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Rasearch Memorandum 55-2

INTERRELATIONSHIPS (® ARMED FORCES QUALIFICATION TEST
(APQT-3 ARD -U4) BUPTESTS

I. STATEMENT OF THE PROBLEM
A. BACKGROUMD

The Armed Forces Qualificetion Test, AFQT-3 and APQT-k was constructed for
use at the Armed Porcee Bxamining Stations ss an instrument for the selection of
enlisted personnel and the allocation of this personnel among the Services. The
construction of the test was based upon the assusption that & combination of
verbal analogy, aritimetic reesscning, spatial relations, and tool usage items
would result ‘in an instrument having meximal wvalidity for performance in service.

During the item selection phase of comstruction, biserial correlaticns were
obtained between each item and the reference test scores of like and unlike types,
but no ettempt was made to separstely score the A¥QT subtests nor to make a
study of their interrelationships.

B. OBJECTIVES

The obJjective of the present project has been to determine the relationships
among the separately scored subtests, and to study the differences among thewm
for the various mental levels. In additicn to seeking generasl pertinent
informaticon, this project undertook the teeting of two specific hypotheses:

1. That significant differentiation occure, in terms of a hierarchy of
means through the mental grades, within sach subtest.

2. That the subtests contribute equally to the total score through the
five mental grades.

1I. METHCD OF INVESTIGATION
A. POPULATION AXD SAMPLING

The population was compcaed of all CONUS men taking the AFPQT during the
wonths March through December, 1953. The APQT enswer sheets of part of this
population were available in the Branch. This subpopulestion consists of 2% of
the persons classified in Mentel Grsdaes 1 through IV (APQT paseers) and 10% of
the persons clessified in Grade V (AFQT feilures). From this subpopulation of
AFQT answer sheets, two eamples were drawn: ‘
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1. One sample comsisted of 1000 AFQT-3 and 1000 APQT-b answer gheets with
200 in each Mental Grade for each form. (Administretive scceptee answer sheets
vere not included--their scores would place tham in Grede V, although they are
supposed to be in Memtal Grade IV.) This is not a rectangular distribution
because of the unequal assigmment of percemtiles to Mental Grades (See Table 1).
This group vill be referred to as Ssugle 1.

2. Sample 2 was comprised of 1000 cases drewr from Sample 1. The purpoase
was to compose a sample which had in each Mental Grade a number of cases
proportional to the number expected on the basis of the percentile scoree which
define the Mental Grade (Ses Tuble 1). Frum Sample 1, cases wer: drawn at
random from eech Mentsl Grade until the totals in the "N" column remsined.

Table 1

DEPFINITICN OF SAMPLE 2 IN TERMS OF AFQT PERCENTILES IN EACT MENTAL GRADE

®

Percentile Percent
Mental Grade Interval Included K

I 9% - 100 8 80

11 65 - 92 28 280

111 31 - 64 B 340

v 10 - X 21 210

v -9 9 0
1660~

B.  VARIABLES

1. The variables with which this project ie concerned are the rawv scores on
APQr-3 snd -4 subtests (verbal, arithmetic, tool usage, and spatial) and the
total AFQT raw score {the sum of tbe Pour subtest scores).

2. Each individual's answer sheet ylelded five scoreec: one for each
subtest and his total scores. The scoring formula wvas R - 1/3. Negative as
well as positive scores were used.

III. ANALYSIS AND RESULTS
A. INITIAL PROCEDURE

Sample 1 was scored in pre;,u.rat,’pn “or analysis of veriance (multiple
classification design) and then was sorted into the following cross-classifications:
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1. AFQT-3 cases and AFQr-h# cases. (1000 in each group)
2. Fach of these two into the five Mental Grades. (200 in each group)

3, FEach of these 10 groups, at random, intc b equal parts, each part used
as the source of scores for one subtest, (50 per gmup)

Thig established 40 groups of 0 cases each, in which no individual sppeared in
more than one group or cell. (The 4O cells are conceptually arranged as a
2x b4 x5 cube.)

B. RESULTS

1. Bartlett's test for homogeneity of variance was applied to the 40 cells.
This resulted in aX 2 of 566.9, representing a P of less than .0l, indicating
heterogeneity of variance. It 1s not a surprieing outcome since this could appear
solely as a result of the definitions (ranges included) of the mental grudes.
(S8ee Table 1). The efrort to transform the data appeared to be mwarranted;
the analysis of variance was completed, however, for sake of interest. The .00l
point was cet as reguired for significance in the swsequent analysis. Table 2
shows the means of the components of cross-classifications. Table 3 shows the
patterns o7 means involved in the only significant interaction, subtests with
mental grades.

Table 2

MEANS OF SUBTEST, FORMS, MENTAL GRADES, AND TOTAL
(8 = 2000)
= C 3 s
Classification Means
Subtests (500 in each)
Verbal 15.2
Arithmetic 14.8
Tool Usage . e IH5 D
Sp&ti&l x_s., < .un Kor 13.1
&v--LO‘ (L\'t'vd'al
Forms (1000 in each) DY TAB
Lanamounced
AFQT-3 ' Juctification 58.1
AFQr-b 58.5
-
Mental GCrades (40O in CQCh)I_“_i_g“t_rihutionj_
I __Avoilabilite Codes 92.8
11 i Availand/or 81.6
III Dist special 62.6
IV hl-?
v ; 7\ 13.5
Total I 58.4

N




Table 3

MBANS AND STANDARD DEVIATIONS IN CELLS OF SUBTEST-MENTAL GRADES
CROBS-CLASSIFICATION"
(In Bach Cell X = 100)
R e e A T T e e e A e e e e R i R~ i R W E

I I1 I1I Iv v

Means

Verdbal 23.8 2.1 18. 4 10.6 1.3

Aritheetic 23.8 21.6 16.3 9.8 2.h

Tool Usage xX.1 18.8 15.1 135.7 7.0

Spatial 25.1 19.1 12.9 7.6 2.8
Btandard Deviations

Verbel 1.3 2. §,2 5.8 2.9

Arithmetic 1.k 2.h k.2 k.5 3.9

Tool Usage 2.4 4.3 k.9 5.2 5.6

Spatial 1.9 3.2 k. 3.7 3.1
#This is the only interaction which was statistically significant (tested

sgainst Residual).
2. The results of the first phase of the analysis are showva in Teble &
and Table 5.
Table b
ANALYSIS (F VARIANCE Qf AFQr SUBTESTS, NENTAL GRADES,
AND FORMS -3 AMD -

Source of Sum of Mean
Variation Squares ar Square r 8ignif.
Subtests 1602.75 3 53k . o 37.18 *
Grades 100811.73 b 25202.93 1753.86 »
Forms 1k.96 1 18,96 1.0h
Interactions

Subtests x Grades 4723.88 12 393.66 7. % *

gubtests x Forms 7.80 3 2.60 -

Crades x Forme k7.36 11.84 -

Subtests x Grades x Forns 198.19 12 16.%2 1.1%
Residual 26169.02 1960 1k.37

Total 135575.69 1999

sgignificant beyond the .00l point.
- B -
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Table 5

ANALY31S OF VARIANCE OF MERTAL GRADES SEPARATELY FOR FACH SUBTIST

Source ot S5uz of ean

Subtest Variatlion Squares ar Squares r
Verbal Between 3uheh i 8616.00 Ghh L2
Within 6621 405 13.37
Tetel L1085 499
Arithmetic Between 30872 L 7718.00 676.42
Withino 5648 Los 1.5
Total 36520 k39
Tool Usage Batveen 130%0 L 3262.50 152.16
Within 10615 455 2.5
Total 23665 499
Spatial Betveen 2751 L 6187.715 508,716
Within 5323 3% 11.15
Totel 3267h k99

*All F's cignifieanu beyond the .00l point.

3. A pew serics of I's based on the pooling of morsigaificant Jateractiune,
wae calculated; but, because of the large number of degrece of freedom swveilable
in the errr 4em, the diffsrences were clmost ‘mperceptible.

k., Tve infer=uces drewvn from these findings are as follows:

. The mouns of rsubtestz are statistically slgnificantly differsat.
Bowever, these diiverercen are not great, as can be seser in Teble 3.

2. Means of nentel grades are very different. This is to Le cexpected
from definitlonms of thelr renges.

c. The difference of 0.7 betwean forme 1s not eigrificant.

d. There is & very significant interacticn between subtests and mental
grades. This ia chservable in Tubles 2, 3, eand 4. For exsaple, as grade level
goes dowr, the proportion of tolal ssore dus to the Tocl Usege subtest lncresses
from 2U¥ to %2% (zomparing mesns). The implicstion is that mot only various
ahility levyela, bt 8230 various hisrarchiss of the abilities place men in the
scversl psntal yels,

\n
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e. The other three interactions are not significent. All three of
them involve the forms classification. .

5. The results of the other prinripal method of analysis, correlational,
tased on Sample 2, are presented in Table O,
Teble 6

MEANS, STANDARD DEVIATIONS, AND INTERCORRELATIONS
OF SUBTESTS BASED ON SAMPLE 2

(N = 1000)
N—— - -
Subtest Mean SD 1 2 5 N (1+2)
Verbal 16.7 7.6
Arithmetic 36.1 7.1 .80
Tool Usage 159 £.0 38 .39
Spatial 15.4 6.9 Y AR SN 'Y
Total 61.7 2%.6 38 89 .65 .86 (.9%)

It can be seen in Table 6 that the range of intercorrelations extends from
.38 to .80 (excluding r's with total). The lower r's involve tool usage, as
suggested by the earlier analysis of variance results. The median is similar to
the .55 cited for the Army Classification Battery. The implication of these
findings is that the AFQT, like the ACB, is meesuring several abilities; although
unlike the ACB, the APQT yields 2 single score. Since the AFQT is not intended
to classify, 1t 1s a shorter test, and so can be expected to have less reliability
in the separate subtests. However, there is sufficient differential performance
in the AFQT to offer some assurance that men are not being screened on one
tight cluster of abilities.

Iv. SUMMARY

The interrelationships involved in parts of APQT-3 and -4 performance were
investigated, using a sample of 2000 CONUS men.

1. Analysie of wvariance showed (in addition to significant mental grade
differences) that:

a. The subter*s were not equally difficult.



b. There was an interaction betveen the mental grede of individuals,
as determined by total score, snd performance on the separste
subtests.

c. On all subtests there is a hierarchy of means through the mental
grades, but this is less evident for tool usage.

2. Correlational analysis showved AFQI to be operating as a screening
battery. The lowest intercorrelations were those with tool usage.

PERSONNEL
Prograa Coordinator: Dr. J. P. Mundy
Project Director: Dr. K. F. .8chenke1
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