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FOREWORD

The mission of the OFFICER PREDICTION Work Unit is to develop improveG sans of
assigning officers who have aptitudes and other characteristics to meet the differing
demands of different officer activities.

The research program consists of the development of psychological tests and tech-
niques and the evaluation of the measures as ditferential predictors of performance in
combat, technical, and administrative duties. In 1958 and again 1. ,902, experimental
tests ior Lihe :" , C),K. Battcy ,1.;. ^-;'tered to Regular Army and Reserve
officers entering on active duty, numbering more than 10,000. The experimental piedictors

are being evaluated as predictors of success as measured by several methods. Ratings by
superiors and peers were accomplished after about on, year of active duty. In 1964 i
1965, a series of situational tests in which the officer is confronted with problems typicd,
of service under combat conditions in each of the three areas was administered to 900
officers previously tested with the experimertal battery. The exercise was staged at the
Officer Evaluation Center established for the purpose at Fort McClellan, Alabama. In 1967
and 1968, evaluations of performance in combat (Vietnam) and in combat-ready situations

(Europe, Korea. CONUS) were obtained.

Analyses now being completed are concernec' rh )fly with means of scoring the pre-
dictor instruroents. The present Technical Research .ote details the analysis of officer
responses and formulation oF scoring scales for the information tests of the battery.

The entire research work unit is responsive to special requirements of the Deputy
Chief of Staff for Personnel as well as to requirements of RDT&E Project 2J062106A722,
"Selection and Behavioral Evaluation: Personnel Measurement," FY 1969 Work Program.

U. S. Army Behavioral Scince

Research Lao 'ra torv



FACTORIALLY DERIVED INFORMATION MEASURES FOR DIFFERENTIAL
PREDICTION OF OFFICER PERFORMANCE

BRIEF

Requireri!..t:

Development of scoring formulas for mr., o; L.he experimental predictors of the
Differential Officer atinty requires detailed and complex analysis of officer responses.
These analyses, while time-consuming, are an essential step toward the end product .
psychological measures that are usefully discriminative for assignment of officers to
combat, technical, and admir,istrative duties.

Procedure:

Analysis Qf the information test in the battery took the unusual form of a double
analysis--each analysis based on half the questions--and a synthesis of the results. Two
equivalent sets of questions were formed from the 600 information questions in the battery.
The officer sample for both analyses consisted of 900 officers who took the test at entry
on active duty, 100 being randomly selected from each of nine branches of service. In
each analysis, officer responses were grouped on the basis of interrelationships (factor-
analyzed) to define relatively independent areas of information. Matching areas defined in
the two parallel studies were ident;fied for scoring p-"oses. Questions not belonging in
the matched areas were assembled on the basis of content into 13 additional sets.

Findings:

Ten areas of information were matched in the two separate analvses:

Practical skills Entertainment - culture
Technology operations Finance

Math - physical science Organized sports
History - politics lntellectu:al games
Literature - arts Biochemistry

Utilization of Findings:

All 23 scores formulated as a result of the analyses will be evaluated as predictors
of officer performance as determined by 1) ratings after one yoar of active duty, 2) per-
formance in a simulated combat exercise conducted at the Officer Evaluation Center, and
3) 1967-68 ratings obtained in the field, either in combat in Vietnam or in combat-ready
situations (Europe. Korea, n2ONUS). The studies will demonstrate to what extent scores on
the several information areas are differentially predictive of officer effectiveness in
combat, technical, and administrative assignmeits. Basing scores on a double analysis
should reduce the effect of chance rusults in evaluating the prediction achi -. -d.
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FACTORI ALL-Y DERIVED I NFORMATION MEASURES FOR DIFFERENTIAL
PREDICTION OF OFFICER PERFORMANCE

BA CK~GROUND

The research reported here is p-irt of a comprehensive longitudinal
pr ig r am to predict officer performance by psychological measures obtained
at entry on active duty. In I and again in. I large samples of
officers too~k a-~ extensive hat tory of measures of offi cer leadership
pocential. These measures were des ' ined to evaluate qualities important
in military leadershlip in any area--the "generalist" concept--and quali-
tites relevant to performance in each of three broad areas--combat, tech-

n~aand aJ'<riistrat~ve. The Input of 4 officers, from which
tile pres:cnt -;a7.p e was drawn, took a tw,--day batteryv of measures cal led
the Differential Otffi er Batterv xln' at the beginning of atteianice at
Branch Basic ojfficer CoirSes. About one year later, their job po-rfcirm-
ance arid potent ial were evaluated by supervi sors and Loi leagues workil'.g
closely with thein. Somei six v ionths later, offi cers in a selected sample
-,,ere o':aluated ill threelav inte ri exrIe siu ngpromnc

of combat ,te,,hni -l ind 'd 'in istrat i ve Pit i es i n a combat si tuat ion

S t a ed a t thIte 0 ft1 r F ,Iiat i " rt en)t er S p e c llJ',* inlst itilted for tleQ
evIl natliions;. F. i L)1 I v o h e per d r","' 9'r: nc to Srn
tho)se :Ten hers If tile ,I ~ ii.lli Siple who were still ;, active
Pilty were ratel4 OP j01 eror' I 4')Ir theaIter V ie t n", or in

Co11a,- read v >. .1t i.I o Tl, ;n E r , K... .0 or CONUS.

De' n f tea Std

o r the trelictorht tCrv t o 0il scores t hat are rela t u v h,'rV 7. 0 tI,
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t-o equivalent parts with '00 items in each. In this way, the factors

and scales obtained from the two analyses could be compared and the
stability of factor structure across th two analyses could be assessed.

Thus, a second objective was to assess the e:-tent of factor congruence

in two samples of item content.

METHOD

Sample for Analysis

The analysis was designed to reveal psychological factors across all
branches of se.vice. Therefore, the sample was selected to afford ade-

quate representation of all branches rather than the proportions found
in the inpul population. There were nine branch basic courses: Infantry,

Armor, Artillery, Engineer, Signal, Ordnance, Quartermaster, Adjutant
General, and Finance. From eacn of these, 100 cases were randomly
selected to compose the analysis sample of 900. In general, the first
three could be considered to represent combat, the next three technical,
and the last three administrc.ive specialties,

Variables

The DOB contained four information tests of 150 items each. The ;00

odd-numbered items constituted the set of variables f r one analysis, the
even-numbered items the set fo the other analysis. The number of items
in each set belonging to each contenL category s shown in Table 1.

Analysis Procedure

Steps in the analysis were as follows:

1. Correct response p-values were obtained for all items. Those
with extreme values--less than .10 or greater thai. .90--were excluded
from further analysiL.

2. All retained items were intercorrelated (tetrachoric r). There
4ere 2qO items in each matrix.

7. Each matrix was factored by the principal axes method, using the
highest off-diagonal entry as the communality estimate.

4. After inspection of the eigen values, the first 17 factors were
rotated to simple structure by the varimax method.

5. Factor clusters were assembled, each item being placed in the
cluster for which ii showed th- highest loading.

C. The clusters were refined to provide scales of 20 items where
possible. Items with higher loadings in a given factor and nagligible
loadings on al; other factors were given preference in se' ction for a
scale.



Table 2

CONTENT CATEGORIES REPRESENTED IN DOB INFORMATION TESTS

Number of Items
Category Odd Even Total

Combat Tactics 25 25 50

Organized Sports 5 14 2'_

Nature Sports 8 15

Farm Facts 9 8

Biology-Medicine 70 9 19

Psychology-Psychiatry 9 10 19

Technical Service Hardware 25 25 50

Mechanical Information 15 12 25

Fhysics 8 9 17

Chemistry 8 16

History and Philosophy of Science 8 7 15

Mathematics 15 14 27

Supply, Warehousing 25 25 50

Games 8 8 16

Art 9 9 18

Mu sic 8 16

Entertainment 9 9 18

Literature 16 16 32

Finance 28 27 55

World Affairs, Politics 15 16 3'

Socioeconomic Facts i 11 22

Quantitative Miscellany 8 8 16

Qualitative Miscellany 13 13 26



RESULTS

identification of Factors

The proportions of total variance included in each of the 17 rotated

factors in each analysis are shown in Table 2. It will be remembered

that the analysis was based on it:.i intercorrelations, which tend to be

moderate in size because of modest single-item reliability. Not every

factor provided enough items with highest loadings to yield a usable

scale.-' Furthermore, clusters of items were identified in which there

were substantial loadings on two factors. Even though such clusters

could not provide relatively independent scales, they promised reasonable

homogeneity, and the segregation of their items from the clusters with

unique loadings on one or the other of the two factors improved the homo-

geneity of scales based on the unique clusters. The result was the iden-

tification of 14 usable factor scales in each analysis. Analysis of the

odd-numbered items yielded 13 reasonably unique one-factor scales and

one scale of items loaded on factors I and IV. Analysis of even-numbered

items yielded 12 one-factor scales plus factor I-IV and factor II-V

combinations.

Table 2

PERCENT OF TOTAL VARIANCE ACCOUNTED FOR BY

17 FACTOPS IN EACH SAMPLE

Percent of Variance

Factor Odd Even

I 3.66 4.25
II 2.46 2.97

Il1 2.72 2.65
IV 4.55 2.75

V 1.60 1.86
VI 1.98 1.77

VII 1.49 0.97
VIII 0.91 i.00
Ix 1.01 1.05
x 0.90 0.96

XI 0.84 0.92
XII 0.85 0.85
XIII 0.93 o.88
xiv 0.85 0.87
xv 1.65 0.84

XVI 0.91 0.82
XVII 0.91 o.81

Total 28.22 26.32

L-Factor VII in the odd set had only 5 items, factor VII in the even set

only 3. These factors were retained because of the very high loadings

(odd, .64 to .77; even, .71 to .o3).

-4-



Matching Odd and Even Factors

Factors derived from analysis of the odd- and of the even-numbered

information items were compared on the basis of number of items from

each content category. Table 5 presents the tabulation of number of

items in each content category for the matched factors. Thus, odd

factor I (I ) has 20 items across six categories, and matched eveno

factor IV (IV e) has 20 items across five of these same categories. It

was clearly revealed that odd factor I matched even factor IV, that odd

factor IV matched even factor I, and that the I-TV combination factors

were matched. In addition, factors II, III, and V through VIII matched

their respective number. in the other set, and odd factor XV matched the

even II-V combination. Partial matching was achieved between odd XIV
and even IX, and between odd XIII and even XIV. Only two factors from

each set failed to match by this comparison.

Table 4 shows the percentage of items from each content category in
the matched factors and affords a ready basis for interpretation of the

factor scales. The table also suggests to some extent the content rela-

tionships among factors I and IV and the combination scale, and among
factors II and V and the combination scale. The latter scale emerged as

a separate factor XV in the odd set. The broad interpretations of the

scales are as follows:

Odd Even

I IV Practical ',nowledge, rural-mechanical

I-IV L-IV Mechanica, and physical science knowledge
IV I Physical sciences and mathematics

II II Humanities., social scicnce
XV II-V Entertainment, arts

V V Aesthetics

III III Finance

VI VI Organized sports

VII VII Intellectual games
VIII VIII Biology, chemistry

XIV IX Military tactics, technical services
XIII XIV Supply

!1
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Table 4

PERCENTAGES OF ITEMS FROM CONTENT CATEGORIES INCLUDED IN
MATCHED FACTORS FROM ODD- AND EVEN-ITEM DATA

Content Categories Odd Factor Even Factors
I IV I-IV I

Nature sports, farm facts 12 40 10 0
Tech svc hardwae, mech information 5 X 35 10

I-IV
Tech svc hardware, mech information .2 50 . 10
Physics, Chemistry 25 0 _ 35

IV
Physics, Chemistry 40 0 15 _
Mathematics 0 0 4

II II V II-V

Art, Literatute 40 25
Politics, Socioeconomic 5 0

V
Art, Music 25 20 17
Literature 30 5 __ 25

xv
Music, Entertainment 25 10 42
Literature 10 5 25 25

III III
Finance 8 90

VI Vi
Organized Sport 100 100

VII VII
Games 100 100

VIII VIII
Biology-Med, Chemistry 62 i0

XIV IX

Tactics, Tech svc hardware 60 60

XIII XIV
Suppiy and Warehousing 45

8
Underlined values (percentages) are for matched factorS.

Correlation among Factor Scales

A more precise test of whether the same factors are found in the two
analyses is of course the correlation between matched factors based on

subjects' scores on the two scales. The correlation coefficicnts, provid-
ing estimates c reliability, are shown in Table 1,. These coefficients
between indepenoently determined scales would be expected to be lower

than reliability estimates based or, odd-even assemblies in a consecutive

-7 -
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sequence. To provide comparable estimates, the reliabilit, per unit
length (that is, for a single item) is presented, as well as the reli-
ability estimate for the combined pair of scales. It is evident that
most correlation coefficients for the combined scales are in the accept-
able range of reliability for tests of the given length.

Table 5

CORPELATION BETWEEN MATCHED ODD-EVEN FACTOR SCALES

Odd No. of Even No. of Correlation Reliability
Factor Items Factor Items Coefficients' Single Itenf Scale

I 20 IV 20 660 088 79

I-. 20 j I-IV 15 (57 151 86

IV 20 I 20 795 162 89
II 20 II 20 668 01 8

V 20 V 20 506 049 67

XV 20 ll-V 12 477 054 66
III I iii 20 782 152 8n

VI 12 VI 11 624 126 76

VII 5 VII 1 215 064 57

VIII 8 VII 10 426 074 60

XIV 10 IX 1 282 2150 44

XIII 12 XIV 8 152 018 26

Matched Odd-Even Residual Content Scales

Tactics 15 J Tactics 15 1)6 01 7

Supply 1'5 Supply 14

'106Cmal points ornlted,

All items not included in the factor scales were assembled into
residual content scales, all items from one :jntent catego.y being placeu
in a single scale. There were enough residual items in two categories--
Tactics and Supply-- o provide both odd and even scale3. Correlation
within these pairs is shown for comparison with correlation between
matched factor scales. It is kvident that the unit reliability coeffi-
cients for these residual content scales are equivalenL Lu those for the
partially matched factor scales--the last two listed. From Lhe data in
Table 5, the decision was made to use the first ten factor scales for
scoring and to relegate the items of the last two to residual content
scales, obtaining in all 17 scales. Hereafter, factors XIV , IX , XlIo,
and XIV are treated as unmatched factors. 0 e

e

i _- -



Independence among Factor Scales

Table C presents the estimated correlation among the ten accepted
sca'es from each analysis, obtained by averaging the correlation coeffi-
cients of each pair member with a given pair. (Note that these are not
estimates of correlation among the full-length combined scales.) Except
for the expected correlation between the scales based on items with
loadings on two factors--the I-IV and I-V scales--only the factor VIII
scales show appreciable correlation with others--the I-IV set and factor
scale II. Correlation with the unmatched factors was also low, except
for XIV and IX , which correlated moderately with the same four scales

as factor VIII.

Table 7 presents correlation coefficients between the ten selected
scales and all residual content scales. All but a few of the moderate-
size coefficients are found between content scales and factor scales
with five or more items from the same content category.

Table 6

CORRELATIONSO AMONG FACTOR SCALES (ODD-EVEN AVERAGED)

Factor Scalesb
Odd- I 7-IV IV Ii XVI  V III VI VII VIII

Odd Even Even-Tv I-IV I II II-V V III VI VII VIII

Matched Factors

I IV 6b
I-IV I-IV (

IV I 62 1.
II II 16 7 7 67
XV Il-V 13 1 12 42

V V 11 K QO 1 , 51
Ili Ill- 1-I - ' V' I >, '

VI VI -C - Ob II 23 1. 2 2 )

VII VII 1 12 1 1 16 1, 26 K ..
V111 VIII T"!i 4, ' S 

,  -,4 04 16 43

Unmatched Factors

XIV IV4 1., , 'i 6 "IXI I" '' '2 ', 1. !q .. 2. .

XIVI A 1 l 2 '
XIII 21 14 K fl' II -1 2> 1 .

XVII lu 7 1i xl- C ' >6 "
X 0f" i = 1 ] 1 ",1 i* ," k 5" 5 2;

5
0emrli oints on-dted.

baSC stl e d aso, ol ,t;'n With 'Oa rln wo t 4aA-C iLt .g., i-F'. ii-\,) P.O be esectred to C'orsat@ ttaltnt-llyv -tl,

sCale* based o,, 'ir with binlding i~il-ll 011 one ci the t-0 f~I0nhi'. Uode1' ilOd roeffrI'mnrs Oie 1,1 % mCh pi111t-on-
sh4ips,



TaMe 7

CO1.ELATIONS' BETWEEN FACTOR SCALES (ODD-FVFN VrRCFD) AND RESIDUAL CONTENT SJALES

Factor Scales b

Odd-I !-IV IV II XV V III VI VII Vill

Residual Content Scales Even-IV I-IV I II II-V V III VI VII VliI

Tactics (0) 2 77 21 20 c) >-' 0' 7z i' 12

Tactics (E) 1 1-4 ' 4 1 7 0

Life Science 2- 2 1' 1 1, -  "11

Psychology 16 15 10 21 16 2 - IV 12 i

Technical Service 4 50 1 P 14 K -)4 -0) ii '0

Matnena" ics-t'ny3ics 3 7 ) 52 11 14 P " 14 P

History and Philosophy of Science I, 2( 3 IC 1( 1 -'- " 11 -

Games ) 0 ) ' 4 ~'>)"

Supply (O ?7 17 7 1', 1" " ."

Supply rE) 34 .' 41 7. '

Art-Music-Entertainment I , 11 4

Li terature ', "" 71 : I1 3

Finance ". 1" 2 K 4 '7 17

Pol it ics ; . . .. , • .. ]

Socioeconomic " 7 " ! V. '4

Quantitative Miscellany ' . , .

QuAlitative Miscellany 3.

V8100%r)# I ffe MScor)Sttofls betymowE~n t cv CflIO Rn~ 'k . Acl" c*Sw,(.J 5 ~ ~ ~

-



Selection of Items for Final Scoring Scales

Based on the above findings, it was decided to assemble ten factor-
based cales by combining matched odd-even scales. To provide greater
length for five of the sciles, item factor loadings and specific content
were reviewed, and seven scales of 40 items, two scales of 25 items, and
one scale of 10 items were assembled. The resultant scales are listed
in Table 8.

The short Intellectual Games scale offers a note of ir'eresc. All
five items from odd factor VII were about chess, while all three from
even factor VII were about bridge. This accidental segregation led to
low loadings on factor VII for the one odd item on bridge and the one
even iter on chess. Adding these two items to the combined scale may
well have ,vIded a more reliable total scale score than would be ex-
pected from the coefficient of .22 between the two short factor V1i
scales.

Tabl ) gives estimated reliability and intercorrelation of the
final factor-based scales. Despite particular findings such as that on
the Games scale, these estimates are based on the assumption that the
unit reliability coefficients and intercorrelations for all scales
would be the same as those shown in Tables 5 and 6.

Finally, Table 1)' shows the selected residual content scales.
Where there were too few items left in a given catego.y, items in that
category were 'ombined witn those of a category to which they appeared
to be related on the b_-is of cverall factor results and logic.
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Table

ESTIYLATED RELIABILITIES AND 'NTERMI7RELAT 1ONS
AIMONG FINAL FACTOR 3CALES

Final Factor Scales

PS

Pr a ct Ical SkMill I~ Is

TO

Technolovy Operat ions 'TO)

M P

M ath and Physical Ocience 'MP)

HP

History, Po~iti( s-Culture HP) 1 4 71 "

Literature and Arts LA '42 ~C
EC

Entertain-ment-CuA ture EC'7 -

FN

Finance Fl)- ;> 1 14
Os

Organized Svcrts OS-

B Ct i let Gie 11C



Table 10

FINAL RESIDUAL CONTENT SCALES

Items
Scale Content Number Total

Warfare Tactics 45 45

Outdoors Organized Sports

Nature Sports 4 12

Farm Facts 5

Life Science Biomedical 4
Psychology 12

Technology Technical Service 27

Mechanical Information 5

Math-Science Physics 3
Chemistry 1 II

Mathematics 7

History-Literature History and Philosophy of Science 7 12

Literature 5

Supply Supply 44 44

Intell. Entertainment Games 6
Art 5
Music 3
Entertainment 3

Finance Finance 16 16

Political Science Politics 12 12

Economic-Social Socioeconomic 13 15

Quantitative Misc. Quantitative Miscellany 14 14

Qualitative Misc. Qualitative Miscellany 18 18

Total 260

14

ii



SUMMARY

To obtain relatively homogeneous and mutually independent scales for
scoring the 600 items of the Differential Officer Battery information
tests, two factor analysesY one using odd items, the other even, were
performed on matrices of item intercorrelations. Seventeen principal
axes factors in each analysis were rotated to simple structure by the
varimax mcthod. From each 17, 14 usable factor-based scales were derived.
Matching of these scales by content categories of the items included and
by scale intercorrelations demonstrated that the scales from each analysis
matched well with scales from the other analysis. The paired scales were
then assembled and some were augmented slightly to yield ten final factor-
based scales embracing a total of 340 items. The remaining 260 items
were assembled into 13 residual content scales.

Factor solutions based on the two samplings of related items showed
high congruence in major dimensions. The ten factor scales were tenta-
tively interpreted. All 23 final scales--1O factor and 1 residual con-
tent scales--are to be validated for officer performance criteria to
determine whether they are differentially predictive of effectiveness in
combat, technical, and administrative activities.
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