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Abstract

Separate factor analyses of two operaftonal forms'of the,Graduate

Record Examinations (GRE) Aptitude Test were.undertaken7to,gaim a bettef

understanding of the abilitigi that contribute to performance on the exami-

nation. Results suggest that three global abilities -- two verbal and one

quantitative -- are being consistently tapped by the GRE Aptitude Test.

Other less prominent dimensions -- some of which appear to be specific to

test forms -- were npted also. These dimensions revealed allots of the

test that are related to item type, speededness, and the content of reading

passages.

.

Factor'extension analysis was used to estimatethe loadings on these

operational. test factors of new items from eight experimental tests administered

with the operational forms. Statistical removal of the extended tacto;k from

the matrices of tetrachoric interitem correlations of the experiment4 tests

and examination of,residual relationships and amount of variance explained .

suggested that the experimental tests are, in general, adequately explained

by the factors in the operational teats. There are, however, several dimensions

in the experimental tests distinct from the factors underlying the operational

forms. Recommendations based on the findings of the analyses are made

concerning sabtest length, item arrangement, and passage content. The factor

analysis method is seen as having relevance in supplementing more traditional

item classification and analysis techniques and for the planned restructuring

of the GRE Aptitude Test. t
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introduction

Purpose

The investigation reported herein is part of a multiyear plan aimed at

eevitapzing or renewing the GRE Aptitude Test (Altman et al., 1975). The

present study contribkes to the renewal effort by (1) determining the factor

structure of the current test and (2) determining the structure of several

experimental tests through relating each of these tests to the structure

of the .current test. Since no factor analysis of,the GRE Aptitude Test. has

4

ever been reported, consideration of the current test's structure was thought

to be useful in decisions regarding the addition of certain new tests or item

- I

types and the deletion of others. A distipction between global factors (such

as verbal and quantitative) and local factors (such as reading comprehension;

vocabulary, and verbal reasoning) was thought to be useful also. Local factors

were considered to be of greater relevance to decisions regarding, the shoitening

of the current test, while the more global factors might have greater value

for deciding which additional modules should be included in any contemplated

test' revision. Reference to previously.reported separate analyses of the SAT

'verbal and quantitative sections (Coffman, 1966; Pruzek and Coffman, 12.66) did

not yield conclusions that would apply without reservation to the GRE_Aptitude

Test, despite similarities between item formats of the two instruments.

To accomplish the first purpose, principal factor solutions, based an

interitim tetrachoric correlations, were computed for the responses of two random
to.

samples, each of 8,000 examiiees, taking the GRE Aptitude Tr in October.1975.

The second purpose was addressed by extending the'current test's factors-

into each of eight experimental. tests, which at each test center were

administered in a spiral design in ,conjunction with the two operational
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forms (See Table 2.). Additional analyses of residuals were planned for any

experimental tests not adequately described in terms of the factors found in

the operational tests. The factors extracted from the operational forms,

however, accounted for sufficient amounts of variance in each experimental

test to justify postponing further analyses.

Description of Operational Tests

The operational portion of each GRE Aptitude Test form consists of three

separately timed sections containing verbal and quantitative items, and is that

portion of the test on which candidates' reported stores are based, Section 1,

the first of two verbal sections, is made up pf questions in three formats:.

analogies, which test the ability to understand relationships among words and

ideas; antonyms, which test vocabulary; and sentence completions, which measure

ability to recognize logical and stylistic consistencies among the elements

of a sentence. Section II, the second verbal section, contains paragraphs

dealing with a range of subjects, each followed by sets of reading comprehensidk

questions. The items iplSection III, the quantitative section, require

7

.
reasoning based Jan understanding of arithmetic, algebra, and plane geometxY,

and the ability to interpret data presented in maps, graphs, charts, or

tables (Graduate Record Examinations, 1975). A tabular summary of the opera-

tional test appears as Table I and examples of selected item types appear

in Appendix A. These items have been extractefrom the Information Bulletin
4

that is available to all GRE candidates.

ti

I



Table 1

.

Summary
t
of thf CRE Operational Test Forms K and K2*

Section .

Form K

Item. Description

Form K2

Item Numbers

Form K Form K2

Time Limit
in Minutes

I Discrete verb*: Discrete verbal: 1-55 1-55 25

Analogies. Analogies 1-9 1-9

Opposites II' Opposites 10-19 10-19
Sentence completions Sentence completions 20-28 20-28
Analogies Analogies 29-37 29-37
Opposites Opposites 38-47 38-47

Sentence completions Sentence completions 48-55 48-55

II Reading Comprehension: Reading Comprehension: 140 1-40 50

Narrative passage
Humanities passage -

"tArguMentative passage
Biolbgical science passage
Social studies passage
Physical science passage

III ' Quantitative:

Algebra, arithmetic, geometry,
and miscellaneous .

Data interpretation
Algebra, arithmetic, geometry
Data interpretation
Algebra, arithmetic, geometry L

Data interpretation
. AlgebrA, arithmetic, geometry,

and miscellaneous

Narrative passage
Scientific passage
Argumentative passage

Humanities passage
Humanities passage
Physical science passage

Quantitative: Jib

Algebra, arithmetic, geometry,
and miscellaneous -

Data interpretation.
Algebra, arithmetic, geometry
Data interpretation
Algebra, arithmetic, geometry
and miscellaneous.

1-7

8-13
14-20
21-26
27-33
34-40

1-6

7-13

14-20
21727

28-34

35-40

1-55 1-55

-1-11 1-22

12-16 23-30 '

17-21 31-38
22-26 39-44.

27-41 45-55'
42-46
47-55

*
Throughout the report the two opelational forma will be referred to la K-and K2. The ICe6U1 GRE

designation of these forms is, respectively, K -SGRI and K2-WGR1.
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Description of the Experimental Tests

c Section IV, .the final section in each GRE"Aptitualltst book, has been

termed an experimental test and designated Xio - X17, although the majority

of the items contained in these tests are similar to items in the operational

form, and were being tried put in preparation for possible inclusion in

future operational forms. Two truly experimental tests (X
15

and X
16

) contain

quantitative comparison items -- an item type not used in the Gap Aptitude

Test prior to October_1977. The major experimental aspect of the other tests

is the length of passages in the reading tests, the number of'questiqnl

associated with each, and the grouping of pasgages by content area -- either
,

scientific or humanities/social studies. A bries deicription of/each

experimental teat is given in Table 2.

.

Sample Selection

Samples upon which this investigation is based were drawn from the popula-.

tion,pf examinees, taking the two forte of the GRE Aptitude Test that were

given in October 1925. The primary stratification variable was the experiMental

test foam that the examinee received. The two, operational forms (1 and K2) were

administerea with the eight experimental tests, the latter being administered

in a spiral design as Section.IV ot thg_operational forms. That is, approximate'

half of the examinees received form K and half received form 12. One of four

expetimental reading tests
(X10

X13) occupied the final section (Section IV)

of.form K, While one of four experimental quantitative tests (X14 - X17) Air

SectionoW of form K2. Approximately one-eighth of the total examinee .

population was administered each combination (e4., form K, experimental
4

test X10) of tests. Random *samples of 2,000 were drawn for each of these

combinations.

I

1



Table 2

Description of Experimental Tests

ft*

I

Fora General Description

a

:

Reading Comprehension (Humanities/Social
Studies) -- three short passages, each /

with three associated queitions.followed
by two long passages (same length as
operational form) each with eight
questions

XII
Same passages as X1 , except each passage
has up to two adds Tonal questions

1

Reading Comprehension (Science) -- three
short passages, each with three associated
questions, followed by two long passages
(sine length as operational form) each
with eight questions

X
13

Same passageb as X12 except thit two
adiitional short passages and,associated

X12

questions are added

X14

X15

X
16

X
17

Regular quantitativeitems paralleling
those now used in the operational test,
but not including data interpretation items

Quantitative comparison items

No. of It
ems

Time .Limit

in Minutes

2i 25

30 25

.1

25

30

30 25

40 25

35 25

20 25,

First 23 items -- quantitative comparisons
(suggested time 15 minutes), last 12 items --
regular quantitative items (suggested time

--10 minutes-)

Data interpretation items paralleling
those now used in the operational test

4
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Selectida of Operational Forms
Ake

The two operational forms subject to the analysis reported hereisp'were
4

select ed solely because the ir administration coincided with the proposed

'research. These forms, therefore, were those on which the most recent data

were available. The fact that GRE test developers have judged these forms

to,be representative of a larger num))erof GRE Aptitude Test forms justifie$

4

a certain degfee of generality for the results reported herei

. Categorization of 'tails

Generally, data from three sources were'used to interpret the results

of the factor analyses of the two operational forms. Naturally, the 'test forms

ti

themselves and the categorization of items in these fortis, along with the authors

j dgments regarding the materi4 contained in the tests, were the major inputs.

Setondly, the.test content specifications usid by GRE examiners to cipify

.

1

i were obtained and scrutinized. Finally, the item statistics (biserial
, .

cor elatj.ons or item with total test score, difficulty indices, and 'percentage

atteipting or reaching each item) also served as data useful in suggesting

or c nfirming certain interpretations. Table 3 shows'the classification categori

. associated with each item! type.
.

. \

v \ 4

1'0-1
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Table 3

GRE Aptitude Test Item
Classification Scheme

It Type Classification Categories

1 (1) Level (concrete, mixed,
or abstract)

Analogies (2) Structure (independent
or overlapping)

. ,(3) Content area*

(1) Specificity (general
definition or fine
distinction)

Discrete
Verbal

Opposites

(2) Length, (single words

or phrases)

(3) Pat of speech

(4) Content area*
. ;,

Reading'
Comprehension,"

Quantitative

Sentedce Completions

A

1

(i) Number of blanks
(one or two)

"(2) Content area*

(1) Passage cbntent
(narrative, biological
science, physical
science, synthesis,
argumentative, Social
studies, or miscel-
laneous)

(2) Item type (main ideas,
supporting ideas,
intended inferences,
application,, evaluation

of logic, or style and
tone)

Content (algebra,
arithmetic, geometry,
data interpretation,
or miscellaneous)

*

Aesthetic /philosophical, world of ptStical affaifs, science, human*:
relationships, or general.
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Form K - Internal Structure

Results
a.

Estimated communalities, obtaiukby Tucker's method (Appendix ); were

employed, leading to a total communa44y estimate of nearly 60 or about 40% of th

total normalized test variance of,150. The first 12 principal factors, derived

from; the interitem tetracho0C correlation matrix, were sufficient to account

4!3 .

for virtually all of this estimated common variance. inspection of the roots
, .

i''''''

and trial rotation of 6, 8, 9, and 10 factors resulted in the,rsetemtion of eight

factors, with total estimated communality of 56.3, or 37.5% of the..total test
It

variance (94% of the estimated common variance). (See Tables C-7 and C-8

in Appendix C.)

While factoring of the common variance allows the parsimonious.description

of the relationships among test items in a space of Liver dimensionality, psycho-

logical intertaretation of the resulting latent dimensions usually requires a

rotation of axes to some criterion of simple structure. Since projectibn of

the experimental tests into the factor space determined by.the operatIonal -

tests was planned, it seemed prudent to work with uncorrelated (orthogonal)

factors..

The most common analytic method for approximating orthogonal, simple

structure useg Kaiser's (1958) varimax criterion, in which the variance of the

column of squares of item loadings on each factor is maximized. This procedure

,leads to item loadings near one or near zero on each factor and tens to result

in relatively easily characterized factors with "clean" patterns of loadings.

Although the patterns resulting from oblique rotations, such as Yates' (1974)

geomin, are likely to be even more. interpretable, the fact that the resulting

factor structure is not orthogonal could have led to difficulties in interpreting

the results of the ektension of the factors to the experimental tests. Upon vari

max rotation, the first three rotated factors were found to account for 76.5% of

a

. I "



9-

.

he common variance, while the'first five accounted for 90.1% of thl\common

variance.

The fadtor'S showed the influence of item type and differential speededness,

with little evidence of covariance due to content classifications (SeeTa4le 3)

among he ver items, but some indication of a content structure among the

quantitativ items, for wh ch content and type appear to be more closely related.

Th rst three factor characterize the major dimensions of item covariance

and ref ct the global st cture of the skills assessed by the Aptitude Test. It

would appear that thre relatively 'distinct skills, one quantitative and two verbal,

are being tapped. Altugh the two verbal factors are not completely independent,

with all but two verbairtems displaying positive loadings on both factors, a clear

ks

tendency is evident for completion items from Section I to relate more to the

reading passage items of Section II than to the opposites and analogies items°

forming the bulk of Section I. The remaining factors account for relatively

smaller proportions of test' variance, revealing aspects of the structure of the

1

quantitative test (Section III) and differential 'effects of speededness on

the three sections. These latter factors idy additional dimensions of

covariation within algebra, data interpretation, and applications ("word

problems") items, and separate speed factors for each of the two verbal

sections. A discussion of each factor identified in form K follows below.

(Also see Table 12.) Although t e discussion fairly bristles with item numbers,

item position is central to a major point, and we request the reader's forbearance.

Factor I, accounting for 28.3% of the common variance, underlies the common

variance of the quantitative items, since mosy43 of 55) of the quantitative ,

items, but none of theyerbal items, load highest on this genotat quantitative

ti.letot.. Nearly all (53) of the quantitative,items display loading; of .2 or

1
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greater on Factor I, while only 12 bf the 95 verbal items have loadings this

large. Items at thelbend of the quantitative section (#48, 51, 52, 53, 54, and 55)

display the highest loadings on this factor, suggesting a strong relationship

between speed and ability in this domain. While carrying the analysis out

to 10 factors resulted,in the splitting off of a speed factor tapping only

these final items, this factor accounts for leas than one-tenth.as much variance

as was contributed by the quantitative factor, and the final items continue

to represeIt the higheit loadings on Factor I. It was concluded that the

apparent eedednesscomponent among the quantitative items is'not an artifact,

but that alacrity is linked to the ability measured by this factor. (See

Swinton and Powers, 1976.)

Factor II, accounting for 26.7% of the couson variance, is a verbal frulr--

teadav compuhemion: connected diAcoume. Thirty-eight of 40 reading passage

items and all but one of the eight items in the first sentence-completion

section exhibit their highest loadings on. this factor, with physical-science-

relatedreading passages appearing less strongly related to this comprehension-,

dimension than passages based on literary or'social aCience content. The

second completion section, appearing at the and of Section I, sh6ws substantial.

loadings (greater than .3) on this factor for only dour of its eight.itemsf

with generally much larger loadings oil Factor V, a speed factor. Scattered

analogies and opposites items, (01, 10,.2%;, 30, and 32) also have lOadings

greater than .4 on this factor, but only eight .of 38 analogies and opposites

items load highest on Factor II. Only one quantitative item has its highest

loading on Factor II.
.

Factor III, accounting for 21;4% of the common variance, reflects ,

vocabutany: wond4 and concept4 i
,

iation. Of the 18 loadings



above .5, 16 are contributed by opposites, and analogies items. The five

highest loadings on Factor II'are all contributed by opposites items.

The two sets of sentence-completion items, which are associated with the

7 comprehension factor (Facior.I1), appear in a single timed section (I) of

the test with the analogies and opposites items; this situation might be

expectedto lead to moderate loadings from sentence-completion items on

Factor III. Complestion items with loadings greater than .4 on this factor,

are numberg 22, 27, 28, 5, 55. However, only items 27 and 55 load highest

on this fictoi. There is no evidence that single-blank completion items rel e

differently to this verbal reasoning factor than do double-blank completion

items. Iteme,in the opposites format generally exhibit their highest loadings

on Factor III, with 18 of 20 such items loading higher on this factor than on.

';any other; 12 of 18 analogies items also load highest on, this factor.

Of the reading passage only,two display loadings greater than .3

4n Factor III. The mot reading passage items having their highest loadings

on Factor III are short questions, each having one-word answer choices involving

rather'difficuli vocabulary. Loadings of these items therefore also tend to

support the interpretation of Factor III as en ability to deal with words in

isolation.
i-

6

Fatty IV contributes 7.5% of the common variance, and displays loadings

greiter,than:;4 pn items '3, 5, 6, S, 9, 111 17, 20, and 21 of Section ,III.

1

In addition, ittems 1, 10, 29, and 32 exhibit loadings in the .30's. Of tHese
. 1 r'. e

1 -

items,,onit numers 6 and 10 dO,not involve algebraic notation for the variables
r. ., .

"x" and "y". Eaql of the five items ,havingAts highest loading on this factor
4 :4

-InvOives.algebraic notation. Putting behind us the temptation to christen

Factor. IV."thb x factor," we dub it etemenpl atgebna. The only other items

'?

.1 'I

p

rt -,
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in.Section III involving algebraic notation are items 30, 36, and 38, with

loadings'of .22, .28, and .29 on Factor IV, and the more advanced items from

number 47 to the end of the test, which those pupils high in general quantitative

ability were most likely to attempt. These latter items load almost exclusively

on Factor'/, the general quantitative fac'tor.

Factor V, accounting for 6.2% of the common variance, Is defined by the

t

' fact that its highest loadings are from items 48-55, the sentence-completion

items at the end of the 25-minute first section of the test. Loadings of these

items on this factor range from .40 to,:68, higher (except for item 55) than

their loadings on any other factor, including verbal Factors II and III.

In contrast to the role of speed in the quantitative test (an instrument in

which the items at theend appear to be the best measures of the quantitative

factor), these sentence-completion items show strongest covariation along a

dimension orthogonal to other verbal items, suggesting that speed is a less

central component of verbal ability, and that Sectioh7/, with 55 items in

25 minuted, mallbe more speeded than is consistent with optimal measurement of

verbal reasoning. While 4peed o6 t6spon4e to daeute vabat'ittmd'may be an imp.

tant trait that adds to the validity of the instrument, the fact that 15% of the

items in SeEtion I appear to be strongly influenced by this factor may be of

importance in the interpretatiOn of the measure. The only other loadings

;Teeter than .2 on the factor appear in items alio near the end of Section I,

supporting the interpretation of Factor V as a measure of speed.

Factor VI, accounting for 4.3% of the common variance, identifies a

dimension variance underlying quantitative items 12-15 and 22-25 -- two

sets'of data interpretation items, the first based on a rather unusual graph

and tie second on a parcel-post rate table. Each of the five items having
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I

its highest loading on this factOr is a data interpretation item. This

factor seems to reflect abitity Zo valeta ilt1519AmatIon from a rather complex

ground, since data interpretation items involving simpler tables or items

requiring more extensive manipulation of information in adifition to extraction

from tables and graphs (items-16, 26, 33, 42-46) exhibit lower loadings on

Factor yr and correspondingly higher loadings on Factor I.

Factor VII, accounting for3.1% of the common variance, has no large

loadings from any item, but a large number of positive and negative loadings

ranging in absolute value ftom .1 to .3 -- loadings that are positive'for

verbally7presented mathematics items, such as 6, 7, 10, 27, 28, and 31, and

negative for more abstract problems intwhich algebraic. notation appears,

such as 8, 36, 48, 49, and 5153. Only item 7, which is a relatively easy,

praftical word problem dealing 4th sales and commissions, has its highest

Loading on this factor. Three opposites and analogies items from verbal

Section I display small positive loadings on this factor.

Ttiegathematics content of the items with positive loadings on this factdi

tends to be practical: percentages, and averages. This fact, coupled

with the-textbook "word problem" nature of the items, led to designating

.

the factor as appticationd: word lotomem, taken in a similar textbook sense.

Finally, Factor VIII accounts for 2.5% of the common variance. Items

from the last passage of Section II are the only ones to show moderate (greater

than .2) loadings on this factor, suggesting that it represents a factor

of tut/ding Aoted: compkehem.*. Since all but one of these final items (item

38, which loids highest din Factor VIII) display higher loadiongt on Factor II

( reading comprehension)`than on Factor VIII, it was conc)uded that reading
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,

Speed does not play an important role in Section IX. Examination o biserials

suggests that reading speed seems neither to.decrease,final-item relations with

the intended construct, as seemeeto be the case for Section I, nor to increase

those relations, as did quantitative speed in Section III. Although.the content

of these items is scientific, and the other scientific passage also exhibits

low loadings on theomprehension factor, Fact VIII dos* not exhibit strong

relations to the earlier sciiitiiic items. Thus,'' i-content-related interpre-

tation is less tenable than one based on speed. Furthermore, the interpretation

of Factors V and VIII as speed factors instead of difficulty factors seems most

plausible in light of (1) the appearance of large loadings at the points where
O

the test becomes speeded, and (2) the fact that difficult items appearing earlier

in the test do not load on these factors.

seems to correspond more diiectly to the

In addition, the increase in loadings

sudden increase in the test's speededness

rather than to the more gradual increase in the difficulty of items. A schematic

summary of factor loadings of form K items id given in Table 4. Detailed tables

of factor loadings appear in Appendix C.

Form K2 - Internal Structure

A second principal-factor solution, again using Tucker's communality

estimates, was computed for form K2, and a total communality estimate of over

64 (43% of 150, the total test variance) was obtained. Inspection of roots

and trial vatimax rotation of 6, 8, 9, and 10 factors resulted in the reten-

tion of the 10-factor solution as most meaningful. These 10 factors, with

a,tot.11, estimated communality near 61, account for,41% of the total variance

or 95% of the common, vaxlance of the test. After orthogonal rotation

according to the varimax criterion, the first three factors account for about

I

tf`

Vr

,
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Table 4
/ .

'Summary of Factor Loadings of Item Groups (Form K)

'

A:alogies

Opposites

Conpl-nlon

Andiogieg .

Cepos:ces

C4ra:ution

General
Quantitative

.

t

4

L.--
.
_

Words in
Context .

/I

Words it
Isolntion

TIT

'Algebra

/V

,Section I

Speed

V

Data triter-

pretation

V/

Applications
vs. Algebra

Vii

Section II
Speed

VIII

.

+

....

+

+

4* '-

-1-1-."-

,

.

A

)

__-__----
Natritive )

Humanities .

Argunatativc,

Ucio,ocal Science'

m.n..1 Studies

PhyskaI Science

J.

.

44+

+++
.

.

.

.

.

.

.

+

++

++

-H-1-

++

algebraic 'F:+tation

:vtl Irterprctation

etithnetic (word problems)

i...c,...o/otry and Miscellaneous

$

++

++

+

+4
1 .

.

++
.

+

t

(+)*

(_)),

.

t

41.

Code: +44- et,more than half of the loadings Uom these items
greater than ,4 and more than half have their
highest loadings on this factor.

44. either half of loadings greater than .4 or half load
highoot on this factor.

mt'r thio bill of 1...1.11ugl hre,rer Olan ,1 or all

greater than .2.

4

* Positive 7^adiars from so.' ward

PrDbtem tter3, nesatite fron
abstract function items.
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72% of the common variance, the first five for 84%, and the firSt sevin for

92%. Again the factors afe.defined by item type, but there is little to.suggest,

any differentiation among verbal items withjespect to content classification.
,

The content classification for quantitative items, on the other hand, is more

closely related to.the factor structure.

'The first three factors -- one quantitative and two verbal -- are similar

to those ofform K, reflecting the general skills that are tappedtby the test

6

and accounting for a relatively large (72%) portion of thk common variance

of the items. (Seelable-C-9.) The remaining faCtors, only one of which .

accoliets for more than 5% of the common variance, reflect the speededness of

each of the three test sections, two aspects of data interpretation, an ability

to compiehend scientific material, and an ability to change response sets.

Each of these ten factors is discussed in more detail, below. I

Factor 1, which accounts for nearly 309 of the common variance, is

characterized by loadings greater than .4 for 40 of the.55 quantitatiVh'items

and no loadings greater than .4 for aiy of the 95 verbal items. Only 3 of the ve

bat items load highes on this factor, as contrasted with 47 of the quantitative

items. All of t e remaining 8 quantitative items, which do not load'higheit on

this factaiI have, been classified as data interpretation.items.: Factor I,
.-;

4 .
therefore, was termed genttat qualitative abitity, although there is some indica

that algebraic its are instrumental' in its definition. This indication is

. .

suggested,by the fact that, ofFactor I's seven highest loadings (greiier than
..,

---..,_

.7) four come from iiems classified as algebraic in content. Fagot I also
-

.

4

.seems to reflect a speededness component linked to quantitative ability;

s ince seven of the filial 11 items have loadings greater than .6 (wheriis

less than one-fotrth of the earlier items have loadings this high).

C-
*
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War4y:23% of the common variance is codertblited by the second factor.

Factor II is clearly a verbal factor, slate none of the quantitativeltems

displays its highest on II (and none loads greater than, .4), but 42 of.the verbal

i4emi show their' heaviest loading on this factor. .Twenty -five of the 40

reading comprehension items exhibit their highest loadings on this factor,

alonarwith seven of the first nilne sentence - completion items. Of 15 reading

comprehension items that do not relate most strongly to Factor II, 13 at

items associated with two scieyific passages, instrumental in defining
.

two subsequent factors. The six highest loadings on Factor II come from

.reading comprehension items ( #5i 18, 23, 24, 28, 29) associated with passages

containing humanities; narrative, or argumentatiVm content. Factor II is,

therefore, thought to reflect an ability to.deal with connected discourse.

This factor seems td relate cloiely co what is commonly, referred to as reading

comprehension' and has thus been termed tea-1)v compkehen44an: connected

dt4couue.

Factor' III, accounting for 19.4% of the common variance, emerges as a.

second verbal factor, with none of `the quantitative items having loadingi

greater than .2. Furthermore, bnly two reaping co ension items (#26, 33)

load highest on this factor and none have loadings greater than .4. SimilrIY,

only four of the 17 sentence-completion items, have loadingAgreater than .4

.and only four of t4Ote items (#22, 27:53, 55) have their highest loadings

on Factor 4TI . This pattern suggests that FactortIL is most clearly defined

by the relatively large number of hip loadings on opposites items and, to

.. A 't ii
a lesser extent, by high loadings on analogy itemss This factor, .thereforeT

is thought to reflect an ability to deal with Wrds'in isolation or vocabulary,

narrowly defined. This cdntention is supported by the nature of the opposites

*,

0
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items, which rely hitilvilioevAabulary knoilledge, and on the nature of

f."
analogy items, which require both a knowledge of vocabulary and an ability

1.

to determine relationships. The fact that the analogy items have a lower propor-

tionof high loadings than do opposites items supports the interpretation of Facto

III as a vocabutaky: woltds and pncept4 in .1.4o.tation factor. The interpretation

is further substantiated by examining the two reading comprehension items

(#26,/81) and the sentence-completion items (#22, 27, 53, 55), which have

5

their highest loadings on Factor III. In general, these items seem to include

relatively difficult vocabulary in either the item stem or the answer choices.

On the other hand, 10 of the 17 analogy items and 13 of the 20 opposites items

ha*ioadings gregmr
of

than .4, and 10 analogies and leopposites.items have

410

Ahe.5r higheSt loadings on this factor.

Factor IV accounts for a signif4cantil lower proportion of variance

".

(7.7%),. than any,pf the previous three factors, tt wes, howar, fairly

easily interpreted by virtue of its high ioadinfs from the list third of

,

Secti (which includes both opposites and sentence-colpletions) and the

absence of 164dings frpm any other items eithpr verbal or duahillpaave.
.40

SpecifidW.0 ),of the last 18 iiems on' Section ',have loading *greater than .2.
Jit.. k ..,

.

These area lSethe only 1.qedihiS great than .2 on this factor. Seven of
Ift.,4 ... ,

,.

these item-4 (add six of the last eight) exhibit higher lOidings on this factor
4

than on any other. Factor IV is, therefore, interpreted as tupon4e speed

associated'wi ection:I of the test, thus resembling Factor V of form K.

\-Factorj,.whi0,contributes
fit%

loadings interpret0 4. 4 second

4.4% of the common, variance, is by virtue of its

speed factor idacAeterieading speed, associated'

'*A
with Section. XI. rine only -items having loadings greater than .2 and/or loading

highest on Factor'Vare.the Mal reading.gomprehension items in Section III.

I

ft
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The Last seven have,loaditigs greater than .2 and the last six have their highest

loadings on Factor V. This factor is comparable to Factor VIII of form K.

Factor VI contributes 4.4% to the common variance of the test. Of the 13

quantitative items that show loadings of .2 or higher, nine are data interpre-
,

tation,items. All six items with loadings greater than .4 are of this item

type a'n.) the,.three highest loadings on Factor VI come from items 25, 27, and

42 -- all data interpretation items. Data interpretation items 25, 27, and 41
t

have higher loadings on this factor than on any other. Besides the data

interpretation:items:only four other quantitative items haveiloadings greater

than .2 od this factor (althotienone of ihtse loadings represents the highest

loading for any orthe four items). (three of the four items are the last

three in Section III, suggesting that a slight component of speed slight be

present in the factor. Item analysis statistics, which show that the percentage

of examinees attempting' ach item decreases very rapidly at this point in the

. ,

test, support this interpretation: approximately two-thirds of the examinees
. .

attempted the antepenultimate item and fewer than h f of them attempted the 4 '"
....

. .

last two items. However, since Factor VII also seems to be chatacterized

by loadings from data interpretation items, it was necessary to determine the

distinguishing features of each of these "data interpretation" factors. These

distinct characteristics are discussed below. .

Factor VII, the second data interpretation factor, accounts for only a

slightly Smaller percentage of common variance (3.9%) than Factor VI,

the first data interpretation factor. Factor VII is defined by six items,

all data interpretation iteii hailing loadings of .4 or more. Only four
.

items (#23,-2, 26, and 39) have their highest loadings on Factor VII, but

4.

4-,
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fo all a e data interpretation items, and Factor V/I's.two highest loadings '

i.

1

(which are both greater than .6) are from data interpretation items.

41
. The items instrumettal in defining Factor VI (i.e., items

25, 27, 41, and 42) reqVire the examinee to extract information from

- .

> =
,

graphs or tables and to perform one or more simple arithmetic calculations

n order to answer the items. Items.23,,Z 26, and 39, on the other hand,

Al*

require only extraction of information...from the graphic or tabular material.

Factor VI, therefore, has been calle cik a t enpketation: eataction and

manipulatkon, whereas Fa4or VII has e* termed simply data intetpetation: eat

'arable to 1 undifferentiated Factor VI of form K.

liWings greater than .2 on Fa*ctor VIII, which

4.1,31

tion. These vfactors are

Only seven items her

accountlifor 3.1% of-the

seven items (71-13) assoc d with the highly technical first scientific

passage, ihich'lpad higher on.Factor VIII than on any other. This phenomenon

t's common variance. All the loadings come from

suggests that the factor reflects an ability to comprehendscientific or

technical prose. Somewhat contradictory to this. interpretation is the fact

31'
that items associated with the second scientific passage do not load on

this factor. The apparent anomaly may be explained by the fact that the latter

items ap;ier at the end of Section II.and load on the speededness factor .

(factor V) discussed above. Apparently, then, doing well on these items is

more dependent on speed, under existing time limits, than on ability to

----eagprehend scientific material. Fhctor VIII, however, may be explained by

appeal to content. It is, of course, possible chat this factor is specific.

,

Factor VIII has thus been termed teading compuhmaon: 4cienti6Zatecnnkcac.
'OA

I

Factor IX, accounting for 2.5% of the variance,.is a.bipolar factor defi40

exclusively by ten quantitative items having loadings greater In absdlute (

*

liklue than .2. Although none of these items load highest on this factor,

4



Table S
.`v

funnacy of Facto: Loadings of item Croups (ifiril R2)
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the interpretation of it as a quantitative 4peed factor is straightforward.

Two early quantitative items (#6,7) have loadings less thap .2, ,while eight

of the last ten items have positive loadings greater than .2. Item aaalysei

statistics support this interpretation, since loadings greater than .2 do not,

appear for any items attempted by .more than 90% of the examinees, but they are

apparent for all of the six items attempted by less than three-quartersof the

sample. No comparable factor was retained in form K, although FaCtor VIII

of the 10-factor trial solution had a similar interpretation.

The final factor, Factor X, which accounts for only slightly more than

2% of.the common variance of the test, was somewhat difficult to interpret.

Only five items, all of which are of the opposite4 format, have loadings

greaterlehan .2 on this factor. These items include the first two in the .

first opposites section and the first three in the second opposites section.

Somewhat problematic in interpreting this factor, however, is the confounding

,-"
of item difficulty and position. That is these five items are also the easiest

of the 20 opposites items. This factor has thus been dubbed ea4y oppc4ite4,

although the authors' own response tendencies were to search for synonyms

instead of antonyms when attempting initial items of this nature. This

tendency probably results in part from the response set that is established

by the analogy items that precede each of the opposites sections. The

factor might thus represent a warn-up phenomenon for this item type. Never-

theless, interpretation in wins of difficulty seems more parsimonious.

Table 5 summarizes the loadings of groups of items on the factors for form K2.

Detailed tables appear in Appendix C. A summary of the factors in forms

K and K2 is presented In Table 12.

01,1"

V
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?actor Extension Analymtlz

fio deqrmina, the structure of each of eight experimental tests'

.41.

or, more specifically, to determine whether any experimental test reflected
....-;

. .
. -

dimensions not shared with the operational forms, a factor extension analysis
4

was perfirfted. The factor structure in each operational fora was extended

to each of the four experimental tests that had been administered in a spiral

design with each operational form.

After the matrix of fadtor loadings was obtained, item responses to each

of the four associated optional tests were located inthe factor space of the

operational test. This factor extension technique (Dwyer, 1937; Harman, 1938)

results in an augmented matrix, in which the factor extension matrix consists

of the loadings of each experimental test item on each operational test

factor.

The product of the extension matrix and its transpose is an estimate of

the intercorrelation matrix of the'items of that experimental test, based on

only those dimensions of item covariance that are shared with the operational

test. The residual correlations and reproduced item commonalities may

be examined to determine the degree to which the experimental test reflects

other dimensions not shared with the operational test. The variance

accounted for by each factor of the operational test gives" a measure of the

relative iciportance of that factor in accounting for the common variance
--

shared by the two instruments. In general, this shared common variance will

be less than the total common variance of the experimental test. To the

extent that factors of the operational test can be interpreted meaningfully,

the pattefn of factor loadings in the extension matrix may be employed to

examine the construct validity of the experimental instrument. It should be

noted that for each operational test, the same factor matrix, basedlon 8,000
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cases, has been employed with each of the fout11.2,000-candidaterandom subsamples.

Thus the validity of the analysis depends on the assumption that the structure

of operation4 forms is idedtical for each experimental test group, a reasonable

assumption considering the sample size and the spiralling assignment technique.

We firlit discuss heexperimental verbal testsvgiv-, with form K

of the operational test. For each experimental test, we ine the degree

to w1ich itf common variance is "explained" by that of form X, and the relation-
/

ship of each test's its to the
.1

structure of that form. the experimental
\

Al1

mathematics tests, given with form X2 of t \e operational test, are then
l

related to the slightly more complex structure of form K2. Comparison of

results between operational.tests repends even more
A
on randomness of sample

selection and size than do comparisons among experimental tests within each

operational form. As noted on page 6, the analysis also depends on the presumed

representativeness of the two operational test forms.

Results of Extension Analysis: Verbal initriAments

Candidates receiving operational test form K were divided randomly into

fait subgroups. Each was administered a different 25-minute experimental

verbal instrument after completing the three operational sections. The

experimental tests differed in item type and content, as indicated idg Table 2

and suuuarized in Table 6.

ro
A' 70T.
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Table 6

Summqry of Experimental. Verbal est`'"

'Experimental No. of
Tests Iteis

Description

25 humanities /social studies content (three short-
passages, two long passages)

.

Jr

30 identical to X10 except fpr five - additional
questions

25 science content (three short passages, two
long passages)

30 identical to X12 excepe for two additional
short passages And five additional questions

c-

For the present study, samples of 2,000 candidatei were used for each

subgroup. Table 7 displays means,' standard deviations, and correlations for

'these samaes.

Table 7

Descriptive Statistics for Experimental Verbal Tests.

Test' No. of Items Mean Siena a

Correlation

V 9_

V 95 51.24 16.04 .94

... Q
55 30.60 10.19 .92 .51

X10
25 16.04 5.12 .85 .83 .44

V 95 51.23 16.03 ..94

Q 55 31.07 'l0.18 .92 .52

30 17.18 6.01 .87 .83 .47

,s

95 51.26 16.18 .94

Q 55 30.73 10.36 .92 .52

X12
2 .5
\s,

16.69 4.90 .83 .77 .57

-V 95 50.25 16.23 .94,

Q 55 0 30.25 10.52 .92. .52

413
30 r 18:t0 5.63 .84 .77 .55

f
9



, V

't4.6

-26-

The means and standard deviations indicate that the four subsamples

are quite comparable. The X.13 group is approximately one point lower than

the other groups on the verbal rest, "difference barely significant at

the .05 level because of the large sample size. This group is also lower

r
on the quantitative test than is the X.11 group (t3998 = 2.5). However, the

difference of .82 of a point does not suggest any systematic difference

in the samples. Correlations of the verbal and quantitative tests are almost

identical in the four subgroups. A systematic difference appears between the

correlations of the humanities passages tests Xio and Xi, and the science passages

tests X12 and X.13 with the operational tests. The experimental tests

based on humanities passages correlate .83 with the operational verbal score,

but those based on science passages correlate at a significantly lower .77.

However, the humanities passages show correlations of about .45 with the''

quantitative score, while science-based passages display coefficients a full

.10 higher. Although these latter correlations are comparable to
1
the V-Q

correlations obtaineddrom form K, the lower reliability oftthe shorter

experimental tests suggests that even greater discrepancies might have

resulted from a longer operational form. Thus, any plan to allow

candidatei to select passages should take into account the different

characteristics of science-based passages -- a difference apparent in the

factor structure orboth operational forms, the correlations discussed above,

and the following extension analysis.

The eight factors of operational form K were extended intyhe space

of tetrachoric interitem correlations for each experipental test. Table 8

gives the proportions of variance accounted for by this procedure. Item.,

loadings of each experimental test on the operational, factors appear in

250endix D.

"1

.



-27-

Table 8

Variance of Experiment Verbal

by Operatic Test

'No. of items Total,Variance

Tests

Factors:

x10

Explained

Form R

x12

30x ....tole. 25

X
13

3025 giAt

Common Variance* 10.91 13.34 11.57 13.83

Common Variance as a Percentagi of
Total Variance 43.64 44.47 46.30 46.09

Percentage Common Variance -
Explained by:

Factor I General Quantitative 2.17 5.22 11.58 9.03

II Reading Comprehension: Connected

Discourse 51.95 46.38 46.64 35.17

III Vocabulary: Words in Isolation 14.80 14.75 5.76 7.71

IV Elementary Algebra 2:39 r.38 2.74 2.77

V Discrete Verbal Response Speed 2.84 2.85 1.82 2.94

VI Data Interpretation : Jnformation 1.39 1.30 .95 2.25.

ExtractiorN.

VII ApPlications: Word Rroblems 2.10 .96 .85 .91

VIII Reading Speed: Comprehension 2.85 3.24 5.71 4.19

Subtotal Verbal Factors II, III, V, VIII (72.44) (67.22) (59.93) (50.01)

Subtotal Quantitative Factori I, /V, VI, VIA,.
0

( 8.04) ( 7.86) (16.12) (14.96)

Total (Percentage Common Variance) 80.49 *75.08 76.05 64.97

Percentage T'otal Variance 35.13 33.39 35.21 29.94

*
Common variance estimated as the sum of TUckeres highest adjusted off-

diagonal estimates of communality. .

Arranging the tests as in Figure 1 illustrates. the manner in. which content

and speed dimensions jointly affect variance shared with the operational test. This

illustration is analogous to a two-way analysis of vamoLance..

Yl
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Figure 1

O

Interaction of Test Length and Content Accounting
for Variance; Form K

(a)

Percentage of Variance Explained
by Verbal Factois

Humanities Science

72.44 59.93

67.22 50.01

(b)

Percentage of Variance Explained
by Quantitative Factors

Humanities Science

25 Items

30 /tali

8.04 1 16.12

7.86 14.96

Averaging over the two humanities tests'in column l'of Figure la,

we find that verbal factors extended from the operational test account for

68.8% of common variance and an average 55.0% for the science passages .

in column 2. Averaging over rows, we see that the two shorter tests -

have an average of 66.2% of common variance accounted for by verbal factors,

versus 58.6% for the two longer tests. The pattern apparent in Figure.1

suggests an interactive-effect of test length (speededness) and test content.

That is, lengthening reading comprehension tests seems.to change the

structure more drastically for tests with scientific content than for

those with humanities content.

When the variance explained by factors extended from the quantitative
.11/4

operational test is exsmined, speed appears to have a'smaller effect on the ,

variance explained, although acienca passages in column 2 of Figure lb again

seem tl be more affected by test length, but content has an opposite effect

on common variance from that of verbal .faleto Quantitative factors explain
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41.

an average 8.0% of the variance of the humanities items in column 1, but 15.5%

of the variance of the two science tests. \It appears that science passages

are different from'humanities passages and that the difference $ncreases in

the face of speededness, if argument by analogy to interaction in the analysis

of variance,is appropriate.
4

Although form K does not exhibit a factor identifiable as "science

Assages," Factor VIII, aspeed factor, has largest loadingd on the items Of

a science passage at the end of Se9tion III. form K2 does exhibit a science

factor separate from reading speed. however, since form K2 was not given in

conjunction with experimental verbal tests, it was not possible to determine

how much factors of K2 would ex ain the variance of tests X12 and in.

At
If for K2 should relate differently to these tests, it would be

necessary to question how parallel the two operational forms actually

are.

Residual Correlations among Items within Experimental Verbal T StS (X10 - X13)

Test X10 is experimental, in that it contains three reading pa sages,

each approximately one-third as long as those in the operational test.

passage in X10 has been classified as humanities or social studies ini

content. In terms of the magnitude of residual correlations* amongaitems

in X
10,

the eight factors extracted from -operation41 form K appear to do

an excellent job of explaining the variation in test X161,1 slice only 17 of.

the possible 300 residual relationships are greater than .i0.

*The daference between.the observed correlations among experimental rest
items and the corresporyling correlations'5;FOduced.from the loadings of
experimental items onlhe factors in the operationalbrm.

k

.1

s.
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1 ,

k.

The only unexplained.relationship among itemcis. a ,speed component peculiar to
1

this test. This component is suggested by the Medozeinance of large (greater

than .10) residuals among the last eight items (12 residual relationships

greater than .10). Items associ ated with the new, shore& passages in test

1.1

A
Xio are explained quite adequately by the factor structure of the operationalw

test,- since only one of th residual relationships is'greater than ..10.
.

The experimentif reading comprehension test, X11, is the same as ,

10

except for an additional question added to-each passage, thus increasing
OPS.

the test'length.to 30 items. Fifty-five of the 43511sidad correlations

are greater than .10 and 10 are greater than .20 for this test. A component

> .

of speed associated with X
11

is apparent since 30 of 36 residual correlations

among thelast dine items are greater than .10. The variance contributed "-

by the 12 items based on the short passages seems less well. explained

by the factors from the operational test than is that of the nine corresponding

4 . .4
items in test X10, since six of the 66 residual correlations among these 12

. .

items are greater than .10. Relationships among the items for the longer

paeles also seem less thoroughly explained. It appears then. that

speeding the fest by adding items may introduce two components related to
eP

speed -- one having to do with reacigng,oroattempting the final items and
4 .

one with time spent considering each item. That is,4anadditional

;component, which we call diztAibutive ipted:.emerges when examinees have

..41%

less time per item.

Test X12, a 25-item test requiring reading of scientific-tegfinical

material, is less fully explained by the eight factors than 'is X10, a

t
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25-itat reed* comprehension test dOntaiging humanities/sociestudies content.
!--,.$4 (

, r.' . t.
Thirty-niae ofi300 residuals are 'greater than .10, and six are greater than,

e

.20.* Only` gr-jof the tii residuals among the items. following short passages

.. .
.

_ . .

are greater than .10; sa it
x
appears that 'decreasing the length of passages'

. "' 4

does not add any coupoient of variance that it not explained by the eight
k .

. I

factors extracted from the operational test.
P

A high proportion' (16 of 28)'of large residual correlations among the

last eight' items, which are associated vitt' the final palmage, suggests a

distindt componea7 of speed peculiar, to this test, since item 18 is the point

at which the number of examinees not attempting items increases sharply,

although this unexplained variance could also be due o the nature of the

passage.

r4tAri even higher proportion (17 of 28) residuals grater than .10 (four

are greater than .20) appear in the relationships among the eight items

associated with the next to last passage -- items that re attempted by nearly
,4

all the examinees. This pattern suggests thit this long scientific passage

contributes test variance not explaided adequately by the eight factors

found in the operational tom. This particular passage seems to be the most/

technical of any of the passages i4e sense that ie contains a relatively e

large member of highly.technital terms (e.g., names of chemicals, types of

bacteria).

The first short passage also contains more technical terms ,than ady of

the other shottlmssages, and it, too, is not as fully explained as the other

'technical Pass &es.. In summary, the only relationships among large residual4

seem to be-their connection with specific passages. "Iliat is, no specific 4

item type seems less well explained than any other.

4
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Test X13, which is the same as test X
12

except for two additional. short

o
passages and 'five additional questions, is characterized by a relatively large

numbei of large residuals. Of the 435 esidual correlations, 66 arefgreater

in absolute value thin .10 and, in fact, eight of these are greater than

.30.' There are flew (5 of 91).large residuals among the items associated

to 411
with the five short passages. Three of these resid s result from unexplainedo

.(in terms of loadings on theoperational tests' factors) relationships among

the three questions about the first passage the short passage that contains

the most technical terminology.

Relationships among items for the two final passages in X13

both long -- are considerably less adequately explained by the extended

lectors. All the residual correlations among items within each passage

are greater than .10 and the preponderance greater than .20. Test X13

appears quite speeded when the last passage appears, so (as with test X12)

it is difficult to say whether the unexplained component reflects speed or

ability to deal with the type of material contaitied in the passage. Since
qe

the residuals associated with itemsrelating to this passage are considerably

grdate i in number and size in test 413 than in the otherwise identical X12,

it appears that the unexplained variance results primarily from a unique com-

ponent of apeed....r On the other hand, most examinees do have time to consider

the next-to-last passage and it seems to contain an unexplained component

related to its highly scientifichechnical terms. probably this unexplained

variance also results from a sped component, although nearly every examinee,

attempted each item associated with thd passagt. That speed plays a role becomes
0

apparent by comparing the residuals a ng.this passage's items for tests X12
I

- A 's ' .

1 0 ;
. .6.

s
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ti

and X13. Each residual from test k
13

,is larger than the corr
.

. residual from X
12

. This component is termed didtitibu.t.4ve 4peed,

i.e., the time speht considering each item

/e

Results of Extension Analysis: Quantitative Instruments

Candidates receiving operational test form K2 were diVIded randomly

into fou'r subgroupi. Each subgroup was administerad a different 25-minute

experimental mathematics instrument, after completion of the three operational

onding
.

sections of the examination. These experimental test! are based on different

item types, as.specifiedin Table 2 and summarized in Table 9.

7

. .

Table 9

Summary of Experimental Quantitative Tests

Experimental Ro'..of

Tests Items c
scription

X
14

30 "regular" items, no data interpretation

items

X
15

404 quantitative comparison items

X16' 35 quantitanecomparison it followed by
12 regular items

X
17

20 data. interpretation items

For the present study, samples of 2,000 candidates were used for

each subgroup. Table 10 displays means, standard deviations, and correlations

for these samples.

4
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Table 10

Descriptive Statistics for Experimental
Quantitative Tests

Test No. of Items Mean Sigma

Correlative

V 05/ 52.24 16.47 .94

Q 55 32.43 10.74 .93 .57

X14 30
. ,

6.57 :90 .51 v.90

V . 95 52.34 16.15 .94

Q 55 32.68 10.27 .92 .56

X15
40 20.52 8.19 .91 .47 .87

V 95 '51.75 16.29 .94

Q 55 32.42 10.40 .92 .58

X16
35 17.52 7.37 .90 .51 .88

V. 95 51.93 16.42 .94

Q 55 32.38 10.51 .92 .54

117
20 10.63 4.27 782 .52 .84

The means, standard deviations, correlations of V and 0 scores

Indicate the four subgroups are highly comparable, with verbal means ranging

from 51.75 to 52.34 and quantitative means from 32.38 to 32.68 -- about two

points high& than foripthe form K quantitative means. V-Q correlations ranging

from .54 to .58, are .03 to .07 higher th4n the V-Q correlations obtained for

form K, a difference, significant for all but the group taking X17.

. Correlations of the experimental tests with verbal and quantitative

total scores are also quite similar, ranging from .47 to .52 for the verbal

score, with quantitative comparison items exhibiting the lowest correlation

and data interpretation items the highest correlation to the verbal score,

and from .84 to .90 for the operational qualtitative totaliwith regular items shy

.1

45
O
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the highest value And data interpretation items the lowest. Tests X15

and X16 , which contain quantitative comparison items, are intermediate in

correlation with the operational quantitative-score (r = :87 and .88/
_.-

respealivelY). These differences are too small to be important',

but their directions are consistent with item format differences and

further corroborate the adequacy of the samplin. The 10 factors of the

operational test were extended into the space of tetrachoric Lnteritem correla-
.

tions for each experimental test. Table 11 gives the proportions.of variance

accounted for by this procedure. Detailed extension loadings Appear in

Appendix D.

Is

. 46
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Table 11

Variance of Experimental Quantitative Tests Explained
by Operational Test Factors

. X14

.

No. of Items * Total Variance 30

Common Variance* 17.46

Common Variance as a Pertentage
of Total Variahce 58.192

Percentage .Common Variance

X
15

.

40

19.21

48.032

X
16

35

17.37

49.62%

X
17

20

9.32

46.61%

Explained by

Factor I (General Quantita-
tive) '67.06 59.08 57.03 46.28

Factor II (Reading.,ompre-
. hension) 3.22 4.26 :5.97 4.93

Factor VI (Data Interpreta-
tion 1) 6.68 3.90 5.27 10.90

Factor VII (Data Interpre-
tation 2) .1.72 1.97 3.21 8.86

Factor IX (Quantitatiire

.
Speed) - 4:50 ; 5.59 6.97 . 4.16

I Subtotal (Percentage Common
Variance) (83.18) ' (74.80) (78.45) (75.13)

Verbal Factors III, VIII, X 4.90 lip 3.58 3.tt 4.51

Verbal Speed Factors IV, V 1.91 3.07 4.24 3.08

Total (Percentage Common
Variance) 89.99 81.,45 86.45 82.72

Percentage Total Varianca. 52.37 39.12 42.90 38.56

*
Common variance' estimated as the sum of Tucker's adjusted highest off-
diagonal estimates of communality.

S

47
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It is interesting that test X14 has'a higher proportion -- over

-- of common variance than do other tests based)an other item formats.

Test X16, which contains 12 items similar to those of test X14, cane

in a distant second, with common variance nearly 5 of total variance.

Test X17, consisting of data interpretation ite exhibits the lowest proportion

of communality, and tests involving quantitative omparison items occupy

an intermediate position. For comparison, the op' rational quantitative )4,

test, containing a mixture of regular and data interpretation items, has a

total estimated communality of 25.80, or 46.912 of total variance.

Clearly, test X14, consisting of items most like those of the operational

quantitative test, has the most in common with that test--the general
.0

quantitative factor accounting for 67.06% of the estimated common variance of

X
14'

or 39.02% of its total, variance.

Test X17, cadsting solely of data interpretation items, shows e lowest

relationship to the general quantitative factor, but has nearly 20%.of its

common variance explained by the two data interpretation factors, VI and VII.

Tests X15 and X16, containing quantitative comparison items, show a

pattern of relationships to the factors that is generally more like ""

A,

that of regular items than the pattern of data interpretation items.

Factor IX, quantitative speed, represents that component of speededness

predictable from performance on the operational test. It is reasonable

that test Xi hough slightly qhorter than X15, shows a stronger

relationship to speededness on the operational test than does X
15'

since

the final 12 items on X
16

are of the same type as the items in X
14

and those in

the operational test, Ile X15 consists entirely of quantitative comparison

,items. Thus y might expect examination of residuals to provide evidence

of speededness unique to the quantitative comparison item type.

48
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Residual Correlations among Items within Experimental
Quantitative Tests (X14

i X17)

Residual correlations among items within each experimental test were

examined to determine which, if any, relationships among items are not

explained by the factor structure of the respective operational tests.

Test X14, which contains regular quantitative items most like those in the

operational test, seems to be thoroughly explained by the ten factors found

in form K2. OE 435 residual correlations, only 12 are greater in absolute

value than 10 and none is greater -than .20. These residuals display no

major relationships among the combinations of items with residual conle,lations

greater than .10. There are a few interpretable relationships among pairs of

items exhibiting residual relationships. These relationships are highly

specific, however, relating to the content of the items. For example, two items

dealing with areas of trianglei in a coordinate geometry framework show

a residual relationship, as do two geometry items dealing with angles.

In test X which contains 40 quantitative comparison items, 52

of the 780 residual correlations are greater in absolute value than .10

(three are greater than .20). Residuals among combinations o$ -items

suggest that two major components of test Xis are not totally explained

by the factors in form K2. One of these components, by virtue of high

residual relationships among the final seven items (14 of the 21 residual

relationshipi are greater than .10), appears to be a speed factor that is

distinct from the general quantitative speed factor extracted from the
*.

operational test.

4i

./
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.

p

The se pnd major unexplained relationship 1,s interpreted to be an

\aability to d 1 with data sufficiency items. Although there are no items

classified as "data sufficiency" items in test X15, the fourth suggested
.

4
1

.

answer (choice D) for each quantitative comparison item in the test is "the

relationship cannot be determined from the information given." /q...a sense,

'then, each item has a data sufficiency aspect. A data sufficiency component

is suggested by the residuals among the seven items for wifich choice D is

the keyed response, since a disproportionately high number <6 of 2L).of

the residual, relationships among these items are greater than .10. Because

operational test K2 contains no data sufficiency items, although form K has

seven, it is not possible to further test this interpretation. On form K,
e...." .,

data sufficiency items do not form a separate factor, but ear with data
t

interpretation items. A number of additional, highly specific, relationships .

. -.,

among pairs of items are apparent also.

Test X16, a mixture of quantitative comparison and regular quantitative

grateritems, exhibits residuals g ater than .10 in 43 of 595 cases. Of the 15

pairs of residuals among the six quantitative comparison items correctly

keyed as choice D, five are greater than .10. This pattern is consistent with

that found in test X15 and gives further support to a data sufficiency

interpretation. The pattern of residuals among the final items (24of 66

greater than .10) of this experimental test again suggests a component of

speed distinct from the quantitative speed factor found ia the operational test.

50
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The residuals among items in test X.17, data interpretation,

'suggest that a relationship among the final five items is not adequately

explained by the 10 factors that were extended into this test. In all,

25 of 190 residuals are greater in absolute value than .10. However, 8

of the 10 residuals among the last five items are greater than .10 and

4 are greater than .20. Interpretation of this unexplained component,

however, is somewhat problematic since each of t14 last five items is based

on a rather unusual graph. The component is, therefore, either a component

of peed specific to this test, or a component underlying this atypical

graphic material, or bbth. Since item statistics suggest that speed becomes

a factor even before these last five items, .there is a strong temptation to

attribute the unexplained variance to the unusual graphic material. Again,

as with the previously discussed experimental'tests, a number of specific

'relationships among pairs of items remain unexplained, although many of these

pairwise relationships are unlikely to represent generalizable variance.

51
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Summary

Structure of Operational Forms

A factor analysis was obtained for each of the two GRE Aptitude Test

forms administered in October 1975. These forms appear to be representative

of a largtr number of GRE Aptitude Test forms by virtue of the methods by

which they were constructed and assembled. Input to the analyses consisted

of item intercdtrelations awn, all of the 150 verbal and quantitative items in

the operational4muof each test. The analysis of form K yielded an eight-factor

solution which accounte4 for 94% of the common variance and 38 of the total

variance. A 10-factor solution, accounting for 95% of the common variance

and 412 of the total variance, was retained for form K2. Table 12 summarizes

the factor structure of each form. The similarity of structure in tile two forms

is apparent from the first three rotated factors, which together account for

approximately three-quarters of the common variance in each form. These

three factors -- one quantitative and two verbal -- represent the global

skills tapped by the GRE Aptitude Test. The quantitative factor is general

in nature by virtue df its high loadings on most pf the quantitative items.

The two verbal factors define abilities to deal with connected discourse

(reading comprehension passages and sentence completion items) and with

words in isolation (opposites and analogies), respectively.' None of the

remaining factors explain more than 10%'(and most less than 5%) of the common

variance.
&Mb

Additional similarities between the twat forms include factors involving

the speededness of each of the separately timed verbal sections of the tests.

The speededness associated with Section I (discrete verbal items) accounts

for 6.2 and 7.7%. of the common variance of forms K and K2, respectively,

whereas the factor reflecting the speededness of Section II ( reading compre-

hension passages) explains smaller pdrtions of common variance (2.5
.

and

52
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Table 12

Summary of Factors Pound in Two Operational FIrms

Factor

Form IC

Factor Name

0

I General quantitative

II Reading comprehension:
connected discourse

III Words -.n- isolation:

vocabulary

IV Elementary algebra

V Discrete verbal response
speed (Section I)

VI Data interpretation .

VII Applications: word

problems

VIII Reading speed: compre-
hension (Section II)

IX

X

General quaIt i ative

Reading compr pension:
connected scourse

k+,p'

Words-in-is atioar
vocabula

Discrete ertFal",,response

Speed Stction I)

Reading speed: comprehension

(Section II)

Data interpretation:
extraction and
manipulation

Data interpretation:.
extraction

Reading comprehension:
scientific/technical

Quantitative speed
(Section III)

Easy oppodites

4

5 3
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4.4 %, resPctively). The less prominent factors appearing in each form are as

follows; for form K, a factor accounting for slightly more than 4Z of the

common variance involves the ability to extract information from graphic or

tabular material; foi'.form K2, two data interpretation factors underlying an

ability to extract information versus an ability to both extract and manipute

information.

The remaining factors from each form highlight differ;nces between the

two forms in terms of their structure. A factor termed etementarty at964a,

which explains 7.5% of the common variance, appears in form K but not in form

K2. This factor is defined not so much by the 'necessity to use algebraic

manipulations to answer the questions, as by the presence'of algebraic

notation. Comparable items in form K2, instead of defining a separate factor,

show very strong loa4s,on the general quantitative factor. Ford K con-

wv 1

tains an addiltional dimension reflecting an ability to solve verbally

presented quentitative items ("word problems" or applications).

The 10-4actor solution computed for form K2 containstfour dimensions

that are not apparent in form K. These factors, each of whicb accounts for

about 4% or less of form K2's common variance, have been interpreted, in order

.

of their emergeriCe, as (1) an ability to both extract and%manipulate information

from graphs and tables, (2) an ability to comprehend scientific/technical

material, (3) an ability to work quickly in the quantitative domain, and (4) a

skill or response tendency related to opposites items. Factor (1) above,

unlike the other data interpretation factor found in both forms, reflects an

additional component of variation related to manipulating data extracted from

graphs or tables or performing calculations based on hose data. factor (2),

a component utderlying performance on items associated with scientific/

technical reading passages, appears as a separate factor in the analysis

of for K2 but not in form 1C, although, in both analyses, items aStociated with

4, 54
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scientific /technical passages have smaller loadings on the heading compLehems,ipn:
4111%

-Ionnected di4C0(44.6e factor than do the items from nontechnical passages.

A factor of quantitative speed, accounting for 2.52 of the common variance
.

emerges, clearly as a separate factorin form K2, although final'quantitalive

items (i.e., those not reached by all examinees) cone* todisplay high

loadings on the generalluantitative factor, spggesting a.relationshifi between.

speed and ability in the quantitative &Ida* The final factor unique to form
.

. ,
K2 is a difficult-to-ipterpretpomponent characterized by loadings from the

initial (and also the easiet) itemsin each of the opposites sections.

Titis facto; has' %en referred to, therefore, ast.ppOdite4 toaAm-up.or\eaw

.oppo4ite6, for lack of.any more appropriate term.

Structure of Exmerimental Verbal Tests

In general,, each of the experimental verbal tests is explained fairly

well in ter.- of the fattors %extracted from operational form K. There are

however

not ad

ar

t

ite

several interpr dimensions of the experimental tests that are 4iik

quately explained.

Test X. is very well explained, since more thih 80% oc its estimatedc A.,, .
: . b )

tVeriance has been accounted for by the eight factors in the opetational
.

4 A

(52% is expliined by the reading comerehenkion fac/i6r) and sincethere
. ,

extremely few significant residual relationVips among the items in this
- 4 -

4

st when the eight factors have been removed. The relationships among the

Nor
associated 4th the shorter, experimental passages (wh9se content was

,humanities/social studiee), areas well explained as the longer passages used

O'current operational forms. This is not''surprising,whenswe recall that

, s

the connected discourse factor displays loadings from operational "passages,"

as shor as one sentle, as well as from comprehension passages of standard

IPA

. .

,

55-
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length. The only unexplained Component is a speed factor apparent from a

disproportionately largelarge lumber of significant residuals among the fin101.'

items ined test.. Interestingly enough, this compodent is distinct from the

reading comprehension speed factor in the operational form.

. The second experimental verbal test, X11' is similar in content to X
10

in every respect except number of items. That is, additional item is

associated with each passage in X11., increasing the total number of items

from 25 (in X10) to 30. Adding these additional items seems to introduce a

component that is not explained by the factors in the operational form.

About 5% less common variance than in test X10 is explained for test X11, and

a proportionately greater number of significant
0
residuals are.found among the

final items in test X11. This suggests that a componentof speed specific to

this test has been introduced. An additional component of speed is suggested

by virtue of dip relatively greater number of residuals among the shorter

essagestin this test than in thethe shorter test. Since these items mere

_reached by virtually every examinee and since they are, except for three
4

additiopal items, the same as those in it it appears that this additional

componentlff speed reflects the time that the examinee is afforded to t

consider each item. This component has been termed di4tvibutive 4peed.

Test 1/12, the 25-item test' containing' both long and short scientific/

technical reading pisaages, is less adequately explained by the operational

factors. (76% of its common variance is explained) than test X10, its non-

. scientific counterpart. Like tests X10 and X1'1, test X12 also has a com-

ponent of speed'that is orthogonal to the reading comprehension speed component

in the operational:form.. Somewhat lqwerioadings on the reading Comprehension

4P.
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factor and a higherpr/Ortion of large residuals suggest,that.scientiflpi.,P
. ; 0 .

. ,

technical padsages contrite variande that is not well explained by th4.--

.

..1
.

operatibnal test's factors, Iirtbermore, it appears that the more
,
technical

".ra
, the,pasiage, the greater the 'variance:

.

. f
.

. .. . . _

Teit X13, the longer oi'the two tests containAmg sOehtific/technical

passages, is less thorouihly explained by ?e. kerational test fa4tors than

any orthe other testsapiralled with prm K; only 65% of its common variance

is accounted for. ,biaidnagon of residuals suggests that this test contains

threedimensigns not common to the operational form. Two ofese have been
, .

interpreted as ,speed factors distgt from those in the operational test

and .are consistent with, the interpretation of factors in test X4. As
/i

with test X12, thekremaining unexplained dimension is related to the scientific/.

technical aspect of the passages. Overall, the variance of the tests containing

scientific/technical reading passage items is not as well explained by the

factors in the operational test as the variance of the.humanities/social studies

passage items. This is attributed mainly,to they (the scientific items') lower,

loadings on:both the general verbal factors, although they load somewhat

higher on quantitative factors thAn the humanities/social studies items.

Adding items to the experimental tests -- both the humanities/social

studies and the scientific /technical tests -- has the effect Of increasing

the portions of comon variance of the experimental tests not shared

411A
with the operational form. increasing the length of the sciehtific/

technical tests seems to 'decrease this shared variance more then does

lengthening the humanities/sOcial studies tests.

1

V
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1 ,

yttal Quantitative Tests

'The expeitMihtal qiiantitative tests are, in. general, very
. .

. r-
e Oper ional test faCprswiih which they 'are associated. In each

case the 0 open tional factors explain more than 80; of the estimated

"comstoi Variance 59 the'expOimental test. In fact, themse of tesilX
14'

IJP,

which coqt*Ans"iteas paralleling the non-data -- interiietation items now used
°

explained

in the operationalteati fully 90% of its commtm-vlilance was explained.
4 N,

Examination of residuals f9AX14 reveals that only e1ationsHips highly "

specific to,pairs of items r4main unexPiained:
1

Test Xis is the least wvyti explained o

tative teats, although'S1% of

%E.

ation of residuals suggests

1,44 comma

with the operational form K2.

to the Ltem type (quantitative

-
rental quanti-

variance is accounted for. Examin-

mensions in this test that are not shared

neither dimension, ho&ver, is

comparilort)louitd,in the test.-

directly related

One dimension

S

is a component of speedapparently distinct from, the quantitative speed factor

in the operational test. The second unelplaine4 dimension underlies &pee

items for which the correct response is "th :relatippship cannot be determined

from the information given" -- the final op a in'each of, the items. This

f
dimension, therefore, seems to be related, at le

sufficiency factors that havel6een found in to

items.

aientially, to the data

atntng data sufficiency

01. e -&*f

Test X
16'

containing a mix of regular*.quhAtiiarive comparison

items, exhibits the same patterns of unexplained variance as tests XII,

and TheThe variance of test X17, which contains only data interpretation

items, is primarily e xplained by the general quantitative factor, but

. also to a lesser extent by the two data interpretation factors, which

58
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account for nearly 20% of the tests' common

dimension appears to underly items based on

of usual data inrerpretatiop stimuli) polar

2

variance. The only unexplained

a rather unusual. (atypic

graph having a nonlinear scale.

Whereas the component may possibly also be interpreted as a Speed factor

.

because of this graph's position at the end of the test, item statistics

suggest the farmer alternative as more plausible.

0

p

,

4

4



a

Recommendation Ong.

49 -

Recommendations

The shorteA reading comprehension passages have been found to add no

variance that is not shared with the common variance of the operational test.

In light of the finding that the reading,compzhension portion of the rent

test contains a compodent of speed independept 9f ability in this d9Main,
.

it seems reasonable. to include a number of sha te ;sages at or near the

end of the reading comprehension section. Including such passe es would

result in a smoother distribution of the number. attempting ea item, since

fewer examines would be "caught" reading a passage upon expiration of the

time limit. This smoother distribution should reflect slightly more adequately

the assumed normality of the underlying trait.

Recommendation Two

Because inclusion vA scientific/technical reading comprehension passages

and itemdadds a corpgnent of variance independent of ability to comprehend
4.4

nonscientific (t inanities /social studies] passages, it is recommended that

the implications f any plan allowing examinees to choose among several types

of passages be carefully considered. Studies to assess the differential

validity of the two types of passages for examineeeihtending to pursue

,

....

scientific and nonscientific fields of study seem to be 14 order.

Recommendation Three

Although the common variance. of the experimental test containing quanti-

tative comparison items is less adequately explained than for the other

60'
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if experimental tests, the unexplained variance of these items "does not ctli

reflect the item typl.. Indeed, these items exhibit higher loadings on the

general quantitative factor than data interpretation itelsalrqady in

use. It is recommended, therefore, that the decision to ihcludeor omit

items of this type be based on considerations other than the factor

structure of the test.

Recommendation. Four
I'

4..

Although distinct components of speed were iouild to be associated with

each of the three sections of the operational forms, the component found

in Section I (discrete verbal items) is problematic because of its relatively

large contribution to the test's total common variance. Since the.GRE

Aptitude Test is purported to be primarily a power test, it is suggested that

Section I be reexamined in light of its relative speededness -- especially

since speed and ability emerge here as uncorrelated traits.

Recommendation Five

It is recommended that the relevance of the results of this study for

test development and assembly be noted. The structure of the GRE Aptitude

Test, at least as'It has been determined factorially here, suggests that

there are possibly useful and impAtlit dimensions that have not been con-

sidered in the test's present content specifications. Furthermore, some of

the classifications now used do not contribute to determining the test's

factor structure. This does not imply that the item and cdUtent classifications

now used are uot of value, but that there are others that should also be

considered in balancing test forms. Specifically, the following suggest

themselves as important:
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(1) the presence of algebraic notation in qu'antitative items

(2) the distinction between practical application word problems

and quantitative items more theoretical in nature

(3) the difference between data interpretation items requiring

only of information and those requiring both

extraction and manipulation of information

(4) the value of the item option type keyed as correct (e.g., the

data sufficiency. option type -- "cannot be determined from

the information given" -- in quantitative comparison items suggested

itself as an additional dimension of variance in the present research).,

In the interest of improving parallelism, forms K and K2 could be balanced
.0.

with respect to these dimensions as well as on the item type requiring the examinee

to indicate.which combination of inferences may be drawn from given informa-

tion.

Recommendation Six

Finally, it is recommended that this study be viewed in light of the explora-

tory spirit in which it was undertaken. That is, the study was intended to result

in a preliminary factor analytic description of the test and a statement about

the relationshiii(of several experimeptal tests to the factors that emerged in

that description. More elaborate alternative approaches could have been imple-

mented instead of, or in addition to, those used in the present study. These

could have included alternative methods of (1) computing interitem relationships

(e.g., phi or gamma coefficients), (2) extracting factors and estimating com-

munalities (e.g., maximum likelihood or MINRES), and (3) rotating to simple

structure (e.g., Yates' geomin or oblique methods). In addition, approaches
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using subsets of homogeneous items instead of individual items might have also

been informative, while avoiding some of the methodological difficulties associa

with analypiased on individual items. It is recommended, therefore, that

these alternative types of analyses be conducted in the future when feasible.

We like to believe, however, that, although alternative methods might have added

to our current' understanding of the structure of the GRE Aptitude Test, the

operational implications outlineein recommendations one to five above would not

have been substantially different.
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Appendix A

Examples of Selected GRE

Aptitude Test Its
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Appendix A

les of Selected GRE

Apiitude Test Items

ANALOGIES

Ouestions of this type test the ability to understand relation-
ships among words and ideas.

Oirectionsi,in each of the following questions, a related pair
of words or phrases is followed by five lettered pairs of words
or phrases. Select the lettered pair which but expresses a
relationship **tiler to that expressed in the original pair.

1. COLOR :SPECTRUM :t (A) torti:tsale
(11) sound; waves (C) verse :orient

(0) dimension:space (E) cell; organism

ANTONYMS
Ouestions of this type test the extent of the candidate's vocab-
ulary.

Directions: Each question below consists of e rd printed in
capital letters, followed by live words or phrases lettered A
through E. Choose the lettered wad or phrase that is most
nest's/opposite in meaning to the word in capital letters. Since
some of the questions require yogi to distinguish find shades
of meaning, be sure to consider all the choices belore decidtng
which one Is best.

3. PROMULGATE: (A) distort (16) demote .(C) suppAs
(0) retard ii..(E) discourage

SENTENCE COMPLtTION
This type of question provides a measure of one aspect of
reading comprehension the ability to recognize logical and
stylistic consistency among the elements in a sentence

VERBAL

Directions. Each 01 the sentences below lissom or more blank
spaces, each blank indicating that a word has been omitted.
Beneath the sentence are five lettered words or sets of words.
You are to choose the one word or set of words which, when
Inserted in the sentence, best fits In with the meinieg of the
sentence as a whole.

6. Early of hearing loss is by the fact that man's other
senses are able to compensate for moderate amounts of
foss, so that he frequently does not know that his hearing
is imperfect. .

(A) discovery-indica1ed (B) devesopinnt..pfirtintti
(C) detection..complicated (0) treatment-facilitated

(E) incidenci..corrected

7. Swamp drainage is used to prevent. or at any rate to.
the breeding of malariabearing mosquitoes. ."
(A) end (B) remedy (C) postpone

(9) Inhibit (E) exclude

6r
Copyrigl4t 01970 by Educiltiotial Testing Service.

11

FlEAD1140 COMPREHENSION
More than halt of tha-(esnng time for the verbal sectie
OPE Aptitude Test is devoted to reading compfehent
reading passages are taken from a variety of fields, a
mg comprehension is tested at several levels. Sore
questions merely test understand.ng-otthe plain sem
has been state Others ask for interpretatioh, analyst
piscahon of the principle* or opoi3Orti expressed by thi

Directions: Each passage is followed cy questions bi
its content. Alter reading the/passage, choose the best
to each question. Answer afro:m.010ns following a pas
the basis of what is stated or implied in that passage.

In the years following the Civil War, economic expi
for the first time was provided with adequate resource
competent technique, and busy prospectors were daily
e rtng new sources of wealth. The coal and oil of Pennt
and Ohio. the copper and iron ore of Upper Michigan, t
sad silver, and the lumber and fisheries of the Pacing
provided limitless raw materials for the rising Indust

-.The &Memel' process quickly turned an age of Iron
age of steel and created the °restrains of Pilioborc,
which issued the rails for expanding railways. The roil;
binder, the sulky plow, and the threshing machine cri
large-scale agriculture on the fertile prairies. Wild gra
provided grazing for Immense herds of cattle.and she
development of the corn belt enormously increased the
of hogs; and with railways at hand the Middle Border
into Omaha and Kansas City and
of produce.A.

ki ihalthe or ihir new towr
built, thousands of claims homesteads were filed, ant
ulster and promoter hovered -over-ihe-pfetries-fike bt
sieekIng their carrion. Witerising land values money we
Made out of unearned increment, and the cr*atiOn of
was a Drzilitable industry. The times were stirring, and
i shiftless fellow who did not make his pile. II he had be

' late to fife on cliblrtble acres, he had only to find a ci
homesteader who hid felled in some legal technicall
"lump his $lalin." Good Volt= land could be had e'
late-corners If they were sharp-at the game.

This bustling America of 1870 accounted itself a demi
world. A free people had put away all aristocratic prii
and, conscious of power, had gone forth to possess II
frontier But America's essential social philosophy, w
found adequate to Its needs, was summed up In three v.
preemption, exploitation, z4ogptis. Its Immediate and pr
business was to dispossess the government of Its rich ho
Landiln the possession of the goverhent were so mire
waste, untaxed and profitless; In private hands they
be developed. They'would provide work. pat.taxes,
schools, enrich the community. Preemption meant aspic
end exploitation meant progress.

if was s simple philosophy and It suited the simple it
oaten of the times. The Gilded Age knewnothing of end.
moot; It recognized only the ilequishive" instincL That
st least the frontier hrld taught thi great American demo
and in apptylng to the 4sources of a continent the les
had been so well taught. the Glided Age wrote a profc
characteristic chaplitof American history,

us reserved.



According to the passage. Increased corn prOduction was
mainly responsible for en increase in the

(A) number of sheep (9) Output of farm Implements
(C) supply of hogs (0) amount of pasture land

(E) number of cattle

9. According to the pastage, the progress of the 11:1701
pended mainly on

(A) the existence of rich government land holding!
(B) the spread of education
C) the lopmerit of philosophy of individualism

( ate development of nature( resources
(E) tho4liminstion of aristocratic privileges

10. Thrtiuthor implies that the social phllotophy of the United
Sides in the 11170s was basically

(A) humanistic (B) materialistic (C) aristocratic
(0) democratic (E) hypocrillOsi

55

11. As used by the author. the term "Gilded Age" refers to an
ege of

(A) social progress .(E1) intellectual enlightenment
. (C) frontier living (0) great lortunes

(E) aristocratic privilege

ra With which of the following aphorisms would the exploiter*
of the 15705 probably have been in strongest agremient?

5*) A penny saved Is a penny earned.
(B) Nothing ventured, nothing gained.
(C) Grasp all, lose all
(0) He who dunces must pay the fiddler:
(E) The love of money is the root of alt evil.

Q17ANT/TAITVE

Oirectsons:In this section solve each probleni, using any avail-
able specs on the page for scratch work. Then indicate the
best answer in the appropriate space on the answer sheet.

Note: figures which accompany problems are Intended to WO-
vide Information useful in solving the problems. They are
drawn as accurately as possible except when it is stated in a
specific problem that its figure is not drawn to scale. All figures
fie in a plane unleSS otherwise indicated.

/4.
All numbers used are MO numbers.

_Al If p, q. and r are consecutive whole numbers, which of
the following must be true?

(A) p q r is even. (9) p q r Is Odd.
pqr Is even. (0) Kr Is

p q r is Odd. then r is odd.

t.

.

Questions 14-19 refer to the following graph.

.tar oneut sue dousubis
/di wag 341.0.03 AT DOAVOir 4413

Blood pressure a customarily osmossecl es sywor.0 wessurs_ ---
mambo or *nig*

Not, Pulse prossum a OyMbo pl*M.00 mows dinfOirC NOW*

66

14. A rule of thumb say; that the systolic pressure should be
age plus one hundred." At which 01 the following ages
does this rule of thumb differ most irom the data for heavy
males?
(A) 20 (9) 30 (C) 40 (0) SO (E) 60
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15. What Is the mean pulse pressure of a light male aged 40?

(A) 14 (B) 30 (C) 39 (0) 44 (E) 53

18. What Is the youngest age for Which mean blood pressure
can be read from the gulph?

(,-3..\(0) 4 (C) 7 (0) 9 (E) '17

17. At whibh of the following ages is thelmean pulse pressure
greeted?
(A) 4 .(8) 17 (C) 40 (0) 85 (E) 75

11 "Of the following, whIch,Jis the best 'sa lute of the mean
pressure ot"average weight" males aged 30?

(A) 30 (5) 40 (C) 53 (0) 84 (E) 124

19. What is the percent Increase, to the nearest percent, in
the mean systolic pressure for heavy males from the age
of 50 to the age of 60.?

(A).0% (B) 1% (C) (0) (E) 10%

20. If the cost for manufacturing/ articles was M dollars in
1964 and N dollars more in 1985, what was the laereaee
in cost. In dollars per article?"'

(A) N-T-14 (8) N (C) M (0) M N (E) rN

t-

21. What is the area of triangle FOR in the Oclure above?
(A) 8 (B) 12 (C) 18 (0) 24 (E) 38

.56 .

Sur

22, It a of the members of a committee Itoted on a c
3

measure and passed It by a vote of 26 to 24, what pi
(to the nearest percent) of the entire committee re
favor of the measure?

(A) 35°4 (B) 48% (C) 52% On 67°4 (E) 7104

23. Given that a end b are real numbers and b Tfo

(a, b) = I and M (a, b) = a X" b.
Then M (I) (3,12), M (6, 2)) =

4
(A)

3 3(8) (C) 3 10) 12 (E) 48

P- 0

V

24. The area of rectangle PARS above is 48, DV = VR
PT = TS. If point M is somewhere Inside the roe
POVT. and' if x Is the area of triangle MRS, whiCh
following Includes all the values and only the values
(A) 8 < x < 24 (B) 12 < x < 24 (C) 12 < x

(0) 24 < x< 48 (E) 48 < x < 98

O
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Appendix B

Description of Tucker's Procedure

or Estimating Commonalities
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Appendix Bic'

Description of- Tucker's Procedure for Estimating Communalitien' ,

1

Tucker's adjusted highest off-diagonal correlation provides a communality

,

estimate obtained by multiplying thethighest off-diagonal correlation, TJk;

betwe target"variable, j,'and other variables by a weighting constant.
*

, -

z .)t4t-

, The constant is a ratio *darn ator equal, to the sum of the$bsolute

value.i irjk 1. for k r j , km, and de tor.equal,to the sum of the absolute

values Ir iki fox k j, km. Thus, of ,the pair of variables julk,..the .

variable exhibiting higher correlations with all other variallirn the system

receives the highenkcommunAity estimate. in the case of a unifictor matrix,

or a higher dimensional matrix in which the two variables are collinear and

differ only in

variables have

leading to the

length, this estimate is exact,,sinte we can rotatetso that both

nonzero loadings on factor one and zerojeadings on all others,

following expression, where p is the number of factors and

is the factor loading of the

-

Then h

Irjka

kth4variable on the pth factor:.

,

18411 I 11

Injk 1 lajitrnakil.

Irk l Jakmil jakil

Irj:1

la511. latt

,k "1r

)

.4

4.*

11 lrjkl laj11

40
Aakil

'1,1= la .1T
k

laud
kw"

lajil

a'tall

k

Clearly,,,this procedure is less appropriate when high cqrrelationJobtain

among ionfollinear items and Is not robust in the face of doublet variance. The
0 .

.

-

sum of these estimitTljshould provided ajtsonable estimate of total commumaiity

*
if doublet variance is not an important source of item co llinearity.

2
h
2

a
j11 j

. .

411\

k This derivation la from Carlson (l976).' Since documentation

-..I
procedure is not widely available,it is presented here.

.4.
& .

.
.
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Appendix C

Structure of Operational

.Tests K and K2
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Table C-2

Rotated Factor Loadings.
(Form K. Section II)

Factor
Estimated Wmputed

IISLIEEE Item Number I I. ill IV V VI VI/ VIII Communality poununalitY

L

1

2

1Wmrative 3 .

4,
Paisage

5
6

7

.

41
46
50
31
23

43
57

.

24

24

i

' 23

27

30

12

12
27

34

22

25
32
11
8

26
41

8
9

Humanities 10
11Psasege
12
13

45
46
50
47

60
44

.

21

29
34

33

39
22

1

23,

25

31
29
4/

22

14
15

Arguoejtative
16
17Passe*.
18
19,
20

45
38

35
39

63
43
44

23

29.

22 ,

124

37

34

18

26
27

45
33
36

30
17

27

22

48
29

37

21

Biological
22
23

Science
24

Pasiage
25
26

25
41
38
27

,29

30

41,

p

28

28

13
20
19

15

23
26
11

13

12

27,

28
29

Social Studies
30

Passage
31
32

33

21 46
46
64
5014

50

29
36

26

. ilk.

22

I,

1

38

'57
40
42

16

30

36'
29.

31

36

34

13

18
I-

4.1t. '

. .34
.35

Physical
36

Science 37
Passage' '38

ir39

4

,

.

25

21

22

44

36

48
50
34

. 35

25

121
..;...--\

/

4
40
29

35.---'.

t10 -

23

41

32

53

51
30

32

26

34

31 ''.

50

.44

31

30
20

t
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"Mle C-3 '

-

!tile Tyne, Item number I II

Rotated
(Yore

/1/

lector Loadings.'
X. Sorties 1//)

to

?actor

VIII.

Entimeted 'Computed

Caumrslity CommuneliryXV V VI vrz

Algebra 1 30 38 31 28
Algebra 2 29 24 22 22
Arithmetic 3 26 41 59 46 55

Alsace, 4 42 23 25
Arithmetic 5 27 45 41 35
Geometry 6 53 23 +7 30

,

70 67

Arithmetic 7 27 23 2I 38 23 26
Algebra 8 51, 22 47 56 34
Algebra 9 46 23 49 57 51

Arithmetic 10' 36 23 32 25 38 38

Geometry 11 49 22 45 58 54

Data Interirs.-

'26tetion (D1) 12 20 Sl 63 44
V/ 13 27 46 45 15
V/ 14 26 31 24 21
V/ » 15 38 23 31 33 34

V/ 16 S4 27 25 48 48

Arithmetic lt- 44 23 41 ' 45 42

Geometry IS 44 . 30 28'

Algebra 19 63 30 51 55
Arithmetic 20 3g 25 47 . 40 43
Algebra law 21 49 33. 48 i, 69 60

DL 22 25, 25 49 50 39
V/ 23 30 25 se 69 50
DI 24 43 30 30 54 43

DI 25 29 38 26 33 65 44
VI 26 26 22 . 11

.4
14

Arithmetic 27 35 21 23 41.f 41 44
Arithmetic 28 42 11 . 31

.

26
Geometry 29 52 . IS 44 43
Algebra 30 40 22

re.. .
25 . 25

Algsbre 31, 51 27 . 21 44 45
Geometry 32 1 63 38 65 59
tscsakmtkneous 33 43

34 43
23 21

,

35

26

)122

Geometry 35 39 22 31 28

Algebra 36 51
.

Geometry , 37 57
28

Ig 47
47

39
38

Algebra 38 29 70 60

\

..A0

Miseallancous 39 x'48
Arithmetic 40 54

35
36

Sk../
32

.Geometry 41 55 34' 36

V/ 42 40 28 23

V/ 43 46 23 22 45 36

Di 44 66 53 54

V/ 45 S6 48 41

.8/ 46 50 33 28

Geometry 47 -4 63 40 w44

Algebra 48 , `79 62 '
66

. Geometry 49 ' 67 51 41. 49 .

Geometry 50 66 46 48
Miscellaneous 51'1 77 -28 $9 75
Miscellaneous 52 %%.. 80 -21 89 74tt

Miscellaneous 53 80
.. Geometry 34 77

Miscellaneous 53 83

Ilk 7 3
1

89

61
87

75
'63

75

llo

. 11 Percent of common,
.

variance - ,_2p.3 26.7 21.4 7.5 6.2 4.3 3.1 2.5
\---t .

.
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?able C-4

KI04ete4 /actor Loadings
.(Form K2, Section I)

,--,4

/actor 0:ainunality

It npA 'Item Number I II lig IV v rt Ira nil ix A Est boated C,onkuted

A
i

.

Analogies

1
2

3

4

3
6

7

8

9

22

22

38
36

33
36

22
44
21

23
48

43

61

56
43

.

, .

.

22
16

422
34

10
40

50
48

20

t20\lie
11..-

37

43

42

35

23

e

)Opposites'

10
11
12
13
14

15
16
17

18

19

33

27

52
34
40

22

29

23

38

52
40
40
57
66

53
63

27 31

29

46
62

31

33
27

34

33
40
36

37

40
34

33
33

27

29

33

46
38
44

Sentence
Completions

20
21
22
23

24
25
26

27

)2

26
55
45
39
49

42

33
31

30

31

40
23
21
24

33

22

.

.
31

38

37

33

26
16
21

26

14

38

34
34

36
26
Is

13
23

fiS

Analogies

r

12

1Z,..-_,
32

33

' 34

33

36

37

22

26

46
39

33

24

32

33

43
63
36

51
62
69

4

4

37

37

17
19

57
33

29

56
40

32
30

12
.26

56
28

26

53
47

'4

Oppoeites

211

111
441

42

43

:1
46
47

21 37

46
37

35.

38
21

23

.

.22
37

28

30

41.
64

68
S9
52

'39
27

36'

26

21

il

s

22

4

33

26

38

61
63
64
60
36

59
35
37
39
32

49

49
51

38
54

38

41
ek 34

Sentinca

cdtpletions

,1

48
49
.50

51

32

53 ,

34

55

21

20
21

27

23
23

30

21

.

22

22

41

01
30
64

89
83

. 73
64
37
43.
43

36

84

93
67
82
59
52
51

--"\-.4,92 !
13 )
71

53
62

50

37

59

74

4!
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table C-5

*stated Factor Loadings
(Form K2, Section II)

4

0

.../

Item TVs* Item Number i II

53

.645

49

56

34

III

23

27

IV V

Factor

V/II IX I Estimated

,Communality

VI VII Computi

1

Berra
2

tfie
3.

Passage
Oitnoritk Theme)

6

_.0

35
30
/32
30

31
25

33

28
25
34

35

16

7

8.
Seimmific

9
ge

10
Passah

1
(Bioc akistry)

1

12

13 6u

34
0

27

30

36

32

31

28

31

28

20

li

.

45
47

47
47

34
38

28

55

36

42

42
26

,0
15

318.

23
30.
29

23

17

12

14

15
Argumentative 16

Passage
17

(Social Studies )$

19
t .20

.

20

25

27

49

49

42
62

31

39

11
33
25
32 ,

13
51
48'
45

70

14

30

12
34
40

34

45
12

21

21

22unities
23

Passage
24

(SymVaeals)
25
26

27

20

26

53

42

55

55

43

28
44

23
23

35
28

39

16

37

39

27

22

38

.33

19

40

39

24

20

35

Rumenitiss 29

Passage 30

31
(Mythology)

32

A

26
22

24

55

60

494
42

33

20

44

30
28
24

24
26 20

38

69
49 I

38

15

19
47

38

60
43

34

16

12

41

, a .

35

Physical e 36

Science Waage 37
(Geology) 38

39
40

23
28

28

25

33

32

37

27

29

.

20
23
25

26
25

60

58

64
48
53
48

57

69

79
39

56

AO

'AS

49,

58

32
42

35

e

As

1.

.46

75

/
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Table C-6

Rotated Factor Leadimle'

flora X2, Section III)

Factor ' Communality

Itep&ps Item !Amber I II III IV V VI RI VIII 72 X Estimated uteri

Arithmetic 1 45 30 26

Arithmetic 2, 65. 35 63 62

Geometry 3 42 23 a 33 27

Algebra 4 44 28 . 24 36 38

Arithmetic 5 37 23 23 23

Arithmetic 6 5)1 26 48 43
Arithmetic 7 55 )-24 41 39

Arithmetic 8 32 26
. 23 19

'Arithmetic 9 39. 27 37 29
Arithmetic 10 97 21 so 43
Geometry 11 56 20 40 39
Algebra 12 sa , 32 36
Algebra 13, 57 23 26 56 49
Algebra 14 77 78. "48
Arithmetic 15 68 56 53
Geometry 16 52 .

' 28 28
Itiacellamwur 17. '42 33, 1 32 30
Algebra 18 47 20 32 28
Miscellaneous 19 35 27 26 22
Algebra 20 75 . 57 60

Arithmetic 21 38 18 19

Geometry 22 75 60 61

Datalloterpre-
tatioo (DI) 23 32 25 66'. 64 51

Di 24 34 30 60 63 47

DI 15 41 44 21 71. 46

Di 26 25 42 29 22

Di 27 37 44 53 37

Di . 28 40 28 32 44 38

Di -4 29 39 24 34 44 38

DI 30 23 25 16

Algebra 31 63 45 43

Geometry 32 52 39 32

Geometry 33 64 50 46

Arithmetic 34 35 23 24 1\4162
Geometry 35 62 48 5

Arithmetic A6 73 61 58
Algebra 37 77 . 71 65
Geometry 38 59 40 41,

Di 39 22 30. 25 19
DI . 40 43 41 57 37

DI 41 37 43 eit
$2. 39

DI 42 50 44 68_ 52

DI 43 47 40 47 44
Di 44 38 36

41P

38 31

Algebra 45 46 23 35 33
Geometry 46 54 27 41 41

Arithmetic 47 61 23 51 44

Geometry r 48 68 58 $4

Geometry 49, 64 65 46

Miscellaneous 50 67 45 w 78 65

Miscellaneous 51 76 44 95 77

Geometry 52 69 24 57 . 59

Arithmetic 53 40 24 31 38 31

Algebra 54 62 25
.

32 60 59

'Atoka 55 43 33 26 46 41

Percent of common ti

variance 29.7 22.7 19,4 7,7 4.4 4,4 3.9 3.1 2.5 2,1

4
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Table C-7
.4

Principal Fadtor Solution
Roots and Variance Contributions

for Forms K and K2

Form K. Form K2

Factor Root
Cumulative Percent of Total

Common Variance
Root

0:

Cumulative Percent of Tc

Common Variance

r 33.07. 55.2 4.35 55.1

II 10.27 72.4 '9.58 70.0

III 4.84 80.5 4.44 77.0

IV , 2.25 84.2 3.11 81.8

V 1.89 87.4 2.01 84.9

VI 1.70 90.2 1.85

VII, 1.22 '92.3 1.34 90.0 .

VIII 1.04 94.0 1.10 91.6

IX .85 95.4 1.08 93.3

X .83 96.8 .97 94.8

XI .81 98.2 .82 96.1

XII .74 .99.4 .80 97.4

Sig
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Table C-7 (Cont.)

Additional Roots
r

Form K Form K2

Factor Root Root

13

14

15

16

17

18

.64

.61

.56

.51

.49

.47

,.68

.64

.62

.54

.51
_

.46
co.

19 .45 .45

20 .42 .42.

,
.. . '.

.

. .

77 .00 4 .01

78 .00 .01 ,..
79 -.01 :00

80 -.01 -.Al

. .

. .

137 -.30 ,' -.30

138 -.31 -.30

139 -.32 -.31

140 -.33 -.31

141 -.33 -.32

342 ' -.34
N.,

-.33

143 -.34 -.34

144 -.35 -.35

145 -.37
.

-.36

146 -.3,7
-

-.38

147 -.38 -.39

148 -.41 -.40

149 -.4 -.44

150 -.48 -.46

78
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Table C-8

Roots and Variance Contributions for
Rotated Factors - Form IC

Factor Root Percent of

Common Variance

III

15.94

15.06

12.06

28.3
4

26.7

21.4

7.5IV 4.20

6.2-V 3.51

4.2VI 2.39

3.1VII 1.72

VIII 1.42 2.5

56.29

Table C-9
-

Roots and Variance COntributions for
Rotated Factors - Form X2

Factor

I

it,

III

IV

Root

18.14

13.75

11.83

4.69

VI

VII

VIII

SX

X

2.69.

2.59

2.38

1.88

1.53

1.35.

60.83

*Mb

Cumula.tiv

Percent

28.3

55.0

76.4

83.9

90.1

94.3,

97.4

99.9

Percent of

Common Variance

29.8

22.6

19.4

7.7

4.4

4.3

3.9

43.1

2.5

2.2 :

Cumulatir
Percent

29.8

52.4

71.8

79.5

83.9

88.2

92.1

95.2

\97.7

99.9

79
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4 .

Appendix D

Factor Extension Matrices for Experimental Verbal (X10 - X13) and

Experimental Quantitative (X14 - X17) Tests

80
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Table 0:1

Factor Extension Matrix

for Test
3!10

,

Factor

Item Type Item Number I II III -Iv V 71 VII VIII

Short Passage
..

One

Short Passage
Two

)

Short Passage
Three

1-
2

3

\
5

6

*
7

81 s.

4 20'

42

29

46

49 '

29

Long Passage
One

10
11

12

. 13

14

1-.5
16,

17

tong Passage
Two

, 18

19

20

21
22 .

23

24
25

ti

t

.._
52

158
, 48 26

.- , 53 36 i.

41

56
.

53 28
51 26

37 . 20 22

56%,
26

f 23 Is

52 26 21*
.

r N\ 36 28,

142 31

49 40
39 33

47 /33 N
' 34. 36
, 48 39 22 23,
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Table D-2

Factor Extension Matix

. for Test ill

4.0

It,* Type co. Item Number I Ii

70
43
22

30 .

1 Factor

VI VII. VIII

0

/L/ /V V

---...--1

Short Passage, 2

One f S
4

20
40 -

t:

Short Passage
Two

5
6

7

8

9

46

50
40.14-
.31.

22

Short Passage
Three

10

11

12

54
'Si

55

)

22'

Long Passagi
19 One .....-1

/

13
14

15
16

17

18

19

20

21

20

51
AO
54
50
48
41

51
49
58

31
4

22

'24

22

31 «

21

28

Long Passage

TWO

22

-23

24

25

26

27

28

29

30

23

24

23
22

27

43

3.7

44

46

47

40
45
30

'42'

34

30

33

39

35
32

35

33

38

22

23

S

82

I
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Table D-3

Faator Extension Matrix

*

Sfla

for T;lit

Factor

, Item ,Type Item Number I it 4 III . ,, tv v. vv.' Igi t$...._ 44,

, . . a .1*
1- %6 24. 24ShortPassage i.

Aae .-

2 '4 .--. 24 .

. 3 51' l'
4

, s
.Short Passage 4

'.11/4

TF° . 5
IIi a 1 .

, .

a ,
Short Passage,eg 8 22r Three

9 '24 45 21 .
4 J.. .,

' 10 23 41, - s a

11 4

12
Long Passage 13

One $ 14
.e. Pt

45
..

17
..
..

16

?

-

18a... 19 a0.
20

.Long Passage. 21
22

Two. 23 0
-11 24

. 25

4

4

'

23

28
23

4S7

46 **it ._

77 f
53 .

~45

c58

's'a

.. .

.

.

.

'21

23, or
. a

: If
1

24
- 37

32
25
27
36

' 46
- 32

52
40
42

'48
48
37
37
42

a A

244
22

21
25

.

23

IJ

4

.1

3.7

-27
27

21

*11%,,
Atir

.

Y

!IIIit
O.

I

; s
-

soot

'4

I

A
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At

IR: Table e p-4

Factor Extension Matrix '
,

1

l
- foi Test ICiii

( l'-' . 1'
.

it
.41.4

i 1
0

Factor . , . 6

a Item Tyne Item Number i .II /II V v VI la/ 7,VIIII
. ' .1.--

I 22 4-9 .24 ,
. Shordt 4ssage . .2 22

One-
3 4'9. , i .,

.Two

-,1;

5
6

50
49 21

Short Passage 7 , 25
ThAe .39

,.Sh'ort Passage
Four

9
10
11'

t 44
26

23 38

N

A

,`

Short ,Passage
* Five

12
13 41

47
21
21 21

Vag Passage
One

15
it
17
18

.19
. 20

21
22

22

38
50
46
57
51,

'45
38
48

22
.4

23
21

21

4.
26

27'

21
21
27

Long Passage
Two

olt23
24
25

Ak 26
trl, 27

28
29
30

"
'

27
37
3Q

25
30
28
39

vi3 0

43
33
42
39
40
30

32

.23

2

28
31
25

20

21

23

4'

30

e

Se

1

:,
84
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Table D -5 s.

, Factor loctension Matrix

for Teat r.

ats

41

Factor
4t 2..

Item Type Tleite Number I 4 III Iv V VI VII VIII
,

k '7..
.r i,. ---.

'

.*

:It-
.

.

.
b :

r

Rigtaar
oantistative

..O

,---,

. 2-''
-3

. 4
5

6

7
...8
: 9

, 10a
12
13
14
15-

22,. 16
17

:18
19
20-'

oio 4
21
22
23

'24
4.4Z
20
27

' 28
29
30

2.

-

, ..

--

.

.

-

.

63
'48,
65 25
71 t
68
82
69 ..:.
65

-,-

47 ...
34
74

, ..

68
56.
Of' 39
72
59
52.
56-
58 :

76
77
59
57
76 .

.58
62
4i
63 .
55

-'

'

,

7.

23

.
iv

1.

27

25
29

4

'

.

.

\.

.

.:.-.
,

\ .

4..

33.

.

',2'

o'
32.

--
33
34

28

29
36

.. .

.4

.-

If
.

6

46

I

.4,

a

.33

35

30
42^
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.

Table ,

A

Quititat iv

Comparison
s

esiumber

Factor, Extendipa Matrix

foT Test X].5

I

2

3

4

6

47

41
52

60
38 26

--`47

8

9

10
11

12
13

14

15

16

17
18
19
2Q
21

22

25

;)

S ,29

30
31- ;

32
33

% .

44
35
36
37

'48

39 :0

40

4:*

111,

ieft

Ip

1

58

64

40
58

51

55
52
59

58

54
55

P

II

'31
26

20

Factor

VII x
144$

III IV V VI

'.

tt:
. 21

'22

-21

-21

25 .N1

, 26

27

.41
,

63 .04
72

62

4f1.

50
65

55
61

'56

57

4.
51

27

53

52
37

34.

5

51

'48

,

23

N-21 :"

26

21

4

4

1°,

to

30
34

.

21

26

29

28

26

28

/
.

86
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Table D7 .

Pdtor Eitension Matrix

for Test X16

Item Tops Item Number I II

.1 41 38

. -

;/

t

47
64

31 '
32

4 54

5 55 31

6 53 25
7 58 28

8 49

Quantitative 9 56

, 10 37
Comparison 11 65

12 56 .

13 - 49
.11 14 45 20

4.

/
15 65

16
..

62

17 52

18 55

19
20 14

21 48

422-P 62

23 52

24 31
25 ,61
26 171

27 41

Regular
,A

28.

29
59
60

Qpantitative
30 . 65

40
32 40
33 44
34

35 8

VD

Factor

III IV V VI VII VIII Ix
..--

22

26

1 23

22

a

22

23

4 421

t

23

'25

4
24*

,° 29

31
33 .4.

27
4.

31 52'
26 27
22 .

1,

1

4

.
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Table D-8

Factor Extension Matrix

for Test X17

Item Number I

47

35

II III IV V

.

as

Factor

VII VIII 1X

-21

VI

20 .c1

2

.

,

31
4

59

48

.

5 31 '23 '

6 25

7 42
.

8 44 --21-
9 46 25

de

10 39

11 36 21. ;

4 54 25 22

13. 50 23 32

14 54 % 37 4-4

15 53 27

1& 50
4

28

17. 53

18 41 39 70 37

19 f49 24

20' 56 .

.

31
4

'
0 4

ti

1

IA
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