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ABSTERCT

Normative data was collected c¢n the wodified form of the
Wisconsin Card Sorting Test (WCST) for children 6 tc 9 years
old. Thirty children at each age level (120 tctal) were ad-
ministered the WCST, the Peabedy Picture Veccabulary Test-Re-
vised (FPVT-E), and the block design subtest cf the WISC-R.
2 simple ccncept formaticn task was alsc administered to in-
sure all the children had the concepts colecr, form and num-
ter. Developmental changes in flexibility and in proklem
solving skill wvere investigated. Performance on the WCST
was also ccmpared with intelligence and mental age score€s on
the PPVT and blcck design subtest.

The number of categqgories oktained and the tctal nueber
of errors made on the WCST were significantly related to
age. However, no particular type c¢f errcr cculd Lke identi-
fied as decreasing significantly as the age of the subjects
increased. Correlaticns tetween intelligence and WCST fper-
formance were lcw. Ccrrelations between mental age sccres
and WCST perfcrmance were significant but cnly acccunted for
nine percent of the variance. Mental age scores on the PPVT
and the block design subtest were equally correlated with

WCST performance.
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A new scoring system was devised for the modified form

of the WCST. This, and related issues were discussed.

Dr. R. Graves

Dr. M. Corcocran
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INTRODUCTICN

Experimental psychclcgical investigation when uti-

lized clinically must bLe concerned not sc =wmuch

with whether a prchblem is sclved as with the way

in which it is solved. In other words, it calls

for a careful qgualitative analysis of the pa-

tient's activity, of the difficulties experienced,

and of the mistakes made (Luria, 1966, p. 303).

When evaluating children's aktilities to solve ccgnitive
problems it is imperative to take into account developmental
differences in the way in which the task is attempted, as
well as the ability to find the soluticn. The purpcse cf
the present study is to ccllect norss c¢cn a problem solving
task aprropriate for children and to examine scme differ-
ences between age grcufps. Specifically, the study compares
differences in flexibility and protlem solving skill at fcur
age levels., The relationship ketween intelligence and men-
tal age with problem solving ability is examined. The fcl-
lowing secticns will present the raticnale for norm collec-

tion and the test selecticn as well acs review the literature

pertaining to the areas described atove,



RATIONALE FORE NOENATIVE DATA COLLECTICN

The ability tc solve problems is clearly a crucial ccm-
ponent of a child's «ccgnitive activity. Vygotsky (1962)
claimed that the akility to attain the soluticn to a concert
formation task is clcsely linked +tc languvage and the forma-
tion of higher psychological processes. He presented 22
wooden blocks tc his subjects which varied on cclor, shape,
height and size. A ncnsense word was printed cn the bottonm
cf each block (lag, bik, mur or eev). The examiner turned
over one of the blccks, allcwed the subject toc see the non-
sense word, and asked him or her to chcose the cther blccks
that belong with the expcsed one. W®hen the subject was fin-
ished the examiner turned over one of the incorrect tlccks
and displayed the different nonsense ucrd. The subject was
given other chances +tc group the blocks correctly. After
each grouping the examiner turned over an incorrect klock
until the subject made a ccmpletely correct sort.

Vygotsky (1962) found that the ability tc form the ccr-
rect soluticn (cr ccncept) improved as the age of the child
increased. In his view, concept fcrmation begins as a syn-
cretic process wherein the child does nct sort the tlocks so

much as simply puts them tcgether intc an uncrganized pile.



The manifestaticns of this stage can alsc vary ketween ran-
domly chocsing bleocks to form a grcup to choosing them <cn
the basis cf their spatial pcsiticop in the original laycut.
Vygotsky calls the next stage "thinking in comglexes™ and is
characterized by relating the blocks subjectively as well as
by factual, concrete reasons. This scrt‘of crdered rela-
tionship can take cne cf several fcrms but the reason why
certain blccks are placed together is never abstract ncr
logical. The last step within this seccnd stage is called
the "pseudo-concept”. Here, the child sorts the Lkloccks as
if he is scrting tc a ccncept but in fact, he is cnly scrt-
ing to a cocncrete, visual likeness., The full develcpment cf
concept formaticn ability is acquired when the simultaneous
and parallel develcpment of abstracticn as well as the de-
velopment cf complex thinking are cceplete. By abstraction
Vygotsky (1962) means the ability to abstract the relevant
traits from the stimuli in crder tc form the overall con-
cept. Vygotsky (19€2) claims that it is the combinaticn of
abstraction and complex thinking in adclescence which culrmi-
nates tte prccess cf ccgnitive develcpment.

Piaget (1951) demonstrated the relevance cf prctlen
solving ability as a valid indicatcr c¢f cocgnitive develop-
ment. His wcrk revealed stages of thought (e.g. sensori-mo-
tor, pre-operational, concrete-operational & formel cpera-

tions) which were adequately gauged by children's skill in



solving lcgical prchblems. Inhelder & Piaget (1964) clari-
fied the vpattern of develcpment ir children's ability +to
logically classify stimuli. They 1isclated three stages in
this develcpment: graphic ccllecticns, ncn-graphic collec-
tions, and hierarchical classifications.

Graphic collections (the first stage) is the arrange-
ment of stimuli into spatial patterns. The child (4 tc 5
years old) in this stage typically dces not use all the
stimuli and cften makes patterns cf cbjects that form a fig-
ure. The seccnd stage of classificaticn, ncn-graphic ccl-
lections, 1is characterized by grocupings of objects that are
similar to each other. This classificaticn system cften ap-
pears to be Ltased on a lcgical syster but closer examination
reveals that it is a quasi-classification. Althocugh chil-
dren in this stage can grcup stimuli cn the basis of simi-
larity they fail to understand the principles cf all and
some. The third stage, hierarchical classificaticn, occurs
after age 7 years and 1is characteristic of 1lcgical grcug-
ings. Furthermore, children in this stage comprehend the
relation between an all-encompassing category, like fcrm,
and its ccmpcnents (e.g. squares, circles and triangles).

One of the crucial differences tetween each of these
levels of categorizaticn is the atility to exhibit flexitle
sorting behavior. Inhelder & Piaget (1964) <claim that the

child's ability to solve the sorting prchlem improves as his



or her thcugtt prccesses become increasingly logical and
flexible. As they put it," . . . fcr every stage in the de-
velcpment of cperaticnal structures there must ke a corres-
ponding develcpment in flexibility"™ (p. 196).

Inhelder & Piaget (19€4) demcnstrated that the child's
ability to solve logical <classificaticn probtless imprcves
with age, is related tc an increase in flexibility, and is a
valid indicator of cognitive development.

Besides the fact that rroblem sclving ability is relat-
ed to age and stage cf thought, it is alsc found to be defi-
cient in brain-damaged, retarded and learning disatkled ckil-
dren. For example, train-damaged and retarded children's
ability to attain concepts on concept acquisiticn tasks is
inferior tc that of normal ccntrcls (Bcll, 1972, 1974; Cen-
ney, 1975; Reed et al, 19€%; Strauss & Werner, 1942; Werner
& Strauss, 1941). For example, Townes et al. (1978) ccm-
pared 27 normal «children with 27 brain-damaged children on
the Category and PMatching Pictures subtests cf the Reitan-
Indiana Battery. The children's ages ranged from £ thrcugh
8 years. As predicted, the brain-damaged children's perfor-
mance was infericr tc the normal children's perfcrmance.

Flexitility is alsc a distinguishing factcr cr concept
acquisition tasks btbetween abnormal groups «c¢f children.
McMurray (1954) fcund a difference in performance between 15

brain-injured children and 15 @mentally retarded children on



a card sorting task. These children were chosen frcm a fpcp-
ulation of 2000 sc that bcth grcups matched e€each other as
completely as pcssible., A mcdified fcre of the Wisconsin
Card Sorting Test was administered. In this task the cards
varied on «cclecr, form and number and the subjects had to
discover the relevant sorting concept. After they made five
consecutive correct respcnses the scrting concept was
changed. Rigid behavior was gauged by the numker cf persev-
erative errors made cn the test. McMurray (1954) fcund that
brain-injured children made significantly mcre perseverative
errors than the mentally retarded children.

Both flexibility and ccncept acquisition are deficient
in brain-injured children. There is nc doukt that neurcgsy-
chological assessment cf these abilities is important.

There is ncw evidence that scme learning disabled ckil-
dren have difficulty solving problenms. Torgesen (1977) re-
viewed the research cn the develcpment cf memory, atten-
tion, and learning, and proposed that many learning disaktled
children are wunable tc adapt tc the requirements cf a new
task. They do not know how to go atout learning the new ma-
terial. Torgesen (1979) tested his prcpcsal by gquesticning
good readers and pcor readers about memory and memcry stra-
tegies. BHe found that the pccr readers had significartly
less knowledge about strategies like rehearsal, generating a

Flan to solve a memory probklem and less ability tc generate



different solutions tc memcry fprctlenms. Torgesen (13879)
concluded that many children who are pccr readers may also
not manage their intact capabilities efficiently.

Barringer & Ghclscn (1980) examined problem solving
strategies in 80 normal and 8C reading disabled children in
the fourth and fifth grades. The stimuli varied cn fcur di-
mensions (coclcr, form, size and positicn). Cn some trials
the subjects received feedbkack on their responses and cn
other trials they did nct. They fcund that the normal read-
ers either performed well throughout the task or imprcved
with practice. The reading disatled children wsere less
likely to switch their attention from a disccnfirmed stimu-
lus response to the cne that was correct. The learning dis-
abled children made irrelevant hypotheses twice as cften as
normal readers. Barringer & Gholscn (1980) <ccncluded that
the reading disabled subjects had a processing deficit.
Cthers have found evidence that scme learning disabled ckil-
dren have difficulty with the problem solving prccess (Hall,
1980; Reid & Hreskc, 15€1).

Thus, the ability to solve G[protlems is deficient in
some learning disabled childrer and in some brain-damaged
children., Furthermore, the ability to soclve prchlems is
correlated with age and stage of thcught in normal children.
Therefore, neuropsychological evaluaticn of prcktles sclving
ability is important and necessary for the adequate assess-

ment of the developmental and cognitive status c¢f children.



There 1is no standardized, casily administered test
available tc assess rproblem sclving ability in children.
Cognitive tasks 1like logical classification (Inkelder &
Piaget, 1964) or Levine's (1966) discrimination task have
not been standardized for clinical use. Furthermcre, there
is no ncrmed, readily available neuropsychclcgical test de-
signed to assess children's skill in sclving problems. The
Halstead Category Test (Halstead,1947) does measure concept
formaticn in a probtlem solving format btut in crder to admir-
ister it, equipment is required which is not easily trans-
ported. Although the WISC-E (Wechsler 1Intelligence Scale
for Children-Revised) may provide an indirect indicator of
problem sclving ccmpetence, ncne cf the subtests can be con-
sidered as pure, valid tests of this ability. Therefcre,
there is a great need for a normed, easily accessible test

to assess the problem solving skills of children.

The Wiscomsin Card Sorting Test

One test which has been reccgnized as a measure of
adult problem solving ability is the Wisceonsin Carc¢ Scrting
Test (Grant & Berg, 1948; Berg, 1948). The W%Wisconsin Card
Sorting Test (WCST) was originally devised by Grant & Eerg

in 1948, based on a Weigl type sorting task. Weigl's (1S41)



test consisted of a grcup cf cut-cut fcrms (circle, square
and triangle) <colcred red, green, blue cr yellow. Keigl
asked his subjects tc sort these figures. After they had
sorted ther in ocne way he asked them tc resoxrt them. His
test revealed a concrete or abstract scorting prccess as sell
as the ability to shift mental set.

The WCST consists cf four stimulus cards, each with a
different arrangement of number, color and form on it. The
first card has one red triangle cn it, the second has two
green stars, the third has three yellow crcsses andé the
fourth has four bklue circles. The subject receives two
packs of resronse cards, each with 64 cards in it. The
cards have different ccmbinations cf cclcr, form and numkber
printed on them. The subject places each of his or her re-
sponse cards btelow the stimulus she or he thinks it telcngs
to. After ecach placement, the experimenter tells the sub-
ject whether she or he is right or wrong., After the subject
has made ten consecutive ccrrect 1espcnses the sorting con-
cept is changed without warning, The correct ccncepts to
sort to in crder are cclor, form, number, color, fcrm, and
number. The test 1is terminated when the subject has suc-
cessfully sclved all six categcries or when he or she runs
cut of respcnse cards {6rant & Eerg, 1948).

The number cf consecutive correct responses allowed ke-

fore a category change was varied in scme of the earlier
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studies invelving the WCST. Grant & Berg (1948) ran seven
groups c¢f subjects, each group receiving either 3, 4, £, €,
7, 8, or 10 reinforcing trials befcre a suvbset change. They
found that as the number of reinforcing trials increased,
the numter cf perseverative and ncnperseverative errors de-
creased. Grant & Cost (1954) examined the effect cf allcw-
ing subjects 5, 10, 20 or 40 pcsitively reinforced trials
before the category shift., They fcund that as the number of
reinforced trials increased, the numbter of errcrs decreacsed.
Furthermore, this imprcovement was graduval in the first three
category changes but made no difference in the last three as
long as there were at least 10 reinforcements before the
chift. Therefore, ten consecutive correct responses befcre
a category shift became a part of standard prccedure cf the
test adsinistraticr.

Other early studies performed on the WCST examined wkich
category (cclcr, fcrm cr number) %as the hardest and which
was the easiest to scrt to. Grant, Jones & Tallantis (1949)
hypothesized that form would be easiest, then cclor and then
number. They tased their hypothesis cn the results of pre-
vious experimentation. For example, Brian & Gcodencugh
(1929) studied dimensicn preference in 474 rpeople between
the ages of 2 and adulthood. They fcund that ycung chil-
dren, under the age of 6 preferred color as a stimulus di-

mension, Pecple 6 years and clder preferred form to cclor.
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These finding have been replicated many times (Melkman et
al., 1981; Heidbreder, 1916, 1S49; Suchman & Trabasso,
1966) . Grant et. al. (1949) however, found that number was
the easiest <concept tc scrt and cclor was the most diffi-
cult. The authors suggested one reason for the unexpected
finding was that each nusber of figures was crdered on the
card in a ccnsistently particular configuration. In a sub-
sequent study one grcoup of subjects was given the WCST with
each nunrber cf fiqures wmatching a particular configuration,
and another group was given the test with nc systematic
placement c¢f figures on the cards (Grant, 1951) . Grant
found that it was easier to sort tc the number ccancept when
it always matched a particular confiquration. 1In subseguent
versions of the WCST the particular configuration was no
longer varied systematically with the number cf figures cn
the cards (Grant & Curran, 1952).

Mitler & Harris (196S) wusing a simplified WCST fprcce-
dure, examined the effect of dimensicn preference on the at-
tainment of ccler, fcre and number in 77 kindergarten, first
and third grade children. First, the children scrted cards
from the WCST. All but two cf the subjects shcowed signifi-
cant dimensicn preferences; 59 sutjects preferred fcrm, 9
number, and 7 color. Then the subjects had to solve for the
concepts cclor, form and number using the same cards. The

form dimensicn was the most easily solved, then cclcr ard
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finally numkter. The third graders' perfcrmance on the WCST
was significantly Letter than +the kindergarten childrens!
performance. The kindergartners had particular difficulty
with the numker concept. The means fcr the number of cate-
gories cbtained on the WCST were: kindergartners, ¥=1.78
(SD=1.22); first graders, X=2.75, (SD=1.67); third graders,
X=3.33 (SD=1.79) . The mean rumber cf errcrs made uere:
Kindergartners, X=47.67 (SD=9.34); first graders, X=42.30
{SD=10.(8); third graders, ¥=35.00 (SD=11.63).

Mitler & Harris (1969) reasoned that the kindergart-
ner's difficulty may have stemmed frcm their immediately
prior experience of the dimensicn preference task. They ran
a control grocup of third graders and kindergartners whc re-
ceived the WCST first tefore they participated in the dimen-
sion preference task. Significantly mcre ccntrcl kindergar-
ten subjects obtained the numter concept than the
experimental kindergarten subjects. Furthermore, only 47
percent cf the contrecl subjects exhibited dimensicn prefer-
ences, while 97 percent of the experimental grcup did. The
effect of disensicn preference cn ccncept attainment was
much more prcnounced when the dimension task cccurred first.
Apparently, innediateiy pricr experienée can significantly
affect ccncept attainment ability.

Clinicians and researchers have utilized the WCST to
study different grcugs cf rpeople. Fcr instance, Tarter &

e
»
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Farsons (1971) found that alcoholics take mecre trials to
reach critericn and make more errors than ancther grcup cf
patients and students. The researchers ccncluded that alco-
holics dc more poorly than normals tecause of an inability
to sustain a systematic search when attempting to solve the
test problen. In a later study, Tarter (1973) fcund that
alcoholics, who admitted tc alcchclism of 1less than 10
years, were impaired in set persistence on the %®CST. Alco-
holics ¢f greater than 10 years duraticn were impaired in
set persistence, set shifting, and errcr utilizaticn on the
WCST, when ccmpared to normals. Milner (1964) fcund that
patients with dorsclateral frcntal lcbe damage make more
perseverative errors than do cther brain damaged groups. A
grocup of adults who scored high and a group who scored low
on the Taylor Anxiety Scale were ccmpared while performing
the WCST and experiencing intermittent electric shcck (Grant
& Patel, 19%7; Patel, Grant & Kubcyama, 1955). In general,
these researchers concluded that very anxious subjects' ccn-
ceptual ability was more susceptible to a stressful testing
situation than thcse whe sccred lcw c¢n the Taylcer Scale.
Fey (1951) <ccmpared schizophrenics' perfcrmance on the WCST
with normal adults aged 18 to 34 years old. Schizcphrerics
performed pcorly making mcre errcors than normal subjects.
However, Fey (1951) noticed that ncrmal subjects, with ro

evidence or histcry of pathology can experience difficulty
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with the WCSI. She found that they fell at tcth extremes
of the possible range of ability on the test. She suggested
the difference between ncrmal adults®' and schizophrenics'
performance is quantitative, not gualitative, and the ncrmal
populaticn?s performance should be studied more thoroughly.

A few studies have examined normal subjects' performance
on the ®CST. Loranger & Misiak (1960) administered this
test along with several cthers to a grcup of 50 adults cver
the age of 70 years who had no neufological or cpthalmclcgi-
cal deficits. They fcund the average number of'categories
completed was 1.86. The average number of total correct re-
sponses was 12.28. The amcunt c¢f ncnperseverative errors
made by the elderly averaged 11.36 and the average rumber cf
perseverative errcors was 12.19. Bn average of 2.4 unigque
errors were made ty the subjects.

Yeudall & Battle (1978, unpublished study) collected
norms on the WCST using 46 male children aged 9 to 14 years
cld. They found that the average 9 year cld in their sample
cbtained 5 categories. Ten year olds averaged 4.8 completed
subsets, 12 year clds ccmpleted an average 5.5 subsets, and
13 year olds completed an average 5.4 subsets. Both the 11
and 14 year clds ccmpleted 6.0 subsets.

It would appear that the test has never been systemati-
cally administered tc normal children under the age of nine.

Normative data on this populaticn swculd be of use in a neu-
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ropsychology clinic as well as [frcvide informaticn on the
develorment of various behaviors. Cne reason why rnormative
data have never been collected fcr ycung children may be the
reported difficulty of the test, nct cnly for grougs cf ak-
normal subjects but as well fcr scme ncrmal adults. For ex-
ample, Berg (1%48) split her group cf normal ycung adults
into three groups based on their perfcrmance on the test,
Group A had supericr perfcrmance, Grour B subjects made more
errors but their performance gradually improved as the test
continued. However, Group C subjects made many errors
throughout the whole test, demonstrating persevereticn arnd
expressing the belief that there sas ornly cne underlying
concept to sort to. Thus, children may have keen neglected
because of the reported difficulty and frustration the test
presents for some adults.

Mitler & Harris (1969) develcped a modified form of
the WCST in crder to make it more agppropriate fcr ycung
children. In this form, the =same four stimulus cards are
used but the response card pack is reduced from 64 tc 24
cards. Every card that can match a stimulus card on more
than one attribute is removed, Thus, each of the remaining
24 cards can only match a stimulus card ty «cclor, fcrs cr
number but not by any ccmbinaticn cf these. This variation
allows six consecutive correct responses before charging the

concept., Tte number and crder cf the scrting concepts are
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the same as the traditional version. This modificaticn
greatly reduces ccnfusion about what +the cocrrect sorting
concept is, while not destrcying any cther aspect of the
test such as the need to shift mental set without warning.
Nelson (1976) used this mcdificaticn of the WCST in crder
to make it easier for her patients tc complete the test.
Nelson (1976) provided no norms for children, Althcugh Mit-
ler & Harris (1969) prcvide means and SD's at three age lev-
els (kindergarten, first and third grades) they report that
the dimensicn rpreference task administered immediately be-
fore the WCST influenced WCST perfcrmance, especially at the
younger ages tested. Furthermore, Mitler & Harris (1969)
only provide ncrmative data for number of categories ob-
tained and tctal errcrs made cn the WCST. They dc¢ not gro-
vide means and SD's for each error sccre,

The mcdified version cf the ®CST is advantageous be-
cause like the standard version, it can te wused to assess
both flexikility (the ability tc shift set, i.e. to stop us-
ing an inappropriate concept), and the ability to attain new
concepts. These two aspects have been reported to ke essen-
tial to the develcpment cf prcblem sclving ability in lcgi-
cal classification tasks (Inhelder & Piaget, 1964) and in
other ccgnitive research (Gholscn et. al., 1973; 1Tumklin &
Gholson, 1S81). There is evidence that these areaé are de-

veloping and changing in young children, A ccllecticn cf
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norms for children cn the Mitler & Harris (1969) @modifica-
ticn of the WCST, scored for both the ability to shift set

and to attain concepts would be exceedingly valualble.
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CONCEPT ATTAINMENT & FLEXIEBILITY IN NCENAL
CHILDEEN

Definition of Terms

The terms concept formation andé ccncept attainment lhave
been used interchangeably when discussing children's prctlenm
solving tasks, However, Bruner et al. (1956) make a cis-
tinction between concept feormaticn and concept attainment.
They view ccncept formaticn as the first step of concept at-
tainment; it is "the sorting of stiguli into meaningful cat-
egories in crder to lessen diversity in the environment”.
Concept attainment "refers to the process of finding predic-
tive defining attriktutes that distinguish exemplars frem
nonexemplars ¢f the class cne =seeks tc discriminate™ (p.
22). Although this may be a useful distinction, it is, as
Pikas (1966) rpoints cut, difficult tc uphcld in a real prcbhb-
lem solving situaticn, For example, tc hypcthesize is cften
to form a concept, yet Bruner et zl. (1856) ccnsider it to
be a part cf the ccncept attainment process. Problem sclv-
ing can invclve both ccncept formaticn and ccncept attain-
ment processes although it does not have to, For instarce,

the WCST is a ccncept attainment task bscause the subject's
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task is tc determine the identity of the <ccrrect ccncegpt
based cn informaticn provided by the experimenter. However,
the subject sust also ke able tc fcrm the <ccncepts cclor,
form and number (i.e. to comprehend that red, Lklue, yellcw
and green make up the ccncept colcr). Inability to dc so
might seriocusly hamper the subject's ability tc attain the
correct solution.

Flexikility and rigidity have been described as two
foles cf a continuum (Goins, 1962). BRigidity has beern de-
fined and examined in several different ways. One way is
equivalent to "perseveraticn®. The term perseveration was
first used by Neisser in 1897 (Cattell, 1946) tc denote ccn-
tinual, persistent repetiticn of an activity once it had be-
gun, Goldstein (1943) differentiated between primary and
secondary rigidity. He emphasized the presence of rigidity
in pathclecgical pcpulaticns. Primary rigidity refers tc an
all encompassing einstellung which causes the patient to
persist at a task for an abncrmally long period. Cnly if a
novel, strong stimulus occurs in the environment will the
patient's perseverative activity be interrupted. Secondary
rigidity occcurs whenever the patient is presented with a
task that is too difficult. Goldstein (1943) alsc pcirted
out that ncrmal individuals will perseverate when they are

required tc perform above their capacity.
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Perseveration has been distinquished from persistence
(Ryans, 1938). Ryans (1S38) explained that persistence was
rhysical endurance and is related tc cne's general activity
level. Perseveraticn can alsc be distinguished from ein-
stellung. Einstellung (Warren, 1934) is a term which de-
notes mental set, a set which predisroses an individual to
one type of ccnscicus mctor act.

Rigidity and flexibility have been operaticnally de-
fined in many different ways in research performed on adults
{Cattell, 1946; Cattell & Tiner, 1948; Guilford, 1967;
Spearman, 1927). PMany studies sought cut rigidity or flexi-
bility factors across tasks (Baer, 1964; Cattell, 1946; Cat-
tell & Tiner, 1948; Chown, 1961; Forster et al., 1955; Frick
et al., 1959; Guilfcrd, 1967; Schaie, 19%55). However, Re-
gard (1981) recently ccncluded that it is better tc discuss
rigidity and flexibility in relaticn tc a specific task be-
cause of the difficulty of finding any clear factor. Cn the
WCST (modified and traditional versiocn) rigidity or persev-
eration is operationally defined as a measure cf inability

to shift set.



Early Studies on Flexibility in Children

Ccncept attainment and flexibility in children have not
always been scrutinized together. Many of the early studies
only examined rigidity or vperseveraticn in children without
comparing it to concept attainment c¢r any cther prcktlenm
solving prccess.

Scme of the early studies cleimed that perseveraticn
increased as age increased. Fcr example, Finard (1¢32)
found that perseveration on his tasks steadily increased as
the children got older. He required the children tc write
letters and numbers in the typical say and then in some unu-
sual manner (i.e. the children wrcte "S's"™, and then they
were asked tc write reversed 1letters and then to alternate
between the two. Perseveration was measured ky suktracting
the total numker «c¢f letters and figures written (minus the
errors made) in the last two minutes of the test frcm the
total number of letters and figures swritten (minus the er-
rors) in the first twc minutes. He fcound that there was a
steady increase in perseveration frcm age 8 years to age 12
years. However, Pinard (1932) admits that this increase in
perseveraticn may have been influenced by the slcwer speed
at which the younger children worked.

Lewin (1935) claimed that <rigidity increased as the

person gets clder. For example, Lewin (1935) wrcte," The
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great material plasticity of the npormal small child gives
way, generally at least, tc greater firmness. That with in-
creasing age this development may lead finally tc decided
rigidity, lack of mcbility, and inelasticity scarcely de-
mands extensive demonstration" (p. 236). Kcunin {(1941),
Lewin's student, alsc made the same claim about rigidity and
its relaticn to age.

Luchins (1942) conducted a study utilizing water jar
problems with children 8 tc 12 years c¢ld in private and pub-
lic schools. The subjects are asked to solve a series of
problems. The first questions can only be solved ty cne sc-
lution. However, the last few gquestions can be solved by
the o0ld scluticn or a new, faster, more efficient cne. The
subject's einstellung, c¢r predispcsiticn to a mental set is
thereby measured. He found that the clder children showed
greater einstellung effects than the ycunger children. He
suggested that this findirg may have bean due to the clder
children's longer exposure to schcol where rcte learning is
stressed, a method which may foster einstellung in children.

Although Luchins' (1942) study found greater einstel-
lung effects in c¢lder children it is important toc evaluate
this finding in light cf 1its relaticn tc perseveration in
cther cognitive tasks. Levitt (1656) examined the Water Jar
Test's validity by critically examining all the stuéies ttat

have been performed using it. He concluded that the test's
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reliability is questionable and is not related tc cther ccg-
nitive tasks like the Wisccnsin Card Scrting Test or the Vy-
gotsky Test.

On the other hand, Werner's (1948) positicn was that
rigidity decreases as the age of the child increases because
as a child matures she or he becomes mcre differentiated and
hierarchically organized. He claims that psycholcgical
function is hierarchically crganized sc that the person has
a range in which to¢ respond. Werner (1948) equates flexi-
bility with statility. "The point is, briefly, that statil-
ity of behavicr requires a flexibility of respcnse in order
to preserve the functional equilibrium c¢f the ocrganiss in
the face of mutable situaticns" (. 59%). What evidence is
there for a greater amount of rigidity in the ycung child
than in the clder cne?

Jones (1929) examined inertia cr perseveration in chil-
dren. He had them perform tasks like copying a passage and
then recopying it without crossing the t's or dotting the
its, They alsc were required tc write numbers in one way
and then reverse the direction of nmcvement in writing. He
found a slight increase in the efficiency with which these
tasks could be carried cut as age increased. Jones suggest-
ed the possibility that perseveraticn decreases as age in-

creases.
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Cattell (1935) administered a tattery cf tests tc chil-
dren as young as age 6 to reveal the p or perseveraticn fac-
tor. The tasks included drawing triangles first ugward and
then dovwnsard in an alternative manner; writing the letter w
and then writing it with reversed strckes; picking out red
colors and then blue; and writing abc then ABC and finelly
aBc, Cattell fcund neqgligibly 1cw correlations between
these test results and concluded that there is little evi-
dence of a general facter of rperseveration in children.
However, in examining the 10 to 14 year olds' p sccres he
concluded that perseveraticn decreased slightly as age in-
creased. He also found that as children fatigued during the
day perseveraticn increased. Thus, children perseverated
more in the afterncon than in the mcrning.

These studies of the developmental progressicm of per-
severation present a confusing picture, Part cf the prctlen
stems from the different swcrking defipiticns of persevera-
tion. For example, Finard (1932) examined speed in perfcrm-
ing habitual and ncnhabtitual tasks. Luchins (1942) examined
einstellung, and Lewin (1935) discussed structural rigidity.
Ancther inconsistency between these studies were the task

demands.



Free-sort and Concept Attainment Tasks

Inhelder & Piaget (19€4) examined the develcpment of
flexibility and classification skills in children aged 3 to
9 years because as thkey put it," . . . for every stage in
the development of operational structures there must e a
corresponding development in flexibkility"™ (p. 196). In the
first task the sukbjects were given twc boxes in which to
sort various stimuli, After they had scrted the first set
of stimuli (flat green circles and crosses) they were given
different stimsuli (yellow stars, then large mauve rtkombi anrnd
semi-circles and finally triangles and ovals in ccrrugated
cardboard) making it necessary fcr them to rescrt the items
each time new ones were introduced.

Inhelder & Piaget (1964) ccmpared the children's ability
to reclassify stimuli with their atility to make 1logical
groupings. They found that the 3 tc 4 year olds perseverat-
ed. By perseveration Inhelder & Fiaget (1964) meant, "a
systematic difficulty in altering a given arrangement to
meet with an alternative criterion"™ (p.212). If they began
by classifying stimuli by color then they continued tc do
so., The only exception to this is when the young child for-
gets about the 0ld critericn and tegins a new oGne. Then
items are put together because the child says they go well

together; kut they are not grcuped accerding tc any plan but
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simply mixed together. These young children shcw nc hind-
sight while classifying stimuli. They lack," . . . the nec-
essary flexibility in hindsight tc change the criterion and
cffer an alternative ccnstruction" (p. 196).

The behavicer cf the 5 tc 6 year clds is less persevera-
tive. Inhelder & Piaget (1964) <claim that this grcup of
children may be able tc create a new classificaticn but pre-
fer to stay with the old cne. There is less forgetting of
initial classifications and less mixed collecticns cf stimu-
1i. Tke children show more hindsight while regrouping the
itenms.

The 7 to 8 year ©1d children dc nct perseverate, ncr do
they forget how they had sorted the stimuli earlier. Tkeir
classificaticns are 1ogica1: These children shcw bketh hind-
sight and foresight while scrting and the authors claim this
makes their classifications more flexikle.

Therefore, on a simple scrting task, Inhelder & Fiaget
{1964) demcnstrated that as age increases, sc dces the sub-
ject's flexibility and lcogical classification skills. Their
next experiment invclved a more difficult task, where all
the stimuli were presented to the sukjects at conce. The
stimuli varied on form (squares & circles), color (red and
blue), and size (large and small). First the sulbjects were
asked to descrite the test items and then to sort thkem. Af-

ter this was ccmpleted they asked them to make alternate
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classifications up tc a maximum of three. They administered
this task tc 60 children, 5 to 9 years old. They fcund that
75 percent of the € year clds were able tc make two or three
classificaticns, although the majority of them {47 percent)
were only able to make twc different scrts. However, a ma-
jority cf € to 9 year clds (69 percent) were able to make
three different classifications of the stimuli.

In a third experiment, stimuli were presented on cards
which varied in shape (circle, square or triangle), «cclcr
(red, blue or yellow) and size (large cr small). The chil-
dren were given envelopes and instructed to write on the en-
velopes what the contents inside wculd te. After the ctkild
completed this he or she was asked to reclassify the stimu-
) & 99 If a second sorting criterion was discovered then the
child was asked tc scrt in a third way. This task was ad-
pinistered to 86 children ketween the ages of 4 tc 9 years.
One or two immediate changes of critericn did not reach the
level of 75 percent until age 8. Inhelder & Piaget (19¢€4)
explained that flexikility in rescrting stimuli cccurredé in
older children in this task because the stimuli were more
complex, In the previous experiment the items cnly varied
cn two attributes.

Others have found a similar developmental prcgressicn
in 1logical classification «c¢f stimuli aprd the ability to

shift set c¢n free-sorting tasks. For example, ThcEgscn
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(1941) administered the Weigl Cclcr-Fcrm Test to 60 first
through sixth grade children, This task consists of cut-out
figures that vary in color (red, green, yellow and tlue) and
in shape (triangle, circle and square) . The subject is in-
structed to sort the figures and after this is ccmpleted,
she or he 1is asked to sort the stisuli in new way. The
ability to sort to the category cclcr cr form is indicative
of logical classification ability. The ability to rescrt
the stimuli tc a new categeory is a measurement of flexibili-
ty. Thompscn (1941) found that the older childrer (fourth,
fifth and sixth graders) were significantly supericr to the
younger chldren (first, seccnd and third graders) in the
ability to lcgically sort to the coclor and fcrm categcries
and in the ability to shift set. Reichard et al. (1944)
found that the majority of 7 year cld children and 75 ger-
cent of the 8 year olds could lecgically classify stimuli and
resort it when asked tc cn the Keigl Cclor-Form Test. Heald
& Marzolf (1954) found that 71 percent of the 6 year clds
they studied could rescrt the stimuli on the Weigl Cclor-
FPorm Test. The percentage c¢f children capable of this flex-
ibility steadily increased until age 10 where 100 percert cf
their subjects were able tc rescrt the cut-cut figures.
Kcfsky & Osler (1S€7) examined the sorting behavior of
5, 8 and 11 year olds to determine their ability tc lcgical-

ly classify stisuli and tc shift set,. In the first experi-
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ment the children had tc sort gecmetric figures that varied
on color, fcrm, numker and size. After they had done this
they were asked tc scrt the stimuli in ancther way. The 5
year olds preferred toc sort to colcr most frequently while
the 8 and 11 year clds preferred tc scrt by form. The 5
year olds were inferior to the clder subjects in their akil-
ity tc make lcgical groupings, When the subjects were re-
quired to shift set the clder chkildren could dc this but the
5 year olds had difficulty. Kofsky & Osler (1967) reascned
this difficulty was either an inability tc sort to a nonpre-
ferred dimensicn or a problem in shifting set. In a second
experiment, they asked the subjects tc scrt stimuli wthich
varied cnly cn preferred attributes (cclcr and form). In
this condition more 5 year olds were atle to shift set, in-
dicating that stimulus preference was one of the factcrs
determining this ability. Yet even so, the 5 year clds wuere
still significantly inferior in their akility tc =shift set
when compared to the clder chilren. Thus, the € and 11 year
clds vwere more flexible and tetter able tc make 1lcgical
groupings in the free-sorting task than the 5 year clds.
These studies clearly demcnstrate that on free-sorting
tasks children's flexibility and 1lcgical «classificaticn
skills develop together, The literature indicates that be-
tween the ages of 6 to 8 years cld, children tkecome able to

shift set ané to ferm 1lcgical grcurings on free-sorting
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tasks. However, this finding may nct necessarily generalize
to concept attainment tasks, Althcugh the child is allcwed
to group stimuli as she or he will ¢n the free-sort task, on
concept attainment frotlems the <child must detersine what
the correct sorting principle is frcm the information pro-
vided by the experimenter.

Only one study has been performed with children using a
task like the the ®WCST, scored for tkoth the abkility tc shift
set as well as the ability tc attain ccncepts. Fosenstein
(1960) examined deaf and normal hearing 8, 10 and 12 year
olds?!, performance on a modified form cf the WCST (this mcd-
ification was nct like the Mitler & Harris (1969) versicn).
In this task four stimulus cards which varied on cclor, fcrnm
and number were mcunted cn a rack. Sixty slides, each wkich
also varied on these dimensicns were flashed on a screen and
the subject plugged in a jack wunder the stimulus card ke or
she thought was the ccrrect match for the slide. If the
subject's choice was correct a 1light would ccme cn. The
subjects had to sort tc three concepts (cclor, form and num-
ter) and after they made ten consecutive correct responses
the sorting criterion was switched without warning. Rcsen-
stein ({1960) did not find a significant difference Letween
deaf and ncrmal hearing childrer, All of the children (re-
gardless of age) on the average solved two concepts., Ttere

was no change aprarent in ability tc attain the concerpts.
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Rosenstein (1960) reasconed that the «clder subjects did not
attain more concepts than the younger subjects because they
thought the task was more complex than it was. Thus, the
clder subjects were using ccmplex hypctheses which were in-
correct, Rosenstein (1960) also examined the numker of fer-
severative errors made by the different age grcups. A per-
severative error was defined as any response which wculd
have been correct on the preceding category but was nct ncw
correct. The 8 year olds made an average of 7 perseverative
errors. The 12 year olds made an average of 5 perseverative
errors. Thus, there was a non-significant trend fcr a
greater ability tc shift set with increasing age.

The finding that older children did not attain &=mcre
concepts than younger children has been repcrted befcre.
Friedman (1965) did not find the expected direct relaticn-
ship between concept attainment akility and age. He studied
first through fifth grade children's perfcrmance cn a con-
cept learning task. Although the first through third grad-
ers' ability steadily increased, the fcurth graders' perfor-
mance dropped below the third graders. Friedmar (1965)
suggested that this depressicn in fpefcrmance may have cc-
curred because the fcurth graders were just beginning to use
hypotheses to help them solve the problem and were unaktle to
use their new tcol effectively. Hcwever, such performance

is not characteristic, Most studies on concept attainment
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ability have found steadily increasing ability with age
(Kendler, 1979; Osler & Kofsky, 19€Ef; Vygotsky, 1962).

Furthermcre, it is possible that Rcsenstein (1960) only
found a slight decrease in perseverative errors as the age
cf the subjects 1increased because the subjects were keycnd
the age where rigid tbehavicr is characteristically found.
For instance, Osler & Kofsky (1965) studied the rcle cf age
and stimulus cceplexity on concept attainment prcklems in 4,
6 and 8 year clds. The ccncepts were colcr, form and size.
The children had to determine the ccrrect concept urnder ccn-
ditions of 0, 1 or 2 irrelevant stismulus dimensions, They
found significant age and stimulus complexity effects. The
older children sclved more <conplex ccncept attainment prok-
lems. They noted that there were differences in the kind of
errors made by children who failed tc reach critericn. Cld-
er children who failed the task did not respond persistently
to one stimulus dimension. The younger childrer whc did nct
reach criterion tended to perseverate cn irrelevant stisulus
dimensions. Failing 4 year olds frequently respcnded tc a
stimulus poecsition, Irrelevant hypctheses were also fcund
among the 4 and 6 year olds.

Similar tehavior was ncted on a later study by Csler &
Kofsky (1966). In this experiment they examined concept at-
tainment in kindergarten, third and sixth grade boys. Each

child was randomly assigned a fprcblem. The rproblems dif-
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fered by the number of stimuli or the number cf dimensicns
in the set tc discriminate. Set A ccnsisted of stimuli
which varied on four binary dimensions; Set B contained
stimuli frcm cne kinary dimensicn and cne dimension that
varied on eight 1levels; and Set C cocntained stimtli which
varied on two binary dimensions. They fcund that the kin-
dergarten children solved the Set C procblem tut hed diffi-
culty with Sets A and B. Third grade children, on the cther
hand, solved Sets E and C more easily than Set A. The sixth
grade children sclved all three kinds of proklems equally
well.

Osler & Kofsky (1966) explained that the kindergart-
ners' performance imprcved when the number of stimuli de-
creased rather than when the nusber cf dimensions was re-
duced because they were less likely to categqgorize stimuli by
dimensions. The clder children's performance was hampered
when the number of stimulus dimensions increased Lkeause they
were more likely tc categorize. 7The sixth graders ferformed
well on all problems because their abkility to categcrize was
greater than what was required in the test. Csler & Kocfsky
(1966) noted that the tendency to perseverate decreased as
age increased. Ferseveration occurred when the children
responded to positicr Lkiases c¢r irrelevant stimuli. Tuenty
cut of the thirty kindergartners whc failed their assicned
problem perseverated. Four cut cf five failing sixth grad-

ers showed nc perseveration.
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Thus, Osler & Kcfsky (1965, 19€€) have determined that
as children get older they are better able tc solve complex
concept attainment probklems., The atility to change criteria
when necessary aprears tc ke a crucial component to success-
ful problem soluticn. In both experiments (Osler & Kcfsky,
1965, 1966) ycung children whc failed to reach criterion
rerseverated.

Literature on the development of problem solving stra-
tegies alsc provides scme relevant infcrmaticn on rigidity
and flexibility in concept learning. Gholson et al. (1972)
have performed a numker of investigaticns cn groups of kin-
dergarten, second, fcurth, sixth grade and college students.
The focus of the study was not to determine the effect cf
age on the ability tc sclve a problem but instead tc examine
the age and the way in which a person attempts tc sclve a
problem. They used stimuli which varied on four dimensicns;
form (square and circle), size (large and =sm®mall), cclcr
(white and black) and positicn of line (line above or Lkelow
cther stimuli). They gave a subject a series of feedback
trials as they attempted to solve the problem and then fcl-
lowed these with a series c¢f blank-trial prcbes shere the
subject received nc feedback on his or her stimulus chcices.
It was assumed that if the subject is using some sort of
rlan to £find the solution then the behavior cm the trials

without feedbtack will ccnvey the type cf strategy.
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Ghclson et al. (1972) have identified two basic kinds of
systems these age groups utilize while sclving a problem.
Cne system they call "strategies"™ which consists of thkree
levels of efficient usage: Hypothesis Checking, UrCimension
Checking and, most efficiently, Pocusing. These stratecies
all aid the subject in forming hypctheses, proceeding con-
sistently, and optimally, in finding the correct soluticn.
The authors <called the other basic system "stereotypes",
which consists cf Stimulus Preference, Pcsition Freference
and Positicn Alternation responses, As the titles imgly,
the use of stereotypes is not a system cof effective, fro-
gressive hypothesizing but instead refers tc the use «¢f a
single, persistent hypcthesis despite regative feedback.

The results c¢f the Ghelson et al. (1972) study demon-
strated that the use of these systems is age related. Al-
most all cf the Kindergarten children used =sterectypes to
try to solve the problems posed by the investigators. Sec-
ond graders through sixth graders typically used stratecies
but almost never did arycne cf this age range use Focusing,
the most efficient method. Only ccllege students exhitkited
the use of the Fccusing strategy. Other researchers have
found similar results ( Gholson §& [anziger, 1975; Rieter,
1969) .

Schuefper & Gholscn (1980) examined the develcpment of
prediction hypotheses in the young child. They claimed that

hypotheses do nct emerge at once but are acquired gradually
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A hypothesis 1is made up of several «ccmpcnents ("win-stay"
and "lose-shift") which are acquired separately ané at dif-
ferent rates. Schuepfer & Gheclscen (1980) found that chil-
dren under the age of & will often respond tc the prcktlenm
solving situation with the same acticn ("win-stay", "lcse-

stay"). Young children who make positicn-criented responses

will demonstrate —fposition preference ("win-stay", "]cse-
stay") before they show positicn alternaticn responses
("win-shift", "lose-shiftmw), Furthermore, the parts cof

predicticn hypotheses that are eventually consclidated are
acquired at different rates, Fcr irstance, the child whc is
using prediction hypotheses and receives negative feedlack
will shift tc anocther hypcthesis before she or he will re-
main with the hypothesis if it receives pcsitive feedback.
The hypothesis-testing 1literature (Gholson et al.,
1972; Ghclson, 198C; Ghclscn € Tumblin, 1981) provides
further research on children's prctlem solving behavicrs.
The consistent finding that resprcnse sets or stereotypes
give way tc strategies is essentially a demonstraticn that
rigidity in a concept attainment task changes tc flexitle
behavior; behavior that is influenced bty the informaticn
provided by the experimenter, It is assumed that the abili-
ty to solve the problem improves as more efficiert methcds

of solving it develcp with age.
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On both free-sort and concept attainment tasks, children
typically demcnstrate an increase in the ability tc lcgical-
ly classify stimuli (Heald & Marzclf, 1954; Inhelder § Eiag-
et, 1964; FKeichard et al., 19443 Thcmpson, 1941) ard in the
ability to attain the correct =solution on a ccncept attain-
ment task (Osler & Kofsky, 1965, 1966). The akility to
flexibly resort stimuli to a new dimension alsc imfroves as
the age of the subject increases (Heald & Marzolf, 1954; In-
helder & Piaget, 1964; Reichard et. al., 1944; Thcmgscr,
1941) ., Furthermore, as children develop they are less like-
ly to use rigid stereoypes and more likely to use strategies
while solving a problem (Gholson et al., 1972). Older chil-
dren make fewer perseverative errcrs cn concept attainment
tasks than dc ycunger children (Osler & Kcfsky, 1965, 19¢66).
Therefore, cn the mcdified form of the WCST (Mitler &
Harris, 1969) one would expect that perseveration will de-
crease as the age of the subjects increase, and that ctil-
dren's ability tc attain the concepts will improve as age

increases.
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INTELLIGENCE AND CONCEPT ATTAINMENT

A related area of thecretical interest is the relation-
ship between intelligence and concept acquisiticn. Osler &
Weiss (1562) presented a ccncept attainment task to children
6, 10 and 14 years old, who formed twc intelligence grcugs.
The task was explainped either with general or with exrplicit
instructions. They fcund that wunder general instructicns,
children with superior intelligence performed significantly
better than those with average intelligence. However, this
difference between groups disappeare€d under the explicit irp-
struction ccndition kecause the childrer with average intel-
ligence improved their performance. Osler & HWeiss (1962)
concluded that supericr intelligence aids children in the
problem-finding phase of the task and nct in the actual
problem solution.

Osler & Fivel (1961) also studied 6, 10 and 14 year cld
children's atilities c¢cn a ccncept attainment task. The
children were divided intoc ncrmal and high intelligence
groups. The children had to solve one of three cocncegts;
kird, animal cr living thing. The authcrs found that intel-
ligence was significantly related to number cf trials to

criterion and the percent cf successful subjects. They also
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reported significant rank crder ccrrelaticons between mental
age and €rror scores.

Others have found no relationship Letween intellicence
and concept attainment ability._ Fcr irstance, Osler & Kof-
sky (1965) studied the effect of age and stimulus ccmplexity
on concept attainment. They fcunrd nc relationship tetween
the numter of errors made cn a concept attainment task and
intelligence as assessed Lty the Peabtody Picture Vccatulary
Test (PPVT). They reascned that this failure to find a re-
lationship was due to the effects of the extensive pretrain-
ing given tc the children. The pretraining was thkought teo
obliterate the differences between the intelligence of the
children on the concept attainment task.

Townes et al. (1¢78) administered the Category and
Matching Pictures subtests of the Reitan-Indiana Battery and
the Wechsler Intelligence Scale fcr Children (WISC) to nor-
mal and brain-damaged children. The expected pcsitive rela-
tionship between verbal, performance and full scale 1IQ
scores on the WISC and ccncept fcrmaticn abilities was cnly
found for the train-damaged «children. The train-damaged
children with ktigher 1IQ's were better able to sclve the
problems c¢n the PFatching Pictures and Categecry subtests,
However, there was nc relaticnship bketween normal children's
intelligence and their concept formaticn akility. This

finding shculd cnly te generalized with caution because the
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sampling of ncrmal subjects in the study resulted in a nega-
tive relaticnship between the verbal and performance scale
scores on the WISC. Furthermore, 10 out of the 27 ncrrmal
children had a difference cf greater than one standard devi-
ation between their verbal and perfcrmance IQ scores.

Pey (1951) administered the WCST and the Wechsler Adult
Intelligence Scale (WAIS) tc =schizophrenics and ncrmal
adults. She ccmpared the number of categories cbtained cn
the WCST with the subjects' scores cn the WAIS. The corre-
lation between the two was nonsignificant in bcth tke ncrmal
and schizophrenic groups. None of the subtests con the ®AIS
correlated significantly with the number of categcries ob-
tained on the WCST.

Others have examined the role cf IC and Mental Age (MA)
on problem sclving tasks. Harter {1967) examined thke learnp-
ing set performance c¢f ncrmal and 1etarded children at two
levels c¢f MA (£.5 and €.5 years), three levels of IC (65,
100, 130) and two motivaticnal conditions (standar¢ and sc-
cial). Ste found that the acgquisiticn of the solution was
more rapid at both higher IQ and MA levels. She fcund that
MA was related to the type of hypotheéis behavicr utilized
on a problem solving task. Children with low KA used pcsi-
tion perseveration and position alternaticn respcnses mcre
often than thcse with high MA, Childr=an with high KA were
more flexible while solving the protlems, utilizing "win-

stay", "lose-shift" typctheses,
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Weisz (1977) tested children at three levels cf IC (70,
100, 130) and three levels of MA (5.5, 7.5 & 9.F% years).
The task stimuli varied c¢n coclcr, shape, size and letter.
Weisz (1977) found that IC¢ was not related to hypotkesis be-
havior but MA was. Schuepfer & Ghclscn (1980) also examined
the hypotheses of ncrmal and retarded children c¢n blank-tri-
al probes. The children were divided into twe MA levels
(5.5 and 7.5 and twc IQ levels (€5 and 100). They also
found that MA had significant effects on performance but IQ
did not.

Although twec studies (Osler §& Fivel, 1961; Osler &
Weiss, 1962) found intelligence to le related tc ccncept at-
tainment ability, the other studies have not (Fey, 19%51; Os-
ler & Kofsky, 1965; Tcwnes et al., 1¢78). This discrepancy
in findings may be due to the different tasks used. Osler &
Fivel (1961) and Csler & Weiss (19€2) had their subjects
solve for the ccncepts bird, animal cr living thing. Khile
the others used task stimuli that varied on cclor, =shape,
number, positiocr or size (Fey, 1951; Csler & Kofsky, 1965;
Townes et al., 197§) . On the cther hand, MA appears tc be
consistently, significantly related tc concept attainment
ability (Harter, 19€7; Schuepfer & Ghclscn, 198C; Weisz,
1977) . However, none of these studies distinguished between
verbal and nonverbal ability. Osler & Kofsky (19€5) com-

pared vocakulary (as assessed by the FFVT) with the number
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cf errcrs made on concept attainment task. They did not
find a significant relationship between the twc. It is un-
clear whether the finding resulted frcm the extensive pre-
training given to the children or tecause vocakulary is nct
related tc ccncept attainment., Yet, the rcle of language
has been proposed to be crucial to concept acquisiticn.

Vygotsky (1962) claimed that the ability to form con-
cepts is closely linked to languace and tc the formaticn of
higher psychological prccesses. He asserted that language
has a self-regulating ccmpcnent; lanquage directs action.
Sokclov (1969) expressed a similar copinion:

thought is nct only expressed in speech but is

formed and carried out in it. language not cnly

gives names to cbijects, but permits the akstrac-

tion of their properties and relationshigs. lan-

guage also leads to their generalizaticn in the

form cf ccncepts and their objectificaticn in the

fcim cf words and other symbels. It is therefore

concluded that abstract thinking is impossible

without language . . .(p. £31-£32).

On the other hand, 1Inhelder & Piaget (1964) <claimed
that language is necessary but not sufficient tc the devel-
opment ¢f lcgical abilities. Sensori-moctor schemata ante-
date logical abilities like classification. They claim that
rudimentary classification skills (like perceiving similari-
ties and differences) have been observed in children before
they acquire language. Furthermore, they pcint cut that

when a child learns to speak he or she does not autcmatical-

ly incorporate the categcrizaticrs the wcrds embcdy. For
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instance, a child may use the wcrd "dcg" but that dces nct
mean he or she understands the class of dogs. Tkey pcint
out that young children can perceive similarities and dif-
ferences between okjects before they can classify tten.

The examination c¢f ycung children's conceptusl aktili-
ties before they develop lanquage may shed light on this
theoretical gquestion. Researchers have ascertained that
categorizaticn ability can precede language. Nelson (1S73)
studied one and two year old's atilities to grcup cbjects.
She found that the infants could gqroup okjects in a consis-
tent manner tased cn functicnal characteristics of the stim-
uli, that is, based on typical actions by or on the chbjects
presented. Rosch et al. (1976) also found that preschcol-
ers can make basic categorizations (i.e. all cars, instead
of transport vehicles; cars, trains, planes etc.) and tteir
ability was nct dependent urcn being able to name the cate-
gory. However, Rosch et al. (1976) did report that tkere
were develcgmental changes in the ability to make superordi-
nate categories. Thus, the ability tc make basic categori-
zations is present in children befcre they acquire language
and before they are able tc name the category they can fcrm.

Siegel (1978) has also presented evidence tc ccntradict
the claim that language is crucial to concept fcrmzticn and
identificaticn. She tested childrer in the pre-operaticnal

stage of develcpment. Children in this stage are nct suc-
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cessful at ccnservation, seriaticn, and other tasks. Howev-
er, many cf the tasks the <child is required to perform are
dependent upon vertal responses. Siegel(1978) reascned ttrat
children in the frre-operaticnal stage may be failing tasks
because they do nct adequately comprehend and use language,
not because they cannot lcgically =s=olve the problems. She
developed a number of nonverbal Piagetian-like tasks and ad-
ministered them to ycung children. The results from ttrese
tasks suggested that the rre-cperational child has logical
concepts that were not known.

Therefore, the results cf these studies performed with
very ycung children suggest that contrary tc Vygctsky's
{1962) premise, <conceptual ability need not depend on lan-
guage. Of course, the kinds of conceptual and lcgical akil-
ities described in these studies have teen rudimentary (i.e.
all cars go tcgether, etc.). It is possible language be-
comes important when the level of conceptualizaticn is mcre
advanced.

There is some evidence to support the role cf language
in more ccmplex conceptual activities. Luria & Yudcvich
{1956) repcrt the case cf twins ; Yura and Liosha who devel-
oped their cwn language and whc were retarded in cther de-
velopmental aspects (i.e. they were unable to classify stim-
uli). The twins were separated and Yura was given training

in speaking. His training consisted cf dialcgque conversa-



45

tions, verbal analysis of pictures, and telling stcries.
Liosha was given 1nc verbal training. The twins aktilities
were then ccmpared ten mcnths later, Both of them were now
able to classify stimuli, They cculd both <chocse cbjects
that looked like each cther and place them in groups. How-
ever, there were alsc differences Lbetween the twins ". . .
as a result of the special training of the one."™ 1Yura dem-
onstrated he could classify cbjects cbjectively while Licsha
was limited to classification on the basis cf rperceptual
similarities. These results were fcund when the twins clas-
sified pictures as well as toys. Thus, assuming lancuage
was the contributing factor, then Yura's classification
skills were advanced because of it.

Furthermore, the use of language tc direct action while
solving a prcblem has been related to MA. Deutsch & Stein
{1972) found thkat children whec sccred high on the EPVT fro-
duced significantly more private speech while wcrking on the
problem, IQ is positively related to task perfcrmance with
children who verbalize during the fprccess (Klein, 1S64).

Thus, young children have rudimentary classificaticn
skills befcre they acquire language (Nelscn, 1973; Rcsch et
al., 197¢). In scme cases, yocung children may fail logical
tasks because of their yet 1inadequate grasp cf language and
not their inferior lcgical abilities (Siegel, 1S7€). Yet,

it is possible that language becomes mcre crucial tc ccnceg-
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tualization when the task beccomes more difficult (Kle€in,
1964; Luria € Yudcvich, 1956). Therefore, it wculd ke of
interest tc ccmpare verbal and ncnverbal ability with per-
formance on the mcdified form of the WCST. The modified
form of the WCST requires mcre than rudimentary conceptuali-
zation ability. The children nmust discover what the correct
sorting principle is tased on feedback frcom the examiner.
Also, they must know what the concepts color, form and rum-
ker are. Thus, it is expected that verbal atility will ke

significantly related tc performance on the WCST.
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GOALS AND HYPOTHESES

A principal goal of this study is tc prcvide rormative
data on the modified fcrm cf the WCST for first, seccnd,
third, and fourth grade children. In spite of 35 years cf
WCST use, such data have nct previcusly been availatle.

A second goal 1is to examine changes in several asgects
cf performance on the WCST as a function of chrcmolcgical
age. It is hypothesized that as the age of the child in-
creases, the number of categories ckteined on the ®CST will
significantly increase, and tctal errcrs on the WCST will
decrease. These twc aspects of performance are measures of
concept attainment ability and the results shculd <shcw
whether the skills and strategies underlying this ability
are developing over the age range frcm 6 to 9.

Since ability to sclve the problems c¢n the WCST is pre-
dicted to improve as the age of the child increases, it be-
comes important to know more precisely what it is that im-
proves. The mcdified fcrm cf the WCST can also provide a
measure of the ability to shift set or flexitility in the
problem sclving prccess. A high perseverative error score
indicates rigidity, while a low score indicates flexikility.

Furthermore, the WCST can also assess another aspect of
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problem solving skill. The ncenperseverative and unique er-
ror scores measure the child's ability to generate solutions
to the problem. A low score indicates gocd akility tc sclve
the problenm. It is predicted that the number cf persevera-
tive errors as well as the number of ncnperseverative and
unique errors will decrease as the age of the child in-
creases,

A third gcal is to ccmpare aspects cf performance on the
WCST with twc leasures'of mental age. Both measures are
predicted tc correlate sigrificantly with performance on the
WCST. However, vertal ability, as measured bty the EPPVI-R,
is predicted to relate more strongly with WCST performance
than dces nonverbal ability as measured by the block design

subtest of the WISC-E,
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METHODS

Four gqrcups cf subjects, e€ach representing cne age
group from 6 to 9 years of age were chocsen., Thirty subjects
rer age grcup (a toctal of 120 children) were tested. Within
ceach age grcug, 15 subjects were wmale and 15 subkjects were
female. Thke children were rardcmly chosen frcm elementary
schools in the Victoria school district which agreed tc gar-
ticipate in the study.

Five elementary schools participated. All the parents
of the first thrcugh fourth grade =students within these
schools vwere sent "ccnsent" letters (Appendix 1). Four
grcups of children whose parents agreed tc let them partici-
pate were formed according to their age and to the grade
they were in during Fall, 1981, Therefore, all 6 year cld
first graders formed one grcup, 7 year old second graders
another, 8 year cld third graders ancther, and 9 year old
fourth graders formed the 1last grcup. Children in e€ach
grade who were ycunger or clder than the required age were
excluded. Children who did nct 1learn English as a first
language were excluded. There was no attempt to screen out
learning disaktled children. The sultjects were randcmly che-

sen frcm each grourg.



Jest Selecticn

The WCST consists cf fcui stimvlus cards, each with a
different arrangement cf number, colecr and form on it, The
first card has one red triangle, the second has twc green
stars, the third has three yellcw crosses and the fourth has
four blue circles. The subject receives 64 respcnse cards
each of which has a specific ccmbirnaticn of cne color (red,
green, yellcw or blue), one forrm (triangles, circles, stars
cr crosses), and one numter, (cne, two, three or fcur
forms). The =subject places each resronse card bFkelow the
stimulus card shes/he thinks it bLbelongs to. After each
placement, the experimenter tells the subject whether ske/ke
is right or wrong. After the subject has made ten consecu-
tive correct responses the sorting concept is changed with-
out warning, The correct ccncepts tc scrt tc in sequence
are color, form, numker, color, form and numter. The test
is terminated when the subject has successfully =sclved all
six categories or when she/he runs cut cf response cards
(Grant & Berg, 1948).

In the Mitler & Harris (1969) versicn cf the WCST the
response card pack is reduced tc 24 cards. Every card that
can match a stimulus card on more than one attritkute is re-
moved. Thus, each cf the remaining 24 cards can only match

a stimulus card by coclor, form or numker but nct by ary ccm-
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bination of these. In this version only six consecutive
corrrect resgcrses are required tefore the ccncept is
changed.

The raticnale for the selection of the mcdifieé fcrm cf
the WCST was discussed in the first section <¢f this parger.
The selection was further influenced by a pilot study run cn
16 children aged 5 tc 11 years. It was fcund that the mcdi-
fied versicn allowed the 5 to 8 year clds (N=3) to ckttain
some of the categories (average was twc subsets) while one 7
year cld was administered the traditicnal versicn ancé was
unable to cttain even cne subset. The 10 and 11 year clds
tested (N=7) with the traditional version performed at vari-
ous levels (categories obtained ranged from three to six),
while those 11 year clds given the Mitler & Harris version
{(N=2) performed with few errors and ckttained all the categc-
ries. The results frcm this preliminary study indicated
that the traditicnal versicn is fprcbably too difficult for
children 7 years old and younger, Fer this reascn, it was
necessary to use the Mitler ¢ Harris (1969) modification
when ccllecting norms for young children.

A questicnnaire (Arpendix 2) was devised in order to
ascertain how well the childrer «cculd verbalize =what they
did on the WCST. I+ was assumed that the children whc far-
ticipated in this study wculd cbtain different numbers of

subsets on the WCST. Therefore, when they were asked to
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verbalize what they did, the number of categories they
solved was taken into account. Cn the verbalization ques-
tionnaire each possible numter of subtsets that can Le cb-
tained (0-6é) was ccnsidered separately, each having a dif-
ferent number of total possible correct responses. This
distinction was made in order tc avcid renalizing children
who did nct obtain all the categories con the WCST and hence
were unable tc verktalize all of thenm.

The questicnnaire is divided intc three parts. The
first part consists of the first gquestion which is the mcst
open-ended, general query posed to the children. It serves
as an indicator cf what the child is able to verktalize in
respeonse tc a general gquestion, The total numbter cf pcints
that can be collected ranges frcm 2-12, depending on the
number of categories sorted to on the test. The seccnd kind
of question is a "prompt"™ question. These are nusbers 2-4
on the questicnnaire., They serve tc pred the child into re-
membering and verbkalizing what sheshe left cut befcre in
her/his explanation. Each ccrrect response is given one
point and the possible total can range form 1-5 pcints. The
third kind cf questicn is a direct prcmpt question. These
queries (5-9) directly ask if the child sorted to color,
form and number., A correct response is given a half pcint.
Total possitle pcints on this kind cf questicn range fronm

«5-3. The scoring was completed when the perscn verkalized
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his test performance or when she/he finished the gquestion-
naire.

A simple ccncept formation task was administered tc each
child tc¢ insure that every cne had the concepts coclcr, form
and number. It consisted of three sets of ten cards. In
the first set number and form were ccnstant but the color
was eithler red or blue. In the second set coler and number
were constant but the forms were either squares or circles.
In the third set cclcr and form were ccnstant but there were
either two cr three triangles on the cards. Thus, only cne
dimensicn varied on each set, If the child scrted by color
in the first set, by form in the seccnd, and by number in
the third, then it was assumed that the child had the con-
cepts cclor, form and number.

The Peabtody Picture Vocabulary Test-Revised (EEVI-E)
was chosen as the measurement of verbtal aptitude. This test
assesses listening or receptive vccatulary. Furtherscre,
the PPVT-R fprovides both an intelligence sccre as vwell as
one based on mental age., Therefore, it was deemed apprcpri-
ate for the needs cf the study.

The block design subtest of the WISC-R was chosen as the
measuremnent of nonverbal ability because it assesses spatial
skill (Bannatyne, 1971). Furthermore, it has been claimed
to be sensitive toc a unique ability that is =separate from
cther subtests on the WISC-R; ncnverbal concept formation

ability (Glasser & Zimmerman, 1967).
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The WCST, PEVT-E, and the bklcck design were preserted
to the children in a ccunterbalanced crder. The simple con-
cept formation task (or control task) and the questicnraire
were alwvays administered immediately after the WCST. There

were six test presentation orders:

1.%CS1/questionnaire, control; EPVTI-R; blcck design
2.PPVI-R; block design; WCST/gquestionnaire, control
3.block design; WCST/questionnaire, control; BEVT-R
4.%CST/questicnnaire, ccntrol; block design; PPVI-R
5.PPVI-R; WCST/questicnnaire, ccntrol; blcck design

6.block design; PEVT-R; WCST/questionnaire, ccntrcl

The test presentaticn crders 1-€, were presented in
that order to consecutive subjects. The order repeated it-
self. A 4 (age groups) x 6 (test presentaticn orders) ma-
trix was ccnstructed. Five children 1in each age group re-
ceived one of the test presentaticn orders. The cells cf
the matrix were filled in randomly. Thus, o¢n any given
testing day children frcm several different grades were
tested. Children were only tested during the mcrning.

All of the suljects were seated at a table next to the
examiner and told: "I want to know how children sclve Frch-
lems, so ycu are really helping me cut by showing me how you

solve them. There will be several different things tc dc.



55

You will be matching scme pictures sith wcrds, there will ke
tlock designs tc make and scmethking tc do with cards." Then
the subject was tested in the particular order assigneé to
him or her. When the WCST was administered the instructions
were as follows: "I want you to place each cne <c¢f ycur
cards bkelow the stimulus card ycu think it belongs to. Put
each card down I will tell you whether you are tTigkt or
wrong. Use the clues I give ycu tc help ycu figure out the
right way tc sort the cards." Masking tape was [fplaced cn
the takle in the shape cof a scorting tray. The tape created
boundaries between the stimulus cards and the scrting cards
and betwveen each scrting pile.

The standard instructions contained in the PPVI-R manu-
al (Dunn & Dunn, 1981) and the WISC-R manual (Wechsler,
1974) were given tc the children.

The subjects were tested in one session since a pilct
study conducted on first graders (N=6) did not find any evi-
dence of fatigue in a half hour testing sessicn. Three of
these pilct subjects were given the first test presentation
order and three children received the last (number 6) test
presentation crder, Their results were ccmpared and nc ag-
preciatle difference was fcund.

The entire testing session tocok approximately 25-35 mi-

nutes for each child.
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RESULTIS

Means and standard deviaticns were collected on all
components of the WCST in order tc¢ prcvide ncrmative data.
The compcnents were: the number cof pcints earned on the
verbalization questicnnaire, the numker of categcries ck-
tained, total errors, fperseverative srrcrs, nonperseverative
errors, unique errors, total correct, lcse-stay errcrs, and
lose-shift respcnses. After the first category was obtained
the WCST was scored for perseverative, nonperseverative, and
unique errors. A perseverative errcr was a response which
was correct in the immediately preceding category. A ncn-
perseverative error was an incorrect r1espcnse which was not
correct in the preceding categery. A tunigque error was a re-
sponse which was not based on cclor, fcrm cr number. If the
first respcnse after a category shift was an error it was
not counted. The "total correct" score on the WCST refers
to the number of correct respcnses made after all the six
consecutive correct ones have been subtracted out. This
sccre measures the amount of reinforcenent‘the subject reeds
in order tc otktain thke scluticn.

During the course of the testing, it appeared that the
perseverative error score was nct measuring rigidity, or the

inability tc shift set, 1in the sample c¢f children examired.
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Typically, the child demcnstrated the ability to =stkift to
new soluticns Lkut that did nct preclude the use of a re-
sponse that was correct in the preceding category. Yet,
these respcnses were scored as perseverative and were sup-
posed to reflect inability to shift set. 1In crder to assess
rigidity a new scecring <system was used and the data were
analysed using post-hoc procedures, Fach trial wes sccred
as a "lose-stay" or "lose-shift"™ trial. On lose-stay trials
the child repeated a response which had received negative
feedback on the immediately preceding trial. On lcse-stift
trials, the child changed his or her respcnse after receiv-
ing negative feedback on the immediately preceding trial.
Lose-stay trials were classified as rigid trials because the
subject persisted with a response that had just been necat-
ed. Lose-shift trials were ccnsidered as flexible trials
bacause the subject tried a new response after negative
feedback. Nelson (1S76) wused "lcse-stay" trials in her
analysis of rigidity in brain-damaged patients.

Means and standard deviaticrs are presented at each
grade level in tables 1, for males, females and for toth
sexes ccmbined, The boys' and girls' performance was simi-
lar except at the fourth grade level. An examinaticn of Ta-
ble 1 reveals that the fourth grade btoys in this sample were
performing on a level similar to the first graders. The
fourth grade boys ckttained twc categcries 1less than the

girls, and made more errors.



TABLE 1

Normative Data on the Wisccnsin Card Sorting Test

Categories
Obtained
Total
Errors
Perseverative
Exrrors
Nonperseverative
Errors
Unique
Errors
Correct
Trials
Verkalization
Score
Lose-stay
Errors
Lose-shift
Exrors

Categories
Obtained
Total
Exrrors
Perseverative
Errors
Nonperseverative
EIrors
Onique
Errors
Correct
Trials
Verbalizaticn
Score
Lose-stay
EITOors
Lose-shift
Exrrors

First Graders

ALES
SD

EMALES ECTH

M
X SD ¢ SD

E
X

2.40 1.18 2.53 1.06 2.47 1.1
43.40 8.89 41.60 9.85 42.50 9,27
17.40 8.62 21.00 12.88 19,.,2C 10.92
10.93 4,80 10.80 5.10 10.87 4.87

7.40 4.69 6.20 5.78 6.80 5.21
10.40 4.79 11.60 7.11 11.C0C 5.99

1.47 1.33 1.70 1.36 1.58 1.33
16.27 9.76 15.60 13.50 15.93 11.58

28.67 6.27 28.53 11.69 28.6C 9.22

Seccnd Graders

MALES

_ EMALES _BOTH
X SD

F
X SD X D
2.07 1.58 3.13 1.81 2.60 1.75
45.47 12.37 39.87 13.42 42.67 12.99
15.13 8.66 16.13 €.82 15.63 7.68
11.60 7.53 12,20 £.47 11.90 6.47
6.67 5.69 5.13 4.14 5.90 4.95
10.53 6.91 8.67 4.22 .60 5.70
2.43 2.40 2.7¢ 2.09 2,51 2.22
18.20 15.83 17.2C 15.97 17.70 15.63

28.93 11.03 25.13 ¢%.18 27.C3 1C.16
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Categories
Obtained
Total
Errocrs
Perseverative
Errors
Nonperseverative
Briors
Unique
Errors
Correct
Trials
Vertalization
Score
Lose-stay
Errors
Lose-shift
EIrocrs

Categories
Oktained
Total
Exrors
Perseverative
Errors
Nonperseverative
Errors
Unique
Errors
Correct
Trials
Verbalization
Score
Lose-stay
Errors
Lose-shift
Errors

Third CGraders

MALES
X SD
3.53  2.10
33.80 15.46
14.07 9.45
9.20 6.36
4,40 5.26
9.67 6.39
3.10 2.49
10.27 8.34
26.67 10.41

FEFMALES

X SD
3.87 1.77
33.20 13.95
16.73 1C.89
10.40 5.39
4,07 5.03
7.80 5.94
3.30 2.75
13.6C 8.87
23,13 €.57

Fourth Graders

MALES
X SD

2.67  1.63
40.87 10.87
17.60  9.80
10.93  5.56
7.07  5.€9
10.93  6.46
2.03  1.74
12.40  7.86
31,13 9.Mm

FEMALES
X SD
4.20 1.86

12.53 8.62
10.47 6.09
3.4C 4.61
7.33 6.35
3.6C 2.1
9.27 6.46
23.2C S.31
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As a measurement cf reliability, half the subjects from
each age grcup were randcsly selected. Their means and
standard deviations on each component c¢f the WCSTI were ccm-
pared to the cther half ocf the subjects' scores. The
split-half scores are presented bty each age grcup in Tatle
2. A visual examination of the data revealed they are¢ simi-
lar at almcst every age level and ®CST ccmponent., However,
cne half of the third graders obtained one more categcry c¢n
the WCST than did the other half ard cne half of the first
graders made 10 perseverative errors more than did the cther

half.



Split-Half

Categories
Obtained
Total
Errors
Persev.
Errors
Nonpersev,
Errors
Unigue
Errors
Correct
Trials
Verbaliz.
Score
Lose-stay
Errors
lose-shift
Errors

Categories
Obtained
Total
Errors
Fersev.
Errors
" Nonpersev.
Exrrors
Unique
Errors
Correct
Trials
Verbaliz.
Score
Lose-stay
Errors
Lose-shift
Errors

TAELE

2

Reliability on the Wisccnsin Card Sorting Test

1s

X
2.40
43.07
24.13
11.47
7.20
10.73
1.53
17.53

27.60

First G
t Half

SD
«91
8.95
11.79
4.01
5.33
6.20
1.44
14.C9

10.44

raders
2nd

b |

1.63
14.33

29.6C

Third Graders

1st

X
3.2¢C
37.20
15.20
10.67
4.47
9.53

3.10

Half
SD

1.93
13.25
7.81

7.61

2nd H
X

4.2C
25.80 1

15.60 1

BEalf

1st

>

2.83
18.27

26.40

€1

Seccond Graders

Half

2.74
15.78

10.69

2nd

b<|

12.€C
$5.73
8.80
2.30
17.13

27.¢€7

Fourth Graders

Ist H
X

3.50
35.64 1
17. 21
12. 3¢

s.21

€.07

3.14
12.21

27.07

alf
SD

1.91

6.80

2nd Half
X

Half

SO

1.63
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The norms collected in this study were alsc compared
with the means and standard deviaticns (SL) collected in the
Mitler & Harris (196¢) study. Mitler & Harris (19€9) ©pro-
vide data on kindergarten, first and third grade children
for number of categories obtained and the total errors made
on the WCST. First and third grade sccres are compared uith
first and third grade scores in this study in Tabkle 3. The

means and SD's ketween the twe samples are similar.

TABLE 3

Ccmparison of Normative Data

First CGrade

Mitler & Harris  Machamer

X SC X SD
Categories
Cktained 2:758 %:867 2:.47 1.11
Tctal
Errors 42.30 10.08 42.c¢ 9.27

Third Grade

Mitler & Harris Machamer

X SD X SO
Categories
Ottained 3.33 1.79 3.70 1.
Total
Errcrs 35.0C 11.63 33.50 14.47

All of the children in this study sclved the simple ccn-

cept fcrmaticn task with nc errcrs.
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The subtjects' scores cn the blcck design sukbtest of the
WISC-R and the PPVI-R were compared tc the norms availakble
for the Victcria elementary schocl pcpulaticn (Spreen £
McAllister, 1981 unpublished study). In Victoria, the aver-
age scale score on the block design subtest for first and
for third graders is 12. Victoria ncrms are not availakble
for second and foufth graders. The children in this sangle
scored at a ccmparatle level to the ncrm. The first grad-
ers' mean was 11.3; the second graders' was 11.9; the ttird
graders' was 12.8; and the fourth graders was 12.6.

The average standard score in Victoria on the PEVT for
first graders is 107, and for third graders is 114 (ttere
are no norms available for seccnd and fourth graders). In
the present sample of first <thrcugh fcurth grade children
the mean scores obtained were 104.5, 101.2, 104, and 1C€.2,
respectively (see Takle 4). The first grade children's av-
erage score was ccmparalble to the ncram. However, the third
graders' average sccre fell at the 30th percentile 1level
when ccmpared tc the ncrmative data available for Victceria.
A t-test revealed there was a significant difference betueen

the third grade grcurs,t(102)=3.125, p<.0C5.
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TABLE 4

Ccmparison of PPVT and block design sccres

Machamer Spreen
PPVT _ BD EBVT _BD
X 3 4 ST X SO X ST

First 104.5 14.3 11.3 3.1 1C7 16.5 12 2.7
Second 101.2 16.6 11.9 3.S
Third 104.C 13.1 12.8 2.6 114 15.2 12 2.8

Fourth 108.2 10.1 12.¢6 2.6

A pultivariate analysis of variance was concucted cn
the data to determine if fperfcrmance on'the WCST imprcved
significantly as age increased. The dependent variakles
were the number of categories obtained cn the WCST and total
errors made on the WCST. The coverall multivariate test was
significant (F(6,228)=2.28, p<.037). The individual univar-
iate analyses revealed that the number cf categcries ob-
tained on the WCST increased significantly as age increased
(F{3,116)=3.€E5, p<.C11), and total errors on the WCST de-
creased significantly as age increased (F(3,116)=4.19,

p<.007) (see Figure 1).
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Figure 1: Grade by average total errors made cn the WCSTI. M
(males), B(tcth males and females), P (females)
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Two one-way analyses of variance (age grocup &ith four
levels) were conducted tc determine if perseverative errors
and nonperseverative plus unique errcrs decreased as the age
of the subject increased. Perseverative errcrs did not de-
crease significantly as age increased (F(3,116)= 1.2, p>.3).
Nonperseverative plus wunique errors were not significantly
different tetween age grougps (F(3,116)=1.17 p>.3).

Twe post-hoc, one-way (age grcup, with fcur levels)
analyses of variance were ccnducted tc discern if lose-stay
trials decreased or lose-shift trials decreased significant-
ly as age 1increased. For lose-stay responses there was a
significant linear trend (F(1,116)=5.2€7, p<.(2). Lose-
shift responses did not show a linear trend with age

(F(1,116)=.684, p>.4) (see Figure 2).
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A post-hoc 4 x 6 (grcup by test rpresentaticn crder)
analysis of variance was run tc determine if test fpresenta-
tion order had an effect on the numkter of <categcries cb-
tained on the WCST. Neither the main effect cf test presen-
tation order (F(8,96)=20.785, p>.5) ncr the group by crder
interaction was significant (F(15,9€)=1.443, p>.1).

Post-hoc 2 x 4 (sex by group) analyses of variance were
alsc run tc see if the sexes differed significantly. For
number of perseverative errors, neither sex (F(1,112)=.(SE,
p>.7) nor the sex by group interaction was significant
(F(3,112)=1.231, r>.3). For numker cf ncnperseverative and
unique errors neither sex (F(1,112)=.7C7, p>.4) nor the sex
by group interaction was significant (F(3,112)=.395, p>.7).
For number of categories, there was a significant sex effect
(F(1,112) =€.42z9, p<.013) but there was not a significant sex
by group interaction (F{(3,112)=1.15E%, p>.3). Fcr number of
total errors there was a significant sex effect
(F(1,112)=4.69%93, p<.032) but there was not a significant sex
by group interacticn (F(3,112)=1.2¢¢, p>.2). Differences
between males and females were ccm;aréd at each grade with
t-tests for categories ottained and tctal errcrs made cn the
WCST. Since eight t-tests were perfocrmed the experimentwise
error was inflated. In order to adjust for this, the algha
%

5

level was changed according tc this fcrmula: 1-(1-¥) W

was the number of t-tests done. The adjusted alpha level
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was equal to .006. Ncne of the t-tests were significant at
this level.

Pearscn Product Mcment Correlaticns were computed for
the following variables: categories ottained ocn the WCST
(categ), total errcrs cn the WCST (terr), 1lcse-stay score
(1st), lcse-shift sccre (lsh), mental age cn the EEVT (map),
sental age on the block design subtest cf the WISC-R (makd),
scale score on the block design (igbd), and standard score
cn the PPVI (igqgp). The correlaticn matrix is presented in
Table 5 The number cf categories c¢btained on the WCST was
most highly ccrrelated with the mental age score on the EEVT
(r=0.298), the mental age score on the blcck design suktest
(r=0.272) and chrcnolcgical age (r=0.2z51). Total errors
made on the WCST was also most highly ccrrelated with the
mental age score on the EEVT (r= -0.3C7), the mental age
score on the block design subtest (r= -0.291) and with
chronclcgical age (r= - 0.263). The tctal error score made
on the WCST was abcut equally ccrrelated with the mental age
score on the PPVT (r=-.3C7) and with the mental age score on
the block design subtest (r=-.291). The correlaticns be-
tween the number of categories cbtained c¢n the WCST and the
standard score cn the PPVT (r=0.175), and the scale score on
the block design subtest (r=0.192) are lcw. Correlaticns
between total errcrs cn the WCST and the standard score on

the PPVT (r=-0.185), and the scale score cn the block design
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subtest (r=-0.2C6) are also low. The highest ccrrelaticn
between performance on the WCST (total errors) is with men-

tal age score cn the PPVT (r= -0.3C7) which accounts for 9

percent of the variance.
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Pearscn Correlaticn Ccefficients

Age Categ Terr
Age 1.000

Categ «2%1 1.000
F=.01

Terr -.2€63 -.918 1.0CC
P=,01 E=,01

IQBD .164 .192 -,2(C¢€
F=.04 F=.02 PB=,01

IQP .082 .175 -.185
P=.19 P=.03 P=,02

MAP .699 .298 -.3(7
F=.C1 E=.01 E=.01

LST -.215 -.466 .663
P=.C1 EF=.01 E=.01

LSH -.059 -, 567 .u6S
F=.26 P=.01 F=.01

MABD .581 .,272 -.291
P=.C1 P=.01 P=.C1

IQBD

1.0C0C
.208
F=.01

.268
P=.01

~+191
B=.02

-.c12
P=.45

.868
P=.C1

IQP MAP
1.€00

.57 1.€00
P=.01
-.164 -.25C
P=.04 P=.01
-.021 -.066

LST

1.000

-.346

P=.41 P=.24 P=.C1

LSH

1.000

71

MAED

«222 .545 -.247 -,.(5C 1.000

P=.C1 B=.C1

P=. 01

F=.29
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DISCUSSICN

Normative data were ccllected for first through fourth
grade children on a modified form of the WCST (Mitler ¢
Harris, 196€9). The predicticns that the number of catego-
ries obtained on the WCST would increase, and tctal errcrs
would decrease, as the age of the subjects increased were
confirmed. The hypctheses that percseverative, and nonper-
severative pplus unique errors would dJecrease as age in-
creased were nct ccnfirmed., Lose-stay errors decreased sig-
nificantly with age but the expected decrease in lcse-shift
errors was not significant. As predicted, performance on
the WCST (categories obtained and total errors made) wWas
significantly ccrrelated with both the mental age score on
the PPVT-R and the mental age score on the block design sub-
test. However, the ©predicticn that perfcrmance on the
PPVT-R would be more closely related tc perfcrmance cn the
WCST was not confirmed. Both measures sere equally corre-
lated with the WCST variables. The relationship between the
mental age score c¢n the PPVI-R and performance on the WCST

cnly accounted for 9 percent of the variance.
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Normative Data

The sample of children who participated in the study
were representative of first and third graders in Victcria
on their average sccre cf the blcck design subtest of the
WISC-R. Rlthough the first grade children's average sccres
on the PPVT-R were similar tc the mean, the third graders’
average score was below the repcrted mean in Victoria. How-
ever, e€ven if the third graders are nct representative for
EPVT-R perfcormance, it is still quite possible that they are
representative for the WCST since correlations Letween the
standard score on the PPVI-R and the WCST were uniformly
low.

The means and standard deviaticns (SD) Mitler & Harris
{(1969) obtained for first and third graders are similar to
the means and SD's obtained in this study (see 1Taktle 3).
Since the norms ccllected in this study match the means and
SD's reported by Mitler & Harris (1969) and since thke saungple
collected here is representative of the Victoria school pop-
ulation as judged by the block design subtest (and is not
greatly discrepant as judged by the PPVT-R), it is prctakle
that these ncrms are reliatble.

The finding that females performed significantly Ltetter
than males on the W®CST was nct predicted. Although the

girls performed slightly better than the btoys 1in the first
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through fourth grades, mcst cf the discrepancy between the
sexes lies at the fourth grade level. The inferior perfor-
mance of the boys is not due to the ©pocr sccres cf a few
memkbers of the group. Twc-thirds c¢f the fourth grade boys
solved three or less categories. Cnly c¢ne tkcy {(cut cf 15)
obtained all six categcries. These results are in marked
contrast tc the fourth grade girls' results. Forty percent
(6/15) of the girls solved all six categories cn the WCSE1.
There is little support for the finding cf sex differ-
ences in ccncept attainment in the literature. Pishkin
(1972) found that third grade females performed significant-
ly better than males on a concept identificaticn task. Howu-
ever, this finding was not replicated in a later =study
(Pishkin & Willis, 1974). Other researchers have repcrted
no difference between sexes and concept attainment (Heald &
Marzolf, 1954; Osler & Kcfsky, 19€f; Wei, et al., 19717).
Thus, it is imprckable that a sex difference exists on the
nodified form of the WCST. 1In crder to adequately detersmine
the reliability of this finding ancther study would have to
be conducted on a larger sample of children. If the findirng
was replicated in a study with a larger N, then one coulé ke
more confident that the result was nct due to chance sukject

variability.
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Differences between age groups

As the age of the subjects increased, perfcrmance cn
the WCST imprcved (i.e. the number of categories obtained
increased and total errors decreased significantly), dinpdi-
cating that concept attainment ability is imprcving over the
age range. This improvement did ncot appear tc te related to
a decrease in "rigidity™ at least as measured by the persev-
erative error score (which did not decrease with age) and
the nonperseverative plus unigue errcr score (which did not
decrease with age). Bigidity was expected to decrease with
age because cothers have fcound that the ability to shift to a
new sorting dimensicn improves with age (Heald & Marzclf,
1954; Inhelder & Piaget, 1964; Reichard et al., 1944) and
the tendency to make perseverative errors decreases with age
(Osler & Kofsky, 1965, 1966).

One reason for this firding may be that the persevera-
tive error score did not measure "rigidity"™ or "inakility to
shift set" in ycung normal children. If this were the case
it would still be rpossible that rigidity was, in fact, de-
creasing with age, The lcse-stay sccre was created to at-

tempt a different measurement of inflexitle Lkehavicr cn the
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WCST. There was a significant linear trend in lose-stay er-
rors. Thus, it may be that the lcse-stay errcr score is a
better measurement of rigidity than is the perseverative er-
LOrL SCOTre.

The modified form of the WCST did not reveal large qual-
itative changes in perfcrmance in ncrmal children as age in-
creased from 6 to 9, The pattern of error respcnses was re-
markably similar acrcss the age range tested. Ferseverative
errors (the repetition of a response that was ccrrect in the
preceding categcry) cccur mcst cften. Unique respcnses are
rare and occur at the lcwest rate. Ncnperseverative errors
cccur more than unique errors and less than fperseverative
errors. Thte number of total errcrs made decreased signifi-
cantly as the age of the child increased but clear differ-
ences in kind and pattern cf errcrs cculd not be found with
the present method.

The WCST may be insensitive +to qualitative changes in
performance because of the way the test is sccred. The
traditional measurement cf rigidity cn the WCST is the per-
severative error score. Yet, as discussed earlier, the per-
severative score did not appear to ke sensitive tc differ-
ences in w"rigidity" observed informally. While the
perseverative error score was not sensitive tc developmental
differences between the age groups, the lose-stay score did

show differences between the age grcups and thus it may ke a
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better measurement of rigidity. It may, therefcre, be use-
ful to inccrpcrate the lose-stay error score intc the KCST
for further work with children,

Card scrts on the HCST are only sccred colcr, fcrm, rusm-
ber or unigue responses when mcre detailed information about
what the subject is doing may tke needed. Fcr example, a
child may make a series of ccnsecutive coclor respcnses and
these would be scored as perseverative (if the <c¢hild was
working on the form categcry) cr as lcse-stay scores. How-
ever, the child may be systematically checking each dimen-
sion of the coclor category, i.e. making a tlue colcr match,
then a red cne, then a yellcw cne, and then a green cne.
This information would be important tc kncw. It is advisa-
ble to be aware cf the actual ccmpcnents of the stimulus
cards the <child is sorting either by marking them down at
the time of the testing or by reexamining the carés later.
With these modifications in scoring prccedure, the WCST may

gain sensitivity in assessing gqualitative differences in

performance.
Differences betveen H.A. apd 1.Q. levels

Mental age scores on the EPVI-R and block design test

are correlated more highly than chronclogical age witk the
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number of categories okbtained and tctal errcrs made on the
SC5T. The ccrrelations between MA (on the block design and
the PPVT-F) and performance on the WCST are significant.
The difference Lketween the MA score cn the PPVI-R and on the
block design subtest is minimal. Therefore, this study dces
not provide evidence that performance cn the WCST is related
more to vertal ability than tc ncnverbal ability in ncrmal
children. This finding is not in accordance with Sokclcv's
(1969) statement that language is crucial to concept attain-
ment ability. Nor is it ccnscrant with the idea that lan-
guage becomes more important to conceptualizaticn when the
task is ccamplex. The finding that verbal and nonverbal
abilities are equally correlated with WCST performance sug-
gests that vertal akility is just as important as nonverbal
ability in successful WCST performance. Therefcre, this
study's finding 1is more suppcrtive of Inhelder & Piaget's
(1964) claim that language is needed but is nct sufficient
for concept attainment.

The WCST did nct correlate with intelligence as mea-
sured in this study for normal children. However, it might
still be a valuable test tc use fcr the assessment of the
school age child. Further studies are needed which wculd
compare the WCST perfcrmance tc actval school performance.
These studies should use improved scoring methcds which are
more sensitive to gualitative aspects cf problem sclving te-

havior.
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The WCST may have good <clinical usefulness because scme
of its sccres are not strongly related to intelligence cr
mental age within the normal range. It could then beccne
very obvious when a performance falls ocutside this rarnge.
Furthermore, there may be a greater relaticnshifp between the
WCST and intelligence at the low e€nd cf the IQ scale. For
example, Townes et al. (1978) fcund that intelligence was
related to performance on the matching pictures and category
subtests c¢f the Feitan-Indiamna lattery in ‘train-damaged
children. Those brain-damaged children with higher intelli-
gence did better on the tasks than those with lcwer intelli-
gence., While there was nc clear relaticnship between intel-
ligence and performance on the tasks for normal children, it
is possible that such a relationship may exist for subnormal
children.

A brain-cdamaged child cr a child with learning disabili-
ties may not make the same pattern cf errcr resgonses as tkhe
child withcut neurclcgical cr 1learring prcblems. The ®CST
can provide information about the kind cf errcr the child
makes and aid in an interpretation of the child's learring

difficulties.

Further investigation is needed to clarify the clirical
utility of the modified fcrm cf the KCST. It is well kncwn

that the perseverative error score cf the traditicnal WCST
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is sensitive to frontal 1lcke damage in adults (Milner,
1964) . It wculd be worthwhile tc perform research cn the
modified fcrm cf the WCST with train-damaged and mentally
retard=ad children to determine if and how the mcdified WCST
is sensitive tc their disabilities. Furthermcre, it wculd
be of use tc know which ncrmal abilities are related to WCST

rerformance.

Recommendations for Further Work

The results from this study raise several 1issues which
shculd be investigated in future research.

1« Is the mcdified form cf the KCST sensitive to brain-
damaged and mentally retarded children's disabilities?

a. 1Is there one particular errcr score on the ®WCST
which is more sensitive than others?

b. 1Is the lose-stay errcr sccre a better measurement
cf "rigidity" in brain-damaged children, or is the fpersever-
ative error score a tetter measurement?

2. 1Is the lose-stay error score a tetter measurement cf
‘#rigidity" in ncrmal children?
3. WRhat other normal abilities are related to RCST fper-
formance?
The modified WCST is appropriate for ncrmal children

and it is hoped it will nct be tcc difficult fcor abnormal
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grocups c¢f children. It is probakle that the mcdified fcrm
of the WCST will be sersitive tc brain-damage and mental re-
tardation since others have found rigid ccnceptualization in
mentally retarded children (Halpin, 1958) and perseveraticn
in brain-damaged ckildren (Chess, 1972).

The lcse-stay error score needs tc be investigated us-
ing grcups c¢f brain-damaged and normal children. A ccmpari-
son could be made between the lose-stay and perseverative
error scores to determine which one best measures "rigidity"
or the "ipability tc shift set"™ in ncrmal children. If it
is found that children shift set (or try cther respcnses af-
ter a category change) then the perseverative error sccre
may best be atandoned. This ccmpariscn between error sccres
should also be done using brain-damaged children. It is
unknown whether these children will be able or unalkle to
shift set cn the mcdified fcrm cf the WCST. If they cannot
shift set (i.e. if they continue tc make color resgcnses cn
the form category) then this cculd clearly differentiate
them from normal children. If they do shift set after a
category change then the 1lcse-stay sccre may ke a better
measurement for this grcup.

Investigation is needed to determine what normel atili-
ties are related tc the WCST. As discussed earlier, mental
age scores cn the FEVT-RE and btlock design subtest were =ig-

nificantly ccrrelated with WCST perfcrmance. Yet, cnly nine
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percent of the variance could te acccunted fcr in each ccr-
relaticn. These correlations would prokatly have Lkeen high-
er if a brcader range c¢f children had beer tested. In this
study, all the <children scored within the ncrmal range cn
the PPVT-R and block design subtest. If mentally retarded
children had been included in the study it is 1ikely the
correlations wculd have been higher. Hcvwever, it is impor-
tant tc know what else WCST performance 1is related tc in
normal children.

Successful performance on the WCST may ke ccrrelated
with the ability tc attend to the relevant dimension and
disregard the irrelevant ones. Fesearchers have fcund that
as the child gets clder his or her visual attention beccmes
more systematic and flexible (Wright & Vlietsta, 1975).
Furthermore, Pick et al. (1972, 1973, 1974) have performed a
series of experiments which suggest that older children's
attention is more flexible than ycunger children's atili-
ties. It 1is possitle that clder <children may be able to
more thoroughly attend to the relevant attribute cn the
WCST, as well as possitkly be able tc exhibit more flexible
attending behavior when the sorting concept is switcted.
Therefore, it may be worthwhile tc measure attention and
compare it with WCST performance in children.

These issues must await future research.
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APPENDIX 1

Consent Lletter

Dear Parent,

Ycur child's schocl has agreed to participate in a
study approved by the Victoria Séhool Bcard. The study will
compare problem sclving ability with other skills. The
child will be given several different kinds cf cards and
asked tc scort thenm according to clues from the experimenter.
Other tasks include matching a word with the picture it best
describes, and building block designs.

If you agree to let your child participate in the study
then his or her name will be put on a list and may be ran-
domly selected. If your child's name is randecmly selected
then your child will be tested in the schcol and it will in-
volve 30 to 40 minutes cf his or her time. Your child's
name will not be on any of +the test sccre sheets instead
subject numbers will be used. Furthermore, if at any time
during the experiment your child wishes to stop particifpat-
ing then the experimenter will stcp testing immediately.

The information gathered from this experiment will frc-

vide kncwledge about the normal child's develcping skills.
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This informaticn can then be used tc better wunderstand a
learning disakled child's perfcrmance in these areas.

If you agree to allow your child tc participate in this
study, please sigr below and send the fcrm back to school

with your child.

Thank you,

Jcan Machamer

Eoger Graves, Ph.L.

- - - - ——— -

Child's Name: Male: Female:
Child's Grade:
Name of Child's Teacher:

Child's Birthdate:

Parental Signature Date



APPENDIX 2

Verbalization Questicnnaire

R = — =

Subject numker:

Number of Categories Ottained:

1. Wwhen you put dcwn a card and I said it was riqhkt, +what

exactly did ycu dc that was right?

Color: Form: Numker: Color: Form: Numker:

2. What else were you dcing when I s=aid ycu were right?
Color: Form: Number: Color: Form: Numker:

3. What else were you dcing whenm I said ycu were right?
Color: Form: Numker: Color: Form: Numker:

4, Was something you matched correctly toc in the beginning

cf the test ever right later on in the test?
Color: Form: Numker: Coler: Form: Number:
5. Did you match the cards by the cclor on the cards?

Yes No



6. Did you match the cards on anything e€lse? What?

Yes No

7. Did you match thke cards by the shapes cn the cards?

Yes No

8. Did you match the cards cn anything else? What?

Yes No

9. Did you match the cards by the number of figures on the

cards?

Yes No
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