALL N08: N=9430)

No 110% > 10% All
Instrument Missing Missing Missing Missing

Army-Wide BARS 98.3 0.2 0.0 1.5

MOS Specific BARS 97.0 0.3 0.9 1.8

Task Ratings 66.2 11.2 20.1 2.4

Combat Prediction 98.3 0.1 0.1 1.5
All Instruments 66.0 28.7 3.8 1.5

TA3BLE S

PERCENT OF CASES WITH MISSING DATA BY
RATING INSTRUMENT FOR SUPERV=SOR

RATINGS ONLY
(ALL MOS: N=9430)

No 1-10% > 10% All

Instrument Missing Missing Missing Missing

Army-Wide BARS 90.3 0.9 0.3 8.5
MOS Specific BARS 82.7 2.3 5.3 9.8

Task Ratings 30.2 13.5 45.3 10.9

Combat Prediction 89.4 1.8 0.2 8.6

All Instruments 29.2 50.0 12.3 8.4
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TABLE 6

PERCENT OF CASES WITH MISSING DATA BY
RATING INSTRUMENT FOR PEER

RATINGS ONLY
(ALL MO0: N=9430)

No 1-10% > 10% All

Instrument Missing Missing Missing Missing

Army-Wide BARS 91.0 0.4 0.2 8.4

MOS Specific BARS 88.9 0.5 1.3 9.3

Task Ratings 48.1 11.0 30.0 11.0

Combat Prediction 90.4 0.9 0.2 8.6

All Instruments 47.5 34.2 9.9 8.4
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TABL.U• 7

PERCENTAGE OF CASES WITH MISSING
TASK RiTINGS USING COMBINED PEER

AND SUPERVISOR RiTINGS

No 1.10% > 10% All Total

MOS Missing Missing Missing Missing N

11 71.51 14.39 12.39 1.71 702

138 75.41 6.45 17.54 0.60 667

ISE 68.79 14.51 16.30 0.40 503

31 C 56.28 16.39 24.59 2.73 366

638 63.27 10.99 22.92 2.83 637

64C 60.50 9.91 26.97 2.62 686

71L 23.93 18.29 53.89 3.89 514

,91A 60.68 13.17 25.35 0.80 501

955 70.38 11.85 17.63 0.14 692

12B 93.32 3.13 2.41 1.14 704

16S 91.49 5.32 3.19 0.00 470

27E 74.15 6.80 18.37 0.68 147

51B 84.26 5.56 8.33 1.85 108

54E 73.73 12.21 10.37 3.69 434

556 69.42 12.71 16.15 1.72 291

67N 62.32 13.77 22.83 1.09 276

76W 61.22 14.49 20.20 4.08 490

76Y 49.05 11.59 31.43 7.94 630

94B 59.15 10.46 25.16 5.23 612

ALL MOS 66.18 11.20 20.22 2.40 9430
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TABLZ S

YIMZR O7 CASES WITH COMEPLETE DATA FOR

EICH COMBIlNATION OF C•ITERZON INSTRUMENTS

BATCH I

Frequency Complete Comp K3 Miss K3 Missing
Percent K3 & KS Miss KS Comp KS K3 & K5 TOTAL

Complete HO & RA 772 189 122 58 1141
14.65 3.59 2.32 1.10 21.66

Comp HO Miss RA 526 130 72 29 757
9.98 2.47 1.37 0.55 14.37

Miss HO Comp RA 1436 364 215 125 2140
27.26 6.91 4.08 2.37 40.62

Missing HO & RA 784 241 125 80 1230
14.88 4.57 2.37 1.52 23.35

TOTAL 3518 924 534 292 5268
66.78 17.54 10.14 5.54 100.00
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Stage 1: Missing Data within Bach Instruzent

Amount of missina data 1ermitted. The first step in Stage I
was to decide how much missing was too much. We examined
distributions of the amount of missing data and found somewhat of
a bimodal distribution. Most soldiers had only a small number of
missing steps, items, or scales, but a smaller number had all or
nearly all elements missing. For each instrument, we picked a
percentage to be the dividing line between minimal and significant
amounts of missing data. For cases with minimal missing data, we
would take steps to fill in missing values so as to be able to
compute performance scores. For cases with significant amounts
of missing data, we would not attempt to compute performance
scores for the instrument in question.

In general, we sought to retain 90 - 95% of the soldiers
tested in each MOS, but to eliminate cases with more than 10%
missing elements. For the written tests (.K and SK), we were
able to set a 10% missing cutoff and still retain well over 95%
of the subjects in each MOS. For HO and each of the rating
instruments a slightly more liberal cutoff of 15% missing was
chosen as the best balance between the desire to retain most of
the cases and the desire to limit strongly the number of values
that we would have to impute to achieve complete data. For the
HO data a two-stage rule was adopted. For each task tested, we
decided to generate a task score only if no more than 15% of the
steps were missing. We then computed overall hands-on scores
only if no more than 3 task scores (no more than 4 task scores
for 31C and 63B, where we had relatively small samples) were
missing.

Drop~ina unreliable responders. In addition to dropping
cases with too much missing data on an instrument, we also
developed rules for identifying and eliminating "unreliable" or
random responders on each instrument. Again the rules were
developed and adopted on an instrument-by-instrument basis. For
the written tests, a random response index was defined as the
correlation between the item score (1 for correct and 0 for
incorrect) and item difficulty (expressed as proportion of subjects
who answered the item correctly). For most examinees this
correlation was positive since there was a tendency to get the
easier items correct and miss the more difficult items. In a few
instances this correlation was essentially zero, suggesting
random responding. For these subjects, all of their responses
for that particular instrument were set to missing

Random responding was not a concern for the hands-on data.
The data sheets were filled out by trained (and monitored) NCOs
and-not by the examinees themselves. There was no indication
that any subjects intentionally responded poorly or randomly in



front of the NCO scorers. No screening for unreliable responses
in the hands-on data was conducted.

For the rating data, we screened for unreliable raters
rather than unreliable examinees. We constructed reliability
indices for each rater by comparing their ratings with the average
of all other raters' ratings of the same soldiers on the same
scales. Both mean difference and correlational indices were used
in identifying "outliers" among the raters.

Establishina separate tracks to acccunt for ec-ainment
differences. For several MOS, the hands-on scoring differed for
different equipment. In order to achieve comparable scores
across these equipment differences, we separated the examinees
into separate "tracks" corresponding to the different variations
in equipment. (For Military Police, for example, females use and
were tested on a .38 caliber hand gun while males use and were
tested on a .45 caliber hand gun.) We found at most minimal
differences between track samples on those tasks that were scored
the same, so we achieved comparable scoring by standardizing
scores computed from tracked tasks separately for each track
sample. Scores for each track were standardized to have a mean
and standard deviation that matched the original overall mean for
the score in question.

Number of subjects dropped for missina data or unreliable
responses. The number of cases deleted due to too much missing
data and/or to apparent random responding for the SK tests are
shown in Table 9. Similar results for the JK tests are shown in
Table 10 and the numbers of cases deleted due to too much missing
data on the HO tests are shown in Table 11. Elimination of
unreliable raters did not result in the loss of rating data for
any individual subjects. In all cases, where raters were
eliminated, there were other raters providing data on these
subjects. (Where there were no other raters, the rater in question
was not eliminated because there was no basis for estimating the
reliability of the ratings.)

Imputina missing values. After dropping cases with too much
missing data or with random responses, we imputed values for the
remaining missing data so that summary performance scores could
be computed.

We considered several options for imputing scores. The
first was to compute the subject's mean on the variables that
were present and then substitute this mean for each of the missing
variables. If a subject passed 80% of the items or steps for a
particular task or test, we could substitute a value of .8 for
any missing item or step scores. This is equivalent to defining
the total score as the mean of the values present, which was done
in the field test. The problem with this approach was that items
and steps differed considerably in difficulty. There were cases
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TABLE 9

NUMBER OF CASES WITH SI DATA DELETED DUE TO
TOO MUCH KISSING OR RANDOM RESPONSE

M:SSING RANDOM TOTAL TOTAL PERC-
,cs > 10% RESP BOTH DROPPED N DRO-.=ED

213 2 8 0 10 694 1.4
:•3-S 3 10 0 13 536 2.4
1.33-T 2 2 0 4 117 3.4
19E 4 6 0 10 495 2.0
31C 1 5 0 6 355 1.7
633 10 5 0 15 627 2.4
64C 3 7 0 10 679 1.5
1 3 5 0 8 501 1.6

91A 2 5 0 7 486 1.4
953 4 9 0 13 687 1.9
123 5 11 0 16 698 2.3
!6S 0 1 0 1 469 0.2
27- 2 3 0 5 147 3.4
513 4 0 1 5 107 4.7
547 2 4 0 6 432 1.4
553 15 1 0 16 289 5.5
672" 5 0 0 5 276 1.8
76W 9 5 1 15 488 3.1
76Y 19 10 0 29 625 4.6
94B 14 20 0 34 604 5.6
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TABLE 10

NUMBER OF CASES WITH JZ DATA DELETED DUZ TO
TOO UVCH MISSING OR RANDOM RESPONSE

!ZSSZNG RANDOM TOTAL TOTAL PERCENT
MCS > 10% RESP BOTH DROPPED x DROPPED

113 9 6 0 15 693 2.2
123 16 1 1 18 657 2.7
:9: 29 6 1 36 495 7.3
3iC 31 2 0 33 359 9.2
633 26 4 1 31 627 4.9
64C 7 4 0 12. 679 1.6
71: 6 1 0 7 508 1.4
9iA 9 4 0 13 496 2.6
953 22 3 0 25 690 3.6

TABLE 11

NUMBER O CASES WITE WNDS-ON DATA DELETED
DUE TO TOO MUCH MISSING

CASES PERCENT
MOS DELETED DROPPED

li 8 1.2
138 37 5.7
19E 16 3.4
31C 14 4.1
63B 52. 9.1
64C 37 5.5
71L 14 2.8
91A 0 0.0
95B 25 3.6
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where the omitted items/steps were considerably more (or less)
difficult than the items/steps that were completed, so systematic
bias would be introduced by substituting the examinee's mean.

The second option that we considered was to substitute the
variable (item, step, scale) mean for all missing values on that
variable. This option was rejected because it would reduce
individual differences. Subjects performing at different levels
should have different estimates for the missing items.

The option used to fill in missing values was a procedure
that had been developed for the National Center for Education
Statistics (now the Center for Education Statistics) kncwn as
PROC IMPUTE (Wise & McLaughlin, 1980). Several features of PROC
IMPUTE made it preferable to other readily available options for
filling in the missing CV values.

First, PROC IMPUTE uses regression equations to predict
missing values. Each missing value is predicted from other
values for the subject in question so that individual differences
are retained. The regression coefficient and intercept vary from
item to item so that differences in item difficulty are also
reflected in the predicted values.

Second, PROC IMPUTE adds a random variable with variance
equal to the error of estimate for predicting the missing value.
If such a random variable is not added, the imputed values are
more highly correlated with values on other variables in comparison
with nonimputed values.

Third, PROC IMPUTE employs a sequential strategy that
maintains relationships between variables when more than one
value is imputed for the same examinee. A two-stage approach is
employed so that the first variable is imputed from nonmissing
values. The second (and subsequent) variable(s) are imputed from
the nonmissing values plus the imputed value for the first
variable. After all initial imputations, values are reimputed in
a second pass where all of the initially imputed values participate
in the reimputation of each missing value.

Finally, PROC IMPUTE models nonlinear relationships between
the predicted and actual values. If the actual values are
discrete, PROC IMPUTE provides discrete values for the missing
elements as well. Table 12 illustrates the final step in PROC
IMPUTE. The predicted values were divided into six equal intervals
to define predicted "levels". There were from 61 to 92 cases at
each predicted level for whom actual technical skill ratings were
available. The distribution (in percentages) of actual scores
for each predicted level is shown. For each soldier with a
missing technical skill rating, a predicted level is computed.
(Actually, the program interpolates between predicted levels.) A
uniformly distributed random number between 0 and 100 is generated
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and mapped onto the actual levels using the cumnulative
distribution of actual scores for the predicted level. (Again
the program actually interpolates between levels.) The actual
level scores are then transformed back to the original units.

Table 12

Distribution of Technical Skill Ratings
for Each Predicted Level

Percent at Each Actual Level
Predicted Total 0 Level
Level of. Cases 2L 1 A 5

1 67 15 57 is 0 0
2 61 0 21 77 2 0
3 92 0 7 65 28 0
4 89 0 0 40 59 1
5 92 0 0 8 91 1
6 71 0 0 3 52 45

PROC IMPUTE was used in all instances except one. For the
written tests, a distinction was made between internal omits
(prior to the last item answered) and items that were not reached
(omits after the last item answered). For internal omits, we
assumed that the examinee did not know the answer and substituted
a score equal to the guessing rate (e.g., .2 for a 5 option
item). If the actual proportion passing the item was lower than
the guessing rate, the proportion passing was used instead. We
made no assumptions regarding items not reached since the examinee
may not have had time to demonstrate knowledge of the item. Not
reached items were imputed with PROC IMPUTE as were all missing
hands-on steps and rating scales.

Tables 13, 14, and 15 show the changes in summary for
statistics that resulted from the Stage I screening (pruning),
standardizing (by track), and imputating for three different MOS.
Initial totals were computed using means of available data. The
sample sizes dropped slightly due to screening out random
responders and cases with too much missing data. Only small
changes in means, standard deviations, reliabilities and
correlations resulted from the Stage I procedures. (Mean shifts
for the first three scales should be compared against a standard
deviation of 10.0, while the three rating factors were on a 7
point scale with a standard deviation of just under 1.0.)

Stage II: Missing Instruments

After cases were dropped or missing values were filled in on
an instrument-by-instrument basis, we were ready to compute
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Table 13

STAGE I RESULTS
CZANGZS IN STATISTICAL CHARACTERISTICS OF BUMLRY PERFORMANCE 2'EASrRES

RESULTING PROM PRUNING, IMPUTING (EXCEPT RATINGS), AJUD STANDARDIZING
MOS liB: INFANTRY

CORRELATT70 WIT".:

S TCTAL SCORE -11 0.6 -0.7 -01 . 00 05 00 C2 -0.

:K TOTAi SCcCZR -15 0.1 -0.3 01 00 . C5 01 Z2.

:ANs-oN TOTA. -4 -0.4 -0.9 02 05 05 05 C2 03

AW61BI: TC-i/E-TORT -1 -. 01 .01 02 00 00 05 f Co cc

A•WB2: :ThEZG&CONTM -1 -. 01 .01 02 02 01 02 00 . 01

AW33 : AP---EA:-.NCE -1 .00 .01 02 -01 00 06 00 C1

Table 14

STAGE I
C--ANGES IN STATISTICAL C-ARACTERISTICS OF SU!^ARY PERFO L.ANCE E.I:ASURES

RESULTI-.G FROM, IMPUTING (EXCEPT RATINGS), AND STANDARDIZ:!;Z
i"OS 63B: TRUCK Y.ECHANIC

?ZF 'fMAS7E __L FI-M SO. E~ulmr 1Y :7 H- L.: ;ý

SI: TOTAL SCORE -15 0.8 -0.7 -01 . C2 05 02 C" -C:

. :-AL SCZRE -31 0.3 -0.4 00 02 . 08 00 C. -ci

_A2-0ZS-O TOTAL -40 -0.3 -1.2 -03 05 08 . -02 -C! -CS

; 1:7:. TE-•/EFFORT -C2 .01 .00 02 -02 O0 -02 . CD C1

;32: -NTEG&CONTR -02 .01 .00 01 00 01 -01 CO D.

" ".A-:: A L?-ARA 1CE -C2 .01 .00 02 -03 -01 -06 021 c .
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Table 15

CHANGES III STATISTICAL CXA.P.7ACTERS'BC3 0? SC(.kvRXY VE~rCRL-.ACZ X=ASrZS
RESCLTI:ZG FR0O( PRUNING, IMPUING (EXCEPT a~lTzGS), XLND S:~-ARAZ~Z:N;G

XOS 71L: CLERX

SY c:A. ~-03 0.4 0.3 '- - , - -

3:-c T0:A:Z SCzCRZ -07 0.1 -0.1 0 01. 02 C: 0-

Hz.ns-c:; :CTAL +06 -7.0 -0.3 5 03 02 co ~ c

AWBI: T~iY0T 00 -.00 .00 00 C2 01 -02. ccc

AWB3: IN%:'t*&CCNTR 00 .00 .00 CO 02 02. 00 00 . c:

AWB3 : A AACE00 .00 .00 00 -01. 0C -01. 00 C
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Table 16

NU•BZR OF CA2B8
KISSING ZACH INSTRUMNIT

(After Stage I Screening and Imputation)

li ui inL 31 62E Ala 21" 2A 9:5-

Total N 702 667 503 366 637 686 514 501 692
Missing Hands-On 20 55 29 25 68 46 20 27

Missing Job Kn 24 29 44 40 41 18 1.3 i 29
Missing Scho Kn 18 28 18 17 25 17 21 22 13
Missing AW Bars 7 2 1 8 12 8 11 3 0
Missing MOS Bars 9 12 3 9 18 13 23 8 0
Missing Comb Pred 7 2 1 8 12 8 11 3 0
Missing Al: Awards 14 24 13 13 11 12 14 11 4
Missing Al: Phys Red 63 93 53 30 80 81 60 59 57
Missing A4: Arts. 15 23 28 16 14 11 14 15 14 4
Missing AS: Prom Rt 109 143 83 62 97 86 79 61 84

Total Complete 512 406 335 241 411 486 355 374 513
% Complete 72.9 60.9 66.6 65.9 64.5 70.9 69.1 74.7 74.1

Final Counts After Staae I Imrutation

Total N 693 656 490 356 615 675 506 492 686
% of Original 98.7 98.4 97.4 97.3 96.6 98.4 98.4 98.2 99.1
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Table 17

STAGE 1I
CHANGES IN STATISTICAL CNARACTERISTICS 07 SUMOMAY PERFORMNCE MEASURES

RESULTING FROM STAGE 1I IMPUTATIONS
MOS 11B: INFANTRY

CORRELATrCN WITH:

P'EF N AS-7E N SD~ SK Z., JL A2 A 3

SK TOTAL SCOZ.E +11 -.1 +.1 . 01 -02 02 01 01

JK TOTAL SCORE +16 -. 5 +.1 01 . 00 01 00 01

HANDS-ON TOTAL +15 -2.0 -.5 -02 00 • 02 01 03

AWB1: TECH/EFFORT 0 .0 .01 02 01 02 a 00 00

AWB2: INTEG&CONTR +6 -. 01 +.01 01 00 01 00 . 00

AWB3: APPEARANCE +6 .00 .00 01 01 03 00 00

Table 18

STAGE 11
CHANGES IN STATISTICAL CHARACTERISTICS OF SUMMARY PERFORMANCE MEASURES

RESULTING FROM STAGE I1 IMPUTATIONS
MOS 63B: TRUCK MECxANIC

CORRELATION WITH:

PERF MEASURE .. A SD u 2A

SK TOTAL SCORE +13 -. 4 -. 0 . 00 01 01 00 00

JK TOTAL SCORE +25 1.0 .0 00 . 02 01 00 02

HANDS-ON TOTAL +49 -. 9 -. 7 01 02 . 00 00 05

AWBL: TECH/EFFORT 0 .00 .00 00 00 00 . 00 00

AWB2: INTEG&CONTR +6 .00 .00 00 00 00 00 * 00

AWB3: APPEARANCE +9 .00 .01 00 02 05 00 00
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Table 19

STAGZ 1I

CXANGES IN STATISTZCAL CHARACTERISTICS OF SUMMARY PERFORMANCE MEASURES

RESULTING FROM 8TAGE 11 IMPUTATIONS
KOS 71L: CLERK

CORRELATION WITH:

PERE .MEASt'rE MEA S SX JX U_ 0 A 3 _

SX TOTAL SCORE +11 .0 .0 . 00 -03 00 00 00

JK TOTAL SCORE +6 .8 .0 01 . -01 00 -02 00

HANDS-ON TOTAL +18 -4.3 -1.7 -03 -01 . -01 00 02

AWB1: TECH/EFTORT 0 .00 .00 00 00 -01 . 00 00

AWB2: INTEG&CONTR +7 .00 .00 00 -02 00 00 . 01

AWB3: APPA-ARANCE 9 .00 .00 00 00 -02 00 01
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overall performance scores that combined information from the
different measurement methods. The decision at this stage was
whether to estimate individual scores if only partial data were
available for the individual. We decided on a 50% rule. An
examinee had to have data on at least half of the instruments
going into a particular performance construct before we would
estimate a score on the performance construct. Where 50% or
fewer of the pieces were missing, PROC IMPUTE was again used to
fill in the missing pieces.

Table 16 shows the number of soldiers in each MOS who had
missing values for each instrument after the completion of the
Stage I imputations and screening. In most instances, the number
of missing cases was quite small (1 or 2%). The chief exceptions
were two of the administrative measures. (Administrative measures
were not included in stage I imputations because they do not
include a large number of component parts.) Physical Readiness
test scores were missing for 10 to 15% of the examinees. In most
instances, peer and supervisor ratings of physical fitness were
available for these same examinees. Similarly, Promotion Rate
Deviation scores were missing for a si-nificant number of cases
(15%). This was primarily due to problems in retrieving Accession
file information needed to compute time-in-service. For the most
part, variation in promotion rates among first tour enlisted
soldiers reflected
instances where disciplinary problems led to delays in promotions.
Such delays were predicted fairly well :rom ratings of self
control and integrity and from the idministrative index of
disciplinary actions.

Tables 17, 18, and 19 show changes in summary statistics
that resluted from Stage II imputations for the same three MOS as
before. Again only small changes resulted. There was a slight
drop in hands-on means, because soldiers with missing hands-on
scores tended to score well below average on other measures.

Summary

The decision rules and imputation procedures used with the
CV data were successful in allowing us to develop performance
scores for a very high proportion of the soldiers tested. Based
on the available evidence, we have no reason to believe that any
significant distortions were introduced while achieving this
goal. Relatively few values were imputed at all. Where imputation
was necessary, it was done with great care.

The apparent ease of imputation procedures should not,
however, lead us to relax our data collection procedures in the
future. Lessons learned from investigation of the reasons for
missing data will be used to modify data collection procedures
for the Project A longitudinal validation so as to further reduce
the amount of missing data.
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DEVELOPMENT OF PROJECT A JOB PERFORMANCE MEASURES

Charlotte H. Campbell, Walter C. Borman, Daniel C. Felker,
Pat Ford, Maria de Vera Park, Elaine C. Pulakos,

Barry J. Riegelhaupt, and Michael G. Rumsey

You have heard from the previous presenters about the overall objec-
tives of Project A, and about the predictor development. The purpose of
this paper is to describe the objectives, procedures, and products of the
criterion development work.

The overall strategy for performance (i.e., criterion) measurement in
Project A was to define the total domain of Army entry-level enlisted
personnel performance in and then develop reliable and valid measures of all
of the major components. The specific measures would be used as criteria
against which to validate the predictor measures.

In defining the performance domain, we began with two assumptions. The
first is that job performance is multidimensional. There is no one
attribute, outcome, or factor that can be labeled as Job performance. The
second assumption is that job performance is manifested by a wide variety of
behaviors or activities, things people do, that are Judged to be important
for accomplishing the goals of the organization. Each of these activities
probably requires different knowledges and skills which are in turn most
likely a function of different abilities.

For any particular job, one fundamental task in defining the perfor-
mance domain is to describe the basic factors that comprise performance.
For the population of entry-level positions in the Army, we postulated that
there are two major types of job performance factors. The first is composed
of performance components that are specific to a particular job, such as
typing for the administrative specialists or loading the tank gun for tank
crewmen; these we have labeled "job-specific" criterion factors. The second
type of performance includes components that are defined and measured in the
same way for every Job (Borman, Motowidlo, Rose, & Hanser, 1985). These
have been referred to as "Army-wide" criterion factors. Examples might be
proficiency on the tasks for which every soldier is responsible, or
demonstrating peer leadership or support.

The initial working model of tota3-'performance viewed performance as
multidimensional within the job-specific and Army-wide factors. The job
analysis and criterion construction methods were designed to "discover" the
content of these factors via a comprehensive description of the total
performance domain, several iterations of data collections, and the use of
multiple methods for identifying and measuring the basic performance
factors.

4o

Defining the Job Content Domain

The definition of the job content domain was approached from several
angles, including collection of critical incidents, review of Army job and
task analyses, and review of Army training programs.
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Critical incidents.

Through the conduct of critical incident workshops, Army personnel
provided hundreds of critical incidents of specific task performance within
each focal job, and thousands of critical incidents describing performance
behaviors that have a general, not job-specific, referent. These large
samples of job behaviors were translated into dimensions which identify both
job-specific and Army-wide performance factors.

Army job and task analyses.

The Army maintains complex and definitive job and task analyses for
every enlisted job. These include lists of the tasks required of all
soldiers, regardless of their jobs, and provides step-by-step descriptions
of how the task is to be performed, under what conditions, and to what
standard. Another part of the system lists the tasks required for soldiers
in the specific jobs and provides similar detailed task analyses. The Army
Occupational Survey Programs are task inventories for specific jobs, which
are administered periodically to soldiers in the jobs to determine which of
hundreds of tasks and activities are performed by soldiers at various levels
within the Army.

For each job, a data bank of task statements was accumulated from the
integration of these sources, and the individual task statements were edited
to determine if they indeed focused on observable job tasks, if they were
redundant or overlapped with other tasks, if they were required only for
soldiers in restricted or specialized assignments, and if they were at the
same level of generality. Army job experts reviewed these edited lists to
determine whether they provided a complete picture of the job requirements.
The result was a task-based definition of the job performance domain.

Army training programs.

Prior to beginning work in any job, soldiers attend training courses
that cover both basic Army soldiering skills and job-specific skills. As a
matter of Army policy, training must be job-related; therefore examination
of the training curricula should provide another view of the domain of job
performance. Working with each of the schools where this training is
developed and/or administered for the 19 jobs, we developed descriptions of
the objectives and content of the training curricula. Job and task
analyses, described above, were used in conjunction with these descriptions
to develop detailed descriptions of training for each job. What was
produced was a thorough analysis of the objectives, curriculum, and
assessment procedures for the key schools.
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Representing and Measuring the Job Content Domain

The criterion development work was guided by the desire to cover as
many bases as possible relative to the population of criterion measures that
it is possible to collect. We know a lot more about predictor constructs
than we do about job performance constructs. There are volumes of research
on the former, and almost none on the latter. For personnel psychologists
it is almost second nature to talk about predictors in terms of constructs.
However, investigation of job performance constructs seems limited to those
few studies dealing with synthetic validity and those using the critical
incidents format to develop performance factors. Relatively little
attention has been given to conceptualizing performance in clerical,
technical, or skilled jobs. Because we know so little about the underlying
structure of job performance, we used every bit of measurement technology we
had.

Our use of the technology was, we hoped, even-handed with respect to
methods of defining performance and developing measures. We would be hard-
pressed to defend placing the criterion variables on some continuum from
immediate, through intermediate, to ultimate as a means for portraying their
relative importance or functional interrelationships. For example, although
there are good reasons for developing hands-on (job sample) performance
measures, we would not be willing to defend hands-on performance scores as
the "most ultimate" measure. And although job analyses based on critical
incidents enjoy great respect and intuitive appeal, we would not propose
these analyses as the "most valid" definitions of performance requirements.

Although our efforts involved intensive examination of the job-specific
domain for all of the 19 Jobs, intensive measurement was to be focused on
nine of those jobs; fewer job-specific criterion measures were to be
developed for the other ten jobs.

Analysis of the critical incidents led to the development of two sets
of behaviorally anchored rating scales (BARS). One set, which was based on
those behavioral examples which were tied to performance of job-specific
activities, consists of six to twelve scales for each of the nine
intensively-studied jobs. The other set was developed from the non-job-
specific examples, and consists of 11 Army-wide scales, which would be used
to assess performance of soldiers in all 19 jobsr. On these and on all other
rating scales, soldiers would be rated by peers and supervisors. Figure 1
presents an example of the job-specific dimensions for one of the nine jobs,
and lists the Army-wide dimensions which applied to' all jobs. It should be
noted that what we developed were behavioral summary scales, containing
anchors that.represent the behavioral content of all performance incidents
reliably retranslated by Army job experts for that particular level of
effectiveness.
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The task-based domain lists were clustered sampled by Army personnel
with experience in each of the nine jobs, who also provided judgments of the
importance of each task and the expected performance level and variability
of each task for entry-level soldiers. Other job experts then sampled 30
tasks from each domain using the clusters and judgments. For each of the 30
tasks that they selected for each job, we developed multiple-choice paper-
and-pencil Job knowledge tests; for 15 of those tasks, we also constructed
hands-on job sample tests. in several of the jobs, we developed parallel
versions of the job knowledge and hands-on tests in order to cover various
equipment systems in operation. Figure 3 lists the tasks for which tests
were developed for one of the nine jobs.

The analysis of the Army's job training programs included grouping of
the training objectives into duty areas, corresponding to the grouping of
tasks in the occupational surveys. Multiple-choice paper-and-pencil tests
of training achievement were constructed for the tasks in the duty areas,
for each of the 19 jobs. In order to cover the *incidental learning" of job
tasks not covered specifically during training, each test also included
items for tasks not included in the curricula. Army job experts rated each
item on its importance and relevance to training and to job performance;
these ratings were used in selecting items to appear on the tests. Figure 4
presents the duty areas for which items were developed for one of the 19
jobs.

As we went through these development activities, we became aware of
potential shortcomings in the set of performance measures, which could prove
to be important in interpreting results. Accordingly, additional measures
were developed. Three were to be administered for soldiers in all 19 jobs
(Figure 5). These included a single rating scale of Overall Effectiveness,
on which the rater was to consider performance in all of the categories on
the Army-wide BARS instrument; a single rating of NCO (noncommissioned
officer) Potential, which might well be independent of the Amy-wide and
Overall Effectiveness ratings; and a single rating scale of Overall
Performance On Specific Job Duties.

Another area which was explored concerned records of administrative
actions, which the Army routinely maintains for all enlisted personnel.
Most of the information is maintained in noncomputerized files at the
soldier's unit of assignment; some is also forwarded to central computerized
files. Because obtaining the information from noncomputerized files was
excessively labor-intensive, we developed a self-report form, which asked
for information in five areas, including awards, letters of commendation,
and disciplinary actions; these seemed, on the basis of their base rates and
Judged relevance, to have at least some potential for service as criterion
measures. This Personnel File Information Form was also to be administered
to soldiers in all 19 Jobs.
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For the ten jobs which were being studied less intensively, we
developed a set of rating scales covering performance on 13 Common Task
dimensions, the Common Tasks being those which are required of all soldiers,
regardless of their jobs. The 13 dimensions include such things as basic
first aid and firing of individual weapons (see Figure 6). These were the
only source of job- or task-specific information which would be obtained
from soldiers in the ten jobs.

For the nine jobs which were subjected to intensive study, sets of
rating scales covering performance on the 15 tasks tested hands-on were
constructed; although these were not behaviorally anchored scales, we hoped
that they would provide a link between the job-specific BARS and the hands-
on performance results. A Job History Questionnaire, requesting indication
of the recency and frequency of performance on the tasks covered by the job
knowledge and hands-on tests, was also developed, in order to assess the
likely impact of experience effects on task performance. (Figure 7)

Army Management Agency Reviews

Throughout the initial development cycle, spanning the first three
years of the project, we sought and received extensive involvement from the
Army management agencies responsible for setting training and job perfor-
mance policy. All of our procedures for obtaining information, all of our
instruments, items, scales, and instructions, all of our data collection
plans, were closely monitored by personnel from these agencies. By means of
a series of formal briefings and reviews and informal discussions, we
received valuable advice and direction concerning future planning, projec-
tions, and policies. Such management involvement has been and will continue
to be invaluable in maintaining the integrity of the criterion development.

Pilot Testing and Field Tryouts

All of the measures went through several iterations of pilot testing
and larger-scale field tryouts before they were finalized for the Concurrent
Validation. The pilot tests were used to insure the technical accuracy,
readability, and acceptability of the measures. The field tryouts served as
a dry-run for the Concurrent Validation. They involved testing of 114 to
178 soldiers in each of the nine intensively studied Jobs, using all of the
Army-wide and job-specific instruments; tryouts of the training achievement
tests among soldiers completing job training provided the needed information
for the other ten Jobs. Results were used to revise and refine the
instruments. The training achievement tests, job knowledge tests, and
expected combat performance scales were reduced in order to be administrable
within the time allotted for the Concurrent Validation, a small number of
scales were dropped, hands-on tests were revised to insure reliable
observation and scoring, variables were added to the personnel information
form, instructions were refined.
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The final array of the criterion measurement instruments is portrayed
in Figure 8. These were the tests and scales that were used in the
Concurrent Validation. The next papers will describe how the data on those
instruments and the predictor instruments were collected and analyzed.

This research was funded by the U.S. Army Research Institute for the
Behavioral and Social Sciences, Contract No. MDA903-82-C-0531. All
statements expressed in this paper are those of the authors and do not
necessarily express the official opinions or policies of the U.S. Army
Research Institute or the Department of the Army.

FIGURE I

ARMY-WIDE RATING SCALES (BARS) DIMENSIONS

e Technical knowledge/skill
* Initiative/effort

e Self-control

JOB-SPECIFIC RATING SCALES (BARS) DIMENSIONS FOR CANNON CREWMEN

* Loiding out equipment
* Driving and maintaining vehicles, howitzers, and equipment

* Position improvement

FIGURE 2

COMBAT PERFORMANCE PREDICTION SCALE DIMENSIONS

e Cohesion/commitment to others
# Self-discipline/responsibility
* Mission orientation
* Technical/tactical knowledge
* Initiative

FIGURE 3

TRAINING ACHIEVEMENT TEST DUTY AREAS FOR CANNON CREWMAN

* Cannon equipment emplacement/displacement
@ Firing battery operations during firing

* Communications equipment and operator maintenance
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TASKS COVERED BY JOB KNOWLEDGE AND HANDS-ON JOB SAMPLE TESTS
FOR CANNON CREWMAN

a Perform cardiopulumonary resuscitation
a Prevent shock

* ilsassemble/assemble breach (M109; M110; M1198; M102)

*Hands-on test developed (all tasks covered by Job knowledge tests).

FIGURE 5

ADDITIONAL MEASURES FOR SOLDIERS IN ALL. 19 JOBS

a single scale rating of Overall Effectiveness
* Single scale rating of NCO Potential
9 Single scale rating of Overall Performance on Specific Job Duties
* Personnel File Information Form - Variables:

Number of awards and decorations
Number of letters/certificates of appreciation, commendation,

achievement
Number of Articles 15/Flag actions (Disciplinary actions)
Number of Military Training Courses

FIURE 5

ADDITIONAL M4EASURES FOR SOLDIERS IN TEN JOBS

* Rating scales on Common Task Areas:
See: Identifying Threat (armored vehicles, aircraft)
See: Estimating Range

Survive: Knowing and Applying the Customs and Laws of War

FIGURE 7

ADDITIONAL MEASURES FOR SOLDIERS IN-NINE JOBS

a Task Performance Rating Scales - on the 15 tasks tested hands-on

a job History Questionnaire - recency and frequency of performance
on 30 tasks in job knowledge and/or hands-on tests
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FIGURE 8

CRITERION MEASUREMENT INSTRUMENTS FOR CONCURRENT VALIDATION

Performance Measures For All 19 Jobs:

@ Army-Wide Rating Scales (all obtained from both supervisors and peers).

- Ten behaviorally anchored rating scales (BARS) designed
to measure factors of non-job-specific performance.

- Single scale rating of Overall Effectiveness.
- Single scale rating of NCO Potential.

9 Combat Performance Prediction Scale (obtained from both supervisors and
peers) containing 40 items.

* Paper-and-pencil test of Training Achievement, developed for each of the
19 jobs (130-210 items each).

e Personnel File Information Form, developed to gather objective archival
records data (awards and letters, rifle marksmanship scores, physical
training scores, etc.). Self-report.

Performance Measures ':r Nine Jobs Only:

e Job Sample (Hand,-On) tests of job-specific task proficiency.

- Individual is tested on each of about 15 major job tasks in a job.

e Paper-and-pencil Job Knowledge Tests designed to measure task-specific
job knowledge.

- Individual is scored on 150 to 200 multiple-choice items representing
about 30 major job tasks. Ten to 15 of the tasks were also measured
hands-on.

* Rating scale measures of specific task performance on the tasks measured

with the hands-on tests.

* Job-Specific Rating Scales (obtained from both supervisors and peers).

- From 6 to 12 behaviorally anchored rating scales (BARS), developed for
each job, to represent the major factors that constitute job-specific
technical and task proficiency.

- Single scale rating of Job Performance
e A Job History Questionnaire which asks for information about frequency

and recency of performance of the job-specific tasks (self-report).

Performance Measures for Ten Jobs Only:

* Army-Wide Rating Scale, (all obtained from both supervisors and peers).
- Ratings of performance on common tasks (e.g., basic first aid).
- Single scale rating on performance of specific job duties.
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The paradigm of Project A is simply that of a criterion reiated valid-

ity study, albeit a very large one that examines an entire system at once.

Previous papers have discussed predictor development, criterion development,

and data editing and preparation. This paper is intended to illustrate

further the usefulness of a good theory, or even a poor one, in applied re-

search. It recounts our attempt to model job performance in this population

of jobs and to maximize our understanding of the previously described cri-

terion measures. Recall that multiple methods were used to assess indivi-

duals on a wide array of performance components. Great care was taken in

the task analysis and critical incident analysis to build in as much content

validity as possible and considerable resources were devoted to careful

measurement development.

THE INITIAL FRAMEWORK

The overall criterion development work was guided by a particular "theory"

of performance, the basic outline of which is as follows. First, job perfor-

mance really is multi-dimensional. There is not one outcome, one factor, or

one anything that can be pointed to and labeled as job performance. It is

manifested by a wide variety of behaviors, or things people do, that are

judged to be important for accomplishing the goals of the organization.

Two General Factors

For the population of entry level enlisted positions we postulated that

there are two major types of job performance components. The first is com-

posed of components that are specific to a particular job. That is, mea-

sures of such components would reflect specific technical competence or speci-

fic job behaviors that are not required for other jobs. The second kind of

performance factor includes components that are defined and measured in the
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same way for every job. These are referred to as Army-wide criterion factors.

For the job specific components, we anticipated that there would be a

relatively small number of distinguishable factors of technical performance

that would be a function of different abilities or skills and which would be

reflected by different task content.

The Army-wide concept incorporates the basic notion that total perfor-

mance is much more than task or technical proficiency. It might include

such things as contributions to teamwork, continual self-development, support

for the norms and customs of the organization, and perseverance in the face

of adversity.

In sum, the working model of total performance with which the project be-

gan viewed performance as multi-dimensional within the two broad categories

of factors. The job analysis and criterion construction methods were de-

signed to "discover" the content of these factors via an exhaustive descrip-

tion of the-total performance domain, several iterations of data collection,

and the use of multiple methods for identifying basic performance factors.

Factors vs. a Composite

Saying that performance is multi-dimensional does not preclude using

just one index of an individual's contributions to make a specific personnel

decision (e.g., select/not select, promote/not promote). As argued by

Schmidt and Kaplan (1971) some years ago, it seems quite reasonable for the

organization to scale the importance of each major performance factor re-

lative to a particular personnel decision that must be made and to combine

the weighted factor scores into a composite that represents the total con-

tribution or utility of an individual's performance, within the context of

that decision. That is, the way in which performance information is weighted
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and combined is a value judgment on the organization's part. The determina-

tion of the specific combinational rules (e.g., simple sum, weighted sum,

non-linear combination) that best reflect what the organization is trying

to accomplish is a matter for research.

Needed: The Latent Structure of Perforuance

If all the rating scales are used separately, the MOS-specific measures

are aggregated at the task or instructional module level, and the major pre-

dictor subscales are used, there are approximately 200 criterion scores or,

each individual, which is too many to handle. Adding them all up into a

composite is a bit too atheoretical and developing a reliable and homogeneous

measure of the general factor violates the basic notion that performance is

multi-dimensional. A more formal way to model performance is to think in

terms of its latent structure, postulate what that might be and then resort

to a confirmatory analysis. Unfortunately, it is true that we simply know a

lot more. about predictor constructs than we do about job performance con-

structs. There are volumes of research on the former, and almost none on the

latter. For personnel psychologists it is almost second nature to talk about

predictors in terms of theories and constructs. However, on the performance

side, the textbooks are virtually silent. Only a few people have even raised

the issue (e.g., Dunnette, 1963; Wallace, 1965).

Given this intial disparity, we used our own expert judgment, the pre-

vious literature, and data from pilot and field tests to formulate a target

model. In the field tests, the various versions of the criterion measures

were administered to 100-150 people from each of 9 MOS. These data and the

development work leading up to them are summarized in Campbell (1985) and

Campbell and Harris (1985). A picture we drew at the time is shown in Figure

1.
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It is included only to show one stage in the almost continuous process

of bootstrapping ourselves toward a more final conceptual description of the

predictor/criterion space. The target model was then subjected to what

might be described as a "quasi" confirmatory analysis using data from the

concurrent validation sample. The purpose was to consider whether a single

model of the latent structure of job performance would fit the data for all

nine jobs. It is the results from these analyses that we report here.

PROCEDURE

As described previously, the final versions of the criterion measures

were administered to a concurrent validation sample of 400-600 people in each

of the 19 jobs (MOS). The complete array of performance measures is shown in

Table 1.

The distinction between the Batch A (9 MOS) and Batch Z (10 MOS) is that

not all criterion measures were developed for each job in Batch Z. Budget

constraints dictated that the job-specific measures could only be developed

for a limited number of jobs (i.e. Batch A).

Each "hands-on" test consisted of a number of critical steps, with each

step scored pass or fail. The number of steps within a task varied widely

from a half-dozen up to a maximum of 62. The job knowledge test consisted

of 3 to 15 questions on each of a sample of 30 tasks (including the 15 also

sampled for hands-on testing). The school knowledge test was organized

around the "plan of instruction" in advanced individual (technical) training.

Each test consisted of 100 to 200 items. The rating scales that were admini-

stered included 10 Army-wide (i.e. the scales were the same for all jobs)

behaviorally anchored scales, from 8 to 13 job-specific behaviorally anchored

243



scales, ratings of performance on each of the 15 tasks tested hands-on, and

a 40-item combat performance prediction questionnaire. Overall ratings of

general effectiveness as a soldier potential for being an effective NCO were

also obtained.

The performance indicators contained in official personnel records but

obtained chiefly via self-report questionnaire, included such indicators as

number of letters and certificates received, physical readiness test score,

Articles 15 and other disciplinary actions, and M16 qualification level.

File data were also used to construct a promotion rate score (relative to

expected rate for a given length of service). The administrative measures

were grouped into five scales on the basis of content; no attempts were

made to further reduce these scales at this point.

RESULTS

The analysis had four major steps:

1. Determining a basic array of criterion scores that would

constitute the input to the confirmatory analysis. In their

unaggregated form, there were simply too many variables to

theorize about.

2. Specification of a theory, or target matrix, that could be

subjected to LISREL.

3. Determination of how much modification is necessary to fit

the data adequately for each job.

4. Examining the fit of an overall model across all MOS.

Reduction of the Hands-On and Written Test Variables

Initial analyses indicated that individual task scores from the hands-
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on and written job knowledge tests had only moderate internal consistency.

Consequently, tasks were grouped by 6 research staff members into "func-

tional or content categories" on the basis of similarity of task content.

The 30 tasks sampled for each job were clustered into 8 to 15 categories.

Each of the school knowledge items was similarly grouped into a specific

content category.

Ten of the categories were common to some or all of the jobs (e.g.,

first aid, basic weapon, field techniques). Each job, except Infantryman,

also had two to five performance categories that were unique or job specific.

Figure 2 shows both the common and job specific item categories used for

each of the nine jobs. Figure 3 includes a sample of the definitions that

were generated for each content category.

Next, scores were computed for each content category within each of the

three sets of measures. For the hands-on test, the functional category score

was the mean percent of successfully completed steps across all of the tasks

assigned to that category. For the job knowledge test and the school know-

ledge test, the functional category score was the percent of items within that

category that were answered correctly.

After category scores were computed, they were factor analyzed via

principal components. Separate factor analyses were executed for each type

of measure within each job. There were several common features in the re-

sults. First, the unique or specific categories for each job tended to load

on different factors than the common categories. Second, the factors that

emerged from the common categories tended to be fairly similar across the

nine different jobs and across the three methods. Some of the categories
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were not sampled in one or more of the tests for some jobs, so some differ-

ences were inevitable.

Using these exploratory empirical factor analyses as a guide, the follow-

ing set of content categories was identified.

1. Basic Soldiering Skills (field techniques, weapons, navi-

gate, customs and laws).

2. Safety/Survival (first aid, nuclear-biological-chemical

safety).

3. Communications (radio operation).

4. Vehicle Maintenance.

5. Identify Friendly/Enemy Aircraft and Vehicles.

6. Technical Skills (specific to the job).

At this point, the categories reflected an integration of expert judg-

ment and the results of the factor analyses.

Reduction of the Rating Variables

As noted in a previous paper (Campbell, 1986 ), the individual

ratings scales were reasonably reliable; however, the different scales ex-

hibited intercorrelations varying from moderate to high. Further reduction

in the number of scales was aimed at reducing redundancy and colinearity.

As also noted in a previous paper ( Campbell, 1986 ), empirical

factor analyses of the Army-wide rating scales suggested three factors. These

were:

1. Effort/Leadership; including effort and competence in

performing job tasks; leadership; and self-development.

2. Maintaining Personal Discipline: including self-control;

integrity; and following regulations.
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3. Fitness and Appearance: including physical fitness and

maintaining proper military bearing and appearance.

Similar exploratory factor analyses were conducted for the job-specific

BARS scales and two factors within each job were identified. The first con-

sisted of scales reflecting performance that seemed to be most central to

the specific technical content of each job. The second factor included the

rating scales that seemed to reflect more tangential or less central per-

formance components. Again the final formulation of factors was based on a

combination of empirical and judgmental considerations.

The reliability, intercorrelations, and distributional properties of

the task specific for each of the 30 tasks also tested with the knowledge

tests were also examined. In general, these scales were less reliable than

either the Army-wide or the job-specific behavioral summary scales. Super-

visors and peers often reported that they had never had an opportunity to

observe their ratees' performance on many of the tasks, leading to a signi-

ficant missing data problem. Consequently, the task ratings were dropped

from the present analyses.

The individual items in the combat performance prediction battery also

were subjected to a principal components analysis. Two factors seemed to emerge

from an analysis on the combined sample. The first factor consisted of items

depicting exemplary effort, skill, or dependability under stressful conditions.

The second factor consisted of items portraying failure to follow instruc-

tions and lack of discipline under stressful conditions.

The Final Array

Based on the above exploratory analyses, the reduced array of criterion

variables for each job consisted of:
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2-5 hands-on content category scores

* 2-6 job knowledge content category scores

* 2-6 school knowledge content category scores

3 Army-wide rating factors

• 2 job-specific rating factors

• 2 combat performance prediction rating factors

1 overall effectiveness rating

5 administrative measures scale scores

Tables 2 throughl 0show the means, standard deviations, and intercorre-

lations among these variables for each of the nine jobs.

Building the Target Model

The next step was to build a target model of job performance that could

be tested for goodness of fit within each of the nine jobs. The initial

model shown in Figure 1 was a starting point. The correlation matrices shown

in Tables 2 through 10 were each subjected to another round of empirical fac-

tor analysis to suggest possible modifications.

Several consistent results were observed in the different factor analy-

ses. First, as expected, there was the general prominence of "method" factors,

specifically one methods factor for the ratings and one methods factor for

the written tests. The emergence of method factors was anticipated and was

consistent with prior findings (e.g., Landy and Farr, 1980).

The second consistent result was a correspondence between the admini-

strative measures scales and the three Army-wide rating factors. The awards
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and certificates scale from the administrative measures loaded together with

the Army-wide effort/leadership rating factor; the Article 15 and promotion

rate scale loaded with the personal discipline factor (most of the variance

in promotion rate was thought to be due to retarded advancement associated

with disciplinary problems); and the physical readiness scale loaded with

the fitness/appearance factor.

A third observation from the empirical factor analyses was that, with

the possible exception of the job specific content factors, there was not

much evidence that the factors reflecting task performance crossed measure-

ment methods. The hands-on communication score, for example, was likely to

be as correlated with the written safety score as with the written communi-

cation score. This result was taken as evidence against being able to se-

parate measurement of task knowledge versus task performance skill within

the common task domain.

Based on these findings from the exploratory empirical analyses, a re-

vised model was constructed to account for the correlations among our perfor-

mance measures. This model included the five job performance constructs

shown in Figure 4. In addition, a "paper-and-pencil test" methods factor

and a ratings "method" factor were retained.

Several minor issues remained before the model could be tested for good-

ness of fit within the nine Batch A jobs. One was whether the job-specific

BARS rating scales were measuring job-specific technical knowledge and skill,

or effort and leadership, or both. The intercorrelations among our performance

factors suggested that these rating scales were measuring both of these per-

formance constructs, though they seemed to correlate more highly with other
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measures of effort and leaderhsip than with measures of job-specific technical

knowledge and skill.

Another issue was whether it was necessary to posit hands-on and admini-

strative measures "method" factors to account for the intercorrelations within

each of these sets of measures. The average intercorrelation among the scores

within each of these sets was not particularly high. Therefore, for the sake

of parsimony, we decided to try to fit a model without these two additional

methods factors.

Confirming the Model Within Each Job

The next step in the analysis was to conduct separate tests of goodness

of fit of this target model within each of the nine jobs. This was done

using the LISREL confirmatory factor analysis program (Joreskog & Sorbom, 1981).

In conducting a confirmatory factor analysis with LISREL, it is ne-

cessary to specify the structure of three different parameter matrices:

Lambda-Y, the hypothesized factor structure matrix (a matrix of regression

coefficients for predicting the observed variables from the underlying latent

constructs); Theta-Epsilon, the matrix of uniqueness or error components

(and intercorrelations); and Psi, the matrix of covariances among the factors.

In these analyses, we set the diagonal elements of Psi (i.e. the factor

variances) to one, forcing a "standardized" solution. This meant that the

off-diagonal elements in Psi would represent the correlations among and be-

tween our performance constructs and method factors. We further specified

that the correlation among the two method factors and each performance con-

struct should be zero. This effectively defined the method factor as that

portion of the common variance among measures from the same method that was

not predictable from (i.e. correlated with) any of the other related factor

or performance construct scores.

250



Some problems were encountered in fitting the hypothesized model for

several of the jobs. Solutions were obtained with some factor loadings

greater than one and with negative uniqueness estimates for the correspond-

ing observed variables. Also, estimates of the correlations among the per-

formance constructs occasionally exceeded unity. These problems necessitated

a certain amount of ad hoc cutting and fitting in the form of computing the

squared multiple correlation (SMC) for predicting each observed variable

from all of the other variables, and setting the uniqueness estimates (i.e.

Theta-Epsilon diagonal) to one minus this SMC. This approach eliminated

all factor loadings and correlations greater than one. In most cases, a

second "iteration" was performed to adjust the initial Theta-Epsilon estimates

so that the diagonal of the estimated correlation matrix would be as close

to one as possible.

Table 11 shows the final factor loading estimates from Lambda-Y for each

job. Tables 12 and 13 show the uniqueness estimates from Theta-Epsilon and

the factor intercorrelation estimates from Psi, respectively.

LISREL also computes a goodness-of-fit index based on a comparison of

the actual correlations among the observed variables and the correlations

estimated from Lambda-Y, Theta-Epsilon, and Psi. The goodness of fit is

distributed as chi-square, with degrees of freedom dependent on the number of

observed variables and the number of parameters estimated. The expected

value of chi-square is equal to the degrees of freedom, it is a sign that

the model does not fit the correlations among the observed variables.

Table 14 shows the value of chi-square for each job. The-e chi-d'ruare

values should be interpreted with considerable caution. The approach we
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used was not purely confirmatory. The hypothesized target model was based

in part on analyses of these same data. In addition, LISREL was "told"

that the Theta-Epsilon (uniqueness) parameters were all fixed, and therefore

did not "use up" any degrees of freedom estimating these parameters; in

fact, these values were estimated entirely from the data.

Confirmation of the Overall Model

The results of the above procedures applied to each job generally sup-

ported a common structure for job performance. The procedures also yielded

reasonably similar estimates of the intercorrelations among the constructs

and of the loadings of the observed variables on these constructs across the

nine jobs.

The results of the confirmatory procedures applied to the performance

measures from each job generally supported a common structure of job perfor-

mance. The procedures also yielded reasonably similar estimates of the in-

tercorrelations among the constructs and of the loadings of the observed

variables on these constructs across the nine jobs.

The final step was to determine whether the variation in some of these

parameters across jobs could be attributed to sampling variation. The

specific model that we explored stated that (1) the correaltion among factors

was invariant across jobs and (2) the loadings of all of the Army-wide mea-

sures on the performance constructs and on the rating method factor were also

constant across jobs.

The proposed overall model was a relatively stringent test of a common

latent structure. For example, it was quite possible that selectivity dif-
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ferences in the different jobs would lead to differences in the apparent

measurement precision of the common instruments or differences in the corre-

lations between the constructs. This would tend to make it appear that the

different jobs required different performance models, when in fact they do

not.

The LISREL multi-groups option requires that the number of observed

variables be the same for each job. However, virtually every job was missing

scores on at least one of the five construct categories for at least one of

the three knowledge and skill measurement methods. To handle this problem,

the Theta-Epsilon error estimates for these variables were set at 1.00, and

the observed correlations between these variables and all the other variables

were set to zero. It was thus necessary to count the number of "observed"

correlations that we generated in this manner and subtract this number from

the degrees of freedom when determining the significance of the chi-square

goodness-of-fit statistic.

The overall model fit extremely well. The root mean square residual

was .047, and the chi-square was 2508.1. There were 2403 degrees of freedom

after adjusting for missing variables and the use of the data in estimating

uniquenesses. This yields a significance level of .07, not enough to reject

the model. Tables 15 and 16 show the factor loadings and uniqueness for each

job under this constrained model. Table 17 shows the final mapping of the

criterion measures on the five performance factors.

Criterion Intercorrelations

Five residual scores were then created from the five criterion factors
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in the following manner. A paper-and-pencil "methods" factor score was created

by first summing the two paper-and-pencil knowledge tests (job knowledge and

training content knowledge scores) and then partialing out the variance due

to the correlation of the total paper-and-pencil test score with all non paper-

and-pencil criterion measures (e.g., hands-on scores, rating scores, and ad-

ministrative records scores). This residual was defined as the paper-and-pencil

method score. This variable was in turn partialed from the Core Technical

Proficiency criterion factor and from the General Task Proficiency factor

creating two residual scores. A similar procedure was used to create a

rating method factor score which was in turn partialed from the Effort/Lea-

dership, Personal Discipline, and Physical Fitness/Military Bearing factors,

thereby creating three more residual scores.

The five criterion factor scores, the five residual criterion scores,

the single rating obtained from the overall performance rating scales, and

the total score from the hands-on test were used to generate a 12 x 12 matrix

of criterion intercorrelation for each MOS in Batch A. The averages of these

correlations across MOS are shown in Table 18.

Remember that to create the residual scores the paper-and-pencil factor

was partialed from the first two criterion factors and the rating method

factor was partialed from the last three criterion factors. The intercorre-

lations of the 5 criterion factors are in the upper left quadrant, the inter-

correlations among the 5 residual scores are in the lower right quadrant,

and the cross correlations are in the upper right and lower left. Also remem-

ber that the first two factors contain items from both the knowledge tests

and hands-on tests and the last three factors all contain both ratings and
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administrative measures.

Some noteworthy features of this 12 x 12 matrix are the following.

* The intercorrelations of the factor pairs which confound mea-

surement method (e.g., 1 with 2 or 3 with 4) are higher, as

expected, than factor pairs which do not confound method (e.g,

1 with 3 or 2 with 4). However, they are not so high that

collapsing the five factors into some smaller number would be

justified. In fact, as illustrated later (McHenry

factors 1 and 2, which intercorrelate .531 on the average,

yield different profiles of correlations with the selection

tests.

* The correlation of the overall performance rating scale with

the total hands-on test score is low (.203) but it is cer-

tainly not zero. Assuming a reliability of about

.60 for each measure would yield an intercorrelation of

about .34 when corrected for attenuation. Consequently,

there is a substantial proportion of common variance be-

tween the two measures but by no means do they assess the

same things. Assuming for the moment that the reliable

variance in each measure is relevant to performance, a rea-

sonable conclusion is that while performance on a standardized

job sample is a significant component of performance it is

by no means all of it.

• The correlations of the residualized factor 3 (effort/lea-

dership residual) with the core technical factor, the re-
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sidual core technical factor, the general task proficiency

factor, the overall rating scale, and the hands-on total

score are all about the same. Also, as compared to the corre-

lation of the effort/leadership raw scores with these same

variables, the correlations of effort/leadership residual

with the core technical and general task proficiency factors

go up while the correlations with personal discipline and

physical fitness go down. Residualizing factor three (by

removing the rating method factor) makes it more like a

"can do" factor and less like a "will do" factor.

In general, these intercorrelations seem to behave in very lawful ways

and are consistent with a multi-dimensional model of performance.

SUMMY AND DISCUSSION

Several aspects of the final structure are noteworthy. First, in spite

of some confounding factor content with measurement method, the latent per-

formance structure appears to be composed of very distinct components. It

is reaonsable to expect that the different performance constructs would be

predicted by different things, so that validity generalization may not exist

across the performance constructs within a job. If this is so, there is a

genuine question of how the performance constructs should be weighted in

forming an overall appraisal of performance for use in personnel decisions.

It is tempting to infer that Effort/Leadership and Maintaining Personal

Discipline, particularly the latter, reflect aspects of performance that are

under motivational control and consequently may be better predicted by per-

sonality or interest measures than by measures of ability or skill. This
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leads us to the question of whether choices such as showing up on time,

staying out of trouble, and expending extra effort under adverse conditions

are a function of state or trait variables. We do have considerble data to

focus on the question. It is also interesting that the residual score for

factor 3 becomes more like a "can do" component of performance. It may be

the case that raters cannot separate can do from will do when they are asked

to retrospectively aggregate an individual's task performance and provide an

evaluation of it. If the degree to which an individual exhibits a charac-

teristic.effort level and consistency of performance is not task specific

then halo might indeed be substantive variance and not error.

Given the high degree of consistency across jobs in the structure of

the performance measures, it is worth asking to what extent our performance

model generalizes to even wider domains of jobs. Some limitations appear

likely. The "general soldiering skills" constructs would almost surely be

quite different outside the military. Perhaps it would be replaced by a

more generalized job skill construct. Similarly, it is likely that the phy-

sical fitness and military appearance construct also would be somewhat dif-

ferent for civilian occupations. The remaining constructs -- technical skill,

effort and leadership, and personal discipline-- all appear to be basic

components of almost any job.

In generalizing to a wider domain of jobs, it is reasonable to suppose

that other latent structures would fit other "populations" of jobs. For

example, jobs that are not organized into units and that involve a great deal

of written or oral communication (e.g., sales jobs) might have a different

structure. It is tempting to ask how many different performance dimension

structures define different populations of jobs. Such questions go well be-

yond the present finding, however, which is that a single structure did fit
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the jobs studied.

Since (a) the five-factor solution is stable across jobs sampled from

this population, (b) the performance constructs seek to make sense, and

(c) the constructs are based on measures carefully developed to be content

valid, it seems safe to ascribe some degree of construct validity to them.
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Validation Samolesl

Performance Measures C€a"u to Batch A and Batch Z 40S (Jobs)

1. Ten be•aviorally anchored rating scales designed to measure fact:rs of
non-job-specific performance (e.g., giving peer leadership and Support.
maintaining equipment, self discipline).

2. Single scale rating of overall job performance.

3. Single scale rating of Nc0 (non-coMrissione officer) potential.

4. Pawer-and-pencil Test of Training Achievement developed for each of the
19 NOS (130-210 items each).

S. A 40-item summated rating scale for the assessment of expected combat

performance.

G. Five performance indicators from adminiltrative records. The first
four are obtained via self-report adn the last one from computerized
records.

o Total -mber of awards and letters of commndation.
o Physical fitness qualification.
o Number of disciplinary infractions.
o Rifle martmanship qualification score.
o Promeotion rate (in deviation units).

Performance Meesures for Batch A Only

7. Job-tsole (hands-on) test of NOS-specific task proficiency.

o Individual is tested on each of 15 major job tasks.

8. Paper-and-pencil Job knowledge tests designed to measure task-specific
job knowledge.

o Individual is scored on 150-200 multiple choice tems representing
30 major job tasks. Fifteen of the tasks were also measured
hands-on.

9. Rating scale easures of specific task performance on the 15 tasks also
measured with the knowledge tests and the hands-on measures.

10. MOS-specific behaviorally anchored ratings scales. From 7 to 13 BARS
were developed for each NOS to represent t•e major factors that
constituted job-specific technical and task proficiency.

Performance Measures for Batch Z Only

11. Ratings of performance on 13 representative *coeOn* tasks. The Army
spcift*es a series of comon tams (e.g., several first aid tasks). that
everyone should be able tO perform. -

Auxiliary Measures Included in Criterion BatterY

12. Job History Questionnaire which asks for information about frequency and
recency of performance of the MOS-specific tasks.

13. Waort Environment Description Questionnaire - a 14 1-itge questionnaire
assessing situatlonal/environmental characteristics, leadership climate.
and reward preferences.

1A1I rating measures were obtained from Approximately 2 supervisors and 3

peers for each rat"s.
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.15 tSVeicle 2.33 1.94 1--Z -913 3 10 0 4-13 11,-4 4 9 10 4 5 11 34 7 : 464443 .4 7
:0 S id' If 1.16 0.23-2 4-1i o-1 -9 7-3 6-!: 0-3-0 8 C I 91:! N :4 !9 :s : 7

264



Table 6

JOS P?.,13•M CZ UZASURZ Sl IWMRY SThTZSTZCS

FOR 635: LZGXT rZXMN VZZ.ZCLZ xZCNaXC

I VMIAILE I S 1 2 3 4 5 4 7 1 9 1011 121341SI171I8 1920L :4;h
- - - --- - - - -- -- -- -------

I Overll Ratil 4.X 0.84 .b 7 57 775 6520 7-4-2424 11 -1 5 10 43. 13 =U 21 = '
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U 96llbsaliufit. 2.19 0.73-4--41 2 -5--7 -6 210 . I-q-2 5-4.-0-6 3 3 2oZ-1 2- :
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A J1 Tech. 66.61 11.93 20 M11 -3 U1318 17 7 -7 -6-713 33 4 2 15 .424762 6730 V396S
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.; ftt, i.02ia.09 1,7421 190 14 if 11 !& 48 10 0 -7 16 13 7 - U 2 33•3: 47i . V 50
3 5 :a0.9 0.30 I1 14 12 13 Ii8 1-3-0-12 8 4-1 -7 :36=':; 30 :;30539 .7
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Table 7

JOB PZIIrORXANCZ 161I8 Z SVII tARY STATISTZCS

FOR 64C: MOTOR TRANSIORT OPZRATOR

I WIA3LE * U 1 2 3 4 3 6 7 1 9 10 111 13141 14171119200 I 3:41

I Overall Wine 4.r. 0. 3 . a6 71 63 r 39d8 13 11 4-30 33 892.03 16 17 19 .3.

2 Ef/Ldr lainis 4.36 0.7 86 . 77 39 7 69 74 51 17 ' -25 31 1 P0. 18, 7?A 7 1.S:"
3 Disipline fta 4.53 0.311 v77 . r 671 S534 10 3-Z-29 Z 4 14 14 15 !5 19 I 16 1 1:6 :
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.I ue-Ipoc Teoo 29.61 3.764 786754 . 7165f 13 6 7-21 9 16 1.9 17920 !q 5 16 17 1: :S
6 Jeob-bt• tt0er 17.7f .. 32V96951 39 78 . 63 41 13 4 13-15 19 12 11 16 17 16 !9 4 3 17 7 !-
7Cousts Eaolr? I .80 1.436a 74 38 466 63 . 6i 12 6 11-21=20 19 160 10 1 13 1 A Io15
ICombat e rkblm f,.90 1.63 351433241 d . 1-3 2-24 26 1 1 1o0 16 17-= 7 51 "4 20 !9
9 Ahars i, Crts 3.1 2.00131710 3131312 1 . 611 3 12 4 5-3-2 1 b 3 4-! :

!0 ?his. Ielitais 241.4.4i 37.70 11 9•3 23 6 4 6 -3 6 . 3 -01 -1 3 2-4 -4 -4 .1 -2- 5 0 -l
:Nth Ga1lf ie. 2.09 0.75 4 i -Z 3 7 13U 11111 3 . 4 -59q121 3173 3 -'4 -3!1-
01 Articles 15 0.tý 0.93-0- -920-2H-Z1-24 5 -6 4 .- 36 -1-11-11 2--3-•: 0 -S "5 : -

13Pruomotionlast -0.01 0.333 31 Z 19 V U12.-1-5-36 . 10 9 10 9 12.11 5 311 q :
14mOehsic 43.44 10.16 1 16 4-Z 9 1220 12 1-1 9 -1 10 . ! 2 0443130 7 a

33.73 9.14 20 20 14 8 16 11 If I&S 4 3 13-11 9?. .147 314 4:' 11 :U
16• 0;Jehcie M3.30 4.19 1i 13 14 14 19 i6i b 10 S . 5-i l0 10 14 . 5S 1: 310-: ":

115hs1c 97.23 5.8 .lk M1 1717 V 1b-3 -4 7-7 944 7 5 . V754 10 727 29
3i JA saftt 33.42 5.42 !7 2 13 a201 1217-2-4 5-012 231 21 167 .49 44O 4*72 :

"9 A Ztr..-:[i 1.40 7.70 1 q 9 19 4 1 ? ! 91& 1 -4 3-12,"10 -4 *5 54 49 . 4
'-*0 4X 14i iy l2.15 1,41 3 7 1 21 4 5 76 : - 0 5 7 4 3 'u 0 4*I .:'10o:

Ib3as-, 4.36 13 :Z& 1& 16 J3 :131 5-Z -1 - 11 n 24 10 47 42417 .0 564 3ai
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Table 8

JOB P3R1PORXo•CZ MZA URI 3UoIRY STITISTZCS

FOR 71L: DXZ=ST TZVZ CLIRI

0 WMIALi * S9 1 Z 3 4 5 6 4 7 9 lOl 1213141514 17A13 200 z Z2 "'3

I oveall Rating 4.92 0.83 . 83 71 37 63 i3.204 4-2320 17 14 3 13 17 2 11 13' 1! 5!0
2 iff/Ldr Rai•ag 4.64 0.7883 . 7 56 73 45 70 60 21 19 2-19 1923 14 2 1 17 18 n :7 9 7 ;1.
3 0isciplin a ttm 5.01 0.10 71 73 . 47" 3 5 353 2 13 13 4-47 19 20 .0 -3 = 13 11 20 7 8 1 4
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10.Phys. Readiness 40.4033.39 24 19 1335 7 13 It 16 17 .11-9 i 1 & 5 0- -8 15 4 1:
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a51 Saftr 4.24 1.291 1 9 1-3 9 9 8 9-Z 1-7-5 6 23 !7 10 24 27 3: 3333 . 4 13
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Table 9

JOB PI.RIOR3NNCZ XZSUZ SUMOMRY STATISTICS

FOR 9.: : I•DICL SPCZILZIST

E9 MIA1E U 9 1 2 3 4 5 6 7 3 9 10 11 !: 13 14 15 !6 173 L9 0 10 :`

Overall ,atins 4.bl 0.12 .4 6 7860 6762 71 70r• -2--n3 17 i 13-14 £ 3 ;
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Table 10

JOB PZROORMANCE XZASURZ 5U)OIARY STATISTICS

FOR 953: MZTIITRY POLZCZ

6 YIAIlU ANE 3 1 2 3 4 5 6 7 1 9 10 112341516 19l20 =22 :iV37 ,130
~~~~- - - ------ - -- - --- - - --- - -

IvNra&!! Rating 4.74 0.80 . 7 69 70 73d7470 1|22 13-Z21 15 18 1 4 1 12 10 8 4 9 8 19 3 7 6 1-i
2 Ef/'..r Ratian 4.50 0.73 7 . 716.1 77r7. 66 20 17 11-U 19 14 21 10 10 1 10 13 7 ? 15W it 1.13 8 I-!
3 Disczsipi-e Rogf 4.71 0.776971 . 46 4655 63 7 4-,1726 6 9 5 7-3 11 10 6 8 12 12 1! A:14 10-2
4 FiaessRatiang 4.0 0.84 7061 46 . 585655 1ii4313-6A 16 9 12 7 5 Z 0 3-2-0 3-3 3 5 2- -
Suet-Pc Tocn 99.00 3.667877 5U6 . 73 68 63 15 1.* 11-19 17 119 It 12 2 14 16 9 5 9 7 17 11. -
6 ob-SPue Oter 23.4 3.1068 72 48 U73 . 1 6i 32 1827-16 8 11 M 14 1t 7 2 13 6 4 16 7 9 .1 6 S 4-2
7 Coat Emuir! 9.56 1.36 747A155556id71 .79 19 It ib-L7 14 !7 19 34 14 6 1017 1! 'IT5 619 :26 9 1 a '
86CumP Frlumu 10.45 1.3 706863 U6361 7 . 13 13 15-28ZI 14 16 11 10-0 16 18 17 11 14 10 19 ".1 4 i 61
9 inms aCerrs 3.117 Z.09 1820 616 15 32X 19 .. 20• b -3 11 1 6j j 3 '1-11 2-1 7.-0 9 4 4 10 4 1.-0
10 ?'Ys.•hdiane 2!.75 3.71 22 17 7 43 1 18 19 13 0 . 13-12 7 -1 6 4 2 4 -6 1 -3 -3 -- 2-1. -2 -0 4 -1 1 -C

11 NIa Gualific. 2.'2 0.76 !32,1b 4 13 11 27 161 6.31, . 1-3 4 6 " 4 6-3 7 3 2 -1 -'-f*! 4
1- Arti€lol 1: 0.27 0.70-2-•-Z7-19.I9b7-2 -3-12 1 .- 39 -4 -0 -1 -3 2 --8 -6 -2 0 0 -7 -. -3 5 -- 4
613 Prmuzon Rate 0.01 0.471 2 It 1617 8 14. .' 7-3-39 . 4 4 6 1-3 1.•, !16b0 A 6 0!0 7 ! Z-I
!4 41 Ttes. 31.53 4.63 1 146 9 12 11 17 14 8-1 4-4 4 . 18 61 6 !1 131: 10 72 .14 7 4 -3

.'023ass:c 50.04 10.3 1862! 9 12 L9q 0 19 16 16 6 6-0 416 .18 M 13 18 3426 U 7 .."-27& 4, .. .*T

ii h. SifI ty 31.76 5.16 6 10 5 7 8 14 14 1:- 6 4 -4 61 M20 • 9 0 100 21.21UZ 9 .. :7; .: S 4,0 -Ii

.7 .Cau. 10.577 4L.47 4 10 7 5 1219 14 10 1 2 4 -3 1 6 21 9 .114 = 1:3 30 14 7 !1: 1'-.0
13 HO veaicle "0.56 -1.63 1 1 -3 2 2 7 6-0 1. 4 i 2-3 1! If 1531 . 1 4 81 . 16 2 1:: ' 1 -"

9KA Teca. 39.44 5.?0 12 i0 !1 0 14 2 10 lb-1!-6-3-6 1!0 138 610T4 I .•W6 • .i sa-;:9
:0 Bas € 50.:! 9.99 10 13 10 3 16 13 17 18 2 1 74- 15 34 .101 460 . b05 1 = = N 49 4 6 3: "
:! ~A iaf fy 25.5 4.45 8 7 6 -2 9 6 11:!7-1 -3 3 -5 16102621:3 ! 653 60 1 40 4 10 3b ;3 7 :3 0

SAI Cuun 13.54 4.62 4 7 8-0 5 4 7 11 7-3 2-2 10 7 211Z 30 19 35 % 40 . Z !8 3 3: 33214 -3
23 JX 49e1cil 2.03 1.19 9 15 12 3 9 16 15 14 -0 -2 -9 0 6 3 17 12 14 16 18 U2 14 Zb . 0 18 2M M 0 :
24 A 1distifyf 6.16 6.. V 10 12-3 7 7 6 10 9-12-1 0 2 ! 5 9 7 2 15=20 11 15 ." Z :0 2147 U2-
25Tech. 40.20 7.04 19 13 15 3 17 9 19 19 4-2 1-7 0 14 12 15 9 11 40 3136 = itZ! .4 4 P 27 -3
2b6 3 is€c 07.85 3.6 8 13 18 4 11 16 14 9, 4-j -0.-6 10 7 717 Z 12 M3 49 37V2 3 049 . o '1 a-l

U' Sail t7 14.y0 3.35 7 L: 14 2 12 6 9I & 9 ! 4- 373 j.6934 01 .'0b 0-

23 S ;.on 3.;: 1.23j6 66-i 5 5 9 6 4 -3-25 1 10 12 91!7 13214 3 .136 .117 3 40 9 . -0
2A SIC ;icIe L.i 1.90 8 9 10 1 5 4 8 13 9 2-1-7 2 6 15 10 11 10 19 31 3 24 !7 2 37 4440 .-0
30 S Idesftif 0.29 0.51 -6-5-3-7-2-2 1 0 -0-5 4 6 -1 -0-7-6-10-1 1 A 0 -3 - -i -- a-i
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Table 11

FACTOR LOADINGS

SEZPARA! MODEL FOR ZACi JOB0

Military Occupational Specialty

Construct/Factor 11B 13B 19E 31C 63B 64C 71L 91A 95B

Core Technical
HO Tech -- .61 .47 .64 .51 .29 .77 .59 .32
JK Tech -- .75 .78 .79 .74 .26 .78 .75 .32
SK Tech -- .70 .79 .73 .82 .55 .229 .81 .43

OS Tech Rtng -- .45 .10 .22 .25 .25 .34 .10 .13

General Soldiering
NO Soldier .60 .51 .46 .64 .17 .50 .60 .42 .60
NO Safety .26 .33 .32 .31 .12 .63 .37 .48 .47
HO Com .05 .06 .39 .56 .. .. ..-- .80
HO Vehicle .. .. .. .22 .17 ** .. .31
3K Soldier .76 .52 .74 .62 .45 .48 .87 .58 .46
JK Safety .55 .37 .75 .38 .71 .51 .72 .58 .33
JK Comm .30 .23 .66 .38 .. .. .. .. .29
.K Vehicle -- .17 -- .10 .41 ** .. .35
JK Identify .46 -- .20 .28 -- .12 -- .24 .21
SK Soldier .73 .45 .67 .39 .78 .56 .45 .44 .42
SK Safety .47 .32 .53 .62 .57 .47 .30 .64 .32
SK Comm .42 .26 .42 -- .41 .35 .20 -- .20
SK Vehicle .22 .24 .05 .30 .61 ** .22 .47 .28
SK Identify .46 -- .46 .13 ..-- -- --

Effort/Leadership
Eff/Ldr Rating .76 .56 .85 .64 .68 .83 .66 .76 .70
MOS Tech Rtngs .70 -- .63 .40 .41 .50 .25 .59 .52
MOS Other Rtng .77 .41 .48 .43 .54 .62 .43 .61 .56
Comb Exmplry .80 .47 .68 .54 .57 .87 .63 .80 .77
Comb Problems .48 .20 .39 .52 .53 .55 -- .56
Awards/Cart .32 .23 .24 .19 .28 .25 .34 .34 .22
Overall Rating .46 .39 .33 .17 .57 .42 .65 -- .41
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Table 11

FlACOR LOADINGS

33PAIRAZ ODZL FOR LACEK JO

(continued)

Military Occupational Specialty

Construct/Factor 11B 13B 19E 31C 63B 64C 71L 91A 95B

Discipline
Discpln Rtng .77 .58 .73 .45 .63 .85 .74 .58 .73
Comb Problems .29 .16 .62 .03 .05 .19 -- .82 .33
Articles 15 -. 63 -. 61 -. 55 -. 62 -. 65 -. 47 -. 69 -. 46 -. 60
Promotion Rate .74 .61 .68 .79 .63 .57 .59 .54 .54
Overall Rating .39 .20 .53 .54 .09 .42 .06 .75 .38

Fitness/Bearing
Fitness Ratngs .69 .23 .84 .48 .54 .42 .50 .60 .78
Phys Readiness .11 .90 .49 .89 .70 .53 .76 .69 .69

Ratinqs Method_
AW Ratings .60 .73 .47 .70 .66 .54 .65 .66 .66
MOS Ratings .73 .73 .60 .69 .67 .49 .69 .54 .63
Comb Ratinqg .47 .65 .55 .69 .57 .27 .55 .47 .40

Written Method
3K Tech -- .47 .28 .55 .59 .73 .44 .58 .57
3K Soldier .41 .51 .33 .40 .61 .57 .11 .37 .59
JK Safety .37 .52 .12 .63 .08 .49 .17 .76 .57
JK Comm .34 .11 .07 .55 .. .. ..-- .52
3K Vehicle .. .. .. .42 .62 ** -- .24 .21
JK Identify -. 15 .23 .50 .36 -- .05 -- .08 .23
SK Tech -- .48 .48 .55 .46 .88 .42 .27 .50
SK Soldier .50 .66 .54 .59 .15 .51 .54 -- .54
SK Safety .53 .55 .42 .29 .34 .48 .44 .19 .60
SK Comm .51 .47 .46 -- .16 .24 .05 -- .42
SK Vehicle .49 .57 .24 .48 .55 ** .38 .05 .42
SK Identify .21 -- .42 .44 .. .. .. .. ..

M16 Qualification .71 .71 .71 .71 .71 .71 .71 .71 .71

** Vehicle content was merqed into the Core Technical factor for 64C.
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Table 12

UNIQUKM 3r8 38TIMATZE

PUARA3Tk NODEL FOR EZACKJO0

Military Occupational Specialty

Factor Score 11B 13B 19E 31C 633 64C 71L 91A 95B

HO Tech -- .52 .71 .48 .64 .74 .33 .57 .88
HO Soldier .59 .66 .75 .52 .95 .74 .55 .76 .63
HO Safety .92 .85 .75 .52 .95 .59 .79 .71 .77
HO Comm .95 .95 .81 .62 .. .. .. -- .82
NO Vehicle .. .. . .03 .95 ** . .-- .90

JK Tech -- .21 .30 .15 .12 .39 .17 .11 .53
JK Soldier .10 .43 .22 .26 .29 .74 .31 .58 .43
JK Safety .32 .53 .32 .31 .45 .49 .44 .15 .57
JK Comm .56 .93 .32 .34 .. .-- -- .64
3K Vehicle .-- -- .56 .32 ** -- .94 .82
JK Identify .36 .89 .40 .51 -- .95 -- .92 .90

SK Tech -- .27 .13 .09 .10 .14 .14 .15 .52
SK Soldier .09 .37 .14 .48 .31 .42 .54 .74 .46
SR Safety .46 .59 .43 .41 .50 .55 .72 .47 .55
SK Comm .40 .72 .35 -- .65 .82 .78 -- .67
SK Vehicle .73 .62 .69 .55 .18 ** .73 .76 .75
SK Identify -- .45 .10 .22 .25 .25 .34 .10 .13

Overall Rating .13 .13 .13 .13 .13 .13 .13 .13 .18
Eff/Ldr Rating .11 .11 .11 .11 .11 .05 .11 .11 .05
Discpln Rating .22 .22 .22 .22 .22 .05 .22 .22 .06
Fitness Rating .38 .38 .38 .38 .38 .05 .38 .38 .05
MOS Tech Rtngs .08 .11 .13 .14 .08 .37 .17 .12 .33

OS Other Rtnq .10 .13 .17 .19 .12 .35 .20 .18 .27
Comb Exmplry .02 .02 .02 .02 .02 .14 .02 .02 .08
Comb Problems .13 .13 .13 .13 .13 .60 .13 .13 .40

Awards/Cert .89 .94 .93 .95 .91 .94 .86 .85 .90
Phys Readiness .95 .33 .67 .34 .50 .83 .46 .49 .49
Articles 15 .58 .59 .68 .60 .56 .76 .51 .75 .64
Promotion Rate .45 .60 .53 .41 .57 .64 .62 .67 .70
M16 .50 .50 .50 .50 .50 .50 .50 .50 .50

** Vehicle content was merged into the Technical factor for 64C.
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Table 13

ZeTZMAT&D CONSTRUCT CORRZLUTZON8

SZ11R? KMODIL FOR Z,4d 4J03

Military Occupational Specialty

1st Construct 2nd Construct 11B 13B 19E 31C 63B 64C 71L 91A 95B

Core Gen Soldierinq -- .77 .83 .63 .58 .73 .48 .66 .70
Technical Effort/Lead .67 .86 .51 .44 .50 .78 .44 .35 .46

Discipline .42 .13 .37 .26 .12 .69 .19 .43 .50
Fitness .25 .01 .03 .04 -. 18 -. 09 .10 -. 05 -. 09
M16 .27 .00 .04 .11 .05 .05 -. 09 -. 17 -. 10

General Effort/Lead -- .89 .58 .57 .53 .44 .37 .43 .40
Soldierinq Discipline -- .29 .45 .30 .29 .29 .04 .37 .24

Fitness -- -. 19 .05 -. 05 -. 03 -. 14 .09 -. 05 .00
M16 -- -. 06 .30 .30 .04 .11 .27 .02 .02

Effort/ Discipline .49 .67 .62 .55 .65 .51 .51 .59 .39
Leadership Fitness .57 .04 .38 -. 11 .10 .23 .32 .21 .42

M16 .38 -. 13 .21 .24 -. 02 .35 .22 .17 .28

Discipline Fitness .33 .05 .24 .24 .30 .30 .27 .19 .25
M16 -. 12 -. 25 -. 30 .09 -. 28 -. 11 .01 -. 28 -. 08

Fitness M16 .52 .26 -. 05 .02 .19 .22 .18 .27 .26
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Table 14

GOODNZ8-'OP-7ZT ZnDICR8

821MZ TZ MODEL FOR RCM3JOB

Root Mean
MOS Square Residual Chi-Square df p

11B: Infantryman .061 326.2 227 .02

13B: Cannon Crewman .057 350.0 322 .14

19E: Tank Crewman .065 170.0 348 .999

31C: Radio/Teletype
Operator .069 369.2 375 .58

63B: Vehicle/Generator
Mechanic .060 332.1 296 .07

64C: Motor Transport
Operator .058 280.1 247 .07

771L: Administrative

Clerk .067 232.6 249 .77

91A: Medical Specialist .061 277.1 275 .45

95B: Military Police .052 470.0 374 .001
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Table 15

FICTOR LODDIGS

NIZGLZ XODEL ACROSS ALL JOBS

Military Occupational Specialty

Construct/Factor 11B 133 19E 31C 633 64C 71L 91A 95B

Core Technical
HO Tech -- .59 .43 .58 .46 .27 .71 .54 .29
3K Tech -- .71 .79 .76 .57 .72 .70 .74 .37
SK Tech -- .66 .70 .54 .73 .55 .68 .85 .42
MOS Tech Rtng -- .21 .12 .16 .25 .01 .12 .05 -. 02

General Soldiering
HO Soldier .52 .66 .44 .52 .16 .51 .57 .35 .58
HO Safety .20 .44 .31 .36 .10 .49 .30 .50 .41
HO Comm .06 .12 .37 .52 .. .. .. .. .43
HO Vehicle .. .. .. .15 .21 ** .. .. .27
3K Soldier .95 .50 .79 .64 .42 .69 .66 .69 .49
JK Safety .69 .36 .75 .45 .53 .66 .57 .65 .42
3K Com .35 .25 .59 .51 .. .. .. .. .39
3K Vehicle -.. .. . .28 .37 -- .07 .34
JK Identify .43 .21 .34 .36 - .12 -- .39 .18
SK Soldier .81 .40 .67 .33 .70 .50 .42 .40 .38
SK Safety .57 .34 .45 .40 .63 .43 .31 .62 .34
SK Comm .51 .21 .31 1- .42 .29 .17 -- .23
SK Vehicle .35 .22 .06 .17 .65 ** .32 .36 .21

Effort/Leadership
Eff/Ldr Rating* .76 .76 .76 .76 .76 .76 .76 .76 .76
MOS Tech Rtngs* .59 .33 .54 .50 .45 .62 .43 .62 .62
MOS Other Rtnq* .77 .59 .33 .45 .59 .48 .47 .58 .58
Comb Euplry* .72 .72 .72 .72 .72 .72 .72 .72 .72
Comb Problea* .44 .44 .44 .44 .44 .44 .44 .44 .44
Avards/Cort* .26 .26 .26 .26 .26 .26 .26 .26 .26
Overall Ratinq* .48 .48 .48 .48 .48 .48 .48 .48 .48
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Table 15

VICOR LOADIXG8

SINGLE MODEL ACROSS AUL JOB0

(continued)

Military Occupational Specialty

Construct/Factor 11B 133 19E 31C 633 64C 71L 91A 95B

Discipline
Discpln Rtng* .69 .69 .69 .69 .69 .69 .69 .69 .69
Comb Problem* .25 .25 .25 .25 .25 .25 .25 .25 .25
Articles 15. -. 48 -. 48 -. 48 -. 48 -. 48 -. 48 -. 48 -. 48 -. 48
Promotion Rate* .52 .52 .52 .52 .52 .52 .52 .52 .52
Overall Rating* .28 .28 .28 .28 .28 .28 .28 .28 .28

Fitness/Bearing
Fitness Ratngs* .82 .82 .82 .82 .82 .82 .82 .82 .82
Phys Readiness* .37 .37 .37 .37 .37 .37 .37 .37 .37

Ratings Method "
AW Ratings* .56 .56 .56 .56 .56 .56 .56 .56 .56
MOS Ratings* .61 .61 .61 .61 .61 .61 .61 .61 .61
Comb Ratings* .42 .42 .42 .42 .42 .42 .42 .42 .42

Written Method
JK Tech -- .49 .29 .54 .71 .30 .42 .49 .49
JK Soldier -. 16 .51 .29 .40 .53 .25 .28 .60 .60
JK Safety -. 07 .49 .07 .52 .26 .28 .35 .52 .52
3-K Com= .00 .11 .19 .38 .. .. -- .41 .41
JK Vehicle .. .. .. .19 .62 -- .20 .20
JK Identify -. 05 .20 .12 .17 -- .10 -- .25 .25
SK Tech -- .54 .65 .64 .49 .71 .45 .53 .53
SK Soldier .44 .68 .58 .61 .25 .66 .50 .60 .60
SK Safety .34 .51 .49 .57 .18 .56 .30 .59 .59
SK Com .51 .46 .60 -- .20 .36 .20 .50 .50
SK Vehicle .38 .51 .17 .60 .45 " .17 .46 .46

' These loadings were constrained to be equal across all OS.
*' Vehicle content was merged into the Core Technical factor for 64C.
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Table 16

UMZQUZUUUS 3STI3ITzI

ISIGLZ NODIL &CROSi 8LL JOBS

military Occupational Specialty

Factor Score 113 139 19E 31C 63B 64C 71L 91A 95B

HO Tech -- .62 .79 .62 .76 .91 .44 .68 .90
HO Soldier .72 .58 .80 .70 .95 .73 .64 .87 .67
HO Safety .95 .84 .90 .87 .95 .73 .90 .75 .81
HO Cozm .95 .95 .86 .71 .. .. .. .. .82
HO Vehicle .. . -- .95 .95 ** .. .. 93

3K Tech - .23 .28 .13 .15 .32 .28 .16 .60
3K Soldier .10 .44 .28 .40 .48 .41 .44 .47 .40
3K Safety .48 .56 .41 .49 .62 .44 .55 .26 .54
JK Comm .85 .91 .57 .55 .. .. .. .. .67
3K Vehicle -- . . . .87 .44 * -- .95 .85
JK Identify .71 .90 .84 .81 -- .95 -- .64 .90

SK Tech 0- .25 .10 .24 .18 .17 .27 .19 .54
SK Soldier - .13 .37 .20 .52 .41 .31 .58 .83 .49
SK Safety .54 .62 .54 .51 .55 .51 .80 .29 .54
SK Comm .46 .75 .48 - .77 .78 .92 -- .70
SK Vehicle .75 .68 .95 .61 .31 " .86 .86 .75

Overall Rating* .18 .18 .18 .18 .18 .18 .18 .18 .18
Eff/Ldr Rating* .09 .09 .09 .09 .09 .09 .09 .09 .09
Discpln Ratin*g .17 .17 .17 .17 .17 .17 .17 .17 .17
Fitness Rating* .05 .05 .05 .05 .05 .05 .05 .05 .05
MOS Tech Rtngs* .18 .34 .22 .24 .18 .18 .18 .18 .25
MOS Other Rtng* .05 .24 .46 .37 .05 .05 .05 .05 .27
Comb Exaplry* .26 .26 .26 .26 .26 .26 .26 .26 .26
Comb Problems' .29 .29 .29 .29 .29 .29 .29 .29 .29

Awards/Cart* .93 .93 .93 .93 .93 .93 .93 .93 .93
Phys Readiness* .83 .83 .83 .83 .83 .83 .83 .83 .83
Articles 15* .77 .77 .77 .77 .77 .77 .77 .77 .77
Promotion Rate* .70 .70 .70 .70 .70 .70 .70 .70 .70

' These loadings were constrained to be equal across all MOS.
" Vehicle content was merged into the Core Technical factor for 64C.
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Figure 3

BAMPLE FUNCTIONAL DUTY CLUBTER DEFINITIONS

First Aid

Consists of items whose primary purpose is to
indicate knowledge about how to sustain life,
prevent health complications caused by trauma or
environmentally induced illness, including the
practice of personal hygiene. Includes all related
diagnostic, transportation, and treatment items
except those items normally performed in a patient
care facility. Includes items related to safety
and safety hazards.

Navigate

Consists of items whose primary purpose is to
indicate knowledge about how to plan or execute
movement between points over unknown terrain either
cross-country or using road networks, or identify
the location of objects. Includes all means of
determining direction, distances, and locations
using maps of all types, overlays, compasses,
terrain, celestial objects, and field expedients.

NBC

Consists of items whose primary purpose is to
indicate knowledge about performance when nuclear,
biological, or chemical contaminants and threats
are present, planned, detected, or expected.
Includes maintenance and operation of clothing,
gear, and equipment whose primary purpose is to
counter, protect, or detect NBC threats. Includes
NBC markers. Does not include first aid treatment
of contamination.

Weapons

Consists of items whose primary purpose is to
indicate knowledge about maintenance, preparation,
and firing of small arms. Small arms are defined
as sized weapons, including automatic weapons, up
to and including caliber .60 and shotguns. Includes
ancillary sighting systems and techniques, stands
and mounts, zeroing and techniques of fire. Excludes
firing from aircraft and vehicles where the weapon
is fired by electrical/hydraulic aiming/firing
systems and sighting systems that are part of the
aircraft/vehicle and not part of the weapon.
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Figure 4

DZXIZNZTXON OF TRZ VZRIORXNCZ CONSTRUCTS

* Core Technical Proficiency
This performance construct represents the proficiency
with which the soldier performs the tasks that are
"central" to the MOS. The tasks represent the core of
the job and they are the primary definers of the MOS.
For example, the first tour Armor Crewman starts and
stops the tank engines; prepares the loader's station;
loads and unloads the main gun; boresights the M60A3;
engages targets with the main gun; and performs misfire
procedures. This performance construct does not include
the individual's willingness to perform the task or the
degree to which the individual can coordinate efforts
with others. It refers to how well the individual can
execute the core technical tasks the job requires, given
a willingness to do so.

0 General Soldierina Proficiency
In addition to the core technical contunt specific to an
MOS, individuals in every MOS also are responsible for
being able to perform a variety of general soldiering
tasks -- for example, determines grid coordinates on
military maps; puts on, wears and removes M17 series
protective mask with hood; determines a magnetic azimuth
using a compass; collects/reports information - SALUTe;
and recognizes and identifies friendly and threat
aircraft. Performance on this construct represents
overall proficiency on these general soldiering tasks.
Again, it refers to how well the individual can execute
general soldering tasks, given a willingness to do so.

0 Effort and Leadership
This performance construct reflects the degree to which
the individual exerts effort over the full range of job
tasks, perseveres under adverse or dangerous cohditions,
and demonstrates leadership and support toward peers.
That is, can the individual be counted on to carry out
assigned tasks, even under adverse conditions, to exercise
good judgment, and to be generally dependable and
proficient? While appropriate knowledges and skills are
necessary for successful performance, this construct is
only meant to reflect the individual's willingness to do
the job required and to be cooperative and supportive
with other soldiers.
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Figure 4

(continued)

* Personal DisciDline
This performance construct reflects the degree to which
the individual adheres to Army regulations and traditions,
exercises personal self-control, demonstrates integrity
in day-to-day behavior, and does not create disciplinary
problems. People who rank high on this construct show a
commitment to high standards of personal conduct.

* Physical Fitness and Military Bearina
This performance construct represents the degree to
which the individual maintains an appropriate military
appearance and bearing and stays in good physical
condition.
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Predicting Soldier Performance: Assessment of
Temperament Constructs as Predictors of Job Performance

Personnel Decisions (PORI), along with Human Resources Research

Organization (HumRRO) and the American Institutes for Research (AIR),

has been involved in research with the Army Research Institute (ARI) to

augment the prediction of job performance of enlisted Army personnel.

It is a major project involving four research institutes, several mil-

lion dollars, several years of effort, and thousands of soldiers. I'm

going to talk about a small part of that project--the development and

validation of temperament predictors, our strategy and results obtained.

The topics that I'm going to cover today are:

I. Literature Review

A. Strategy

B.. Results

II. Development and Evaluation of Temperament Scales--"Assessment

of Background and Life Experiences" (ABLE)

A. Target constructs

B. ABLE scale characteristics

C. ABLE factor structure

D. Definition of criterion composites

E. Zero-order validities of temperament scales

F. Contribution compared to other predictors

III. Evaluation of Response Validity Scales

A. "Non-Random Response" scale

B. "Self-Knowledge" scale

C. "Social Desirability" scale

D. "Poor Impression"
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Literature Review

The project began in 1982, about five years ago, with a thorough

literature review to identify potentially useful predictors of criteria

important to the Army.

Our approach was construct-oriented for both predictors and cri-

teria. Thus, we needed a classification strategy or taxonomy for both

predictors and criteria.

Predictor and criterion taxonomies. Our classification system for

criteria was: (1) educational, (2) training, (3) job involvement, (4)

job proficiency, and (5) adjustment. Within each of these broad taxon-

omies we had subcategories such as supervisory/teacher ratings, GPA,

etc. For the predictors, we started with the structure initially found

by Tupes and Christal (1961) in the early 60s in their factor analysis of

peer ratings. These factors were essentially replicated by Norman (1963)

in his work with peer ratings of temperament. These five factors are what

is being referred to today as the "Big Five." Following Hogan's thinking

(at that time when we did our literature review) we separated "Affiliation"

from the "Surgency" construct. Thus, our taxonomy consisted of the fol-

lowing: (1) Surgency, (2) Affiliation, (3) Adjustment, (4) Agreeableness,

(5) Dependability, and (6) Intellectance.

Categorization of temoerament scales. Once we had a taxonomy, our

next step was to categorize the existing temperament scales into the clas-

sification scheme. From articles and manuals, we obtained hundreds of

correlations between temperament scales. We categorized the temperament

scales into the six categories, plus a seventh miscellaneous category, and

then refined the classifications through an iterative process of classi-

fying and reclassifying temperament scales to maximize the mean within-
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category correlations and minimize the mean between-category correlations.

The results of this bootstrapping process is shown in Table 1. The circles

in the diagonal show the mean within-category correlations. As can be

seen, they are in the .30s and .40s and are, in all cases, higher than the

mean between-category correlations. Mean correlations in the .30s

and .40s, however, suggest that the categories are not all that homogen-

eous. We could have increased the mean within-category correlations by

putting more scales in the miscellaneous category; that, however, would

have defeated our purpose of summarizing criterion-related validities ac-

cording to constructs.

Meta analysis of criterion-related validities. Our next step was to

summarize the criterion-related validities according to these predictor and

criterion constructs. This next page of your handout, Table 2, shows the

results. It is a meta analysis of the criterion-related validities of

scales within each predictor construct for each criterion construct. As

you can see, several constructs correlate with the various criteria. Note

that there are three additional predictor constructs. These three,

"Achievement," "Masculinity," and "Locus of Control," were all a part of

the miscellaneous category. When we summarized the validities for the

miscellaneous category, we found respectable validities there too, so we

looked more closely at the scales included in the miscellaneous category

and found these additional three constructs. We summarized the validities

separately for these three constructs. Thus, in terms of criterion-

related validities, the five basic constructs did not appear to cover the

domain.

The results in this table are different from the results that Guion

and Gottier published in their 1965 Personnel Psychology article; their

conclusions were quite discouraging. They concluded that temperament vari-

288



ables have validity more often than can be expected by chance, but that no

generalized principles can be discerned from the overall results. We

believe that our strategy of summarizing the validities according to both

predictor and criterion constructs accounts for the difference in results.

The constructs provide the "generalized principles." To test this hypo-

thesis, we summarized the validity Coefficients in our database without

regard to construct and obtained a coefficient of essentially zero, quite

different from the coefficients in Table 2. We believe this demonstrates

the importance of constructs as organizing principles for examining and

understanding the literature on the criterion-related validity of tempera-

ment variables.

The validities in Table 2 are more similar to the results published by

Ghiselli in his 1966 book Validity of Occupational Aptitude Tests.

Ghiselli, however, summarized validities only for those temperament scales

that he evaluated as pertinent to a particular occupational category. We

believe that summarizing validities according to constructs enabled us to

arrive at conclusions similar to Ghiselli's.

Development of ABLEI Scales

The next major task for us was to develop scales that would measure

variables identified during the literature review as likely to predict

criteria important to the Army. The next page of your handout, List 1,

lists the substantive scales we developed for each construct. We developed

substantive scales for six constructs: (1) Surgency, (2) Adjustment, (3)

Agreeableness, (4) Dependability, (5) Achievement, and (6) Locus of Control.

"1 "Assessment of Background and Life Experiences."
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We also developed a "Physical Condition" scale to measure physical condi-

tion and four response validity scales: (1) Non-Random Response, (2) So-

cial Desirability, (3) Poor Impression, and (4) Self-Knowledge. We devel-

oped the "Non-Random Response" scale because we were concerned that some

participants would complete the inventory carelessly because the data were

gathered for "research purposes only." The "Non-Random Response" scale was

developed to detect such inventories. We were also concerned about self-

descriptions that were intentionally distorted and wanted to be able to (1)

detect intentional distortion, and (2) develop a strategy for dealing with

distorted self-descriptions. Thus, we developed the "Social Desirability"

scale to detect intentional distortion in an applicant setting (non-draft

setting) and "Poor Impression" to detect intentional distortion in a draft

setting. We developed a "Self-Knowledge" scale because the literature

suggests that people who know themselves well provide more accurate self

descriptions, and this greater accuracy moderates the correlation between

self description and descriptions or ratings made by others (Gibbons, 1983;

Markus, 1983). We hypothesized that "Self-Knowledge" might moderate the

relationships between ABLE substantive scales and job performance criteria.

In short, we developed four response validity scales to measure accuracy of

self-descriptions in order to test the hypothesis that accuracy of self-

description moderates the criterion-related validities of ABLE substantive

scales.

Evaluation of ABLE Substantive Scales

Once the ABLE temperament scales were developed and pretested, predic-

tor and criterion data were gathered during the summer and fall of 1985

from over 9,000 soldiers. The scale statistics for the temperament inven-

tory, entitled "Assessment of Background and Life Experiences" (ABLE),
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appear on the next page of your handout, Table 3. The average number of

items in a scale is 15. The median alpha of the substantive scales is .81.

Table 4 summarizes the ABLE substantive scale statistics and the correla-

tions of the ABLE substantive scales with each other and with other compon-

ents of the four-hour predictor battery. As can be seen, the only part of

the predictor battery that the ABLE substantive scales correlate with in a

substantial way are other ABLE substantive scales. The ABLE substantive

scales appear to be tapping a part of the predictor domain not tapped by

other measures.

The next page of your handout, Table 5, shows the structure of the

ABLE substantive scales. Three factors, Ascendancy, Dependability, and

Adjustment, emerged. The scales designed to measure achievement loaded on

the same factor as the scale designed to measure Surgency. The literature

review indicated that measures of Achievement and Surgency are not highly

intercorrelated. Unfortunately, the ABLE scales do not appear to capture

the uniqueness of the two constructs.

Criterion-Related Validities. The criterion measures, the development

of which was a major part of the research project, were developed by a

different part of the research team. The criterion composites, which they

also developed, are very briefly described in the next page of your hand-

out, List 2. There are five composites: (1) Core Technical Proficiency,

(2) General Soldiering Proficiency, (3) Effort and Leadership, (4) Personal

Discipline, and (5) Physical Fitness and Military Bearing. The first two

consist mainly of hands-on tests (work samples) and knowledge tests. The

other three consist of supervisory and peer ratings and information that

can be obtained from personnel records.

The next page of your handout, Table 6, shows the criterion-related
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validities of the ABLE scales for these five criteria. The scales are

organized according to the literature review taxonomy of temperament con-

structs. The results suggest that "Achievement" scales are the best pre-

dictors of the *Effort and Leadership" criterion; "Dependability" scales

are the best predictors of the "Personal Discipline" criterion; and "Physi-

cal Condition" is the best predictor of the "Physical Fitness and Military

Bearing" criterion, though the "Achievement" scales also correlate with

this criterion. These three criteria, which the ABLE substnative scales

predict, include the supervisory and peer rating criteria. The other two

criteria, which consist of hands-on and knowledge tests, are not predicted

with the ABLE substantive scales. The other finding to which I'd like to

draw your attention is that, except for "Poor Impression," the response

validity scales do not correlate with the supervisory and peer rating

criteria. This finding will be relevant later when we analyze the response

validity scales in detail.

The next page of your handout, Table 7, shows the criterion-related

validities of different types of predictors--cognitive ability, spatial

ability, perceptual/psychomotor ability, work environment preferences,

temperament, and interests--included in the study. It shows the multiple

correlation of each type of predictor with each of the five criteria. As

can be seen, the best predictors of the Effort and Leadership, Personal

Discipline, and Physical Fitness and Military Bearing criteria are the ABLE

substantive scales. This finding is not surprising, given the literature

review and the results that showed that the ABLE substantive scales tap an

independent part of the predictor domain.

Evaluation of Response Validity Scales

Recall that we hypothesized that accuracy of self-description moder-
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ated the criterion-related validities of the ABLE substantive scales and

that we develped four response validity scales to detect four different

types of inaccurate self-descriptions.

"Non-Random Resoonse" scale. To evaluate the usefulness of the "Non-

Random Response" scale, we examined its moderating effect on the validities

of the ABLE substantive scales. We split the sample into two, one group

which scored low on "Non-Random Response" scale was designated as "random

responders," the remaining sample was designated as "non-random re-

sponders." We performed axsplit-group analysis rather than a moderated

regression because the variable of interest had a highly skewed distribu-

tion. The results, which are shown in Table 9, indicate that random re-

sponding does, indeed, moderate the criterion-related validities of the

ABLE substantive scales. Though the validities of the ABLE substantive

scales are not uniformly zero for the random responders, typically the

validities-are significantly lower.

"Self-Knowledge" scale. Previous research, as mentioned earlier, has

shown that self-knowledge moderates the correlation between self-descrip-

tion and descriptions or ratings provided by others. We examined the

extent to which self-knowledge moderates the relationship between self-

descriptions as measured by the ABLE substantive scales and job performance

criteria. For each ABLE substantive scale, we computed (1) the zero-order

correlation with each criterion, (2) the multiple correlation of the sub-

stantive scale and "Self-Knowledge" scale with each criterion, and (3) the

multiple correlation based on moderated regression. In moderated-regres-

sion analysis, the multiple correlation is incremented by an interaction

term, in this case the interaction between "Self-Knowledge" and the partic-

ular ABLE substantive scale. We compared these three coefficients for

each substantive scale. If Self-Knowledge moderates the criterion-related
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validities of the substantive scales, the value of the moderted multiple

correlation coefficient would be greater than the multiple correlation. If

the values are similar, the relationship is not moderated; a linear model

accounts for as much of the variance as the non-linear model. If both

values are similar to the zero-order correlation of the substantive scale

with the criterion, then the Self-Knowledge scale increments the validity

in neither a linear nor a non-linear (moderated) fashion. As is shown in

Table 10, the "Self-Knowledge" scale contributes nothing, in either a

linear or non-linear way, to the prediction of the criteria.

"Social Desirability" and "Poor Impression" scales. The same logic

that applies to the "Non-Random Response" scales applies to the "Social

Desirability" and "Poor Impression" scales, that is, accuracy of self-

description moderates the relationship between ABLE substantive scales and

job criteria. First, though, we wanted to know if "Social Desirability"

and "Poor Impression" detected intentional distortion.

To learn whether the "Social Desirability" and "Poor Impression"

scales detected intentional distortion, we conducted a faking study with

245 soldiers in which we instructed them to respond honestly, to fake good,

and/or to fake bad. Table 11 summarizes the results of that study.

Clearly, soldiers were able to distort their self-descriptions when in-

structed to do so. The median effect size for change in ABLE substantive

mean scale scores in the honest and fake good conditions was approximately

half a standard deviation. The median effect size for change in ABLE

substantive mean scale scores in the honest and fake-bad conditions was

over two standard deviations. Fortunately, the "Social Desirability" scale

detected faking good--it changed approximately one standard deviation--and

the "Poor Impression" scale detected faking bad--it changed over two-and-a-
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half standard deviations.

We then examined the extent to which the *Social Desirability" scale

moderated the criterion-related validities of the ABLE substantive scales.

Unfortunately, we had criterion data for only a few of the soldiers in the

faking study. Those data would have been the best to examine because we

knew their motivation--they were faking good. We turned to the next best

set of data--the concurrent validation sample--to answer the question.

Again, our variable had a highly skewed distribution, so we used a split-

group technique to investigate the moderating effects of "Social Desira-

bility." We split the group in two. We chose the cutting point to be

approximately the mean of the fake good group of the faking study. Thus,

the "high" group scored approximately at or above the mean of a group known

to be faking. Table 12 shows the results. The "Social Desirability" scale

does moderate, slightly, the validities of the ABLE substantive scales.

Interestingly, the validities for the "Personal Discipline" criterion are

least affected.

Recall that the "Poor Impression" scale correlated with the criteria;

thus, it was inappropriate to investigate its moderating effects on the

validities of the other ABLE scales, at least in the present sample. We,

therefore, examined the contribution of the "Poor Impression" scale as an

independent predictor in a linear model. Your next handout, Table 13,

shows the zero-order correlation of each of the ABLE substantive scales

with each criterion, as well as the multiple correlation of each ABLE

substantive scale when "Poor Impression" is included as an independent

predictor. As can be seen, the "Poor Impression" scale does increment the

validities of the ABLE substantive scales.
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Summary

To summarize the results of our work:

1. Constructs provide a strategy to make sense of the literature on

the criterion-related validities of temperament scales;

2. The "Big Five" as a taxonomy results in quite a heterogeneous

grouping of scales, though they do highlight constructs that are

"good bets" for predictors;

3. Temperament variables measure a part of the predictor domain un-

tapped by most other types of predictors;

4. Temperament variables predict certain kinds of criteria, criteria

that are not well-predicted by most other predictors;

5. "Self-Knowledge" does not appear to affect the relationship between

other temperament variables and job performance criteria; and

6. The response validity scales that detect random responding and self

descriptions that are overly positive or negative can be used to

increment the validities of temperament variables for job perfor-

mance criteria.
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Table 1 Mean Within-Category and Between Category
Correlations of Temperament Scales

Mean rcG

9u=Wv, SD,-.16

MC-146

Mean -. 20 Mean "Q

Adjustcent SD -. 18 SD r.19

Sr-321 Ni -165

Meanr-.O& Mean -. 24 Nean Ci@

Agreeablenesa SD -. 17 SD -. 16 SD -. 14r r r
_N -173 N -162 •r 4

Mean t --. 08 Meanr -. 13 Mean -. 06 Meant"•

Dependability SD - .16 SD -. 20 SD -. 17 SD -. 18Sr t r
N3- 286 Nr-276 3C-166 Hr121.

Mein-.12 Mlean r-.02 Mean.-.04 Mean r-.12 Mleanr-8

Intellectance SD r-.15 SD -. 14 SDj-.16 SDr- .18 SD -. 19

NV-175 Nr-193 Nv- 94 3r- 162 Nr- 52

Meant-.09 Meanr-.00 Mean r.10 Mean -. 08 Mcanr--.14 Meanr-0

Affiliatlon SD -.21 SD r.16 SD O.17 SDr .14 SD .15 SD r.16

3-'157 Nr-150 3r- 98 Nr-160 3r- 84 3€- 43

Meanr .09 Hean.-.12 Mean.-.02 Meant-.02 Meant-.04 Mean r--.04 mean

Miscellaneous SD-.17 SD -. 18 SDr-.18 -SD -. 18 SDr-.17 SD - .15 SD -. 20-94 .15 SEro,20

3r"392 N-419 3r-215 3r-36L N r r208

Surgency Adjustmenc Agreeable- Depefda- Incellec- AffLLia- hisceL-

nes1 bLILty tance tion laaeous
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Table 2 Meta Analysis of Crtrirn-Relatsd Validity Studies 1
Mat Used pa it Predictors

Criterion

Job Job Negative Adiustment
Educational Training Involvement Proficiency Del incuency Substance Abuse

Predictor Number Mean Number man Number man Number man Nwaber man Number mean

Construct2 Predictors _" Predictors _C Predictors r Predictors r Predictors r Predictors r

*Surgency 42 .15 47 .08 21 .04 175 .04 8 30 .06

Affiliation 5 -. 04 0 *-. 4 .06 16 -. 01 0 ... & -. 03

"Adjustment 44 24 21 -3 146 10 -.3 31 -. 07

Agreeableness 9 .01 5 .10 4 .02 48 -. 01 1 .04

'Dependabi Ii ty 24 31 26 .11 18 [E 102 21 10 E 7 25

*Intetlectance 6 31 7 .14 8 -.10 32 .01 1 E.24

Achievement 8 4 4 -1 0 .. 4 =

Masculinity 8 3 .09 10 .10 0 ... 3 .02-

Locus of Control 1 .32 2 F7 31 0 ... 0 ... 0 ..

Time Period 1960-1984.

2 A star denotes the construct is one of the "Big Five* constructs.

Note: Correlations are not corrected for unretiabitity or range restrictions.
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List 1

ABLE 1 Scales Organized According to Construct Intended to Measure

SUBSTANTIVE SCALES:

Suraency
"* Dominance
"* Energy Level

Adjustment
. Emotional Stability

Agreeableness (Likeability)
. Cooperativeness

Dependability
"* Nondelinquency
"* Traditional Values
". Conscientiousness

Achievement
" Work Orientation
"* Self Esteem

Locus of Control
"* Internal Control

Physical Condition
. Physical Condition

RESPONSE VALIDITY SCALES:

"* Non-Random Response
". Social Desirability
"* Poor Impression
"* Self-Knowledge

1 Inventory developed by PDRI for the Army Research Institute entitled
"Assessment of Background and Life Experience."
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LiSt 2

Criterion Composites 1

Core Technical Proficiency - a) hands-on tests of MOS-specific technical
knowledge and skills; and b) tests of school and job knowledge.

General Soldiering Proficiency - a) hands-on tests of general soldiering
skill; and b) general soldiering knowledge and skill test items.

Effort & Leadership - a) supervisory and peer ratings of effort and
leadership, overall effectiveness, MOS effectiveness and predicted combat
effectiveness; and b) letters and certificates of commendation and other
achievements.

Personal Discipline - a) supervisory and peer ratings of personal control
and discipline; and b) disciplinary actions and other negative indicators
in personnel files.

Physical Fitness & Military Bearing - a) supervisory and peer ratings of
physical fitness and military bearing; and b) physical readiness tests.

IData gathered at same time as Trial Battery was administered, i.e., summer
and fall of 1985.
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Table 6 Validities of ABLE Scales for Job Performance Criteria:
Zero-Order Correlations

(Revised Trial Battery; Concurrent Validity Study)

Cri terion
Physical

General fitness A

Core Technical Soldiering Effort & Personal Hilitary

Predictor rroficlency- Proficiency Leadershia Discinlins fearlng

o •ira .01 .01 .15 .02 .18

Achir nnt:

"* SeLf Estins .02 .01.2.1 0

" W= O-riwtatien .02 .02 .18

• &%%1m .02 .02.2 .14 .2

Adjustment :

. Emotional Stability .02 .02 .17 .12 .16

Agreeableness (Likeobi i ty)

SCooperativeness .01 .02 .15 14

Dependability:

"Traditional Values .03 .06 .13 r .16

" Non-delinquency .0S .07 .122 .14

"* Conscientiousness .02 .02 .18 .22

Others:

"Internal Control .04 .05 .13 .13 .13

" Physical Condition -. 04. -. 05 .09 -. 03 M-2

Response Validity Scales:

. Non-Random Response
1  .13 .14 .07 .10 .02

. Social Desirability -. 07 -. 06 .02 .05 .07

. Poor Impression -. 04 -. 05 -. 15 -. 15 -. 16

• Self-Knowiedge -. 04 -. 03 .07 .05 .13

1
Correlations are based on unscreened dots for this scale. N varies from 8424 to 9322 for this

scat*.

Note: N varies from 7666 to 8477.

Note: A box indicates notable predictor/criterion construct relationships.
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Table 7

Multiple Correlations1 of Six Independent
Predictor Composites with each of Five Job

Performance Criteria

(Concurrent Validity Study)

Criterion Copoosites

Physical

General Fitness &

Predictor Core Technical Soldiering Effort £ Personal military

Coaoitts Proficiency Proficiency LeadershiD Disciotine searing

ASVA3
2

(mental ability test) F627 7-" 3. 20 .14

Spatial Abilities .56 .62 .26 .14 .11

Perceptual/Psychomotor

Abilities (coffputerized) .54 .58 .30 .12 .10

Work Environment

Preferences .28 .27 .20 .10 .11

To-pe amt (and

physical activities scale) .26 .24

Interests .34 .34 .26 .14 .13

1Nuttipte Rs ore adjusted for shrinkage and corrected for restriction in range, but not corrected for criterion

unreliability.

2 Mental ability test currently used by military.

Note: Entries in table are averaged across 9 Army military occupational specialties (MOS) with complete criterion data.

Total sample is 3902. Sample sizes range from 281 to 570; median x 432.

Note: Soxes denote the two best predictors of the criterion space.
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Project A Validity Results:
The Relationship between Predictor and Criterion Domains

The purpose of this paper is to describe the relationship between the
predictor scores described in the Peterson, Hough, Dunnette, Rosse, Houston,
Toquam, and Wing (1987) and the criterion scores described in the Campbell,
Harris, McHenry, and Arabian (1987) paper.

This paper includes five parts. In the first part, we describe the
creation of predictor composite scores from the predictor test and scale
scores described in Peterson et al. (1987). In the second part, we show the
relationship between the predictor composite scores within each predictor
domain and the five Job performance constructs described by Campbell et al.
(1987). In the third part, we demonstrate how the new predictor tests
incr•ment the validity of the Army's current selection battery, the Armed
Services Vocational Aptitude Battery (ASVAB). In the fourth part, we
describe the relationship between the new predictor tests and two *method
factors' that we identified in our analyses of the Job performance measures.
Finally, in the fifth part, we discuss how the predictor-criterion
relationships uncovered in the validity analyses contribute to the
understanding of job performance in the Army.

Formation of Predictor Cmposites

The preliminary analyses of the new Project A predictor tests indicated
that 65 reliable predictor scores could be computed from the six spatial
tests, the 10 computer tests, and the temperament/personality, vocational
Interest, and job reward preference inventories (Peterson et al., 1987). In
addition, scores from the nine ASVAB subtests were available from Army
records. Table 1 shows how these predictor scores were distributed among
various domains within the predictor space. The ASVAS subtests measured
nine cognitive abilities. The spatial tests measured six different aspects
of spatial ability. The ten computer tests yielded 20 measures of
perceptual-psychomotor abilities. The ABLE provided measures of 11
temperaments/personality traits. The AVOICE assessed 22 vocational
interests. Finally, the JOB measured six types of job reward preferences.

There were several problems that precluded using these 74 scores
directly in the Project A validity analyses. First, as Table 2 shows, the
number of subjects with complete predictor and criterion data within the
nine target Project A jobs ranged from 289 for Single Channel Radio Operator
to 597 for Military Police (Young, Harris, Hoffman & Houston, 1987). Even
for Military Police, the ratio of subjects to variables was only 8:1. Our
Intent was to use multiple regression to estimate the correlation between
the predictors and job performance constructs. This ratio is far less than
the ratio of 10:1 that many statisticians say is the minimum required to
obtain stable estimates of multiple regression coefficients and the
coefficient of multiple correlation 3. Since we were faced with a fixed
number of subjects, the only way to improve this ratio was to reduce the
number of predictor scores.

Second, scores from many of the predictor tests were highly
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Table 2

The Number of Incumbents in the Nine Army Enlisted JobsStudied

Enlisted Job Number of Incumbents

Infantryman 491

Cannon Crewmember 464

Armor Crmman 394

Single Channel Radio Operator *289

Light Wheel Vehicle Mechanic 478

Motor Transport Operator 507

Administrative Specialist 427

Medical Specialist 392

Military Police 597
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intercorrelated. For example, the average Intercorrelation among the six
Project A spatial tests was .44. Thismulticollinearity results in unstable
estimates of multiple regression coefficients. This situation can be
remedied by combining the correlated test scores Into a single composite.
To the extent that the tests are highly intercorrelated, the composite score
should contain all of the reliable variance included in any of the
individual test scores. Also, the composite should be more reliable than
any of the individual test scores, since it will be based on more items than
any the score from any single test.

Because of these two problems, the 74 predictor test and scale scores
were combined into 20 predictor composites before predictor-criterion
relationships were explored. With one exception (which will be noted
below), these composites were formed simply by summing standardized test or
scale scores; that is, in all instances but one, unit weights were used to
compute composite scores from test and scale scores.

Three principles were used to guide the formation of composite scores.
First, we attempted to keep the number of composites to a minimum. We
expected that this would increase the stability of all of the multivariate
statistics we intended to compute in exploring predictor-criterion
relationships. Second, we sought to maintain homogeneity or internal
consistency within composites. To guide in this effort, we studied the
intercorrelations among test or scale scores. We also used principal
components analysis to identify tests or scales with similar patterns of
factor loadings. Test or scale scores with reasonably high
Intercorrelations and similar patterns of factor loadings tended to be
grouped into the same composite. We believed that this would eliminate any
problems associated with predictor multtcollineartty. Third, even if we
found that two or more test or scale scores were reasonably highly
correlated and had similar patterns of factor loadings, we grouped them into
the same composite only if we expected that they would have similar patterns
of correlations with our Job performance constructs. Expert judgments of
expected predictor-criterion relationships were available to direct us in
this task (Wing, Peterson & Hoffman, 1984).

Figure 1 shows how the nine ASVAB subtests were combined into four
composite scores. The four composites were Technical, Quantitative, Verbal,
and Speed. In computing the Technical composite score, the Electronics
Information subtest received a weight of one-half, while the MechanicalComprehension and Auto Shop subtests received unit weights. The weight for
the Electronics Information subtest was only one-half because a factor
analysis indicated that the loading of the Electronics Information on the
Technical factor of the ASVAB was only about one-half as large as the
loading of the Mechanical Comprehension and Auto Shop subtests.

As noted above, the six spatial tests were all highly intercorrelated.
Therefore, as Figure 2 shows, these six tests were combined into a single
composite score.

Six composite scores were computed from the 20 perceptual-psychomotor
test scores from the computer battery. These six composites were
Psychomotor, Complex Perceptual Speed, Complex Perceptual Accuracy, Number
Speed and Accuracy, Simple Reaction Speed, and Simple Reaction Accuracy.
Figure 3 shows how the 20 test scores were combined into these six
composites.
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Fiaure I. Formation of general cognitive ability composites from ASVAB

subtests.
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Cannon Shoot Test (Tim Score)

Target Shoot Test (Tim To Fire)

Target Shoot Test (Log Distance) PsychomotorTr t
Target Tracking 1 (Log Distance)FTarget Trackiiing 2 (Log Distance)

Short Term Nemory Test (Decision Tim) Complex
Perceptual Speed & Accuracy Test (Decision Tim) Perceptual

Target Identification Test (Decision Tim) speed

Short Term Nemory Test (Percent Correct)
Complex

Perceptual Speed & Accuracy Test (Percent Correct) Perceptual
Pe c orret) HAccuracy

Target Identification Test (Percent Correct)

Number Memory Test (Percent Correct)

Number Memory Test (Initial Decision Tim) NumberSpe sand
Number Memory Test (Mean Operations Decision Tim) Accuracy

Ikam6r Nemory Test (Final Decision Tim)

Choice Reaction Tim Simple
Reaction

Simple Reaction Tim spewd

Choice Reaction Percent Correct SimpleM ~Reacltion
Simple tReaction Percent Correct Accuracy

FiourL 3. Formation of perceptual-psychomotor ability composites from
computer battery test scores.
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Four temperament/personality composites were computed from the ABLE
scales (see Figure 4). The composites included Achievement Orientation,
Dependability, Adjustment, and Physical Condition. Four of the 11 ABLE
scales were not included in any composite.

Figure 5 shows that six vocational interest composites were computed
from the 22 AVOICE scales. These composites were Skilled Technical,
Structural/Machines, Combat-Related, Audiovisual Arts, Food Service, and
Protective Services.

Finally, the six scales of the JOB were combined Into three composites
(see Figure 6). These were Organizational and Co-Worker Support, Routine
Work, and Job Autonomy.

Relationships between Predictor Domains and Job Performance Constructs

Job Performance Constructs

The performance criteria used for this study were the five job
performance constructs described in the Campbell et al. (1987) paper. Table
3 provides complete definitions of these five constructs. The first
construct, Core Technical Proficiency, refers to a soldier's performance on
those tasks that are central to the soldier's job. The second construct,
General Soldiering Proficiency, represents a soldier's performance on tasks
that are required of all soldiers, regardless of their assigned job. These
first two constructs represent the "can don portion of the job performance
space. The third performance construct is Effort and Leadership. This
construct reflects the degree to which a soldier tries hard on the job, even
under adverse or hazardous conditions, and provides support and
encouragement for peers. The fourth construct, Personal Discipline,
represents the degree to which a soldier follows Army rules and regulations,
maintains high standards of personal conduct, and avoids disciplinary
problems. The fifth construct, Physical Fitness and Military Bearing,
represents the degree to which a soldier maintains an appropriate military
appearance and bearing and stays in good physical condition. These final
three performance constructs -- Effort and Leadership, Personal Discipline,
and Physical Fitness and Military Bearing -- represent the 'will do' portion
of the job performance space, though Effort and Leadership also includes
some elements of 'can do* performance.

Hvnothesized Relationships between Predictor Domains and Job Performance

Figure 7 depicts the expected relationships between the predictor
domains and the five job performance constructs. From the cognitive portion
of the predictor space, four ASVAB composite scores were available for
general cognitive ability, a spatial battery composite score was available
for spatia ability, and six computer battery composite scores were
available for perceptual-psychomotor ability. It was hypothesized that
these cognitive predictor composite scores would be useful for predicting
scores on the two 'can do' performance constructs, Core Technical
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Control.
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Table 3

Definitions of the Job Performance Constructs

Core Technical Proficiency
This performance construct represents the proficiency with which the soldier
performs the tasks that are "central' to the job. The tasks represent the
core of the job and they are the primary definers of the job. For example,
the first tour Armor Crewman starts and stops the tank engines; prepares the
loader's station; loads and unloads the main gun; boresights the M60A3;
engages targets with the main gun; and performs misfire procedures. This
performance construct does not include the individual's willingness to
perform the task or the degree to which the individual can coordinate
efforts with others. It refers to how well the individual can execute the
core technical tasks the job requires, given a willingness to do so.

General Soldierina Proficiency
In addition to the core technical content specific to a job, individuals in
every Job also are responsible for being able to perform a variety of
general soldiering tasks (e.g., determines grid coordinates on military
maps; puts on, wears and removes M17 series protective mask with hood;
determines a magnetic azimuth using a compass; collects/reports
information -- SALUTE; and recognizes and identifies friendly and threat
aircraft). Performance on this construct represents overall proficiency on
these general soldiering tasks. Again, it refers to how well the individual
can execute general soldering tasks, given a willingness to do so.

Effort and Leadershio
This performance construct reflects the degree to which the individual
exerts effort over the full range of job tasks, perseveres under adverse or
dangerous conditions, and demonstrates leadership and support toward peers.
That is, can the individual be counted on to carry out assigned tasks, even
under adverse conditions, to exercise good Judgment, and to be generally
dependable and proficient? While appropriate knowledges and skills are
necessary for successful performance, this construct is only meant to
reflect the individual's willingness to do the job required and to be
cooperative and suportive with other soldiers.

Personal Disciol in.
This performance construct reflects the degree to which the individual
adheres to Army regulations and traditions, exercises personal self-control,
demonstrates integrity in day-to-day behavior, and does not create
disciplinary problems. People who rank high on this construct show a
commitment to high standards of personal conduct.

Physical Fftness and Military Bearing
This performance construct represents the degree to which the individual
maintains an appropriate military appearance and bearing and stays in good
physical condition.
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Proficiency and General Soldiering Proficiency. It was hypothesized that
the cognitive predictor composite scores also would be useful for predicting
scores on Effort and Leadership, since Effort and Leadership also contained
some components of Ocan do* performance.

The four ABLE temperament/personality composite scores, the six AVOICE
vocational interest composite scores, and the three job reward preference
composite scores from the JOB all were tntended to serve as measures of the
non-cognitive portion of the predictor space. It was hypothesized that
these predictor composites would be most useful for predicting the *will do"
job performance constructs, including Effort and Leadership, Personal
Discipline, and Physical Fitness and Military Bearing.

Assessina the Relationshios between Predictor Domains and Job Performance

Statistical orocedures. To assess the relationships between predictor
domains and job performance constructs, multiple linear regression was used
to determine the multiple correlation R of the predictor composites within
each domain with each of the five job performance constructs. This was one
separately for each of the nine jobs. Each I was corrected for range
restriction and adjusted for shrinkage.

The procedure used to correct ] for range restriction is one described
in Lord and Novick (1968). The procedure adjusts the intercorrelations
among the ASVAB subtests so that they match the intercorrelations obtained
in a 1980 youth population (Mitchell & Hanser, 1984). The correlations
among the predictor composite scores and the performance construct scores
are then adjusted according to their correlations with the ASVAB subtests.
This means that the correction procedure takes into account any range
restriction related to the abilities measured in the ASVAB. However, it
fails to consider factors that may reduce the range of predictor scores that
are unrelated to the abilities tapped by the ASVAB.

For example, as Young et al. (1987) have described, most of the
soldiers in this study enlisted in the Amy between July 1983 and June 1984.
They took the Project A predictor and job performance tests in the summer or
fall of 1985, on average 19 months after they had reported for duty. There
were many soldiers who enlisted in the Amy at the same time as these
soldiers who would have been eligible for our sample, but who left the Army
as a result of disciplinary problems. In many instances, these problems
were unrelated to any of the abilities tapped by the ASVAB. However, the
problems might have been related to some of the temperaments and personality
traits measured in the ABLE; indeed, several of the ABLE scales were
designed to measure temperaments and traits associated with disciplinary
problems. The attrition of these soldiers means that the variance of the
temperament/personality scores in our soldier sample is less than the
variance that we would expect to obtain in an unselected sample of 18-, 19-,
and 20-year olds. Unfortunately, without data from an unselected sample, it
is impossible to know the extent of this range restriction, or to correct
our validity coefficients for such range restriction.

This means that many of the validity coefficients reported in the
following tables are underestimates of the true validities that would be
obtained in an unselected sample. The problem is probably not very serious

327



for the spatial ability composite or for the six perceptual-psychomotor
ability composites, which are reasonably highly correlated with scores on
the ASVAB. Much of the range restriction in these composites is probably
alleviated by correcting for range restriction in the ASVAB. However, the
problem is more serious for the composites from the three non-cognitive
predictor domains. These composites tend to be relatively uncorrelated with
ASVAB scores. Moreover, especially in the case of the temperament/
personality composites from the ABLE, there is reason to believe that there
is a significant amount of range restriction unrelated to the abilities
tapped by the ASVAB. The validities reported for these predictor domains --
and especially for the ABLE -- are likely to be underestimates of the true
validities.

The procedure used to adjust A for shrinkage was developed by Cl audy
(1978). The adjustment is intended to yield an estimate of & that is equal
to the expected value of the multiple correlation between the predictor
scores and the criterion in the population from which the sample was drawn.

Relaltonshjns. Given six predictor domains and five job performance
constructs, there were 30 multiple correlations generated for each of the
nine jobs. (The one exception was Infantryman, which was not scored on one
of the performance constructs, General Soldiering Proficiency. For
Infantryman, only 24 validity coefficients were computed.) These as were
averaged across the nine jobs to obtain the man validity for each predictor
domain by performance construct combination.

The 30 man Js are reported in Table 4. The table shows that the
hypothesized predictor-criterion relationships (presented in Figure 7) were,
by and large, confirmed.

The general cognitive ability composites, computed from the ASVAB, were
the best predictors of Core Technical Proficiency (man R - .63) and General
Soldiering Proficiency (man R - .65). These validity coefficients are
extraordinarily high, especially when one considers that the ASVAB was
administered to these subjects on average t prior to the collection
of job performance data. The spatial ability composite and the perceptual-
psychomotor ability composites also provided excellent prediction of Core
Technical Proficiency and General Soldiering Proficiency.

The general cognitive ability composites also provided reasonable
prediction of Effort and Leadership (man R - .31), as we had hypothesized
it would. The man R with Effort and Leadership was only slightly lower for
the composite scores from the other two cognitive domains, spatial ability
(man A --. 25) and perceptual-psychomotor ability (man R - .26).

However, the composites within the three cognitive domains did not
predict performance on Personal Discipline or Physical Fitness and Military
Bearing very well. None of the six mean multiple correlations between these
three predictor domains and two performance constructs exceeded .20.

The best prediction of Effort and Leadership, Personal Discipline, and
Physical Fitness and Military Bearing was provided by the temperament/
personality composites from the ABLE. The man R for Effort and Leadership
was .33. The ABLE composite that contributed most to this correlation was
Achievement Orientation. For Personal Discipline, the man a was .32, with
the ABLE Dependability composite making the largest contribution to this R.
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Finally, the ABLE composites correlated .37 on average with Physical Fitness
and Military Bearing. The key predictor of this performance construct was
the ABLE Physical Condition composite.

On the other hand, the temperament/personality domain provided worse
prediction of the two =can dog performance criteria than any of the other
five predictor domains. The man & for Core Technical Proficiency was
only .26, while the man A for General Soldiering Proficiency was .25.

The relationships between the vocational interest composites and the
job performance constructs were somew at different than expected. For the
interest composites, the pattern of correlations across the five Job
performance constructs was more like the pattern for the cognitive predictor
domains than the pattern for the temperament/personality domain. The
highest man is were with Core Technical Proficiency (man R - .35) and
General Soldiering Proficiency (man R & .34). The lowest man Is involved
prediction of Personal Discipline (man I - .13) and Physical Fitness and
Military Bearing (man R - .12). The man validity for Effort and
Leadership was .24.

The pattern of correlations for the job reward preference composites
was similar to that for the vocational interest composites.

As a further test of the hypothesized predictor-criterion relationships
presented in Figure 7, the predictor composites were grouped into two sets.
The 11 general cognitive ability, spatial ability, and perceptual-
psychomotor ability composites were grouped into a set of cognitive
composites. The 13 temperament/personality, vocational interest, and job
reward preference composites were grouped into a set of non-cognitive
composites. For each set the R was computed with each of the five job
performance constructs within each of the nine jobs. Mean Rs from these
analyses are presented in Table S.

The pattern of correlations is very similar to that predicted in Figure
7. The cognitive composites provide the best prediction of Core Technical
Proficiency (man a - .65) and General Soldiering Proficiency (man
Ia* .69). The non-cognitive composites provide the best prediction of
Personal Discipline (mean A - .35) and Physical Fitness and Military Bearing
(mean I - .38). The non-cognitive composites also predict Effort and
Leadership better than the cognitive composites, though the difference is
not very large (man Is - .38 and .32, respectively).

Table 5 also shows that, when all 24 composites are used to predict
each performance construct, the man Is are .67 for Core Technical
Proficiency, .70 for General Soldiering Proficiency, .44 for Effort and
Leadership, .37 for Personal Discipline, and .42 for Physical Fitness and
Military Bearing. These results indicate that for at least two of the job
performance constructs -- Effort and Leadership and Physical Fitness and
Military Bearing -- the best prediction is obtained when both cognitive and
non-cognitive predictors are used.

The one surprising result in Table 5 is the high correlation between
the non-cognitive predictors and the two "can do' performance constructs.
For both performance constructs, the man R was .44. In fact, the non-
cognitive composites predicted *can do' performance better than they
predicted *will do" performance.
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The Incremental Validity of the Project A Predictor Tests

An Important question for the Army sponsors of the present study was
how to improve on the validity of decisions made using the Army's current
selection and classification instrument, the ASVAB. To help answer that
question, the validity of the general cognitive ability composite scores
(computed from the ASVAD) was compared to the validity obtained when the
composite scores from a predictor domain were used to supplement the general
cognitive ability composites. This was done for each performance construct
within each of the nine jobs. Validities were then averaged across the nine
jobs. The resulting mean validities are reported in Table 6.

Table 6 shows that none of the predictor domains added more than .02 to
the general cognitive ability composites' validity for predicting Core
Technical Proficiency. Similarly, no predictor domain added more than .03
to the general cognitive ability composites' validity for predicting General
Soldiering Proficiency. In both instances, the predictor composite that
added the greatest incremental validity was the spatial ability composite.

Most predictor domains also added very little to the prediction of
Effort and Leadership, Personal Discipline, and Physical Fitness and
Military Bearing from the general cognitive ability composites. The one
exception was the temperament/personality domain. The four temperament/
personality composites added .11 to the validity for predicting Effort and
Leadership, .19 to the validity for predicting Personal Discipline, and .21
to the validity for predicting Physical Fitness and Military Bearing.

Table 7 provides another mans for looking at the Incremental validity
of the Project A predictor tests. The table shows that the seven new
Project A cognitive composites (i.e., the spatial ability composite plus the
six perceptual-psychomotor ability composites) predict job performance
almost as well as the four general cognitive ability composites from the
ASYAB. For Core Technical Proficiency and General Soldiering Proficiency,
the validity of the new Project A cognitive composites is quite high (mean
A - .59 and .65, respectively). However, the performance variance predicted
by the new Project A cognitive composites is virtually identical to the
performance variance predicted by the ASYAS. The new Project A cognitive
composites increment the validity for Core Technical Proficiency by .02 and
increment the validity for General Soldiering Proficiency by .04. (At first
glance, those results were disappointing to many of us on the Project A
research team. However, as we had time to reflect, we decided that we had
established that the Army was already doing a very good job of predicting
"can do' job performance, which our Army sponsors were pleased to hear.
Also, as a practical matter, there simply isn't much that one can do to
improve on a test with a validity of .63 or .65 for predicting job
performance two years later.)

Table 7 also shows that the 13 non-cognitive composites predict Effort
and Leadership (mean a - .38), Personal Discipline (mean A - .35), and
Physical Fitness and Military Bearing (mean B = .38) better than the four
general cognitive ability composites predict these three job performance
constructs. When the ASVAB composites are added to the non-cognitive
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composites, the man validity for Effort and Leadership increases by .05,
the man validity for Personal Discipline increases by .02, and the validity
for Physical Fitness and Military Bearing increases by .03.

The results in Table 7 are consistent with our hypotheses (see Figure
7) that: (1) cognitive ability composites would be the most valid
predictors of Core Technical Proficiency and General Soldiering Proficiency;
(2) non-cognitive composites would be the most valid predictors of Personal
Discipline and Physical Fitness and Military Bearing; and (3) both cognitive
and non-cognitive predictors would be useful for predicting Effort and
Leadership.

A comparison of Tables 6 and 7 shows that almost all of the Incremental
validity in the prediction of the three 'will do' performance constructs is
provided by the ABLE. When the ABLE composites and the ASVAB composites are
used to predict Effort and Leadership the mean R is .42. When the AVOICE
composites and the JOB composites are added to the ABLE and ASVAB
composites, the mean validity increases only by .01. Similarly, the AVOICE
and JOB composites add only .02 to the prediction of Personal Discipline and
contribute nothing to the prediction of Physical Fitness and Military
Bearing.

- Relationships between Predictor Domains and 'Method Factors'

In their paper, Campbell et al. (1987) described written test and
rating *method factors' that emerged from a structural analysis of the job
performance measures. As Campbell et al. noted, the term 'method factor" is
probably a misnomer. It is likely that these factors represent important
components of Job performance.

The written test factor reflects a soldier's comprehension of the
manuals, instructions, and other materials that must be read on the job.
For several of the jobs that were studied, excerpts from technical manuals
and other learning aids were incorporated into the written knowledge tests.
It is likely that a soldier who had difficulty reading and comprehending
these materials during Project A performance testing also would have
difficulty using these written materials on the job.

The rating factor represents raters' global impressions of soldiers.
It is similar .to what many researchers might term "halo error" (cf.
reference, 19xx). There is, however, no proof that this rating factor truly
is error. It is equally possible that the global impression represented by
the rating factor is an important measure of soldier effectiveness. The
Project A data base provides an opportunity to study the relationships
between this rating factor and individual difference variables from several
domains.

Table 8 shows the multiple correlations between the predictors within
each domain and the two method factors. The mean as for the written test
factor are much greater than the mean as for the rating factor across all
six predictor domains.

The best predictors of the written test factor were the general
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cognitive ability composites (man 3 * .62). Across the nine jobs the ASVA8
verbal composite was the most consistent predictor of the written test
factor. The spatial ability composite and "ne perceptual-psychomotor
ability composites had mean correlations of .55 and .54, respectively.
Correlations were lower for the composites within the three non-cognitive
domains. However, the mean correlations were not trivial, ranging from .21
for the temperament/personality composites to .32 for the vocational
interest composites. This pattern of correlations contributes additional
evidence that this factor represents a soldier's proficiency at reading job-
related materials.

The best predictors of the rating factor were the temperament/
personality composites (mean a a .18). Within the temperament/personality
domain, the most consistent predictor of the rating factor was the ABLE
dependability composite. After the tomperament/personality composites, the
second best predictors were the general cognitive ability composites (mean
a - .15). Mean correlations for the composites within the remaining four

domains all were less than .10. This pattern of correlations suggests that
the rating factor taps dependability on the job, but much more evidence
would be needed to confirm this interpretation.

For Table 9, the predictor composites again were grouped into two sets.
For the written test factor, the mean As across the nine jobs were .64 for
the 11 cognitive composites, .40 for the 13 non-cognitive composites,
and .65 across all 24 predictor composites. For the rating factor, the mean
As were .16, .22, and .26, respectively.

The pattern of correlations for the rating factor is similar to the
pattern for the Effort and Leadership performance construct (see Table 5).
This suggests that the rating factor obtained in this study reflects raters'
global impressions of soldiers' overall competency and dependability. That
is, when raters were asked to evaluate a soldier on a particular rating
dimension, they considered the soldier's performance on that dimension and
two other factors as well. The first factor was their general impression of
how well the soldier was capable of performing the job. The second was
their general impression of the soldier's dependability.

Another method of studying the two method factors is to examine how the
pattern of predictor-criterion relationships changes when the variance
attributable to the method factors is removed from the five performance
construct scores. These results are presented in Table 10.

The validity coefficients presented for the "raw" performance construct
scores in Table 10 are the same as those presented in Table 4. To compute
residual performance construct scores, the variance attributable to the
written test factor was partialed from the scores for Core Technical
Proficiency and General Soldiering Proficiency, and the variance
attributable to the rating factor was partialed from the scores for Effort
and Leadership, Personal Discipline, and Physical Fitness and Military
Bearing. (Written knowledge tests were not used in computing scores for
Effort and Leadership, Personal Discipline, or Physical Fitness and Military
Bearing. Nor were rating scales used in computing scores for Core Technical
Proficiency or General Soldiering Proficiency.)

The table shows that the residual scores for Core Technical Proficiency
and General Soldiering Proficiency were much less predictable than the raw
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scores. This was true across all six predictor domains. The decrease in
the man R was greater for the cognitive predictor domains than for the non-
cognitive predictor domains.

For Effort and Leadership, the cognitive predictor cognitive predicted
the residual performance construct scores better than they predicted the raw
performance construct scores. For example, the man R of the general
cognitive ability composites with the raw Effort and Leadership score
was .31, while the man R with the residual Effort and Leadership score
was .46. Thus, the man R was .15 higher for the residual score than for
the raw score. The increase was .16 for the spatial ability composite (mean
R = .41 for residual Effort and Leadership and .25 for raw Effort and
Leadership) and .12 for the perceptual-psychomotor ability composites (mean
R - .38 and .26 for residual and raw Effort and Leadership scores,
respectively).

For the temperament/personality composites, the results were the
opposite. The man multiple correlation of the temperament/personality
composites with the raw Effort and Leadership score was .33, while the mean
R with the residual score was .31.

The vocational interest composites and the job reward preference
composites actually "behaved" similarly to the cognitive ability composites.
For both predictor domains, the man R was greater for the residual Effort
and Leadership score than for the raw Effort and Leadership score.

"*This pattern of correlations for Effort and Leadership suggests two
Interesting conclusions. First, the pattern provides additional evidence
that the vocational interest composites are more similar to cognitive
predictors than to temperament/personality predictors.

Second, the changes in the pattern of correlations between raw and
residual scores suggest that Effort and Leadership becomes more like a *can
do' performance construct when the rating method factor is partialed from
the raw score. The man multiple correlations between the residual Effort
and Leadership score and the cognitive predictor composites are very similar
to the man Rs between the two residual proficiency construct scores and the
cognitive predictor composites. On the other hand, the residual Effort and
Leadership score has a much higher correlation with the temperament/
personality composites than the two residual proficiency construct scores
have (mean R = .31 for Effort and Leadership, .22 for Core Technical
Proficiency, and .21 for General Soldiering Proficiency). This indicates
that, even after the rating factor is partialed from the raw Effort and
Leadership score, the residual Effort and Leadership score continues to
reflect the Owill dom portion of the job performance space. Thus, the
residual Effort and Leadership score appears to tap both *can do' or maximal
job performance and "will do' or typical job performance.

Partialing the rating factor from the Personal Discipline and Physical
Fitness and Military Bearing scores had little impact on the correlations of
these scores with the predictor composites. None of the correlations for
these two performance constructs changed by more than .04 when residual
scores were used instead of raw scores.
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Saary and Conclusions

The pattern of predictor-criterion relationships presented in this
paper was consistent with the pattern that was expected. Cognitive
predictors provided excellent prediction of Core Technical Proficiency and
General Soldiering Proficiency. Across nine very different jobs, the mean R
for the complete set of 11 cognitive composite scores was .65 for Core
Technical Proficiency and .69 for General Soldiering Proficiency. Clearly,
cognitive predictors provide excellent prediction of job proficiency for
Army enlistees. Non-cognitive predictors -- specifically, temperament/
personality predictors -- were the best predictors of Personal Discipline
and Physical Fitness and Military Bearing. The best prediction of Effort
and Leadership was obtained when both cognitive and non-cognitive predictors
were used.

The predictor-criterion relationships uncovered enhanced understanding
of both the predictor space and the job performance space. On the predictor
side, the vocational interest composites provided surprisingly good
prediction of Core Technical Proficiency and General Soldiering Proficiency.
In retrospect, these correlations often made perfectly good sense. For
example, as Wise, Campbell, and Peterson (1987) note, the combat-related
interest composite was correlated with scores on General Soldiering
Proficiency, which represents performance on common soldiering tasks. The
combat-related interest composite also was correlated with Core Technical
Proficiency scores in the the three combat jobs studied (Infantryman, Cannon
Crewmember, and Armor Crewman). In retrospect, these correlations often
made perfectly good sense -- as research results often do, in retrospect.
In this case, the results suggest that people who are interested in their
work are more likely to perform well on their job than people who are not
interested in their work. This certainly is not surprising, in retrospect.

On the criterion side, the pattern of predictor-criterion correlations
helped add to our confidence in the construct validity of the job
performance scores. The pattern of correlations also enhanced understanding
of the Effort and Leadership construct, the written test and rating method
factors, and the relationship between raw and residual performance construct
scores.

The correlations of the vocational interest and job reward preference
composites with the "will do' performance criteria point to one weakness of
the Project A criterion measures. The best criteria for these predictors
would be some measure of job satisfaction. In future Project A validation
research, we will include job satisfaction measures in our assessment.
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The distinguished, earlier speakers have elegantly and accurately
described the scope and purpose of Project A. Before plunging into the main
topic of this paper, however, we would like to present a few figures that
show the real questions that had to be addressed by Project A.

Figure 1 shows, at first blush, what appeared to be the major question
to be answered. Well, I have to admit, this question had some of us a little
bit worried.

Imagine our relief then, when we discovered that the real question to be
answered was the one shown in Figure 2.

Finally, Figure 3 shows the question posed for the predictor team of
Project A. Well, by now we were down to a question that any reality-grounded
psychologist could really be afraid of tackling.

Anyway, that was where we began. In the remainder of this paper, we
present an overview of the process followed to address the question in Figure
3, and the battery of tests developed through that process.

APPROACH AND RESEARCH DESIGN

Theoretical Approach

At present, the U.S. Army has a large number of jobs (called Military
Occupational Specialities or MOS) and hires, almost exclusively,
Inexperienced and untrained persons to fill those jobs. As obvious as these
facts are, they need to be stated because they are the overriding facts that
have to be addressed by the predictor team on Project A.

One implication of these facts is that a highly varied set of individual
differences' variables must be put into use if there is to be a reasonable
chance of improving the present level of accuracy of predicting training
performance, job performance, and attrition/retention in a substantial
proportion, if not all, of those jobs. Much less evident is the particular
content of that set of individual differences variables, and the way the set
should be developed and organized.

A second, and perhaps less obvious, implication is the notion that new
predictor measures must be appropriate for selecting persons who do not have
the training and experience to begin immediately performing their assigned
jobs. This is true partly because of the vast numbers of job positions that
need to be filled, partly because of the kinds of jobs found in the Army
(Infantry, Artillery, etc.), and partly because of the population of persons
that the Army draws from (young high-school graduates with little or no
specialized training and job experience).

These considerations led us to adopt a construct-oriented strategy of
predictor development, but with a healthy leavening from the content-oriented
strategy. Essentially, we endeavored to build up a model of predictor space
by (1) identifying the major, relatively independent domains or types of
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individual differences' constructs that existed; (2) selecting measures of
constructs within each domain that met a number of psychometric and pragmatic
criteria; and, (3) further selecting those constructs that appeared to be the
"best bets" for incrementing (over present predictors) the prediction of the
set of criteria of concern (i.e., training/job performance and attrition/
retention in Army jobs).

Ideally, the model would, we hoped, lead to the selection of a finite
set of relatively independent predictor constructs that were also relatively
independent of present predictors and maximally related to the criteria of
interest. If these conditions were met, then the resulting set of measures
would predict all or most of the criteria, yet possess enough heterogeneity
to yield powerful, efficient classification of persons into different jobs.

The development of such a model also had the virtue that it could be at
least partially "tested" at many points during the research effort, and not
just at the end, when all the predictor and criterion data are in. For
example, we could examine the covariance of newly developed measures with one
another and with the present predictors, notably the Armed Services
Vocational Aptitude Battery (ASVAB). If the new measures were not relatively
independent of the ASVAB and measures from other domains as predicted by the
model, then we could take steps to correct that. Also, by constructing such
a visible model, we thought that modifications and improvements could be
implemented much more straightforwardly.

Figure 4 shows an illustrative, construct-oriented model and is
presented in order to represent the model in abstract. Note that both the
criterion and the predictor space are depicted. As mentioned earlier, a
great deal of the work of Project A is devoted to the development of
criterion measures, and we, on the predictor side, have taken advantage of
the information coming from those efforts as it has become available.

If this illustrative model were to be developed and tested with data,
then the network of relationships on the predictor side, on the criterion
side, and between the two could be confirmed, disconfirmed, and/or modified.
It is imperative that the development of such models be done very carefully
and conservatively, and subjected frequently to reality testing; we have kept
this firmly in mind. However, the possession of such a model enables one to
state fairly clearly why such and such a predictor is being researched, and
to check quickly, at least rationally, whether the addition of a predictor is
likely to improve prediction.

Finally, the model is depicted as a matrix with a hierarchical arrange-
ment of both the rows and the columns. We have found it useful to employ
this hierarchical notion, because it allows us to think in terms of appro-
priate levels of specificity for a particular problem as we do the research,
or for future applications of measures.

Research Objectives - Destinations Along the Way

This theoretical approach led to the delineation of seven more conceete
objectives of our research. These were:

1. Identify measures of human abilities, attributes, or characteris-
tics which are most likely to be effective in predicting, prior to
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CRITERIA

Training Job Task Attrition/
Performance Performance Retention

Pass/ Test Atten- Common Specific Finish Reen- Early
PREDICTORS Fail Grades dance Tasks Tasks Term list Discharge

Verbal 1I* H L M M L L

Cognitive Numerical M H .

Spatial

Precision

Psychomotor Coordination

Dexterity

Dependability

Temperament Dominance

Soc-iability

Realistic

Interests Artistic

Social .M M M L L

.*Denotes expected strength of relationship, High, Medium, Low.

Figure 4. Illustrative construct-oriented model.
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entry into the organization, successful performance in general, and
in classifying persons into jobs where they will be most success-
ful, with special emphasis on attributes not tapped by current
preinduction measures.

2. Design and develop new measures or modify existing measures of
these "best bet" predictors.

3. Develop materials and procedures for efficiently administering
experimental predictor measures in the field.

4. Estimate and evaluate the reliability of the new preinduction
measures and their vulnerability to motivational set differences,
faking, variances in administrative settings, and practice effects.

5. Determine the interrelationships (or covariance) between the new
preinduction measures and current preinduction measures.

6. Determine the degree to which the validity of new preinduction
measures generalizes across jobs; that is, proves useful for pre-
dicting measures of successful performance across quite different
jobs and, conversely, the degree to which the measures are useful
for classification or the differential prediction of success across
jobs.

7. Determine the extent to which new preinduction measures increase
the accuracy of prediction of success and the accuracy of classifi-
cation into jobs over and above the levels of accuracy reached by
current preinduction measures.

Research Design - The Road Map

To achieve these objectives, we have followed the design depicted in
Figure 5.

Several things, we feel, are noteworthy about the design. First, five
test batteries are mentioned: Preliminary Battery, Demo Computer Battery,
Pilot Trial Battery, Trial Battery, and Experimental Battery. These appear
successively in time and allow us to modify and improve our predictors as we
gather and analyze data on each successive battery or set of measures.

Second, a large-scale literature review and a quantified expert judgment
process were used early in the project to take maximum advantage of earlier
research and accumulated knowledge and expert opinion. The expert judgment
process was used to develop an early model of both the predictor space and
the criterion space and relied heavily on the information gained from the
literature review. By using the model that resulted from analyses of the
experts' judgments of the relationships between predictor constructs and
criterion dimensions, we were able to develop, carefully and efficiently,
measures of the most promising predictor constructs.

Third, the design includes both predictive (for the Preliminary and
Experimental Batteries) and concurrent (for the Trial Battery) validation
modes of data collection, although that is not obvious from Figure 5. Thus,
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we are able to benefit from the advantage of both types of designs, -- that
is, early collection and analysis of empirical criterion-related validities
in the case of the concurrent design, and less concern about range restric-
tion and experiential effects in the predictive design.

Organi zation

We organized predictor researchers into three "domain teams" as we
worked our way through this research design and toward the earlier described
research objectives. One team concerned itself with the temperament, bio-
graphical data, and vocational interest variables and came to be called the
"non-cognitive" team. Another team concerned itself with cognitive and per-
ceptual kinds of variables and was called the "cognitive" team. The third
team concerned itself with psychomotor and perceptual variables and was
labeled the "psychomotor" team or sometimes the "computerized" team since all
the measures developed by that team were computer-administered.

Another important component in the organization was the set of scien-
tific advisors assigned to overlook and assist us, particularly, Lloyd
Humphreys and Jay Uhlaner. These scientists met frequently with, and advised
us at critical decision points. The experience and wisdom they brought to
the team were extremely valuable.

INITIAL RESEARCH STEPS

The overriding purpose of the literature review was, simply put, to make
maximum use of earlier research on the problem of accurately predicting job
performance and classifying persons into jobs in such a way that both the
person and the organization receive maximum benefits. More specifically, we
wished to identify those variables or constructs, and their measures, that
had proven effective for such purposes. As Figure 5 shows, the information
obtained from the literature review was used in all the immediately suc-
ceeding research activities.

The search was conducted by the three research teams, each responsible
for a fairly broadly defined area of human abilities or characteristics:
cognitive abilities; non-cognitive characteristics such as vocational
interests, biographical data, and measures of temperament; and psychomotor/
physical abilities.

The literature search was conducted in late 1982 and early 1983. Within
each of the three areas, the teams carried out essentially the same steps:

1. Compile an exhaustive list of possibly relevant reports, articles,
books, or other sources using computerized data base searches,
existing bibliographies, and consultation of experts.

2. Review each source and determine its relevancy for the project by
examining the title and abstract (or other brief review).

3. Obtain the sources identified as relevant in the second step.
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4. For relevant materials, carry out a thorough review and transfer
relevant information onto two special review forms developed for
the project.

Across all three ability areas, more than 10,000 sources were identified
via the computer search. (Of course, many of these sources were identified
as relevant in more than one area, and were thus counted more than once.)

The special review forms and the actual sources that had been located
were used in two primary ways. First, three working documents were written,
one for each of the three areas. (These documents were put into research
note form: Hough, Kamp & Barge, in press; Toquam, Corpe, & Dunnette, in
press; McHenry & Rose, in press.) These documents identified and summarized
the literature with regard to issues important to the research being
conducted, the most appropriate organization or taxonomy of the constructs in
each area, and the validities of the various measures for different types of
jobs performance criteria. Second, the predictors identified in the review
were subjected to further, structured scrutiny in order to (1) select tests
and inventories to make up the Preliminary Battery, and (2) select the "best
bet" predictor constructs to be used in the expert judgment research
activity.

Expert Judgments

The approach used in the expert judgment process was to (1) identify
criterion categories, (2) identify an exhaustive range of psychological
constructs that may be potentially valid predictors of those criterion
categories, and (3) obtain expert judgments about the relationships between
the two. Schmidt, Hunter, Croll, and McKenzie (1983) showed that pooled
expert judgments, obtained from experienced personnel psychologists, were as
accurate in estimating the validity of tests as actual, empirical criterion-
related validity research using samples of hundreds of subjects. That is,
experienced personnel psychologists are effective "validity generalizers" for
cognitive tests. They do tend to underestimate slightly the true validity as
obtained from empirical research.

Hence, one way to identify the "best best" set of predictor variables
and measures is to use a formal judgment process employing experts such as
that followed by Schmidt et al., (1983). Descriptive information about a set
of predictors and the job performance criterion variables is given to
"experts" in personnel selection and classification, typically personnel
psychologists. These experts estimate the relationships between predictor
and criterion variables by rating or directly estimating the value of the
correlation coefficients.

The result is a matrix with predictor and criterion variables as the
columns and rows, respectively. Cell entries are experts' estimates of the
degree of relationship between the particular predictors and various
criteria. The interrater reliability of the experts' estimates is checked
first. If the estimate is sufficiently reliable (previous research shows
values in the .80 to .90 range for about 10 to 12 experts), the matrix of
predictor-criterion relationships can be analyzed and used in a variety of
ways. By correlating the columns of the matrix, the covariances of the
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predictors can be estimated on the basis of the profiles of their estimated
relationships with the criteria. These covariances can then be factor
analyzed to identify predictors that function similarly in predicting perfor-
mance criteria. Similarly, the criterion covariances can be examined to
identify clusters of criteria predicted by a common set of predictors.

Such procedures help identify redundancies and overlap in the predictor
set. The common sets or clusters of predictors and of criteria are an
important product for several reasons. Most importantly here, these
clusters provide a model or theory of predictor-criterion performance space.
This model serves as an informative guide to development of a set of pre-
dictors that should be efficient and valid, at least insofar as the informed
opinion of knowledgeable experts can propel one in that direction.

To carry out the expert judgment activity, we had to identify predictor
and criterion variables and prepare materials that would enable the experts
to provide reliable estimates of validity. Time does not permit a descrip-
tion of these activities. The predictor team identified the predictor
variables, while the Project A criterion team(s) identified the criterion
variables.

In the end, we had 35 experts rate the validity of 53 predictor vari-
ables for 72 criterion variables,, using materials and instructions prepared
by us. Results showed that the means of the predictor-criterion validity
judgments (cell means) were highly reliable (.96), and factor analysis
revealed eight predictor factors that summarized the judgments of the
experts. Scrutiny of these findings resulted in the hierarchical model shown
in Figure 6.-

The expert judgment task then, resulted in a hierarchical model of pre-
dictor space that served as a guide for the development of new, preinduction
measures (the Pilot Trial Battery, See Figure 5) for Army enlisted ranks.
(Wing, Peterson, and Hoffman, 1984, provide a detailed presentation of the
expert judgment process and results.)

Preliminary Battery

The Preliminary Battery (PB) was conceived of as a set of proven
"off-the shelf" measures of predictors that overlapped very little with the
Army's current pre-induction predictors. The collection of data on a number
of predictors that represent the types of predictors not currently in use by
the Army would allow an early determination of the extent to which such
predictors contributed unique variance, that is, measured attributes not
measured by current pre-induction predictors. This information would be
useful for guiding the development of new predictors into areas most likely
to be useful for increasing the accuracy of prediction and classification.

Also, the collection of predictor data (from soldiers in training) early
in the project allowed the conduct of a predictive validity investigation
much earlier in the project than if we were to wait until the Trial Battery
was developed.
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Selection of Preliminary Battery Measures

The literature review identified a large set of predictor measures, each
with ratings by the researchers on several psychometric and substantive
evaluation factors. These ratings wee used to select a smaller set of
measures as serious candidates for inclusion in the Preliminary Battery. Two
major practical constraints came Into play: (1) no apparatus or
individualized testing methods could be used because of the relatively short
time available to prepare for battery administration, and the fact that the
battery would be administered to a large number of soldiers (several
thousand) over a nine-month period by relatively unsophisticated test
administrators, and (2) only four hours were available for testing.

Predictor team researchers, and several prominent scientists outside the
predictor team, made the selection of "off-the-shelf" measures.

The Preliminary Battery included the following:

* Eight perceptual-cognitive measures

- Five from the Educational Testing Service (ETS) French Kit
(Ekstrom, French, and Harman, 1976)

- Two from the Employee Aptitude Survey (EAS) (Ruch and Ruch, 1980)

- One from the Flanagan Industrial Tests (FIT) (Flanagan, 1965)

* Eighteen scales from the Air Force Vocational Interest Career
Examination (VOICE) (Alley and Matthews, 1982).

* Five temperament scales adapted from published scales

- Two from the Differential Personality Questionnaire (DPQ)

- One from the California Psychological Inventory (CPI) (Gough,
1975)

- The Rotter I/E scale (Rotter, 1966)

- Validity scales from both the DPQ and the Personality Research
Form (PRF) (Jackson, 1967)

e Owen's Biographical Questionnaire (BQ) (Owens and Schoenfeldt,
1979). The BO could be scored for either 11 scales for males or 14
for females, based on Owen's research, or for 18 predesignated,
combined-sex scales developed for this research and called Rational
Scales. The rational scales had no item on more than one scale; some
of Owen's scales included items on more than one scale. Items
tapping religious or soclo-economic status were deleted from Owens'
instrument for this use, and items tapping physical fitness and
vocational-technical course work were added.
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In addition to the Preliminary Battery, scores were available for the
Armed Services Vocational Aptitude Battery, which all soldiers take prior to
entry into service.

Sample and Administration of Battery

The Preliminary Battery was administered to soldiers entering Advanced
Individual Training (AIT) for four MOS: 05C, Radio Teletype Operator (MOS
code was later changed to 31C); 19 ElK, Armor Crewman; 63B, Vehicle and
Generator Mechanic; and 71L, Administrative Specialist. Almost all soldiers
entering AIT for these MOS during the period 1 October, 1983 to 30 June, 1984
completed the Preliminary Battery. We are here concerned only with the
sample of soldiers who completed the battery from 1 October, 1983 to 1
December, 1983, approximately 2,200 soldiers.

Analyses

An initial set of analyses was performed on the Preliminary Battery data
to inform the development of the Pilot Trial Battery (PTB). (The PTB was
intended to include newly developed tests and inventories that would measure
the important abilities and traits identified via the literature review and
expert judgment process. These PTB measures would be piloted and field
tested and then revised to become the Trial Battery. See Figure 5 for a flow
chart showing the sequencing of the various batteries.) We summarize those
findings here. They are more completely reported in Hough, Dunnette, Wing,
Houston, and Peterson (1984).

Three types of analyses were done. First, the psychometric characteris-
tics of each scale were explored to pinpoint possible problems with the
measures of the construct being measured, so those problems could be avoided
when the Pilot Trial Battery measures were developed. These analyses
included descriptive statistics, item analyses (including numbers of items
attempted in the time allowed), internal consistency reliability estimates,
and, for the temperament inventory, percentage of subjects failing the scales
intended to detect random or improbable response patterns.

Second, the covariances of the scales within and across the various
conceptual domains (i.e., cognitive, temperament, biographical data, and
vocational interest) were investigated to detect excessive redundancy among
the PB measures, especially across the domains. If such redundancies were
detected, then steps could be taken to avoid such a problem in the Pilot
Trial Battery. Third, the covariances of the PB scales with ASVAB measures
were studied to identify any PB constructs that showed excessive redundancy
with ASVAB constructs--again, so that steps could be taken to alleviate such
problems for the Pilot Trial Battery. Correlation matrices and factor anal-
yses were the major methods of analysis for these second and third purposes.

The psychometric analyses showed some problems with the cognitive test.
The time limits appeared too stringent for several tests, and one test
appeared to be much too difficult for the population being tested. Since
most of the cognitive tests used in the Preliminary Battery had been develop-
ed on college samples or other samples somewhat better educated than the
population seeking entry into the Army, these findings were not unexpected.
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The lesson learned was that the Pilot Trial Battery measures needed to be
accurately targeted (in difficulty of iimns and time limits) toward the popu-
lation of persons seeking entry into the Army. No serious problems were
unearthed for the temperament, bio-data, and interest scales. Item-total
correlations were acceptably high and in accordance with prior findings, and
score distributions were not excessively skewed or different from
expectation.

Covariance analyses showed that vocational interest scales were rela-
tively distinct from the biographical and temperament scales, but the latter
two types of scales showed considerable covariance. Five factors were
identified from the 40 non-cognitive scales, two that were primarily voca-
tional interests and three that were combinations of biographical data and
temperament scales. These findings led us to consider, for the Pilot Trial
Battery, combining biogaphical and temperament item types to measure the
constructs in these two areas. The five non-cognitive factors showed
relative independence from the cognitive PB tests, with the median absolute
correlations of the scales within each of the five factors with each of the
eight PB cognitive tests ranging from .01 to .21. This confirmed our expec-
tations of little or no overlap between the cognitive and non-cognitive
constructs.

Correlations and factor analysis of the ten ASVAB subtests and the eight
PR cognitive tests confirmed prior analyses of the ASVAB (Kass, et al., 1983)
and the relative independence of the PB tests. Although some of the ASVAB-PB
test correlations were fairly high (the highest was .57), most were less than
.30 (49 of the 80 correlations were .30 or less, 65 were .40 or less). The
factor analysis (principal factors extraction, varimax rotation) of the 18
tests showed all eight PB cognitive tests loading highest on a single factor,
with none of the ASVAB subtests loading highest on that factor. The non-
cognitive scales overlapped very little with the four ASVAB factors identi-
fied in the factor analysis of the ASVAB subtests and PB cognitive tests.
Median correlations of non-cognitive scales with the ASVAB factors, computed
within the five non-cognitive factors, ranged from .03 to .32, but 14 of the
20 median correlations were .10 or less.

Computer Battery Development

Compared to the paper-and-pencil measurement of cognitive abilities and
the major non-cognitive variables (temperament, biographical data, and voca-
tional interests), the computerized measurement of psychomotor and perceptual
abilities was in a relatively primitive state of knowledge. Much
work had been done in World War II using electro-mechanical apparatus, but
relatively little work had occurred since then . Microprocessor technology
held out the promise of revolutionizing measurement in this area, but the
work was (and still is) in its early stages. It was clear, however, that
cognitive ability testing was moving into a computer-assisted environment
through the methodology of adaptive testing. As Project A began, work was
under way to implement the ASVAB via computer-assisted testing methods in the
Military Entrance Processing Stations. Therefore, it was also sensible from
a practical point of view to investigate these methods of testing.

Roughly speaking, four phases of activities led up to the development of
computerized predictor measures for the Pilot Trial Battery: (1) information
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gathering about past and current research in perceptual/psychomotor measure-
ment and computerized methods of testing such abilities; (2) construction of
a demonstration computer battery, and a continuation of information gather-
ing; (3) selection of comiercially available microprocessors and peripheral
devices, writing of software for testing several abilities using this hard-
ware, and try out of this hardw're and software; and, (4) continued develop-
ment of software, and design and construction of a custom-made peripheral
device, which we called a response pedestal.

We can only mention a few of the high points about this part of the
research. Our visits to military laboratories that were then conducting
computerized testing taught us that large-scale testing on microprocessors
could be accomplished, that a variety of computer languages was in use, that
it would be highly desirable to have the computerized test battery be as
completely self-administering as possible, and that little information was
then available on the reliability or criterion-related validity of computer-
ized measures--because of the recency of their development. By immediately
developing a demonstration battery of five tests, we convinced ourselves that
some computer languages did not allow enough power and control of timing
events for our purposes. We ventured into the area of portable computers,
then in its infancy, and found machines that appeared adequate for our needs;
namely powerful enough, but also rugged enough to withstand frequent shipping
from one field site to another.

We developed our software as "command processors,u thus allowing project
scientist with no computer language facility to construct entire tests, view
and try out items, and revise the tests. Finally, we concluded that
responses made through standard key boards and with commercially available
joysticks were inadequate for our purposes and designed and had built a
customized response pedestal.

DEVELOPMENT OF THE PILOT TRIAL BATTERY

Identification of Measures

In March 1984, a meeting of the predictor team and the scientific
advisors was held to decide on the measures to be developed for the Pilot
Trial Battery. Information from the literature review, expert judgments,
initial analyses of the preliminary battery, and the first three phases of
computer battery development was presented and discussed. Predictor team
staff made recommendations for inclusions of measures and these were eval-
uated and revised. Figure 7 shows the results of that deliberation process.
The names of the tests developed for the Pilot Trial Battery are shown in the
right-hand column of Figure 7. This set of recommendations served as the
blueprint for the predictor team's test development efforts for the next
several months.

Test Writing and Pilot Tests

Following this meeting, we began writing items for all the instruments.
When initial versions of the instruments were complete (or, at least, nearly
so), we conducted the first pilot test.
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Final Predictor

Priority* Catexory Pilot Trial Battery Test Names

Cognitive$

7 Mlemory . . . . . . . . . . . . . . (Short) Memory Test - Computer
6 Number ....... .............. ... umber Memory Test - Computer
8 Perceptual Speed 4 Accuracy . . . Perceptual Speed & Accuracy -

Computer
Target Identification Teat -

Computer
4 Induction . . . . . . . . . . . . . Reasoning Test 1

Reasoning Test 2

5 Reaction Time . . . . . . . . . . Simple Reaction Time - Computer
Choice Reaction Time - Computer

3 Spatial Orientation . . . . . . . Orientation Test 1
Orientation Teat 2
Orientation Test 3

2 Spatial Visualization/Field
Independence . . . ....... Shapes Test

1 Spatial Visualization . . . . . . Object Rotation* Test
Assembling Objects Test
Path Test
Maze Test

Non-CognitLve, Biodata/Temperament,

1 Adjustment
2 Dependability
3 _ Achievement
4 Physical Condition ABLE (Assessment of Background
5 Potency Life Experiences)
6 Locus of Control
7 Agreeableness/LlkeabilLty
1 Validity Scales

Non-CognitLve, Interests:

I Realistic 1
2 Investigative
3 Conventional AVOICE (Army Vocational
4 Social Interest Career Examination)

5 Artistic
6 Enterprising

Psychomotors

1 HultLiLmb Combination . . . . . . Target Tracking Test 2 - Computer
Target Shoot - Computer

2 Precision ........... . . .. . Target Tracking Test I - Computer
3 Manual Dexterity ............. (None)

*Final priority arrived at via consensus oa Itarch 1984 IPR attendants.

Figure 7. Predictor categories discussed at IPR March 1984, linked to

Pilot Trial Battery test names
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Data from the tryout were analyzed, and these results guided revision of
the instruments. This process was followed through three iterations, for
most of the Instruments.

Table 1 describes the pilot tests. Note that we included some marker
tests of the constructs for which we were developing new tests.

Field Test

After the third pilot test, we took a little more time to analyze the
data, revise the instruments, and prepare for a fairly comprehensive field
test of the battery. The objectives of this field test were to provide data
sufficient to evaluate the psychometric properties of the battery (including
test-retest reliability) and its degree of overlap with the ASVAB. In addi-
tion, we collected data to allow analysis of practice effects on the com-
puterized measures and faking/fakability on the temperament/biodata and
interest inventories.

A sample size of about 250 was available for the psychometric analyses
of the Pilot Trial Battery, about 170 for the analyses of overlap with the
ASVAB, about 115 for test-retest analyses, about 75 for practice effects on
computers, and about 65-115 for the faking/fakability study (in each experi-
mental cell, total N of about 650). Data were collected primarily at Fort
Knox, Kentucky, but data for the faking/fakability study were also collected
at the Minneapolis Military Entrance Processing Station and Fort Bragg, N.C.

With a few exceptions, the Pilot Trial Battery was psychometrically
sound, and appeared to be measuring abilities that overlapped little with the
ASVAB, especially in the temperament/biodata and interest domains. The
evaluation of practice effects on computerized test scores showed this to be
of little concern. Gain scores after practice were no higher for these tests
than for those observed on paper-and-pencil tests of cognitive ability given
twice over a short period of time (two weeks or so). The gain scores for
computerized test scores ranged from nearly zero to about .4 of a standard
deviation, averaging about a quarter of a standard deviation.

We reached the following conclusions from the faking/fakability
research.

* Soldiers can distort their responses on the temperament/biodata and
interest inventories when instructed to do so.

0 Special response validity scales on the temperament/biodata
inventory do detect such intentional faking on that inventory and
can be used to adjust scores on the substantive scales so as to
remove most of the effects of Intentional faking.

* Those special response validity scales on the temperament/blodata
inventory are not sufficiently effective for detecting and
adjusting faked scores on the interest inventory.

* Applicants for the U.S. Army did not appear to be distorting their
responses (to appear more favorably qualified). Thus, it appears
that intentional distortion may not be a significant problem in
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Table. 1.

Summary of Pilot Testing Sessions for Pilot Trial Battery

Total
Pilot Sample
Test Lo n Dat Szjj No./Tvoe of Tests Administered

1 Fort Carson 17 April 43 10 New Cognitive
1984 9 Marker Cognitive

0 New Non-Cognitive
0 Marker Non-Cognitive
7 Computerized Measures

2 Fort Campbell 16 May 57 10 New Cognitive
1984 5 Marker Cognitive

2 New Non-Cognitive
1 Marker Non-Cognitive
0 Computerized Measures

3 Fort Lewis 11-15 June 118 10 New Cognitive
1984 4 Marker Cognitive

2 New Non-Cognitive
0 Marker Non-Cognitive
8 Computerized Measures
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Army applicants in the present volunteer Army. We could not, of
course, collect any data that would shed light on this problem in a
draft situation.

THE TRIAL BATTERY

Development

At the completion of the field tests, we felt we had shown the Pilot
Trial Battery to be ready for use in the concurrent validation research. We
used the data from the field test to improve the Pilot Trial Battery
measures, but we also had to shorten the length of the battery. It required
6.5 hours to administer the entire battery, and only 4 hours of testing time
were available.

Three general principles, consonant with the theoretical and practical
orientation that had been used since the inception of the project, guided the
revision and reduction decisions:

1. Maximize the heterogeneity of the battery by retaining measures of
as many different constructs as possible.

2. Maximize the chances of incremental validity and classification

efficiency.

3. Retain measures with adequate reliability.

Using all accumulated information, the final decisions were made in a
series of meetings attended by the project staff and by the Scientific
Advisory Group. Considerable discussion was generated at these meetings, but
the group was able to reach a consensus on the reductions and revisions to be
made to the Pilot Trial Battery.

Some tests and scales were dropped, some were shortened, and some
redundant items asking about soldier demographics were removed. Table 2
shows the array of measures that made up the Trial Battery. (See Peterson
(in press) for a complete description of all research activities leading up
through the development of the Trial Battery.)

Trial Battery Scores

As earlier described the Trial Battery was administered to the large,
concurrent validity sample. We also collected test-retest data (two week
interval) on a subset of about 500 soldiers.

A total of seventy scores was generated from the Trial Battery. Forty-
three of these came from the non-cognitive inventories (Assessment of Back-
ground and Life Experiences (ABLE), the Army Vocational Interest Career
Examination (AVOICE), and the Job Orientation Blank (JOB) - which had been
included in the AVOICE for the Pilot Trial Battery but was separately admin-
istered for the Trial Battery). Six scores came from the six paper-and-
pencil, cognitive tests. Twenty-one scores were generated from the ten
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Table 2.

Description of Neasures in the Trial Battery

Time Limit
COGNITIVE PAPER-AND-PENCIL TESTS Number of Items (minutes)

Reasoning Test 30 12
Object Rotation Test 90 7.5
Orientation Test 24 10
Maze Test 24 5.5
Map Test 20 12
Assembling Objects Test 32 16

COMPUTER-ADMINISTERED TESTS Number of Items Approximate Time

Demographics 2 4
Reaction Time 1 15 2
Reaction Time 2 30 3
Memory Test 36 7
Target Tracking Test 1 18 8
Perceptual Speed and Accuracy Test 36 6
Target Tracking Test 2 18 7
Number Memory Test 28 10
Cannon Shoot Test 36 7
Target Identification Test 36 4
Target Shoot Test 30 5

NON-COGNITIVE PAPER-AND-PENCIL
INVENTORIES Number of Items Approximate Time

Assessment of Background and Life 209 35
Experiences (ABLE)

Army Vocational Interest Career 176 20
Examination (AVOICE)
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computer-administered tests. With regard to the computer-administered tests,
we did evaluate a number of alternative methods of scoring these tests - such
as the use of slopes, intercepts, and slightly different methods of computing
means (priority, different methods of trimming items prior to computation of
means.) We selected, generally speaking, the most reliable and straight-
forwardly interpreted scores.

Table 3 shows N's, Means, SD's, reliabilities, and uniqueness (from
ASVAB) coefficients for scores on the cognitive, paper-and-pencil tests.
Tables 4 and 5 show similar data for the computer-administered tests. Tables
6, 7, and 8 show similar data for the ABLE, AVOICE, and JOB scale scores.
(Uniqueness coefficients are not shown for these instruments, but range from
.40 to .88, with median U2's of .79 for ABLE, .80 for AVOICE, and .57 for
JOB).

As these tables show, the battery possesses adequate to excellent
psychometric properties, with the exception of some low reliabilities on a
few computer-administered test scores. These low reliabilities primarily
occur on the proportion correct scores, and this was anticipated. The items
on these tests can almost always be answered correctly if the examinee takes
enough time. This operates to severely restrict the range on the proportion
correct scores, but increases the variance (and reliability) on the decision
time scores, as was our intention.

These Trial Battery scores were the raw material for the validation
analyses of the concurrent validity sample, on the "new predictor" side of
the equation.

To conclude, we return to the research objectives stated at the begin-
ning of the paper.

1. Identify "best bet" measures -- This objective has been met. As
noted, we sifted through a mountain of literature, translating the
information onto a common form that enabled us to evaluate constructs
and measures in terms of several psychometric and pragmatic
criteria. The results of that effort fed into the expert judgment
process wherein 35 personnel psychologists provided the data neces-
sary to develop our first model of the predictor space. After
further review by experienced researchers in the Army and an advisory
group, a set of "best bet" constructs was settled on. We also made
some field visits to observe combat arms jobs first-hand, in addition
to receiving criterion-side information from other Project A
researchers; all of this information was very useful in developing
new measures.

2. Develop measures of "best bet" predictors -- This objective was
accomplished by following the blueprint provided from the first
objective. We carried out many small and not-so-small sample tryouts
of these measures as they were developed. The Trial Battery is the
tangible product of meeting this objective.

3. Develop procedures for efficiently administering predictor measures
-- As anyone who has done research in military settings is aware,
soldiers' time is precious and awarded research time is not to be
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squandered. We think we have developed and implemented effective
methods for getting maximum quality and quantity of data out of our
data collection efforts. The favorable results we have so far
achieved in completeness and usefulness of data are due in large
part, we think, to the attention paid to this objective.

4. Estimate reliability and vulnerability of measures -- This objective
has also been largely accomplished. Analyses to date indicate that
the new measures are psychometrically sound and acceptably
invulnerable to the various sources of measurement problems -- or we
have devised some ways to adjust for such effects. However, more
specifically targeted research would be useful in this area.

5. Determine the interrelationships between the new measures and
current preinduction measures -- Work still remains on this
objective, but the data collected to date show that the new measures
have much variance that is not shared with the ASVAB, and that the
across-domain shared variance is low (e.g., the new cognitive
measures have low correlations with the non-cognitive measures).

6. Determine the level of prediction of solider performance,
classification efficiency, and incremental validity of the new and
measures -- alas, other presenters at this symposium are providing
this information, so I will now shut up and sit down.
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Abstract

This research investigated the effects of rater source (peer,

supervisor), rater and ratee race (black, white, Hispanic), rater and

ratee sex, and job type on ratings collected for 39,537 Army enlisted

personnel. The results showed that race and sex did not interact in

their effects on the ratings. Although significant effects were

observed for sex, race, rater source, and job type, the proportions of

variance accounted for by these effects were minimal. Of particular

interest was that the race effects found here were considerably less

than those reported in a recent meta-analysis (Kraiger & Ford, 1985).

Results and implications are discussed.
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An Examination of Race and Sex Effects on

Performance Ratings

Considerable research has investigated rater and ratee gender

and/or race effects on ratings. Unfortunately, Inconsistent findings

have resulted from this body of literature. Regarding gender effects,

the only consistent research finding is that rater and ratee sex do not

appear to interact in their effects on evaluative judgments (e.g.,

Bartol & Butterfield, 1976; Mobley, 1982; Pulakos & Wexley, 1983).

Although significant main effects for sex are evident, many of the

studies reporting such effects have been conducted in a laborator).

Because relatively little field research has investigated gender effects

on ratings, it is difficult to draw definitive conclusions about the

existence or lack thereof of sex effects in ongoing performance

appraisal situations.

Inconsistent findings have also resulted regarding rater and ratee

race effects on performance ratings. However, a recent meta-analysis of

ratee race effects revealed corrected mean correlations between ratee

race and ratings given by black and white raters of .183 and -. 220,

respectively, indicating that both black and white raters assigned

significantly higher ratings to ratees of their own race than to ratees

of the other race (Kraiger & Ford, 1986). The meta-analysis also showed

that ratee race effects were more likely to be found in field studies in

which blacks constituted a small percentage of the workforce.

The present research investigated the effects of rater and ratee

gender/race on ratings. With few exceptions, previous field research

has lacked adequate sample sizes to support an investigation of race x

sex interactions. In addition, this research extends previous

investigations of race and sex effects on ratings in two important ways.
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First, using a common set of rating scales, both peers and supervisors

rated thousands of ratees occupying 19 different Jobs. It was thus

possible to examine potential differences in race and sex effects as a

function of the rating source (peer or supervisor) and the type of job

held by the ratee. Second, three levels of rater and ratee race (i.e.,

whites, blacks, and Hispanics) were included rather than including only

whites and blacks, as has been characteristic of the vast majority of

research investigating race effects.

Method

Sample

The data reported here were collected as part of Project A, the

Amy's multi-year research program to develop an improved selection and

classification system for enlisted personnel. A total of 6377

supervisors and 8174 peers evaluated first-term soldiers representing 19

jobs selected to be representative of the entire population of Amy

Jobs. The supervisors rated an average of 2.29 subordinates, and the

peers rated an average of 3.05 co-workers, yielding a total sample of

39,537 rater-ratee pairs. Table 1 shows a breakdown of the number of

pairs representing each rater/ratee race and rater/ratee sex

combination.

Procedure

Peer and supervisor ratings were collected on 10 7-point behavioral

rating dimensions that were developed to assess first-term soldier

effectiveness in 1U Army job. Raters were trained on how to use the

rating scales properly and on how to avoid several common rating errors.
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A principal components analysis with a varimax rotation was used to

identify constructs underlying the performance ratings. A three-factor

solution was chosen as the most psychologically meaningful, with the

factors named and defined as shown in Table 2. For each ratee, three

unweighted composites were calculated using the dimension ratings that

had the highest loadings on each factor. Alpha coefficients for the

composite scores were: Technical Skill and Job Effort (.88), Personal

Discipline (.80), and Military Bearing (.62). Intercorrelations among

the composites ranged from .51 to .74.

Results

A preliminary multivariate analysis of variance (MANOVA) revealed

that race and sex did not interact in their effects on the three

composites. Hence, race and sex effects were examined separately in

subsequent analyses. Preliminary MANOVAs were also performed to examine

job-type x race and job-type x sex interactions. Although significant

interactions resulted, the rating variance accounted for by these was

minimal (i.e., less than one-half of one percent). Thus, job-type was

excluded from further analyses.

Race Effects on the Ratings

A 2 (Rating Source) x 3 (Rater Race) x 3 (Ratee Race) MANOVA was

conducted to examine race effects on the three rating measures. The

levels of rating source were peer and supervisor, and the levels of race

were black, white, and Hispanic. Upon obtaining a significant MANOVA,

univariate analyses were examined for each dependent measure. These

results are shown in Table 3. The means for all rater group by race

combinations are shown in Table 4.
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With the exception of the ratee race main effect for the Bearing

factor, individual effects accounted for substantially less than one

percent of the rating variance. In fact, the total proportions of

variance accounted for by all rater source and race effects were quite

small (i.e., Technical Skill and Job Effort, _2 . .016; Personal

Discipline, r2 _ .003; and Military Bearing, r2 - .028). Because of the

minimal variance accounted for, interpretation of the interactions will

not be undertaken. It is interesting to note, however, that the nature

of the effects was not consistent across the three rating factors. For

instance, blacks were rated higher than whites on Military Bearing but

lower than whites on the other two dimensions.

Sex Effects on the Ratings

A 2 (Rating Source) x 2 (Rater Sex) x 2 (Ratee Sex) MANOVA was

conducted-to examine sex effects on the ratings. Again, upon obtaining

a significant MANOVA, univariate analyses were examined. These results

are presented in Table 5. The means for each rating source by sex

combination are shown in Table 6.

Similar to the race analyses, the proportions of rating variance

accounted for by the significant effects were minimal. The total

proportions of variance accounted for by all rater source and sex

effects were as follows: Technical Skill and Job Effort (r2 . .012),

Personal Discipline (&2 . .001), and Military Bearing (&2 _ .004). In

addition, the directions of the significant main effects and

interactions were not consistent across the three rating factors.
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Repeated Measures Analyses

To determine how the results reported above may have been affected

by the fact that the rating observations were not independent (i.e.,

raters rated multiple ratees), a 2 x 2 x 2 repeated measures MANOVA was

conducted with rater source (peer or supervisor) and rater race (black

or white) constituting the between subjects factors, ratee race (black

or white) as the single within subjects factor, and measures of the

three rating factors as the multiple dependent measures. Unfortunately,

sufficient data were not available to include Hispanics in this

analysis. A repeated measures MANOVA like that described above was also

conducted to investigate the sex effects. These analyses yielded

results virtually identical to those reported above. The only exception

was that in the repeated measures analysis, the two- and three-way

interactions involving ratee sex were nonsignificant for all three

dependent measures.

Discussion

The present field research investigated race and sex effects on

peer and supervisor ratings of ratees occupying a variety of jobs. The

overwhelming finding was that the proportions of variance accounted for

by gender and, especially, race were less than have been found in

previous research. For example, Kraiger and Ford (1985) reported

-correlations between ratee race and ratings for black and white raters

of .183 and -. 220, with the variance accounted for by these correlations

equal to three and five percent, respectively. The present variance

accounted for by, especially, the race by ratee race interactions was

substantially less than one percent.
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One difference between the Kralger and Ford (1985) research and

this research is that no corrections (e.g., for unreliability) were made

here. In order to enable a more direct comparison between Kraiger and

Ford's results and those reported here, a meta-analysis similar to

Kraiger and Ford's was conducted. The proportion of rating variance

accounted for by ratee race was still much less than reported in Kraiger

and Ford's research. Thus, while we believe that future research should

focus on possible explanations for observed effects rather than on

effect sizes alone, it may be premature to accept Kraiger and Ford's

analysis results as the best estimate of the ratee race effect size in

the population.

One explanation for the present race results is that raters were

trained to focus specifically on ratee job performance and to avoid

using nonperformance factors (e.g., sex, race) as a basis for their

evaluations. Another possible explanation is that racial bias may be

less prevalent in military versus civilian work settings due to

reasonably large percentages of minority service members. This

explanation is consistent with Kraiger and Ford's (1985) finding that

race effects were less likely to be found when blacks constituted a

larger percentage of the workforce.

Because no meta-analysis has been conducted to estimate population

sex effect sizes on ratings, it is more difficult to compare the

magnitudes of the present sex effects to previous research. Further,

relatively few field studies have reported the rating variance accounted

for by gender. Nevertheless, in some cases, reported effect sizes have
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been larger than those found here (e.g., Mobley, 1982), whereas in other

cases, sex has been shown to have no effect on ratings (e.g., Thompson &

Thompson, 1985) or to account for only minimal proportions of the rating

variance (Pulakos & Wexley, 1983).

Two additional points are worth mentioning regarding the results of

this research. First, Landy and Farr (1980) concluded that sex

stereotype of the occupation appears to interact with ratee sex such

that males receive more favorable evaluations than females in

traditionally masculine occupations but that no differences or smaller

differences in favor of females occur in traditionally feminine

occupations. Although significant job type x ratee sex interactions

were observed in this study, the proportions of the variance accounted

for by these effects were trivial. Beyond this, however, even the

nature of the significant effects did not provide support for Landy and

Farr's sex-role stereotype hypothesis.

The second noteworthy point concerns the lack of sex x race

interactions found in this study. Because of inadequate sample sizes,

most performance appraisal field research has been unable to investigate

whether or not race and sex interact in their effects on ratings (see

Thompson & Thompson, 1985 for an exception). There has, however, been

some assessment center research (e.g., Huck & Bray, 1976; Schmitt &

Hill, 1977) in which significant race x sex interactions have been

observed. As an example, in the Schmitt and Hill study, black females

tended to be rated lower when they were in assessment groups with larger

proportions of white males. The results of the present study along with
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nonsignificant race x sex interactions reported by Thompson and Thompson

(1985) seem to suggest that the interactive effects of race and sex

found in assessment center ratings do not generalize to performance

appraisal situations. It may be that because assessment centers are

characterized by relatively short durations of interpersonal contact

between assessors and assessees as well as a more limited amount of

ratee performance information, cues of race and sex may be more salient

to assessors, increasing the probability that these factors will have

greater influence on the ratings (Wendelken & Inn, 1981).

Although the present research clearly shows that systematic bias as

a function of rater or ratee sex and race was not an important factor

influencing the ratings, future research could examine the evaluation

processes involved when the same versus different race or sex raters

evaluate ratees. For example, irrespective of whether or not there are

mean subgroup differences in ratings, raters may use different cues when

evaluating someone of a different race or sex versus a person of the

same race or sex. Policy capturing (e.g., Zedeck & Kafry, 1977) or a

lens model approach (Schmitt, Noe, & Gottschalk, 1986) are possible

strategies for investigating such similarities and differences.
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Table 1

Breakdown of the Rater/Ratee Pairs by Race and Sex ComDosition

Rater Race/Ratee Race N Rater Sex/Ratee Sex N

Black/Black 4,700 Male/Female 2,437

Black/White 7,391 Male/Male 20,773

Black/Hispanic 502 Female/Female 1,273

Hispanic/Black 617 Female/Male 1,686

Hispanic/White 1,365

Hispanic/Hispanic 115

White/Black 5,745

White/White 18,294

White/Hispanic 808

Total 39,537 26,169

Noe. The total number of dyads for the different sex combinations is

smaller than the total number of dyads for the race

combinations because five of the 19 MOS were combat jobs in

which there were no females. While the percentages of the

total sample represented by different race and sex combinations

are variable, they nevertheless accurately represent the

corresponding percentages found in the Army population.
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Table 2

Army-Wide Factors

Name Definition

Technical Skill and Exerting effort and showing proficiency

Job Effort over the full range of job tasks; engaging in

training or other developmental activities to

increase proficiency; persevering under

dangerous or adverse conditions; and

demonstrating leadership and support towards

peers.

Personal Discipline Adhering to Army rules and regulations;

exercising self-control; demonstrating

integrity in day-to-day behavior; and, not

causing disciplinary problems.

Military Bearing Maintaining an appropriate military appearance

and bearing and staying in good physical

condition.
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Table 3

Analysis of Variance Results for Race

Technical Skill Personal Military

and Job Effort Discipline Bearing

Nature of Nature of Nature of

Effect df f Main Effects f Main Effects f Main Effects

Rating Source (A) 1 92.61* P>S 19.54* P>5 7.75* S>P

Rater Race (B) 2 31.26* B,H>W 8.45* B,H>W 3.32* B>W

Ratee Race (C) 2 47.27* H>W>B 15.24* H,W>B 209.94* B,H>W

A x B 2 5.17* 8.49* 2.59*

A x C 2 1.69 1.99 1.25

B x C 4 28.99* 3.87* 6.69*

A x B x C 4 3.10* 1.80 2.67*

Noe *<.05. Regarding the Rating Source main effects: P - peer raters and

S - supervisor raters. Regarding the Rater and Ratee Race main effects:

B - black, W - white, H - Hispanic.
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Table 4

Means and Standard Deviations for Rater Grouw By Race Combinations

Technical Skill Personal Discipline Military Bearing

and Job Effort

Peer Supervisor Peer Supervisor Peer Supervisor

White Rater

White Ratee 4.47 4.29 4.53 4.54 4.70 4.77

(1.09) (1.18) (1.21) (1.28) (1.20) (1.24)

Black Ratee 4.20 3.95 4.40 4.42 5.07 5.15

(1.14) (1.20) (1.26) (1.32) (1.13) (1.17)

Hispanic Ratee 4.39 4.24 4.58 4.54 4.93 5.06

(1.03) (1.12) (1.17) (1.25) (1.17) (1.17)

Black Rater

White Ratee 4.44 4.33 4.56 4.56 4.60 4.79

(1.07) (1.17) (1.22) (1.32) (1.24) (1.30)

Black Ratee 4.53 4.19 4.59 4.49 5.16 5.25

(1.06) (1.16) (1.20) (1.31) (1.14) (1.17)

Hispanic Ratee 4.66 4.44 4.76 4.68 4.98 5.26

(0.94) (1.11) (1.21) (1.27) (1.13) (1.25)

Hispanic Rater

White Ratee 4.63 4.18 4.72 4.44 4.76 4.62

(1.04) (1.23) (1.19) (1.36) (1.19) (1.33)

Black Ratee 4.39 4.02 4.52 4.34 5.03 5.16

(1.07) (1.22) (1.26) (1.44) (1.17) (1.21)

Hispanic Ratee 4.99 4.41 5.13 4.42 5.28 5.27

(0.83) (1.03) (1.01) (1.33) (0.89) (1.09)
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Table 5

Analysis of Variance Results for Sex

Technical Skill Personal Military

and Job Effort Discipline Bearing

Nature of Nature of Nature of

Effect df f Main Effects E Main Effects f Main Effects

Rating Source (A) 1 53.68* P>S 2.24 25.21* S>P

Rater Sex (B) 1 4.30* F>H 3.54 20.74* F>M

Ratee Sex (C) 1 14.70* M>F .08 23.20* M>F

A x B - 1 2.04 2.20 .43

A x C 1 .29 .12 .96

B x C 1 3.14 16.43* 8.79*

A x B x C 1 10.03* 3.79 .36

Mgt&. *U<.05. Regarding the Rating Source main effects: P - peer raters and

S - supervisor raters. Regarding the Rater and Ratee Sex main effects:

N - male and F - female.
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Table 6

Means and Standard Deviations for Rater Grouo By Sex Combinations

Technical Skill Personal Discipline Military Bearing

and Job Effort

Peer Supervisor Peer Supervisor Peer Supervisor

Female Rater

Male Ratee 4.54 4.36 4.62 4.60 5.00 5.14

(1.05) (1.16) (1.19) (1.32) (1.15) (1.20)

Female Ratee 4.46 4.14 4.56 4.40 4.76 4.94

- (1.02) (1.12) (1.22) (1.26) (1.20) (1.28)

Male Rater

Male Ratee 4.47 4.22 4.56 4.53 4.81 4.90

(1.08) (1.19) (1.21) (1.31) (1.21) (1.26)

Female Ratee 4.32 4.25 4.65 4.68 4.72 4.88

(1.10) (1.18) (1.19) (1.35) (1.21) (1.29)

392



DESIGNING, PLANNING, AND SELLING PROJECT A

Joyce L. Shields
Lawrence M. Hanser

U.S. Army Research Institute

Presented at the Annual Conference of the

- Society for Industrial and Organizational Psychology

Atlanta, Georgia

April 1987

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.

393



Like many events, Project A was a product of the people and
time of its conception. In this paper we first describe the
Zeitgeist which existed prior to and during the planning of this
project. Second, we discuss the design of the project as a prime
example of successful policy research. Finally, we address the
issue of selling the project initially, and maintaining support
for long-term research in the face of changing problems and
goals.

The Zeitgeist

The events which shaped the Army and eventually resulted in
Project A began several years earlier, in the 1970's. More than
14.9 million American youth were drafted between 1940 and 1973
(Nelson, 1983). At the close of the Vietnam War in 1973 the
draft came to an end and the All-Volunteer Force (AVF) was born.
By 1975 first term attrition had reached 26.64 among high school
graduate enlistees and 51.4% among non-high school graduate
enlistees, both record highs. Also in that year, only 58% of
Army enlistees had a high school diploma, compared with 90% this
year. Although the size of the Army had been reduced drastically
from the Vietnam War era, these high attrition rates placed an
enormous burden on recruiting. These times were best summarized
in General Meyer's now famous White Paper (1980) on the 'Hollow
Army.'

In addition to changes in the personnel system of the Army,
the Army was beginning the largest force modernization program
since World War II. Anti-tank weapons were now becoming wire-
guided missiles; tanks would have on-board computer systems for
gunnery and navigation; infantry squads would use satellite
communications for determining their battlefield location; and
shoulder fired missiles would include state-of-the-art
electronics for aircraft identification. Further complicating
the increasing technical demands of modern equipment was the
prediction of a significant decline in the number of eligible
youth which was projected to begin about 1982 and continue
through 1996. Obviously the personnel needs of the Army were
facing substantial change in a climate of declining manpower
supply.

The climate was also unfavorable to testing. The nation as
a whole was questioning the fairness of tests. In 1978 the
Uniform Guidelines were published. The Congress, in 1981, issued
a directive that the Services must "develop a better database on
the relationship between factors such as high school graduation,
entrance test scores, age, etc., and potential for effective
service." Interest in, and support for testing research in the
Army had declined substantially. The Army Research Institute,
the traditional home for selection and classification research in
the Army, was organized into two laboratorieA at that time, the
Training Research Laboratory (TRL) and the Organization and
Systems Research Laboratory (OSRL). OSRL included only a small
team of people devoted to selection and classification research.
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In 1980, the Armed Services Vocational Aptitude Battery
Forms 6/7 (ASVAB 6/7) which was used operationally from 1976 to
1980 was discovered to have been misnormed. As a result of the
misnorming, in 1980, 50% of Nonprior Service Army Recruits were
drawn from the bottom 30% of the eligible youth population.
Today, over 60% of recruits come from the top 50% of the youth
population. With this large influx of low-scoring recruits in
the late 70's the Army began to question what difference entry
test scores made in terms of eventual performance in military
occupations. That is, did it really matter whether the Army
recruited individuals from a higher percentile in the youth
population? Unfortunately, this question could not be adequately
addressed, because at the inception of the AVF, the Training and
Doctrine Command (TRADOC) introduced criterion-referenced
training, go/no go testing, and mastery learning, so that no
reasonable criteria existed. Further, Skill Qualification Test
scores (i.e., mid-career tests of job knowledge) were not readily
accessible, and often, centralized recordkeeping systems, where
such information was stored, were cross-sectional rather than
longitudinal in nature.

As is now clear, the Army was facing several problems:

Was it possible to demonstrate a relationship between
selection tests and performance in military
occupations?

Could selection tests be used to identify individuals
more likely to complete their tour of service?

Given the declining manpower pool, could tests be
designed to more efficiently use the available
resources?

Could individuals be better allocated to the diverse
demands of the Army and Army occupations?

Could weapon systems be designed, with enhanced battlefield
effectiveness, which would match the available skills of the
declining pool of operators and maintainers?

These problems cut across a number of Army commands and
organizations, so that resolving them was important to a wide
variety of senior Army leaders. The project did not spring from
a desire to examine the issues related to validity
generalization, or rater accuracy, or computerized testing, or a
basic desire to support industrial/organizational research.
Rather it grew from the need to address some very real policy
issues.

The People
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According to an Army Science Board report by Alexander
(1980), 'It is not enough for a research community to exist, or
even for it to be working on problems of concern to the
policymakers. Strong and intimate links are essential to
transmit problems and questions, to convert them into
researchable projects, and to transmit the results back to the
client -- not as research reports -- but as options,
alternatives, and evaluations that the policymaker can use... a
special type of researcher is required -- one who understands
both the research and the policy worlds... (there is also) a
requirement for people on the Army side who are sensitive to the
analytical approach and to the potential contributions of
research to policymaking."

In 1980, this situation existed. Although a number of such
people were in key positions at that time, we would be remiss
were we not to mention the presence and support of General
Maxwell R. Thurman. In his roles as Commander of the U.S. Army
Recruiting Command, Deputy Chief of Staff for Personnel, Vice
Chief of Staff of the Army, and now Commander of the Training and
Doctrine Command, General Thurman continued to be actively
involved in this research.

The Plan

Upon examining the list of problems facing the Army in the
late 1970's, it is clear that a number of discrete policy
research projects could have been designed to address them. In
fact, the tendency is strong for that to happen. However, rather
than simply forging ad hoc solutions to the laundry list of
problems, a comprehensive program of personnel selection research
was established. But it was designed in such a way as to provide
the necessary basic data on which to both resolve ad hoc problems
as well as to address longer term scientific issues.

In 1981, ARI initiated a multiyear, multimillion dollar
research program, consisting of two interrelated projects, to
relate better selection and classification measures and
procedures to the criterion of soldier performance. The
objectives of this program were to:

Validate ASVAB against soldier performance

Develop new selection and classification measures and
procedures to optimize the soldier requirements match

Design computer-based decision aides for managers of the
Army's manpower processes

At the same time, ARI organized a Manpower and Personnel Research
Laboratory (MPRL), which included the Personnel Utilization
Technical Area, to be responsible for this program of research.
In the Spring of 1981, two teams of individuals from this
technical area began to prepare the statements of work which were
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to become Project A (development and validation of enlistment
measures) and Project B (development of a computer-based system
to link personnel requirements with resources), addressing the
major objectives outlined above. After several months of writing
and rewriting, the Requests for Proposals (RFP) were released in
the fall of 1981. A contract for Project A was signed with the
Human Resources Research Organization, American Institutes for
Research, and Personnel Decisions Research Institute in September
1982.

Project A as Policy Research

According to Alexander (1980), successful policy research
has the following characteristics:

Importance: The research should be concerned with important
issues.

Crosscutting: Topics chosen for analysis should crosscut
organizational boundaries.

Understanding the environment: Researchers need to
understand the decision environment and bureaucratic context
of the policymaker.

Confidence and trust: Policymakers must have confidence in
the technical ability of the researchers and the researchers
should view their clients as people who value their efforts.

Accountability: Researchers must be accountable for their
products and their results. The research should be
available to others for inspection, review, and debate.

Tolerance for wrong answers: The probability of "wrong",
ambiguous, and complicated results must be recognized and
accepted by clients.

The designing and planning of Project A is related to the
chararcteristics described above in the following ways:

Importance. As discussed previously the problems addressed
in this research program are of great importance to the Army.

Crosscutting. These problems are of interest to many
constituencies, including personnel and training proponents.
Both the military and civilian sides of the Army are equally
interested in the results, although for different reasons.

Understanding the Environment. The researchers understand
the Army and are given/allowed access to top policy makers in the
Army. There are many different points of view, and researchers
are given the opportunity to question strongly held positions.
The researchers are problem oriented and responsive, willing to
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work quickly when possible to provide short term answers in
exchange for a long term committment on the part of policymakers.
Researchers continue to provide information back to policymakers
in terms of options, alternatives, and evaluations - not just
research reports.

Confidence and trust. Key policymakers have confidence and
trust in the technical ability of the researchers and their
understanding of the problems. Key policymakers invested, and
continue to invest in the researchers, and provide time, access
to sensitive data, and all necessary support as well as trust and
confidence.

Accountability. The research plan was well founded on a
sound scientific base. It was and continues to be open for
inspection by both the scientific and policy communities.

Tolerance for wrong answers. The Army clients are not only
open to results - whether or not prior beliefs are confirmed, but
they have been and continue to be willing to use the results to
change and set policy.

The Changing Environment

As researchers, we have a tendency to judge the success of a
project by how well we have solved the problems which originally
generated it. The list of personnel selection and classification
problems which the Army faces today would be somewhat different
from the list we mentioned earlier. Policymakers are not
interested in solutions to qroblems which no longer exist, but
rather in the problems which they face today. The challenge for
Project A, and all such long-term projects, is to continually
readjust as policy problems change, so that the research remains
relevant to policymakers.
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Predictive Validity of Noncognitive Measures
for Army Classification and Attrition

Abstract

Over 9,000 soldiers in four military occupational specialties were
administered vocational interest measures, biographical questionnaires, and
temperament surveys as they entered their service careers. Approximately
nine months later, follow up research determined whether these soldiers were
still in their initial occupations or even still in the Army. Selected
vocational interest measures predicted occupational classification fairly
well for two of the four occupations; selected biodata and temperament
measures predicted early attrition fairly well given the low base rate of
this dependent variable.
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Predictive Validity of Noncognitive Measures
for Army Classification and Attrition

Many (for example, Campbell, 1986) have argued that performance is
inherently multidimensional. One way of conceptualizing performance space
is to divide it into "can-do" and "willdo" subspaces. The former might
consist of the technical skills and abilities indexing the maximum quality
and quantity of productivity of which an individual is capable. The latter
would then be composed of those attitudes and characteristics indexing the
typical performance level of the individual. Cognitive abilities predict
the former performance subspaces fairly well; noncognitive measures such as
vocational interests, biodata, and temperament measures provide some promise
for predicting the latter. It is these typical performance measures which
are of concern in this report.

As part of the Army's Project A, a Preliminary Battery of paper and
pencil measures was administered to soldiers in four selected Military
Occupational Specialties (MOS) as they entered military service during late
1983 and early 1984. The battery included measures of vocational interests,
individual history background or biodata, and temperament. These measures
were used to predict whether a soldier would still be in the Army some time
after initial training, in this case, December, 1984. The average length of
time a soldier had been in the service was nine months, with a range from
six to eighteen months.

The hypotheses of interest concerned classification and prediction.
Hypothesis One concerned the efficacy of vocational interest measures in
predicting MOS membership: Members of the four very different MOS should
show different average scores on the vocational interest measures. Such a
finding would provide support for the "gravitational hypothesis" (McCormick,
Jeanneret, & Mecham, 1972) which suggests that people of different interests
"gravitatem towards those occupations which they find most compatible.
Hypothesis Two concerned the efficacy of all the noncognitive measures in
predicting early attrition, whether the tested soldier was still in the
service by December, 1984, when the records were evaluated. This hypothesis
has two components, one for the biodata and temperament measures and one for
the vocational interests. For the former, prior research (Hough, Dunnette,
Wing, Houston, & Peterson, 1984) has shown biodata and temperament measures
to cover the same constructs or variables. In this instance, the concern
was with the attitudinal and socialization variables which might predict
whether an individual would be ill-behaved, hence a potential discipline
problem, or would have academic difficulty with Army training. For the
latter, corroborating evidence would consist of attrltees having less
compatible interests for a given MOS than the stayers. It is the case that
cognitive variables are effective in predicting training criteria; the
questions here concerned whether the noncognitive variables could provide
predictability in addition to the cognitive variables currently used in Army
selection and classification.
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Method

Research Participants

The population from which these examinees were selected consisted of
those soldiers (recruits) who had entered active duty in the Regular Army
and who had begun training in one of four MOS at one of five selected Army
posts between October 1, 1983, and June 30, 1984, as follows:

NOS 19A: Tank Crewman. The sample consisted of 2,614 male soldiers.

MOS 31C: Radio Teletype Operator. The sample consisted of 1,989
soldiers, which included 280 females.

MOS 63B: Vehicle and Generator Mechanic. The sample included
2,197 soldiers of whom 129 were female.

MOS 71L: Administrative Specialist. The sample included 2,798
soldiers of whom 1,350 were female.

The groups were ethnically diverse, each having about five percent
Hispanics and over twenty percent Blacks, except for the 71L's, of which
over forty percent were Black. No analyses were performed separately by
race/ethnicity or by sex.

Variables

Predictors

ASVAB. Before entry into military service, each soldier had taken the
Armed Services Vocational Aptitude Battery (ASVAB), a 3 1/2 hour cognitive
test battery used for selection and classification into all the military
services All recruits had to achieve a minimum score on a composite known
as the Armed Forces Qualification Test (AFQT), summed from scores on four
subtests. High school graduates had to be at or above the 21st percentile,
while nongraduates had to be at or above the 31st percentile, based on World
War II norms for male military personnel. Second, each NOS had a specific
composite on which a minimal score was required for entry. These minima
were roughly equivalent (McLaughlin, Rossmeissl, Wise, Brandt, & Wang, 1984)
to the 26th percentile of the AFQT for Armor Crewman and Mechanic, and to
the 39th percentile for Radio Teletype Operator and Administrative
Specialist.

Preliminary Battery (PB). The PB required about four hours to
administer. It included eight spatial/perceptual measures which will not be
discussed further here. Also included were the 18 scales from the Air Force
Vocational Interest Career Examination (VOICE; Alley & Matthews, 1982); five
temperament scales adapted from published scales [two from the Differential
Personality Questionnaire or DPQ (Tellegen, 1982); one from the California
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Psychological Inventory or CPI (Gough, 1975); the Rotter lIE Scale (Rotter,
1966), and validity scales from both the DPQ and the Personality Research
Form or PRF (Jackson, 1967)]; and Owens' (Owens & Schoenfeldt, 1979)
Biographical Questionnaire (BQ). The BQ was scored for 22 scales based on
prior analyses of an initial sample (Hough et al., 1984). Items tapping
religion or socioeconomic status had been deleted while items tapping
curricula, coursework, and physical fitness had been added. These prior
analyses had determined the structure of these sex-independent scales.

The names of the scales used in the analysis reported here, with their
numbers of items, are as follows. The range and median values of
coefficient alpha for each set are also given. Each measure was
administered untimed.

Vocational Interest Career Examination (VOICE). This typically takes
15-20 minutes. The scales include Office Administration (OAD: 20 items);
Heavy Construction (HC: 20 items); Electronics (ELE: 20 items); Medical
Service (MED: 20 items); Science (SCI: 20 items); Outdoors (OUT: 15
items); Aesthetics (AES: 15 items); Mechanics (MEC: 15 items); Food
Service (FS: 15 items); Law Enforcement (LAW: 15 items); Agriculture (AG:
15 items); Mathematics (MTH: 12 items); Audiographics (AUD: 10 items);
Teacher/ Counseling (TEA: 10 items); Marksman (MRK: 10 items); Drafting
(OFT: 7 items); Craftsman (CFT: 7 items); Automated Data Processing (ADP:
7 items). Coefficient alphas ranged from 0.75 to 0.96 with a median of
0.89.

It was- hypothesized that the following scales would be most useful for
the selected MOS: HC, MRK, ELE, OAD, and MEC. MEC would be the scale for
the Mechanics, OAD would be the scale for the Administrative Specialists, HC
and MRK would be scales useful for the Tank Crewman, and OAD and ELE would
be useful scales for Radio Teletype Operator. Two additional scales, ADP
and NTH, might also be useful in distinguishing the Administrative
Specialists from the Radio Teletype Operators.

Personal Opinion Inventory (POI). This typically takes 20-25 minutes.
The scales included Conscientiousness (CON: 10 items, from DPQ Unlikely
Virtues and PRF Infrequency); Social Potency (SP: 27 items, DPQ Social
Potency); Stress Reaction (SR: 36 items, DPQ Stress Reaction);
Socialization (SOC: 30 items, from CPI Socialization); Rule Abiding (RA: 9
items, from CPI Socialization); Family Closeness (FC: 7 items, from DPQ
Stress Reaction); Effort vs. Luck (LCK: 16 items, from Rotter I/E Scale);
Internal Locus of Control (LOC: 29 items, from Rotter I/E Scale). The
coefficient alpha for CON was 0.44; excluding this validity scale, the range
for coefficients alpha was 0.55 to 0.90 with a median of 0.60.

Owens' Bioqraphical Questionnaire (BQ). This typically takes 20-25
minutes. The scales included Academic Achievement (AA: 8 items);
Adjustment (ADJ: 12 items); Athletic Interests (ATH: 2 items); Cultural-
Literary (CL: 3 items); Independence (IND: 8 items); Intellectualism (INT:
3 items); Leadership (LEAD: 12 items); Physical Activity/Condition (PA: 15
items); Positive Academic Attitude (PAA: 7 items); Parental Control (PC:
11 items); Parental Closeness (PCLO: 15 items); Sociability-Popularity
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POP: 9 items); Sibling Harmony (SIBH: 5 items); Scientific Orientation
S0: 12 item). Other variables in the BQ requested information about

academics and course work. Coefficient alphas ranged from 0.49 to 0.88 with
a median of 0.75.

DmoogrjpiLUj. The additional variable, of whether a soldier had
graduated from high school, was available from Army files.

It was hypothesized that the following temperament and biodata scales
would index the motivational and attitudinal variables that could predict
attrition for cause: RA, SOC, and SR from the POI and AA from the BQ.
Because high school diploma status had proven itself as a predictor of early
attrition in much prior research, it also was included, as was the AFQT
(cognitive) score.

Criteria

Classification. This variable was the nominal one of which MOS the
soldier had begun his/her military service and was available at the time
attrition data were collected.

Attrition. For each soldier in the sample, file data were available as
of December 31, 1984, indicating whether the soldier was still enlisted or,
if not, how the soldier had been discharged. The file data are
administrative codes indicating the recorded reasons why the attrition has
occurred. Three categories of attrition were developed for this research.
These categories, with sample file codes, are: Leave for Good Reason (to
attend service academy, medical discharge, hardship); Trainee Discharge
Program or TDP; Leave for Bad Reason (drug use, desertion, serious crime).
The Trainee Discharge Program refers to a set of administrative procedures
which permit a comparatively simple dismissal of soldiers, typically within
the first 180 days of service, for "failure to adapt" to the Army. While
the behavioral characteristics of this category are imprecise, it appears to
refer more to motivational than academic weaknesses which prohibit a soldier
from making a satisfactory adjustment to Army life. The best single
predictor of such early attrition for males is high school diploma status:
Hijh school graduates are much more likely to complete their tours of
enlistment.

The numbers of soldiers in each category were as follows:

12A (Tank Crewman): Not Attrit - 2,299; Trainee Discharge Program -
107; Bad Attrit - 73; Good Attrit - 135.

= (Radio Teletype Operator): Not Attrit - 1,750; Trainee Discharge
Program - 141; Bad Attrit a 51; Good Attrit - 47.

LU (Mechanic): Not Attrit - 2,066; Trainee Discharge Program = 33;
Bad Attrit - 61; Good Attrit (or Missing) - 37.

ML (Administrative Specialist): Not Attrit - 2,540; Trainee Discharge
Program - 121; Bad Attrit - 57; Good Attrit (or Missing) = 77.
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The standard procedure is to remove the cases of attrition for good
reasons before analysis, which was followed here. The attrition rate was
low, ranging from four percent for the Mechanics to ten percent for the
Radio Teletype Operators.

Analyses

Data Editing

Predictors. Records were initially checked for consistency of Social
Security Number, race, and sex, within person and across inventories. There
were several data quality screens for the instruments used here. Details of
the procedures can be found in Hough et al. (1984). For the VOICE and the
BQ, there was a three-step process to eliminate records which contained too
many missing data to yield interpretable scores. There were four steps in
the process for the POI, the extra step being the employment of a validity
screen via application of the CON scale. Two percent of the VOICE cases and
three percent of the BQ cases were deleted because of missing data. Two
percent of the POI cases were deleted for the missing data rule, while five
percent were dropped because of the CON screen. For item analysis
purposes, as well as subsequent analyses, sample sizes varied across scales
within these inventories as well as across them.

Criteria. Classification. The criterion here was membership in one of
the four MOS, available from the test records.

Criteria. Attrition. As discussed above, file data provided attrition
codes so the editing problem was one of matching the PB cases to the file
cases.

Descriptive Statistics

For each of the five substantive POI scales, the 19 BQ scales, and the
18 VOICE scales, coefficient alphas were calculated and have been reported
above. Means and standard deviations for each scale were calculated for the
total sample and for various subgroups of interest as formed by demographic
and dependent variables such as MOS, high school diploma status, and
attrition category. These descriptive statistics will not be discussed
further here.

Inferential Statistics

The uniqueness (! 2) of each predictor scale from the ASVAB was
calculated. Uniqueness is the amount of reliable variance of a given
variable not predicted by Another va!iable or iet of variables. The
computational formula is Q =Rxx -R , where JQ - uniqueness, Rxx = the
reliability of the variable of interest, and R' - the squared multiple
regression when the variable of interest is regressed on some other set of
variables. (See Wise and Mitchell (1985) for a more extended treatment of
uniqueness.]

405



The ranges and median values of the uniqueness coefficients for the
variables considered here were as follows. For the VOICE, the range was
0.64 to 0.85, with a median of 0.77. For the POI, the range was 0.54 to
0.86, with a median of 0.60. For the BQ, the range was 0.43 to 0.86 with a
median of 0.70. Thus, this set of measures is capturing much reliable
variance which is not being picked up by the cognitive test battery.

The next step was the computation of a series of analyses of variance
with each predictor scale. The major variable was attrition (Not Attrit,
Trainee Discharge program, and Bad Attrit) or classification (MOS
membership).

The next analyses were in direct reference to the hypotheses stated
above. For Hypothesis One, discriminant function analysis was performed
using the selected VOICE scales as predictors and MOS memberships as the
criterion. For Hypothesis Two, multiple regression analyses were performed,
using selected BQ, POI, and VOICE scales to predict attrition status.

Results and Discussion

Hypothesis One stated that the four MOS would differ in the average
scores of selected interest scales, as evaluated by the VOICE. Both
generalized analyses of variance as well as discriminant analyses showed
this to be the case. For the analyses of variance, each of the 18 VOICE
scales as well as the AFQT significantly (p_ < .01) discriminated among the
four occupations. Discriminant analyses were used with, first, five VOICE
scales (HC,-MRK, ELE, OAD, MEC) and, second, with two additional scales
(ADP, MTH). As displayed in Table 1, both the Administrative Specialists
and the Mechanics were fairly well predicted (76% and 69% correct
predictions, respectively), somewhat better with the five scales than with
the seven scales.

The Tank Crewmen were less well predicted, although adding the two
scales to the initial five helped somewhat. The Radio Teletype Operators
were predicted least well. The seven scales did somewhat better than the
five, but neither group of scales predicted membership in this MOS at much
greater than a chance level. One obvious explanation for the difference in
predictability among the four MOS lies in the origin of the VOICE
instrument. It was designed for Air Force specialties and included
occupational scales pertinent to them. Administrative Specialists and
Mechanics are common to all military services, hence it is not surprising
that these two occupations are well predicted. Tank Crewman and Radio
Teletype Operator, on the other hand, are uniquely Army occupations and did
not have specific VOICE scales. It should not be surprising that these two
occupations were less well predicted.

For Hypothesis Two, the prediction of attrition, the biodata and
temperament scales will be considered first. In the generalized analyses of
variance, most of the BQ scales and most of the POI scales predicted
attrition in the anticipated direction. The nonpredicting scales had more
to do with cooperativeness types of variables (e.g., BQ: SIBH, POP; POI:
SP) while the predicting scales had more to do with socialization and
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achievement traits, (e.g., BQ: AA, LEAD, ADJ, INT; POI: SR, RA, SOC).
Most of these scales also correlated with high school diploma status,
although not quite as consistently nor as strongly. This probably reflects
that many of the variables contributing to a young person's completion of
high school are being evaluated by the biodata and temperament measures used
here.

Multiple regression analyses of attrition split the criterion into two
classes: stay or leave (the latter being both the Trainee Discharge Program
and Bad Attrit). Keep in mind that the overall rate of attrition is quite
low, at seven percent. This will make prediction difficult. As displayed
in Table 2, the traditional predictors of attrition, high school diploma
status combined with AFQT, were significantly but mildly related to
attrition. The combination of the four hypothesized biodata-temperament
scales were also significantly related to attrition, with an adjusted R
almost twice the size of that yielded by the traditional predictors. TOther
biodata-temperament scales could have been selected but it is likely the
results would have been the same.) Combining the two classes of predictors
did not improve the prediction in any noticeable way beyond that provided by
the biodata-temperament scales. The values of the adjusted I's are
relatively small, but recall that the overall rate of attrition to be
predicted was also small (only seven percent attrition). Such a severe
split on the criterion operates to reduce the expected correlation with
other variables. Further, the increase in validity over the traditional
predictor of high school diploma status, as provided by the four
noncognitive scales, suggests that the latter may provide a useful addition
to Army selection and classification procedures.

Table 3 is an expectancy table displaying the predicted attrition rates
of soldiers selected on the composite of the four noncognitive scales. As
can be seen, using a cutoff standardized score of, say, 25 on this attrition
predictor would eliminate two percent of all applicants, but the attrition
rate in the cutoff group was predicted to be 28 percent rather than the
seven percent over all. A cutoff score of 50, on the other hand, would
eliminate half of all these soldiers who would have had an attrition rate
only slightly higher (ten percent) than that of the total group. While the
choice of a specific cutoff score has many arbitrary aspects to it, it seems
clear that a low cutoff score based on a biodata-temperament scale could
eliminate a small percentage of soldiers who could be predicted to have an
attrition rate significantly higher than average. This result obviously
requires replication, both for this group as they continue their Army
service, as well as for other, different groups of soldiers.

The second part of Hypothesis Two concerned how well interest measures
might predict attrition. Using the same five interest scales included in
Hypothesis One, for classification, in addition to the four biodata-
temperament scales, yielded adjusted multiple R's ranging from 0.11 to 0.20
across the four MOS. These are displayed in Table 4. The variation in
values directly mirrors the base rates of attrition in the MOS to be
predicted. The highest R was in the MOS with the highest rate of attrition,
Radio Teletype Operator, while the lowest was in the MOS with the lowest
rate of attrition, Mechanic. Thus, while it might appear that vocational
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Radio Teletype Operator, while the lowest was in the MOS with the lowest
rate of attrition, Mechanic. Thus, while it might appear that vocational
interest measures could also be useful as predictors of early attrition,
this conclusion must be tempered here by the very limiting values of the
differing and low attrition rates. That is why no further investigation of
specific VOICE scales was undertaken at this point. It would seem that a
vocational interest battery specifically tailored to Army jobs (which is
part of other Project A research) should be used and evaluated for
discriminative efficiency before such measures might be used operationally
as predictors of attrition. The case for biodata-temperament measures is
much stronger.

In conclusion, this research has demonstrated that noncognitive
measures can be effective predictors of two aspects of Army performance,
classification and attrition. Classification was better predicted when the
occupational interest scale was appropriate to the Army occupation being
predicted. While the attrition regression coefficients were relatively low
in value, this was probably due, at least in part, to the low base rates of
attrition to be predicted. It may be that different analytic methods, such
as probit or logit analysis (Aldrich and Nelson, 1984) might better
explicate the relationship between attrition and the noncognitive measures
used in this research. Follow-on research with this cohort, as its members
move through their Army careers, should explore these methods. It is also
likely that the rates of attrition will increase as the cohort "ages,"
operating to improve the chances for accurate prediction.
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Table i. Predicting Military Occupation Membership with
Selected VOICE Scales

Predicted Occupation (5 Scales)*

Actual Percent of Tank Radio Adami.
Occupation Total Group Crewman Operator Mechanic Spec.

Tank Crewman 27 27 17

Radio 21 14 26 7 10

Operator

Mechanic 23 31 22 5

Admin. 29 12 25 7
Specialist

Predicted Occupation (7 Scales)*

Tank 27 48 27 19 9
Crewman

Radio 21 14 8 10
Operator

Mechanic 23 28 18 E 6

Admin. 29 12 25 7
Specialist

*The five scales used were Heavy
Construction, Markmn, Electronics,
Office Administration, and Mechanic.
The seven scales were the above
five plus Automated Data Processing
and Mathematics.

Note: Entries in table are percentages.
Boxed figures are correct predictions.
Columns sum to 100 within rounding errors;
rows do not.
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Table 2. Predicting Overall Attrition with Traditional
and Noncognitive Predictors

Predictors Used in Prediction Regression

Traditional
ANQT Yes No Yes

High School Yes No Yes
Graduation

Noncognitive

Rule Abiding No Yes Yes

Socialization No Yes Yes

Stress Reaction No Yes Yes

Academic No Yes Yes
Achievement

Adjusted R .08 .15 .15

Sample Size 8,352 8,198 7,480
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Table 3. Predicted Percent Attrition for Different Cut-off Scores

Predicted Attrition Attrition Rate in Percent of
Score* (Standardized) Below Cut-off Group Total Group

Cut-off in Group
Blof Cut-off

20 .25 1
25 .28 2
30 .23 3
35 .17 8
40 .15 16
45 .12 31
50 .10 50
55 .08 69
60 .08 85
63 .07 95
70 .07 99
75 .07 100

*Composed of Rule Abiding, Socialization,
Stress Reaction, and Academic Achievement
Scales.
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Identifying Optimal Predictor Composites
Ald Testing for Geaeralizability

Across Jobs and Performance Constructs

Industrial psychologists have long beon concerned with
the problem of matching people to jobs. For a long time, the
implicit model in this enterprise was essentially a peg and
hole model with job applicants represented by different sizes
and shapes of pegs and job openings represented by different
sizes and shapes of holes. The goal was to match the pegs to
the holes. The primary conclusion drawn from this model, as
expressed by Ghiselli (1966), was that different job perfor-
mance prediction measures and different selection criteria
should be developed and validated for different jobs and job
environments.

Nore recently, Schmidt and Hunter (1981) created a
paradigm shift when they showed convincingly that a large
part of the situational variance in prediction validities is
attributable not to differences in job requirements, but to
methodological artifacts. Validity generalization is now a
household word in Industrial and Organizational psychology.
As the term has come to be used, it refers to properties of a
distribution of criterion-related validity coefficients
generated by using one or more measures of the same construct
to predict general job performance within broad families of
jobs. The interesting parts of the distribution are its
overall mean and the degree to which its variance can be
accounted for by statistical artifacts (e.g., criterion
unreliability, sampling error) vs. the substantive characteris-
tics of different situations (e.g., different abilities are
required by different jobs). Arguments continue as to how to
define the appropriate population of coefficients and how
large the substantive variance has to be before we should
worry about it.

Much of the discussion of validity generalization has
focused on the prediction of overall job performance using a
measure of general mental ability. Not much attention has
been devoted to whether different predictor constructs or
different performance components define different populations
for validity generalization purposes. From this new perspec-
tive, all the pegs are the same shape and the only question
is whether they are big enough to fill any particular hole.

In Project A, we have been building a model for both
sides of the equation. That is, we are attempting to define
the total domain of potentially useful prediction information,
describe it in terms of its basic constructs, and then develop
representative measures of those constructs (Peterson, Hough,
Dunnette, Rosse, Houston, Toquam & Wing, 1987). Similarly
for the criterion side, we have tried to define the total
domain of job performance, describe it too in terms of basic
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factors, and use multiple methods to provide scores on each
performance factor (Campbell, Felker, Borman & Rumsey, 1987;
Campbell, McHenry & Wise, 1987; Wise, Campbell, McHenry &
Hanser, 1986).

Stated simply, our working theory is that performance is
not one thing and that the correlations between the major
components of performance do not approach the limits of their
reliabilities. Similarly, at least some of the basic predictor
constructs (latent variables) that account for individual
differences at the time of hire are also not highly intercorre-
lated. As part of Project A, each of these domains has been
modeled and measured for a diverse and representative sample
of entry-level jobs. Specifically, concurrent validity data
have been collected for over 4,000 soldiers in a core sample
of nine jobs. With these data we can address such questions
such as: How do the validities for each of several predictor
constructs generalize across different components of perfor-
mance? How do the validities of the predictor battery for a
particular performance component generalize across jobs? It
is to these questions that we now turn.

Method

The data analyzed for this paper included scores for
five job performance constructs and twenty-four predictor
constructs collected on a sample of several hundred soldiers
in each of nine different jobs. Young, Harris, Hoffman &
Wise (1987) have described the collection and editing of
these data. Table 1 lists the predictor and performance
construct scores. Table 2 lists the nine Army jobs and gives
the number of soldiers included in the present analyses.

Analysel

Sample covariance matrices, including both the five
criteria and the twenty-four predictors, were computed for
each of the nine jobs. An overall covariance matrix was
computed as the average of these nine matrices, weighting
each by the corresponding sample size. This form of pooling
was necessary because the criterion measures were comprised of
somewhat different items for the different jobs, so that it
was not possible to assure fully comparable scaling across
jobs.

In the present study, covariances were analyzed as a
means of controlling for differences between jobs in
heterogeneity with respect to the predictor measures. Initial
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selection into each of the nine jobs included an absolute
screen on a composite of the subtests from the Armed Services
Vocational Aptitude Battery (ASVAB). Different composites
and different selection ratios (cutting points) were used for
different jobs. For some jobs, the cutoff point was at the
population mean, while-for others a cutoff as much as .75
s.d. below the population mean was used. In addition to this
absolute screen, self-selection and attrition during and
after training served to further reduce the heterogeneity of
our samples. By including the predictor covariances as an
explicit part of our modeling, differences in heterogeneity
were accounted for.

The LISREL program (Joreskog & Sorbom, 1981) was used to
model the predictor-criterion relationships. This program
enables direct statistical tests of the degree to which
observed variation in parameter estimates might be due simply
to sampling error. The LISREL program also allows separate
modeling of the statistical properties, including specifically
reliabilities, of the measures analyzed. It is thus possible
to eliminate both sampling error and differences in criterion
reliability as artifactual sources of variation in predictor-
criterion relationships.

In applying LISREL to the present problem, the covariance
matrices were divided into three components. The first, the
covariances among the predictors, is modeled by the Phi
matrix in LISREL. In all of our analyses, the Mj matrix was
left unconstrained because differences due to selection were
fully anticipated. The second component is the predictor-
criterion covariances. In LISREL, these are modeled in the
ga = matrix as regression or structural equations. These
equations are used to estimate criterion scores from predictor
scores. Most of our analyses consisted of testing possible
constraints on this matrix (i.e., constancies across criterion
constructs or across job samples). The final component into
which the covariance matrices were divided was the Ws matrix.
PSI contains the covariances among the unique/error portion
of the criterion measures. In LISREL, the observed criterion
covariances are modeled as the sum of the covariances among
estimated criterion scores and the covariances among the
error/unique components of the criterion variables.

The first step in our analyses was to reduce the number
of predictor scores included in the model. This was done to
simplify our representation of predictor-criterion relation-
ships and to make the subsequent structural equations more
stable. The approach used was to successively eliminate
predictors and then examine whether all of the predictor-
criterion covariances could be adequately reproduced without
including the eliminated predictors in any of the structural
(regression) equations. In such a case, the predictors in
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question could be dropped without loss of any predictive
information.

The second step was to test for criterion equivalence.
If two or more criterion constructs shared a comon set of
relationships to the predictors, then further reduction of
the criterion space would be possible. For each pair of
criterion constructs, a model was fit to the combined
covariance matrix in which the regression coefficients for each
predictor were constrained to be the same in both criterion
equations. If this model was not rejected by the data, then
the criteria could be combined without loss of information
concerning predictor-criterion relationships.

The third and final step in our analyses was to test for
equivalence in the prediction equations for different jobs.
For each distinct performance construct, a model with a
constant prediction equation across all nine jobs was tested.

Results

Table 3 shows standardized regression coefficients for
predicting each criterion construct from the entire set of
predictor constructs. This was our starting point for reducing
the number of different predictors considered. We examined
the significance of each of these coefficients, using the t
statistics provided by LISREL (testing for difference from
zero). We eliminated those predictors that did not have a
significant coefficient (t > 2.0) for any of the criteria.
This resulted in a model which did not quite fit the overall
covariance matrix, so we put those predictors with the largest
modification indices back into the equations. (Note that
each predictor was either in all of the equations or none at
this stage.) In the end, five predictors were eliminated.
Each of the remaining nineteen predictors had a significant
loading on at least one of the criteria. Table 4 shows the
reduced structural equations and gives fit statistics for
this reduced model.

Table 5 shows the results of the tests for criterion e-
quivalence. In all cases, separate prediction equations were
indicated. The Core Technical Proficiency and General Soldier-
ing Proficiency constructs were the most similar. The three
primary differences between the equations for these two
constructs, as seen in Table 5, were: (1) the distinctly
greater significance of the Combat Interest measure for
predicting General Soldiering Proficiency; (2) the somewhat
greater significance of spatial and quantitative skills for
General Soldiering Proficiency and (3) the somewhat greater
significance of verbal skills for Core Technical Proficiency.
It also was the case that high scores on the Physical Con-
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ditioning predictor were related to lower Core Technical
Proficiency scores but not to lower General Soldiering
Proficiency scores. The differences between the equations
for the other criterion equations were all in expected direc-
tions and fully consistent with the general findings reported
by McHenry et al. (1987).

Further analyses were conducted to identify optimal sets
of predictors for each of the criterion constructs. An
initial model, in which only cognitive and perceptual tests
were used in predicting proficiency and only interest, tempera-
ment, and biographical measures were used in predicting the
motivational constructs did not fit the data adequately. A
number of iterations were performed with changes based on the
data. Table 6 shows the predictors and their standardized
coefficients that were judged to best fit the data. Given
some reliance on empirical results in identifying this model,
the significance level should not be overinterpreted.

Table 7 shows the results of tests for equivalent predic-
tion equations across jobs for each criterion construct. In
these analyses, a reduced set of predictors was used for each
performance construct. This was done partly because multi-
sample runs can otherwise be inordinately expensive and
partly in an effort to achieve some semblance of parsimony.

For the three "will do" performance constructs (Effort
and Leadership, Maintaining Personal Discipline, and Physical
Fitness and Military Bearing), the hypothesis that one equation
fits all jobs could not be rejected from the available data
(shown by Chi-square statistics with 2 values greater than
.05.) For the General Soldiering Proficiency construct, the
2 value fell between .01 and .05, suggesting at most very
modest differences in the prediction equations across jobs.

For Core Technical Proficiency, however, the common
prediction equation model was strongly rejected. Table 8
shows the separate prediction equations estimated for each
job. Table 9 shows chi-square fit statistics and 2 values
for each pair of jobs considered by themselves. For some
pairs of jobs, such as the combat jobs, the optimal prediction
equations were not significantly different. For other jobs,
however quite significant differences were found. The largest
difference was between Vehicle Mechanics and Administrative
Specialists.

The results presented in Tables 8 and 9 suggest that
there are significant differences between the requirements of
mechanical/technical jobs, clerical/administrative jobs, and
combat jobs. It is not clear whether there are differences
in job requirements within each of these three major job
types, but our data suggest that this might be the case.
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DISCUBBION]UED AMfUIDRY

The first general result from these analyses is that
there are different components of job performance, even
within entry-level positions, that show different patterns of
relationships with potential predictors measures. The predic-
tors of job proficiency were, for the most part, quite distinct
from predictors of effort and leadership, avoidance of dis-
ciplinary problems, and physical fitness/military bearing.
These results generally supported our perspective that job
performance is, indeed, multidimensional and not just one
thing. One consequence of this result is that the assessment
of overall job effectiveness necessarily involves policy
decisions regarding the relative importance of the different
components of job performance in a particular setting.
Project A staff are now in the process of collecting such
judgments for each of the jobs included in our sample.

The second general result is that different mixes of
skills, interests, temperament and background must be used to
obtain optimal prediction of technical proficiency in dif-
ferent jobs. These results are particularly important for an
organization like the Army, which must select and train
untrained individuals for many different jobs. Individual
differences in job knowledge prior to training would not
necessarily be related to differences in job proficiency
after trainiing, yet we still find significant differentiation
in predictors of post-training job performance. These results
suggest that the test studied would be useful for classifying
new Army recruits into jobs that are best suited to their
abilities, temperament, and interests.

The results of the present analyses undoubtedly understate
differences between jobs in a number of ways. First, the
common Army experience and environment shared by the soldiers
who served as subjects in Project A probably increases
similarities in job requirements. To succeed in the Army,
all soldiers must pass basic training and advanced technical
training. All soldiers must learn and adhere to Army customs
and tradition. And, to at least some degree, all soldiers
must subscribe to Army values. These similarities attenuated
the differences in Job requirements that we uncovered in our
analyses. Second, all soldiers share a number of respon-
sibilities, regardless of their assigned MOS. These shared
responsibilities are reflected in the job performance con-
structs; General Soldiering Proficiency, Effort and Leadership,
Personal Discipline, and Physical Fitness and Military Bearing.
These performance constructs were intended to capture job
performance components that are common to all soldiers.
Thus, we were not surprised to discover that the optimal
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predictors of these performance constructs were the sane
across all jobs -- even though it reduced our power to dif-
ferentiate between jobs on the basis of skill and trait
requirements. Third, we have studied only entry-level posi-
tions within each of these jobs. Increasing differentiation
between jobs seems likely as incumbents graduate to more
skilled positions. This possibility is being addressed in
continuing Project A activities aimed at assessing the perfor-
mance of more experienced job incumbents.

One final caveat is a reminder that, with the exception
of the ASVAB scores, the predictor and criterion data analyzed
here were collected concurrently, differences in predictive
relationships may have been either worn down by common Army
experience or accentuated through differences in training and
on-the-job experiences. We are now engaged in the longitudinal
phase of Project A which will allow us to assess the range of
opportunities for matching individuals to jobs even more
conclusively than was possible in the present analyses.
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=123-1
Predictor and Job Performance Constructs

Predictor Constructs
=v~e of Measure Construct Name

Armed Services Quantitative
Voc. Aptitude (ASVAB) Speed

Technical
Verbal

Project A: Cognitive Spatial

Project A: Percept. Complex Perceptual Accuracy
and Psychomotor Complex Perceptual Speed

Numerical Speed and Accuracy
Psychomotor Ability
Simple Reaction Accuracy
Simple Reaction Speed

Project A: Temperament Adjustment
Dependability
Physical Conditioning
Achievement Orientation

Project A: Interest Audio/Visual Interest
Combat Interest
Food Service Interest
Protective Service Interest
Skilled Technical Interest
Structural/Machines Interest

Project A: Job Job Autonomy
Orientation Organizational/Coworker Support

Routine Work

Performance Constructs
Type of Measure Construct Name
Hands-on and Written Core Technical Proficiency
Tests General Soldiering Proficiency

Administrative Effort and Leadership
Measures and Ratings Personal Discipline

Physical Fitness and Military Bearing
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The Number of Incumbents in the Nine A_&= Enlisted Jobs

Enlisted Job Number of Incumbents

Infantryman 491

Cannon Crewmember 464

Armor Crewmember 394

Single Channel Radio Operator 289

Light Wheel Vehicle Mechanic 478

Motor Transport Operator 507

Administrative Specialist 427

Medical Specialist 392

Military Police 597

Total 4039
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Standardind Reression Coefficients for Each Criterion Aminst AUL Predictors
(ased an Pooled Coveriance Matrix. nu4039)

Physical
Core Generat Effort F i tss/
TechnicaL Sotdiering mid Personal i Litary

Predictor Proficiency Proficiec Lod DisciDli Bearina

Quantitative .097 .130 .012 .063 .023
speed .020 -.011 .062 .032 .068
TechnicaL .103 .141 .155 .082 -..03
Verbel .116 .098 -. 080 *.029 .106
SpectiaL .196 .279 .014 -. 005 -. 021
Comptex Perc. Accy. .085 .112 .06 .06 .015
Complex Perc. Speed .032 .039 .052 .033 .032
Num. Speed/Accy. .032 .020 .016 -.-02 -. 026
Psychamotor - .003 .047 .020 -. 029 -. 011
Simpte Reaction Accy. .012 -.004 -.020 .011 .036
Simple Reaction Speed .026 .2 -. 014 -. 019 .044
Adjustment -.004 .000 -.004 .001 .02
DependebifLty .127 .128 .119 .314 .099
Physicat Condition -.053 -.007 .W -.054 .248
Achiev. Orient. -.003 -.045 .221 .040 .131
A"dio/Vfsust Interest -.054 -.008 .026 ..025 .038
Comiet interest .103 .167 .117 .017 .042
Food Service Interest -.050 -.036 -.060 -.042 .021
Prot. Service Interest -.009 .003 .011 -.033 -.051
Skilled Tech. Interest -. 010 -. 020 -. 031 -. 009 .009
Structural/Machine It. .054 -.007 -. 011 .026 .052
Job AutonrW .014 -. 007 .000 -.042 -.046
Job Support .034 .023 -.020 ..020 .017
Routine Work -.023 -.039 -.07 -. 015 -. 010

R-Squared .223 .305 .146 .114 .160

OT Vatues are maximum tiketihood estimates which may differ sLightty from OLS estimates
presented esetsiere. Also, no attempt was made to estimate parameters for the unsetected
poputation.
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Standardized ioearesfin Coefficients for Each Criterion Aeminrt Reduced Predictor Set
(Based on Pooled Coveriance Matrix. nn4039)

Physical

Core General Effort Fi tness/
Technical Soldiering and Perison -- Military

Predictor Profie€j- Prof iciencv Leadership Discipline jg

Quwtitat ive .0A8 .119 .002 .M58 .018
Speed .025 -. 006 .065 .033 .091
Technical .102 .142 .159 .086 -. 039
Verbal .123 .106 -. 075 -. 027 -. 101
Spatial .205 .293 .034 .007 -. 012
Complex Pere Accy .070 .093 .022 .011 .000
CompLex Pere Speed ...

NMo. Speed/Accy .039 .027 .024 -. 023 -. 019
Psychomotor - .007 .051 .025 -. 025 -. 007
Simple Reaction Accy .012 -. 004 -. 020 .011 -. 037
Simple Reaction Speed .033 .036 -. 004 -. 012 .052
Adjustmn . ...

DependubiLity .126 .123 .108 .308 .100
Physical Condition -. 053 -. 006 .011 -. 053 .249
Achiev. Orient. .005 -. 034 .220 .039 .153
Audio/VisuaL Interest -. 054 -. 014 -. 041 -. 030 .044
Caltst Interest .102 .167 .118 .017 .042
Food Service Interest -. 058 -. 047. -. 069 -. 045 -. 023
Prot. Service inte rest -. 006 .005 .00 -. 034 -. 048
Skilled Tech Interest .....

Structurat/Machine Int. .051 -. 014 -. 019 .029 -. 052
Job Autonomy .021 -. 002 -. 004 -. 047 -. 045
Job Support . .

Routine Work . .

R-Squared .221 .303 .143 .113 .159

.R=- Chi-Squre* a 35.07, df-2S, p,.09. A "." denotes that the predictor was
not incLuded in the regression model.
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Tab!e"
Chi-Sajare Values for Tests for Common Regression E,-etionr for Each Pair of Criteria

Core general Effort
Technical Soldiering and Pero-nal

Profic.J Profis Leade L rshi Di scipine

General Soldiering Proficiency 84.6
Effort and Leadership 374.5 416.6
Personal Discipline 513.1 754.2 5M6.6
PhysicaL Fitness/NiL. Mering 973.2 1230.9 559.6 542.0

MME.- ALl Chi-squares had P values Less than .001, indicating rejection
of the coemn predictor equation modeL.

Table 6
Standardized Rearession Coefficients Using Selected Predfctors for Each Criterion
(ased on Pooled Covarionce Matrix. r409)

Physical
Core General Effort F i tness/
Technical Soldiering and Personal MiLitary

Predictor Proficin Proficie LesdershR fiscit irm Berin.

Quantative .084 .114 . .055
Speed .027 . .045 . .077
Technical .101 .137 .140 .059 -. 047
Verbeal .132 .113 -. 061 . -. 092
SpatiaL .212 .295 .034
Comptex Pere. Accy. .064 .086

num. Speed/Accy. .049 .035 .038 .

Psychanotor . .054 .041
Simple Reaction Accy. . . -. 031
Simple Reaction Speed .054
Dependebi t y .127 .124 .112 .314 .100
Physical Condition -. 049 . . -. 062 .245
Achiev. Orient. . -. 040 .222 .041 .456
Audio/Viswt Interest -. 046 -. 03 -. 0349
Comet Interest .097 .158 .108 . .036
Food Service Interest -. 063 -. 051 -. 060 -. 038
Prot. Service Interest . -. 040 -. 053
Structural/Machine Int. .059 . -. 047
Job Autonmy . -. 046 -. 041

R-Squared .220 .302 .140 .110 .155

-MME Chi-Square a 32.86, df-38, p-.71. A . denotes that the predictor was
not included in the regression model for that criterion.
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Taut for Common Prediction Ecuations Across Nine Jobs

CRITERON CI-SQUARE DF P

Core Technical Proficiency 220.5 65 .000
General Soldiering Proficiency 80.7 57 .02
Effort and Leadership 69.7 57 .12
Personal Discipline 91.3 73 .07
Physical Fitness/Mil. Bearing 111.3 89 .06
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Table
Standardized Rearession Coefficients for Predicting Core Technical Proficiency Overall and for Each

133: 19E: 31C: 635: 64C: 71L: 91A: 955i:
113: Cannon Arwor Radio Vehicle Truck Admin. Nedic Military

Predictor Infantry Crew Crew Oper. Mechanic Driver Spec. Spec. Police ALL
......................... ........ ...... ..... ........ ...... ...... ..... ........ ....

ASVAB
auentitative. .101 .030 .038 .247 -. 018 .058 .301 .053 .106 .096
Technical .105 .002 .164 .133 .436 .254 -.179 .08 .036 .101
Verbal .162 .067 .100 .127 -. 030 -. 021 .088 .245 .110 .100

Project A
Spetial .258 .218 .209 .101 .060 .163 .250 .225 .177 .197
Complex Prec Accy .045 .052 .101 .095 -. 028 .090 .149 .019 .078 .063
Dependability .066 .056 .080 .118 .071 .079 .1" .226 .116 .099
Cobat Interest .16" .210 .156 .034 .157 .062 -. 062 .106 -. 010 .097
Food Serv. Int. -. 086 -. 101 -. 052 .060 -. 057 -. 041 -. 04A -. 018 -. 067 -. 057

R-Squered
Separate Prod. .350 .163 .291 .224 .349 .225 .300 .291 .136 n/a
Combined Pred. .336 .126 .283 .184 .270 .197 .186 .253 .117 .214
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Large Scale Data Collection and Data Base Preparation

In the summer and fall of 1985, data were collected for
the concurrent validation phase of the Army's Project A. An
extensive array of predictor and criterion measures were
administered to approximately 9,500 entry-level soldiers and
ratings of these soldiers' performance were also obtained
from approximately 7,000 supervisors. The original Project A
Research Plan specified a concurrent validation target sample
size of 600 job incumbents for each of the 19 jobs or
Military Occupation Specialties (MOS), using procedures that
had been tried out and refined during the predictor and
criterion field tests. The Research Plan further specified
that data would be collected at 13 separate sites (Army
Posts) in the United States and two in Europe. Individual
sites were selected on a basis that maximized the probability
of obtaining the target sample sizes without exceeding the
project budget.

The logistics involved in such a large-scale data
collection effort are fairly complicated and the sheer volume
and complexity of the resultant data base presents a
challenge to ensure that the data available for analysis will
be the highest quality possible. This paper describes our
attempt to meet the logistical demands of the concurrent
validation data collection and the procedures we used to
assemble and edit the resultant data base.

Data Collection

SamDlina Plan

The general sampling plan was to use the Army's
World-Wide Locator System to identify all the first-term
enlisted personnel in the 19 target OS at each of the 15
selected sites who entered the Army between 1 July 1983 and
30 July 1984. The intent was to represent as many Army
"units" as possible while preserving enough cases within
units to provide a "within rater" variance estimate for the
supervisor and peer ratings of Job performance. A two-step
sampling procedure was followed.

1. For each site, identify a subset of the 19 target
MOS from which it would be possible to draw a large
enough sample. That is, given ,he entry date
"window" and given that only 50-70 percent of the
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people on any list of potential subjects could
actually be found and tested, what MOS are large
enough to warrant sampling them at that site?

2. For each MOS in the subset identified above,
identify the smallest "unit" from which 6-10 people
can be drawn. Ideally, we wanted to sample 4 to 6
units from each site and 6 to 12 people from each
unit. For the total concurrent sample this would
provide enough units to average out or account for
differential training effects and leadership
climates, while still providing sufficient degrees
of freedom for investigating within-group effects
such as rater differences in performance appraisals
and in work environment descriptions.

This procedure yielded a rather elaborate matrix of all
MOS by site by unit combinations that could reasonably be
sampled. From this, a specific sampling plan was prepared
for each site that represented the most efficient way
possible by obtaining our target across sites of 600 soldiers
in each of the 19 MOS.

For a few MOS, there were fewer than 600 soldiers
available across all 15 sites with the appropriate accession
dates. The decision was made to slightly over-sample the
remaining MOS, so our total target sample was still
approximately 11,400.

Preparation for Data Collection

Obtainina suRDort. Work began over a year in advance of
the actual data collection to obtain the support necessary to
reach our target sample. Troop Support Requests (TSR) had to
be submitted far in advance, detailing the purpose of the
data collection, the schedule of events, the locations, the
number of hours required of each soldier, and the complete
personnel, classroom, and equipment requirements. After the
TSR were submitted, senior project staff met with the Chief
Executive Officers (four star generals) of the organizations
providing support. Numerous briefings were conducted at
various points down the chain of commands, culminating in a
two-day meeting with the Point of Contact (POC) assigned to
this effort at each site, six months prior to data collection
at that site. From this point on, we coordinated primarily
with the POC, who was responsible for providing the required
troops to be tested, test scorers and other support
personnel, equipment, classrooms, etc. This sequence of
activities could be summarized as twelve months of planning,
briefing, coordinating, cajoling, visiting and monitoring.
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Training data collection teams. In order to cover 15
sites in a relatively short period of time, where each site
required four to eight weeks of testing, several data
collection teams had to be assembled and trained,

Each data collection team was composed of a Test Site
Manager and six or seven team members who were responsible
for predictor and criterion administration. Test Site
Managers were selected from regular project staff who had
participated heavily in the field tests. The remaining team
members were made up of a combination of regular project
staff and individuals (e.g., graduate students) specifically
recruited for the data collection effort. This team was
assisted on-site by eight Non-commissioned Officer (NCO)
scorers (for the Hands-On tests), one company-grade officer
POC, and up to five NCO support personnel.

The data collection teams were given three days of
training at a central location. During this period, Project
A was explained in detail, including its operational and
scientific objectives. After the logistics of how the team
would operate (transportation, meals, etc.) were discussed,
the procedures for data entry from the field to the computer
data base were explained in some detail. Emphasis was placed
on how to reduce entry errors by ensuring careful recording
of responses and correct identification of answer sheets and
computer diskettes.

Next, each predictor and criterion measure was examined
and explained. The trainees took each predictor test in its
entirety, and worked through samples of each criterion
measure. Considerable time was spent on the nature of the
performance rating scales, rating errors, rater training, and
the procedures to be used for administering the ratings. All
predictor and criterion administration manuals, which had
been prepared in advance, were studied and reviewed, role
playing exercises were conducted, and hands-on instruction
for maintenance of the computerized test equipment was given.

The intent was that by the end of the three-day session
each team member would (a) be thoroughly familiar with all
predictor tests and performance measures, (b) understand the
goals of the data collection and the procedures for obtaining
these goals, (c) have practiced administering the instruments
and received feedback, and (d) be committed to making the
data collection as error-free as possible.

As noted above, eight NCO scorers were required for
Hands-On test scoring. Training for these scorers took place
on site over one full day and consisted of (a) a thorough
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briefing on Project A, (b) an opportunity to take the tests
themselves, (c) a check-out of the specified equipment, and
(d) multiple practice trials in scoring each task, with
feedback from the project staff.

Data Colleation Procedures

Each soldier was tested for a total of either 16 or 8
hours, depending on whether he/she was in a "Batch A" MOS
(for which we had MOS-specific criterion measures) or a
"Batch Z" MOS (for which we did not). Some of the testing
could only be done in fairly small groups because of the
equipment required, e.g., Hands-On criterion tests and
computerized predictor tests. To accommodate this
restriction and still process the maximum possible number of
soldiers each day, the predicator and criterion measures were
arranged in four-hour testing blocks, each conducted in a
separate location. A group of soldiers could then be
separated randomly into subgroups and the subgroups rated
through the separate testing blocks. The measures
administered in each testing block are shown in Figure 1.

Data Base Preparation

Description of Data Base

A total of 9,430 entry-level soldiers in 19 MOS were
tested during the concurrent validation data collection.
This represents approximately 83% if the total target sample
of 11,400. Figure 2 presents a breakdown of this sample by
site and by MOS. The MOS are grouped by "batch". Recall
that for nine MOS, designated Batch A, an extensive array of
criterion measures was developed and administered, including
a number of MOS-specific measures. For the remaining 10 MOS,
designated Batch Z, an abbreviated set of criterion measures
was used.

All of 19 MOS received the same set of predictors. A
complete listing of these predictor and criterion measures
appears below:
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A. Predictors:

* Paper-and pencil tests: six cognitive ability
tests

0 Computer battery: 10 perceptual/psychomotor
tests

B. Criteria:

• Hands-on tests: observation and scoring of
performance on 14-17 carefully sampled job
tasks (Batch A only)

* Job knowledge tests: written tests of facts
and procedures for 30 carefully sampled job
tasks (Batch A only)

• School knowledge tests: written tests of facts
and procedures taught during training for the
MOS

• Ratings of performance by peers and
supervisors on several sets of rating scales,
including:

- 11 Army-Wide Behavior Summary Scales
- 8 to 13 MOS-Specific Behavior Summary Scales

(Batch A only)
- 15 Job Task Rating Scales (Batch A only)
- 11 Common Task Rating Scales (Batch Z only)
- 40 Combat Performance Prediction Scales

• Self-report of administrative and personnel
records, including:
- letters and commendations
- Physical Readiness Test Score
- Marksmanship Score
- disciplinary actions (Articles 15, Flag

Actions)

* Job History: 'how often' and 'last time' 30
sampled job tasks were performed (Batch A
only)

* Work Environment: ratings of 99 items
concerning situation at work
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Table 1 illustrates the sheer volume of data that were
collected.

Editing and Preparation of Data Files

One of the first steps in dealing with so many different
instruments, collected at different times at different
testing stations, was to match up all of these pieces of
information using the common identifier, in our case the
Social Security Number (SSN). Before any attempt was made to
edit each individual file for merging, a Link file was
created. Basically, the Link file consisted of the SSN for
each soldier for whom we had any data and a flag for each
data source. The idea was to build a relatively manageable
file and to resolve all the problems concerning the
identifiers before merging.

We found that, although soldiers could reliably write
their SSN on a piece of paper, they did not always 'grid'
them correctly on our machine scannable forms. In general,
we found about 5 percent SSN errors in our sample. There is
no simple way to identify the erroneous digit(s), so a great
deal of time was spent matching unmatched records by hand.
In additioh to editing the SSN in our Link file, we also
spent some time editing a selective set of demographic
variables, including sex and race.

It was not sufficient to verify that variables such as
sex and race were within range. In order to identify
"errors" on theses variables, we merged two other Army data
sources with our data base and compared all three sources for
discrepancies. In the case of sex codes, we frequently
inspected the soldiers' first names to resolve differences.
In the case of race variables, we used a two-out-of-three
majority rule.

After the initial editing of basic identifiers and
demographic variables was complete and before different
pieces of data were merged and ready for analysis, there were
many issues that needed to be resolved. These issues
included: random responding, missing data, different testing
conditions and equipment differences. The decisions that
were made regarding how to deal with each issue have
subsequently proved to be extremely important to the analyses
that were performed.
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Random ResDondina. For multiple choice tests, it is not
uncommon for some responders to randomly mark on the answer
sheets. This is particularly true when there is no real
incentive for taking the test to begin with, unlike tests
such as the SAT or GRE. Three different procedures were
developed to identify random responding. The first method
was by reviewing the test administrators' "problem" logs. At
each site, the test administrator was instructed to write
down any unusual situations during testing, e.g., it was
obvious that someone was not taking the test seriously. Each
entry on these logs was entered on a computer file with SSN
and a code for that particular "problem". These problems
included things such as responded randomly, refused to
cooperate and fell asleep etc. Scores were not computed for
tests we were told had been completed at random.

The second method used to detect random responding was
to score the eight items that were developed for this purpose
and embedded in one of the predictors. These items had an
extremely obvious "right" answer. For example:

The branch of the servioe that deals most with airplanes
is the:

1. Military Police
2. Coast Guard
3. Air Force

If a soldier got three or more of these eight items
wrong, he/she was assumed to be responding randomly and
scores were not computed for that instrument.

The third method used was a random response index. For
the written tests, a random response index was defined as the
correlation between the item score (1 for correct and 0 for
incorrect) and item difficulty (expressed as the proportion
of subjects who answered the item correctly). For most
soldiers this correlation was positive since there was a
tendency to get the easier items correct and miss the more
difficult items. In a few cases this correlation was
essentially zero, suggesting random responding. For these
subjects, all of their responses for that particular
instrument were set to missing.

For the performance rating scale data, we screened for
unreliable raters. We constructed reliability indices for
each rater by comparing their ratings with the average of all
other raters' ratings of the same soldiers on the same
scales. Both mean difference and correlational indices were
used in identifying "outliers" among the raters.

Missing Data. No matter how carefully any data
collection is planned and monitored, some amount of missing
data is inevitable for various reasons. Some of these
reasons for missing data in our data set are shown in
Figure 3.
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One option for dealing with missing data is to delete
all of the records for any soldier who had any missing data.
This was not an acceptable procedure for our data set.
Table 2 shows the number of Batch A soldiers with different
patterns of complete and missing data across the four main
performance measurement methods: School Knowledge Test (SK),
Job Knowledge Test (JK), Hands-on Tests (HO) and Ratings
(RA). Fewer than 15% of the cases in the entire sample have
complete data for all four methods. If the ratings data are
set aside, there are still fewer than 25% of the subjects
with complete hands-on, job knowledge, and school knowledge
data. Ignoring the hands-on data still leaves only about 42%
of the subjects with complete data on the remaining measures.
Even if one was willing to conclude that the sample of
soldiers with complete data is representative of the target
population, the sheer loss of statistical power associated
with the reduced sample size would be unacceptable.

The processing of missing data was approached in two
stages. In the first stage, we focused on one instrument at
a time and dealt with only those subjects who were missing a
small amount of data on the instrument under consideration.
In the second stage, we formulated procedures for dealing
with subjects who were missing a high percentage or all of
the data on a given instrument.

Stace I: Missina Data within Each Instrument. We
examined the distribution of the missing data for each
instrument-and found that most were bimodal. Most soldiers
had only a small number of missing items or scales but a
small number had all or nearly all elements missing. For
cases with minimal missing data (usually a ten percent limit
was used), we filled in missing values so as to be able to
compute overall performance scores. (The procedure used for
imputing values is discussed at the end of this section.) For
cases with larger amounts of missing data, we did not attempt
to compute any scores for the instrument in question. In
general, we sought to retain 90 - 95% of the soldiers tested
in each MOS, but to eliminate cases with more than 10%
missing elements.

Hands-on measures have a different pattern of missing
data that warrant a more detailed discussion here. First of
all, for several MOS, the hands-on scoring differed for
different equipment. In order to achieve comparable scores
across these equipment differences, wesplit the examines into
separate "tracks" corresponding to the different variations
in equipment. For Military Police (95B), for example,
females use and were tested on a .38 caliber hand gun while
males use and were tested on a .45 caliber hand gun. We
found minimal differences between track samples on those
tasks that were scored the same, so we achieved comparable
scoring by standardizing scores computed from tracked tasks
separately for each track sample. Scores for each track were
standardized to have a mean and standard deviation that
matched the original overall mean for the score in question.
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We also checked for anomalies in the Hands-On data
such as outliers in quantitative scores, incompatible
pass-fail patterns of scores, incorrect coding of soldier ID
numbers, and incorrect coding of tracked tests for soldiers.
This examination produced 1200 queries. In about 3/4 of the
cases, we were able to reach some resolution which provided
scores for missing data points or corrected scores for
incompatible scores by retrieving the original scoresheets.
For example, one common problem was for scorers to write a
note that a soldier could not do any of the steps in a task,
and then not mark the "NO-GO" (fail) columns for those tasks
on the scoresheet. These "missing" scores were changed to
"NO-GO" scores.

By far, the greatest reason for non-equivalence in data
sets across soldiers was related to equipment. In six of the
nine MOS, anticipated variations in equipment necessitated
the preparation of tracked versions of tests. Two of these
tracks resulted in whole tasks not being administered to a
large number of soldiers; an additional 14 tasks were tracked
with either completely separate versions of the test, or
branching within steps of the test. In addition,
unanticipated variations in equipment required Hands-On test
managers (project staff) to modify tests in three NOS on site
by specifying steps that should not be scored on existing
tests Seven tasks had such "last-minute" tracks. On an MOS
by MOS basis, rules were established, consistent with Army
Doctrine, for equating performance scores across these
equipment variations. Discounting these planned and
unplanned tracks, most of the remaining cases of incomplete
data resulted from unavailable or faulty equipment. Thirteen

percent of the task tests could not be administered because
of unavailable equipment and two percent could not be scored
due to faulty equipment.

The remaining cases of missing Hands-On data were due to
a variety of circumstances, most of them unavoidable, such
as soldiers who had physical handicaps that prohibited them
from performing certain activities, injuries, illness and
competing demands for the soldiers time.

After dropping cases with too much missing data or with
random responses, we imputed values for the remaining missing
data so that summary scores could be computed. The option
that we used to fill in missing values was a procedure that
had been developed for the National Center for Education
Statistics (now the Center for Education Statistics)
known as PROC IMPUTE.1 Several features of PROC IMPUTE made
it preferable to other readily available options for filling
in the missing values.

1Wise, L.L. & McLaughlin, D.H. (1980). guidebook for
the imputation of missing data. Palo Alto, CA: American
Institutes for Research.
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PROC IMPUTE uses regression equations to predict missing
values and also adds a random variable with variance equal to
the error of estimate for predicting the missing value such
that the imputed values are not highly correlated with values
on other nonimputed values.

PROC IMPUTE was used in all instances except one. For
the written tests, a distinction was made between internal
omits (prior to the last item answered) and items that were
not reached (omits after the last item answered). For
internal omits, we assumed that the examinee did not know the
answer and substituted a score equal to the guessing rate
(e.g., .2 for a 5 option item). If the actual proportion
passing the item was lower than the guessing rate, the
proportion passing was used instead. We made no assumptions
regarding items not reached since the examinee may not have
had time to demonstrate knowledge of the item. Not reached
items were imputed with PROC IMPUTE, as were all missing
hands-on steps and rating scales.

Stage In: Mising Instruments. After cases were dropped
or missing values were filled in on an instrument-by-
instrument basis, we were ready to compute overall
performance scores that combined information from the

different measurement methods. The decision at this stage
was whether to estimate individual scores if only partial
data were jvailable for the individual. We decided on a 50%
rule. An examinee had to have data on at least half of the
instruments going into a particular performance construct
before we would estimate a score on that construct. Where
50% or fewer of the pieces were missing, PROC IMPUTE was
again used to fill in the missing pieces.

Table 3 shows the number of soldiers in each MOS who had
missing values for each instrument after the completion of
the Stage I imputations and screening. In most instances,
the number of missing cases was quite small (1 or 2%). The
chief exceptions were two of the administrative measures.
(Administrative measures were not included in Stage I imputa-
tions because they do not include a large number of component
parts.) Physical Readiness Test scores were missing for 10
to 15% of the examines. In most instances, peer and super-
visor ratings of physical fitness were available for these
same examines. Similarly, Promotion Rate Deviation scores
were missing for a significant number of cases (15%). This
was primarily due to problems in retrieving Accession File
information needed to compute time-in-service.
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Collecting data from 10,000 soldiers in 15 locations
over six months is a difficult task, one that requires
careful planning, attention to detail, an ability to adapt, a
fondness for crisis management, and a special relationship
with the telephone. For anyone planning an effort of like
grandeur (or even grander), a few lessons learned from some
of the survivors seems appropriate.

Pl.nnina. Start as early as possible (18 months before
collecting data) to identify the support you will need, to
include personnel, equipment, facilities, and time require-
ments. Once you know what you need and when you need it,
schedule a series of briefings. Start at the top with the
Chief Executive Officers of the organizations who provide the
support and work your way through a series of briefings until
you reach the local POC responsible for seeing that you get
what you need when you need it. Be prepared to change your
plans at each step to meet local concerns. Once you meet and
brief your POC, you can begin coordinating.

Coordinatina. The closer the time to begin data
collecting, the more frequently you will speak to the POC.
Expect to speak daily when you get within 30 days of data
collection. In some instances, you may have to make a trip
to the installation for a final coordination meeting. Be
prepared to be very flexible with regard to the
installations' internal schedule.

2eating. Most of the lessons learned in this category
have to do with hands-on testing.

1. Many instances of equipment variation can be (and
were) anticipated. Test developers and site coordinators
must find out what major pieces of equipment are not likely
to be available at the selected sites in advance of actual
testing if high quality tracked tests are to be prepared.

2. Printed scoresheets must be proofed carefully to
ensure that for every step which should be scored, a score
can be recorded.

3. Scorers must be thoroughly trained, not only on how
to set up and administer the tests, but also on how to record
data on the scoresheets. They must be given practice in
using
the scoresheets (not just talked through it) before testing,
and monitored closely during testing, especially with the
first few soldiers tested. Continual monitoring must also
occur throughout the testing.

4. Scorers and hands-on managers must document
meticulously who was tested on what, and also who wasn't
tested on what, and why.
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5. Experienced hands-on managers are often able to
implement procedures to deal with equipment malfunctions or
variations, but these too must be documented.

6. Completed scoresheets must be checked as soon as
possible after testing so that careless or incorrect scoring
can be detected, and the errant scorer can be retrained.

Collecting. Many of the problems that we encountered in
Linking could have been avoided if all of the data were
checked carefully at the site before sending them off to
scanning company. We also found that where we could use a
single header sheet for a group of instruments that can be
scanned together, then there are fewer opportunities for
discrepancies.

Processing. Never try to do too many all at once! Deal

with one instrument at a time before merging. Frequently,
problems will get complicated after merging.

Imputing. The decision rules and imputation procedures
used with the CV data were successful in allowing us to
develop performance scores for a very high proportion of the
soldiers tested. Based on the available evidence, we have no
reason to believe that any significant distortions were
introduced while achieving this goal. Relatively few values
were imputed at all. Where imputation was necessary, it was
done with great care.

The apparent ease of imputation procedures should not,
however, lead us to relax our data collection procedures in
the future. Lessons learned from investigation of the
reasons for missing data will be used to modify data
collection procedures for the Project A longitudinal
validation so as to further reduce the amount of missing
data.
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Figure 1

ONCURRNT VALIDTION TESTING BLOCKS (FOUR MOURM 32C)

.BATCH A NOS BATCH Z NOS

Block I Predictor Tests Block 1 Predictor Tests

Block 2 School Knowledge Tests Block 2 School Knowledge
NOS-Specific Job Tests

Knowledge Tests Army-Wide Ratings

Block 3 OS Specific Hands-
on Tests

Block 4 OS-Specific Ratings
Army-Wide Ratings
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Figure 3

RIABONS FOR MISSING DATA

KNOWLEDGE TEST

"* Soldiers Not Available for Part or All of Scheduled
Time

"* Soldiers Exceptionally Slow in Taking Test
"* Soldiers Not Following Instructions

RATING DATA

e No Suitable Raters Available
e Soldier Does Not Perform Some Kinds of Tasks
o Rater Not following Instructions

HANDS-ON DATA

e Anticipated Variation in Equipment
o Unanticipated Variation in Equipment
e Soldiers Not Available for Part or All of Scheduled

Time
e Equipment Breakdown or Nonavailability
e Conditions Preventing Testing of Some Soldiers on Some

Tasks
e Scorer or Scoresheet Errors
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TABLE I

Concurrent Validation Data Base

TOTAL TOTAL TOTAL
RQD BYTE OF INfO DATA POINTS.

Predictor Data: Paper-&-pencil 88,669 7,241K 6,321K

Predictor Data Computer 687,830 51,336K 11,832K

Criterion Data: Hands-on 77,921 3,326K 2,015K

Criterion Data: All other,
including written tests 107,561 12,994K 9,283K

TOTAL 961,981 74,9001 29,4511

2 1ncluded all identifying information from each instrument
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Table 2

NUMBER OF CAS•ES WITH COXPLETE DATA FOR
EACH COMBINATION OF CRIITRION INSTRUMENTS

Batch A MOS

Complete Comp SK Miss SK Missing
SK & JK Miss JK Comp JK SK & JK TOTAL

Complete HO & N 772 189 122 58 1141
Complete RA % 14.65 3.59 2.32 1.10 21.66

Complete HO & N 526 130 72 29 757
Missing RA % 9.98 2.47 1.37 0.55 14.37

Missing HO & N 1436 364 215 125 2140
Complete RA % 27.26 6.91 4.08 2.37 40.62

Missing HO & N 784 241 125 80 1230
Missing RA % 14.88 4.57 2.37 1.52 23.35

TOTAL - N 3518 924 534 292 5268
66.78 17.54 10.14 5.54 100.00
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Table 3

NUMBER OF CASES
MISSING EACH INSTRUMENT

iii ia• i•E 31C 63B 64C =lL IA i5

Total N 702 667 503 366 637 686 514 501 692

Final Counts After Stage I Screening and ImDutation

Missing Hands-On 20 55 29 25 68 46 20 5 27
Missing Job Know 24 29 44 40 41 18 13 18 29
Missing Sch Know 18 28 18 17 25 17 21 22 18
Missing AW BARS 7 2 1 8 12 8 11 3 0
Missing MOS BARS 9 12 3 9 18 13 23 8 0
Missing Comb Pred 7 2 1 8 12 8 11 3 0
Missing Al: Awards 14 24 13 13 11 12 14 11 4
Missing Al: Phys Red 63 93 53 30 80 81 60 59 57
Missing A4: Arts. 15 23 28 16 14 11 14 15 14 4
Missing A5: Prom Rt 109 143 83 62 97 86 79 61 84

Total Complete 512 406 335 241 411 486 355 374 513
% Complete 72.9 60.9 66.6 65.9 64.5 70.9 69.1 74.7 74.1

Final Counts After Stage II Imputation

Total Complete 693 656 490 356 615 675 506 492 686
% Complete 98.7 98.4 97.4 97.3 96.6 98.4 98.4 98.2 99.1
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Abstract

To investigate factors related to the predictive ability of

biodata. a set of biodata items was evaluated in terms of three

hypothesized characteristics: heterogeneity, behavioral

discreteness, and behavioral consistency. Evaluations for each

item were correlated with the validity of the item, which had been

previously obtained in a large criterion-related study predicting

both job performance and training performance. Results suggest

that the item characteristics can be rated reliably and that the

ratings are significantly related to validities. Implications of

the study are discussed for both conceptual understanding of

biodata and increased predictability for biodata measures.
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Characteristics of Blodata Items

and Their Relationship to Validity

Biographical data (biodata) has been widely used for many

years and has yielded impressive validities in predicting

performance in applied settings. Ghiselli (1955) found biodata to

be among the best predictors available in his extensive review of

cognitive and non-cognitive predictors, and more recent reviews by

Owens (1976), Reilly and Chao (1982), and Barge and Hough (1984)

have also supported the outstanding predictive power of biodata.

Despite its notable validity, however, the mechanisms through

which biodata attains prediction are still poorly understood. The

constructs that organize and define the domain have not been

widely accepted, and characteristics of a biodata instrument that

produce its validity have not been explicitly identified.

Conceptually-oriented research on biodata has increased in

the last ten years, led by Owens and his colleagues who developed

and validated a conceptual model and associated biodata subgroups

(Owens, 1976; Owens & Schoenfeldt, 1979; Davis, 1984). Other

research has addressed stability and generalizability of biodata

factors (Eberhardt & Muchinsky, 1982a, Lautenschlager & Shaffer,

1987), relationships between biodata and vocational interests

(Eberhardt & Muchinsky, 1982b, 1984), and linking of biodata to

job analysis components (Pannone, 1984). Rational keying of

biodata scales has also been researched (Matteson, 1978; Mitchell

& Klimoski, 1982).
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While this increased conceptual orientation has been

valuable, other aspects of biodata have received relatively little

attention. In particular, little is known about the

characteristics of biodata measures that contribute to their

predictive validity. Many developers of biodata instruments have

their own theories of what produces a valid inventory, but these

theories are typically informal and have usually not been tested

empirically. The purpose of this research is to delineate three

hypotheses pertaining to biodata item validity, and to test these

hypotheses formally.

The first hypothesis relates to the heterogeneity of biodata

items, the tendency for biodata items to incorporate several

"pure' behavioral tendencies or traits in a single complex

behavior. For example, a biodata item pertaining to performance

in school may simultaneously tap intelligence, academic interest,

dependability, and several other characteristics. This

heterogeneity may contribute to the item's validity because most

performance criteria are also heterogeneous and require the

application of several characteristics simultaneously. Thus,

biodata items that are maximally heterogeneous may produce optimal

validity.

A second hypothesis pertains to the behavioral discreteness

of biodata items. Behavioral discreteness refers to the tendency

for biodata items to address a single, perhaps verifiable,
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behavior rather than a more abstract or summary characteristic.

For example, a biodata item may ask about the number of jobs a

respondent has held rather than asking for a self-perception of

stability. Since the response to a more discrete item involves

less respondent evaluation and is also potentially verifiable, the

information provided may be more accurate and may produce better

prediction.

The final hypothesis to be tested involves behavioral

consistency, or the extent to which the behavior addressed in the

biodata item parallels behavior involved in the criterion. This

hypothesis is related to the 'sign vs. sample" distinction

(Wernimont & Campbell, 1968), which suggests that predictors can

function as a "sample" that very closely parallels criterion

behaviors or as a 'sign* that may be very different in content

from criterion behavior. An assumed advantage of biodata items is

that the behaviors they address are more similar to the criterion

than may be the case for "sign" measures such as personality or

vocational interests. This similarity results in less of an

inferential leap from predictor to criterion and may therefore

improve validity. Thus, biodata items developed to closely

parallel criterion behaviors may produce the highest validity.

Each of the hypotheses described above has been mentioned

previously as a potential reason for the high validity of biodata

measures. Each hypothesized characteristic also distinguishes
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biodata from other domains of assessment, since heterogeneity,

behavioral discreteness, and behavioral consistency are more often

characteristics of biodata items than of items from related

domains, e.g. personality or vocational interests. The

characteristics may describe quite well the biodata domain as a

whole, yet individual biodata items may also differ a great deal

in their standing on each of the characteristics. The objective

of this research was to determine whether item differences on the

characteristics can be evaluated reliably and whether evaluations

of these characteristics are related to the criterion-related

validity of the items.

Method

Biodata itms

103 items from Owens' Biographical Questionnaire (BQ;

Psychological Corporation, Copyright, 19S7) were evaluatid in this

investigation. The BQ is among the most heavily researched

biodata inventories in existence and is composed of the items that

were found to measure the biodata domain best in a series of

iterative analyses (cf. Owens & Schoenfeldt, 1979). Items pertain

primarily to experiences occurring early in life and during and

shortly after high school, which was appropriate for the sample

from which the validity data were available. Items were also

quite diverse in content and addressed virtually all significant

areas of life experience. A multiple choice, continuous response
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format was used with the items, (e.g. "How active have you been in

athletics? Extremely Active, Very Active, etc.").

Two groups of raters were included in the investigation,

referred to as experts and students. The expert group includes 40

of the country's most highly recognized and experienced biodata

researchers, each of whom has published in the area and many of

whom have developed and validated biodata inventories personally.

Although all members of this group could be considered expert,

they differ widely in perspective. Some are employed in industry,

some at universities, some at research firms, and a few are

retired. In addition, their ideas about biodata are often

strikingly different (based on their published work), ranging from

a highly conceptual orientation to a strict empirical prediction

stance.

The student group includes 17 graduate students in

industrial/organizational psychology at the University of

Minnesota. At the time of the investigation, students had

completed between 6 months and 3 years, 6 months of graduate

education, bjt none had extensive experience or knowledge

regarding biodata in general or the development of a biodata

inventory. The students differed somewhat in amount of

experience, both in validation research and in research in

general.
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Ratiog 91 Characteristics

Rating packages were developed for each rater, including an

explanation of each hypothesized item characteristic, a set of

instructions and example item ratings, and a rating booklet. The

rating booklet collected three ratings (one for each hypothesized

characteristic) for each of the 103 items. Raters were asked to

read through the rating materials, make their ratings, and return

their completed booklets. They were also encouraged to bring up

any questions or comments concerning the rating task.

Item validity data had been obtained for each of the 103

biodata items as part of Project A, which is a very large

criterion-related validation effort intended to improve the

selection and classification of Army enlisted personnel (Campbell,

1987; Eaton, 1984). The validity sample included junior Army

enlisted personnel working in each of four jobs (radio teletype.

armor crewman, vehicle operator, and administrative specialist),

and validity information was available for both training and job

performance criteria. Sample sizes range from 700 to 2200 for

each job in the training performance data set and from 140 to 268

per job in the job performance data set.

Within each of these data sets, item validities are reported

separately for a number of criterion constructs or measures

developed as part of Project A. For example, the end-of-training
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criteria for administrative specialists includes: I) Typing

learning rate, 2) Final typing speed, 3) Typing tasks, times

tested, and 4) Nontyping tasks, times tested. Job performance

criteria include five performance constructs for all jobs: Core

Technical Proficiency, General Task Prof/iciency,

Ef f ort/Lcadership/Scl(-development, Personal Discipline, and

Physical Fitness and Personal Appearance.

Ratings of the biodata items were analyzed separately for

expert and student groups. Means, standard deviations, and

frequencies were computed for each item for each characteristic.

Inter-rater reliabilities were also calculated for each of the

rated characteristics, separately for the individual rater and for

the group composite. Finally, correlations were computed between

item means for each of the characteristics, to examine• both the

relationships between the characteristics and the relationship

between expert and student ratings.

In the validity data, the range, mean, and standard deviation

of the item validities within each data set (i.e. for each

criterion measure for each job) were calculated. These analyses

provide information concerning the general level of validity

attained by the items, as well as the variance of the validities.

Correlations were computed between the mean ratinp for each

item for each characteristic and the validities of the items for
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each criterion/criterion construct. These correlations indicate

the degree to which an item's standing on a characteristic is

related to its validity. All correlational analyses were

conducted separately for expert and student raters; results for

each group were then compared.

Results

LI=e RafJius

Completed rating booklets were received from 22 members or

55% of the expert group and 12 members or 71% of the student

group. Comments from the raters indicated the ratings were

sometimes quite difficult to make, although difficulty apparently

varied across each item-characteristic judgment. Item means were

slightly lower for ratings of behavioral consistency than for

heterogeneity and behavioral discreteness, and rating standard

deviations were around 1.0 for each of the characteristics.

Overall, the ratings ranged from 1.33 to 4.83 (on a 5 point

scale), and most means were between 2 and 4. The frequency

information suggested that most ratings were fairly normally

distributed about the mean.

Ratings of each of the characteristics were correlated

somewhat with each other. Heterogeneity correlated -.27 with

Behavioral Discreteness and -. 35 with Behavioral Consistency.

Discreteness correlated zero with Consistency. The ratings of

experts correlated highly with those of students: .78 for
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heterogeneity, .89 for behavioral consistency, and .97 for

behavioral discreteness.

Inter-rater reliabilities for the ratings are shown in Table

1. In general, the reliabilities are quite good and suggest the

ratings are sufficiently consistent to justify relating them to

the item validities. Ratings appear to be most reliable for the

behavioral discreteness and behavioral consistency characteristics

and are less reliable for heterogeneity. Expert and student

raters attained approximately equal levels of reliability.

The overall absolute level of the item validities ranged from

a low of zero to a high of .43. Validities were higher' and had

more variance in the job performance data sets than in the

training performance data. Mean item validities were

approximately .08 with a standard deviation of about .06 in the

job performance data sets and were around .04 with a standard

deviation of about .03 in the training performance data sets.

ColCja between ans LB vliditie

Correlational results for the job performance criteria are

summarized in Tables 2 through 5. These tables report

correlations between item mean ratings for each characteristic and

item validities for each of five performance criteria. Results

are therefore an index of the relationship between ratings of an

item's characteristics and the item's validity in predicting

various dimensions of job performance.
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Tables 2 (expert results) and 3 (student results) show the

correlations obtained when computed in the sample as a whole and

when computed separately within each job and then averaged.

Tables 4 and 5 present similar results, reported separately for

the administrative specialist job only and the armor crewman job

only. The correlations obtained for the administrative specialist

job are the highest of all four jobs, while results for the armor

crewman are the lowest and least consistent. Despite this across-

job variability in the level of correlation, the pattern of

correlation for each of the jobs is quite consistent with the

overall across-job average.

Several findings are notable in the correlational results.

First, ratings of heterogeneity are negatively correlated with the

validity of the items; that is, items that were rated low on

heterogeneity are more valid than items judged to be high in

heterogeneity. Ratings of behavioral discreteness and behavioral

consistency are positively correlated with item validities. Thus,

items rated as discrete and consistent with criterion behavior

tend to produce higher validities than items of a more evaluative

or summary nature or items that function as a "sign" of criterion

behavior rather than a *sample*.

The magnitude of the relationships between ratings and

validities is strongest for the criteria of Core 'Technical

Proficiency and General Task Proficiency. These performance

dimensions are known informally as the "can-do* criteria, as

opposed to "will-do* criteria such as Effort/Leadership. Personal
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Discipline, or Physical Fitness. Relationships are also much

stronger when computed within the administrative specialist job

alone. Finally, comparison of results shows that both the pattern

and level of correlation is highly consistent for both expert and

student raters.

Findings from correlational analyses with the training

performance validities present a similar picture, as shown in

Tables 6 and 7. Results are averaged across the training criteria

within each job, since the criteria differed by job and it was

therefore impossible to compare results across jobs. Averaging

across training criteria within a job also appears reasonable

since the criteria are similar conceptually (e.g. typing learning

rate and final typing speed).

As with the job performance criteria, correlations are

negative between training validities and ratings of hetirogeneity

and are positive between validities and ratings of behavioral

discreteness and behavioral consistency. The strongest

relationships are for the vehicle operator and administrative

specialist jobs, a result that is also found in the job

performance results. Finally, the pattern and level of

correlation obtained is again highly similar for expert and

student raters, although the expert ratings attained slightly

higher relationships with the training validities.
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Discussion

Although preliminary, investigation results suggest that each

of the three hypothesized characteristics (heterogeneity,

behavioral discreteness, and behavioral consistency) is an

important, stable, descriptor of biodata items and their ability

to predict criteria. Each characteristic was rated reliably by

both expert and student raters, and each characteristic correlated

significantly with item validities for both job performance and

training performance criteria. Behavioral consistency appears to

be the item characteristic of most value in predicting an item's

validity, especially for job performance criteria, but both

heterogeneity and behavioral discreteness also attained

respectable correlations with the item validities.

The direction of the relationship between characteristics and

validities is as hypothesized for behavioral discreteness and

behavioral consistency, suggesting that items that are both

behaviorally discrete and consistent with criterion behavior are

likely to yield the best validities. For heterogeneity, the

relationship is opposite to that hypothesized, suggesting that

items that are less heterogeneous are more likely to produce

validity. This finding is interesting since heterogeneity was

examined at the item level rather than at the scale or inventory

level as is more traditional in research. Thus, it may be that

heterogeneity is still desirable in a biodata instrument, but that
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such heterogeneity is best attained by combining items that are

themselves somewhat homogeneous. The ratings of heterogeneity

were also noticeably less reliable than for the other

characteristics, and while this should not affect the direction of

its relationship with validities, the heterogeneity characteristic

may be the most difficult of the characteristics to interpret.

It is interesting that the relationship between

characteristics and validities is notably stronger in the

administrative specialist job than it is across jobs. This is

also true for the job performance criteria of Core Technical

Proficiency and General Task Proficiency. A possible explanation

for the administrative specialist finding is that the validities

for this job were obtained in a sample that was the largest of the

jobs included (N - 268 for job performance criteria and N - 2260

for training criteria). The sample sizes in the other' jobs are

all at least reasonably large, however, so it appears other

factors are also involved. For the job performance criteria, the

two dimensions that are well predicted are both referred to as

"can-do" criteria, while the other dimensions are "will-do'

criteria. Again, however, it is not clear why this finding should

be obtained. Future research to extend the findings of this

investigation should address the stability of characteristic-

validity relationships across both jobs and criteria.

Because this research is the first investigation attempted of
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biodata item characteristics and their relationship to validity,

results must be viewed with caution. Only one set of biodata

items (aimed primarily at young adults) was included and the

criterion-related validities were gathered in the military rather

than in an industrial organization. Nevertheless, several

strengths of the investigation suggest the f'indings may be

relatively stable in future research.

First, the item set employed is highly diverse, which should

contribute to an effective test of the rated characteristics.

Second, the level of validities attained by the items is

respectable, and even more important, the validities have

considerable variance. The validities were obtained in large

"real-world" samples, using criteria that had been carefully

developed. Finally, the results obtained are highly consistent

for two independent groups of raters and are also consistent for

two independently gathered types of criteria that are conceptually

and methodologically distinct.

Results from this research can be examined from both

theoretical and applied perspectives. From the theoretical

perspective, this investigation suggests conceptual reasons that

may underlie the predictive ability of biographical measures.

Item characteristics examined in the research are more often

characteristics of biodata items than of items from related

domains; they may therefore be in part responsible for the
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superiority of biodata prediction to that from other domains. The

investigation's findings also complement more content-related

biodata research, such as that addressing biodata factors like

academic achievement or early home environment. A taxonomy

combining both the characteristics examined in this research and

content-related aspects of biodata measures may be of great value

in improving conceptual understanding of the biodata domain.

From the applied perspective, findings of the investigation

address the optimal construction procedures for a biodata

instrument. Items developed with attention to the characteristics

studied may produce higher validities, an outcome of obvious

applied value. This value may be increased further through

combination of content considerations with the characteristics

examined here.

A conference in 1965 of the nation's leading biodata

researchers concluded:

Aside from theoretical academic interest, there

were no very persuasive reasons for tackling the

(biodata conceptual) problem until a 'prediction

plateau' developed. It seems apparent now that

increased efficiency will occur only when we learn more

about the causal relationships underlying predictive

items (Henry, 1966, p. 248).
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Future research to replicate and extend both theoretical and

practical aspects of this investigation will hopefully be of value

in contributing to this continuing goal.
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Table 6

Average Correlation Across Criterion Measures Between Expert Ratings and

Validities: Training Performance

Radio Armor Vehicle Administrative

Teletype Crewman Operator Specialist

N - 726 N - 1642 N - 1076 N - 2260

Heterogeneity -. 22* -. 11 -. 26"* -,29**

Behavioral Discreteness .09 .13 .31** ,35**

Behavioral Consistency .12 .12 .28"* .31*

Table 7

Average Correlation Across Criterion Measures Between Student Ratings

and Validities: Tralning Performance

Radio Armor Vehicle Administrative

Teletype Crewman Operator Specialist

N - 726 N - 1642 N - 1076 N - 2260

Heterogeneity -. 13 -. 10 -. 17 -. 26*

Behavioral Discreteness .08 .13 .21* .36*

Behavioral Consistency .10 .12 .29"* .27"*

** p < .01

* * p < .05
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A Task-Bsed Approach for Identifying
Junior N•' Key Responsibilities

Introduction

Project A, Improving the Selection and Classification of Army Enlisted

Personnel, has begun to address the prediction of long range criteria. One

of the challenges faced by project personnel is the development of

appropriate measures of second tour job knowledge and hands-on performance.

As soldiers enter their second tour of duty, their jobs change dramatically.

During their second tour, soldiers begin assuming supervisory responsi-

bilities, while also retaining their technical duties. As Dr. RIumsey

mentioned, unlike technical tasks, many of these new supervisory activities

cannot be translated into discrete, proceduralizable tasks and therefore are

not amenable to the same kinds of job analytic procedures. For similar

reasons, the measurement strategies developed for the technical first-tour

tasks, hands-on and job knowledge tests covering specific tasks, would

capture second tour performance insufficiently. For these reasons, we

designed a job analytic approach incorporating multiple data sources to

determine the appropriate mix of supervisory and technical skills, ensure

adequate coverage of both domains, and provide insight into suitable measure-

ment procedures.

Today, I will describe how we integrated data from three sources to

develop a comprehensive performance domain for each of nine Army jobs. I

will then describe some general differences we found in the couiposition of

first and second tour jobs. In addition, I will discuss any specific
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differences mong the selected Army jobs in the importance of supervisory

activities. Finally, I will address practical implications for the

development of "task-based" second tour performance measures.

Method

Developing the Task Domains

Our first step was assembling a comprehensive list of job-specific tasks

within each of nine Army occupations. Included were: infantryman (11B),

cannon crewmneber (13B), tank crewmmober (19E), single-channel radio operator

(31C), light wheel vehicle mechanic (63B), motor transport operator

(64C/88K), administrative specialist (71L), medical specialist (91A/B), and

military police (95B). Three separate job analytic procedures were employed

to generate tasks to be included in this list. Brief descriptions of each

are provided in the following section.

Technical Components of the Junior NCO Job

I'll begin by discussing the process we used to describe the technical

portion of junior non-commissioned officers' (NCOs') jobs. For each of the

nine jobs being studied, definition of the junior NCO job domain began with

the Soldier's Manuals for the job. Soldier's Manuals are prepared by Army

agencies for every job and for every skill level within the job. They not

only list the tasks required, but also the conditions under which they are

performed, the steps required for performance, and the performance standards.

The Army also expects soldiers to be proficient on the tasks in the Soldiers'

Manual of Cmmon Tasks, which likewise includes tasks, conditions, steps, and

standards for basic soldiering tasks at each skill level (tasks such as map
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reading, basic first aid, and operation of individual weapons). The junior

NCO, who is a Skill Level 2 soldier, is held responsible for all Skill Level

1 and 2 tasks in both the job-specific and -conc task manuals.

We also used data from the Army Occupational Survey Programs (AOSPs) in

defining the job domains. These surveys, which list hundreds of task statem-

ents for each job, are administered periodically to represent samples of

soldiers at every skill level of each job; analyses of the data include the

percent of soldiers at each skill level who report that they perform the

tasks. The list was screened to eliminate statements not performed by Skill

Level 2 soldiers, and the surviving AOSP statements were then mapped on to

the tasks list defined by reference to the Soldier's Manuals. Any ASP

statements that were not thus subsumed under Soldier's Manual tasks were

added to the domains. In so doing, we often found that higher skill level

tasks were performed by significant numbers of Skill Level 2 soldiers, and

were therefore considered to be a part of the job domain in hand.

With this domain list in hand, we visited the Army agencies responsible

for training and doctrine in each job, and requested their review of the

list. We asked for their input concerning the copleteness and accuracy of

the list, and also found out from them whether any of the tasks were likely

to be eliminated soon because of equipment or doctrine changes, or whether

other tasks should be added for similar reasons. After they had cmpleted

their review and given their concurrence on the doctrinal accuracy of the

domain, we considered domain definition of the technical tasks complete.

(The process parallels that used in defining the Skill Level 1 domains, for
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which only Skill Level 1 Soldier's Manuals were used in the initial step.

Details my be found in Caipell, Ca ll, Rmsey & Edwards, 1985).

Supervisory Components of The Junior NOD Job

In developing the supervisory portion of the job domains, we took

advantage of existing research on Army supervision and leadership. Two

separate approaches were incorporated to form the supervisory component of

the job domains. The first approach yielded the Supervisory Responsibility

Questionnaire (SRQ). It was based on critical incidents describing working

relationships between first term soldiers and their NOD supervisors. The

second approach was an adaptation of the Leader Requirments Survey (LMS), an

extensive interview-based task list. By cobining these two instruments we

were able to take advantage of two job analytic techniques and two different

slices of the supervisory domain. Next, I will discuss the development of

the Sao and LBS and describe how they were combined to define the second tour

supervisory domain.

The Supervisory Responsibility Questionnaire (SRQ): A Behavioral

Examle Based Task list. The SRO was the byproduct of previous Project A

research which examined possible moderating effects of supervision on the

relationship between soldiers' pre-enlist1ent attributes (such as aptitude

and temaerment) and their job performance (White, Gast & l.isey, 1985;

Hough, Gast &INhite, 1986). As part of this research, critical incidents

had been collected in order to determine what supervisory behaviors wade a

difference to the performance of first tour soldiers.
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The incidents were written by 80 NCO subject matter experts (SWE) from

five of the Project A target Jobs (11, 19E, 31C, 63B, and 91A). The SHEs

were asked to recall from their experiences as first tour soldiers examples

of how their supervisors had been particularly effective or particularly

ineffective. In all the SMEs generated over 400 behavioral examples. Next,

a retranslation was conducted in which a second group of 31 Sl~s, who were

familiar with Army leadership requirements, were asked to classify the

examples into Yukl's 13-dimension taxonomy of supervisory behavior (Yukl,

1984). At the same time, these examples were classified by two ARI staff

psychologists. As a result of retranslation, 9 of the 13 YUkl dimensions

remained. (See Table 1)

The SRO was constructed from a subset of these incidents and their

respective categories. First, all incidents that were not categorized into a

single dimension by both SME's and psychologists were eliminated from

consideration as were multiple incidents referring to a single task or

behavior. The incident list was further reduced by excluding incidents not

describing a specific task (e.g., "The soldier fell asleep while on guard

duty. [The supervisor] walked up to the sleeping soldier and scared him.*) In

the end, a total of 34 behavioral statements were written to represent 8 of

Yukl's original categories. No statements were written for one category, Act

as Role Model, because the incidents grouped wider that categry were not

rich enough to extract critical supervisory tasks.

One interesting facet of the SIR is the use of critical incidents as the

basis for task statements, which is not typical. The critical incident
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technique, a behavioral job analytic procedure, is typically used for

developing broader behavioral dimansions. (See Pulakos, Hanson, Borman,

Hallam, Carter & Ovens-Kurtz, 1987).

Because the incidents cooprising the SRQ tasks were primarily concerned

with relationships between supervisors and their subordinates, the SRO had

built-in limitations in its coverage of the supervisory domain. To ensure

all important aspects of the supervisory domain were included, a supplemental

task list was needed.

The Leader Requirements Survey (LRS) Interview-based Task list. The

second approach incorporated the Leader Requiremnts Survey (LRS), which was

originally designed to provide the Amy's proponents for leadership with

information about the leadership job requirements of Army commissioned and

non-commissioned officers. The LRS was designed to identify the sequential

and progressive nature of commissioned and noncomissioned officer leadership

(second lieutenant through colonel, and sergeant through command sergeant

major), and contains items which cover the leadership domain of all these

organizational levels. In addition, it embodies the full range of leadership

tasks across all Army branches.

This task list was constructed through an iterative interview stra-

teg. Several hundred interviews were conducted. Typically, 6-8 SMs were

interviewed at a time and interviews lasted for approximately 90 minutes.

Interviewees were asked to describe their job, focussing particularly on what

they did to influence others to accomplish their mission (i.e., the Army

definition of military leadership as documnted in 111 22-100) and especially
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those leadership tasks that differentiated their jobs from those performed by

others in higher or lower ranks than themselves.

In order to ensure that the resulting task list both cmpletely

encompassed the domain of military leadership and was worded in terms

coMnly employed by job incumbents, each successive group of Mas was shown

the leadership tasks developed by the previous groups and asked to comment on

these tasks. These iterative interviews ware conducted until new groups of

SMEs no longer added new tasks and ware comfortable with the

wording of tasks already collected.

Content validation of the task list was achieved through reviews by two

separate groups of Army leadership proponents, The Center for Army Leadership

(CAL) and The U. S. Army Sergeants Major Academy (USASMA). Consensus on the

final list of tasks comprising the LRS was reached by a review committee

consisting of representatives from CAL, LUSAM and AR,. The resulting Leader

Requirements Task List contains tasks in the following broad categories:

Train, Teach, and Develop (146 tasks); Motivate (170 tasks); Manage (86

tasks); and Provide Direction (158 tasks) for a total of 560 tasks. Table 2

lists the nmber of tasks corresponding to each content area. In the present

research, 25 of the tasks in the category "Provide Direction", coming under

the sub-heading of "Provide Input for the Direction of the Larger Organi-

zation" ware dropped because they contained tasks performd by higher-level

comissioned officers only. (See Steinberg, 1986, and Steinberg, van Rijn£

Hunter, 1986 for more information on the LRS). A listing of umber of tasks

by content area can be found in Table 2.
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Cobining the LRS and ,SR

The Supervisory Responsibility Questionnaire gave us information on

working relationships between first-line supervisors and their subordinates,

as perceived by the subordinates. The much longer Leader Requirements Survey

included activities involving peers and superiors, as well as administrative

duties, but was designed to cover these activities across all supervisory

levels within all Army branches, from junior NCOs through full Colonels. In

order to determine which of the activities on the LRS should be a part of the

domains for junior NCOs, and to verify the tasks on the SRO as appropriate

tasks for the domains, both questionnaires were administered to NCOs in the

nine jobs. Approximately 50 NCOs received the LRS, and 125 NCOs received the

SR0. For each questionnaire, the NCOs were asked to indicate how important

each task is in performance of the 25's 2 job; on the SRQ, they were also

asked to indicate how frequently each task is performed.

Analysis of the SR0 data confirmed that all the tasks were sufficiently

important, across a variety of Army jobs, to be retained as part of the

junior NCO domain. The LRS importance data were used to select tasks that

over half of the respondents indicated were absolutely essential to the E5's

job. Additional highly rated tasks were also selected from any of the 19 LRS

2Z5 is the Amy paygrade at which Amy doctrine specifies that soldiers

become noncissioned officers and can asum supervisory responsibilities.
E5 is also the first paygrade at which a soldier is classified as Skill Level
2. We were particularly concerned with the jobs of E5 soldiers because it
wms projected that ES would be the most comon paygrade within our second
tour Pr- :t A suaple, and thus was designated as the target group for whom
we would develop our measures.
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dimensions not already represented by at least two tasks. Ultimtely, two

LRS dimensions were eliminated from the domain because they failed to meet

the importance criteria. By this process, 53 tasks were selected from the

LRS to be considered for the job domains.

Content analysis of the two tasks lists-34 tasks from the STQ and 53

tasks from the LRS - resulted in a single list of 46 tasks that

incorporated all of the activities on both lists. Of those 46, the 34 tasks

from the SRQ were included and 8 of the LRS tasks; 4 new task statements were

prepared to cover two or more LAS statements each.

The 46 Task statements were further examined by reference to the

categories used for the original SRQ. Eight categories evolved for the 46

tasks, shown in Table 3. These tasks, clustered as shown, were added to the

Skill Level 2 job domain for each of the nine jobs.

Refining the Job Domains

After the job domains were thus defined, every domain included over 200

tasks. We wanted to select smaller samples of tasks to represent each of the

domains, samples that would include the most critical tasks for the jobs and

that would have a sufficient range of performance difficulty to permit some

discrimination among soldiers. In order to do this, more information was

needed; specifically, we needed judgments of task criticality and performance

difficulty.

The Amy agency responsible for each job was asked to designate 30 job

experts: officers or NCOs in that military specialty who had recent field

experience supevi¢ing E5s in the job. Half of the job experts rated the
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tasks for a hypothetical E5 soldier who had between three and five years of

service; half were given another task not directly related to the topic under

discussion today.

For the importance judgments, the experts were given one of three

scenarios, and asked to rate (on a 5-point scale) the importance of the task

in accoplishing the unit's mission under that scenario. The three scenarios

described either combat conditions (European, non-nuclear), increasing

tensions (European, with a high state of training and strategic readiness,

but short of actual conflict), or a garrison environment (stateside, with

training as the primary activity and mission). In all, we collected 10

ratings for each paygrade/scenario combination, for a total of 30 sets of

ratings per job. The importance ratings were averaged across the 10 experts

in each rating condition to yield 3 importance scores. To obtain an indica-

tion of expected task performance distribution, the experts were asked to

sort a "typical" group of ten hypothetical soldiers into five performance

categories based on how they would expect soldiers to be able to perform on

each task. Task difficulty was then computed as the mean of the

distribution of the ten soldiers, averaged across the experts. Task

performance variability was computed as the standard deviation of the

distribution of the ten soldiers, averaged across experts. (This procedure,

for both importance and difficulty ratings, was developed and used for the

Skill Level 1 job analysis, and is described in more detail in Campbell et

al., 1985.)
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Selecting Tasks for Measurement

The last step before designing hands-on and job knowledge measures for

each of the job domains is selecting a subgroup of tasks for measurement.

Even as we speak, that task selection process is taking place. The Army

agencies for each job have again been asked to provide six job experts with

recent field experience; one Project A staff mi r will also serve on the

task selection panel. The information to be presented for their consider-

ation includes the tasks, clustered; the importance rating for each task for

ESs; the performance difficulty and variability for each tasks for ESs; and

the performance froquency for each task, drawn from the Army Occupational

Survey Program analyses. The panel will eventually agree on 45 tasks to be

selected for each job, 30 technical tasks and 15 supervisory tasks. To guide

their selection so that every cluster is represented, targets are set

proportionally for each cluster.

Analyses

The analyses addressed general differences between first and second tour

jobs and differences in supervisory requirements across jobs. Two sources of

data were considered (1) the second tour job analysis data described in this

paper and (2) clusters derived from first tour job analyses described by

Caq~bell et al, 1985.

Analyses were largely descriptive because with the exception of the SRQ

data, domains were not directly comparable between first and second tour nor

across jobs. rurther, these analyses were preliminary; as we move from task

selection to task measurement we will be using these data to answer questions
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about the best way to capture performance on specific tasks. In order to

examine general differences between first and second tour domains, we began

with a general comparison of the content of these two sets of domains for

each MOS. We noted trends for changes in cluster composition, the addition

of new clusters, and the deletion of existing clusters from first to second

tour. To examine differences among the occupations in supervisory responsi-

bilities we assessed job-specific additions to the core SRQ clusters and

importance ratings for each of the augmented clusters. Finally, we compared

differences in importance ratings across occupations for the common, tech-

nical and supervisory cluster groupings. Our research questions follow.

1. How much overlap is there between first and second tour job dimen-

sions?

2. Do jobs increase in complexity? What are the indications based on

comparison of first and second tour domains?

3. What is the balance between supervisory and technical tasks in the

second tour? Does this balance vary across MDS?

4. In which job(s) were supervisory activities judged to be the most

important? The least important?

5. Did specific supervisory activities differ in importance across the

jobs?

Results

Changes in Domains from First to Second Tour: Common and Technical Tasks

Our first step was to examine changes in clusters of "Common Tasks"

which are shared to some extent across MOS, and non-shared job-specific
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"technical" tasks. In terms of the dichotomy presented by Dr. .umsey between

supervisory and technical tasks, both of these would represent subsets of the

"technical" category. At the time we prepared our analyses, the databases

for two of the jobs were still under preparation at the time we were writing

this paper. Table 4 compares the first and second tour job domains across

seven jobs in terms of (1) the number of clusters included and (2) the number

of tasks included. In all but two instances (infantryman and motor trans-

port operator) the number of clusters needed to describe the domain increased

from first tour to second tour jobs. moreover, in all cases, there was an

increase in the number of tasks needed to describe each domain.

Differences in technical clusters across jobs. Although first and

second tour technical tasks and clusters overlap considerably, differences

between the two sets of domains emerged. Specifically, within the four non-

combat jobs (radio operator, motor transport operator, administrative

specialists, and medical specialists), tasks in three of the shared clusters

realigned themselves. By contrast, there was little change in the combat

Jobs, infantryman, cannon crewman or tank crewmember, with the least amount

of change for the infantry.

The addition of tasks also caused several of the technical clusters to

split into better differentiated groups of tasks. A more important change

was the addition of an Operations (or Tactical Supervision) category in four

of the seven jobs (infantry, tank crewmember, radio operator, and

administrative specialist) and expansion of that category in a fifth (cannon

crewmember). Further, the two jobs (radio operator and medical specialist)
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not acquiring an Operations cluster gained a separate Administrative cluster.

(See Table 5.)

Supervision as a Component of Second Tour Job Domains

In addition to acquiring new kinds of job specific technical responsi-

bilities, each job acquired supervisory duties. We mentioned earlier that

the 46-item SRQ was appended to each domain prior to domain review. As a

result of domain review, many supervisory tasks from the AOSP and Soldier's

Manuals were grouped under existing SRO clusters. Table 5 shows the rnmber

of AOSP/SM tasks added to each SEQ cluster by occupation. The bulk of the

tasks were added to three of the clusters: (1) Plan, Organize, Monitor; (2)

Provide Information, and (3) Train, Develop. The remaining five SRQ clusters

remained fairly stable across occupations. Within the three most augmented

clusters, new SRQ tasks were not evenly distributed across the different

jobs. Four of the occupations (tank crewmember, radio operator, admini-

strative specialist and medical specialist) gained proportionally rore tasks

than the other occupations. Thus, domain review served to augment the SEQ,

albeit unevenly.

Our next step was to assess the relative importance of the new super-

visory responsibilities for soldiers in E5 paygrade across the various jobs.

Past experience and preliminary analyses conducted last year suggested that

not. only will the overall importance of supervision vary across jobs, but

specific supervisory activities vary in iuuortance across jobs. Others

postulated that E5 jobs were largely technical and that Project A need not be

concerned with measuring supervisory tasks.
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At the tim this paper was prepared, task importance data were available

for six of the nine occupations. (See Table 6.) With few exceptions, the

data ran counter to our expectations. First, with the exception of the

medical specialists, supervisory activities were judged to be fairly iapor-

tant across all jobs examined. The medical specialists' responses were

consistently lower; however, if one were to add a constant of .6 to all

dimensions (except discipline/punish) one would find the cluster means within

the ranges produced by the other jobs.

Second, the means presented in Table 6 suggest that specific supervisory

activities are not differentially important within each occupation. With one

striking exception, supervisory clusters tended to have similar importance

ratings within each job. Across the board, the cluster "Act as a Role model"

was first (or second in for one job) in importance. Within that category

"leading by example" was the most important task.

A third unanticipated but welcome finding was the relative balance in

the importance of supervisory and technical tasks across all jobs. (Again,

ratings for the medical specialists were consistently lower across all facets

of the domain than ratings for other occupations.)

Discussion

In many ways, second tour jobs are more complex than their first tour

counterparts. As more tasks enter the job domians, the clusters became more

clearly differentiated. Not only are soldiers doing more of the same types

of tasks but they are also acquiring new responsibilities, particularly in

the areas of task-specific supervision and administrative responsibilities.
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In addition, these new supervisory responsibilities are considered to be

important within each of the job domains.

7he final version of the SRQ was instrumental in capturing these

supervisory responsibilities. Without it we would have missed important

facets of second tour jobs. The Soldier's manuals and AOSP surveys would

have done at best, an uneven job of representing the supervisory portion of

the domains.

We also found that supervisory tasks were seen as fairly important

within all of the jobs. While more analyses of the data collected are needed

to systematically explore patterns of differences between jobs, even a

cursory examination of task means by occupation reveals that many of the

expected differences within and between occupations did not arise. However,

what did emerge was a balance among technical and supervisory aspects of the

domain. Nevertheless, based on our results, it would be difficult to

conclude that supervisory activities are important within soe occupation(s)

and not others. Further the data provide little evidence that tasks were

differentially important in specific jobs.

However, the job analyses did not provide as mich information about job

specific differences in supervisory activities as had been expected.

7herefore, we will be totally dependent on our next phase to determine which

aspects of supervision will be measured for each MOS. During task selection,

SME will be forced to prioritize tasks with the knowledge that only the top

45 tasks will be considered for measurement purposes.

As a final note, this research is consistent with past research in
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leadership and supervision. First, support is provided for Yukl's taxonomy

of leadership (1984). The categories he proposed held across two different

job analytic techniques and across several Army occupations. Second, the

importance ratings that the SMEs gave to the "Act as Role Model" category are

consonant with Bass's (1985) transformational leadership theory. According

to Bass, leaders who can draw on their own informal sources of power (e.g.,

being a good model) to motivate others are more effective than those who rely

on organizational incentives. The overwhelming agreement on the importance

of leading by example typifies this kind of leadership.
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Table 1

Comarison between Yukl's (1984) Catecgories of Supervisory Behavior and

SRO Categories

Yukl's (1984) Categories SRQ Final Categories

1. Planning and Organizing 1. Plan, Organize, Monitor

2. Monitoring

3. Problem Solvinga

4. Leading by Example 2. Act as Role Mlodel

5. Recognizing and Rewarding 3. Recognize, Reward

6. Training and Developing 4. Train, Develop

7. Informing 5. Provide Information

8. Delegating/Participationa

9. Supporting 6. Support

10. Disciplining/Punishing 7. Discipline, Punish

11. Representinga

12. Promoting Teamworka

13. Clarifying Roles and 8. Clarify Roles, Provide Feedback

Eqpectations

Motes. aeleted from list as a result of retranslation (White, Gast &

R=My, 1985)
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Table 2

Leader Requirements Survey (LRS): Number of Tasks by Content Area

Content Area Number of Tasks

TRAIN, TEAM, DEVELOP

Train Soldiers 21
Teach Soldiers 18
Develop Leaders 21
Plan & Conduct Training 42
Train in the Field to Enter Combat 44

MOTIVATE

Motivate Others (The What) 13
Motivate Others (The How) 42
Develop Unit Cohesion 52
Reward & Discipline Subordinates 30
Take Care of Soldiers 33

Manage Resources 40
Perform/Supervise Administrative Functions 26
Coordinate with Others Outside the Unit 20

PROWIDE DIRECTION

Supervise Others 20
maintain Two-way Information Exchange with

Subordinates 21
Maintain Twvo-Way Information Exchange with

Superiors 17
Monitor and Evaluate Performance 38
Conduct Counseling 24
Establish Direction of the Unit/Elellnt 13
Provide Input for the Direction of the Larger

Organization 25

TOAL 560
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Table 3

Supervisory Categories and Tasks Derived From Combining the SRO and LRS

PLAN, RANIZE, VAIT1OR

Check tools, equipment and supplies used by subordinates

Assign work tasks to subordinates

Check on subordinates during task performance

Inspect completed work

Conduct formal scheduled inspections

Monitor condition of equipment and supplies

Meet suspense dates and deadlines

Motivate subordinates in maintenance

CLARIFY ROLES, PROVIDE FEEBACK

Provide informal feedback on task performance

Counsel subordinates - Scheduled formal counseling

Counsel subordinates - Unscheduled formal counseling

Monitor military appearance and bearing

PROVIDE INFVKMON

Brief newly assigned personnel

Answr work related questions

Condu-t meetings

Brief subordinates on current of future missions/requirements
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Table 3 (Continued)

Supervisory Categories and Tasks Derived From Coambining the SRO and LRS

Pass information down chain of coamand

Notify subordinates of changes in plans

Present formal information briefings

Provide positive input to supervisors

Provide comsander with information on enemy situation

RECOGNIZE, REHRRD

Provide positive verbal feedback

Reward soldiers for performance

Recommend Soldiers for promotion

Write up recomendations for awards

Integrate subordinates into the unit

TRAIN, DEVELOP

Instruct subordinates on task performance

Provide individual job training

Conduct team training

Provide remedial instruction

Encourage use of training manuals or job aids

Counsel subordinates in career planning/personal development
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Table 3 (Continued)

Supervisory Categories and Tasks Derived From Combining the SRQ and LRS

Develop training plans

Provide opportunities for leadership

SUPPORT

Listen to subordinates' personal problems

Counsel subordinates on personal problems

Arrange assistance for personal problems

Assist soldiers with personal problems

DISCIPLINE, PUNISH

Issue verbal reprimands

Counsel subordinates with disciplinary problems

Arrange for extra training and disciplinary/corrective action

Recommend judicial or non-judicial action to the coander

Resolve disputes among subordinates

ACT AS A MODEL

Set the exa ple

Remain with the assigned unit or element under adverse or wartime conditions

Share subordinates hardship
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Table 4

Cmparison of First and Second Tour Domains by Number of Tasks and Clusters

Number of Tasks Number of Dimensions

Occupati First Second First Second

Tour Tour Tour Tour

Infantryman (11B) 2 2 1a 246 12 11

Cannon Crewmember (13B) 177 225 11 14

Tank Crewmember (19E) 227 290 11 13

Single Channel

Radio Operator (31C) 170 209 11 13

Motor Transport

Operator (64C/88M) 119 150 12 12

Admin. Specialist (71L) 161 183 9 12

Medical Specialist (91A/B) 239 299 10 12

Note. The 46-item SRQ and its 8 dimensions have not been included in this

table.

aThis includes 14 tasks from a dimension which was dropped for second tour

soldiers.
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Table 5

New Second Tour Responsibilities by Army Job: Number of tasks in Clusters

Domain Cluster Type/ame Occati

11B 13B 19E 31C 88M 71L 91A

Technical

operations 22b 12 16 0 3 3 0

Administration 0 0 0 29 0 6c 33

Supervisor Na

Plan, Organize, Monitor 8 8 8 22 18 12 14 13

Clarify Roles, Provide

Feedback 4 4 4 4 5 4 5 5

Provide Information 9 13 10 15 9 9 16 12

Recognize, Reward 5 5 5 5 6 5 6 7

Train Develop 8 11 17 11 11 9 11 13

Support 4 4 5 4 4 4 6 6

Discipline, Punish 5 5 5 5 5 5 5 8

Act as Role Model 3 3 3 3 3 3 3 3

Total 46 53 57 69 61 51 66 67

Note. %umuber of tasks per SRO category. bAugnted category. CThis

category was larger for first tour. Six AOSP - -ks originally in this

category were reassigned to Supervisory categories.
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Table 6

importance of Supervisory Clusters and Cluster Groups Across Occupations

OCCUPATICN

11B 13B 19E 31C 88M 91A

Supervisory Category

Plan, Organize, Monitor 4.07 3.66 3.78 4.00 3.90 3.42

Clarify Roles 3.25 3.58 4.10 3.98 4.09 3.10

Provide Information 4.07 3.56 3.78 4.18 4.16 3.46

Recognize, Reward 3.66 3.66 4.23 4.00 4.02 3.34

Train, Develop 3.83 3.51 4.03 4.01 4.14 3.20

Support 3.69 3.64 4.26 4.07 4.38 3.16

Discipline, Punish 3.64 3.56 4.14 4.08 4.04 2.47

Act as model 4.65 4.41 4.48 4.31 4.34 3.87

Cluster

Mean of Common Clusters 4.01 3.81 3.92 3.87 3.82 3.56

Mean of Technical Clusters 4.12 3.80 4.19 3.54 3.77 3.03

Mean of Supervisory Clusters 3.86 3.70 4.10 4.08 4.13 3.31
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Overcoming Objections to the Use of
Temperament Variables in Selection

In 1982, 1 was assigned responsibility for developing temperament,

biodata, and interest measures for Project A, a major research project

funded by the Army Research Institute to improve prediction of job

performance of Army enlisted personnel.

When we started, much of the scientific community believed it would

be a waste of time to include temperament variables in a selection

battery. There were at least five sources of negative opinion. First,

in 1966 Guion and Gottler published an article in Personnel Psvcholoav

that affected the scientific community's attitude and knowledge about

the usefulness of temperament variables for predicting job performance

criteria. They reviewed the criterion-related validities of temperament

variables and concluded that, though temperament variables have

criterion-related validity more often than can be expected by chance, no

generalized principles could be discerned from the results.

A second source of negative opinion about temperament variables

came in the form of a theoretical challenge. In 1968, Walter Mischel

published his highly influential book that caused an intense examination

of and debate over trait conceptions. Mischel asserted that the appar-

ent evidence of cross-situational consistency of behavior was a function

of the use of self report as the measurement approach, that traits were

an Illusion. He proposed "situationism,N stating that behavior is

explained more by differences in situations than differences in people.

Thus, in 1982 much of the scientific community was persuaded by the

published literature and believed that temperament measures had little

theoretical merit and were of little practical use. Even those who
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thought temperament measures might have some merit were concerned that

temperament scales might be inappropriate and unfair to people who were

protected under the 1964 Civil Rights Act. In addition, many people

worried about intentional distortion of self descriptions in an appli-

cant setting.

Equally Important and negative was the lay community's perception

of temperament inventories. People objected to offensive items and

resented being asked to respond to such items. Researchers had been

sensitized by the lay community's negative reaction to temperament

inventories and were legitimately leery of antagonizing the public.

This was the environment in 1982.

Now, in 1987, Army generals are asking us to implement the tempera-

ment inventory we developed. What did we do to bring this about?

RESEARCH STRATEGY

A lot of time and effort was required. We also had a research

strategy. That strategy is outlined on page two of your handout.* I'd

like to describe that approach and some of our findings. The research

strategy was construct oriented and included four basic steps: (1) a

literature review to identify predictor constructs that were likely to

predict job performance criteria important to the Army, (2) the develop-

ment of a temperament inventory that consisted of nonsensitive items and

scales designed to detect intentional distortion of self descriptions,

(3) a criterion-related validity study to identify temperament scales

that were job-related, and (4) an examination of the effects of motiva-

tional sets on scale scores and criterion-related validities.

* Reproduced at the end of this paper.
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Literature Review

Predictor and criterion taxonomles. Since our approach was

construct oriented for both predictors and criteria, we needed a taxon-

omy for both predictors and criteria. The criterion categories were

education, training, Job involvement, job proficiency, and adjustment.

For the predictors, we started with the structure initially found by

Tupes and Christal (1961) in the early 60s. Following Hogan's thinking

in the early 80s, we split one of the constructs into two. Thus, our

predictor taxonomy consisted of six constructs: Surgency, Affiliation,

Adjustment, Agreeableness, Dependability, and Intellectance.

Cateaorization of temperament scales. Once we had a predictor

taxonomy, our next step was to categorize existing temperament scalps

into the classification scheme. From articles and manuals, we obtained

hundreds of correlations between temperament scales. We categorized the

temperament scales into the six categories and a miscellaneous cate-

gory, and then refined the classifications through an iterative process

of classifying and reclassifying temperament scales to maximize the mean

within-category correlations and minimize the mean between-category

correlations. The results of this process are shown in Table 1 of your

handout. The circles in the diagonal show the mean within-category

correlations which are in the .30s and .40s and are, in all cases,

higher than the mean between-category correlations.

Meta analysis of criterion-related validities. Our next step was

to summarize the criterion-related validities according to these con-

structs; Table 2 of your handout shows the results. It is a meta analy-

sis of the criterion-related validities of scales within each predictor

construct for each criterion construct. As you can see, several temper-

ament constructs correlate with the criteria. Note that there are three
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additional predictor constructs. These three, *Achievement,* "Masculin-

itya and "Locus of Control," were all a part of the miscellaneous

category. When we summarized the validities for the miscellaneous

category, we found respectable validities there too, so we looked more

closely at the scales included in the miscellaneous category and found

these additional three constructs.

The results in this table are different from the results that Guion

and Gottier obtained. We believe that our strategy of summarizing the

validities according to both predictor and criterion constructs accounts

for the difference in results. To test this hypothesis, we summarized

the validity coefficients in our database without regard to construct

and obtained a coefficient of essentially zero, quite different from the

coefficients in Table 2. We believe this demonstrates the importance of

constructs as organizing principles for examining and understanding the

literature on the criterion-related validity of temperament variables.

We used the results in this table to guide us in selecting predictor

constructs to measure.

Develooment of Tem erament Scales

The next step in our research strategy was to develop measures of

the constructs that the literature review indicated were likely to

predict criteria important to the Army. List 1 of your handout shows

the substantive scales we developed for each construct. We developed

measures for six constructs: Surgency, Adjustment, Agreeableness,

Dependability, Achievement, and Locus of Control. We also developed a

"Physical Condition" scale and four response validity scales: Non-

Random Response, Social Desirability, Poor Impression, and Self-

Knowledge. We developed the Non-Random Response scale to detect inven-
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tories that had been completed carelessly, a "Social Desirability" scale

to detect intentional distortion that might occur in an applicant set-

ting or a non-draft setting, and a *Poor Impression" scale to detect

intentional distortion that might occur in a draft setting. We called

the inventory the ABLE, short for Assessment of Background and Life

Experiences.

We revised the items and scales in the ABLE many times. People

representing a variety of perspectives reviewed the items for sensitive

content. We also pretested the scales three times, each time evaluating

and revising the items and scales based on soldiers' verbal feedback,

item response distributions, internal consistency estimates, and test-

retest reliabilities. The scale statistics for the ABLE scales appear

in Table 3 of your handout. The average number of items in a scale is

15. The median alpha of the substantive scales is .81, and the median

test-retest reliability of the substantive scales is .78. Table 4 sum-

marizes the ABLE substantive scale statistics as well as correlations of

the ABLE substantive scales with each other and with other components of

the four-hour predictor battery. The only part of the predictor battery

that the ABLE substantive scales correlate with in any sizable way are

other ABLE substantive scales. The ABLE substantive scales appear to be

tapping a part of the predictor domain not tapped by other measures.

Demonstration of Job-Relatedness

The next step in our research strategy was to demonstrate the job-

relatedness of our temperament scales. We conducted a concurrent valid-

ity study during the summer and fall of 1985. Over 9000 soldiers com-

pleted the 4-hour predictor battery that included measures of cognitive
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ability, spatial ability, perceptual psychomotor ability, work environ-

ment preferences, interests, and temperament.

Criterion-related validities. The criterion measures, the develop-

ment of which was a major part of the research project, were developed

by a different part of the research team. The criterion composites are

very briefly described in List 2 of your handout. There are five

composites: Core Technical Proficiency, General Soldiering Proficiency,

Effort and Leadership, Personal Discipline, and Physical Fitness and

Military Bearing. The first two consist mainly of work samples and

knowledge tests. The other three consist of supervisory and peer rat-

ings and information obtained from personnel records.

Table 6 of your handout shows the criterion-related validities of

the ABLE scales for these five criteria. The results suggest that

Achievement scales are the best predictors of the "Effort and Leader-

ship m criterion; Dependability scales are the best predictors of the

"Personal Discipline" criterion; and Physical Condition is the best

predictor of the "Physical Fitness and Military Bearing" criterion,

though the Achievement scales also correlate with this criterion. These

three criteria include the supervisory and peer ratings. The other two

criteria Core Technical Proficiency and General Soldiering Proficiency,

which consist of work sample and know'edge tests, are not predicted with

the ABLE substantive scales.

Table 7 in your handout shows the criterion-related validities of

the different types of predictors included in the study. It shows the

multiple correlations of each type of predictor with each of the five

criteria. As you can see, the best predictors of the supervisory and

peer rating criteria, that is, Effort and Leadership, Personal Disci-

pline, and Physical Fitness and Military Bearing, are the ABLE substan-
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tive scales. The other conclusion from this table is that the ASVAB

mental ability test and the ABLE temperament inventory are the two best

predictors of the criterion domain.

Fairness

We next turned to the issue of fairness. Are the items and scales

fair for groups protected under the 1964 Civil Rights Act? The mean

scores for whites, blacks, and Hispanics appear in Table 8 of your

handout. As you can see, minorities do not tend to score lower than

whites on the ABLE scales. Our efforts to write items that were not

biased against minorities appear to have been successful. We're

currently conducting differential validity and fairness analyses; those

analyses, however are not yet complete.

Examination of Effects of Motivational Set

The fourth component of our research strategy involved investigat-

ing several issues related to motivational set. A frequent criticism of

self-report inventories is that respondents can intentionally distort

their responses. When respondents are applicants, this is an especially

important criticism because the criterion-related validities might be

negatively affected by distorted responses. We therefore studied the

impact of motivational set on criterion-related validities, the extent

to which applicants distort their self descriptions, and the usefulness

of the four response validity scales to detect and adjust for motiva-

tional set.

Fainstudy. First, 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 experiment were 245 enlisted
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soldiers at Ft. Bragg. The design was a repeated measures with faking

and honest conditions counter-balanced. We performed a multivariate

analysis of variance on the ABLE scales and found that soldiers can

distort their responses when instructed to do so.

We then examined the extent to which the response validity scales

detected Intentional distortion. Table 9 of your handout shows the

results. The last two columns show the effect size of the difference

between honest and fake good and honest and fake bad. Effect size can

be interpreted in standard deviation terms. Thus, the difference in the

honest and fake good condition for Social Desirability is essentially

one standard deviation; the Social Desirability scale detects distortion

in the fake good condition. As you can see, the Non-Random Response,

Poor Impression, and Self-Knowledge scales detect distorti-on in the fake

bad condition.

We next examined the extent to which we could use the response

validity scales Social Desirability and Poor Impression to adjust ABLE

substantive scales for faking. Table 10 shows the effect of regressing

out Social Desirability in the fake good condition and the effect of

regressing out Poor Impression in the fake bad condition. Median values

are reported in this table. The .49 in the upper left-hand cell indi-

cates that 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. The next number to the right shows that after regres-

sing out Social Desirability from the fake good condition, the ABLE

substantive scales differ from the honest condition by only .14 or just

over one-tenth of a standard deviation.

517



The next two values to the right show the results for the honest

and fake bad conditions. Clearly, the Social Desirability and Poor

Impression scales can be used to adjust substantive scale scores for

intentional distortion.

These data demonstrate that: (1) people can distort their res-

ponses to temperament scales, (2) response validity scales can detect

such distortion, and (3) the response validity scales can be used to

adjust temperament scale scores for distortion.

We then asked, to what extent do applicants distort their res-

ponses? To answer this question, we compared scale scores of 121 Army

applicants with scale scores of two groups of soldiers who had no motive

for distorting their responses. Table 11 shows the results. On the

substantive scales, applicants actually scored lower than one or both

groups of soldiers 9 out of 11 times. These data suggest that appli-

cants do not appear to distort their responses.

Nevertheless, we examined the effects of inaccurate self descrip-

tions, as detected by the response validity s'ales, on criterion-related

validities obtained in the concurrent validity study. Table 12 shows

that validities for the group detected as responding in a random way are

significantly lower than validities for the group responding conscien-

tiously. Table 13 shows the increment in validity when Social Desira-

bility is used as a moderator variable. Table 14 shows the increment in

validity when Poor Impression is used with each substantive scale in a

multiple correlation. The data in these three tables indicate that the

response validity scales do improve, modestly, the validities of the

substantive scales even in a concurrent validity study where there is

little motive to distort one's self description.
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Project A researchers are currently conducting a predictive valid-

ity study which will provide an opportunity to evaluate the validities

of the ABLE substantive scales and the usefulness of the response valid-

ity scales in a selection situation.

Summary

We overcame objections to the use of temperament variables in

selection by:

1. reviewing the literature using a construct-based approach to

identify useful temperament constructs in previous criterion-

related validity studies;

2. focusing scale development on constructs that are likely to predict

criteria important to the client;

3. developing scales that consist of items acceptable to the public;

4. developing scales that are not biased against miworities;

5. developing scales that are psychometrically good;

6. developing response validity scales to detect inaccurate self des-

criptions;

7. evaluating job-relatedness of scales by demonstrating criterion-

related validity;

8. developing and evaluating "adjustments" to substantive scale scores

based on response validity scale scores, and;

9. evaluating the effect of motivational set on scale scores and

criterion-related validities.

519



REFERENCES

Gulon, R. M., & Gottier, R. F. (1966). Validity of personality mea-

sures in personnel selection. Personnel Psychology, ]8, 135-164.

Mischel, W. (1968). Personality and assessment. New York: Wiley.

520



Table 1 Mean Within-Category and Between Category
Correlations of Temperament Scales

Meanl?(

azpwm SDC-..16

Ueanc .20 mteans-

Adjustentsa SDCO.16 SD -t.19

K "321 NC-165

Meaavf. 0 4  Mean rO* 2' Mean~. 6

Agteeableness SD C .17 SD -.16 SD -.14

N -173 N1-162 4

Mean C--.08 lean -.13 Mean C .06 ma -
Vependab~lilcy SDvc. .16 SD C-.20 SD -.17 SD *.1.8

KCO 286 K -276 N1 -166 H C 121

Main cm.IZ Mean a.0.2 Mean -.04 teanC-1 meanr(COG
late11ectance SDC-..1 SDcf-.14 SDC-.16 SD-. .18 SoD.19

"31-175 NCO193 NCO94 C - 162 NCO-52

eeasco.0 9  Mean -.00 ItaanO.JLO Iteans .08 itean.--. 14 Hean 0
Affiliation sn-..Z1 SD~f-. I6 VW1 so c"l S .1f. SD - .15 SDC -.16

Moan ..09 Hems c-.12 Meantv.02 Item. c.02 Mtean C .04 Mean .-.04 Mean

Clclmeu SO .1 S -.18 SO -.18 -SO C .18 SD -.17 SDC. .15 SD -.20
MC0392 N-.419 N1-215 "C. 3 6 1 H -242 NCO 208 NK-46

suWgWIcy Adjustment AgcoabLe DWpenda Znte1lazc A(LLLia- MLsme.1
Rssa bLILcy lance t1105nou

521



Table 2 Meta Analysis of Criterion-Relatad Validity Studies
Mat Used Taqeamnt Predictors

Cr1 tenion

Job Job Voative adiusi•t.fie
Educationa& Traning lnvolvement Prof iciency Oetincuency Sutsta•ce Abute

Predictor 2umer m Nmber man Number msan Nmker man Number msan Number man
Construct Predictors -C Predictors _E Predictors _L Prectors P redictors C Predictors r

*$urgenicy 42 .15 47 .03 21 .04 175 .0 1-2 30 .06

Affiliation 5 -. 04 0 *-- .06 16 -. 01 0 --- 4 -. 03

•hdjust-n- 4 44 . 21 R ,"6 E 10 31 -. 07

"Agreeaolenoss 9 .01 5 .10 & .02 48 •.01 1 a -. 04

"*Oepnscoility 24 F 26 .,1 1& a I0 E ,1 0 'Z 21 5

"Intettectance 6 E 7 .14 8 -. 10 32 .01 1 = 2

Achieivoemnt a £ ýO -4 F3 4. Iz2 ý' .' 0 3

Nascul ini ty a 3 .09 10 .10 0 - 3 .02 a

Locus of Control 1 2 7 , ý5 0 ... 0 - ...

Time Period 1960-1984.

2 A star denotes the construct is one of the "lig Five* constructs.

Note: Correlations are not corrected for unreliability or range restrictions.
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i~st 1

ABLE1 Scales Organized According to Construct Intended to Measure

SUBSTANTIVE SCALES:

Sugrency

* Dominance
* Energy Level

Adlustment
. Emotional Stability

Agreeableness (Likeabilitv)
* Cooperativeness

Deoendability
"* Nondelinquency
"* Traditional Values
"* Conscientiousness

Achievement
* Work Orientation
* Self Esteem

Locus of Control
. Internal Control

Physical Condition
. Physical Condition

RESPONSE VALIDITY SCALES:

* Non-Random Response
* Social Desirability
. Poor Impression
. Self-Knowledge

1 Inventory developed by PORI for the Army Research Institute entitled
"Assessment of Background and Life Experience."
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L-st 2

Criterion Composites 1

Core Technical Proficiency - a) hands-on tests of MOS-specific technical
knowledge and skills; and b) tests of school and job knowledge.

General Soldiering Proficiency - a) hands-on tests of general soldiering
skill; and b) general soldiering knowledge and skill test items.

Effort & Leadership - a) supervisory and peer ratings of effort and
leadership, overall effectiveness, NOS effectiveness and predicted combat
effectiveness; and b) letters and certificates of commendation and other
achievements.

Personal Discipline - a) supervisory and peer ratings of personal control
and discipline; and b) disciplinary actions and other negative indicators
in personnel files.

Physical Fitness & Military Bearing - a) supervisory and peer ratings of
physical fitness and military bearing; and b) physical readiness tests.

1Data gathered at same time as Trial Battery was administered, i.e., summer
and fall of 1985.
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Table 6 Validities of ABLE Scales for Job Performance Criteria:
Zero-Order Correlations

(Revised Trial Battery; Concurrent Validity Study)

Criterion

Physicsl
Goner slfitness

Core Technical Soldiering Elfort a Personal NIIttary

Predictor P ProficieMcv Leadership Discipline leerIit

qum~ery:

* 9w.anm .01 .01 .15 .02 .18

"* self Dram .02 U0 .20 .13 .20

". aiemzy atim .02 .0 R .1 a.

*DinW INeL .02.0 Z.1.2

Adju tment:
. Imotional Stability .02 .02 .17 .12 .16

Agreeableness (L ikeabi i ty)

. Cooperauiveness .01 .02 .15 .14

Dhpendabi I i ty:

"* Traditional Values .03 .06 .13 .'5 .16

"* Non-del inuwuency .05 .0r .12 .29 .14

"* Conscientiousness .02 .02 .18 .23.22

Others:

"* Internal Control .04 .05 .13 .13 .13

" Physical Condition -. 04. -.05 .09 -. 05 21

lesponse Validity Scales:

. Won-1:&xom Rlespne; .13 .14 .07 .10 .02

. Social Desirability -. Or -. 06 .02 .05 .07

* Poor lopression - -. 04 -.05 -. 15 -. IS -. 16

* Self Knowledge *.04 -. 03 .0 .0S .13

1Correlations are based an uiascreened dote for this scale. N varies from 8424 to 9322 for this

scale.

Note: N varies from M666 to a4??.

Note: A box indicates notable predictor/criterion construct relationships.
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Table 7

Multiple Correlations 1 ot Six Independent
Predictor Composites vith each of Five Job

Performance Criteria

(Concurrent Validity Study)

Criterion C osoites

Physical

Gsnerat Fitness &

Predictor Core Technicat Soldiering Effort & Personal NititarY

ram itos P Prof icieny Larshio Discio ine searinb

ASVAI 
0 1

ASmental abitlity test) III2 .14ý

Spatial Abilities .56 .62 .26 .14 .11

PerceptualIPsychomotOr
Abilities (camputerited) .54 .58 .30 .12 .10

Work Envrt ormmnt

Preferences .28 .27 .20 .10 .11

Teeperet (and

physical activities scale) .26 .24 31i

Interests .34 .34 .26 .14 .13

1NWtiptlie es are adjusted for shrink*" and corrected for restriction in range, but not corrected for criterion

nreil iabi I i ty.

2N*ntai ability test currently used by military.

Note: Entries in table are averaged across 9 Army military occupational specialties (NOS) with complete criterion date.

total sampte is 3902. Sample sizes range from 281 to 570; median a 432.

Note: Eoxes denote the two best predictors of the criterion space.
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TABLE 10

Effects of Regressing Out Response Validity Scates

(Social Desirability aod Poor iapression)

in Faking Conditions for ABLE

Honest vs. Fake Good Nonest vs. Fake Bad

Effect Size Effect Size

Before Adjustment After Adiustment Before Adjiustment After AdiustnMet

ABLE Substantive Scales .19 .14 2.10 .45
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Table 11
*

Comparison of Ft. 8ragg Honest * Ft. Knox, and HEPS (Applicants) ABLE Scales

Ft. arim NEPS
(1fnest) (Appt icants) Ft. Knox Total

AlL! Scale ! Duo II [ so. M

Response Validity Scales

Social Pusirabitlity 116 15.91 121 16.63 276 16.60 3.21

Setf-Knowtedge 116 29.54 121 28.03 276 29.64 3.63

Non-Rando IRespone 116 7.58 121 7.79 276 7.73 .64

Poor Impression 116 1.50 121 1.05 276 1.54 1.84

Substantive ScaLes

Emotional Stability 112 66.22 118 6.03 272 65.05 7.86

Self-Estem 112 34.77 118 34.04 272 35.12 5.00

Cooperativeness 112 53.33 118 54.60 272 54.19 6.05

Conscientiousness 112 46.37 118 46.49 272 48.97 5.86

Non-Oetinquency 112 53.24 118 54.36 272 55.49 6.91

Traditional Values 112 36.67 118 36.97 272 37.28 4.50

Work Orientation 112 59.71 118 58.37 272 61.40 7.73

Internal Control 112 49.48 118 51.90 272 50.37 6.13

Energy Level 112 57.56 118 56.67 272 57.19 6.95

Dominance 112 35.54 118 32.84 272 35.41 6.05

Physical Condition 112 32.96 118 25.27 272 31.08 7.49

*Scores are based on persons who responded to the honest

condition first.
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SOURCES OF NEGATIVE OPINION

"* Guion & Gottier literature review--conclude

temperament measures are of little practical

use

"* Theoretical challenge--situationism (Mischel)

"* Inappropriate and unfair for persons protected

by 1964 Civil Rights Act

"* Intentional distortion of self reports in applicant

setting

"* Offensive item content
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RESEARCH STRATEGY: CONSTRUCT ORIENTATION

1. Review Literature

"* Develop predictor taxonomy

"* Classify temperament scales

"* Develop criterion taxonomy

"* Summarize criterion-related validities

according to predictor and criterion

constructs

"* Identify useful predictor constructs
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RESEARCH STRATEGY: CONSTRUCT ORIENTATION

2. Develop Temperament Scales

a Examine Items for sensitive content

* Develop response validity scales to

detect Intentional distortion

"* Pretest

"* Examine psychometric characteristics

"* Revise
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RESEARCH STRATEGY: CONSTRUCT ORIENTATION

3. Demonstrate Job-Relatedness

"* Conduct concurrent validity study

"* Compute criterion-related validities

"* Conduct differential validity analyses

"* Conduct fairness analyses

"* Conduct predictive validity study
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RESEARCH STRATEGY: CONSTRUCT ORIENTATION

4. Examine Effects of Motivational Set

e Evaluate fakability of scales

* Evaluate response validity scales

* Evaluate moderator effects of response

validity scales

"* Develop "adjustment" formula

"* Assess effects on criterion-related

validities
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SUMMARY

1. Review the literature using a construct-based approach to

demonstrate the usefulness of temperament variables in

previous research.

2. Focus scale development on constructs that are likely to

predict criteria important to the client.

3. Develop scales consisting of items acceptable to the public.

4. Develop scales that are not biased against minorities.

5. Develop scales that are psychometrically good.

6. Develop response validity scales to detect inaccurate

self descriptions.

7. Evaluate job-relatedness of scales by demonstrating

criterion-related validity.

8. Develop and evaluate "adjustments" to substantive scale

scores based on response validity scale scores.

9. Evaluate effect of motivational set on scale scores and

criterion-related validities.
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OTDSL XM ASSXQIY M) ADI UTIWLTl Or 1:

Sme Key Issues

Decision-makers in the military services are frequently faced with policy

alternatives that will produce different distributions of soldier competence

across a large set of jobs. These alternatives include not only policies

dealing directly with the selection, allocation and training of soldiers, but

also a range of actions that affect the share of scarce resources devoted to

manpower as opposed to other "inputs" to the process of producing national

defense. Whenever such alternatives are compared, a judgement, either

implicit or explicit, must be made as to the "value" (and cost) of different

distributions of soldier performance.

The primary concern of this paper is with the measurement and use of

performance utility as an aid to personnel classification and assignment

decisions. Historically, most of the research on performance utility in

industrial psychology has addressed the problem of translating performance

gains from various selection strategies into a metric that can be used to

demonstrate the value of improved selection procedures to skeptical decision-

makers. The most common metric is dollar value (see, e.g., Brogden, 1.15r:

Cascio, 1987; Hunter and Schunidt, 1982), although metrics other than dollAr

value have also been used (Eaton, Wing, and Mitchell, 1985).

The appropriate metric for comparisons among different classificati.:%n Nn-l

assignment proceduLes may be quite different from the metric needed to assess
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selection strategies. Sadacca and Campbell (1985) noted that, in the context

of optimal assignment, a dollar metric is not required and, in some cases,

may be inappropriate. The reason for this difference is straightforward: In

the context of selection, an organization must consider the tradeoffs between

the expenditure of scarce resources (often dollars) to increase the quality

of its manpower versus the expenditure of those resources to increase the

quantity or quality of some other factor of production. In the case of

classification and assignment, the objective is to maximize the efficiency

with which a given pool of available manpower is used. In either case, the

organization is concerned with the efficient allocation of a scarce resource

among competing activities, but in the case of selection, manpower is an

"activity" and in the case of assignment, it is a "resource".

Performance OUtility" vs Performance OValue"

Before pursuing the discussion further, a brief semantic digression is in

order. The term utility has been widely used in personnel psychology to

refer to what this paper will call performance value.

A reasonable argument can be made that "utility", in its most general

sense, is a more appropriate term than "value", given the unquantifiable

nature of the "outputs" we are analyzing. We shall employ the term "value",

however for two reasons: First, to avoid confusion between our focus on fl-

role of performance value in determining the optimal distribution of people

to jobs and the more ccinon use of performance utility in evaluating the

benefits of selection and classification systems; second, to distinguish our

interpretation of subjectivc iudgements of performance value from. the way
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similar judgements are used in most applications of multi-attribute utility

theory - which seek to identify the parameters of individual "utility

functions".

In these applications, the approach we follow - that is, the averaging

of individual judgements to obtain a single performance value function, would

require the use of interpersonal comparisons of utility that are prohibited

by the theory upon which multi-attribute utility is based (e.g., Keeney and

Raiffa, 1976). This restriction does not apply to the analysis described

here because we do not treat individual judgements of performance value as

"utility functions" but rather as imperfect (but randomly distributed)

estimates of a single organizational "value function".

The Army's Project A: Neasuring the Value of Job Performance

The data reported here were collected as part of a nine-year Army

research effort (Project A) aimed at improving the Army's selection and

classification system for enlisted personnel. The main purpose of the

utility-measurement component of Project A is to provide the information

needed to maximize the payoff to the Army of improved selection and classifi-

cation procedures.

The Army research on performance value assessment is being carried out in

two stages. The first stage, completed earlier this year, focused or it-

estimation of P0S-specific performance value functions for 276 entry-level

Army NOS (Sadacca, Campbell, Wise, White, 1987). In the second stage which

has just begun, the resulting functions, under different configurations of

constraints, will be used to produce dib.ributions of performance across 19

546



selected jobs, and senior Army officers will be asked to evaluate the

resulting distributions. In effect, the purpose of the second stage is to

evaluate alternative strategies for implementing performance value estimates

in an optimal job assignment system.

In this section, we will briefly summarize the data collection approach

and results of the first stage. The following section will examine the

effects of using the resulting value functions to make job assignment

decisions.

The first stage consisted of a series of 7 workshops at which we obtained

judgements by 74 field-grade officers of the relative value of performance at

five levels in all entry-level Army MOS. At each workshop, the performance

level/job combinations were scaled using two methods. In the first, each

officer received one of seven decks of cards. Each card specified a perform-

ance percentile and an MOS, the duties of which were briefly described on the

card. The officers were asked to sort the cards into six groups - one group

representing combinations with a negative value and five representing ordinal

rankings of increasingly valuable combinations. (An additional and infre-

quently used category was provided for combinations which could not be

judged.) The seven decks combined spanned the entire set of performance

level/MOS combinations for 276 MOS. In addition, each deck contained A0

combinations (12 MOS x 5 performance levels) that were common across all

decks. In the second exercise, judges provided interval-level estimates Cf•

the relative value of these 60 combinations. In this exercise, the value of

a 90th percentile infantryman (ODS 1lB) was fixed at 100. The officers were
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then asked to scale the remaining cobinations relative to this fixed value.

Negative values were allowed.

The performance levels were set at the 10th, 30th, 50th, 70th and 90th

percentiles, using the current (1986) recruit pool as the reference popu-

lation. The instructions specified that the judgements should be made under

an assumption that the world was in a state of "heightened tensions". Care

was taken to explain that the "performance" being evaluated was multi-

dimensional, consisting not only of technical proficiency, but also personal

discipline and willingness to work.

The sample of officers providing the judgements represented a cross-

section of specialties. A primary consideration in this exercise was to

insure that performance value judgements, to the maximum extent possible,

reflected the payoffs of performance to the Army. To accomplish this, we

used as judges experienced senior officers with a broad perspective on those

needs. Furthermore, the effect of specialty on the judgements of performance

value was generally insignificant. The judges' mean utilities had a reli-

ability of .990 on the interval scale judgements, and from .958 to .976

across the six decks for the ordinal judgements.

To insure that the performance value estimates for all 1380 performance-

level/MOS combinations were comparable, functions were estimated for Fch

deck to transform the pile placement judgements to the interval scale used

for the 60 common combinations. Table 1 contains the estimated coefficient,--

and R2 statistics for these functions. The robustness of the transformati.nr

functions was checked by estimating the functions using 40 c. inations
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selected from the set of 60, and then regressing predicted against actual

values for the 20 omitted combinations. The resulting r-square statistic was

.945, suggesting that the transformations should yield highly accurate

estimates of the values that would have been obtained by directly scaling all

1380 combinations.

Table 1
Deck-Specific Regression Equations for Transforming

Average Pile Placient to Comn Interval Scale
(legressions for 60 C n Cbinations)

Deck
Independent
Variable A B C D E F

Pile Placmemnt (PP) 14.00 21.81 43.39 24.09 46.99 49.45

pp2  1.455 -. 3227 -5.785 -1.344 -6.922 -6.932

pp3 -. 0529 .0671 .4853 .1692 .5450 .5487

Intercept -34.09 -41.75 -69.54 -47.74 -63.80 -77.85

Adjusted R2 .965 .926 .954 .944 .912 .924

The average interval scale values at each performance level were then

used to fit a "performance value" function for each job. The functions were

fitted using stepwise ordinary least squares where the independent variables

were performance level, its square, and its cube. The graphs of the-eZ

functions for nine NOS are presented in Figure 1. These functions illusti.,t-

several interesting aspects of our results so far.

First, for most NOS, the relationship between performance level and

performance value is a concave function. That is, the functions demonstrate

diminishing payoffs to increases in performance as the preformance level
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increases. As we shall see in the next section, this characteristic of the

value functions plays a critical role in the context of optimal assignment.

A second finding is that there is substantial variety in the shape as

well as the intercept (or "scale") of the functions across moS. One can

interpret the scale differences as variations in the "average" value of

performance across jobs. In economic terms, this variation can be inter-

preted as variation across jobs in the marginal product of job output - that

is, differences in the rate at which changes in productivity within a single

job contribute to total Army output. Differences in the shape of the

functions reflect variations in the way soldier performance at different

levels contributes to job output. One would expect, for instance, that

functions that are relatively "steep" at low performance levels would be

associated with jobs in which the cost of errors is high; and that jobs with

relatively steep slopes at high levels of performance would be those in which

the payoffs to exceptional performance are relatively high.

On the other hand, as one might expect from previous work in the area of

utility generalization there also appear to be identifiable groups of MOS

with virtually identical functions. The task of identifying these groups and

examining their similarities with respect to both the definition and

prediction of performance is an important subject for further research (''

Dobko, Karren and Kerkar, 1987).

P ~VALUE IN CaASSIFICTION DECISIONS

In this section we address several issues associated with the use of

performance value information to make manpower allocation decisions. First,
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we examine the consequences of allocating people to jobs so as to maximize

the value of performance, rather than performance itself. Second, we explore

some of the issues associated with aggregation of performance value across

many assignments. Finally, in the concluding section we raise the issue of

how to determine whether or not the use of performance value information will

yield better results than would be obtained without it.

7he Role of Performance Value in Nmnpoer Allocation

In general, a policy that maximizes predicted performance and ignores the

value of performance will produce an allocation that has the following

characteristics:

(a) the average level of performance will be highly variable across

jobs;

(b) the level of expected performance will tend to be high in those jobs

for which performance is easiest to measure and predict;

(c) neither job-specific differences in the way manpower contributes to

output nor variations in the importance to the organization of the output

from different jobs will be reflected in the allocation.

The extent to which these conditions are evident in practice will depend

on the following factors:

(1) the distribution of the performance predictors in the porpulzti-n:

(2) the degree to which performance is differently defined in differo.n•

jobs (that is, the dimensionality of performance);

(3) the variability in validities across jobs and the relationship

between validity and job quotas;
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(4) the extent to which the allocation is constrained by considerations

other than performance.

The effects of (1) and (2) are easiest to explain if we examine them

together. If we look at the extremes of the range of these two factors, two

effects become clear: If performance is single-dimensioned, or if the

predictors of job performance are perfectly correlated in the population, the

allocation produced by maximizing expected performance will be exclusively

determined by variations across jobs in the predictability of performance.

If such variations do no exist, then there will be a multiplicity of equiva-

lent "optimal" allocations. At the other extreme, if performance is uniquely

defined for every job, and the predictors of performance are perfectly

negatively correlated, then the allocation resulting from performance

maximization will be unique and identical to the result that would be

produced by maximizing any increasing function of performance. In other

words, performance value will be irrelevant to the allocation problem.

With respect to the interaction between validities and job quotas noted

in (3), it is obvious that the consequences of variation in predictability

will become less pronounced as the variability decreases. Perhaps less

obvious is the fact that, if high validities are associated with jobs that

have large quotas, the effect of relatively small variations in validity ,.",

be exaggerated far out of proportion to the degree of variation.

Finally, the effect of exogenous constraints (4) is to narrow the rarq-

of feasible allocations. The more confining these constraints become, thr

smaller will be the difference between the "best" and "worst" feasible
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allocations and thus the smaller the difference induced by considerations of

either predicted performance or performance value. This factor is of

particular importance in the case of the Army's allocation problem, which is

circumscribed by an extensive set of policy and managerial constraints.

These include not only limitations imposed by force structure requirements

and the availability of training resources, but also a number of policy

constraints whose purpose is to insure an acceptable, if not optimal distri-

bution of performance across jobs. This latter set of constraints includes

minimum job entry standards, an NOS priority system, and a set of job-

specific "quality goals" based on educational attainment and scores on the

Armed Forces Qualification Test (AFQT). one of the effects of these

constraints, when they are used in optimal assignment, is to mitigate the

effects of variation in validity and job quotas - producing an allocation in

which average performance is lower, but also less variable across jobs than

would occur without them.

Figure 2 demonstrates some of these effects for a sample of Army MOS.

The distribution displayed here was produced by assigning a random sample of

2232 1984 recruits to the nine jobs so as to maximize expected performance

while meeting job demands (scaled to the sample size in proportion to actual

1984 requirements) with recruits who met the minumum entry standards f,,, ,.,

jobs to which they were assigned. The optimization used a simple net,.-rk:

assigrment algorithm that maximized the sum across all assignments of

predicted performance. Predicted performance was calculated using estimtdt-r

validities of current Aptitude Area scores against technical job performance.
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Each bar in Figure 2 represents the man performance level of the

recruits assigned to that job, with performance level measured percentiles

based on sample scores. The validity associated with each job is indicated

at the tip of the bar for that job, and the sample N's are listed at the

bottom of the graph.

The effects discussed above are well illustrated by these results. The

distribution is highly variable across jobs. An ordering of the jobs by

their validities would yield a nearly identical list to that produced by

ranking average performance levels. The sole exceptions to this rule are MOS

C and F. (These two jobs use different predictors, and are significantly

different in size.) Finally, the interaction effect between validity and job

quotas can be seen by comparing the allocation to NOS A to that for MDS C.

NOS A, with a validity of .66 and a quota of 691, is assigned recruits

performing, on average, at about the 70th percentile. NOS C, which uses the

sam predictor, has a validity only .07 less, but a quota only one seventh as

large, and receives an allocation performing nearly 50 percentiles lower.

Awrewtinq Performwce Value Across Assiqments

The question we address in this section is that of using the information

obtained in the exercises described above to measure the aggregate value of

performance. As we shall see, the choice of an approach to this issue ,-,ill

have a significant effect on the distributions produced when the value

functions are used in an optimal assignment algorithm.

The allocation problem can be simply described as follows:

Let N be the total number of positions to be filled, M be the number of jobs,
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and K the mnber of levels of performance. We can then represent any

"assignment of N individuals to N jobs by an N x K matrix Q, where qij is the

mmber of individuals at performance level j assigned to job i. If we define

a k x 1 vector p such that pi is the quantity of performance obtained from an

individual performing at level i (the elements of p might be performance

percentiles, for instance), then we can define a scalar Z, the total quantity

of performance represented by the allocation Q as -

z-p'Q (1)}

That is, the total quantity of performance represented by the allocation

Q is simply the sum of the number of individuals assigned to each job,

weighted by performance level. This is the definition of aggregate perform-

ance that we will use. However, before continuing, it should be noted that

such a definition implicitly assumes that the total quantity of performance

obtained is independent of how performance is distributed within and across

jobs. In other words, we are ignoring issues relating to unit or group

performance.

Given this definition of aggregate performance, we must define a way of

applying a performance value function to the quantity Z; that is, u,- mt

define a function v(Z) using the information obtained in the value assessm-nt

exercises described above. We shall consider two alternatives:
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(a) That v(Z) is a "strongly separable" function of p and Q that can be

written in the form -

K M

v(Z) - Z qij uj(pi) (2)

i-lij-1

where u (pi) is the value of performance at level i in job J.

If we assume strong separability, the marginal change in the value of

performance with respect to a change in the number of individuals at a given

performance level in a given job is constant, no matter how we specify the

function u(p). That is,

&v(Z)
- - Uj(Pi), for 0 < qij < N, irK, jCM. (3)

(b) That v(Z) is weakly separable" - that is

M

v(Z) - Z u.(qjp), where qj is the jth row of Q. (4)

j-1

By relaxing the separability assumption, we allow the marginal value of

an additional assigrment to a given job to vary with the total quantity' of

performance in that job as well. as with the performance level of the. p,:t

icular assigrment being considered:

6v(Z)
- = h (p'q') (5)
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7te consequences of this difference for optimal assignment are easily

seen by comparing the maximization problems associated with the two specifi-

cations.

Let d. represent the demand (quota) for job j, and si be the supply of

applicants (recruits) predicted to perform at level i. (For now, we assume

that performance is unidimensional - that is, each applicant will perform at

the same level in all jobs.) Then the performance value function defined by

(2) and (3), produce the following optimal assignment problems:

K M

(a) Maximize E Z qijuj(Pi) (6)
i-i j-l

or 
l

(b) Maximize E uj(qjp) (7)
J-1

K

Subject to: I qiJ - dj, for all i c M (demands) (8)

i-i

M

Z qij - si' for all i c K (supplies) (9)

The equation systems defined by (a) and (b) can be transformed into single

equations using the method of Lagrange as follows:

K M M K K M

(a) L- Z I qijuj(Pi) + Z yj t qij-d +d Z ni Z qij-si (10)

imi Jul jul imn iml j-l
or

K M M K K M

Wb) L-u (Poq)ill jil upq illyjjllqij-dj +ilEnijlqij-si (11)
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where Yj and Ri are sets of Lagrangian multipliers associated with the demand

and supply constraints.

The conditions for a maxiuma of (a) will be easier to describe if we

order the values of u.(pi) so that the following is true:

If j' > j then uju(Pi) < u (pi)

and if i' > i then uj(Pi,) S uj((pi)

Then the matrix of assignments Q* that maximizes (a) will contain

elements gij that meet the following condition:

i-I j-1

q - MAX (si - E qkj, di - E qim). (12)

k-i -1

In other words, the maximum will be achieved by following the simple rule of

"top-down" assigrment: Order the set of possible person-job matches from

those with the highest value to those with the lowest; then assign individ-

uals at the highest available level of performance to the position with the

highest value at that level of performance until either the demand is met or

the supply is exhausted. The resulting allocation will be the one that

maximizes the variance in performance value across jobs.

The necessary (first order) conditions for a Q* that maximizes (b), th-

weakly separable case, can be stated as follows:
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Q*- q1 such that

(i) --- j gji - t- 0. 0, for all i,j (13)

6 L ij l q j m]* 6 i q iJ 3

6L M
(ii) - -qj si - E. - 0, for all i (14)

6ri gj-1

K
(iii) 6j- qij"- dj -iZ qij = 0, for all j (15)

~ i-i

the solution of this system implies that, if the functions u. are continuous,

everywhere twice differentiable, and convex, there will exist a unique

optimal solution that is characterized by the following:

- for all i~m, j#k, (16)6U k( )/6 ij &uk( )/6q,,,k
and

6u - &uk( )'6ik for all i#M, jdk. (17)

6u.( )16j 6Uk( )/&cmk

That is, at optimality, the marginal rates of substitution across jobs for

the same performance level will be the same for all pairs of job'•s Nn

performance levels, as will the marginal rates of substitution among diff',:-

ent performance levels within jobs.

If it is reasonable to assmne that the judgements obtained in the Pre-,-1

A utility workshops are valid, at least over a limited range, then the

generally curvilinear functions displayed in Figure 1 will, under weak
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separability, produce an optimal allocation that is not a "corner solution" -

- that is the maximization of performance value will tend to allocate some

high-level performers to all jobs. This will occur because the variations in

marginal value implied by the non-constant slopes of the curves will tend to

produce the equalities in (16) and (17) at values of qij that are neither 0

nor maximal. The result is that, even in NOS with very steep average slopes,

there will exist some point at which the payoff to an additional assignment

in this NOS is exceeded by that in another NOS with a lower average perform-

ance value.

Figures 3 and 4 illustrate the effects of weak versus strong separ-

ability on the distribution of performance for the same sample represented in

Figure 2. All three figures were obtained using the same supplies, demands

and constraints. The only differences are in the objective functions that

were maximized.

Figure 3 presents the distribution produced when strongly separable value

functions are used to maximize the aggregate value of performance.

Comparing this result to Figure 2, we can see that the variability of the

distribution is increased by the consideration of performance value, although

the variation is less tightly linked to differences in validity. The effert

of the interaction between validity and quota, however, is markedly rlu-I .

in the case of MOS A and C. The difference between OS B and H, however, i-

exaggerated by the use of utility. This occurs because MOS B has both a l.-

validity and a relatively flat value function, while the reverse is true for:

MOS H.
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Figure 4 displays the results when weak separability is assumed. Inter-

job variability is markedly redaced, with the most noticable difference being

that NOS B receives a substantially increased level of performance.

mary and Cmclusions

The results pictured in Figures 2-4 provide ample evidence that varia-

tions in performance value can make substantial differences in manpower

distributions. The question we shall briefly address in this section is that

of determining whether or not a given approach will yield results that are

"better" than the results produced by alternative approaches.

A general argument can be made to the effect that:

(1) The evidence of current practice, augmented by data from preliminary

workshops to assess different distributions strongly suggests that perfor-

mance value must be considered in the assignment process.

(2) the procedures currently used to insure acceptable distributions may,

in the current environment, produce results that are quite good, but these

procedures have three flaws (a) they are based on predictors of performance

rather than predicted performance; (b) they are slow to adapt to changes in

Army needs and the operating environment; and (c) they are difficult to

explain and/or defend to interested parties such as DOD and Congress.

(3) Carefully estimated value functions are useful because they ar-

more adaptable to changing circumstances (in doctrine, technology, recruitina

enviroemont, etc) than are the heuristics and political mechanisms currentlv-

used to control distributions; and (b) more "rational", and thus easiet t,

describe to others.
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Figure 3. Expected mean performance resulting from assignment
to maximize the value of performance assuming
strongly separable value functions.
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Developing Behavioral Rating Scales to Evaluate

Second Tour Performance in the Army

Abstract

Using the critical incidents or behavioral analyses method, Army-

wide and MOS-specific performance requirements were identified for second

tour U.S. Army soldiers in nine representative occupational specialties.

Based on these performance incidents, behavioral categories or dimensions

were developed for evaluating second tour performance effectiveness.

Results of both the MOS-specific and Army-wide scale development

processes suggested that second tour soldiers perform most of the work

that first tour soldiers perform and also supervise that work.

Discussion focuses on the shortened set of procedures used to revise

first tour MOS-specific rating scales to measure second tour performance

and the nature of these first-line supervisor jobs in relation to the

importance of technical and supervisory duties for performing effectively.
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Developing Behavioral Rating Scales to Evaluate

Second Tour Performance in the Army

This paper describes the procedures used to develop MOS-specific and

Army-wide behavioral rating scales for evaluating the performance of

second tour Army enlisted personnel. These scales were developed as part

of the Project A effort to evaluate the validity of current and new

predictors of soldier performance. The Project A research is being

conducted on 19 Army jobs (Military Occupational Specialties or MOS),

carefully selected to be representative of the entire population of Army

"NOS.

A primary goal of Project A is to increase Army organizational

effectiveness by improving the job-soldier match. As an important step

towards this goal, a comprehensive set of selection and classification

measures (predictors) was developed and extensively field tested

(Peterson, 1986). In addition, a diverse and comprehensive first tour

criterion development effort was undertaken. Time and cost limitations

dictated that Job-specific criterion measures be developed for just nine

of the target NOS. These job-specific criterion measures included hands-

on, task proficiency measures, job knowledge tests (Campbell, Campbell,

Rumsey, & Edwards, 1986), and MOS-specific behavior-based rating scales

(Toquam, McHenry, Corpe, Rose, LaImlein, Kemery, Borman, Mendel, &

Bosshardt, 1986). To provide criterion measurement for the remaining 10

Jobs, Army-wide rating scales applicable for evaluating first tour

soldier effectiveness in any NOS were developed (Borman, Motowidlo, Rose,

1 Hanser, 1987; Pulakos & Borman, 1986).

During the summer and fall of 1985, a large-scale Concurrent

Val .. tion was conducted, during which the predictor and criterion
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measures were administered to several thousand soldiers in 19 target

jobs. Then, starting in the late summer of 1986, a Longitudinal

Validation data collection was begun in which all measures are being

administered to approximately 50,000 soldiers in a predictive validity

design. In addition to validating the predictors against first tour job

performance, the measures will also be validated against second tour job

performance, for those individuals in the sample who reenlist in the

Army.

In this paper, we describe the procedures used to develop Behavioral

Summary Scales (Borman, 1979) for evaluating second tour performance.

Performance requirements for second tour U.S. Army soldiers were a priori

thought to include both technical and supervisory components. That is,

we believed that second tour soldiers were responsible for performing

most of the technical work required of first tour soldiers and also

supervising that work. Accordingly, technical competence dimensions as

well as supervisory effectiveness dimensions would likely have to be

incorporated into the second tour performance measures. However, the

extent to which supervision is an important part of the second tour

soldier's job was thought to vary across the different MOS. This

suggested the possibility that some supervisory measures might be Army-

wide and thus applicable to all MOS, while other supervisory measures

might be MOS-specific and thus only relevant to a particular job.

Develowment of Second-Tour Army-Wide Rating Scales

Method and Results

Behavior Analysis Workshops

Samle. One-hundred and seventy-two officers and NCOs participated

in half-day workshops intended to elicit behavioral examples of second-

tour soldiev effectiveness. The workshops were conducted at Ft. Bragg,
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NC and Ft. Carson, CO. The sample consisted of 154 males and 18 females;

136 were officers and 36 were NCOs. These individuals reported having an

average of 6.29 years in the Army and an average of 5.09 years occupying

supervisory positions.

Procedure. The Inductive behavioral analysis strategy (Campbell,

Dunnette, Arvey, & Hellervick, 1973) requires persons familiar with a

job's performance demands to generate examples of effective, mid-range,

and ineffective behavior observed on that job. In the present applica-

tion, Job behavior was defined broadly as any action related to soldier

effectiveness, and workshops were conducted in which participants were

asked to generate behavioral examples of what they considered to be the

second-tour soldier effectiveness domain.

A total of 1,000 behavioral examples were generated from the

workshops. These incidents were edited to a common format and then

content analyzed to form 12 preliminary dimensions of second tour Army-

wide effectiveness. The performance categories that had been developed

for the first tour soldiers were replicated for the second tour soldiers.

In addition, three generic supervisory dimensions emerged from the

content analysis of the incidents. Thus, categorization of the perfor-

mance examples suggested that second tour soldiers do, in fact, perform

most of the work that first tour soldiers perform and also supervise that

work. The 12 second tour performance dimensions were as follows:

A. Displaying Technical Knowledge/Skill

B. Displaying Effort, Conscientiousness, and

Responsibility

C. Organizing, Supervising, Monitoring, and

Correcting Suborlinates (supervisory dimension)
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D. Training and Developing (supervisory dimension)

E. Showing Consideration and Concern for Subor--

dinates (supervisory dimension)

F. Following Regulations/Orders and Displaying

Proper Respect for Authority

G. Maintaining Own Equipment

H. Displaying Honesty and Integrity

I. Maintaining Proper Physical Fitness

J. Developing Own Job/Soldiering Skills

K. Maintaining Proper Military Appearance

L. Controlling Own Behavior Related to Personal

Finances, Drugs/Alcohol, and Aggressive Acts

Retranslation of the Behavioral Examoles

Sample. The retranslation judges were a different group of

individuals than those who generated the critical incidents. This sample

consisted of 45 NCOs and 36 officers. There were 59 males and 22

females. The average time in the Army for the sample was 8.53 years and

the average amount of supervisory experience was 4.75 years. The

retranslation workshops were conducted at Ft. Knox, KY.

Procedures. Retranslation provides a way of checking on the clarity

of individual behavioral examples and of the dimension. system. This is

accomplished by asking persons familiar with the target domain to make

two judgments about each behavioral example: the dimension or category

to which it belongs based on its content and the effectiveness level it

reflects. Examples where disagreement occurs in either category member-

ship or rated effectiveness level may be unclear and should be revised or

eliminated from further consideration. Also, confusion between two or
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more categories in the sorting of several examples may reflect a poorly

formed category system.

To accomplish the retranslation task, judges were provided with

definitions of the 12 dimensions to aid in the sorting of behavior

examples into categories and a 7-point effectiveness scale (where 1

extremely ineffective, 4 - average, and 7 - extremely effective) to guide

the effectiveness ratings. Further, the retranslation task was divided

into four subtasks, each requiring a retranslation Judge to evaluate 200

behavioral incidents. This division into subtasks was accomplished to

keep reasonable the amount of time each Judge would need to spend on the

retranslation task.

Results. An initial screening of the data was undertaken to

identify and delete potential random responders or individuals who

obviously did not understand the retranslation task. Specifically,

respondents were scored on 12 critical incidents, each of which the

research staff believed were very straightforward to classify into one of

the 12 dimensions. If respondents did not correctly categorize at least

50% of these incidents, they were deleted from the sample. Seven

respondents out of the 81 total respondents were omitted from the sample

using this criterion, leaving a total sample size of 74 for the

retranslation analyses reported below.

Table I shows the number of behavioral examples that were reliably

retranslated for each of the 12 dimensions. The acceptance points for

retaining an example were greater than 50 percent for sorting the example

into a single dimension, and less than 1.50 standard deviation for the

effectiveness rating. These criteria left 734 of the 1,000 examples

(73.4%) to be included for subsequent scale development efforts. It

should be noted that the retranslation results indicated that all 12 of
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the dimensions that resulted from the initial categorization of the

incidents should be retained.

Army-Wide Scale Development

The results in Table 1 are satisfactory in that sufficient numbers

of reliably retranslated examples are available to develop behavioral

summary statement anchors for each dimension. Typically, a minimum of 20

reliably retranslated examples that are not highly overlapping in content

is considered sufficient for defining a dimension.

We are presently in the process of developing these behavioral

summary statement anchors for each Army-wide performance dimension. For

each dimension, the reliably retranslated examples will be divided into

three categories of effectiveness levels: low (I - 2.49), average (2.50

- 5.49), and high (5.50 - 7). Behavioral summary statements will then be

written to capture the content of the specific examples at these three

effectiveness levels.

Development of the behavioral summary statements is the critical

step in forming Behavioral Summary Scales. The main advantage of these

scales over behaviorally anchored rating scales is that, for a particular

dimension and effectiveness level, the content of aLU of the reliably

retranslated examples is represented on the scales, not just one or two

of the specific behavioral examples (Borman, 1979). Accordingly, it is

more likely that a rater using the scales will be able to match observed

performance with the performance descriptions that appear on the scales.

Develowment of Second Tour NOS-Soecific Ratina Scales

Second tour NOS-specific rating scales were develop-' for nine jobs:
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infantryman (118), cannon crewmember (13B), tank crewmember (19E),

single-channel radio operator (31C), light wheel vehicle mechanic (638),

motor transport operator (64C), administrative specialist (71L), medical

specialist (91A/B), and military police (95B). The approach used for

developing these rating scales differed from the approach used to develop

the second tour Army-wide rating scales. Whereas the second tour Army-

wide rating scales were developed using the entire sequence of behavioral

summary scale procedures, development of the second tour MOS-specific

rating scales involved revising the first tour NOS-specific rating scales

so that they would be appropriate for evaluating second tour performance.

Behavior Analysis Workshoos

Samole. A behavior analysis workshop was conducted with officers

and NCOs in each of the nine target jobs to generate examples of

effective, average, and ineffective second tour MOS-specific job perfor-

mance. Approximately 25 individuals participated in each workshop. The

participants had an average of 8.42 years in the Army and an average of

5.78 years of supervisory experience. The workshops were conducted at

Ft. Knox, KY, Ft. Bragg, NC, Ft. Carson, CO, Ft. Sam Houston, TX, Ft.

Gordon, GA, and Ft. Hood, TX.

Procedure. The same procedures used to generate the Army-wide

behavior examples were used in the MOS-specific behavior analysis

workshops. However, rather than writing examples that would be

applicable to any NOS, participants were instructed to write behavior

examples that were specific to the particular job for which they were

writing incidents. The numbers of behavioral examples generated for each

lIOS were as follows: ]IB (161 examples), 13B (58 examples), 19E (236

examples), 31C (212 examples), 63B (180 examples), 64C (184 examples),

71L (149 examples), 91A/B (206 examples), and 958 (234 examples).
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Comparison of First Tour and Second Tour Behavior Examoles

The behavior incidents were first edited to a common format. Then,

they were categorized for each job using the first tour NOS-specific

category system as a starting framework. If a second tour incident did

not *fit" into an already existing first tour category, an entirely new

category was introduced. Through this process, it was possible to

determine whether the same or different categories should be used for

evaluating second tour performance as were used to evaluate first tour

performance. This exercise also yielded information regarding what

specific category additions or deletions were necessary to comprehen-

sively tap the second tour performance domain.

Almost all of the first tour NOS-specific rating categories were

replicated in some form for the second tour jobs. For each category that

was both a first tour and a second tour dimension, the next step was to

examine the content of the incidents to determine whether or not the

performance requirements were appreciably different for tecond tour than

for first tour soldiers. This was an important step because although the

names of the performance dimensions for first and second tour soldiers

might be the same, it was at least possible that the dimension

definitions or anchors might need to be modified/revised in order to make

the scales appropriate for evaluating second tour performance.

For some dimensions, comparisons of the first and second tour

behavior incidents indicated that more was expected of second tour

soldiers performing at the average or high levels of performance than was

expected of their first tour counterparts. In other cases, low level

performance for a first tour soldier seemed "too low" for individuals in

their second tour. Under such circumstances, the summary statement
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anchors were modified to reflect the appropriate performance standards.

For other dimensions, the incidents suggested that second tour soldiers

were responsible for knowing how to operate and maintain more/different

pieces of equipment than were the first tour soldiers. Again, this type

of difference was incorporated into the second tour summary statements.

For several of the MOSs, the second tour incidents also suggested

that some new, OS-specific supervisory categories should be developed.

Accordingly, preliminary summary statement anchors were written for these

supervisory dimensions. In developing the categories, however, care was

taken not to duplicate the Army-wide supervision categories, which would

be used to evaluate individuals in all MOSs. That is, if the supervisory

incidents reflected the same types of behaviors that were already being

tapped by the Army-wide supervisory dimensions, then no RoS-specific

supervisory dimensions were developed. Thus, the RoS-specific categories

reflected aspects of supervision that were relevant only to the

particular job in question. The names of t-he second tour supervisory

performance dimensions by OS are shown in Table 2. As it can be seen

from the table, NOS-specific supervisory dimensions were developed for

five of the nine MOSs.

Scale Revision Workshops

Sample. For each MOS, two scale revision workshops were conducted

with 10-14 participants in each. These individuals were different from

those who generated the behavior examples. Approximately half of the

participants were officers and the other half were NCOs. The sample

reported an average of 5.86 years in the Army and an average of 3.43
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years of supervisory experience. The scale revision workshops were

conducted at Ft. Bragg, NC and Ft. Carson, CO.

Procedure. The purpose of the scale revision workshops was to have

subject matter experts review the proposed second tour performance

categories and make any revisions to the dimension definitions and

anchors that were necessary to make the scales appropriate for evaluating

second tour MOS-specific performance. Participants were told that three

focal questions needed to be addressed during the workshops:

. Do the dimension anchors contain material that is not relevant

for evaluating second tour soldier effectiveness?

* Do the dimension anchors for various levels of effectiveness

accurately reflect what would be expected of a second tour

soldier performing at the ineffective, average, and effective

levels of performance?

* Do the proposed dimensions tap all of the NOS-specific

performance components of the second tour soldier's job?

To answer these questions, the workshop leader reviewed each

dimension in detail with the workshop participants. One by one, the

three summary statement anchors describing ineffective, average, and

effective performance for each dimension were discussed. Participants

were asked to think about second tour performance expectations and

recommend any changes that they deemed necessary to make the scales

maximally relevant for evaluating second tour soldiers.

Based on the input from the workshop participants, the scales were

revised. In most cases, only minor wording changes were made to the

suary statements. In a few cases, however, the dimensions themselves

as well as their anchors were changed substantially. Substantial changes
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to the dimensions were usually a result of the Job requirements having

actually changed since the time the first tour scales were developed and

the second tour behavior incidents were collected. Workshop participants

made a final review of the proposed changes to the rating scales before

being dismissed.

Retranslation Workshops

Sample. For each NOS, a retranslation workshop was conducted with

approximately 20 officers and NCOs. The total number of individuals

participating in the retranslation workshops across all NOS was 193.

Workshop participants were again different from those who generated the

critical incidents and those who reviewed and revised the proposed second

tour rating scales. For this sample, the average time in the Army was

7.34 years and the average amount of supervisory experience was 3.96

years. Retranslation workshops were conducted at Ft. Carson, CO and Ft.

Lewis, WA.

Procedure. The purpose of the retranslation workshops was to check

on the intended effectiveness levels of the behavioral summary statements

anchoring each MOS-specific performance dimension as well as to check on

the dimension structures themselves. It is important to clarify that

rather than retranslating individual behavior examples (as was the case

with the Army-wide retranslation workshops described above), participants

were asked to retranslate the actual suwarv statem.t that would be

used to anchor the rating scale dimensions.

Recall that there were three summary statements anchoring each

dimension: one describing low level or ineffective performance, one

describing middle level or average performance, and one describing high

level or effective performance. Participants were provided with

definitions of each dimension and a booklet containing the summary
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statements listed in a random order. They were asked to make two

judgments about each summary statement: the dimension or category to

which it belonged based on its content and the effectiveness level it

represented from I (very ineffective) to 7 (very effective). The number

of dimensions for the different NOS ranged from a minimum of seven (for

the 71L's) to a maximum of 14 (for the 95B's). Thus, judges were

required to make from 21 to 42 Judgments for this retranslation task.

Results. Again, an initial screening of the data was undertaken to

Identify and delete potential random responders or individuals who

obviously did not understand the retranslation task. For each NOS,

respondents were scored on approximately 10 critical incidents each of

which the research staff believed were very straightforward to classify

into one of the performance dimensions. If respondents did not correctly

recategorize at least 50% of their incidents, they were deleted from the

sample. Of the 193 total participants in the retranslation workshops, 22

were excluded from the retranslation analyses reported below.

For almost all (98%) of the summary statements for all of the nine

MOSs, at least half of the retranslation sample placed them in the

Intended category, and for 92% of the statements, more than 75 percent of

the sample categorized them as intended. The mean effectiveness level

was also very close to the intended effectiveness level for most of the

summary statements. That is, if the statement was intended to be a low

level or ineffective anchor, its mean effectiveness level was about a 1.

For those intended to be a middle level or average anchor, the mean

effectiveness level was about a 4, and for those Intended to be a high

level or effective anchor, the mean effectiveness level was about 7.
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There were a few statements (about 14% across all NOS), however, for

which there was some discrepancy between the mean effectiveness level and

the intended effectiveness level (i.e., the effectiveness rating was more

than one point away from the intended effectiveness level). Revisions

were made to such statements to ensure that they reflected the proper

effectiveness levels.

Discussion

The NOS specific second tour rating scales appear ready for field

testing. Retranslation results indicate that the category system for each

NOS's scales and the effectiveness levels reflected in the summary

statements anchoring the rating categories will provide a comparatively

unambiguous rating format for evaluating second tour soldier performance

in these NOS. The Army-wide scale development effort is nearing

completion. All that remains is preparation of behavioral summary

statements to anchor the three general levels of effectiyeness for each

of the Army-wide dimensions. The rest of this discussion focuses on the

"shortcuto method used here to develop second tour NOS-specific scales and

inferences that might be made about the nature of the second tour soldier

job based on the content of the behavioral incidents gathered.

Comments on the "Shortcut" Method for MOS-Soecific Scale Development

One lesson learned from the MOS-specific scale development effort

is that a procedure less time consuming than the usual behavioral scale

development sequence may be very effective when behavior-based rating

scales for a similar Job are already available. The typical approach for

constructing such scales is to elicit large numbers of behavioral

examples, develop dimensions based on the content of the examples, have

the examples retranslated into those dimensions and according to

effectiveness level, and write behavioral summary statements for each
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performance level on each dimension. In addition, the summary statements

are often reviewed by job experts before the scales are put in final

form.

Because, the first tour behavioral rating scales were available

for each of the nine MOS an because the second tour performance

requirements were reported to be similar in many ways to first tour

requirements, it seemed appropriate in our research to simplify the NOS-

specific scale development procedures. Accordingly, and as mentioned

previously in this paper, the first tour scales were used as a starting

point in the present effort. Those parts of the scales requiring changes

were revised utilizing a relatively small number of performance examples

and a group of Job experts working directly on the scales' summary

statements. This shortened procedure reduced considerably the time and

expense needed for rating scale development without reducing the quality

of the scales, as was apparent from the favorable retranslation results

for the final summary statements.

On the Nature of the Second Tour NCO Job: Technical and

Supervisory Duties

An important job content-related issue addressed by these rating

scale development results concerns the nature of the second tour NCO job.

Specifically, second tour soldiers have a variety of performance

requirements, some involving technical aspects of the job and others

relating to supervisory duties. Second tour NCOs both perform and

supervise the work. Data gathered in the present effort provide some

Information relevant to determining the salience of the technical versus

supervisory elements of these jobs.
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In particular, the content of the performance examples or

incidents gathered for the nine MOSs should reveal estimates of the

relative importance of the technical and supervisory aspects of the

second tour soldier job. Consideration of how these performance incidents

were elicited will clarify why this is so. Recall that the NCOs and

their supervisors from each of the target MOSs were asked in a workshop

setting to record behavioral incidents they recalled from observing

second tour soldiers working in these MOSs. Workshop participants were

told that the incidents could refer to any part of the job for that MOS,

so we would expect the content of a large number of incidents gathered

Inductively in this manner should representatively sample the different

elements of the job.

More precisely, we would expect that the performance Incidents

elicited this way would reflect a representative sample of the job

content related to performance reguirements, what it takes to be

effective on these jobs (rather than, for example, the time spent on

different Job activities). This is because the behavioral analysis

method draws out Incidents whose content relates to effectiveness on the

job. As mentioned previously in this section, we did not gather a large

number of performance incidents for each MOS, but the incidents we did

collect, across all MOSs, ad the Army-wide incidents appear to yield a

sufficient sampling to provide a look at the issue of job content,

technical versus supervisory, related to performance requirements on

these jobs.

Table 3 shows the percent supervisory performance incidents as

Judged by our research staff, for each of the nine MOSs, along with the
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total percentage of NOS-specific incidents that were supervisory in

nature, across all nine HOSs. Referring to individual MOSs, second tour

infantrymen and light wheel vehicle mechanics seem to do the most

supervising, while tank crewman and vehicle operators are involved least

in supervising soldiers.

Comparing Table 3 with Table 2 notice that our decision to develop

(or not to develop) NOS-specific supervisory categories for each NOS was

not directly related to the percentage of supervisory incidents gathered

for that NOS. Rather, as mentioned previously, MOS-specific supervisory

categories were developed only when the incidents for that NOS reflected

aspects of supervision which were not tapped by the Army-wide supervisory

dimensions.

Table 4 presents a more detailed analyses of the MOS-specific

supervisory performance incidents. Also shown in Table 4 is the

percentage of the 734 Army-wide incidents reliably retranslated into the

supervisory performance dimensions in the Army-wide scale development

effort. Although the total percentages of NOS-specific and Army-wide

supervisory incidents are reasonably close (27.1% and 30.5%), the

distribution of these incidents to individual supervisory categories is

very uneven across the two sources of Incidents. The vast majority of

the MOS-specific supervisory incidents fall in the Organizing,

Supervising, Monitoring, and Correcting dimension, whereas supervisory

Incidents are more uniformly spread across all three categories in the

Army-wide case. The reason for so few MOS-specific incidents in the

"Showing Concern" dimension is p•e.ably due to the more generic nature of
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that dimension and the instructions to NOS-specific workshop

participants to focus on performance examples relevant only to the target

MOS. It is not clear why there are differences in the patterns of

incidents for the other two supervisory categories, although sampling

error is certainly a possible reason for such differences.

At any rate, results in Tables 3 and 4 suggest that indeed the

second tour soldier Job has performance requirements in both the

technical and supervisory areas. For most of the MOSs, roughly one-

quarter to one-third of the performance demands are likely to be

supervisory in nature, with the rest in the technical arena. This

finding has, of course, important implications for soldier selection,

as well as for the training and retention of second tour Army personnel.

Selection concerns need to focus on personal characteristics relevant to

supervisory success in addition to aptitudes and abilities important for

obtaining technical knowledge and skills necessary for the technical

aspects of the job. Training must emphasize skill-building instruction

and on-the-job experiences related to technical Lnd supervisory aspects

of the job. And, retention of second tour soldiers with skills and

potential in both areas should be explicitly encouraged. Project A

researchers are attending to these implications in continuing efforts to

improve the overall effectiveness of the U.S. Army.
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Table 1. Summary of Reliably Retranslated Second Tour

Army-Wide Incidents by Category

#/% of

Cateaorv Incidents

A. Displaying Technical Knowledge/Skill 55/7%

B. Displaying Effort, Conscientiousness,

and Responsibility 168/23%

C. Organizing, Supervising, Monitoring,

and Correcting Subordinates 99/13%

D. Training and Developing 63/9%

E. Showing Consideration and Concern

for Subordinates 62/8%

F. Following Regulations/Orders and

Displaying Proper Respect for Authority 59/8%

G. Maintaining Own Equipment 21/3%

H. Displaying Honesty and Integrity 59/8%

I. Maintaining Proper Physical Fitness 32/4%

J. Developing Own Job/Soldiering Skills 43/6%

K. Maintaining Proper Military Appearance 27/4%

L. Controlling Own Behavior Related to

Personal Finances, Drugs/Alcohol, and

Aggressive Acts 46/6%
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Table 2. Supervisory Performance Categories for

Second Tour NOS-Specific Scales

KOS Performance Categorv Name

118 Supervising Soldiers In the Field

Leading the Team

13B None

19E Assuming Supervisory Responsibilities in

Absence of Tank Commander

31C Managing the RATT Rig

63B Checking Repairs Made by Other Mechanics

64C None

71L None

91A/B None

95B Leading the Team in a Tactical Environment
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Table 3. Percent Supervisory Performance Incidents

From MOS-Specific Workshops

Percent

Number of Supervisory

Total Number Supervisory MOS-Specific

NOS of Incidents Iniet Incidents

lIB 159 71 44.7%

13B 57 13 22.8%

19E 236 27 11.4%

31C 212 49 23.1%

63B 180 76 42.2%

64C 184 31 16.8%

71L 156 36 23.1%

91A 89 33 37.1%

95B 234 73 31.2%

Totals 1507 409 27.1%
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Table 4. Numbers and Percent Performance Incidents

By Supervisory Category

NOS-Specific Army-Wide

Incidents Incidents

1. Organizing, Supervising, Monitoring,

and Correcting Subordinates 310 20.6% 99 13.5%

2. Training and Developing

Subordinates 82 5.4% 63 8.6%

3. Showing Consideration and

Concern for Subordinates 17 1.1% 62 8.4%

Totals 409 27.1% 224 30.5%
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Getting Answers to the Right Questions:

Job Analysis Strategy

To many, the words "job analysis" fail to generate a sudden surge of

excitement. Instead, they may evoke images of mindless automatons poring over

endless lists of task statements. The practitioners in this field should be

forgiven if they sometimes find themselves identifying with Rodney

Dangerfield.

Such an image of job analysis in fact poorly represents the nature of the

activity. It encompasses issues which are challenging, stimulating and

critically important. Consider this situation. You are building an enlisted

selection and classification system for the entire U.S. Army. You want to

test the validity of this system in as rigorous a manner as possible, so you

have set about to build a comprehensive set of criterion measures to capture

soldier performance in both the first and second tours of duty. Your mission

is partially complete; you have finished developmtent of first tour measures.

Now, as you approach development of second tour measures, you realize

answers to several key questions are needed before you can proceed. First,

what should be the content of these measures? Second, are separate measures

needed for each job? Or are the jobs so similar that the same measures can be

applied to all? Third, to what extent can first tour measures be used in

second tour? You do not want to squander valuable resources to develop new

second tour measures if there is really no major difference between first and

second tour perfozmance. Fourth, what kinds of measurement methods are

rneded? These need to be suitable to the job requirements.
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Clearly, you now need job analysis information. The challenge here is to

develop that job analysis strategy which will not only identify and prioritize

job camponents, but which will furthermore provide sufficient information to

ensure a maximally effective set of performance measures. Such a strategy

should yield as camprehensive a job picture as possible. Multiple methods are

to be preferred as likely yielding more complete information than might a

single method. To the degree feasible, all relevant and useful sources of

information should be consulted.

As you have probably guessed, the scenario I have been describing is not

merely a hypothetical one. It is essentially the situation we found ourselves

in as we prepared to analyze nine second tour jobs in Project A, a large scale

project to develop performance-based selection and classification measures for

the Army. Before the other members of this panel tell you what we have been

learning from these analyses, I would like to spend the next few minutes

describing the overall strategy that guided our efforts.

At the outset of this project, we had advanced a general strategy for job

analysis designed to provide both good overall job coverage and a basis for

discriminating between good and poor performers. A multinethodological

approach was adopted which incorporated two of the three basic types of job

analysis methods identified by Ash (1982): task-based and behavior-based.

The task-based approach involved heavy reliance on existing job information,

suppluuanted by interviews with cognizant subject matter experts, to first

identify a consolidated domain of all tasks within a job. From this domain, a

smaller set of tasks was to be identified which could best represent the full
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domain for testing purposes. Finally, the tasks in the smaller set were

divided into discrete steps (Cmpbell, Campbell, Rumsey, & Bivrds, 1985).

The behavior-based approach involved workshops in which subject matter

experts on the job generated examples of good, poor and average performance.

These examples were then clustered into dimensions. (Toquam, McHenry, Corpe,

Rose, Lamilein, Kemery, Borman, Mendel, & Bosshardt, in preparation).

This general approach ws, in our judgment, reasonably successful for the

analysis of first tour jobs. It led to the measures which were judged by

responsible Army proponents were to provide adequate job coverage and which

provided reasonable discrimination among those tested. But the job require-

ments at the first tour level were relatively uncomplicated. A soldier was

essentially expected to be able and willing to do the work required. Among

the second tour soldiers we would be examining, many would have advanced to a

junior non-crcmissioned officer level. The available literature (Hebein,

Kaplan, Miller, Olmstead & Sharon, 1984; Wallis, Korotkin, Yarkin-Levin,

Schemmer, & !muford, 1985), as well as preliminary soldier interviews,

indicated that at this level soldiers would have supervisory as well as

technical job requirements. Would the first tour job analysis approach still

suffice for soldiers required to assume responsibility for the work and

behavior of others?

It is as true in job analysis as elsewhere that the answers one gets is

to no mall degree a function of the questions one asks. In our behavior-

based approach we had been asking essentially two kinds of questions: what

are critical behaviors for effective performance on a specific job and what
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are critical behaviors for effective performance on any type of A".y job?

These questions sewed sufficiently encompassing to capture both supervisory

and non-supervisory job requirements.

Our real concern was what we would find, or fail to find, using the task-

based approach. Let us Tor the moment split second tour requirements into two

categories-technical and supervisory; recognizing that such a dichotomy

represents a gross oversimplification. In other contexts, we will be using

the word "technical" in a much more restricted way.

A task is, by one definition, an observable, measurable action, with a

definite beginning and end, which is performed for a relatively short period

of time (DeVries, Eschenbrenner & Ruck, 1980, pp. i1, 13). This definition

fits technical tasks reasonably well; in fact, the task-based approach seems

principally designed to generate tasks which are technical in nature. It was

our expectation that this approach would provide satisfactory coverage of the

technical domain.

We had no such expectation with respect to the supervisory domain.

Supervisory behaviors tend to be continuous rather than discrete, are not

easily observable and measurable, and are difficult to fix in time. Since it

is difficult to translate leader behaviors into tasks, those generating task

inventories may omit such behaviors entirely or represent them inadequately.

We felt the task-based approach provided useful information and should be

included in our overall strategy. The dilemma was how to insure that the task

lists generated provided adequate representation of supervisory job require-

ments.
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Our basic strategy was simply to expand the sources we used to generate

our consolidated task list. Fortunately, sources were available which, when

combined, gave us reasonable confidence that we were covering the supervisory

domain. Alma Steinberg, a contributor to the next paper, and her colleagues

(Steinberg, van Rijn & Hunter, 1986) had, through extensive interviews,

generated a comprehensive task list focused on leader requirements from the

junior NCO to the senior officer level. Ilene Gast, our next speaker, had

generated a list of leader tasks based on critical incidents which was less

exhaustive than the list generated by Steinberg but which tended to be more

focused at the junior WCO level.

Following a preliminary data collection effort which provided more

information about the relevance of tasks on both lists for second tour

soldiers, the two lists were merged into one through a process designed to

retain the most desirable characteristics of each.

At this point, we had a strategy which we believed could provide the

information we sought about measurement content and method, the extent to

which measures could be collapsed across jobs, and the extent to which first

tour measures were appropriate for second tour soldiers. The following papers

will explore how this strategy was applied and what m rs were generated by

it.
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