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+ Abstract .
Ty

, 4 - .
Separate factor analyses of two opera%?onal forms of the Graduate

Record Examinations (GRE) Apritude Tegt were.undertaken';o‘gain a bettef

urrderstanding of the abilities that contribute to performance on the examf-

nation. Results suggest :hat three giobal abilities -- :wo verbal and one

quantirative -~- are being consistently tapped by the GRE Apt#tude Test.

#

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

; .
test forms -- vere nated also. These dimensions revealed asnicts of the

test that are related t¢ item fyPE, speededness, and the content of reading

g’

passages.

-

- ) . . P .
Factor extension analysis was used to estimate the loadings on these

operat;oqal'rest factors of new items from eight experimental tests administered

with the operational forms. Statistical remeoval of the extended factOQ§ from

the matrices of tetrachoric interitem correlations of the experimental tests

#

and examination af,residual relationships and amount of veriance explained

suggested that the experimental tests are, in geﬂeral adequately explained

*by the factors in the operational tests. 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 subtest length, item arranggment, 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 resrructuring

of the GRE Aptitude Test. i .

-

+
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" Inrroduction

Purpose
The investigation fepOrted herein is part of a multiyear plan aimed at
revitalizing or renewing the GRE Aptitude Test (Altman et al., 1975). The :

present study contrib&&es to the renewal effort by (1) determining the factor

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

]
hi eXperimental tests through relating each of these tegts to the structure

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

4 W -

ever been reported, consideration of the current test's struc;ure was thought
to be useful in decisions regarding the add{i;on oflcertain nev tests or item
Eypes and the deletion of others. A distipction between global factors (éuéh
as vgrbal and qu;ntitative) and local factors {such as reading comprehension,
vocabulary, aﬁd verbal reasoning) was thought to be useful also. Local factors
were considered to be of greater relevapce to decisions regarding the shoftening
of the current test, while the more global factors might have greater value
for deciding wﬁiek additional qoaulés 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, 1966) did
not yield conclusions that would apply without reservatign to ;he GRE.Aptitude
Test, despite similarities between item formats of the two instruménts.

To accomplish the first purpose, principal factor solutioms, baséd on .
interitem tétrachoric correlatiqns, were computed for the responses ogktwo randéﬁ ’
samples, each of '8,000‘ examj..q’ees, taking the GRE‘ Aptitude Teﬁt in October 19?5

+n

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 evnjunction with the rwo operational

T
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- » - .. . )
forms (See Table 2). ‘Additional analyses of residuals were planned for amy

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 experimedtal

» . -

*  test to justify postponing férther analyses.
: i

Description of Operational Tests

-

The operational portion of each GRE Aptitude Test form consists of three
separately timed sections containiné vegbal and quantitative items, and is that
portion of the test om which c§nd1dates' reportﬁd stores are based, Secéion I,
the first of two verbal -sectioms, is made up pf questions in three formats:
analogies,.which test the ability to understand relationships among words and
ideas{ aﬁ:onyms, which test vocipulqpy; and sentence completions, which measure
ability to recognize logical and styl;stic consistencies among the elements
of a sen:egce, Se;tion 11, the secoud verbal sectibn,‘contains paragraphs
dealing with a r;nge of subjects, eacﬂ.followed by sets of reading comprehensick
quesCions. The items ipfSectiog I1T, the quanticative section,lﬁequire
reasoning baszed od‘an uﬁaersta;ﬁingfof arithmetic, algebra, and plade geomerry,
and the ability to inte:pret‘&ata presenﬁed in ;aps, graphs, charts, or

tables (Gréduate Record Examinatioms, 1975). A tabular summary of the opéral

. Y N
tional test appears as Table 1 and examples of selected irem types appear

in Appendix A. These items have been extracted from the Information Bulletinm

. . - .
v " that is available to all GRE candidates. ' / N ] S
“ . ] . -
ta - - .
t + - >
s +* : 4
* *
. + Fl -
' . T AR
. - , b W .
- o 1 o "
7 orge- B R
B ! ,H,
. -
. . . '
1
4 3
L ",\ » 7 “




Table 1 ) . p

-

L ] .
Summary of thf GRE Operational Test Forms K and K2*

»
' Item Description . ' Item Numbers .Time Limit
» - . - LY
Section : in Minutes
. Form K Form K2 Form K Form K2
- ." . _, N o+ *
I " Discrete verbal: Discrete verbal: 1-55 1-55 . 25
Analogles. ) ' . Analogiles o 1-9 1-9 / )
Opposites M Opposites - . 10-19 10-19 .
Sentencé completions . . Sentence completions 20-28 20-28
* Analogiles " Analogles 29-37 29-37
o * Opposdtes Opposites . 38-47 38~47
. - Sentence completicns . Sentence completions _ " 48-55 48-55
It - Reading Comprehension: . Reading Cogprehension: ° 1940 1-40 50
Marrative passage ' Narrative passage ' 1-7 1-6
’ . Humanities passsge - Scientific passage 8-13 7-13
*Argumentative passage Argumentative passage 14-20 14-20
Blolbglcal sclence passage Humanities passage 21-26 21-27 .
Soclal studles passage Humanitles passage 27-33 28-34
Physical science passage Physical sciefce passage 34-40 35-40
III '  Quantitative: Quantitative: - 1-5s  1-55 715
Algebra, arithmetic, geometry, Algebra, ar4thmetic, geometry, «1-11 . 1-22
* and miscellaneous . and miscellaneous .
- pData Interpretation - Data interpretatien. 12-16 23-30 ‘
v Algebra, arithmetic, geometry Algebra, arithmetic, geometry 17-21 31-38
' Data interpretation _ Data interpretation 22-26 39-44
Algebra, arithmetic, geometry N Algebra, arithmetic, geometry - 27-41 45-55 i
Data interpretation and miscellaneous 42-46 .
Algebrd, arithmetlc, geometry, 47-55 .
and miscellaneous *
\V ‘I

i

Throughout the report the two opetational forms will be referred tp w8 K and K2, The acPfal GRE
designation of these forms 18, respectively, K-5GR1 and K2-WGR1.

l(\

‘e
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T Déscription of the Experimental Tests — : ' .

s Section IV, the final section in each GR.E*Ap:itu&st book‘, has been

termed an expei:imental test and designated 1{10 - XU, although the majority

of the items cont’aine'd in these tests are similar to items in the operational
form, and were being tried put in preparation for possible inclusion 1n

future operational forms. 'I‘wc:’l:ruly experimental tests (Xls and x16) contain

v

» quantitative'comparisorf items -- an item type not used in the GRE aptitude %"

Test prior to October 1977. The major experimental aspect of the other tests.

1 " »

1s the length of passages In the reading tests, the number of‘quesl:iq.ns' x

assoclated with each, and the grouping of pas§iges by content area -- eicher
L

sclentific or humanities/soclal studies. A bries description of’eaci;

3

éxi)erimental tedt is given in Table 2.

’
- .‘_& 3 . *
F .
Sample Selection .
‘ . Samples upon which this investigation 1is based were drawn from the popula-
tion of examinees taking the two forms of the GRE Aptitude Test tha: were
A Siven in Qctober 1975. 'I’hg ptimary stratificatipn variable was ‘l:.he experimental
test form that the examinee received. The two operational forms (X and K2) were
. ® administered witli the elght experimeni:al tests, the latter being administered
o t
P 4 ' L X - '
- in & spiral design as Section IV of the operatiocnal forms That 1s, approximatel
4"’ half of the examinees recéived form K and half received form K2. One of four

ex?e‘rimental reading tests ("‘10 - 1{13) occupied the final section {Section IV)

’ of form K, while one of four experimeq:l:al quantil:at}ve tests (XM - XU) w‘s
Sectiony IV of form K2. Approxlmately one-eighth of the total examinee ..

pépula‘l:ion was administered each combination (e.B., form K, 'experimental
. b ’ * + - P "
P test .Xm) of tests. Random ‘samples of 2,000 were drawn for each of these 1

combinatfions., - L < .., C R

o
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' ¢
) ° Table 2 a 4
T - ' . "“"' “
Description of Experimental Tests . 3
. r . f . o
- . “ Ti-me Liﬂlit
Test. FPm General Description ’ . No. of Items . in Minutes
X0 ) Reading Comprehension (Humanities/Social .
. Studies) -- three short passages, each - ) }
with three associated questions. followed - 25 .25
by two long passages (same length as ! .
operational form) each with eight
- questions *
, xll Same passages as X% , except each passage 10 ' 25
A has up to two add Qonal queatious .
, . — . J
L] .
x12 . Reading Comprehension (Science) —— three 2
. short passages, each with three associated
» questions, followed by two long passages gﬁ 25

(same length as operational form) each
with eight questions .

Same p;ssages as except that two . .
additional short paSsages and,associated ] 30 ¢ 4;/?5 &

Y " questions are added
X.l& Regular quant itacive‘items paralleling ) 10 25
those now used in the operational test, .

but not including daga interpretation items .

Xl5 Quantirative comparison items 40 25
X16 First 23 {tems ~~ quantitative comparigons .
@ {suggested time 15 minutes), last 12 items -~ 35 25
regular quantitative items (suggested time
- © =10 minutes) ) o=
4 X1 4 Data interpretation {rems paralleling

those now used in the operational rest 20 . 25,




N A a :
. R - 6 - 10? -
@ Selection of Operational Forms : ”
. ¥ :
N ~ . + +
The two operational forms subject to the analysis reported herein'were

‘ A 1 &
. selected solely because their administration coincided with the proposed R

Il

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

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

to be fépresentative of a larger pumber of GRE Aptitud¢ Test forms justifieg

a éertain degree of generality for the results reported herei7(*
4 - '
Categorization of Items -

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

) of the factor analyses of the two operational forms. Naturally, tpe'test for&é
’ .themselves gnd the categoriéation of ;tems in these forms, along with the authors
j%dgm;ntf regarding the materis] contained in the tests, were the major imputs.
Sékondly, the. test content specifications Hﬁ%d by GRE anminers to cingify

it weée obtained and scrutinized. Finally, the item statistics (biserial

correlations of" item with total test score, difficulty indices, and percentage

. attempting or feaching each item) also served as data useful in suggesting
o or canfirming certain interpretations. Table 3 shows the classification categori

[ . assac#ated with each item type. . ; -~

T \ ,

v ‘
- . . -
. ' .
. ‘ '
wl } .
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e N . Table 3 ,
: . GRE Aptitude Test Item g
. . . Classification Scheme .
" Itﬁp TyPe~ Classificatioﬁ'Cgtegories
‘ . T v V; (1) Level {concrete, mixed,
. : ’ . or abstract)
. - Analogies (2) Structure (independent
, ) . or overlapping)
K Content area¥*

.3 .(3)

(3)

[

Sentence Completions

R

(1)
. | , .
Reading ° ' .
Comprehension.//' .
) 4
’ - g?)
=\

) . (1)
Quantitative S . {

> _ 1)
1 - / -
< (2)
Discrete 0 it
Verbal Pposites ’

Specificity {(general
definition or fine -
distihction)

Lengthr(single worde
or phrases)

qut of speech

" Content area*

Number of blanks
{one or two)

Content area*

Passage content
(narrative, biological
science, physical
science, synthesis,
argumentative, social
studies, or miscel-
laneous)

Item type {main ideas,
supporting ideas,
intended inferences,
application, evaluation
of logic, or style and
tone) -

Content {algebra,
arithmetic, geometry,
data interpretation,

" or miscellaneous)

Aestheticlphilosophical world of praccical
relationships, or general,

N #
affaifs, science, human.




% . ‘ . » - \”
. s -
* Results , ‘L
Form X - Inrerpal Structure T . ' . o .

Estimated communalities, ob:aggﬁd\?y Tucker s method {AppendiX B), were
employed leading to a :o:al communal;fy gstimate of nearly 60 or about 40% of th
total normalized test variance of 150. The first 12 principal factors, derived

[
frow the interitem :e:racﬁE;ic correlation matrix, were sufficient to account

&

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

J///”’;Ed trial rotation ofhﬁ, 8, 9, and 10 factors resulted in :hawxe:énzion of eight

-

factors, with total estimated communality of 56.3, or 37.5X of the Fotal test

%

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

in Appendix C.)' p o

* While factoring of the common variance allows the parsimonious .description;
of the relationships among test items in a space of lower dimensionality, ﬁsycho-

logical interpretation of the resulting latent dimensions usually requires a
rotation of axes to some criterion of simple structure. Since projectibdn of
the experimental :esis into the factor space determined by.:he‘operatéonal -

tests was planned, it seemed prudent to work with pncorrgla:ed {orthogonal)

L3

factors.,
The most common analytic method for approximating or:hogonal.qimple

structure uses Kaiser's (1958) varimax criperion, in’whizh the variance of the

1}
+ .

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

- + .
. leads to item loadings near one Or near zero on each factor and tenfs .to result

in relatively eésily characterized factors with "clean" patterms of loadings.

13

Al:hougﬁ thé 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

L

the results of the extension of the factors to the eXperimental tests. Upon vari

¥

max rotation, the first three rotated factors were found to account for 76.5% of
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. . o
éﬁe common variance, while the'first five accoun;ed for 90.1% of thx\commonJ

variance,

The fadtors showed the influence of item type and differential speededness,

with,little evidence of covariance due to content classifications {See-Tahle 3)

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

.. quanéitativ items, for whilch conteat and type Bpﬁéar to be more closely related,

tst three factorp characterize the major dimensions of item coyariahce
£ .

. L4

and ref}ect the global st ctu;e of the'skills assessed by the Aptitude Test. It

relatively distinct skills, one quantitative and two verbal,

#

would® appear that thre

r : o
are being tapped. Altzéugh the two verbal factors are not completely independent,

with all but two verbaf‘iiems displaying positive loadings on both factors, a clear
. . Q\ .
tendency is evident for completion items from Section I to relate more to the

"

reading passage items of Section II than to the opposites ;nd analogies items ¥

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

smaller proportions of test'variance, Tevealing aspects of the structura of the

quangita;ive test {(Section IIIi and differenzial effects of speededness on
the’three sections. These latter factors idé;gify additional dimens;ons of
covariation within algebra, data interpretation, and applications ("word
problems") items, and separaté speed fattors for each of the two verbal
sections. A discussion of each factor.identified in form K follows below.

{Also ;ee Table 12.) Although ete discussion fairly bristles with item numbers,

item posit}on is central to a major point, and Wwe request the reader’'s forbearance.

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

variance of the quantitative itemg, since mo (43 of 55) of the quantitative
. items, but none of the yerbal items, load highest on this genewal quantifative
factor.. Nearly all (53) of the quantitative .items display loadiggg of ,2 or

» .
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greater on Factor‘I, while oniy 12 of the 95 verbal items have loadings this

large. Items at cheVend of the quaﬁgitative section ({48, 51, 52, 53, 54, and 55)

display the highegt loadings on thisg factor, suggesting a strong relatiouship -
betwgen 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 legs than one-tenth .as much variance

+!

as was coutributeﬁ by the quantitative factor, and the final items continue
1

-

to represent the highedt logdings on Factor I. 1t was concluded that the

-
L

apparent eededness component among the gquantitative items is not an artifact,

but that agacrity is linked to the ability measured by this factor. (Sgé

-

Swinton and Powers, 1976.) ) ;I <N

* - . kY

Factor 11, accounting for 26.7% of the common variance, is a verbal_f?otqr- .

neading comprehension: econnected discourse, Thirty-eight of 40 reading éags§gé ’

items and all but one of tﬁe eight itgés ln the first sentence-completion i, o
. : o X

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

’

related ‘reading passages appearing less strongly related to this comprehension -,

dimension than passages based on literary or social-science content. The ..

L.

second completion section, appearing at the end of Section I, shows §ubsténciai-

C

loadings (greater than .3) on this factor for omly.four of its eight items,

4
B2

with generally much larger loadings pﬁ Factor V, a speed factér. Scattered

analogies and opposites items (#1, 10, 2%, 30, and 32) also have l¢adings

greater than .4 on this factér, buf otly eight of 38 analogies and opposiggs "

|

items load hizhest on Pactor II.' Only one guantitative item has its high§5t
loading on Factgr II. " ;, | P

. ' - . {
Factor IIl, accountink for 21;4% of the common variancé, reflécts -

vocabwlary: wonds and concepls An Lfvﬁatian. Of the 18 loadings -

! !

i - -

T
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above ~5} 16 are contributed by oppogites and analogies items. The five
highest loadings on Factor IIT ‘are all contributed by opposites it;ms.
The two segswof sentence-completion itéms, which are associated with the
comprehension factor (Factor 'II), appear iﬁ a single timed section (I) of

the test with the analoéieS'aﬁd Opposités items; this gituation might be

expected to lead to moderate loadings from sentence-completion items on

Factor I1I. C?mple%ion items with loadings greater than .4 on this factor
are numbersg 22, 27, 28, 53, 55. How;ver, only items 27 and 55 load highest
on this factof. Th;fe is no evidence that single-blank coﬁpletion items relare
differently p@ th;s verbal reasoning factor than do double-blank completion

items. Items’ in the oppbsites farmat‘generally exhibit their highest loadings

J\)
on Factor III, with 18 of 20 such items loading higher on this factor than on

‘any other; 12 of 18 éﬁélogies items also load highest on this facter.

0f the reading passage items, only,two display loadings greater than .3 A
én Factor III. The rwd 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 tepd to \
suporf thé interpretation of Factor III as an ability to deal with words in
¥ o ’

isolation.

K Y

o

. h
Factqr Iv contributes 7.5% of the common variance, and displays loadings
w

"greazer than .4 on items 3 ‘s, 6, a 9, 11, 17, 20, and 21 of Section III,

In addition }tems l, 10, 29 and 32 exhibit loadings in the .30's, Of these
items Only numhers 6 and 10 da not involve algebraic notation for the variables
"x" and Each of tha five i;ems haviag its highest loading on chis factor
q N

’involves'algebraic notation. Putting behihd us the temptation to christen

Factor Iv. “thé X Eactor,“ we dub it eﬁameniany aﬂgebna The only other items

' . \ . 4

;
W
h ' T ¥
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in_Sectlon III involving algebraic notation are itgms 30, 36, and 38, with
loadings'of .22, .28, and .29 ;n Pactor ;V, and the more advanced it;ms £rom
number 47 to the eng‘of-GBe test, which those pupils high in general quantitative
ability weTe most likély to attewmpt. Th;se lagter items ibad almost exclusively

on Factor'I, the general quantitative factor,

Pactor V, accounting for 6.2% of the common variance, is defined by the
¢

* fact that its highest loadings are from items 48-535, the sentence-completion

items at the engh?f the zslm;nute first section of the test. Loadings of these
items on ;his factor rangatfrom 40 tol;6é, higher (exﬁept for item 55) than
their loadings o; any other factor, including verbal Factors Il and III.

In cdugrast to the role of speed in th; quanéitative test {(an instrﬁment in
which the it;ms at the ‘end appear to be the best measures of éhe quantitative
fgctor), thgse senfence-completion items show strong;st covariation along a
~dimension orthogonal to other ve;bal items, suggesting that speed is a 1es§
central component of vprﬁai‘ability, and tgat Sectio I, with 55 fitems in

25 minutes, mag) be more speeded'than is consistent with optimal measurement of

verbal reasoning. While dpeed of response fo diserete verbal {tems may be an imp.

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

L]

items in Se&tiog I appear to be strongly influenced by this factor may be of

1

importance in the interpretation of the measure. The only oEbgr.loadings -
greater than .2 on the factor appear in items_;1§o near the end of Section I,
supporting the interpretation of Factor V‘as a measure of speed.
Factor VI, accounting for 4.37 of the common vaéiénce, identifies a
dimension of variance_underlying quantitatiﬁe items 12-15 and 22-25 -- two
‘ sets of data interpretation items, the first bagsed on a rather ﬁnusual graph .

and the second on a parcel-post rate table, Bach of the five items having
. P .
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its highest loading.on this factor is a data interpretation item. This
factor seems o reflect abifity Lo extract Lﬁéoimazion from a rather complex
ground, q}nce data interpretation items iavolviag simpler tables or items
requiring more extensive ranipulation ?f information in addition to extraétiqn
Ero; tabieg and g%;phs (i:ems'lﬁ,igﬁ, 33, 42-46) exhibit lowersloadings on
Factor VI and correspondingly highér loadings em Factor I.

Fgctor VII,'accounting for, 3.1% of the common varianice, 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 po;itive‘for
verbally-presented qathematics'items, such as 6, 7, 10, 27, 28, and 31, and
negative for more abstract pProblems in,which algebraic aotatiom appears,
such as 8, 36, 48,'49, and 51-33. Only item 7, which is a relatively easy,
prattical word problem dealing with sales and commissions, has its highest
loading on this factor. Three opposites and analogies items from v;rbal

‘ &
Section I display smdll positive loadimgs on this factor.

- *

"

The mathematics conteant of the items with positive loadings on this factdr
tends to be practical: ratios, Percentages, and averages. This fact, coupled’

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

"

the factor as applications: wond problems, taken in a similar rextbook sense.

Finélly, Factor VIII accounts for 2.5% of thé coumon variance. Items
[} -

N -

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

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

of teading speed: comprehension. Since all but one of these final items (item .

, .y
38, whichlloéds highest ¢n Factor V]1I) display higher loadgggs on Factor II
*‘1

(reading comprehension)' thar on Factor VIII, it was concluded that reading

v
r '

Py

>

it
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Speed does not play an important role ip Section II. Eiamiqétion'of biserials
suggests.that reading speed seems neither to .decrease final-ftem rglations with
the {ntended comstruct, as seemed to be the case for Section I, nor to 1ncre;se
those relations, as did quantitative speed in Saction III. Although, the content
of :he;e items is scientific, and the other scient;fic passage also exhibi£
iow:loadings En th%géggpr%pension factoE, ?accai_VIL; dogs Pot exhibit strong
relations to the eérzief sciéﬁ%ific items. Thus{*g'kéntent-relgted'interprew \
tation is les; :en;ble than one based o; 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
the test becomes speeded, and (2) the fact that difficult items appear;,ng garlier

%n the test do nmot load on these factors. In addition, the increase in loadings

— .
seems to correspond more directly to the suddem imcrease in the test's speededness

- '

rather than to the more gradusl increase in the difficulty of items. A schematic
summary of factor loadings of form K ftems if given in Table 4. PDetailed tables

of factor loadings appear in Appendix C.

Form K2 - Internal Structure

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

p—

-

estimates, was computed for form K2, and a total communality estimate of over b
64 (43% of 150, the total test variance) was oéuaiﬁed. Inspection of roots
and trial va?imax rotation of 6, 8, 9, and 10 factors resulted in the reten-

tion of the‘ip-factor golution 28 most meaningful. These 10 factors, with

£

. #

a:totql,estimqted communality near 61, acecdunt fo%»&l% of the total variance

or 95% of the common variance of the test. After orthogonal rotation .

according to the varimax criteriom, the first three factors account for about
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v . v, ’ Table 4
. "Summary of Faclar Loadings of ltem Groupe (Form K) -
o ¥ . General Words in I Words ir |[*Algebra [ Section I | Data Inter- | Appiications| Section 11
. ’ Quantiracive Context . Isolatfon Speed pretation | vs. Algebra Speed
I II TI¥ iv A vi YII VIlE
Arajlogies S +
Oppasites * ) L \ i '
» forplrtion , by !
‘ ' 4
Ahaloaies + ' S+
Crposites — A f
Coraletion 4 + { ! A+
Naryaclive j A= .
Humanitled v -+ ~
Argusatative -+ . L
Liclogical Science ++ “-
sctal Studies . t .
- Phystcal Sclence . B ++ ' -

T .

N N - ¥
alygebraic Psatacion ++ - v i
‘i1 [eterprctation + . "
stithmeric (word problems) v (+)%

et -}

- teogotyy and lliscellaneous
/ 4

€ode: 4+ » more than half of the leadings ffom these ftewa

ERIC

Aruitoxt provided by Eric

t
|

.

* w Positive

greater than .4 and more than half huve thelr

P, i higiwst iendings on this factor.

- . . ++ = cithier half of loadings greater than .4 or haif load
X / higheet en thiu factor.

: +rmor thia bl of ]:-..-'Iup_‘: proecrer e L or al)

i P greater than 2. .
O S
“k o *

problem

abstract Function ftems.

Tmaglags frém some word
ttess, nezative fron




' t 72% of the coumon variance, the first five for 84%, and the first seven for

Y

92%. Again tpe factors are defined by item type. but there is 1itt1§ to.suggest.

any differentiation among verbal items wigﬁﬂpespect to content classification,

The content c;assification for quantitative items, on the other hand, is moré

-
Pl

closely related to .the factor structure. .

» ]

"The first three factors —— one quantitative and twg verbal == are similar ‘

to those of form K, reflecting the general.skills that are tapped by the test
] ' b .
and accoaonting for a relatively larée'(?ZZ) portion of th: common varjance .

s

of the items. (See Fable C=9.) The remaining faéto;s; only one of which -
accqﬂhts for more than 5% of the common variance, reflecgt the speededness of

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

_ to comprehend scientific material, and an ability to change response sets.
Each of these ten factors is discuséed in more detail below. 4 -t

AS . .
Factor I, which accounts for nearly 307 of the common variance, is

- .’

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

7 . . - " . . -
ang no loadings greater than .4 for any of the 95 verbal items. Only 3 of the ve

- F

S S
) ta; items load h;gh} on this factor, as contrasted with 47 of the duantitative

L]

items. All of tHe remaining 8 quantitative items, vhich do not 1oad'highé§t on
this factols havg,been classified as data interpretation,itemsé Factor I,

¢ therefore, w2s termed general Quaqﬁétativa abLﬂéty,‘al;hough there is some indica

+ -

that algebraig'{téms are insiruﬁeﬁtal’in dits definition. This iIndication is

-

Suggested by the fact that, of Factor 1's seven highest loadings (grefter than

oy

.?)‘four come from ffems-classified as algebraic in content. Facgpn I also

- " L]

.8eems to reflect a speededness component linked to quantitative ability,

L]

) thce seven of the fqﬁal 11 items Have loadings“greater than .6 (wheréds

e

\ less than one-foBrth of the earlier itams have 1oading§ this high). . E

»

. . o=
. L U I ' s - '
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maxay '23% of the common variance is contrthted by the second factor.
- % 2 ‘ ud .
Factor II 1is clearly a wverbal factor, since none of the quantitative 'items '(\-’
displays its highest on II (and none loads greater than &), but 42 oftthe verbal

L] ——

. ifems show their heaviest loading on this factor. .Twenty-five of t'ne:' 40
-v . 1
+ reading comprehension items exhibir their highest loadings on this facter,

along with seven of the first nihe sentence-completion items. Of the 15 r:eading

comprehension iremg that do not relate most strt:ngl}" to Factor II, 13 ate
items associated with two scie%tific passages, instrumental in defdining

two subsequent factors, The six highest loadings on Factor II come from
. reading cgmprehension icems (#3418, 23, 24, 28, 29) associated with passages

containing humanities, narrative, or argumentati‘\?e content, Factor II is,

3
&herefore, thought to reflect an ability ro. deal with connected déscourse.
L] *

This factor seems to relate clogely to what is commonly referred to as reading

comprel;ension‘.'and has tlus been termed neading compnehwféon: connected

discournse. - "~
- /t{ Factor III, accounting for 19.4% of the common variance, emer’ges as a,

L

second verbal factor, with none of t‘ne quantitative items having loadingg
greater than ,2. Furthermore, bnly two reaging co@nension items (#26, 33)
load highest on this factor amd none‘ have’ loadings I‘greater than .4. Similarly,
only four of the 17 sentence-completion items have loadinghreater than .4
.and only four of tll‘)'ébe itens (#‘22, 27,753, 55) have tt;eir hiéheet loﬁdings

on Factor RIIL. . 'I.’his pattern euggests that Factor flII is most clear]:y defined

- by uhe relatively large number of high loadings on opposites 1te.ms and, to .

-

. 1
a lesser extent, by high loadings on analogy itemss This factor, -therefore?

[y

ig thought 'to reflect an ability to deal with words in isolation or vocabulary,
\ . . .

L

narrowly defined. This cdntention is suppotted by‘ the nature of the o'ppoaites
v -+

3 R N




K he,f,r highest loadings on this factor.

_ ,
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items, which rely hLdvil on ’sgp%abulary knongledge, and on the nature of
qﬁ,f' t \

analogy items, which rejuire both a knowledge of vocabulary and an ability

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

tion‘ of high loa'dings than do opposites items supports the interpretation of Facto

III as a vecabuwlany: words and coneepts in {solation factor. The in‘terpr“étacion
1] ( -

is further substantiated by examining the rwo reading eomprehension items

(#26, 23) and the sentence-completion items (#22, 27, 53, S5), which have
» L .

their highest leadings on Factor III. In &éneral, 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

v

ha,v%loadings gra%g than .4, and 10 dnalogies and 14° opposites.items have

RS

E‘actor IV accounts for a significant:l)f lower proportion of variance ’
- P

(?.7%1 than any of the previo’us three factOrs; It wds, hoygwer, fairly

.

easily in:erpreted by virtue of its high loadin s from the last third of

Sectigﬂ&l (which includes both opposites and Sentence-co‘:letions) and t;he
B ¥, 2
absence of loe.dings from any other i:ems - eithﬁr verbal or quant".iy;ative

Specificulg:,&l,i ef the las: 18 items off Secrion I have loading,&agreater than .2.

These are a o “the o?lz lqedings great than .2 on this factor. Seven of
al&p ?

:hese itemé (a;id gix of the last eight) exhibfit higher loadings on this factor

than on any other. Factor IV is, therefore, in:erpreted as faupome speed

assoclated wi&‘iection I of the test thus resembling Factor V of form K,

’
\Facton v, whit;hhaoncributes 4 4% of the comnn. variance, is by virtue of irs
m iwﬁ
loadings interprqrbd aé a secoad speed factor (ducme,taf'me.admg iB{‘_P.dl associated

vith Section II 1‘I'l'le only items having loaﬁings greater than .2 and/or loading

|
highest on FactorV a;e th& fihal readingﬁomprehiansion items in Section III.

N TR
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The last seven have_loadiﬁgs greater than .2 and the last six have their highest

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

-

o Facgor VI contributes 4.4%Z to the common variance of the test. Of the 13

quantitative jtrems that ghow loadings of .é or highgr, nine are data interpre-
? .
tation items. All six items with loadings greater thanm .4 are of ¢his item

type é;a the, three highest loadings on Factor VI come from items 25, 27, and
*

-7 42 -- all data interpretation items. Data interpretation items 25, 27, and 41
. ' x )
have higher loadings on ghis factor than on any other. Besides the data

. 3 ’ .
interpretation ‘items, only four other quantitative ftems have, loadings greater

‘than .2 ot this factor (althoygH¥none of these loadings represents the highest

. - 8 : :
loading for any of the four items). (Three of the four items are the last
. ¥

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

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

of examinees attempting ‘each item decreases very rapidly at this point in the
4 4

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

- []

af:tg.mpted the antepenultimite ftem and fewer than half of them attémpted the ¢ -

last two ftems. However, since Faptor VII also seemazéo be chatacterized

.

by loédings from data interpretation items, it was necessary to determine the
éistinguishing features of each oflthese "data inierpretation" factors. These .
distinct charécgeristics are digCussed hélow..

. Factor VII, the gsecond d;ta interpretation factor, accounts for ogly a
8lightly Smaller percentage qf c0m¥;n variance (3.52) than Factor VI,*
the fi;st data interp;etation factor. Factor VII is defined by six items,

all data interpretation ltemg having loadings of .4 or more. Only four

* 0 .
€> items (#23,° 24, 26, and 39) hgve thefr highest loadings on Factor VII, but
[ . '
0’ .
- ‘U"
- ' [N /
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o0 a;i aLe data interpretatioa items, and Factor VII's_two highest loadings

¥

.

{which are both greater than .6) are from data interpretation items.
g > :
. The items instrumegtal in defining Factor VI (i.e., items .

25, 27, 41, and 42) require :hé examinee to extract information from
¥ 1'

T, graphs or tables and to ﬁerfofm one or more Simple arithmetic calculations
: ' »
n order to answer the items. Items 23, #26, and 39, on the other hand,

L -
L3 ) .

require only extraction of infbrmaiionﬂirom the graphic or tabular mategial.
Factor VI, therefore, has been called&gsta inte&pketatcon. exttaetcon and
man&puﬁgixcn, whereas Faé%or VII hﬁi é?ﬂaﬂ termed simply data interps etaxaon. extm
tion, These,factors ara %ﬂmparable to tgb undifferentiated Factor VI of form K.

i _ Only seven items have: logﬁings greater than .2 on Factor VIII, which

“p,
t's common variance. A4ll the loadings come from

accountﬁ for 3.1% of -the

seven items (?L13) assoc Qd with the highly technical first scientific

\ pas;age, kﬁich load higher on.Factor VIII than on any other. This phenomenon
suggests that the factor reflects ap ability to comprehend~scientific or
technical proae?} Somewhat contradidtor§ to this interpretation is the factr
.tpat items assogtated with the second scientific passage do not load on
this factor. The apparent anomaly may be explained by the fact that the latter
items adEéar at the end of Section II .and load on the speededness factor
.(Factor V) discussed abova. apparently, then, doing well on these items is
more dependent on speed, under exis:ing time limits, than on ability to

a___,ftﬁaprehend gciemrific material. Factor VIII, however, may be explained by 3

. appeal to content. It is, of course,'possible Ehat this factor is specific. “

. Factor VILI has thus been termed reading comprehension: 4c£entiﬁéc/technica£.:;

Factor IX, accounting for 2.5% of the varianqe,.is a.bipolar factor defiqu‘

+

J

exclusively by ten quantitative items having loadings greater in absdlute (

tllue than .2. Although none of these items load highest on this factor,
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the interpretation of it as a quantifative speed factor 1is étraiéhtforwérd.
Two eérly quantitative items (#6,7) have loadings less thap.-Z,,ghile eight

of the last ten items have positive loadings greater than .2, Item analyses
statistics support this interpretation, since loadings greater ép&a‘;z do not,
ap;ear for any items attempted by .more than 90X of the examinees, but they are
apparent for all of the six items attempted by less than three-quarters of the
sample. ﬁb comparable factor was retained im form K, although Factor VIiI

3

of the 10;faqtor trial solution had a similar interpretation.

The final factor, Factor X, which accounfs for only sli;htly more than
2% of the commen varlance of the test, was somewhat difficult to interpret.
Only five items, all of which are of the opposite fé;mati‘have loadings
greater Whan .2 on this factor, These items include the first two in the
first opposites section and the first three in the.second opposites sectioﬁ:
Somewhat problematic in interpreting this factor, however, ie the ¢onfounding

‘

of i1tem difficulty and position. That 1s, these Efé; items are also the easlest
of the 20 opposites items. This factor has thug been dubbed easy oppcsites,
although the authorf' own response tendenc¢les were to searc¢h for synonyms

-

insteud of antonyms when attewpting initlal items of this nature. Tpis
tendency proﬁably results in part from the response set that 1s established
by éhe analogy'items that precede each of the opposites sections. The
factor might thus rapresenf a warm-up phenomenon for this item type. Never-

. theless, interpretation in terms of difficulty seems more parsimonlous.
Table 5 summarizes the leadings of'groups of items on the factors fér forﬁ K2.

Detailed tables appear in Appendix c. a gsummary of the factors in forms

K and K2 1s presented In Table 12.

P ¢ ‘ "
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Pactor Extension Analysdy .

-

To déé@rmin% the structure of each of eight experimental tesgts’

. "1 .
or, more specificallly, to determine yhether any experimental test reflected

dfmensions not shared with the operational forms, a factor extension analysis

o+

-

" was perf@g?ad. The factor structure in each operational forfl was extended

-

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

o

d;sign with each operational-form.

After the matrix of fadtor loadings was obtained, item responses to each
of'the four associated optionmal tests were located in ‘the factor space of the
o?erational test. This factor extension technique (Dwyer, 1937; Harman, 1938)
Tesults In an augmented matrix, in which the factor extension matrix comsists
of the loadings of each experimental test item on each operational test
factor.

The product of the extension matrix and its transpose is an ?stimate of
the intercorrelation matrix of-the'items of thatﬂéxperiﬁ;ntal test, based on
only those ;imensions of item covariance that are shared with the oéeratianal
test. The residual correlations and reproduced item communalities 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 2 measure of fhe
relative iﬁbortance of that factor 19 ?cggpnting for the common variance
shared by the two instruments. Iﬁ general, this shared common variance will
be less than the total common variance of the experimental test. fb the
extent that fastors éf the operational test can be iInterpreted meaningfully,
the pattern qf fagtor loadings in the extension matrix may be employed to
examine the construct va;idicg of the experimental Fnstrumenc. It should be

> .
noted that for each operational test, the same factor matrix, based' on 8,000

A
LU
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cases, has been employed with each of the fouf 2, 000—candidace _random subsamples‘

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

of operationq} forms is ideritical for each experimencal test group, a reasonable

assumption considering the sample size and the spiralling assigument technique.

We first discuSS'thé/;;perimencal verbal tests, givep with form K

of the oper;cional test, For each experimental test, wesgiamine the degree

to which it$ common vaﬁiance is "éxplaiﬁed” by that of form K, and the relation-
ship of each test's items to the scrucc;rg of that form, The experimental
m;themacics tests, g;ven with form K2 of ehe operational test, are then ’/
related to the slightly more ébmpigx scruc;grg of fqrm K2, Comparison of‘

results between operacional,tescs1abpends e§;n more on randomness of sample

. 3
selection and size than do comparisons among experimental tests within each

aperational 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 InSCruﬁgncs )
]

b . ' i
Candidates recelving operaciogal test form K were divided randomly into

X

fodg subgroups. Each was édminiscered a different 25-minute experimental

verbal instrument after completing the three operational sections. The

experimental tegts differed in item type and content, as indicated ig Table 2

and summarized in Table 6.

-

-]
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Table 6 o
; .

Summary of Experimental-Verbal Teste'”

‘Experimental

¥o. of o )
Tegts Trens Description - o
‘;" : .
. xlo 25 bumanities/social studies content (three short-
paaaages, two long passages) .
T 30 iden:ical to Xjo except for five ‘additional
’ questions
%{2 25 science content (three shdrt‘pasaagés, two
) long passages) ’
S ' . . :
30 identical to X;, except for two additional

N

)3

short passages and five additional quescions

e

- [

For the present stuéy, sambles of 2,000 candida:qg were used for each

subgroup.

*these samples.

Table 7 displays means’,

standard deviations, apd correlations for

+

Descriptive Statistics for Experimencal Verbal Tests:

Table 7

- 1}

+

Correlation
Test No, of Icems Mean Sigma a v Q
v 95 51.26 16.04 1 .
; Q ' 55 30.60 10.19 .92 .51
xlO 25 16.046 5.12 .85 .83 L44
+ v 95 51.23 16.03 +.96
Q 55 31.07 < 10.18 .92 .52
nxll 30 17,18 b.01 .87 .83 47
- o
v 95 51.26 16.18 .94
Q 55 36.73 10.36 .92 .52
Xl2 “\?5 16,69 4,90 .83 .77 57
Y - v
R 95 . + 50,25 16.23 94
Q 55 » 30.25 10.52 .92, .52
Xy 30 ? 1810 5.63 .84 .77 .55
e e e — FfT,:“ - - -

Y
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RS The means and standard deviations indicate that the four subsamples

~ale
_“& are quite comparable., The X13 group is approximately one gpint lower than
. . i
. the other groups on the verbal fest, & difference barely significant at »
,u .

L

the .05 level because of the large sample size., This group is glso lower :§

Fiad

{ .
on the quantftatfve test than is the X11 group (t3998 = 2,5), However, the
difference of ,82 of a point does not sSuggest any systematit difference

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

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

correlations of the humanities passages tests Xl

tests X12 and X13 with the operational tests. The experimental tests

0 and xll and the science passages

bagsed on humanities passages correlate .83 wit£ the operational verbal score,
bug tho;e based on science passages correlate at a‘signiﬁicantly lower .77.
HBowever, the humanities passages show correlations of about .45 with the:ﬁ
quantitative score, while scienc;~based passages d{fplay coefficients a'full
.10 higher. Although these latter correlations are comparable to the V-Q
correlations obtained .from form K, the lower reliability of,the shorter_
experimental tests suggests that even greater discrepancies might have
resulted from @ longer operational form. Thus, any plan to allow

candidates to select passages gshould take into account the different

characteristics of science-based passages == a differenée apparent in the
factor structure of both operational forms, the correlationsidiséussed above,
and the following extension analyeis. )

The eight factors of operational form K were extended intopthe space
of tetrachoric interitem correlations for each experimental test. Table 8

gives the proportions of variance accounted for by this procedure, Ifem,’

loadings of each experimental test on the operational factors appear in

jﬁendix D, .

iy =y
‘) » ‘J !
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. Table 8
t\
Variance of Experimentalf Verbal Tests Explained
{ + by Operatio Test PFactors: Form K
- \ -

.’(No. of items = Total Variance 25" sp 30, D 23 - 30
Common Variance* ' s ©10.91  13.34 11,57  13.83
Common Varlance as a Percentagé of .

Total Variance . 43.64 44.47 46.30 46.09
Percentage Common Variamce - *
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 3.76 7.71
IV Elemeatary Algebra 2139 ;.38 .76 2.77
v Discrete verbal Respanse Speed : 2.84 2.85 1.82 2,94 .
VI Data Interpretation : Information 1.39 1.30 .95 2.25
* Extractiof™ E .. . '
ViI Applications: Word Problems 2.10 .96 85 .91
ViII Reading Spaed: Camprpﬁension © 2.85 3.24 5.71 4.19
Subtotal Verbal Ractors II, III, V, VIII (72.44) (67.22) (59.93) (50.01)
Subtotal Quantitative Factors I, IV, VI VII ( 8.04) ( 7.86) (16.12) (14.96)
Total (Percentage Common Variance) 80.49  75.08 76.05 64,97
Percentage Total Varlance . o 35.13  33.39  35.21 ° 29.9
.l ? -
* - [

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

L4

- o
E

- Arranging the tests as in Figure 1 il;ustrates-:he panner in.which contént

and speed dimensions jointly affect variance shared wi:h'lhe ogerational test, This

I;llustration is analogous to a two-way analysis of vanﬂanc;»

+
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figure 1

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

(a) ()’

Percentage of Variance Explained Pércentage of Variance Explained
by Verhal Factors . by Quantitative Fgetors
Humaéities Science . Human{gies Science
25 Trems . | 72.44 59.93 25 Irems | 8.0 | 16.12
30 Items ‘ 67.22 50.01 30 Ttems 7.86 | 14.96

Averaging'over the two humanities tests'in column 1’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 vaqiénce accounted for by verbal factors,

versus 58,67 for the two longer tests. The pattern agparent_in Figura 1
suggests an interactive effect of test length (speededness) and test content,
That {s, lengthening reading comprehension :est; seems .to chénge the
structure mére drasélcally for tests with scientific content than for

those with humanities content. ' . .

When the variance explained by factors extended from the quantitative

operational test is exsmined, speed appears to have a smaller effect on the =«
variance explained, although dcience passages in column 2 of Figure 1lb again
seem tg be more affected by test length, but gontent has an opposite effect >

on common variance from that of verbal fj3£9x3~ Quantitative factors explain

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

L

of the variance of the two science tests. t appears that scilence passages
: A . P ges
- .

are different from'humanities passages and that the difference increases in N

. ' k)

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

of variance.is appropriate.

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

¥

ﬁhssages,“ Factor VIII, a-speéd factor, has largest loadings on the items of
a soience passage at the end of Segtion ITII. TForm K2 does exhibit a soienoe

faotor separate from reading speed. However, since form K2 was not given in
: L]
) conjunction with experimental verbal tests, it was not possible to determine

-

how much factors of K2 would exain the variance of tests xl. and X__.
# . 2 13 2
1f form K2 should relate defferently to these tegts, it would be
- :
necessary to question how parallel the two operational forms actually
are. \ ’ N

- L]

: »
Residual Correlations among Items within Experimental Vernal Tasts (xlo - X13)

‘ Test xlO 15 experimental in that it contains three reading paksages,

each aporoxiqately one-third as long as those im the operatlfnal test,

bassage in xlO has been classified as humanities or seocial studies im

content, In terms of the magnitude of residual correlationg* amonggatems

L] : ‘

in Q’ the eight factors extracted from operationél form K appear to do
-an excellent job of explaining the variation in teSt xlOﬂ sﬁgce only 17 of
the possible 300 residual relationships are greater than .10. .

~ )

+
-

*Tﬂe difference between.the observed correlations among exoerimental est,
items and the corresponfding correlations’?es?bduoed from the loadings of /} “
experimental items on the factors in the operational form.
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The only unexplained ,relationship among items, is a',speed component peculiar to

’ )

1
- 1

this test. 'I.’his comp:_:}nent is suggested by the pmedominance of large {greater

\l

than 10) resiicjuals among the last eight items (12 residual relationships
f ] ——

greater than :10). Items associated with the new, shor=dt passages in test
"10 are explained quite adequately by the factor struct{lre of the‘operational"
Eest,' since only one of th% réslj'?duql felationship_s is” greater than ..10.

- The experiﬁi?ﬁta;l' reading compt:ehensi..on test, Xn, ié the same as x'IO’
excél:;t for an additional questionladded to-each paésége, thus increasj‘.‘ng

N L
the test length to 30 items. Fifty-five of the 435 asidl.?él correlationos
‘ - ') i - %. £
. are greater than .10 and 10 are greater than .2‘0 for this test. A cowmponent

. - . , ' -
of speed associated with X . is apparent since 30 of 36 residual correlations

11
. among the-last tﬂ.(ne items are greater than .10, The variance contributed e

by the 12 frems based on the short passages geems less well explained ’ 5
. by the factors from the operationa.} test t?lan is that of the nine corresponding
? 'items.i‘.n test xm, since six of the 66 reé.’tdugll correl‘:it'iona among these 12.’ ~

items are greater than\.lo. Re.’ls:u:ionships among the items for the longer

p; éées also ;eem less thoroughly explain:ad. It appears then. that ‘

L )
speeding the test by adding items maz introduce two components related To
&

p speed -- one having to do with reach;ag.or-atqempting the f£final items and ¥

1

one with time spent considering each item. 'That ia,‘aﬁl acidi?ional
- component, wh.’gcl{ we call daiét)'bib;btf.ue. fmﬂd; emerges wh‘en examinees have
. less’ time per item. * ad
* Test 1{12, a 25-item test réquiring reading of sclentific-tephnical
material, is less fully explained _by the -eight factors than 'is' xlo, -a

- B . . ¥ - - ' T
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25~item reading comprehension test concaining humanities/socidfhstudies content!

~y " -~ ‘7 _,a Q. N
‘Thirty-nine of§300 fesiduals are greater than ,10 and six are gEeatar than.
A B =I.

20,7 Onlyh{gpr“of the 3? residuals among the items following short passages

A

" * ) a N (3
are greater than .10; so it appears that decreasing the length of passages

dees not add any coﬁpbdent of variance that 15 not explained by the‘eigﬁt

faccors extracted from Che operational test.
A high proportion’ (16 of 28)*of large residual correlations among the
last eight items, which are associated with the final paﬁsage, suggests a

" distinét compone&y of speed peculiar, to this test, since item 18 is the point
+ & L |

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

-

although this uhexp;aiaed variance could zalso be due fo the nature of the

passage.

4

7E an even‘higher proportion (17 of 28) residuals greater than .10 (four
are greater than .20) appear in the relationships amogpg the eight items

associafed with the next to last passage -~ items that'are attempted by mearly

b . . oy 1 -

all the examinees. This pattern suggests tbgt this long scientific passage
' ' ”»

. *

contributes tegt variance not explained adequately by the eight factors

’

found in the operational form. This particﬁlar passage seems to be the mosg

technical of any of the passages inkcpe sanse that 1€ cbntains a relatively P

large mumber of highly. technical terms (e.g., names of chemicals, types of

bacteria).

The firer short passage also contains more technical terms than ay of
. ;

x

’ ) ’ + '
the other shott}passages, and it, too, is not as fully explaided as the qtheﬁfacsﬁ

-
1

technical passgges. In summary, the only relac;onshipa among larée residualg
- N L

seem to be their connection witﬁ‘specific passages. "'That is, no specific 4

item type seems less'well explained than any other.

- .
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Test X13) which {s the same as test X12 except for two additional.short
passages and ‘five additional questions, is charac:erized by a nelativfly large
number of large residuals. Of the QAS&ﬁfsidual correlations, 66 are|greater
in absolute valué{;hhn .10 and, in éac;, eight of these are greater than
.30. There are fow (5 of 91). large residuals among the items associated
with the five short passages. Three of'these‘:esidua{i\result from unexplained i
.(in terms of loadings on the ‘operational tests"factois) relationships among
- the three questions about the first-paasage —% the short paséage that contains

the most technical terminology. ’

o, 3 /
Relationships among items for the two final passages in X . -~

13
both long -~ are ionsiderablgrless adeqﬁately éxpla?ned by the extended
-faétors. All the residual'correlations amoﬁg items within each passage
are greater than .10 and the preponderance greater than .20. Test Xl3 ',
aﬁpears quite speeded when the last passage appeérs, so {as with test 312)
it is diffieult to say whether the qnexplained_cdhponent reflects sgeed ;r
abilit? to deal with the type of material contained in the passage. Since
‘ the residuals associated with items‘relating to tﬁ:; passage are considerably
gréaéef in number and size in tesat 313 than in the otherwise identical le’
it appears that the unexplained variance results primarily from a unique coﬁ—
ponent of.speed:« On the other hand, most examinees do have time to consider
8 : the pext-to~last passaée and it seems to contain an unexplained component
related to its hdghly a:ientific/technical terms. Probably this unexplained
variance also results from a spétd componént, ;lthough nearly every examlpee

* -t -

attewpted each item assoclated with thd passage. That speed plays.a role becomes
. " ’ . Ll

$ apparent by comparing the residuals afong.this passage's items for tests XlZ ‘
¥ : ‘— . " : II

N . . ) ™

.
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and X Each residual from rest X.,..s larger than the corr

13,

teéidoal from X

13 N

12: This component is termed d¢4£&tbu£¢ve 5peed
N

i. e., the time speht considering each itemt

(/-

Resylts of Extension Amalysis: Qpantitative Iﬁé Tuments

Candidates receiving operationel test form KZ were divided randomly
into four subgroups, Bach subgroup was administered a different 25-minute
experimental methematics instrument after completion of the three operational ’
sectione of the examination. These eXperimental testé'are based onldifferent
item types, as-specifiedlin Table 2 and summarized in Table 9..
"Teoie 9

Summary of Experimental Quantitative Tests

‘ i \
Experimental No. of -
. Teste . Items ¢ Befcription
! A
de 30 "regular’ items, no data interpretation
. items
xlS 4q¢;v . quantitative comparison jtem
xl&‘ 35 quantitatlcomparison item®¥ followed by .
12 regular items ' 7
X17 ' 20 “ data interpfetation items
‘ . ‘ ) ' -,
‘ KB "

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. ‘ X .

- -
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Table 10 *
' Descriptive Statistics for Experimental .,
~ Quantitative Tests ’
. Correlativn
Test No. of/Iteg Mean Sigma a v Q
v - 5 52.26 7 16,47 .94 :
Q 55 . 32.43 10.74 gg gi’ e
xl 30 * \_/14091 6057 . + ¥,
4
v . 95 52,34 16.15 .9
) Q 55 32.68 . 10,27 .92 .36
315 40 20.52 8.19 .9 47 .87
v 95 *51.75 16.29 .94
\ Q + 55 32.42 10.640 .92 .38
xls 35 : 17.52 2.37 .90 31 t88
v 95 51,93 16.42 .9
1] 55 32.38 10.51 ;92 .54
31-7 20 '10»63 4027 . -82 052 084

The means, standard deviatians, and correlations of V and O scores

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

L

from 51.75 to 52.34 and quantitative means from 32,38 to 32.68 -~ about two

points highé@ than for, the form K quantit%;ive means. V-Q correlations ranging

1
from .54 to .58 are .03 to .07 higher thgn the V~Q correlations obtained for

#

!
_form K, a difference signifigant for all but the group taking 317.

Correlations of the experimental tests with verbdl and quantitative

-’

total scores are also quite similar, ranging from .47 to .52 for the verbal
score, with quancitacive compariaoq items exhibiting the lowest correlation
and data interpretation items the highest correlation to the verbal score,

and from .84 to .90 for the operational quagtitative totalf’bith regular items sh

*

-
45 S

o . *a




the highest value and datal interpretation items the lowest. Tests x15

and x16 , which contain quantitatiw;e comparison items, are intermediate in

correlation with the operational quantitative score (r = .87 and .88, /

-

respec‘Vely). These difference2s are too small to be important, @

but thelr directions are consistent with item format differences and

further corroborate Ege adequacy of the sampling. The 10 factors of the
operational test were extended into the space of tétrachoric interitem 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.

fom
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k Table 11
Variance of Experimental Quantitative Tests Explained
by Operational Test Pactors
X4 X5 %16 %7
No. of Items = Total Variance 30 40 35 20
Coumon Variance* 17.46 19.21 17.37 9.32
Common Variance as a Pergentage )
of Total Variance 98,192 48,037 49.627% 46, 61%
Percentage .Common Variance
Explajined by
Pactor I {General Quantita- .
tive) "67.06 - 59,08 57.03 46.28
Pactor II (Reading Compre- f
hension) - 3,22 4.26 0 3.97 4.93
Pactor VI (Data Interpreta- ,
tion 1) N 6.68 3.90 5.27 10.90
Factor VII (Data Interpre- ' .
tation 2) 1,72 1.97 3.21 8.86
Factor IX {Quantitative
. Speed) . 4:50 5.59 6.97 . 4,16
t Subtotal (Percentage Common
Variance) (83.18) \ (74.80) (78.45) (75.13)
Verbal Pactors III, VIII, X  4.90 4 3.58 3.7% 4.51
Verbal Speed Factors IV, V 1.91 3.07 4.24 3.08
Total {(Percentage Common ’
Variange) 89.99 31.945 86,45 82.72

Percentage Total Varianca 52.37 39.12 42.90 38.56
"\n\ Ll .

-

*
Common variance'estimated as the sum of Tucker's adjusted highest off-

diagonal estimates of commmality.

1]
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At |




re

- 37 -

it is interesting that tes: xlé has a higher proportion -- over -
. i
58% ~— of common variance than do othér tests based/ﬁh other item formats.

Test X16’ which containsg 12 items similar to those of test xl&' came

t . .
in 3 distant second, with common variance nearly 5 of total variance.

Test Xl?, consigting of da;a 1nterpretatiqn itemsf, exhibits the lowest proportion
of commmality, and tests involving quantitative komparison frems occupy'
an intermediate position.’ For comparison, the oppratiomal quantitative f,
test, containing a mi;tdie of regular and data interpretation items, has a
total estimated communality of 25.80, or 46.91% of rotal variance.

Cleérly, test xla, consisting of items most like those of th? operational
quantitative test, has the most in common with that test=—the general

<@ ¥
quantitative factor accounting for 67.06% of the estimated common varlance of

.

xl&’ or 39.02% of it5 total variance. }

Test Xl?, cgakisting sole1§ of data interpretation items, shows rhe lovest
relationship to the general quantitative factor, but has nearly 202 of its
common variance explained by the two data interpretation factoxrs, VI and VII.
Tests XiS and X16, containing quantitati;e comparison items, show a
pattern of relationships to the factors that is generally more like *
that of regular jtems than the pattern of dat;ﬁ}nterpretation items.

Factor IX, quantirtative speed, represents that component of speededness -
predictable from performance on the operational test. It i3 reasonable
that test Xl hough slightly shorter than xlS’ shows a stronger
relationship to speededness on the operational test than does xlS’ since
:he final 12 items on X 16 are of the same type as the items ‘In xlé and those in
the operational test, w ‘Eile X15 consists entirely of quantitative comgarison
items. Thus gt might expect examination of residuals to provide evidence:

of speedédness unique to the quantitativé comparison item type.

.
48
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v
Residual Correlations among Items within EXperimental
Quantitative Tests (X, ; ¥;5)

Regidual correlations among items within each experimental test were
r

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

exp}ained by the factor structure of the respective operational tests,
]

’
Test xlé’ which contains regular quantitative items most like those in the

qperational test, seems Lo be thorobghly explained by the ten factors found
in form K2, Of 435 residual correlations, only 12 are greater in absolute
value than .10 and none is greater~than .20, These Tesiduals display no

ma jor re%gtionshi?S among the combinations of items with residual corﬁg&acions

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;\{:i‘iiems

dealing with ateas of triangles in a coordingte geometry framework show

4

-

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

In test 315’ which contains 40 quantitative comparison items, 52

-~

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

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

’

suggest that two major coumponents of test xlS
.

by the faqto;é'in form K2. One of these components, by virtue of high
§

are not totally explained .
residual relationships among the final seven items (14 of the 21 vresidual
relationships are greater than .10), appears to be a speed factor that is
distinct from the general quantltarive speed factor extracted from the

operational test.
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The se¢ond major unexplained.relationship is interpreted éb be an
ability te :lal with data sufficiency items. Although ther; are neo %tems
classified as "data sufficiency” items im test X,4» the fourth suggeéted
ansver (choice D) for each quantitative cquArison ite; in the test is "the
relationship cannot be determined from the information given." 1Ip a sense,

»

‘then, each item has a data sufficiency aspect. A data suffdciency component
is suggested by the residuals among the seven items for wch choice D is
the key;d response, since a disproportionately hiéh number %6 of 2l)}.of
the residuaf relationships among these items are greater than ,10. Because
operational test K2 concain% no data sufficiency items, although form K has
seven, it iﬁ not possible to further test this iAterpretation. Om form K,
data sufficiency items do not form a separate factor, bgtrgpgzz:kﬁith data
t 3 .

interpretation jtems. A number of adﬂitiongl; highly specific, relationships .
among pairs of items are apparent also. -

Test X16, a mixture of quantitative compé}ison and regular quantitati;e
itemé,.exhib@cs residuals gé@gfi} than :10 im 43 of 595 cases. _Of the 13
pairs'of residuals among the six quantitative comparison items corr;ctly
keyed as choice ﬁ, }1ve are greater than .10. This pattern is consistent with
that found iﬁ test Xl5 and gives further suppori to a data sufficiency
interpretation. The pattern of residuals among éhe final items (24 of 66

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

" spéed distinct from gthe quantitative speed factor‘fbund.in the operational test.

vt
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The residuals among items in test XI?, data interpretation,
" suggest that a relationship among the finmal Eive item; is not adequately
explained by tRe 10 factors that were extended into this test. Inm all,
25 of 190 residualé are greater im absolute value than .10. However, 8
of the 10 residuals among the last five items are greater than .10 and
§ are greater than .20. Interpretation of this unexp}ained component,
however, is somewhat problematic since each of tﬁf last five items is based
on a rather unusual graph. ihe component is, therefore, either a component
of ;ﬁeed specific to this test, or a component underlying this atypical
graphic material, or both. Since item statistics suggest that speed becomes.
a factor even before these iasﬁ five items, .there is a strong tempcétion to
attribute the unexplainéd variance £o the unusual graphic material. Againm,
as with the previously discussed experimental 'tests, a number of specific

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

pairwise relationships aré unlikely to represent generalizable variance.

51 | -
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Summary

Structure of Operaticnal Forms ) !

A factor analysis waé-obcained for each of :he‘two GRE Aptitude Test
forms administered in QOctober 1975. These forms appear to be repéesentative‘
of a larggr 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 intercdrrelations among all of the 150 verbal and quantitative items in
the opera:ional-bg;g}gf each test. The analysis of form K yielded an eight-factoer
solution which accounted, for 94% of the common variance and 387% of the total
variance. A l0-factor solution, accounting for 95% of the common variance
and 417 of the total varignce, was retained for form K2. Table 12 summarizes
the factor structure of each form. The similarity of structure in the two forms
1s apparent from the first three rotaced factors, which téﬁether account for
approiimately 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 T;s:. The quantitative factor {s general
i;-nature by virtue JY its high loadings on mest pf the quancicati;e items.

The two verbal factors define abiliries to deal with connected discourse
(reading comprehension éassages and sentence completi;; itemg) and with
words in isolation (opposites and analogies), respectively.’ None of the
remaining factors explain more than 107 {(and most less than 5%) of the common
variance. _

Additional similarities getween the twd forms include factors invelving
the speededness of each of the separately timed verbal sections of the tests.
The spee&edness associated witn Settion I (discrete verbal items) accounts
for 6.2 and 7.7% of the common variance of forms K and K2, respeé:ibely,

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

hension pagsages) explains gmaller pcfrt:l.ons of common variance (2.5"and

92
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Table 12

'
-

4

!

Summary of Factors Found inm Two Operational F{rms

/

Pactor

Factor Name

Form K

—
/Foqh K2

II

III

v

VI

VII

VIII

*

General quantitative

Reading comprehension:
connected discourse

Words-in-isolation:
vocabulary

Elementary algebra

Discrete verbal response
speed (Section I)

Data interpretation

-

Applications: word
problems

Reading speed: compre-
hension (Section II)

General qua&;i ative

Lo
Reading compréhension:
connected scourse, .

Words-in~isqlatiocn}™
vocabula

Discrete ‘erba}';esponse
gpeed {S8ction I) N
comprehension

Reading speed:
{Section II)

Data interpretation:
extraction and
manipulation

Data interpretation:.
extraction

Reading comprehension:
seientific/tectmical

. Quantitative speed

{Section III)

Easy opposites




A o - [
- e . : : \,6

-l N .,'- ' ¥
v ! - 43 - ;

&4.47%, resﬁ%ctively). The less prominent %actors appearing in each form are as
follows; for ;orm K, a factor accounting.for slightly more thap AZ:OE the
common variance involyes the ability Eg extract information from graphie or
tabular material; fof_form K2, two data interpretation féqtors underiying an
ab}lity to extrac Information versus an ability to both extract and maniﬁuti?e
informationt ) -

The remaining factors from each ﬁorm highlight differénces between the
t;o forms in terms of their structure. A factor termed eﬂamentany algebra,
which explains ? 5% of the common variance, appears in form K bu: not in form
K2. This factor s defined not so much by the hecessity to use alggbraic
manipulations to answer the questions, as Fg-ihe presence'sf algebraic
no:gtion Pomparable items in form K2, instead of defining a sgéarate factor,
show very strong loaf/;gs on the general quantﬂpative factor. Form K con-
tains an addﬂtional diézgsion reflecting an ability to solve verbal}y
presented qu%ntitative items ("word pfoblems" or applications).

The 10:Eactor solution cSuputed for form K2 containsgfour dimensions
that are not apparent in form K. Thes; factors, e;ch of which acccﬁnts for
about 4% or less of form K2’s common varfénce,_have been interpreted, in ordews
of their eéerg;ﬁbe, as (1) an ability to both extract and*m;;ipul;te 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

7

additional compcnent of variation related to manipulating data extracted from
. ' . { .
graphs or tables or performing calculatriong based on :ﬁ%se data. fac:or (2),

a component dﬁderlying perfarmance on items associated witﬁ scientific/
technical reading passages, appears as a separate factor Ain the analysis
’

. .
of form K2 but not in form K, although, in both analyses, itéms aS$ociated with

' ,\\ A 94 ’,

-
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\scientific/technical passages ha&e smaller loadings on the neading comprehension:

-&nnec,ted discourse factor than do the items from nontechnical passages.

"~ .
- } LI
L]

A factor of quantitative speed, accounting for 2.5% of the common variancqgf

emerges, clearly as a separate factor in form K2, although final quantitative

-

- items (i.e., those not reached by all exam.inees) conti_“e to di3play high

L3

loadings on the general ‘quantitative factor, skgesting a rela.tionship between- '
speedb and ability in the quantitative doniain. The final faceon unique ::o form o
K2 is a diffficuit-to-interpretatom?onen: characterized by loadings from the
initial (and also the easiebt) items. in each of %he opposites sections.

- This facrox has?hnpn referred to, thereﬁore, ascppp06§£E6 uunn;up,or\?aéy

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

Structure of E@erimental Verbal Tests

In general _each of the experimental verbal tests is explained fairly

t e

well in terpd of the fattors extracted from operational form K. There are

e however, several interpr dimensions of the experimental tests that are @

_ not adequateély explalned. L . B o .

. ) ' 3 * ’ > ' ) s ?

: #: varidnce has been accounted for by the eight factors in the operational

- ? n ; - \

(52% is explained by the r;eading comgyrehension fac’ﬁor) and since the'1:~?-'= ﬁi '

; L

tdst when the eight fa_ctor's have been removed. The relationships among the
., : T"d‘ ) .
itehs associated w;l.th the shorter, experimental passagés (Whgse content was -

‘humanities,fsocial studie,s) aré-as well explained as the longer pdssages used

L ;r

in® current operational forms. This is not- surprising, when .we recall that

+

, the connecte'd discourse factor displays loadings from operational “passages," .
N as shortdas‘ on sente*te as well as from comprehension _passages of standard
a‘-" )
' - . ‘
09-
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length. The‘only unexplained éompz:gnt is a speed factor apparent from a P
disproportionately large number of significant resid?;ls among the fine;*

items ini'lu test. - Interestingly enough, this component is distinct froﬁ the

reading comprehension speed factor in the operational form. -

: The second experipental verbal test, xll’ is gimilar in content to xlO .

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

assodia:ed with each passage in Xll’ increasing the total number of i:ems f
from 25 (in Xlo) to 30. A@ding these additional items seems to introdufe a

;;mponen: that is not explained by the factors in :he'opera:;onal form.

About 5% less common variance than in test xlO i; explained for test X11' end‘

a pr?portiona:ely greater number of significanﬁgresiduals are. found among the

final items in test Xil. This suggests that a componen:-og speed specific to HS
this test hés been introduced. An additional component of ;peed is suggested

by wirtue of the relatively greater number of residuals among the shorter

[ -

‘passageshin this test than in X1o' the shorter test. Since these items ere

Ty

reached by vir:dhllf every examinee and since Ehey are, except for three
aadi:iopal items, the same as those in xlO’ it appears :ha: this additional
componen:‘ﬁf speed reflects the time :ha: the examinee is afforded to %
consider e§Ch i:em. This component has been termed distributive fpeed.

Test J{Z’ the 25-item :es:'con:aining'bo:h long and short scientific/

technical redding péébages, is less adequately explained by the operational

.
+ L]

factors (76X of its common variance is explained) than test XlO’ its non-
acientific counterpart. Like tests xlO and Xfl, test X12 also has a com—
ponent of speed ‘that is orthogonal to the reading comprehension speed component

in the operational' form., Somewhat lqwer,foadings on the reading comprehension
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factor and a higher prcﬁrrtion cf large residuals suggest,that scien:ificf

'

technical padsages ccntrt/nte varianCe that is not well explained hy the ~

.

cperational test's factors. ?nrthermore, it appears that the mbre technical

the:paséege, the greater che'variance. o : - . .
. . - N ’ ) Sy
Test X13’ the lcng.er ci .the two tests containﬁag ssientific/technical

e
« passages, is less thcrcughly explained by gPe Gberaticnal test fadtors than
any cf'the other tests-apiralled with ;prm K cnly 65% of its common variance
is accounted for. Exaﬁihatica of residuals suggests that chis test coutains

three ‘dimensiqgns not common to the_cperaticnal fcrm. Two cf/:bese have been

#

intexpreted as speed factors aistiﬁgt from those in the operational test

' +

and are consistent with the interpretation of factors in taéc %t{; As

with test 312’ the\ remaining imexplained dimension is related to the scientifiq/.

- . - t

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

v

scientific/technical reading passage itemsg is not as well explained by the
factors in the'dperaticnal test as the variance of thes humanities/social studies
passage items. This is attributed mainly to their (the scientific items') lower

loadings on:bcth the general verbal factors, although they load somewhat
S - .
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

o - -

the pcrticns of common variance of the experimental tests nct sha;ed
)

“

. " with the operational form. Increasing the length of the sciehtific/

technical tests seems to decrease this shared variance more then does

lengthehing the humanities/social studies tests. " /
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Strucjure-of s tal Quencic'acive Tests : .

-~

.y > ‘
»—\The experme.ntal quancitat:ive tests are, in general very w explained
by,

: I
\e opergtional test fac;ors with which they ‘are associited. In each

o

. caae tne 19 op\a%ional facrors explain more than 802; of the estimated

’ , comhon variance jcﬁe expe,i:imenta]: test. In fact, che gae of cesﬂ X]_&’

which ccm:ains items paralleiing the non-data-incerpretat:ion items now used
L 4 L <

L4

. in the operational test, fully 90% of 1its commbﬁ“vari;nce was explained.

. e [
Exa.mination of residuals fo&X reveals l:hal; only gej.arionsliips highly. .

*

specific to, pairs of items rénain unexplained R Lo~ .

-

s .
Test X 5 1s the leaac we{? explained of our erjmental quanti-

+» tative teﬁts, although’ 817 of itg cOommo variance is accounted for. Examin-
. * Qb y s .*‘

ation of residuals suggests mensiona in this test that are not shared

' with the operational form K2. Neither dimension however, is direccly related

to the 4dtem type (quantitacive comparig,on) found in the test. One dimension

E}

is a component of speed apparently diarin;t from the quantitative speed factor

v

it the operational test. The second unexplained dimension underlies Ehoae
L %
items for which the correct response is "thg: relac%ship cannot be determined

from the informacion given" -- the final op iif in eacl; of ‘the items. This
v

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

E%aﬁemialu, to the data

sufficiency factors that have een found in l:e % aining data sufficiency

items. Ay n - ’
b ey :
Test xlﬁ’ containing a mix of regular‘fﬁd qu’a@titati'vé comparison -

items, exhibics the same patterns of unexplained variance as tests X
and X.l5 The variance of test Xl?, which contains only data interpretation
items, is primrily explained by the gener’al quanticative factor but

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

: 1 . o
ERIC -~ : e '
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account for nearly 20% of the tests' common variance, The only unexplained

dimensfion appears to underly items based on a rather unusual (atypical’

of usual data in;erprecaciop atimuli) ﬁolar graph having a nonlinear scale,
Whereas the component may possibly also be interpreted as a speed factor
becaqsé of chis graph's position at the ;hd'of the test, i}em §caci;cics

suggest the former alternative as more plausible. . 4

’ -
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¢ Recommendations
\ et
N
- . Recormendation Ong s : 2.
. " The shorter, reading comprehension passaﬁes have been found to add no

v

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

In light of the finding that the reading, compFehension portion of the/gmgfgt
. . ' . -?;’: i
test contains a compotnent of speed independest of ability in this dpﬁain,
€ :
it seems reasonable to include a number of sh teéiﬁgasagea at pr near the

end of the reading comprehension gection. Including such Passages would
\

result in a smoother distribution of the aumber attempting eagh item, since

fewer examinees would be "caught” teading 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 %ﬁ sclentific/tecinical reading cqyprehens%on passages
¢ and 1:&m{iadds a cappéhé;t of variance independent of ability to compreyend
ggnscifngific { ities/social studies) passagqg, it is recommended that
the iezi??écions’ f any plan allowing exami?ées to choose amemyg several types
of passag;s be carefully considered. Studie; to assess the differential
validitf:of the two types of passages for examinéesétﬁtending to pursue

K a
scientific and nonsclentific fields of zz?dy seem to be in order.

Recompendation Three

Although the common varlance, of the experimental test containiﬂ% quanti-

tative comparlson items 1s less adequately explained than for the other

+

4
’

60 .
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o experimental tests, the unexplained variance of these items does not 41;§ct1§

reflect the'item type. Indeed, thede items exhibit hiéher loadings on the .

general quangitétive factor than data interpretation‘iteﬁﬁ already in
use., It 1is recommended, therefore, that the decision to iﬁclude'oi omit

items of this type be based on considerations other than the factor .

gtructure of the test,

y "
Recommendation. Four R . “ .

Although distinct components of speed Were found to be associated with

each of the three sections of the operational forms, the cowponent found

in Section I (discrete verbal iteﬁs)'as problematiffbecause of its velatively

L)
-

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

-4
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 aslit has been determined factorially here, suggests that
there are possibly useful and.impo;agﬁt dimensions that have not been con-
sidered in Fhe test's presenF content specifications. Furthermore, some of
the classifications Aow uséd do not contribute to determining the test's
factor structure. This hces not imply that the item and content clas;ifications
T now @sed afe not of value, but that there are others that should also be

considered in balancing test forms. Specifically, the following suggest

themselves as important:

B 61
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(1) cthe presence of algebraic notation in quantitative items
§2) the distinction between practical application word problems
and quantitative items more theoretical in naiure
(3) cthe difference between data interpretation iéeﬁs requiring K
only‘extraction of:informacion an& those requiriné 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 de;ermined from -
the information given™ — in qu;ntitative comparison items suggested
‘ ic$el§ as an additional dimension of ﬁa;iance in the present research)._
In the interest of improving parallelism, forms K and K2 could be balanced
with respecF to these dimensions as well as on the item type requiring }i;'examinee
to indicate.which combination of inferences may be drawn from given informa-

tion.

Recommendation Six

Pinglly, 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 o result
in a preliminary factor analytic description ofJghe test and a2 statement about

the relationshiq of several experimental tests to the factors that,emérged in

’
.

tha§ desertption. More elaborate alternative approachés could have been imple-
mented'instead of, or in addition to, those used in the present study. These
could have included altermative methods of (1) computing interitem relationships
(e.g., phi or gamma coefficienta), (2) extrac:iné factors and estimating com-
mmalities (e.g., maximum likelihood or MINRES), and (3) rotating to simple
9£fucture (e.g., Yates' geomin or oblique méﬁhods). In addition, approaches

r 62
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using 3ubset3‘of homogeneous items instead of individual items might have also
been informative, while avoiding some of the methodological difficulties asgocia
with analy;églﬁased on individual itega. It is recommended, therefore, that
these alternative types of analyses be conducted in the future when feasib]:e.
We iike to believe, however, £hat, although alternative methods might have added

to our current understanding of the structure of the GRE Aptitude Test, the

operational impiiéations outlined in recommendations one to five sbove would not

have been substantially different.

: g : 63
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ANALOGIES
Questions of this type test the abii:ly to understand relation-
ships among words and ideas.

+ +

Oirections; In sach ol the following questions, & reisled palr
of words or phrases Is lollowed by five letiered pairs of words
of phrases. Select the lettered pair which best expresses a
relationship siinilar io thal expressed In the original pair.

1, COLOR:SPECTRUM :: (A) lons :scale
(B} sound : waves {C) verse:pgem .
{D) dirvension :space (E} cell: organism

.. ANTONYMS
Queslions of this type test the exlenl of the candidate’s vocab-
ulary. -

Directions: Esch question below consists of @ word printed in
capital lefters. lollowed by five wordg or phrases leftered A
through E. Choosa the fettared woid or phrese that is most
nesty cpposite in meaning to the word in capital letters, Since
some of the questions require yol to distinguish find shades
of meaning, be sure 16 consider 2ll the choices I'.nlf.n\?r dec.ldmg‘
which cne is begl.

- T »

) !
3. PROMULGATE: (A} distort (Bf demots TC) suppréss
(D) retard \{E}’dbcwsgo . mi

o

- ¥
SENTENCE COMPLETION ~ =7 # ...
This type of queshion provides a2 measure of one aspect ol
reading comprehension the abity 1o recogrize log:ical and
s'lyhsuc cansistency among the glemants 1n 3 sentence ,

Durections. Each ol the sanlences below has one or more blank
spsces, s8ch blank indicating that s word has besn omitted.
B enasth |he sertence are Rve lettersd words or sals of words.
Yoy are to choose the one word or set of words !vhlch. whan
insarted in the senlence, best? fits In with |he mesning of the

senlence 25 a whois.
r

8. Early — of hearing loss i3 — by the fact thst man's other
sanses aie able 15 compensate lor modarate smounls of
foss. 30 thal he (requently does not know that his hearing
Is imperfect. ' .

{A) discovery.indicaied ({B) development.prevented
(C) detection.complicated (D) treatment.laciiitated
{€} incidence_ comecisd

\§ptitude Test Items

- D" —
Appendix A
les of Selected GRE

VERBAL

AEADING COMPREHENSION
More than hail of th esting bime tor lhe verbal sachio
6RE Aptitude Test s devoted to reading comprehant
reading passages are taken from a vanety of fialds. g
"9 comprehension 18 lested at several levels. Som
questlons merely test understand.ng.of-ibe piain sense
has been state¥ Qlhers ask for interprelatioh, analys:
phication of the pranciples or opin.ons axpressed by the

Directions: Esch passage is foltowed by gquestions b

its conlenl, Atter resding tha/passage, chooss the best

to ssch guestion, Answer allguestions foliowing a pas

the basis of what is stated or impfied in that passage.
e .

In the years following Ihe Civil War, sconomic exp
for the-{irst time was provided with adequale resource
competent technique, and busy prospeclors weré daily
oring new sourtes of wealth. The coal and oil of Penn:
snid Ohlo. the capper and iron ors of Upper Michigan, {

,$nd silver, and the lumber and fisheries of the Pacifi
provided limitiess raw malerials for the rising Indusi
=The Besdemaer process quickly turned an sge of Iron
age of stesl and crenled |he great mills of Pltisburg
which lssued the ralis for expanding raitways. The rea
‘bindsr, Ihe sulky plow. and the threshing machine cr,
large-scele agriculturg on the fortite pralries. Wild gra
provided grazing lor immense herds of caltie_and sha
development of |he com belt enormously Increased the
of hogs; and with raliways st hand the Middle Border
Inte Omsha and Xansas Clty and Chicago arendiess
ol produce, ‘ *
WUKY ihe Tihe of he Irontier pushed wistiward. new towr
. built, thousands of cl2ims’to homesteads wers filed, an
ulstor snd promoter hovered -over-the prairles-tike t
seeking their carrion. Wilh rising land vaives money wa
made out of unearned Increment, and the creation of
wep a'pm[ilable Indusiry. The times were su;rlng.' and
8 shiftless fetiow who did nol make his plle. If he hed be
" Iste to. fite on ddwirabie acres, he had only 1o find 2 ¢
homesteader who h&d failed In some legal technlcal
“lump his clalm." Good boltom land could be hsd e
late-comers If they were sharp-at the game.

This busiling Amerlca of 1870 aceounted Itseli 3 dem
world. A free people had pul away all arislocralic prh
and, consclous of pawer, had gone forth to possess ¢
tronter But America’'s essential sogial philosophy, w
tound adequalé 1o Iis nesds, was summed up In lhree w
preemption, exploltation, progreds. tis immediate and pr
business was lo dispossess the government of its rich ho
Lands In Ihe possession of the govegnraent were $0 mut
wasle, untexed and profitiess; In privale hands they

-

. T ), +ba developed. They ‘would provide work. pay-laxes, &
7. Swamp drainsge is used io pravenl or at say rsle to —, v schools, snrich the co?nrnunlty. Praemplion meant explo
the bresding of malaris-bearing motquiiows, . snd sxplotiation mesnl prograss.
{A) and (B) remedy (C) postpone ! - ' It was 8 simple philosophy and It sulted the simple i
{9’ inhibit (E) sxciude us?sm ol Ihe times. The Gilded Age knew-nothing of anll
e _ metl; 11 racognized only the Ecquishive instincl That
K st east the fronller had taught the great Americsn demo
, and In spplying to tha réseurces ol a conlinenl ths les
* hag besn 30 well tsughl, the Glided Age wrote a profe
. 6 - - characterislic chapiar of American history.
Q J -
ERIC ‘ol T f o
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.’:‘8. According o the passage, increased com production was
mainly responaible for sn Incrsase in the
(A} number of shaep (B) oulput of fsrm Implemants
{€) supply of hogs (D) amount of pasture land
(E) number of catile

11. As used by the author, the term “Glided Age” rafers to an '
age of
{A] soclal progress '(B) intailectual enlightenment
{C) frontler living (D) great lortunes
(E) aristocralic privilege

-

12 With which of the following apl;orlsmswould the sxplollers -
9. According lo the pasiage, the progress of the 18708 de- | of the 18708 probably have besn in stronges! agresment?
pended mainly on . 5;1} A penny saved Is a penny sarned.

(A3 the exislence of fich governmenl Ignd ho}dlﬂﬂg {8} Nothing ventused, nothing gained.

{B} the sprasd of education . {C) Grasp all, losa all.

C) the lepment ot 5 philosophy ot individualism " (D) He who dences mus! pay Ihe fiddler.

{ sle developmenl of nolural ressurces (E} The love of money Is the rool of all evil,

{E) the-dliminstion of aristocratic ptivileges ) B )

3Q. The-author Implies thai the social philosophy of the United
Stafes in the 18703 was basically

{A) humanistic (B) malerialistic (C) eristocralic . ]
(D) democratic (E) hypocritical

UANTITATIVE

T ' M
Directrons!in s uc-lio:n solve asch problem, using any avsil- Quesilons 14-19 refer o the following graph.

sbie space on the page for scralch worle Then indicate the
best answer in the appropriste space on the answaer shask
Fa

i SrITOUE 4l Gl TOU N ML ] —
FON waLl RACYY AT OWILRENT LEY

Nots:Figures which accompany ptoblems are Intended 10 pro-

vide Information useful in solving the problems. They sre

drawn as accursiely as pessible sxcept when il is stated in a

specific problem Lhal ils figure is nol drawn 1 scale. All figures

ils in 5 plane uniess o:herw&e indicatad. ¢ -
:

All numbers used ste real fumbers,

|_13. i p, 4. and r ste consecutive whole numbers, which of
the foltowing must be true? o
AJp+q+riseven. (B p 4 g+ tis dgdd.
paris even. (D) pgrisedd. . 7
!p-e-‘q—rhodd,!hon/%hodr& .

-

i 5 % &

2

Fror wtis o Attt 28
g s

r,
/

2”3

P 0 M W W & X oW

gy 7 Thwn

/
Blaod Dressure 18 customardy exdressed gy YNNG Preasure
ISIONC O essire

‘ MOl Pulse DroSSusk +8 SYSIGHC Dréssure munus Cidsiohc pressvee

* : 14, A rule of thumb sayd that the sysiolic pressurs should be

* “sge Plus one hundred.” At which ol the follawing agés
does thie rule of thumb difler most Irom the dsta for hesvy
males?

P . . (A) 20 (B) 30 (C) ¢ (D) S0 (E) 60

‘e :
. .

E lC -
K - . - - .
oW )

. .
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15. What is the mean puise pressure of a ligh! male aged 407
(A) 14 (B)30 (CY3% (D} 44 (E)S3

16. Whe! I3 the youngest age for which mean biood pressure
can be read trom the gaph?

. 13)4{‘3)?(0}9(5117/"

17 At vrhi h of the following ages is the' mean Pulse pressure
greatesi? N
{A) 4 (B) 17 (C) 40 (D)} 8s (E) 75

18 01 the following, which i3 the bes! estifate of the mean

pressyre of “average weight” maies eged 307

(M) 30 (B} 40 (C) 53 (D)} 34 (E) 124

19. What 18 the percent Intraase. 10 the nearest percent, in

the mean systollc pressure for heavy mates from the age
of 50 to the age of 609

A)0% (B) 1% {C) 4% (D) 8% (E) 10%

20. if the cost for manufacturing r articles was M dollars in
1964 and N doltars more in 1965, whal weaa the Increass
in cost, In dollars per article?™

wiz¥ gl N o M=N gy

r

h
Y X

“ Pl2.4) -

o »x

ra

Y
ol-0 A2 -

21, Whal ik the area of triangie PQR In the figure above?
(A8 (B) 12 (C) 18 (D) 24 (E) 38

kS

2H % ot the members of a commities Yoted on a ¢

moasure and passed it by & vote of 26 to 24, what p
{to the nearest percent) of the anlire commities vo

{avor of the measure?

(A) 35% (B} 48%h (C) 52%% (D} 67%% (E) 78%

23. Given that 8 and b are reai numbers and b =&

"O(a,b) =2 and M (a b} = 8 X"b.

b

Then M (D (3, 12} M (6, 2)) =

M3 @3 @3 o2 Es

P Q
' M

- /\ \

S R

24. The area of rectangle PQRS above is 48, QV = VR
PT = TS. If point M is somewhere Inside the reci
PQVT. and*if x i3 the area of triangle MRS, which ¢
foltowing Inctudes 2l the values and only the values
We<x<24 @B 12<x <24 (€ 12<xX

(D) 4< x< 48 (E) 48 < x < 98

|}
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Appendix B
Description of Tucker's Procedure

for Estimating Communalities

R
L ’
v
’
o .
[ +
_ ¢t gt "&;
- - 2, Lo
. PR Py i _c:_.!_
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estimate obl:‘ained by multiplying th'ethighest off~diagonal correlation,
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f Appendix B*'

.

Description of- Tucker's Prooedu're for Estimating Communalities’ N
T
d . ) u ) i

¥ . . .
Tucker's adjusted highest off-diagonal correlation provides a commumalicy
. . ¥

jk :
-
betwe targer. variable, j, and other variables by a Weighcing constam:. .

-

- .-
(-

. % otw
~ » The constant is a ratio with %gl:r equal to l:he sum of che&bsolute

L

. X 4
values lrjk" for k%% 3, k g and de tor.equal o the sum og the a})solute :
values [rkﬁl fo,,r ks §, k o+ Thus, of che pair of variables 38 »* the
variable exhibiting higher correlations with all ol:her veria "in the system

receives the highen'oomun{lil:y estimate, In the case of a unifactor marrix,
~ R L . \ ’
or a higher dimensional ma%rix in which che two variables are collineay and /

differ only in length, this estimate is exact,, sinﬂe‘we can rotatagso that both

var‘iables ha.ve nonzero loadings on factor one and zero ‘ﬂ.oadings oh all ol:hers,

leading to l:he following expression, where p is che ‘sumber of factors and a.kp
‘{ . - .l

is l:he facl:or loading of l:he kth‘variable on the pth factor:.
‘-

S T "‘11' la.i,,,ll P .
P v @

o Py ’.%l“‘jﬂ l ?; I l? 2t

Tl ol § e el 3 lal

L
'

P Iajl wl - -

\ “"kmk‘:

A : Eljk" | ljllz “mll 2 2
3
k

= h

I 311 la“ml |""|%1|; klf EE

¥ .
Clearly,, this procedure is less appropriate when high co’rrelal:ions')‘obtain

among riongollinear items apnd is not robust in che face of doublet variance. The

3 - o » : " L .
- . "sum of chesge esl:imé’égs} should provide \Peaaooable estimate of cotal comuaali'ty_
if doublet variance is not an imporcant spurce of icem oollinearil:y. '
¢ . - S ' ' . o
3 1. ’I;his derivation #s from Carlson ,{1976) 8ince documentatiom on chds
L procedure is not widély available, it is presented here. )
' . ¥ . K "} . i . .
- . a - * . a - .
Q. ’ £ 69 e R -
ERIC . : . . S0 . ' .
,L.‘ * . ’ . E» . , - ’ .
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w Appendix ¢

Structure of Operational

¥ . JTests K and K2
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g

h Tadls C-1

Rotated Factor Lotdinp:l:
(Yorm X, Sectien I) s
-

-t

Factor
jstor

. : . . Escimated Cogputad
Iten Typs ItesBusbor I II III IV ¥ VI §II YVIII Commupaliey Commmalicy .
) . , 45 27 28 :
) "2 4 38 35 32
\ 3 2% 2% 22 .
- & 2% 53 . 36 .
, Analogles 5 29 . .48 17
6 2% &7 . 32 30
~ 7 N 30 s 15 16
8 - .29 14 13
9 39 1n v
10 5 3 55 49
1 20 29 56 53 47
_ 1 U % 27 b
- 13 28 19
: Opposites 14 N e 5 56
1% . 34 63 57 55 -
- 16 28 46 33 32
17 24 62 47 46
. 18 44 18 Ei
. 19 4 53" 23
[} » -
- " &20 : 63 -~ &6 52
21 52 3% . 4 4 .
. . g zf 43 57 g:
21 21 33 .
Conplatiops 25 21 35 24 31 27
. - 3 26 24 174 Lo
. © 27 3% 62 54 56
28 A9 a2 51 Y
B . 29 . ISOL . .2 38 30 ~
Lo 30 2 s2 5T 57
. . 31 25 13 i-g,
. 32 TYSRY | & . .
. Analogies 33 30 52 , &4 39
. 34 32 5% ‘ 48 4
35 27 4% : 20 33 35
% . 1B W 13 2
- - 37 33& 16 LY —
‘ * 14
“ .3 I 43 4t
. I 29 48 © 28 49 46
: R 40 3¢ 57 52 ] 49 .
‘ &1 29 63 21 57 :; :
) . &2 - 3% s 25 55 -
' oPP“im ‘3 . 55 3‘ 35 %
. &4 28 &9. 21 42 gg
&5 29 n 21 .67
e . 4 59 29 —
? ‘ N - 63
. 68y~ 24 23 21 64 35
. 49 .28 33 126 - 358 64, 82
so M 3 s8 73 49
: 510 2 60 - 38.
e 52 . - 28 s8 a3 47
Sﬁtﬁ:t 53 ‘;.< 1‘33 51/ 52 142 gg
. “’“"’ 1008 54 . 23 N 2 58 58 is )
. ) 35, 2 &6 &0 Y 45 .
T, J . . . ]
1 s , "A.u‘ 1ads lese :;m-'zbznd nd.t-;z :l.n:)hv. :
. < " . s = points bean
‘ERIC _from this and 11'yobsequent teblds. ouiceed .
e ! ‘. ' Foor 71 - -
- §e 1i, * 2 . —
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. Table C-2
Rotated Pactor Loadings
(Form K, Section II) .
. Pactor *
Estinmated ‘Computed
Itea Type Item Humber I Ir Ii1 Iy ¥ ¥I ¥II VIII Copmunality Communality
1 41 .23 22
2 46 27 25
Harrative 2 ig ig ) ]:‘::
Passage * . .
- 3 23 - 1 12 . 8
6 43 2 Y] 26
! 7 57 2 W &
-8 45 21 Y
9 46 ' - 29 y L
::m:lties 1'2 ‘2? :;: gg’
assage 12 80 9 . 43
13 4 22 22
14 45 23 34 20
15 38 18 * 17
16 35 29 26 27
o pasgeative 1 39 : ’ 27 2
0 18 63 22 45 48
. : 19 ' 3 W4 13 29
20 4 37 36 37
- 21 41 28 23
wger B8 2, 2o
§°1°5'=°° 24 29 . 20 13
assage 25 30 . 19 12
» ’ 26 ’ p . 15 ,_/')%
¢ ﬁ—/ p . L _/4--"'-
: 27 2L 46 26 : 61 36"
. 28 . 4 . /\ 28 2.
Social Studies ig g‘g,c, & %0 g:
Passage 3 0 22 o e %
N 32 29 16 13 oo
. 33 36 AR 30 ' 18
. ) N ]
. 3% 44 55 41 %
: .35 3% I ~ & 32 3 -,
Physical 36 25 48 a .o 49 53 50
Sclence 37 s0 2 29 - s1 +4
Passage 38 34 / L 10 3l
- 39 2L .35 , o - 32 . 30
40, 22 25 23 26 .20
. — - ~
> L :\ ) v )
1
- . ._/' __' .
‘ ' \
72. 4 -

4




~— L

N

- - Dbk b TS "5, Al oyt oy g &, 2
— . S _ “'«g& R A f}féﬁ
. N .. s g . : *.-4. '&_’ ‘@ . . -&} _1.“ 3]
. w;%&.‘ - 62."' L ‘%‘5‘- . “‘j-‘: 4 T
) . 5' }:‘ :r [ (:n; L -
. ’& ) [y %." 4 *
- . N . - . .
‘%&. ¢c-3 ° 3
: - Rotated Pactor Losdinge. - L
{(Form K, Section III) : ;
[ L]
Tactor . . .
) - Zatinated Computed
tem Types Item Hugber I IT IIt IV ¥ VI VII VIII Communality Comeunalizy
Algebra 1 kT 38 ) n 28
Algedra 2 29 2 22 2
Arithuetic 3 ° 2 B 59 i6 55
Algebza, 4 42 7 ) 25 25
Arithnetic 5 27 45 Y T3
Cacmetry 6 . 53 25 47 - 30 70 67
Arithastics 7 27 21 38 23 26
Algeabra 8 51, 2 47 56 54
uurbn 3 6 23 49 57 51
cheatic 10 » 2 25 38 38
Cacmetry 11 4 22 45 58 34
Dats Interpre- ] ’
tazion (D1) 12 0 26 54 63 44
T 13 . 27 46 Y ¥ kU
T 14 26 , 31 2 a
) S 15 38 2 3 © 33 34
T . 16 5% 2 25 48 43
Arithaetic 17- 4 23 . 4 is . 42
Geomatry 18 &4 . 30 28"
Al gebra 19 63 30 51 $s
Arichastis 20 38 25 47 . . 40 43
! *Algabra ™ 21 49 1 8 < 6 - 69
ird 22 25, 25 49 50 ) 39
T 23 30 25 58 69 . 50
bl 2 43 30 30 54 43
o 25 29 38 26 33 65 44
T 26 2 2 . 11 14
Arithmetic 27 (13 a4 N0 g 41 &4
Arithaetdic 28 42 21 .31 26
Cacmetry 29 52 - 35 54 43
Agebra kT 40 22 B 28 ., 28
Algabra 31 51 27 " 2 44 45
GCarmety 32 63 38 1 65 59
eous 33 43 23 21 38 33
gabra 3 43 : 28 22
Ceomatry 35 39 22 k3 28
Algabra 36 5 28 = 47 39
Gaometry | Ly A 7] 47 ' 38
A gebra 38 A0 29 70 60
\ Wiscallaneous 39 48 3% ""31\/
Arithaetic 40 54 16 32
. Caomatry 41 55 k7 36
iy 42 40 . . 28 23
T 3 4 N n 45 36
DI 44 66 . 53 54
T 45 56 - ) i3 51
. T 46 50 . . 43 28
*  Geommcry 47 ~ 63 ' 40 “
" Algebrs &8 ., 19 -, - . 62 ! 66
. Geomatry 49 67 3~ 49 .
Gecmatyy 50 66 ; _ 36 48
Migcalisneous 51 B ¥ I -28 89 75
Miscellanpous 52 N 80 - -21 8 755
' Miscellanecus 53 ° 80 89" Yoe 78 2
. o Gaometry -2 77 . hay » 61 63
- Miscellemeous 55 83 \ i S 27 3
« N Percent of common , ' ’
EKTC g g © A3 267214 7.5 6243 31 2,5 S -
-« r . . -




e EPacror Cozmunality
Item Type ‘ItemWusber @ II IIX Iy ¥ VI VII WII IX X Estinaced Cocpuged
1 38" . : 22 20
. .2 36 . 16 ig’,-
3 22 33 23 *2t 37
[ 16 48 . k[ "9 v
Anslogies s 22 10 a
3 22 44 &) &0 "
7 21 6l . 50 3§
: 8 56 . . 48
g - 1] 20 n
. © im 10 52 27 £} 46 40
N 1 L3 % 28 29 62 %
12 , 40 kL . 11 33
13 s2 18 33
Oppoaites 16 22 &0 27 27
. 15 27 &0 3% 29
. 16 s7 1s 35
17 66 . &0 46
. 18 29 ° $3 26 38
19 6s 17 84
20 3 3 38
e 26 &5 . 38 3%
, <~ 3 40 37 34
Satence D ¢ 13 R+
62
c-npletims' 25 33 2 . ) 16 18
. . 26 n 21 13
' 2y 3 38 26 25
7 1B 22 ) 16 e
. . 9 46 37 a2
' o . ©38 m 37 30
22 ‘ 17 12
12 .83 . 19 24
Analogies k) 3 6 ' * 87 56
" 26 2% 26 33 28
. 35 51 ‘ 29 26
. 16 12 62 56 3
} 37 69 40 &7
.08 21 a7 .22 T3 EE I 31 49-
\ : 9 6 3 27 26 63 43
L 5 37 28 3 38 54 48
j- . (3 s s?- 26 gg ;;
aites 42 ig 4 " .
s Oppo 43 2 B4 * 59 54
‘, &b ‘©oas- 2, 2 35
C" &S 23 68 . 57 58
g 46 $9 %, 4l
: 47 . 52 . 12 - %
. 48 23 a9 : 84 ‘\9%_
) 49 21 28 8s L . 94 86
.. 30 20 30 22, 23 23 7
; 51 21 21 4 7 53
Seatyace 2 22 . &2 87 S 82 62
Coapletions 53 . 51 &8 7 59 50
4 5 22 30 &3 . 52 37
L, 55 - 14 36 51 59

Aruitoxt provided by Eic
.

ERIC
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Table C-4

+ Rofaced Pactor Loadings
. {Forn K2, Section 1)
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Tsbls C-5
Rotated Pactor loadings
(Form X2, Section II}
, . .
.o _ ’ Factor Cozmmalicy
Item Type ItemMymber I II I1II IV ¥ VI VII VIII IX X Bstimated Computi
1 53 ’ gs gg
2 “48 23 0
Narrative 3 49 . 132 25
 Tassage | 4 51 27 ’ 30 34
{(Minority Theme} 5 36 - o , 31 15
6 W 25 16
P 7 M 3 © 45 . 55 g-
8 32 IS I 36
seleacafie 9 27 3l 47 42 30
ey tstryy 10 30 28 g 87 ;s 25
. (Bioc 23] 11 . 31 ‘ . a5 26 23
12 : 28 . 38 30 L
g 20 . 28 ‘ i3 12
. , 14 27 - ] 3 :1”2'
. 15 =~ 20 & 21 . [
Argumentative 16 49 13 . . 4}* 40
Easssgn 17 25 42 25 45 3%
(Social Studies))g 62 22 - 70 45
19 i1 . — 14 12
¢t .20 . 39 : 30 2
2 53 oo - 33 .33
22 42 16 19
(““t‘@ 2% - 35 23 39 39
' Synthesis) a5 . 83 2 2
. 26 ) 28 3§ . 22 20
27 26 44 28 oL 38 k1
4
% 55 : ' 38 : »
29 26 60 30 9 0
e 30 22 49 28 ‘ ‘ 49 | 43
- 31 &7 2 . 38 . 34
(Mythology) 3, 33 , 15 16
%_ y 20 25 . 19 12
2 4 26 20 . 47 41
- " 35 . 23 33 20 60 . 57 48
P Physical _ 36 28 32 23 58 : 69 49,
Science Pagaage 37 28 37 2% 64 _ 79 58
(Geology) 38 27 - 48 ] 33 32
. 39 29 26 53 . 56 42
- # 4 ° - 25 25 48 . 40 35
* ! ~ » ‘J
3 . o '
[ 4
- L. ]
. ~
Af . *
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\ ' Table C-6
) Rotated Factor Loadingtr
: (Pora K2, Section IID)
! g 'S
. Faczot - Comounality
Item Type ItesMusher I II III IV ¥ ¥I Vil VII1 XX X PEstimaced Coopured
Arichzetic 1 45 . kT 26
Arithoetic 2. 65. 35 63 62
Geouet ry k) 42 3 a . 13 27
Algebra 4 44 28 . 2% 1% k-
v - Arichmetic 3 37 23 23
Arithmetic 6 58 -26 48 4
Arithmecic 7 55 24 41 39
Aritimecic 8 3z 26 . 23 19
s “Aricheetic 9 39, 27 17 29
Arithaetic 10 7 2 . s &)
GecmatTy 1 56 20 40 a9
Algebga 12 - 58 ' s K} 36
Algebra 13, 57 03 . 26 56 49
Algebra 14 77 78 68
Aririmetic 1% 68 . 56 53
Goomatry | 16 52 ., . 28 28
Miscellaneous 17. ° 42 M s, a2 1
, Algebra 18 47 20 32 28
. Miscallaneous 19 35 27 26 22
Algebra 0 75 . 57 60
Arichmetic 21+ k} ] 18 19
' Geonetyy 22 75 . : 60 61
DataInterpre~
taticn (DI) 23 2 25 . 6& . . 64 51
3¢ 2% % 0 &0 63 47
I 25 41 a4 2 n . 46
)4 26 25 . 42 29 22
bt 27 37 &4 53 37
( bt . 28 40 28 22 % 38
bt - 29 . 39 24 % 44 8
b1 1 B 3] 25 16
Algsbta n 63 ] 4% 43
Gecmatry »n 52 kL] 32
Geomatry n 64 ' ) 50 46
Arichmatic 34 s 23 . 24 \419
Geomatry 35 62 48 5
Aricimatic k. 0N ’ 61 38
Algebra 37 -7 . : 71 B}
Cooustry 8 59 , 40 41’
.o . 39 22 30+ 25 19
I . 40 43 41 57 B
b1 &1 7 S < 52. 39
L &2 50 . 44 68 52
b1 43 47 . . 40 47 44
vt a4 38 6 - e a
Algebra 45 Yss o ) 35 )
Geomatry 46 L o ) 27 41 4l
Arichoecic &7 61 * 23 51 A4
Geomatry T 48 68 58 54
Geometsy 49 ¢ LT 65 46
. Miscallanacus 50 67 . 45 v 78 65
Miscallanecus 51 76 44 95 77 .
Geomalry 52 69 % 57 . 59
Arithmatic 53 40 24 n 38 i
Algebra L 62 . 25 " 2 60 39
‘Algetra 55 . 43 I . .2 . 46 41
MR ' . .
P‘:::’;:,,::‘ 29.7 22.7 19,4 7.7 &4 &4 3.9 L1 2.5 2.1
) ) :
ERIC* ’ 76 I

K "
. .
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Table C-7 ‘
. Principal Factor Solu'l.:*!_l.on )
i . Roots and Variance Contributions
for Forms K and K2 o ;
]
~ Form K. - N v . Form K2
’ : Cupulative Percent of Total . Cumulative Percent of Tc
Factor  Root Common Variance ‘g Root Common Varilance
. L T

I 33.0% 55.2 35.35 . 55.1 ‘

IT 10.27 . 12.4 ., 9,58 70,0

Iil 4,84 " 80.5 - ’ 4.44 : 77.0

v . 2.25 T 84,2 - ' 3.11 - 81.8

v 1.89 87.4 2.01 84,9

VI 1:70 , 90.2 e 1.85 T87.8-~

vII 1.22 '92.3 ‘ : 1.34 90.0

VIIT 1.04 94,0 1.10 91.6

IX .85 95.4 : 1.08 93.3
X .83 96.8 ‘ .97 9.8

X1 81 98.2 s .82 96.1

KII l'?z‘ : o99.4 - " 080 970“

~ £ |
j ) * xi:r-‘;
‘ L
“ . L e
» )
LY ..

~7J
~Z
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Table C~7 (Cont.)

, Additional Roots
N - Form K ‘ Form K2
Factor Root - Rgot
13 .64 . .68
164 .61 .64
15 056 = .62
M 16 051 054
17 .49 .51
. C a8 47 T.46
¢ ' 19 " .45 T
.. 20 .42 42
77 .00 * ..
78 .00 ~ .01
79 -.01 .00
80 -.01 : P -.01
137 ~30 < -.30
138 -.31 -.30
139 -.32 -.31
140 -.33 -.31
141 -133 _"0\32
142 ﬁ - .36 =33
143 . -.36 -. 3%
. 144 ) -.35 . ~.35
165 . =.37 s -.36
’ 146 -7 7 © .38
. : © 147 - -.38 .39
148 -4 ' -.40
- 149 -.43 -.44
’ 150 -.48 . . -.46
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Table C-8

Roots and Variance C::ﬁt—ributiona for * o of
Rotated Factors - Porm K -

e 4 P S S—

LS

ontor Boot  comnvertace | rescem
I | 15,96 . 8.3 28.3
n-k 15.08 26.7 ' 55.0
111 : 12.06 v 214 76.4
v : 4.20 _ 7.5 83.9
i , ‘ 3.51 ' 6.2 90.1
Vi, 2.39 ‘ 4.2 . 9,3 - -
Vil 1.72 3.1 . ' 97.4
ViIl . 1.42 2.5 99.9
56.29 -
' Table C-9
Roots and Variance Contributions for "
, Rotated Factors ~ Form K2
- Ll oot
I : 18.14 ‘ T 29.8 _ 29.8
Jroo - 13.75 . 22.6 " 52,4
I11 o 1L.83 ' 19.4 71.8
v s 4.69 ' LT ~ 79.5
Ly 2.69, 4.4 83.9
v 289’ \) 4.3 o 88.2
VII 2.38 - "3.9 92.1
VIII 1.88 S B T 95.2
x . 1.53 ‘ 2.5 \9?.?
X - T 1.35 ' " 2.2, 99.9
,El{llC ' If,’ - 60.83 vae
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Appendix D

Factor Extension Matrices for Experimental Verbal (xlo - 313) and - -

*

Experimental Quantitative (X, - X .) Tests

s
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Table D-1 - e
' Factor Extension Matrix
' ' for Test X,
Factor .
Item Type tem Number 1 ~ II LIl I¥ ¥ VI VII VIII
Short Passage ;‘ i f:g 20
. Ome 3 .29
£ ) ‘ A
Short Passage 15' :g
. Two % 6 29
Ll i ’ ; M ‘-‘-
Short Passage g \gg .
Three kA g 48 26 -
T 10 53 36
» , 11 41 ] .
‘ ) 2
/ Long Passage ) iB gg 28 . .
One 14 51 26 - -
a A5 37 s 20 22
N 16 '_'ri\ 26
18 52 26 21
19 . T \36 28 . : ’
, . : 20 42 31 .
Long Passage 21 49 40 ]
. Rt 47 B3 : O\
: CL 2% 34, 36 S
25 .48 39 22 . 23,
’ * {
L9 ~ . ; i
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Table D-2
Factor Extension Matrix - , ‘
- , . ‘-ff.':r Test }fu G ’
¢ . ) )
¢ \ Factor '
Item Type , Item Number I I III Iv+V ¥I.VII.L VIII
’ i .
+ M 70 ’
Short Passage 2 43 :
Cne b 22 20 =
4 30 40 -
N 5 ) .
Short Passage 6 46
Twe 7 50
8 40, ¥ 22 .
° 3L ~
L t ‘
Short Pasgsage ' i?. gf{
Three 12 55 22 -
13 51 31 ’
14 -40 ‘
) 15 54 *
Long Passage 16 20 50 22 p
*  One - 17 48 " 24 .
18 41 21
19 5 22 .
20 49 31 ) -
1 58 ' 28
22 43 34 ' 22
23 37 30 . .
24 . 44 33 -
’ 25 23 46 39 -
Long Passage 26 2% 47 33 .
Two 27 .23 40 32
28 22 45 35 “
29 30 33
30 27 +42 38 23
‘ ~
- 1 k| bl .
L] v ‘ -
v M y * ‘\ * ;
& 8 ’ ’
oy
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‘Table D-fi _ ._:

LY "
- - -"'/ . - o ' * .:4‘
e ) I "a . Factor ;gt_eugi.on Iﬁtrix ' o )
. o‘ﬂfor Tokt 312 : 2; Y
. wh . ' - " P 3. - -
“ oL v . . Pactor L . »
“ ‘ ‘;\ “-" ) ’ - ’;& ) r
Trem' : , ”
e _ Item.Type Irew Number I IL. LI.:I¥ ¥ W gm i

Short-Passage
- dme b - = : -'
A £z : - — .

Short Paasage |, -

. \ )" v [ &
- - * 4 . - -
- / . ' Iy ’ % . A !

& Short Pagsage
* - Three

9 24 21 +-

al L] ‘ 6 J'l_ ?. *
’ 10 23 41 . v \
11 .. A7 . 21 .

One 5 14 .. 23 5 +

16 28 43 _ S
.- 177 23 58 = . N

- R 2% - 52

oL T T A Ly
. 21 25 48 Hw - 2

22 2748 22+ %3 L2 Ly
‘ : 23 . 36 37 4 . :

37

-
i

a

[

o]

‘s
X
]
*

o BT YA ‘46 37 - 21 : "2
I . 25 .o 32 42 25 Vo3 -
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b"{ - . % Table ‘D-z'
- t 1 ” : . .
e . ‘ o * * Pactor Extension Matrix °
‘. ‘ e fof Tegt X3 ‘ ,
N % . . e
i - . .
. . . Factor g '
4. ‘ ' ] . = . ! ’ ' . { » .
g “Item Type item Number I 1 m I ¥Y ¥ VII Wil
A , o ° ." - -
X ., Short Pgssage ] é ?2 "gg ‘2.4 N ’
One . 3 aw
" - v ! e “. “; /‘,‘
. . .- . . * " '
> + §BBrt Pagsage . g 50 , ~ o
o T":S 5 . 9 o
Short Passage - 7 25 » ' ok
Thrée 8¢ .39 b .
= LI
- .. Short 'Passage 13 AR ;’2 '
Four 1L e 23 38 , " - .
- = = - — {
. Sh:rt ,Pagsage ig ¢ 41 21 :
| L Flve 1, 47 21 2
- — . .
f: % J-'S 38 . [3 ‘ ‘
% 16 - 50, 26
- Yong Passage i; BEA T ;g ; \ * o T g
‘ One 19 22 51 2 21 -
g . .20 %5 .,. C 21
21 38 . 23 . 21
. 22 48 21 ] 27
. § T - y
' . %357 T, .27 43 23 20 30
L ! 24 37 33
& A8 i
oo 25 " 30 42 24 D - o
.  LongPadsage 26 25 390 24V \ -
S Two - 2 30 "ko 28 21 ~
2 28 3¢ ‘31 '
r 29 ; 39 28 25 )
. . ’ 30 P U 23
r y ‘ - . . .
. - A
- ' " LA "-‘ -
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