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ABSTRACT

Previous rescarch on analogy solutions indicated that an assccia-
{ive relaicdness process was cenfral to the soluiion process. One
inpiication of these findings was that differences in associctions to
the words crmpricing the itens may produce differences in tast perfor-
mance and, hence, account for 1he vast differentials in performance
of persons of various ethnic and sociocultural groups. This study tested
1his hypothesis by sclecting 1wo groups of collegs sTudeh#s of markedly
difierent backgrounds and wiih large differences in aﬁa[ogy Tesf scores.
Predictabilliy of analogy item rankings from ranked associative related-
ness ratings within each of the samples fell within the range founc in
previous siudies. It was not possible, however, to aftrivute differ-

enital test performances to differcnt assocliates of The group.



On; of the most difficuli challenges to cognifiye,as vell as to
ncasurement, 1heorists has bean to sccount for differences in performance
en stendardized aptiluda and achieverent tests among various subgroups
of the population (such as urben vs. rurail, male vs. female, black vs,
vhite, etc.). A primary‘reason for this difficuliy, of course, is that
the processes subjecisuse In solving test ITtems is not well understood,
snd untll a theory of the cognlitive processes ellcited by test items
is ggvgioped, 11 would be diificult, if not Impossible, to account for
differences In solutions,

Regognlzlng the tmportance of studying the processes Involved
in fest item solutlons, a program ¢f rescarch was begun fo delineate
ihe components of the analogy solutlon process and thereby provide a
theory of problem solvinéignangy ttems (Centile, 1967 and 1968; Gentl le,
Kessler and Gentlle, 1969). Impliclt In These studics was the hope that
) such @ delinzation In time would prQQldo an accurate prediction of indi-
vld;gl differences In the solution of thuse items, 'Analpgles of the
‘ folloxring form were selecfed &5 the Items to be studied since ihey are
eonstdered to be measures of reasoning, and sinco they are quite widely

used In standardized tests:

FIRE: ASHES::
1. winter:lce
2, tree:leaves
3. Chrisimas:holly
+ 4, eventimerories
Although 1he previously cited studles do not specify the processcs

of analogical reasoning In any but & pre~thcoreiical (l.e., Incomplete)



et al,, I96%P

manner, 1here was @ repcsled finding 1hal an associative mechanism

~accounted toi* the major proporiion of the variance in the solution pro-

cess. Specifically, rankings of the assoclative relatedness (the Vord

Relatcdness Raling Scale, see Gentile and Seibel, 1969) of ‘he four-
word groups which compri;e ecach alternative choice {e.g., FIRE ASHES
WINTER ICE, FJRE ASHES TREE LEAVES, efc.) consislently predicled the
ranked soluilons of the analogy items. Supporiing & causal interpre-
tatlon was an experimental study in which prihed associates in a pre-
tralning 1ask were shown 1o affecl subsequeni analogy solufions' (Gentile

Expamy :
Y. Such data led Gentile et al, to conclude that "the

process that Ss use in solving analogy items Is primarily an assoclative
process" and thal the measure of associative relatedness usedﬁ?gﬁhppears

to account for from 28% 1o 505 of the variance In the analogy solutions"

(p. 501,

Assuming thal such variance estimales are approximalely accurate,
this finding implied a simple explanation far the differential perfor=-
manécs of‘d}ffereni subgreoups of the ponulalion-—-namely, 1het differcnceé
In assoclatlons to the words comprising the items are responsible for
fhe differences In fest performance, Thls suggesilon can be inferred
from 1he work ¢f many Investligators (e.g., Bernstecin, 1960; Hertzler,
1965; Jensen, 1967, John, 1963;) and Is certalnly not a new hypothesis,
On the other hand, 1he znalogy siudies.cited above almost mundated so&e
test oflfhe ﬁypo1hcsis along 1he lines of the previous studies. This
paper presenis a siuvdy designed to yleld prelimlnary data on that question,

METHOD |
<
General Overvied.  The gensral hypolhesis under test throughout the

several previous studics was that the preferences of alfernative choices

§



of analogy ltems couid be pfedicicd from knowledgz éf ibe relatedness
of the words comprising Thé;e allernalive cholces. To measure this,
" subjects are.required to rank the analogy alternative cholicesz from best
4o worst (1 to 4 or 1 to 5 for four- or five-choice liems, respectively).
The rankings of the alternative choices oblained from 1hls group by
summing across individuals wiihin items consiitute the criterion to be
predicled. These subjects are thus referred to aw {he criterion group,

Another group of subjects recelve the Word Relatedness Rating
Scale (WRRS) in which they are asked fo rate on a nine-point scale (from

. Exfremelf—Easyn1o~Relafe 1o Very-Difficult-{c-Relate) "how diff}cuIT It
vould be for yoﬁ 1o write seniences showling how the words ebove the rating
scale are related or go together." The words 1o be rated fer relatedness
are the four word groupings which comprise each alternalive choice In

“an analogy I1em. In the sampie liem, for instance, two of ihe sefs of

" words 1o be raled would be FIRE ASHES WINTER ICE ana FIRE ASHES TREE
LEAVES. These ratings on each set of {our words ere summed azross
gubjeéfs Qi%hln each anzlogy ltem, and these summed ra}tngs are ranked
from highest to lovest relatedness (1 to 4 or 1 to 5 for four- and
flve- cholce l1ems; respectively). These group rankings constliute 1he
predlcted ranklngs for each ltem, and {hls group of subjecls Is called
the predictor group.

Using 1hls gensral procedure, suppori for the hypo*hcsls that
different asscclates are responsible for different analogy solutions
would bé obteinad 1f each of 1ne {ollowing condltions held. FIrsT;
two groups of subjects musi be sampled frem pepulations very dlffcre&f
In experigntial backgrounds (and presumably therefore In assoclatlve re-
sponses 1o words) and vhose performances on analogy 1tems are markedly

1differem‘. Sccond, wiihin each sample, WRRS ratings should rellably
8
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predict analogy solutions wiihin the rqnge.of pfevious studles, Third,
there should be zero order betwcen-sample correlalions on. 1he WRRS ratings
and on the analogy Item solufifons,

Subjects.

' Subjects were 98 siudenis from Lycoming College (LC), Williamsport,
Pa, and 104 sfudenis from Texas Southern Unlversity (TSU) Houston, Texas,
Gross comparisors of the two schools on the only avallabie data indicaled
that 1he socio—econoﬁic sltuations were sufftélen?ly different to jus-
t1fy the assumption that the {wo samples for this study werc drawn from
different populations. For example, in 1968-69 LC hac an en;ollmenf which
incltded 1.2% blacks, 1ihe total estimaled cost of an mcadenlic year
(Including tuliion, room and board, books, and fecs) was $2700-3200, and
ihe rean fanlly Incore of.sfuocnis on ald progrems (sbout i of the student
population) was $8797 per year.2 In contrast, fSU had a 1968-69 enroll-

" ment which was 98% black, had a toial estimated academic year cost of
$1460, and had 65§'of the Freshmen coming from faml lles earning less
than $6000 per year.

Tﬁa LC students serving as subjects were both underclassmen and
upperclassmen énrolied tn four classes: elemeniury statlstics, educ-
cational psych%!pgw develppmen1al psychology, #nd advaﬁced soclof »gy
(reported In Gentile el al; l96§, Exp. 1¥), Ths TSU subjects were all
Freshmen enrolled In ﬁ readitg and siudy skills course.

Analogy ltems. |

Flfieen analogy ltens, sclecled from b2 semi-securce item files of
Educational Testing Servlce, enc previously usad by Gentlle et &1,

(1969) 1n Exp. IV vere used In this study. These Items cennoi be prinied
here becauss of their semi-secure classification, but ihey are similar

)
]EI%I‘:‘ In form 1o the sawple ifen In tie lniroduifion of thls poper, with the

IText Provided by ERIC



excepiion 1hat the present liens have five alternatlve cholces. One
random order of ilems was used for ell subjecis.
Procedure.
fn each of 1he regulaf!y schieduled classcs referred to above,
subjects were assigned 1o the criferion group (LC: N=50; TSU: N=56) or
to the predic1$r group {LC: N=48; TSU: N=48) by a procedure which In~-
sured only ihat subjects with adjacent seals were In different groups.
As noied above, 1he criterion group soivéd The fifteen analogy
1tems concurrent ty with 1he prediclor group's reling 1he word seis on

the WRRS. In addition fo the 75 sels of words 1o be rated by ihe

- predictor grovn (five in each cf the I5 analoyy items), six irios of

word puirs sclecied from ihe Palermo-Jenklins (1964) norms and ten sets

of word iriplels selected from the Nunnal[y—Koplin'(I967) norms were

" Included for validity data. The Palermo-Jenkins word palirs, which had

been used in the studies referred 1o previously, were selected from
dhe norms so thal subjécTs rated a given stimulus word three tiines:
pal}ed wlia a high, medium, and fcw frequency response (e.g., CHAIR
TABLE, CHIAIR SEAT, and CHAIR KI%CHEN, respecllveiy, were ona trio of
word palrs). In addition, trios of word iriplets were randomly selected
from 1he Nunnally-Koptin Joint Meaningfulness table, according to the
séme rule, to give.a stimulus palr conbined with a high, medium, and
fow response word (e.g., CORN FIELD FARY, CORY FIELD CROP, and CORN |
FIELD R?O1S were ong trio of triplets to be rated),

All of 1hese sets of words - 75 four-word sets from 1he analpgy'
{tens, 30 three-word seis from 1he Nunnefly-Kopliln norris, and 18 two-

word seis from 1he Patermo-Jenkins noris -~ were placed In the rating

_booklet In one rendom order Or all subjects. Because of two wisspalied

.words in +the booklet uscd at LC, one analogy 1tem and one Nunnally-

1



Koplin sct had 1o be discatded from lhe analysis, leaving 14 analogy

ltems and 9 Nunnally-Koplin sets for ihe LC analyses only.,




RESULTS

As noted eerlier, a cowparison nccessary before the test of the
hypothesis of interest 1s that of wHefﬁeF the 1«0 sarples diffef in
analogy soluttons. Therefore, the pioportion of correct solutions
(as Keycd by Educational TesTing Service) vas obtained for each subject,
The mezn proportion of cor:gcf respenses for the LC sample was .56
(S.0.=.16), while for the TSU sample ii was .25 (S.D.=,12}, yiclding
a +96 = 12,775, p=001,

The prediciahilily for each of the 15 analogy i[ters for the
wlthin-sample, as well as the beiwezn-sumple, comparisons were al!l
cialculated by the p;ocedure In Table 1, which presents the TSU data on
prediciebility of the analogy T1em solutions (1he criterion) from the

- WRRS ravings (the predictor), TVable | shows “hese data cast Into a
Friedman Two-‘lay ANOVA by Renks table (Slegel, 1958) In which the
heading row 1s the ané}ogy rankings of the TSU criterion group and

" the body of the table presenis the TSU predicior group rankings for

cach 1den.

INSERT TABLE | A30UT HERE

e e m o e T ot e b e e s 8O

R This analysis yleolded 2 xzr = 26,28 (p.<.001, df=4), which Indlcates
a highly significzat relatlonship balween the predicied (by the WRRS
fa1lngs) and actual (from analogy solutions}) rankings for ihe 15 analogy
1tems Gor {the TSU subjects. The extent of this relationthip was esli-
mated by calcutating the mean runk-order correlation of thesc 15 1ténrs,
which vas .65,
Similar procadures ware‘used to estinate the Interrelationships

@ beteeen fha various combinations of LC and TSU predicior and crliterion

ERIC
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groups, and the mean correlations ate presenied in Tuble 2, Included
in Tabie 2 as 1he correlatlon of variables 3 and‘4 is the ,65 rho
discusced in 1he last paragreph. The canparable data for {he LC group
Is the correlation of variables 1 and 2, which was .53, - These results
Indicate tnat the WRRS ralings do predict slgnifiéan#ly the analogy
solutlons wilhin bolh the LC and TSU groups. lnterpretation of the

rema}ning correlotions in Table 2 are deferred to the discussion.

Similar analyses were conducted on the normative pairs of Falermo-

Jenkins and trios of Nunnally-Koplin (presented in Table 3),

10



DISCUSS IO

The mean rank-order cor;clafions preéen1ed in Table 3 replicate
the prevIon relations between the WRRS and norinalive measures of
essoclative relaledness (Gontile and Seibei, 1969; Gentiie et al.,
1969}, and add further support to the argunent that within both the
LC and.TSU studenis sampled, assoclalive relatedness rellably predicts
analogy soluticis., Thus far, then, the results of 1his study satisfy
the {irsi two conditions necessary (sec 1he General Overview) for the
hypoihesis of different associates beiny responsibie for dlffeient
solutions to analogy items. The final conditiun to be satisfied is fo
obtaln zero-order correlations béfwecn-sample; on the WRRS ratings of
words In analogy i1ems3and-on analogy solutions,

Returning 1o Table 2, however, presents difficulties for the
hypoThesls,'slnce the mean correlafionf between the LC and TSU students
on the WRRS ratlngs was .72, This Indlcates good agreement between the
samp les on the relatedness of wond_nroups; Further, although there was
a very large dlfference in proportion of analogles solved correctly
(1.e., ranked 1), there was a slgniflcent teadency forvbofh samples to
rank the alternative cholces of each analogy item In a simllar manner,
kas Indlcated by the mean rho of .49, These two correlations Indicate
that there Is subsiantially more agreement betwecn the TSU and LC
students In thelr ratlings of assoclative relatédness of words +han was
expected {supporting 1he resulis of a norrmatlve study by Belcher and
Campball, 1968).

The flinal fwo correlations to be discussed are exiremely Interesiing
and provocat(ve. .The LC WRRS ratings correlate .69 with the TSU enalogy

solutions, which Is &s high as tha WRRS ratings of ihe TSU predictor

11




group correlated wlth the analogy solutions of ihe TSU criterion group:
65, In conirast, ihe TSU %RRS raTingé show a -erc-order correlation -
(rhc=,25) with the LC analogy solutions. T%his findlng suggests Tha+
the analogy solution process of the TSU students is much more of aﬂ
assoclative process than |s the process used by the LC sTudenfg.

In other wo.ds, analogy ltems appear to be solved by some rechanlsm
whéreby the words comprising each alternaiive cholce are compared alung
the dimension of associative relatedness. Hoﬁever, the solutjon process
of those subjects who score pocrly on analogy ltems includes more o%
this_assoclative relatedness mechanlsm than does the process of those
subjects who serve vell (an Interpreiation suggested by Willner, 1954),
The something extra that the high scorcﬁfﬁ do remains tc ke speclified,

“concurrently with an elucldation of the remaining dimensions of the

processes required to solve analogy Iters.,
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FOOTNOTES

Apprec{aTion is extended to Mr. John J. Fremer, Jr. of Educational
Testing Service for his aid in obiaining the items used In this study;
to Mr. John G. Hancock, Dr. David J. Loomis, Mr. Lee B. Ross, and
their students for permission 1o use thelr class time to collect these
data; to Mr. Hunter M., Breland for 1ranscrip1ioh of dsta; and to

Miss Delores Kessler Kennedy wnd Mrs. Pairicia K. Gentile for their

help during several siages of this study.

Presunably the family income of students not receiving ald was higher,

although data viere rot availeble.

There is no necessary contradiction between ekpecfing 2ero-order corre-
lations betwecen samples on the ¥WRRS ratings of words appearing in
analogy 1tews and targe posltive correla1ions;be1ﬁeen samples on the
WRR? (aTlngs of words apjearing In the nerms, bacause the latter are
high frequency words in the language, while the }ormer cover the range

from very frequent to very Infrequent.

15



TABLE 1

Prediélabili}y of Rankings of Altcrnative Cholces on 15 Analogy teus
for the TSV Studenis

-— iy -t e

. Anatogy Renkings (Criterion) Abe.

1 2 3 a4 5 Diff, rho
1 3 s 2 4 10 ' -.200
2¥ 1 4 3 2 5 | 4 675*
3 2 1 4 3 5 4 . 800
4 2 1 4 3 5 4 .800
ltens 5 | 2 s 1 4 5 4 . 700
6 i 2 5 3 4 4 . 700
7 1.5 1.5 4 3 5 3 .875
8 " 2 3 4 5 0 11,000
9 i 4 2 5 3 6 .500
10 3 1 2 4 5 4 . 700
1'| 1 2 - 3 4 5 0 1.000
2 | 4 3 2 5 4 ,600
13 { 2 3 4 s 0 1,000
14 2 3 1 4 5 4 .700
15 2 3 5 4 - 8 -.100

sum | 245 . 38.5 45 50 67

e e ——— et~ et —— -

Note: Criierion renkings (row 1) are based on 48 Texas Southern University students'
analogy solutions. Predlcfor rankings (body of table) are based on 56 TSU stu-
dents' ¥RRS ratings. xr 26.28 (p<.001, df = 4). Meen rho = .65,

|nc|udﬂs a 3.5 tie on the anslogy rankings: one Is therefore consldered a3,
the other a 4, 1n a conservative direction for caleculation of x « The 1tie
s Ircludnd |n ihe calcutation of rho.
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TABLE 2

Mean Renk-Order Correlations of Analogy Solutions and
Yord Relatedness Ratings of Lycoming College Students
and Texas Southern Universiiy Students ’

Variables 2 3 4
1. Analogy Solutions (LC) N = 50 .53 - .49 .25%
2. WRRS (LC) N = 48 69T L2
. 3. Analogy Solutions (TSU) N = 48 ' | .65
4, WRRS (TSU) N = 56

" Note: xi values association with each mean rho provided above were
all highly significant {p<.01 or betier) except & (p>.10).

17



TABLE 3

Mean Rank-Order Corrclations of Word Reletecness Ralings and Two
Sets of Norms (Palermo-Jenkins and Munnally-Koplin) for Lycoming
College Studenis and Texas Southern University Students

Variables ;____ ) 2 3 4
1. Palermo-Jenkins Norms -- LT .92
2. Nunnally-Koplin Norms . .78 .60
3, QRRS (LC).N = 48 .63
4. WRRS (TSU) N = 56

Note: xi valuas associated with each mean rho'provided above

significant (p<.05 or better).
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