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Associative Errors

"
Abstract

Pre-adoleécents often come to analogy solution via free association 1n§tead
of logical reasoning, and this tendencz hags been related to non-adaptive
learning strategies and slower intellectual growth. The purpose of this «
study was to iavestigate the cognitive processes underlying the associative
response strategy in analogy solution. 112 fifth graders were administered
a battery of tests degigned to assess differeant components of analogical
reasoning. The Childre;’s'Assoc;ative Responding Test (CART), a verbal
analogies test which'yields asaociati;e and non—-asgsociative error scores,
was also administered. Factor analysis ;f this battery resulted ia four
primary factors: vocabulary, encoding and retrieval processes, discovery +
of semantic relations and semantic flexibility, and response evaluation.

A higher order éeneral factor was also found. Further regression analyses
showed that only the mapping relations component did not siganificantly
predict the two CART scores. Despite considerable criterion overlap,

vocabulary and discovery of semantic relations were more highly related to

non—associative erroré, and working memory and semantic flekibility were

more highly related to associative errors.
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Assoclative Errors in Childrea”s Analogical ReaSOningQ
A Cognitive Pr&cess Analysis
- -7 :

A very common error in chiiéren’s attempts to solve verbal analogies‘
is to respond with a wo;d strongly associated with the third term in the
analogy. /Fbr instance, in “"dog is to PUppy as cow Ls'to ~===," many
children will respond with "milk," a strong assoclate of "cow" but an
fincorrect answer. This has come to ye kndwn as the associative response
phenomenon. While some researchers have argued thaé associatio; i3 the
érimary compoaent of analogy solution for all age groups (e.g., Gentile,
Tedesco-Stfatton, Davis, Lund, & Agunaane, 1977; Willner, 1964), the
empiriecal evidence supports a aevefapmental shift.in strategy. For ﬂ
instancg, Achenbach (1971) found that associative errors of this type
decreased aé-adolescence progressed. Similarly, Steraberg and Nigro (1980)
found that third and sixth grade students relied heavily upoa association ‘
to solve analogies whereas ninth grade and ébllege students relieé instead
upon inference.

The associative .response phenomenon appears to have significance
within dévelépmental level as well. Evidence has accrued suggesting that
students who make more associative errors than non—éssociative errors
achieve less well in school as measured by grade point aVéfage (Acheanbach,

1969), with this achievemeat gap increasing with time, as longitudinal

" gtudies have shéwn (Achenbach, 1971, 1975). Moreover, there is indication

that level of associatize responding moderates the school achievement-
intelligence relationship (Achengach; 1970a, 1970b, 1971; Tirre, Note 1).
From the Tirre (Note 1) analyses it was found that agsociative responders

e | g
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were predicted to achieve less- than non-associative'responders of equal
iatglligence in reading, language arts, and mathematics. - These findings
corroborate earlier studies b} Acheanbach (1970a, 1970b, 1971).

A study by Kerner and Acheabach (1971) suggests that associative
responders employ processes differeat from those of non-asgsociative
studeats when attempting to leara ia school. ‘They foﬁnd that the best
predictors of grades for associative responders were two rote-associative
tasks: recall of categorizable items and recall of non-categorizable
. .

i tems. DTwo tasks iavolving reasoning, i.e., concept formation and
paragraph comprehension, were not predictive at all. Precisely the
opposite results were found for the non-associative students.
Inte;estingly, the recall tasks were substaatially correlate& for the
associative students and uncorrelated for the non-associative students,
though the difference between these correlatioas was not quite sigaificant.
This latter fianding suggests that assoqiative students could have
approached the two lists ia like manners, perhaps not taging advantage of
the_structure ia the categorizable 1ists. Taken together, these results
imply that studeats who employ the assaciative strategy ian verbal analogy
problems may also fail to employ conceptual processes in other appropriate
learning situatioﬁs. If more were known about the cofaitive nature of the
assoclative strategy we would be in a better posit to explain existing
data and to make more informed hypotheses about the learning processes of
associative students.

The purpose of this study was to compare and coatrast the cognitive

components of associative and non-associative errors on analogies as
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measured by the Children’s Associative Responding &est (CART) (Achenbach,

1970a). 'Tﬁé CART consists of 68 verbal analogies, half of -which ianclude an oL
associative foil, i.e., a distractor highly assoclated with the third term

of the analogy. The other half of the items do not have strong assocliates

as distractors so that association should not facilftate or 1mpeéé

solution. The two item types induce the student t; attempt solution in

different ways, i.e., in an associdtive manner by the agsociative foil

items, or in a more logic-based manner by the items in which associations

aré less available. By examining the differences between these scores, .

much can be learned of the uniqﬁe nature. of associative responding.

The Steraberg (1977) cémponéntial framework was adopted in this study.

Previous studies employing this framework but different methodologies have

demonstrated its usefulness (Whitely & Baraes, 1979). 1Ia this application,
the following were considered as components of analogical reasoning:
semantic knowiedge, working memory, encoding and retrieval, semantic
fle#ibility, inference, mapping relations, and the respoanse evaluation part
of the application componeat. Each of these componeats could be
hypothesized to be the locus of processing failure leadiag to the
associative response. Within some of these components there could be

several mechanisms or subcomponents responsible for processing failure.

Semantic Knowledge Hypothesis

First of all, it could be hypothesized that the associative respoanse
1s due to a failure to understand the analogy terms. Inadequate semantic
knowledge precludes meaningful comparison of analogy term attributes in

iaferring and mapping relations as well as response evaluatioa. Ia an

.
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experimeantal study: vocabulary qefficulty“ahould be controlled; in a

correlational study, it must beAbartialed out as an initial step.

Encoding Hypotheses

Three hypotheses coaceraing the role of encoding ia the associative

résponsé can be entertained. The first of these i1s that despite adequate

semantic knowledge, gemantic encodiag of analogy terms is too "shallow” aad

\\this leads to associative errors (Craik & Lockhart, 1971). All subsequent
’componént operations would be adversely affected by inadequate éncoding.
If encoding 18 too "shallow,” i.e., the semantic attributes of the analogy
terms are got properly accessed and attended’to, éhen we ghould expect
subsequent operations, which are carried out uﬁon the products of encoding,
to suffer as wéll.

A relatedﬁhypothesis 1s that associative responding recsults when the
student is inflexible in thinking about the meanings of words. The primary
meaning of a word might be accessed and thea be too difficult to discard
whea it i8 the secondary mcaanlag of a word thag'is reélly nceded.

Yet another cacoding-related hypothesis 1s that limited working memory
.adversely affects the encodiag process. Smaller capacity would make éhe |
encodiné process more difficult, and make attribute comparison proccsécs in
1nferring and mapping rclatioha,mo£6 difficule as well. Eacoding of
analogy terms may have occurred without mishap. éowcvcr, if the studeat

cannot keep thesc attributes in consciousncss, thea iafercace and other

processes will be adversely affected.

’
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Inference Hypotheses ‘ ‘ ‘ /

The fifth hypothesis 1s that a.faltering of processiang during the
iaference stage leads to the associative respoase. Coasider the‘cypical
analogy form A 1s to B as C is to D. If a studeat has only a vaguq notion
of how A and B are related in the domain (A is to B) then she/he will have
a lower criterion of acceptability for a relatioaship between C aﬂg Dnin
the range. ‘ ' N

There are at least three ways ian which the iaference process could
lead to the assoctative error. First of all, students may have a
"conceptual style” that predisposes them to look for a particular kiad of
relationship at the expease of other types of relatioaships (Sigel, 196}).
Sigel describes three differeat styles. The "relational-contextual” style
would appear to be most at odds with analogy solution. In this case, the
child groups objects togethér because they aré functionally or thematically
ianterdependeat, e.g., horse and coach go.toggther because the horse pulls
the coach. Coantrast this with the "1nferentiﬁlecategor1cal" style in which
sortiags afe made on the basis of some infeéreﬂ, gshared feature. 1Ia a
pillot study with 29 sixth-grade studenps, the Sigel (1967) Coﬁceptual Style
test was admiaistered aloag with the CART. No signi%imant correlations
were fouad betweea the tests, ruliag out aay role of'cooceptual style 1ia
associative responding.

However, we may still h?potheeize that faulty iaferences are made when

l .
the child has inadequate knowledge of the types of semantic relatioas

»

typically found in aadlogies. Whitely (1977) ideatified sevea types of

semantic relationships in analogies using latent partition aaalysis.

(o 9
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Instruction on these relatioaships can 1mprove,analogyiperformance (Whitely
& Dagis: 1974) suggesting that the relational éducation or iaference
.process 1s guided 1in some manner by knowledge of what kindsbof relations
are likely to be found. An obvious example of ‘this is the problem in which

—

a relation betweean "pot” and "top” 1s to be discovered aad thén applied to
"ton” to ;omp}ete the analogy. Knowledge that word pattera analogies are
legitimate types would direct the person away from semantic comparison of
attributes;and towards orthographic compqrison leading to tpe answer “"not.”
The thirg way the inference process éould go awry and affect later
processing 1is through a failure to compare and contrast semhntic
attributes, given that the stu&ent is aware that this is the appropriate
strategy. 1In Stefnberé’s theory, inference is a matter of comparing the
attribute lists of the A and B terms. For instance, "wolf" and "dog"” share
a number of attributes subsuped under the concept "canine.” Let us suppose
that on only one dimension "tameaess” do they feally differ. Lisf
comparison allows the iaference “"a wolf is like a wild dog.” The

hypothesis then, is that gkill at such semantic processing should be highly

negatively correlated with associative errors.

Mapping Hypothesis

We may aiso hypothesize that associative respondigg 1s the natural
coansequence of treating the analogy fange as an isolated word pair, {i.e.,
the relation found in the domain 1is never mapped onto the range. Gallagher
and Wright (Note 2, 1979) argue that analogy errors result from aa
1nadequatg understanding of higher order relationships, i.e., relatioas

between relations. They noted that symmetric explanations of analogies,

\ 1y ‘
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i.e., explanationé which demoastrate the symmetry or balance betweea domain
aand fange, are correlated highly with correct solutioa aad 1ncréas? in
frequency aand 1in sopﬁistication as the child leaves childhood and
progresses through adolescence (see also Levinsoa & Carpeater, 1974). As
examples of symmetric explanations consider the following seveath-grade
responseg.to Eagine 1s to Car as Man 1s to Bicycle:
"Because man {5 a bicycle’s eagine."”

""The Eirst word provides power to the sec%nd."
Contrast these rulerspecifications to the following fourth-grade responses
which foéus on the analogy range: | |

"A man makes a bike go." s

. "A man rides a bike."

In the pfesent study,htﬁe Gallaghér and Wright Writtea Analogical Reasoaing
Test (WART) was employed to determine the relation betweea the

e .
unaeratanding of oymmetric relations and associative respoadiang.

Impulsiveness Hypothesis

‘Lastly, it was hypothesized that carglessness ia ev;}§ tiag
alteraative solutions to the'analogy results in asaociativeﬁzygors. Such
carelessness could be another manifestdtion of an impulsive cog&%tive style
(Kagan, Rogsﬁan, Day, Albert, & Phillips, 1964). To test this hypothesis,
scores on the Matchiag Familiar Figures test were correlated with the CART
criteria. ImpulsiQéness i3 iadicated by éaat, inaccurate selection of
figures and reflectiveness is iadicated by slow, accurate selectioa. A

significaat interaction between speed and accuracy should be noted 1if

impulgiveaness plays a role in associative responding.

1i
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Each of the gix compoanents of analogical reasoning was measured by a

paper-and-peacil test. Two questions were asked of the data, The first ¢

was whether the tasks represeanting the components did iadeed cluster ian the

hypothesized manner. This was determined with factor analysis. The secoad
- o

question concerned how the CART associative aad non-associative scores are .
distinguished 1in terms of contributions Py each of the compong;ta. 7
Regression models were employed to answer this questioa.
o Me thod * ’
Subjects . T/
Fhe sample consisted of 127 fifth-grade A:udentg. "Fifty-five childrea -~

were tested in a parochiél schogl ia suburbaa Chicago aad seventy-two
childrea 1a a public school ia supurbaan St. Louis. Nearly all the children
. r
ia the Chicago area géhpot'werc WEite, whercas about 50% of the childrea ia
. '

the St. Louis school were Black. beletidg cages with iancomplete data left

1

T v
’

9

2 .

Procedurea , - .

>

Nine tests were.administgred to the childrea ia their regular
classrooms. From these aine tests were derived two measures of vocabulary

knowledge, three measures ofrverbal inductive reasoniag, a mecasure of the
. ¥ e’ , .
mapping cémponeﬁt, and latency and error scoreqg on the Matchiang Familiar
e . 0

Figures Test assessing impulsiveness~reflectiveness. Seores on two tests

@

’

of vocabulary werec obtained from school files. Two measures of differeat
- ° G .

aspects of analogical reasoaning were obtained from the CART: asbociative

and non-associative errors. Testing was carried out ia two one—hour

\

1z o -
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sessions \one in the morning and one in the afternoon. With the exception
¢ of the Maéching Familiar Figures test ally tests were group~administered.

. : For afx tests instructions were written to explain the .task to the

student, givﬂng several examples which .could be worked on individually and

t

then together\as a group. Time limits were announced for the tests.

Experimental TasKs -

" Measures of semantic kaowledge. The Vocabulary test was designed to

assess two aspects of semantic knowledge. The'first aspect measured 1s the
\\ ability aé select the meaning of a word from among several close
alternatives {VOCABR). The second aspect measured 1is semantic flexibility
(SEMFLEX), or the ability to find a second méaning of a word which 1s less
 common and which 1s embedded ia a context more consistent with the primary
ﬁd,;fﬁ;’bg meaning of the word. A sample item will make this clearer:
] | ‘Fire: flames)'%moke %water hyd;ant shoot.“

"Flames” 1s é?osest to the primary meaning of - fire.‘\It is embedded among
other words consistent wit§ the context of flames, e.g., smoke, water,
hydrant. The secondary meaning of fire is "shoot,” as in to shoot or fire
a gun. Iastructions nere'to eircle the first meaning fouand one time, and

'thevsecond meaning, if found, two times. This test was‘inspired by aktest
deyised by MacGinitie (1970) to.measure "flexibility in word meaning.” ’
Items for this test were ia part baged on research on polysemous words
conduc ted by Mason, Knisely, and Keandall (1981). 1In this study the primaryi
. (

and secondary meanings of words were determined empirically and the effects

. -
of polyséhy on reading comprehension were noted. For the preseit test,

o

distractors were written to be'thematically consistent with the primary

13
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meaniag of the qu’. Interspersed among 20 items with double hcuninga wero

- 10 itemo wifh only'dnc correct answer. Thelteat'éaa administered 1n“two
sepnrdtely timoq halves of S miautes each. |
Also measuring semantic knowledge wore the Noa-Literal and Literal
Vocabulary scales frohnthc Séience Research Associates Prigury'Achie%cmenc
battery. These scores were available fromAbotﬁ‘achqols‘ filca. The Non-
Literul (VQCQ?NE) i;éma requircd comprohension of word mecaning ia o
figurative andildiomatgc expressions. In eontrust.,the‘Litcrul (VOCABL) -
items required cdhprchcnsion of words” ﬁﬁat 1itoral goases. \

)

Measures of cacoding and rotricval. Three instrumeats were designed

to asscss differeat aspects-of cncoding and retrieval. The Same or
Differcat ‘task (ENCRET1) preseated the studeat with twd lists of 32 word
pairs. The task was to circle fSaﬁc" 1f the words had the same or similar
-mgnnfngs. and "Different” if -they had clduriy difforeat mcanings.. These
lists wore presented with one minute time limits and instructions which
stressed speed and accuracy. Of the 64 word pairs oa the 1lists, oanly 20
pairs did anot coatain nour-dynonyma._ In theose paira, the first word was
followaed by a high frcqucnc§ associate with a distinctive meaning. All
Yords werc sclected from standardized vocabulary -teats 8031gn6d for third
through fourth graders, therecby lesseming the role of v?cubulnry in
deciatonbtimc- The resulting score was correct scmantic decision rate,
roflccting the specd with which words could be read ia, meanings uéccascd

and represented in working memory (encoded), meanings compared, plus apeed

of motor response.

R
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Two othe{ measures of encoding and retrieval proceéaes were embodded
ia aa inductive reasoning task. The goal was to coanstruct a measure of the
quality of encoding that traaspires when the parson is reasoning
inductively such as in a verbal analogy task. If words are being p;ocesscd
1q aa appropriate semaatic faghion, i.e., attributes are being accessed and
‘reprcsented in working memory, then memory fdt these words should be
8troanger. A verbal classification teaé was sclectcd’bccuusc this task
iavolves iaductive reasoning and it happeas to rescmble a cptogqrizcd word.
Alist, adaptable for use in an 1nc1dcptul recall task. 'Of particular
interest hore was tg; clustering iandex. Clustering of items of.similar
meaniang or clustcting by category membetehip would indicate that items have
becn organized in memory.according to shared scmantic features, clear
avideace of semaatic analysis of tho stimulus words.

This test was labeled "Which Word Does Not f1t?" and codaisted of four
purté. Part T consistad of cight verbal classification problems ia which
the task 1s tozpick the one word which does not belong with the other four
words in the group (time limit: 2 minuiea). Part II was a'surbtisc freo
recall task. Studcnté were instructed to write down as many words from the
word groups as they could remember (time limit: 3 minutcs)g Parts AII and
IV consisted of 15 verbal classification items ecach (;1mc limit: 3
minﬁtos).

The free reocall task wielded two measures: a total correct rocall
score (ENCRET2) and a clustering score (PCCLUS). Parts III and IV of the
test wore used as measures of verbal iaductive reasoning, onc aspoct of

discovering semaantic relatioas (DSR1).
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Mcasuros gg discoveriag somaantic relatioas. 1Ia additien to DSR1l, the

Word Grouping Game (DSR2) and "How Are TAesc Words Related?" (DSR3) were
includod as measures of skill at disco?eting somaantie relqti@na.

The Word Grouping Game consisted of two sots of sevon words which
could be sorted into groups of varyiang sizes according to difforcont shared
attributes. The first word sot conaisccd.of sovea liviang croatures and the
socond set, soven itoms of food. In scpurutclf’ctmcd soctions (5 minutes
cach), atudeoats were ifastructed to wtitc the letter of cach word to bo
facluded ia thc.group uéd tﬁc? oxplain what the shared attribute was.
Studoats began th; task by working through dotailed fastructions with the
cxpcrimcntor‘who oxplained what a valid group would be in scveral oxamplos.

"The “"How Aro Those wgrdé Related” test (DSR3) consistod of two lists
of word pairs ropreseating six of the scven differcat semaatic roelations in
analogios idcns}ficd by Whiteoly (1977). Whitcly”s soveanth rcluqion,'thc

word pattoran, ﬁua not facluded. The cight relatioas wore the followiag:

" antonyms, syanoanyms, fuactional, quantitative, coanversion, class-aaming,

causation, and proporty/foature. The last two types wore ydencificd_in

Millmaa aand Pauk (1969). Thus, the major typos of scomaantic reclatioas fa

analogies wore roprescated {an the test. Studonts werc i{astructed to writo

o0 short scatcence oxplaining how the two words were related (time limit: 4
\

miautes per 1i8t). For oxample, for "cat" and “kittoa” a student could

writo that a kittea ia,n)buby cat.

Mcasures of mapping reclations. The Writtean Aaalogical Rcasoaing Test-

(Gallaghor & Wright, 1979) was obtained from the authors as a measurc of

tho mapping componcat (MAPR). The WART consists of two parts cach with 10

16
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muléiple cho;ce énalogy'items. Ten items have coacrete type ‘relations and
ten have abstg?ct relations. The task is to solve the analogy and then
explain or justify ﬁne’s choice. For this study the test was renamed the
Solve and Explain test. New fnstructions were written éo enable the
experimeater to demonstrate differeat forms of explanation that studeats
could use. Studeats gorked through two exaﬁples and discussed'eéch.

Students finiphed well before the.12 minute limit.

Measures of response evaluation. To measure impulsiveness/

refiectiveness in response evaluation the traditional test was chosen,
i.e., the Matching Familiar Figur;s test (Kagan et al., 1964). in this
task, studeats are preseanted a t;rget picture and six alternatives from
which they are to select the one picture which matches the target
identically. The six alternatives are all very similar to- one another,
requiring the studeat to carefully evalute each one.

This test was administered individually to the studeats. Lateacy to
first response (MFFT) and total qumber of errors (MFFE) were recorded.
Studeants were ifastructed to work on each item uatil they fouad the right
answer. ) ‘ _ ' : .

Measures of working memory. To measure working memory capacity a

digit span memory test was devised (Case, 1974). The'tasg was presented as
a game “"How Many Numbers Caa You Remember?"” (DSPAN) and was administered to
the entire class, with trial one fa the f;%rning, and trial two in the
af ternoon.

The experimeanter read aloud sevea lists of digits, starting with a 3

digit list.and eading with a 9 digit list. Before the tegt the

experimeater practiced reading the lists silently 1dsert1ng the word
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"thousand” between digits to approximate a onc sccond interval. As the .
students listconed to the lists, they were fastructed to raise. their armg
with pcacil {a hand to preveat aay writing. After the last digit, atudeats

attempted to reproduce the aumbor sequeances oa responsc sheots.

i

Results and Discussioan

Test Scort (]
{

Most of the 13 teats ia the oxperimental battery could be objeetively

" scored. Of these teats, only the lncldcntal‘frcc rocall task and
experimental vocabulary test require further oxplanation.
The experimeatal vocabulary test yielded two scores. The regular .
vocabulary scorc (VOCABR) was the aumber of corrcct primary mecaniags |,
sclected from the 20 {tems with double meanings plﬁs the aumber of correct

A

meanings gelected from the 10 {toms with single moanings. The flexibility

score (SEMFLEX) was the aumber of correct secoad mednings selectod from
ftems 1a which a primary mcunlng was also aclcctcd. In other words, a
circled secondary meaning counted toward the Plcxlblllcilscorc only 1{f the
primary mcaning was also circled.

The tacidental free recall task was scored for both aumber of words
correctly reocalled aad dogrdc of clustering. The former was scored as the
aumber of verbatim list words writtea on the test page, cduncing misapelled
words but aot.synoayms. ’A ratio measure of clustorld& was chosea after
considoring the rocommendations of Murphy (1979). The mcasure chosen was

the simple perceatage of words recalled ia clusters (1.0., words of same

category groupod together). This measurc eorrelates .95 with the ratio of

Tepotition but less of {ts variance is due to confoundiag variables.

| 18
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Tests which required judgment oa the part of the scorer fncluded tﬁe
Solve aand Explain test, the "Hdw Are These Words Related?” test and the
Word Grouping Game. Detailed ocoring‘guidco were coanstructed for each of
those tests and 25 test papers were randomly sampled from the 112 papers.

Inter—-

These were scored by another person trained by the oxperimenter.

scorer agrecment was 93.75% for the "How Are Thesc Words Relate test and
92.6% for numbor of valid groups listed oa the Word Grouping Game.

Scoring instructions for the Solve and Explain test were modified
gsomowhat from the original WART {nstructions. Ia the original aystem an
oxplanation of an analogy was scored as either symmetric or asymmegric.
with no middle grouand. The rovised system acales reaponsc on a three poeiat
scale. Receiving full credit as symmetric responses aro rule recasoa or
successive reason oxplanations (Gallagher & Wright, Note 2, 1979).
Receiviag half credit are responses which do indicate some understaading of
the analogy but fail to fully domonstrate the symmetry which exists between
domain and range. Tﬁg’relction oxproased could apply te béth range aﬁd
domain, but the student does not bother to demonstrate this, focusing only
on the rdange. Receiving zero credit are the rosponses which fail to

- comparc domain and range, display inversioa (A:B::D:C), or appear teo statc(/
an aaaocia;ive rule for the answor, e.g., "C and D go together.” It should
be noted that aa}mme;ric Justifications could be given to corrcetly solved
analogics. This overall symmetric explanation score correlated .75 with
corroct analogy selution.

Inter-scorcor agreement was agaia very high. It was 96% for the

‘fymmetric oxplanation category, 88.3% for the range=--focusing category, and

’ 14
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95.9% for the asymmetric--no comparison category, the most frequent
category. Asasociatien brovcd to bo too difficult to distinguish from the
aaymme:rict-no comparison category.

Reliability estimates for the various tests appear ia Table 1. With
the cxception of the SRA vocabulary tests, the cstimates reported are
split-hnlf corrclations corrected with thi Spcafmnn=8rown férmula. The
Kuder-Richardson Formula 21 was used to estimate the 8RA tests”

reliabilicies. v

S D v - - CHCH - O D .y - e

Insert Table 1 about hore.
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Factor Analysis of the Aﬁalcgy Solution Compencants

The cofrclution matrix for the 14 analegy cognitive components was
factored using the principal axes mothod. Iaitial estimatos of the
communalitics were squared multiple corrclational The aumber of fac tors to
retain and rotatec was decided by the parallel analysis criterion |
(Humphreys, Ilgea, MeGrath, & Montaqclli. 1969). This eriterion accepts ag™~
meaningful oaly those factors with an cigeavalue greater than the
corresponding eigenvalue of a matrix of corrclations among random aumbers.
These random eigeavalues can be estimatod using a regression equation
published 1a Moatanelli and Humphroys (1?76). In this case, the raandom
data efgcavalue for factor five excceded that of the roal data factor five,
so four factors were rotated. Four factor ;olutionﬂ were also {indicated by

the Kaiser-Guttman uaity eriterion and by the maximum likelihood chi-squaro

test.

20
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An oblique factor rotation was obtained using the Bioormamia program.

.

The resulting factor iatercorrelatioas suggested a higher order general
factor. Thus, the factor correlations were themselves factored, wielding;a
general factor.

It was decided to use the Schmid-Leiman (195}) orthogonalization
procedure vwhich allows one to represeat in one matrix the” loadings of
observed variables upon higher order factors aad upon the primary factors.
Matrix elements are cor?elations between the variables and that part of the
primary factor which has the higher order factor partialled out. The

patteran matrix Pvo which hasg v variables as rows aad o orthogonal factors

as columas is obtained by the formula: Pvo = Pvf.Af[h + f], 1ia which Pvf

1s the primary factor pattera, and Af[h + f] is [Pfh|Uff], 1.e., the higher

-order factor patteras augmented by a diagonal matrix whose elemeats are the
square roots of the uniquenesses of the primary factors.

Table 2 displays the Schmid~Leiman orthogoanal factor pattera for the
present data. The factors can be interpreted as follows. The higher order
general factor is probqbly best regarded ai)general intelligence. General
intelligence can be defined as that subset.of procedural and declarative
knowledge which 1s most commonly tapped by the various cognitive tasks in
academic settings. The tests which have the highest loadings‘on this
factor are those which have been tfaditionally used to measure

iatelligence: - verbal reasoning (DSRI, DSR3, MAPR) and vocabulary (NLVOC,

LvVOC).
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I Insert Table 2 about here. A\\\\\\\

The first pridary factor was loaded by the error and latency te f#irst

/

response scores from the Matching Familiar Figure test. This factor is
probably best iaterpreoted as reflectiveness-impulsiveness 1an eJnluating
altarautive solutions. Ia this case, the factor relates well to the
response evaluation componeat ia Steraberg’s theofy. The role of imagoe
generation, i.e., forming an image of the ideal answer, {s probably
minimized 1n this task since the target plcture is readily available. That
thesc scores load miaimally on the geaeral factor is at lessat {a part due
to the visual/figural conteat of the test. The rest of the battery
favolves verbal coateat.

The secoad primary factor is a combiaation of discovering semaantie
relatioaships aad semaatie flexibility, aand thus, correspoads aiccly‘:o the
faference componeat ia Steraberg’s theory. Discoveriang how words are
semaantically related is {mportaant ia the.word elassificatioa task, the word
grouping task, and the ideatifying semantic relatioas task. Sema;tic K ¢
flexibilicy is favolved 1a‘chia factor as well, as fndicated by the SEMFLEX

loadiag. Another type of semaatic flexibility 1a measured by the word

groupiag task, which some authors use as a measure of "semantic spoataneous

flexibility” (Hakstian & Cattell, 1974). High secores on this test are

the result of overcoming the cogaitive sct established by the previously

encoded attributes and searchiang for acw attributes upon whieh aew groups

.

may be formed.

29 -
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The MAPR score loaded on this factor ano doubt because of the
l1avolvement of discovering semaatic relations, a logical prerequisite of

mappiag relations. A student must be able to infer relations between two

" concepts before she/he can refleect on higher order relationships'between

relations. ,a the Carroll (1980) re-analysis of Steraberg”s data, mapping-
and inferring relations also loaded the same éﬁctor. In the preseant study,
however, mgﬁping relatioas could not be expected to define its owa facfor
since 1t was under-represented in the battery.

Percent clustered was included ian €his battery because of its
sensitivity to e;coding semantic attributes. A high degree of clustering
in recall is, in a sease, a record of success 1ian encoding and coempariang the
correct eem:;tic attributes of words.. It 1is aot surprising that this
measure loads the game factor as taaks_requirlng the discovery of
relationships.

The two standardized vocabulary tests are the primary variables
loadiang the tﬁird factor. Loading less well 1s the regular vocabulary
gcore from the experimental test designed for this study. Tﬁe.standardized
tests required reading comprehensioa skills at the seateace level, whereas
the aew test did not, which may explain its weak loading.

The last factor is best ianterpreted as the encoding and retrieval
processes factor. The recall'taskiﬁnd the semantic dccision‘rate task load
on this factor, but the clusteringfindex does not, contrary to
expectations. Speed of processiang can be ruled out as an iaterpretation

since both the study and recall phases of the incidental recall task had

generous time limits allowiag an uaspeeded work pace. Instead, what

23
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appears to be gharcq by these tasks are the processes of eancoding the
meanings of words aand retrieviag lnfotmutf;n from momory.

One objection might be that the scmantic decisioa task iavolves N
rotricval from semantic memory and that the recall task iavolves retrieval
from cpisodic memory. Riatsch (197}) Argucs that thevdisFlnctibn between
cpiéodic and semantic memory traces is artificial. The concdptioan of
mcﬁdry in terms of feature scts applics equuliy to both kinds of memory.
Retrieval mechoaisms are highly similar too. The semantic memory retricval

N

modcl of Smith.FShobcn. and Rips (1974) {s closely paralleled by tho

. cpisodic memory rctricval modcls of Atkiasoa aad Juola (1974) aad Wescourt

)

and Atkiaqgon (1976). Kifgtsch’s view {8 supported by the present findlng.‘

Multiple Regression Aaalysps

Multiple regression modeling 18 a flexible techaique which, through
the hicrarchical {nclusion meothod, allows the specificatioan of the causal
priority of variables, either temporally or logically determianed (Cohean q
Cohen, 1975). It also allows one to test h&pothcscﬂ about {ateractions
betweea indepeadeat variables.

It was decided to work with composite scores represcating the analogy
solutioa componcats inatcad of factor scores obtained from the analysis
reported above. It was felt that the factor analysis could have glossed
over subtle differcaces botweea fadepeadent variables that multiple
rogressioa might bo scasitive to. As an example coasidor that MAPR i&udcd
the factor with all the DSR tests, but just may oxplain criterion variance

left uancxplained by the DSR compoaite score.

-

24
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For this analysis all variables were transformed to standard scores
and various compésites were formed. Semantic knowledge was represeanted by
a vocabulary co&posite consisting of VOCAB&L, VOCABL, and VOCABR. An
encoding and retrieval procésses composite was formed with ENCRET1 and
ENCRETZ. Discoveriang semantic relat;ons was represented by a composite of
DSR1, DSR2, and DSR3. Left as single scores were SEMFLEX, DSPAN, MAPR,
PCCLUS, MFFT and MFFE.

Causal priority was determined by temporal sequence. That is, since
encoding processes would haGe to operate before an infereace could be made;
and inferential processes ia tura, would have to operate before aay mapping

of relations could occur, these variables were entered in that order into

the equation. After MAPR was entered, MPFT aad MFFE were enteted, this
: £
order following the logic that response evaluation would‘occuriafter the

Je

mapping process. ~

Two related regression models were tested on both the CART foil errors

‘ !
(CARTFE) and non-foil errors (CARTNFE). Model A eatered VOCAB .and DSPAN on

the first step in the hierarchical inclusion process. This alﬂowed one to

determine the 1nfluence each predictor had that could not be atitributed to

semantic knéwledge and working hemory capacity. Model B analyses involved
using CARTNFE as the first-eatered covariatg in the analysis of CARTFE, and
vice vérsa, to permit another perspective on the data. Ian all analyses,
the final step was the inclusion of the product terms-MFFE X MﬂFT, PCCLUS X
DSPAN, ENCRET X DSPAN, PCCLUS X DSR, EQSRET X DSR.

As it turas out, CARTNFE and CA&TFE overlap substantially tzz = .46),

reflecting the operation of similar cognitive processes. General

P
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latelligence {8 operating ia bogp strategies, though perhaps not:to ‘the

same degree. This wﬁs indicated {n the londinés of -.577 far £ARTFE and

v

.633 for CARTNFE on 8, obtained Ercm a Duwyer exteansion an&lysis“(nwycr, 1937).

Regression unﬂlyacs suggcst that the two strategy scores are

.

~

distinguishﬂble in terms of compoaneatial coatributioans, howovcr. The Model
A anal}sls in Table 3 shows that for CARTFE significant {acremeats {a
cxpiained variance are preseat for vocabulary (.302), digttnspan'(.097),

°

perceat clustered (.044), gemantic flexibility (.045), discovery of

y ’ .
semaantic relations (.043), and MFF time (.018). These facremeats are

»

squared secmi-partial correlations, {.c., correlatioas betwccé the depeadont
variable add 1ndcpendcnt'vuriablc. with the {nflucace of prdviously entered

indepeadeat variables partialed out. R

D R 3 - D O e D D XD D - D =D O 2 -

Iasert Table 3 about here. ‘4
v
?he sigas of .the regression weights indicatc that all rolationships
are ia the expected directioans. Vocabulary aand digit 8;%“ aceount for the.
most variaance (30% and 9.7%, respectively) with additional facrements of
4.3 to 4.5 pcrcc;; adecd by pcrgc&t clustered, semaatiec flexibility, and
discovery of semantie relatioas.
The picture 18 somewhat difﬁarcné for CARTNPE (acc‘Tablo 4).
Sigaificant 1nefcqcn:ﬁ ia explafaned variance are due to vocabﬁlary (.431),
diglt span (.026), perceat clustercd (.040), discovery of semantic “

rclationa (. 119)b and MFF time (.013). 1Ia this case, vocabulary aad

discovery of semantic rpolatioas aeﬁﬁﬁht for most of the variance (55%).
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Insert Table 4 about here.
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Before addressing the signific}hce of the differences between the CART
foil and non-foil scores, several findings true of both sceres should be
noted. First of all, the CART scores are nearly ideantical qith respect to
the componeats which reliably predict performance.' Contributing to both
scores were semantic kaowledge, working memory, . encoding and retrieval (as
indexed by percent c1ustered) discovery of semantic relations and response
: evaluation (MFF time). Furthermore, all of the components, with the
exception of mapping relations, contribute'to the ‘explained variance. It
| is probably the case that the’ mapping relations score shared too much with
the semantic re1ations/9core to explain additional criterion variance.‘ It
shquld also be noted that an additive model is probably suﬂ{icient for
these data since all product terns failed to add significantly tothe
explained variance. Included here- 18 the MFF erEor by 1atency term,
indicating that impulsiveness 1is not likely to play an impovtant role. »
Perhaps though, something akin to Eime speit encoding stimuli and |
evaluating a1ternatives 1s important, givea the significaat MFF time semi-
partial correlation. |

-

To test the differences between the coatributioas made by each
s - : .
component to the criteria, the t-test for the difference betweean two

correlations for a siangle sample was applied to the semi-partial-

1

correlatidns (Ferguson, 1971). These t-tests show that vocabu1ary probably

plays a more important role in non-associative errors (semi-partial r=

27 .
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-.658) thaan 1ia as;ociative errors (semi?partialls = =,549), £(109) = 1.8, P

< .065. iThis 1s also true of the DSR component (gemi-partial I equals

-;345, -1207, respectively), t(104) = 1.86, p < .065. On the other hand,

workiang memory capacity plays a larggr role 1a associative eirors (semi-

partial r = -,311), than in non-associative'errors (semi-partial, rs=

-.162), t(108) = -2.04, p < .05.

Another way,tO'exgmine di'fferences between theicognitive components of

associative and non-associative errors is to use one errd@ score as a
- : ! covariate 1in the prediction of the otﬁer. Variables entered ianto the -
equation after the covar;ate will show iancrements ih explained vafiance not
éttributabie'to the covariate.

~.Tables 5 and'6 display the Model B analyses for the associative and \

non-aséociative\zrror scoré; respectively. With non-associative variance
confrolled, assoclative variance 1s explained ia iacremeats by vocabulary
(.019), digit span (.051), and semantic flexibility (.021). With .

~asgsoclative variaace controlled, significant iancrements in non-associative .

. variaace are fouand for vocabulary (.115), and discovery of semaatic

-

|
relatioas (.078). These analyses corroborate the earlier findings aad

suggest also that semantic flexibility plays a larger role in the events

leading to the associative type error. ' .

% | - Y.

o2

Insert Tables 5 and 6 about here., \
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. General Discussion .
Th;; study lends partial support to Steranberg”s theory of analogical
reasoniné by demonstrating that eacoding and retrieval p;ocesses, semantic
inference processes, and something akia to resﬁonse evaluatioa eich predict
analogy performance when eatered iato a regression equatioa in a theory- |
specified order. This study also degonstrates the importance of
vocabulary, workiang memory capaoity, and semaantic flexibility ia the
solution of verbal analogies. .

Most importaatly, it was found that the associative and noa- ’
agsociative error types overlap considerably ia underlying coganitive
processes., Every component, with the exception of MAPR, explained variance
1a CARTFE and CARTNFE. The streagths of these contributioans differed ia
inferesting_ways, however. Semantic knowledge and discoverj of semaatic
relations appear to have stronger roles ian the eveats leading to the noa-
assocliative error than ia those leading to the associative error. On the
other hand working memory capacity and semantic flexibility appear to hﬁve
greater importance in the events leadiag to the associative response. |

These findings can be tentatively interpreted to mean that whea
association is not available or is avoided ia analogf solution, great
reliaace is placed upoa semantic knowledge and the abilitj to reasoan
in&uctively with words. Together these compoaneats accouat for 55 perceat
of the variance. When association 1is employed in analogy solution, this

/

could be the result of limited working memory capacity and perhaps,

?

1aflexibility ia accessing the meanings of analogy terms, or some other

related kiad of inflexibility. Working memory and semantic flexibility

>
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account for only 9;72 and 4.5% of the variance, respectiveély, so much
of»the unique nature of the associative strategy remains to be.explained.

There are several areas that need further exgloration ia fhe search
for the cognitive evehts leading to the associafige response. One
interesting finding was that work;ng memory capacity was more strongly
related to 3ssoc1at1ve errors. Research Has shown that associative errors
decrease in frequency as the child develops (Achenbach, 1971; Sternberg &
Nigro, 1980), and that working memory capacity 1ncrea;es (Case, 1974). A
potential link between working memorf and assoclative errors .could be the
inference éomponent. Pré:10us research has shown that limited working
memory adversely affects the inference précess (Kotovsky & Simon, 19’3;
Holzﬁan, Pel}egpino, & Glaser, 1982). /With only a vague idea of how A and
B are related beq?use of an inability to effectively compare attribute
lists 1in working memorf: the studeat may have a lower criterion of
acgeptability for a relationship in the range. As a consequence, the
salient, associative relationship 1s chosen.

. A second area needing further exploratfon is the relationship between
mapping relations and ;ssociative regsponding. In this study mapping
relations did not add significantly to the prediction of either CARTFE or
CARTNFE, when entered in its theory-specified pozit{pn. S{mple
correlations were quite strong (~.562 for -CARTFE, -.529 for CARTN?E), but
because a highly correlated variable (DSR) waslenEered first, MAPR could
not add to the explained variance. V

Final assessment of the mapping relations component mugt be postponed

until additional measures of this type of reasoning can be developed.

30
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Under—representation in the test battery probably diminished 1ts chaaces of
demqnstréting its unique nature and role in explaining associative score
variance. One possible direction for new measures is suggested by the
similarity of p%oportion#l and analogical reasoning (for“review see
Gallagher & Mhnsfield, 1980). A proportiﬁn 18 a kind of quantitative
analogy. Recoghition that 1 18 to 2 as 3 13 to 6 1mp11es.1 is to 3 as 2 1s
to 6 1ndicat¢s a higher order Qnderstanding of proportionality that

' para;:els the understanding of analogy reflected in symmetric rule reasons

éiven as analogy answer justifications.

In conclusion, this study has pointed to several differences between
assoclative and non-associative errors in analogical reasoning. The next
step,fof research should be to design an experiment ian which vocabulary
difficulty, ease of inference, demands upon working memory capacity, and
perhaps polysemy of analogy terms are varied factqrially. éucﬁ ]

experimentation ghould allow a more definitive assessment of the

importance of these components in associative and non-associative errors.

vy d
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Variable

Reliability

SRA Literal Vocabulary (VoCABL)

SRA Non-Literal Vocabulary (VOCABNL)
Regular Vocabulary (REGVOC)

Semantic Flexibility (SEMFLEX)
Correct Semantic Decisions/min. (ENCRET 1)
Number of Valid Groups (DSR 2).

Verbal Inductive Reasoning (DSR 1)
Identifying Semantic Relationsg (DSR 3)
Symmetric Explanations (MAPR) ~ ¢

MFF Errors (MFTE) ‘

MFF Time (MFFT)

Digit Span (DSPAN)

CART Associative Errors (CARTFE)

Cart Non-Associative Erréra (CARTNFE)

-

. 844
.848
.755
.637
.801
.748
.708
. 846
.890
.369
.973
.637
.888
.827

Note. Reliability estimates for PCCLUS and ENCRET 2 are not available.
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-
Tabie 2
Schmid - Leiman Orthogonalized Factors
8 I 1I III IV
VOCABL .508 .012 .029 .697 .025
VOCABNL .468 .034 .039 .699 .039
VOCABR .597' .083 1,222 .216 . .091
SEMFLEX 484 .054 394 .029 .160
DSR 1 .632 .220 .343 131 | © 060
PCCLUS .415 .108 .270 -.128 069
ENCRET 2 .360 .037 .027 -.001 .476
ENCRET 1 506 .065 .055 .033 .504
DSPAN .348 .085 .179 =004 117
DSR 3 .555 .015 .338 -.059 -.093
DSR 2 .538 .046 .334 -.039 .044
MAPR .592. .000 .3&7 .038 .004
MFFT .193 .754 .031 -.012 .058
-.231 .732 .041 -.024 .060

MFFE
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- i ‘ . ,;rable 3
¢ Model A Analyéis of CART Foil Errors
2 . 3_2 - ‘ Overall

Variable F R Change Ixy F B F
1 VOCAB 47.54 *. 302 .302 -.544 47.54 -.294 8.13
2°DSPAN 17.48 .398 .097 ° -.432.  36.07 -.177 4.86
3 PCCLUS 8.60 443 .044 -.371  21.39 -.078 .93
% TENCRET IS ) B ¥ VA 1Y R . S— .013 .02
5 SEMFLEX - 9.28 489 .045  -.524  19.90  -.185  4.99
6 DSR 9.66  .532 043 -.631 ¢ ——-—m  "=.225 2.94
7 MAPR 1.89  .540 .008 -.562  17.47 -.146 2.28
8 MFFT 4.27 . .559 018  -.253  14.46  -.162  2.85
9 MFFE .40 561 ¥ 002 7 .266 @ ~em-- -.046 .22
10 3% 6 Y .29 562 001  -.049  9.60 .057 .39
11 8 X 9 77 .565 003 =.190  ~mmme -.042 .50
12 2 X 4 1.66  °.572  .007 -.006  ——mm- 121 1.74
134 X 6 1.97 4 a1 008  * =175 cmeem -.157 1.96
142X 3 .04 581 .000 S\ V1 J— .021 .04

Intercept l ' -.061

Degrees of Freedom are 1,110 for Variable 1

’ E(1,100)=2.75 for
a = .10

" F(1,100)=3.9 for

a's 05 T

F(1,100)=6.90 for

a = .01

39
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! " Table 4
L4 Model A Analysis c;f CART Non-Foil Errors
2
Variable F R2 Ch%nge \g_‘_xx 0\:%;811 B - F
: — — - ~—r——— — —
1 VOCAB 83.08 ° 431 U431 -.656  83.08 -.418  10.45
2 DSPAN 5.26 457 026 -.312  45.86 ~.0264 11
3 PCCLUS 8.58 .497 .040° -.366  27.70 .008 .01
4-ENCRET 2.56 .509 012 ~.391 e +.029 .08
5 SEMFLEX.. ~ 5.58 533,025 -.489 .32.79  -.113 2.30
6 DSR 34.82 0652 .119 =747 e -.585  24.66
7 MAPR ‘ .00 652 .000 -.529° 27.84 -.020 .66
8 MFFT 3.92 .665 .013 -.273 23,12 -.198 5.28
9 MFFE 1.94 671 .006 1% J— 113 1.66
10 3°X 6 .10 671 .000 ~.061  14.41 .031 .15
118%9 .00 .671 000 =137 emma- .000 .00
122X 4 .79 674 .003 | VY A —— .086 1.08 .
13 4 X 6 .30 .675 .001 N VY J—— ~.054 29 \
14 2% 3 .12 .675 .000 Y X J— ~.032 .12
Intercept .014 ¢
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/ Table 5
M.o._del. B Analysis of CART Fo:!.i Errors
e o B Overall -
~%.. ¥ Variable F R ﬁj Change 3y F B F
* 1 CART Non- , _ .
Foil - 94.07 .461 .461 .679  94.07 .274 6.19
, 2 VOCAB 3.96  .480 .019  -.549  50.28  -.179 - 2.63
3 DSPAN 11.79  .s531 ,051 -.432  40.70 -.171 4.74
4 PCCLUS 3.21 | .§4  .013  -.371 25.32  -.081 1.0
5. ENCRET .02 . 544 000  -.331  ———e- .019 .04
6 SEMFLEX 4.52  .565/  .021  ~.524 19.81  -.154 3.57
. 7 DSR 1.52 .571 .006 ~e63l  —meeme ~.064 .20
8 MAPR 2.09° .580 009 -.562  17.77  -.140 2.22
9 MFFE .73 .583 .003 .266  14.54 . =.015 .03
10 MFFT '1.76 .590 007  %.252  ——=== - -.108  1.26
11 4 X7 .22 .591 . 001  -.049  9.85 .049 .30
129X 10 .81 .594 . .003 -.190 - ~-——- ~.043 .54
133X 5 117 .599  .005  -.006  —--— 098  1.17
14 5X 7 1.69 *+ 606 ".007 -~ 174 e -.142 1.69
153X 4 .08 . 606 .000 -.025  mm—ee .029 .08.
Intercept ' -.065 .
\ >
4] . ‘
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Table 6
. ' . Model B Analysis of’'CART Non-Foil Errors |
| A 5 - ; \ i
2 . 1 |
, 9 R Overall ’ “
Variable - F ¥_ Change Ixy ; B F
. —+ . ~ -
1 CART Foii‘\ - 94,07 .461 .461 679 94.07 221 6.19 )
2 VOCAB ©  29.55 . .576 115 -.656  74.02 -.353 - 14.19
3 DSPAN .12 .576  ° .000 -.312°  48.99 .015 .04
4 PeCLUS 3.19  .589 - .012 --.366 31.42 . .025 .13
5 ENCRET 2.26 .597 ¢+ .009 T ) A V.Y 11
6 SEMFLEX 1.52 .603 .006  -.489 . 31.75 ° -.,072 .93
7 DSR . 25.60 .681.  .078 - 747 —-mes :fsas‘ 21.11
™ 8 MAPR ¢ .20 .682 .001 -.529  27.59 -.012 .02
9 MFFE - . .00 .682 .000 .253  22.81 -.103 1.46 A~
10 MFFT 3.70 . .693  .011  -.273  —-—e- -.162 3.63 |
11 4 X7 . .04 .693 .000 -.042  14.59  .018 .05
12 9 X 10 .04 693 .000  -.137 - —ooe .012 .05
13 3X5 .34 .694 .001 -.044  ——e- .059 .05
14587 .04 .694 .000 - -.196 . --——  -.019 .04
15 3 X 4 :16  .695 .000 -.073  ———= " -.,040 .16
‘ ™ . Intercept . ) \ : . .027
I : . ' V4
{
p‘ .
- »
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