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Extending the Measurement of
Graduate Admission Abilities Beyond
the Verbal and Quantitative Domains

Donald E. Powers and Spencer S. Swinton
Educational Testing Service

Traditionally, major national admissions tests,
such as the Graduate Record Examinations (GRE)
Aptitude Test, have focused primarily on the mea-
surement of broadly applicable verbal and quanti-
tative abilities. The GRE Board recently sponsored
an investigation of the possibility of extending the
measurement of abilities beyond the verbal and
quantitative domains in order to facilitate a
broadened definition of talent. That effort resulted
in a restructured GRE Aptitude Test, which in-
cludes a measure of analytical ability for which a
separate score is reported. The present study pro-
vides a factor analytic description of the new re-
structured test. Results suggest that the restruc-
tured test continues to tap the verbal and quantita-
tive skills measured by the original GRE Aptitude
Test but that it also contains a distinct, identifiable
analytical dimension that is highly correlated with
the dimensions underlying performance on the ver-
bal and quantitative sections of the test.

Despite the complexity in the ability domain
(see, e.g., Carroll & Maxwell, 1979), stan-

dardized tests of general academic ability have
tended to focus almost exclusively on the mea-
surement of two broadly applicable abili-

ties-developed verbal and quantitative apti-
tude-and with good reason. These two con-
structs have been shown to be not only logically
but also empirically related to successful study
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in a variety of fields (Willingham, 1974, 1976;
Wilson, 1979).
The purpose of one such test of general aca-

demic ability, the Graduate Records Examina-
tions (GRE) Aptitude Test, is to facilitate the
selection of graduate school candidates. Until
the fall of 1977, the test consisted of a verbal
ability measure designed to test, according to
Conrad, Trisman, and Miller (1977), &dquo;the ability
to understand and manipulate written words in
order to solve problems&dquo; (p. 10) and a quantita-
tive ability measure designed to test &dquo;basic

mathematical skills, understanding of elemen-
tary mathematical concepts, and ability to rea-
son quantitatively and solve problems in a quan-
titative setting&dquo; (p. 14). The verbal section con-
tained four principal item types: antonyms,
analogies, sentence completions, and reading
comprehension sets. The quantitative section
consisted of three types: discrete mathematics,
data interpretation, and quantitative compari-
son.

The Restructuring Effort

In 1974 a plan was developed to improve the
GRE Aptitude Test by broadening its definition
of academic talent beyond verbal and quantita-
tive abilities (Altman, Carlson, & Donlon, 1975)
in order to allow students to demonstrate a
broader range of skills. After a survey of consti-
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tuents revealed that faculty and administrators,
as well as students, were most receptive to revis-
ing the test to include a measure of analytical or
abstract reasoning skills, seven analytical item
types were developed and evaluated with respect
to a number of standards including reliability,
efficiency, criterion-related validity, face valid-
ity, difficulty, speededness, and independence of
verbal and quantitative measures (Conrad,
1976; Altman & Conrad, 1976). As a result,
three analytical item types were selected for in-
clusion in the current measure of analytical
skills, which has been a part of the GRE Apti-
tude Test since October 1977. The measure is
described as tapping students’ abilities to recog-
nize logical relationships, to judge the con-

sistency of interrelated statements, to use a se-
quential procedure to eliminate incorrect
choices in order to reach a conclusion, to make
inferences from statements expressing relation-
ships among abstract entities such as nonverbal
or nonnumerical symbols, and to determine re-
lationships between independent or interde-

pendent categories or groups. From 1977 until
now, these abilities have been measured by three
principal item types: analysis of explanations,
logical diagrams, and analytical reasoning (Con-
rad et al., 1977), which are illustrated in Table 1.
Substitutions for or modifications to these item

types may be made before the analytical mea-
sure becomes fully operational.

Objectives

The major purpose of the study reported here
was to develop a factor analytic description of
the restructured GRE Aptitude Test. The meth-
odology of factor analysis has been considered to
be a useful approach to establishing the con-
struct validity of measurement instruments

(Cronbach, 1971). However, it is recognized that
evidence of construct validity comes, not from a
single study, but from a variety of related re-
search efforts (American Psychological Associa-
tion, 1974). The study reported here represents a
correlational approach to establishing construct
validity.

The secondary purposes of the investigation
were (1) to provide additional information rele-
vant to guiding the development of additional
parallel forms of the analytical measure and (2)
to compare the structure of the original test with
the restructured test. Overall, this study was in-
tended to provide some information relevant to
the degree of progress toward the goal of broad-
ened measurement of student talent.

Procedures

The Sample

Analyses reported here were based on a na-
tional random sample of approximately 4,000
examinees who took one form of the restruc-
tured GRE Aptitude Test during its first opera-
tional administration in October 1977. The
item-level responses to all 205 items comprising
the test constituted the raw data for the study.
Other preliminary analyses also used the item-
level responses of another random sample of
nearly 6,000 examinees who took an equivalent
form of the restructured test during the same
administration.

Analyses

Analyses were performed in two stages. Pre-
liminary item-level analyses of only the analyti-
cal sections of each of two equivalent forms of
the test were conducted to gain a better under-
standing of the finer dimensions that might dis-
tinguish among the analytical items. Results of
these analyses were seen as potentially relevant
for developing tighter specifications for the new
analytical measure. Analyses of two forms were
used to assess the degree to which the new
analytical forms had been successfully balanced
on the basis of initial test specifications.
A second preliminary item-level solution was

also obtained for one form using all verbal,
quantitative, and analytical items. This solution
was used, with test specifications, to form clus-
ters of verbal, quantitative, and analytical items
for the later parcel-based analyses. Matrices of
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tetrachoric coefficients were subjected to initial
principal axis factoring to determine the ap-
proximate number of factors to be retained in
each case. Both the magnitude of eigenvalues
and the breaks in their size were used to decide
the appropriate number of factors to be des-
ignated for subsequent minres solutions (Har-
man & Jones, 1966) from which communality es-
timates were produced. The resulting factors
were rotated according to several rotational

schemes, both orthogonal and oblique, includ-
ing varimax (Kaiser, 1958), oblimin (Jennrich &

Sampson, 1966), and geoplane (Yates, 1974,
197R, 19,741,1 These first-stage exploratory
analyses not only served to better understand the
more molecular dimensions underlying per-
formance on the test but also formed the basis
for specifying homogeneous subsets or parcels of
items upon which the major second-stage analy-
ses were based.
The use of item parcels was preferred for sev-

eral reasons but mainly to circumvent some of
the problems often encountered in using inter-
item correlations. For example, it is commonly
held that spurious difficulty factors may arise
from item-level factor analyses. Nonlinearity
may lead to the emergence of some factors de-
fined by easy items and others marked by diffi-
cult items, even though the underlying continu-
um is unidimensional. In addition, parcel sub-

1Geoplane is a hyperplane-location approach that yields an
oblique solution. The objective of cluster-oriented rotational
schemes (such as varimax and oblimin) is usually to associate
each variable with a single factor. Under the geoplane crite-
rion, factors are defined by virtue of the set of variables to
which they are unrelated and the variables themselves are
permitted to be factorially complex. Greater freedom exists
in the choice of factor axes when planes or hyperplanes,
rather than reference axes, are chosen to represent clusters
of variables (Harman, 1976, p. 96). The geoplane criterion
"encourages" variables to be of less than full factorial com-
plexity but does not "force" any of them to be unifactorial as
the cluster-oriented schemes are prone to do. On the con-

trary, the geoplane criterion, by minimizing the geometric
mean of squared loadings of variables on factors, demands
only that each variable have a near-zero loading on at least
one factor (i.e., that each lie in a hyperplane not containing
some factor).

scores are more reliable than individual items
and should therefore be less susceptible than the
latter to the emergence of difficulty factors aris-
ing from instability, although nonlinearities

arising from guessing are not removed by com-
bining items. Finally, the reporting of results
based on a smaller number of parcels is less
cumbersome than one based on a larger number
of items.
The rationale for using subsets of items here

parallels a solution to the item versus subset
controversy given by Cattell and Burdsal (1975),
who cite two fundamental approaches to form-
ing item parceis. The first, grouping of items by
apparent content, is rejected as being too subjec-
tive ; the second, grouping items according to
their intercorrelations, is dismissed as being
somewhat destructive of inherent simple struc-
ture. Their recommendation to perform two fac-
tor analyses-one based on individual items and
the other on the parcelled item variables that re-
sult from the item-level factoring-has been fol-
lowed in this study.
In specifying the item parcels for the second-

level analysis, certain decisions were needed.
When certain item characteristics were confounded
with item type (e.g., reading comprehension
items tended to be less difficult than vocabulary
items), clustering based on only one attribute ef-
fectively foreclosed the possibility that other at-
tributes might define factors. The prior item-lev-
el factoring, however, allowed rational choices in
assigning items to parcels so as not to mask cer-
tain important sources of variance suggested
from the initial analyses. Important sources of
variance that emerged from these initial anal-
yses were nominal item type, item difficulty
within certain item types, keyed response choice
for certain fixed-format items, content for cer-
tain items (e.g., algebraic, geometric, or arith-
metic content for mathematics items), and pass-
age, or diagram, dependencies for certain items.
Since the evidence for speed factors was weak in
the item-level results, the position of items at the
end of separately timed sections was not con-
sidered in specifying parcels. The item-level re-
sults have been reported in detail elsewhere
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(Swinton & Powers, 1979). Thus, except for

speededness, all dimensions that had emerged
from item-level analyses were afforded the op-
portunity to appear in item parcels.
The 205 items were divided into 53 item par-

cels consisting of either three or (in most cases)
four items. Except for using product-moment
correlations instead of tetrachoric coefficients,
all item parcels were subjected to the same fac-
tor analytic procedures used to analyze the item-
level data.

Finally, item-parcel solutions, based on both
varimax and geoplane rotations, were extended
to background information (Dwyer, 1937; Har-
man, 1938) to facilitate the interpretation of fac-
tors. The results of this extension analysis have
also been described in more detail elsewhere

(Swinton & Powers, 1979).

Results

The item-parcel groupings that resulted from
preliminary item-level analyses are shown in
Table 2, which also shows the number of items
in each parcel as well as the mean and standard
deviation of scores for each parcel. The largest
eigenvalues resulting from a principal com-

ponents analysis of these parcels were 33.29,
6.23, 3.66, 2.34, 1.62, 1.39, 1.09, 1.05, .91, and
.81. Although eight eigenvalues were greater
than one, the application of a scree test (Cattell,
1966) suggested that six factors would be appro-
priate. Three, four, five, and six factors were ro-
tated and examined before the final decision was
made to base the description of item parcels on
the six-factor solution. A final six-factor minres

solution, which accounted for 90.4% of the total
estimated common variance, was rotated ac-
cording to the oblimin, varimax, and geoplane
criteria. Only the results of the latter two rota-
tions are presented here, since the oblimin rota-
tion (Swinton & Powers, 1979) did not yield a
reasonable simple structure.

Varimax Solution

The varimax rotation produced three sub-
stantial factors, which accounted for nearly 80%

of the common variance, and three less promi-
nent factors, each accounting for about 7% of
the common variance (see Table 3).
The communalities computed for the item

parcels, although not as high as those usually re-
ported for longer tests, were in general higher
than those computed for the item-level solu-
tions. Approximately 57% of the item cluster
communalities were greater than .40, compared
with about 46% of the item-level communalities.
Furthermore, only about 11% of the parcel com-
munalities were very low (less than .30), com-
pared with 28% of those computed for individ-
ual items. Thus, there is some evidence for the
greater reliability of clusters of items.

Factor I, reflecting 31.1% of the total common
variance, was defined by high loadings from sen-
tence completions, reading comprehension
items, and two analytical item types. High load-
ings on this factor were also noted for several
parcels of easy discrete verbal items (antonyms
and analogies). Factor I was labeled &dquo;verbal rea-
soning.&dquo; Because the similarity of analysis of ex-
planation items to reading comprehension items
in their use of questions with narrative passages
is apparent, it is probably not surprising that
these two item types should load on a common
factor. However, the fact that logical diagram
items also helped define Factor I is somewhat
more problematic, suggesting perhaps that this
factor also reflects a more general verbal and
classificatory reasoning ability.
Factor II accounted for slightly more than

25% of the common variance. Because of high
loadings from nearly all quantitative parcels, it
was termed &dquo;general quantitative ability.&dquo; Simi-
lar to Factor I, however, this factor also had
some relatively high loadings from analytical
item parcels.
Factor III, reflecting 22.8% of the total com-

mon variance, was defined primarily by loadings
from antonym and analogy items, especially the
more difficult ones, and was thus viewed as a

&dquo;vocabulary&dquo; factor. A few substantial loadings
also came from sentence completions and read-
ing comprehension items employing relatively
difficult vocabulary.
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Table 2
Item Parcel Pesignations and Their Yeans and Standard Deviations
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Table 2, continued

ALG - Algebra DI = Data RCP(N) = Reading
AN = Analogies Interpretation Comprehensive
AR = Analytical GEOM = Geometry Passage

Reasoning LD = Logical Diagrams (Number)
AX = Analysis of LR = Logical Reasoning SC = Sentence

Explanations OPP = Opposites Completion
OC = Quantitative

Comparison

Factor IV had very high loadings from two
parcels based on items associated with a techni-
cal reading passage. This factor accounted for
7.1% of the test’s common variance.
Factor V, which also represented about 7% of

the total common variance, is quantitative in
nature, primarily reflecting performance on
three parcels of &dquo;data interpretation&dquo; items.
Factor VI also accounted for nearly 7% of the

Aptitude Test’s common variance and was de-
fined as &dquo;analytical ability&dquo; by virtue of high
loadings from nearly all of the analytical item
parcels but from none of the verbal or quantita-
tive item parcels.

Thus, the orthogonal varimax rotation of fac-
tors based on item parcels yielded three major
factors, the first of which covaried strongly with
verbal items, particularly reading comprehen-
sion and sentence completion items (which also
tend to be somewhat easier than are most dis-
crete verbal items), and with analytical items.
The second factor covaried with both quantita-
tive items and analytical items. Thus, from this
solution, it would appear that analytical items
are essentially describable in terms of verbal and
quantitative factors but not vocabulary factors,
and that these items show only modest variation
that can be described as unique to their item
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Table 3
Varimax Factor Loadings for Item Parcel Analvsis
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Table 3, continued

aSee Table 1 for Item Parcel codes.

bFactors: I Verbal Reasoning II Quantitative III Vocabulary
IV Technical Reading V Data Interpreta- VI Analytic

Comprehension tion

Note. Loadings less than .20 have been omitted, as have all decimal

points.

type. That is, the analytical items comprising the
analytical section of the Aptitude Test appear to
have more variance in common with a general
comprehension or reasoning factor than with the
minor analytical factor.
However, the restriction to orthogonal factors

may result in an oversimplified representation of
the test’s structure. Since it is probably unrea-
sonable to expect the abilities of various verbal,
quantitative, and analytical item types to be in-
dependent or uncorrelated in the population of
GRE test takers, an oblique geoplane solution
was obtained.

Geoplane Solution

The results of the geoplane rotation of six fac-
tors are given in Table 4. Factor I’, accounting
for 18.3% of the common variance, was viewed
as a &dquo;reading comprehension&dquo; factor because of
its large loadings from reading passages, easier
sentence completion items, and easy discrete
verbal items. One negative and several near-zero
loadings from difficult verbal items, principally
the discrete types, supported the interpretation
of this factor.
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Table 4
Geoplane Factor Pattern (Partial Correlations) for

Item Parcel Analysis
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Table 4, continued

aSee Table 1 for Item Parcel codes.

bFactors: I’ Reading II’ General Quantitative III’ Vocabulary
Comprehension V’ Data Interpretation/ VI’ Flementary

IV’Analytic Technical Comprehension Quantita-
tive

Note. Loadings less than .20 have been omitted, as have all decimal

points.

Factor II’ had high loadings from all of the
quantitative parcels except those that were very
easy and those that consisted of data interpreta-
tion items. This factor explained 22.8% of the
test’s common variance and is identified here as

&dquo;general quantitative ability.&dquo;
Factor III’, reflecting 21.2% of the total com-

mon variance among parcels, was characterized
nearly exclusively by very high loadings from all
discrete verbal items except each of the very
easiest antonym and analogy parcels. It also
had two relatively high loadings from two diffi-
cult sentence completion parcels, which tend to

have difficult vocabulary. This dimension was
therefore interpreted to be a &dquo;vocabulary&dquo; fac-
tor.

Factor IV’, which explained 18.4% of the par-
cels’ common variance, received its highest load-
ings from parcels composed of items of the logi-
cal diagram analytical type, followed by analysis
of explanation items. This factor appeared,
then, to reflect a type of analytical ability.
Factor V’ explained 11.9% of the common var-

iance. This factor is related to data interpreta-
tion parcels, the technical reading passages, and
speed associated with several parcels of analyti-
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cal items located at the end of separately timed
sections of the test. This factor is referred to here
as data interpretation/technical comprehension,
an ability that is apparently also associated with
quickness in responding to analytical items. It
should be noted that the analysis of explanation
parcels that load on this factor have items based
on a passage about hospital statistics, a passage
that appears similar to data interpretation items
and to the technical reading passage in content
and style.
The final geoplane factor, Factor VI’, re-

flected performance on several parcels of easy
quantitative items. It accounted for 7.3% of the
parcels’ common variance and was termed easy
or &dquo;elementary quantitative ability.&dquo;
The intercorrelations among the geoplane fac-

tors (see Table 5) show a strong relationship (r
=.66) between the reading comprehension and
the analytical ability factors and substantial cor-
relations (.54 and .56) between general quantita-
tive and analytical ability and between reading
comprehension and vocabulary. However, al-

though correlated, the factors are distinct in
their interpretation.

In summary, if one wishes to describe the
structure of item parcels in terms of orthogonal
factors, it appears that analytical items are pri-
marily explained by a reading comprehension
factor, to a somewhat lesser extent by quantita-
tive ability, and to an even lesser extent by a mi-
nor dimension possessing a more distinctly
analytical flavor. However, if one allows cor-

related factors, the geoplane rotation identifies a
distinct and more prominent, although strongly
correlated, factor that reflects a component of
analytical ability. This latter interpretation
leaves open the possibility that the analytical
and reading comprehension scales may yield dif-
ferential predictive validity.

It is important to remember that correlated
factors are involved here and that high factor
pattern loadings represent those components of
item variance unique to a factor. In an oblique
solution, variables may exhibit higher pattern
loadings on one factor although they may have
higher correlations (factor structure coefficients)
with another. Indeed, in the case of the geoplane
solution, this is precisely what occurred with
reading comprehension passages.
Table 6 gives the geoplane factor structure

showing correlations of factors within the item
parcels. Although reading passages have high
pattern loadings (partial correlations) on Factor
I’and near-zero loadings on Factor IV’, ex-

amination of the projections (zero-order correla-
tions) of the variables on the factors reveals that
reading passages are slightly more highly cor-
related with Factor IV’ than with Factor I’, the
&dquo;reading comprehension&dquo; factor. Thus, although
Factor I’ represents the dimension unique
to reading passage items, it does not neces-

sarily represent a typical reading passage item.
The orthogonal varimax result, in which reading
comprehension and analytical items loaded on a
single general verbal reasoning factor, is thus

Table 5

- Geoplane Factor Correlations
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Table 6

Geoplane Factor Structure (Zero-order Correlations) for

Item Parcel Analysis __
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Table 6, continued

aSee Table 1 for Item Parcel codes.
bFactors: I’ Reading II’ General Quantitative III’ Vocabulary

Comprehension V’ Data Interpretation/ VI’ Elementary
IV’Analytic Technical Comprehension Quantita-

tive
Note. Loadings less than .20 have been omitted, as have all decimal

points.

not inconsistent with the geoplane description.
Indeed, the pattern of correlations of geoplane
Factors I’ and IV’ are both generally similar to
that of the varimax verbal reasoning factor, the
major difference being in the lower contribution
of the latter from quantitative item parcels.
Geoplane Factor I’ is seen as more closely cor-

related with discrete verbal items and less with

analytical items than is Factor IV’, analytical
ability. The varimax general verbal reasoning
factor, Factor I, can be thought of as being near
the centroid of geoplane Factors I’ and IV’.
Then, the minor varimax analytical factor, Fac-
tor VI, defining a dimension of analytical ability

orthogonal to reading comprehension, quantita-
tive ability, and most analytical item variance,
may be thought of as representing a dimension
of contrast between the geoplane reading com-
prehension and the geoplane analytical ability
factors. Thus, the varimax and geoplane &dquo;analy-
tical&dquo; factors are not closely related, apparently
tapping quite different aspects of analytical abil-
ity.

Summary and Discussion

From a factor analytic viewpoint, the goal of
broadening the measurement of academic abil-
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ities beyond the verbal and quantitative domains
appears to be attainable. The verbal and quanti-
tative dimensions that underlie the restructured
test remain quite similar to those reflecting per-
formance on the original test. The two major
verbal factors (vocabulary and reading compre-
hension) and the major quantitative factor ex-
tracted in this investigation correspond directly
to the factors computed for the original test

(Powers, Swinton, & Carlson, 1977). This was ex-
pected, since except for the introduction of an
additional quantitative item type, the verbal and
quantitative types are the same for the new test
as for the old one. Other less prominent verbal
and quantitative dimensions related to item type
and content of reading passages also remained
quite similar for both tests. Results of this study
suggest also that a distinct, identifiable analyti-
cal dimension has been introduced into the GRE

Aptitude Test, although this factor is highly re-
lated to the other factors underlying per-
formance on the test for the population of GRE
candidates. This factor is defined predominately
by the three new analytical item types but not by
any of the verbal or quantitative item types.
One criticism of such omnibus verbal and

quantitative ability measures as the GRE Apti-
tude Test is that they provide only a limited de-
scription of students’ academic strengths and
weaknesses (i.e., they do not adequately reflect
either the diversity of candidates’ backgrounds
and experiences or their differential develop-
ment in other important cognitive areas). The
introduction of an analytical component to the
test may serve to provide a more multidimen-
sional definition of academic talent that may
serve not only selection purposes but also guid-
ance and placement functions. A more compre-
hensive picture of students’ abilities seems es-
pecially appropriate for the GRE Aptitude Test,
which must serve numerous graduate depart-
ments having very different orientations. Once
the new measure is fully operational, its actual
utility can be determined only by further moni-
toring its use and evaluating its impact.
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