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• n ves tigrt tP~ the effects o~ imagery on 

ani .snontar c'o\ls dJ:1 a loptivr-> FlPxi•)ilitv MPasnces. Finally , 

the' of-f"'-',.TS o+ hcain 1nmage on flex:ihi)it.y ancl i maqery w~rP. 

inv~.stjqa t f'•1 • Pistor:ical an,1 more rcCP!lt con .. Ppt.s of the 

~oq~itivP ri1idity - rlcxihili~~ rlimension w~re d iscusse~ wjtb 

spPc;i~l nmp\asis on t ~P 0ffpcts of br~in ~amaqe. 

~orty "Pm<1lP- i.1nrl ;our- 0en male v olnnt~or- s +u len t s were 

t 0st0 rl with vochal an1 non- ve r h~ l flexihility t ests~ 

~est an~ measurPs of a<laptivc 

-f'l~xihility wen" th 0 Stroop ?est and "'nc1tly introduc011 

i~0nti f ica t.i on t.0s t , 

int~rferenrP c~nc0pts. :'urtrPrrnore , a ~uestionnair e t0 

ass0ss i n~iviinal imaaory styl~s was e•floy0l as wel 1 as the 

vor:al-\u:.ary an-'! '->loc;~ <lnsi1n s 11 h t ests of thP 1.rips . 

z- score profiles wer~ 

:-at it?nt -rroups . 
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Fon::- rJ. i.mensions o ~ r.01ni ti vc flPxiJ>il i ty- ri':}i'1i. ty WPr:e 

£:onn i') b~althv subj0c t s . ~urthPrmorc it was f~u~~ that 

in~ivi~ij~l ima~0ry styles ha~ lit tle influpnce on thP 

performance in fl0xihi 1 ity tests. A tren~ was showi na that 

" ia:1itnal vccbalizers" han no a<l van ta (JP in solving the tests 

an r ha1 i n fact more lifficulty wit.h the il~nti..,.icn.tion of 

non- verbal concepts . No significant gPnder:- pfFects were 

found . Brair 1amagei patients pPrformed 3iqnificantly poorer 

in all f1~,xihili t.y tests than uor'.llal suhjects . 

~everal test- ar~ suriect var.ia bl~s that effect the 

pPr~ormance on flexi~ility tnsts wPr~ discussPd . It ~as 

that r i oi~i t y- flexibility m0 asures reprP.scnt 

~iffprent ~irnPnsions <lepPn~ing on stimulus modP anJ type o~ 

task. It WiiS further r;oncluded that beha vioral 

rigi~ity- f'lexibili ty 1.s not only 

11r1.i:-iahl~s , lJut also ~ • o ,_ various 

i3aqery s tylP , int~lliqPnCP , age , 

the funct ion of tPst 

subject variables namely 

In hea thy pcor1e , the pei:-f'orr.ance 011 one test was 11ot. f oun.-=i 

to hn prclict ive for t he pe rformance on anot ~er f l exihility 

test . On th0 other hana , in brain <la~ag~d sub j e c t s rigi~ 

~ehavior s~ems to ext ~nd to a wiCTer cange of t est 

rer&ormanc 0 • ~inally , 1iffer~nt performance patterns were 

iescri~c~ For dif~a r ent l esion sites in brdin damaged . 
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1. INTRODUCTION 

The problem of the behavioral rig i d ity-flexibility 

dimension has long been of interest to psychologis ts. Scme 

of t he sympt oms in brai n damaged patien t s related to this 

dimension s uch as persistence or pe r se veration , have become 

important concept s for neuropsychology. Clinicians a r e able 

to obs e rve extremely rigid behavior in pati ents after brain 

damage; they describe the r esulti ng conflict situations and 

find connections to ce rtain s tates of the brain. One of the 

principal theoretical proble ms as well as a prcblem in 

finding tests to measure this behavioral phenomenon has teen 

whether there is a uni que fac tor unde rlyi ng such oehavior or 

whether it i s necessa~y to consider several d ime nsicns. 

The adje ctive "cigid 11 originates from the latin 

11 r igidus11 , mea.ni ng to be stiff. "Flexible " derives from 

11flectere 11 , meaning to bend. Cognitive rigidity and 

flexibi lity should be regarded as poles of the same 

continuum ; if such a continuum exists , then the beha vioral 

man i festations should be observab l e along a single dimension 

(Goins, 1962) . Ri gidity i s equivalent to inflexibility. 

Ri g idity is regarded as i mpairing t he successful management 

of e veryday demands. A commonly accep ted definition of 

- 1 -
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rigi d ity is : " a lack of change of behavior , "1here a change 

is necessary for success at a task , and where the subje ct 

knows that a chan ge is like l y to be demanded" (Chown , 196 1) . 

The focus of this study is on the dimension of rig i dity 

in normals . A second study addresses rigidity as a defect 

resulting f r o m brain damage. In trying to find out more 

about t he k i nd of variables that i nfl uence 

flexi bility-rigi dity behavior , t his study invest igates the 

interfe r i ng and facilitating effects of habitual image ry 

s t yl es on flexib ility and the relations among flexibility 

measu res.. verbal and .non- ver bal flexibility and imagery 

measu r es allow the observation of performance in normal 

adult s ubject s . In addit ion a group of pa tients wi th foca l 

bra in l esions will be s tudied. The f r ontal lo bes ha ve 

especially bee n rela t ed to r i g i d ity in brain ddmaged 

pati e nts .. Insofar as this study e xam i nes beha vioral changes 

af t er f r on tal lobe lesions , it i s hoped that the results of 

t hi s s tudy will contribute to further under s t anding of 

front a l lobe functions in man. 

In t he following r e view the history of the concept of 

rigidity will be revie wed f irs t, f ollowed by a review of 

more recent e xper i men t a l wor.k and a summary of the effects 

of brain l es ions o.n rig i d ity a nd flexibility . 'rhe long 

hi s t ory of the topic will only be summarized in s o far as it 

is useful in developi ng the problem of this s tudy . The 
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foc us will be on the cog nitive aspects of behavioc . No 

attempt will be made to review the wide cang ing r e search on 

personality and rigidity. 

In the second chapter the choice of t n e variables wil l be 

developed . In the third chapter the hypotheses are 

formulated , followed by t he methods part in the fourth 

chapter . Finally , the results of normal s ubjects and a f i rst 

e xploration of the beha vior of a small number of brain 

damaged subjects are p resented and discussed . In the last 

chapter t he conclusions are drawn and some suggestions for 

further resear ch considered. 
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1.1 Revie w of the literature 

1·1·1 Histog 

The psychological literature on rigi d ity was first 

r e vie wed by Luchins in 1959 . Leach (1 967), i n a l ater 

re vie w, pointed out that over the years research and 

def i nit i ons of rigidity varied wit h the general t rend E in 

psychological thinking . She described t hree main stages in 

the de velof>ment of t he conce pt of rigidity : ( 1) rigidity as 

a neurologically de t e rmined behavior of individual 

perception , leading t o perseveration a nd pr ema ture closure , 

(2) r-i gidi ty as a defense mechanism , a nd (3) rigidity as a 

mani fest a tion of personality variables observable in 

cogni tive oehavior . Ca t tell ( 1935) was the first to label 

perseveration on d r epe t i tive mot o r t ask as rigidity and to 

construct tests to e licit this behavior. Toge t her with bis 

co-wor kers (1 949) he found t ha t rigidity arose not only in 

motor tasks but whene ver subjects were req uired to shift 

fro m one task to anot her. He a lso no t ed strong indi vidua l 

differe nces in degree of repetitiv e behavior and described 

extr emel y perse verative individudls as hd ving d 11disposition 

rigidity". 

Rigid behavior was originally labeled " men t al i nertia" b y 

Spearman {1 927) . Thi s and cat t e ll' s t erm both descr i be a 
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per son with d tendency to r esfond to an earlier s timul us 

e ven though it has been replaced by a new one . The same i dea 

was e x panded by Levin (1 935) . He regarded personality as 

being composed of many different " psychi cal s ystems" , 

differing in var ious aspe cts, with one of them bei ng the 

degr ee of rig i d ity. He carried out a series of experiments 

on c o- s atiation with II f eeole-minded" and no rmal chi ldren. 

The results s howed t ha t the former were less flexi b l e . In an 

assigned task , retarded subjects reached satiation qu i ckly 

and ref used to take part in a ne w task , whereas normal 

childr e n were willing to continue and we r e not sa t i ated 

af ter the first t ask . In Le winian the ory , rig idity i s l i nked 

to the pr esenc e of s t rong b o undaries be t ween ment al 

functions ; 

controversy . 

Kounin 

howe ver , this interpretati on soon s tarted a 

( 19 41 ) repeat ed Levin ' s work and found 

contradictory res ults . His feeble- minded subjects were l ess 

likely to exhibit co-sa tiat ion t han his normal group of 

chi ldren. He believed tha t the result could be ascribed to 

the degr ee of d i ffe renti ation in these s ubjects. 

Werner (1946) trie d to clarify the controversy be tween 

Lewin a nd Ko un in . Werner made the di stinctLon between a 

structur al and a f unctional t ype of rigi d ity. The s t ruct ural 

interpretation r efers to the degree of separati on of r egi ons 

within the personal ity s tructur e , i . e . the g r eatec the 

degree of independence , the greater the degree of cigidity. 



6 

The f unctiona l inte r pr e t a t ion, on the other hand , r egar ds 

rigi d ity as a perseverat i ve t endency . Werner believed that 

the di ffe r e nces among i nvestigators stemmed from different 

defi nitions of the word rigidity. For We rner , rig i dity is a 

functional rather than a structural concept , and multiform 

rather t han unitary . I nf luenced by the Gestal t t heory , he 

r egarded rigid behavior in unstructured tasks as the result 

of distr ac ting associations. 

1-1-~ Experi■ental ~or! o n rigidity 

Many i n vesti ga tors conducted factor ana l y tic s tudies to 

determine how re rsonality and fe rception a ffect rig id 

behavior. 

d i mensions: 

For e xampl e , schai e (19 55) 

( 1) motor- cognitive 

personality- perce~tual rigidity , and ( 3 ) 

described t hree 

r igidity , ( 2) 

psychowo tor speed. 

The f irst d i mension refers to th e ability to shif t without 

di ff iculty from one activity to a nothe r. The second denotes 

the a bility to adjust to new s urro undi ngs and to change 

and environmental patter ns. The cognitive 

psychomotor speed , is defi ned as a subject ' s 

emission of familiar cogn itive responses. 

third , 

rate of 

Chown ( 1959) reviewed earlie r inves tigations and found 

t ha t t her e is more than one kind of rig i d ity. She furth e r 

s t a t es " t he e xperimenta l work on r i g i dity has been carried 

out with the aid of a number of tests , each of which c an be 
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But the 

relationships between these tests are not always known ; and 

where they have been investigated , it seems as though more 

than one type of rigidity i s involved" (p.1 97). She then 

classified the tests as follows : " linstellungs-Tests" 

involve building up a "se t" , i . e . solving a problem with a 

different strategy than one would expect to be suitdb l e on 

the firs t confrontation with the task. !he best known test 

of this sort is the water-jar test by Lucbins (195 1). In 

this test subjects have to discover a method of dividing a 

given quantity of wa t er among three containers of specified 

size. The first problems can be 

a r e meant to esta blish a set. 

solved in the set way or by a 

solved i n one way only and 

The next problems can be 

shorter method; the last 

problems show how well a subject can o vercome the set. 

Another cldss of measures are t ests of personali ty or 

dispositional rigidity , e . g. the Wesley Scale (1 953) . 1his 

inventory consists of 50 items wh i c h ha ve been rated for 

degree of personality rigidity . 

The third g roup of tests mentioned by Chown ace t asks 

assessing 

subjects 

concept format ion. 

to discover d ifferent 

such 

bu t 

froced ure s 

logical 

requ i re 

ways of 

cdtegorizing a group of items. Subjects are then r e~uested 

to group the items differently. Examples in the 

neuropsychological literature are the Wei gl Sorting Test 

(Gol dstein and Scheerer, 194 1) and the Wisconsin Card 
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Both 

tests require sorting ; in the Weigl test of tokens , in the 

WCST of cards according to shape , color or number. 

Among o t he r t ests of rigidi ty , the Hidden Objects Test 

(Cattell , 1946) has been freq uently used. The task is to 

find as many objects as possible hidden in pictures . Cattell 

used this t est to measure " disposition rigidity" . Becker 

( 19 54) suggested yet a different me t hod to study rigidity. 

He used aniseikonic lenses , which were originally designed 

to study distortion in stereoscopic perception. He suggested 

that a more rigid person would take longer to notice the 

distortion effects produced by the l enses. Hi s hypothesis 

still waits to be tested . 

Following these early studies , .investigations on 

measurements of rigidity ceased for a decade . In 1968 , 

Breskin published the f irst results of a non- verbal rigidity 

t est . Most previously used tests characte ristically employed 

the verbal stimulus mode. Breskin ' s test {BRT ) consists of 

15 pairs of visual stimuli differing with respect to the 

laws of Praegnanz , a Gestalt law in pe rce ption , meaning that 

figures tend to be percei ved toward meaningfulness , 

completeness , and simplicity. In the BRT , the f i gur e pai rs 

are constructed in such a way that one symbol adheres t o the 

Gestalt , while the othe r violates the law of Praegnanz. 

subjects are instructed to choose the item they prefer from 

the pair. The rigidity s core i s the number of Praegnanz 



9 

items selec t ed. The BRT vas fo und to be an instrument which 

reli ably d i fferentiated " more rigid " from "less rigid" 

s ubjects. Art studen t s we r e consi dered less rigi d and 

accounting mdjors and secretarial 

year later , Gorman and Br eskin 

students more rigid . One 

(1 96 9) i nvestigated the 

relati ons of the BRT to tests of semantic redefinition, 

associa t ional fluency , ind uctive r easoning , and dra~ing 

completion. They found that t h€ performance cf rig i d 

subjects was signi f icantly worse th a n that of flexible 

subjects on all the measures except for Guilford ' s 

associationa l fluency. subsequently, Breskin , e t al (1 970) 

explored the relationship of the BRT to tests of 

perse verat ive rigidity , namely the Test of Behavioral 

Rigi d ity (TBR) by Schaie {1 955 , 1960) and the Stroop Color 

Word Test (Stro op , 1935) . The BBT scores were negatively 

r elat ed to bot h of t hese t est s ; the authors concluded t hat 

differ e nt a spects of rigidit y a r e measured in the t hree 

t est s . 

Anothe r aspect o f r igid ity i s f lex i h i Li ty in thinking , a 

sub j ect ext ensively 

(Gui lford et al , 1957; 

explored by the 

Frick et al , 1959 ). 

Guilford school 

TWO flexib ility 

fact ors were f ound: ( 1) " spont aneo us flexibili ty", i. e . the 

f r eedom from inertia in t hi nking , and (2) ~adaptive 

fle.xibili ty", i . e . the restructuring of inter pr e t a tions and 

approaches. 
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are based 

on fac tors identified by Guilford such 

flexibility , orig inality , and e l aboration. 

as f l uency , 

The set is 

comprised 0£ 12 tests grouped into verbal , pictorial , and 

auditory parts. Howeve r , a factor analysis gave no support 

to the interpretation that the four scores (fluency , 

flexibility , originality , and ela.bora tion) :represent 

independent constructs (Yamamoto and Frengel , 1966). 

Instead , the factors were found to be task specific. 

An analysis of a series of verbal and non- verbal tests by 

earlier ( 1971) showed the existence of a psychological 

dimension , independen t of intelligence yet related to 

certain personality traits, which she called spontaneous 

flexibility . Gender differences in the use of mental 

strategies were also reported . Schultz ( 1977) focused oo the 

same dimension and conducted a multitrait-multimethod 

analysis on a variety of tests given to young and old 

subjects. He found that young subjec ts performed better on 

most spontaneous flexibility measures and 

significantly related to performance . Ihis 

spontaneous flexibility is an individual 

which is independent of general intellige nce. 

gender was not 

suggests that 

character i stic 

There is some 

indication that the dimension is relatively restricted in 

young and old subjects ; however , it appears to extend to a 

wider range of behaviors among old rather than young people. 
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1.1.3 Effects of brain lesions on cognitive rigidit~ 

Many investigators have been interested in rig i d beha vior 

as a symptom of certain abnormal conditions . Bo th Lewin 

(1 935) and Ko un in 

r etarded suojects . 

personality, i . e . 

and d ifferentiated 

( 19 4 1) made extensive stu di es with 

They followed a topological affroac h of 

" ... the pe r son is sa i d t o be structured 

into parts... The psychological 

environment i .n 

into regions ... 

applied to a 

which a pe r son behaves i s a lso s truc tured 

The concept of rigidity , particularl y as 

theory of feeble- mindedness , has been 

tenta tively formulated by Lewin. This theory is based upon 

unpublished s tudies dealing with the comparative behavior of 

moron and normal children in 

process of satiation, the 

experimen t s concerned with the 

resumption of inte rrup t ed tasks , 

and the revealed decided differences be tween feeble-minded 

and normal children" (Kounin, 1941 , p . 251-252). Kounin 

formula t ed his theory as follows : " The general theory 

postula tes that rigidit y is a positive mono tonous func tion 

of chronological age. A corollary of t his theory is tha t 

rigidity i s a positive monotonous 

feeble- mindedness" (p. 2 54) . 

Werner and Strauss ( 1 942 ) 

func tion 0£ the degree of 

followed this 

investigating brain damaged chi ldren and were aule to show 

that these subjects perseverated far more than normal 

children. These authors disagreed with the above cited 
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of 

chronologi cal age. 

i t s plac e as a n 

Spearman • s ti me . 

Perseveration was, therefore , re t u r ned to 

indi ca t or of r igidi t y as it was in 

Golds t e i n (1 943 ) also used a neuropsycholog i cal a~pr oach 

to bri ng about an understanding of t he natu r e of r igid i ty. 

He described two t ype s of rigi di t y r esulting f r om b r ain 

damage : " Primary r i gid i t y invol ves s eg ue lde of an 

abnormality of t he Ei nstell ungs- mechani sm , most freq uen t ly 

obser ved in l es i on s of t he s ubcor t i cal ga ng lia . Each 

performance i n acti on immedi a t ely becomes so r i gi d t hat 

responses t o extr aneous stimuli cease . Seconda r y r i gi di ty 

is due to a pr i mary defect of the higher men t al pr ocesses 

occuri ng i n cor tical damage and cortical mal f unc t ions , s uch 

as feeble-mindedness . I t occ urs only i f t he i ndi vidual i s 

c onfron t ed wi th t asks beyond h i s ca fa bili ties" {p. 225). Then 

he offers t he f ollowi ng t heo ret i cal i n t e r p r e t a tion : 

" Rig i di t y occ urs when a n ocgani sm is unable t o come to t e r ms 

with ' i t s ' en vi ronment i n an ' adequate • way. I t i s a means 

of protec tion agai nst •catastrophic conditions ' ... Ri g i dity 

i n feebl e - mi nded chi ldr en is a conse~ uenc e of a me ntal 

def i c i ency , especial ly of t he i mpa irmen t of abs t r act 

attitude. Nor mal individuals may also exhib i t r i g i d i t y under 

certain condi ti ons, namely , i n 

capaci ties" . Goldst ein made he r e , 

clear statement that r i gidity can 

performance ney ond t heir 

for t he fi r st t i me , a 

oe a ma ni festati on of 
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certain stat es of the organism and refers to brain damage as 

one cause of rigi dity. Therefore , rigid behavior can be a 

symptom of a defective cortex b ut can also occur i n healthy 

individ uals with intact br ains. The latter is the case ~hen 

a t ask is too di ff icult and o ve rtaxes t he ocganism ' s 

capacity. 

Inflexib le behavior 

conse~ uence of l e sions 

has b ee n reported as a 

in the frontal regions 

specific 

in man. 

Halstead ( 194 7) made ma jar contcib utions to the 

neuropsychological unde rBtandi ng of fronta l lobe funct ion . 

He set up a large test battery to study the funct ions of the 

frontal lobes , the site, he believed , which accounts for 

" biolog ical intelligen ce'*. But he found tha t only some tests 

in his batt ery d iscriminated patien t s with frontal lobe 

l e sions from others. The poorest per formance for frontal 

lobe p atients was fo und on a c once pt forma tion t ask 

(Category Test) ; Ha lstead concluded that frontal lobe 

patie nts were most i mpaired in abst ract thinking. Hals t ead ' s 

modi f ied battery has since been used extens ively in the 

neuropsychological assessment of brain damage . Lack of 

f lexibility , as an effect o·f frontal lesions , has been 

s tudied numerous times i n tests assessing abstract thinki ng , 

problem s olving and l e arning , and memory. There are many 

reviews which summarize the findings (Spreen 1977 , Hecae n 

and Al bert 19 78 , Walsh 1978 , Damas io 1979 , Fuster 1980 , and 

Regar d 1980) . The ~evie we rs agree that rigidity as a uni t ary 
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not apply to the various behavioral 

Hegenscheidt and Cohen (1 972) a lso found t hat 

the concept of cognitive rigidity i s mul t i d i mensi onal . ihey 

studied the relationshi p among t hree , so- called " p ure " 

measur es and found little overlap among them. 

Walsh ( 1978) points out that infle xible behavio r is 

obser vable a f ter les ions any where in the cortex but wost 

prono unced in patients with frontal lesions. I nflexibility 

ha s be en observed i n cogn i tive , motor and personali ty 

f unctions . The findings will be summarized , but ror more 

details the reader is referred to the reviews menti oned 

a bo ve . It must also be r emembe red t hat in r e viewing Vdrious 

source s of previous cli nical data prob l ems arise because of 

t he diversi ty of tes ts used , differences in t he 

specification of lesion t ypes an d i n the unde r l ying 

conceptual models . In brief : (1 ) no g ross intellec t ual 

defi c its are usuall y associ ated with frontal lobe damage 

(Smith and Philli pp us 1969, Black 1976) . (2) Memory , 

learni ng and a ttentional deficits are common in both left 

and right f r ontal damage pat i ents (Pri sko 1963 , Corki n 1964 , 

Milner 196 4 and 197 1, Luria 1966, Damasio 1979). (3) 

Language and verbal deficits are us ually f ound wi th l eft 

f rontal damage (Milner 1964 and 1971, Luri a 196 5 , Benton 

1968 , Ramier a nd Hecaen 1970 , Perret 1974 , Benson 1979) . 

( 4) Mo t or defici t s and personality f robl ems are related to 

bi f rontal damage (Feuchtvanger 1923, Kleist 1934 , Hecaen 
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1964 , Luria 1965 , 1966 and 1973, Benson and Blume r 1975 , 

Hecaen a nd Albert 1978 , Damasio 197 9 , Be nson et al 198 1). 

(5 ) Spatia l proble ms are observ ed in patients after l ef t and 

right f rontal damage (Heilman a nd Valens t e in 1972 , ~cFie and 

Thompson 1972 , Dutte r s e t al 1 972 , Bruye r and Bontem ps 

1979) . (6) F i nally perseverative and i nflex i ble behavior 

has for a l o ng time oec n known to be mani fes t after l eft 

s i ded and bifron tal l esions {Milner 1963 , 1964 and 1971 , 

Teubcr 1964 , Drewe 1974, Perr et 1974, Nelson 1976 , Robinson 

et al 1980). Recently , the same beha vior was also described 

fo r pa tien t s with circ u mscribed right anterior lesions 

(Jone s-Got man a nd Hil.ner 1977, Rega r d 1980). Ri gh t sided 

effec t s were el icited by employing non-ve rbal s timuli . The 

funct i ona l asymmetry within the frontal lobes i s desc ribed 

in mor e detail elsewhere {Rega r d , 1980 ) . 

No curren t theory accoun t s for the who l e r ange of 

inflexible beha vior. The rel ationsh i ps bet 1,1ee n inflexibility 

and brain da mage are not yet f ully explained. Ho we ver , t here 

a r e numerous t heoretical conce ptions r egdrding the ndtur e of 

frontal lobe dysf uncti ons which will be b riefly s u mma rized. 

During the last century , Bianc hi (1 895 ) al ready believed 

t ha t t he s ite of coordina t ion and fusion of t he i ncoming and 

outgoing products of the se ve ral sensory and motor areas of 

the cort ex i s in t he £rontal lobes. He based his conclu~ion 

en tirely ou r esul t s derived £ com a nimal stud ies . Brickner 

( 1934 ) stat ed t hd t frontal lesions ledd t o a def i cit in the 
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highest levels of associati ve process i ng and to an i nab ility 

to synthesi ze. Goldstein {1 936 and 1944} , as ment i oned 

abov e , hypothesized that such patients are not able to grasp 

the entire ty of a complex situation or to differen tiate one 

complex s ituation f rom a nother. 

inabilit y produces indifference 

behavior as well as regression 

He further s aid that this 

and unstable emotional 

of the abstract a ttitude 

toward t he conc r e t e . Per se vera tions, in his view , help to 

avoid catast rophes. By this he mea nt that they are 

protecting against abno r ma l dis tracta.blity and help to cope 

with the " normal " enviro nme nt . Milner {1 963} focused on 

interference . 

Sort ing Test 

Pr om he r observations on the Wiscons in Card 

{WCST), she der i ved the uotion tha t frontal 

lobe l esions lead t o an i mpai r ment of the ability to 

suppress interference ef tects of pre vious acti ons on a 

current t ask . 

Te uber ( 1964 , 197 2 ) 

model on the basis of a 

developed his corollary discharge 

series of t ests. The model i mflies 

t ha t the frontal lobes are controlling behavior . The front al 

lobes originate antic i patory d i scharges to th e sensory 

structures and prepare for the motor activity that i s about 

to occur ; they have l imited control o ver reflexive mo vements 

and pos tures and correct for di splacement s of per ception. 

Nau t a ( 197 1) added t o t hi s hypothe sis that the inabil i t y of 

frontal pati en t s t o maintain a normal stability in time is a 

conse~uence of a loss of senso- effector organization 
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involved in mechanisms of perceptual frocessing and beha vior 

pr ogramming. 

experienced 

He thought that most of the problems 

b y such pa tients can be understood by 

considering the s tron g fronto-limbic connections , i . e . the 

neocortical representation of the lim bic system in the 

fr-ontal lobes. Luria (1 966 and 1973 ) , based on his 

intensive case studies, comes to conclusions s i milar to 

those of Teuber and Nauta . He desc r ibed fron t al lobe 

pa tie nts as being distur-bed in the programming of actions 

and in active s tate re g ulation. such patients lack control 

of intentions and cannot correct errors vheo comparing 

action and p rogram. In Luria ' s view the organizat ion of 

conscious acts, the third unit of hi s three stage model 1 i s 

responsible for this dysfunc tion . Altho ugh to him a 

di stincti on bet ween l eft and right frontal areas i s of minor 

importance, he believes the left frontal lobe to be more 

i nvol ved in verbal thought, whereas the right fro ntal lobe 

is more involved in emo tional behavior. 

1 Luria (1 973 ) d istin g uishes three func tional units. they 
all pa rtici~at e in mental dCtivitJ . The unit for 
regulating tone and waking is mainly activated b y t he 
reticular fo r ru dtion and its connect ed s ubcortical and 
cortical ar eas. The unit tor receiving , aual yzing and 
s t oring information is located in the receptive areds of 
the cortex. The t hird unit , the s_ystem for programmin g , 
regulation and verificdtion is located in the anter i or 
reg ions of the hemispheres. 
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Finally , inflexible be havior is also a common symf t om 

gerontologists observe in the aged. Recent studies have 

attempted to answer t he g uestion 

general symptom of normal aging , 

associ a t ed with certai n bra in 

whe ther this beh a vio r is a 

or whe t her it is s trongly 

d i sea s es in the elderly 

{Albert and Kaplan, 1980). A summary of the f i n<l i .ngs in 

elderly would g o beyond the topic of this s tudy ; the re ader 

i s referred to r e vie ws by Angleitne r (1 972 ) , Bi r r en and 

Schai e ( 1977) , and Botwinick ( 1 97 8 ) . 
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1. 2 summau and conclusi ons 

Historical ly , the ri gi di t y- flex i bility d imension has 

been regarded as a unitary conce pt. The topological 

approaches by Le win and Kounin , the revision of t heir 

t hBories by Werner ' s 

lastly , Golds t e i n ' s 

summmarized. Mo re 

compa r ative - developmental app roach and 

neuropathological theo ry have been 

rec ent investiga tors came to the 

concl us ion t hat a multid i mensional concept is nec essa r y to 

capture all the aspe cts of rigidity. The ran ge and 

complexity of the manifestat ion of rigid beha vior make clear 

definitions difficult. For Chown ( 196 1) r i g i dity s i mply 

means a lack of flexibility when a task demands it . There 

i s a g r eemen t that rigidity has to be linked to t ask specific 

va riables as we ll as to t he s t ate of the organism. Varying 

degr ees of inflexibility wer e found to be manifest i n 

diffe r e nt client groups , such as the mental ly retarded and 

pa tients with s peci f ic brai n les ions , but a l so i n normal 

children a n d i n the elderly. 

It was poi n t ed out that the res ults of vari o us factor 

analytic stud i es ha ve sugges t ed several d i ffe r ent factors 

and labels. only Rubenowitz (1963 ) fo und a single general 

fac tor. His construct i s determined by her edita ry , early 

en vironmental , cultural, and situati onal fac tor s ~ith 

vari o us be havioral manifestati ons. Chown {1 959) s ummarized 

different vari ables which influenc e f lexib l e behavior s uch 
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as different methods of training or the sta te of the subject 

( the amount of anxiety , needs and age). She concluded that 

it mi ght be more appropriate to relabel different test 

behavior accordin g to the specific difficulty rather than 

using just one label, "rigidity". For example , she suggests 

that for learning tasks it might be more useful to talk 

about " change of expectancy" or "change of set". She 

continued: " Ideally, both intra- and i nterindividual 

reactions to change should be compared . The effect of 

differ ent tes ts on different individuals is not known , but 

if there is a wide variation due to other factors such as 

intelligence involved in the tests , this may account in part 

for the inconclusive results so far obtained" (p. 2 16). 

Goldstein and later Chown (1961) and Bo twinick (1 978) , 

refuted the belief that rigidity of behavior is a whole 

"life style". Instead , they advocated t ha t si tuational 

effects, as measured with a set of tes ts, should receive 

fur ther attention . Rigidity, therefore , simply would mean 

the adhere nee t o a ta sk ; and its converse , flexibility , 

woulJ i mply the ability to shift from one pattern of 

activity to another. Also for Goins (1962), who regards 

behavioral rigidity- flexibility as a continuous dimension , 

r i g i d behavior is task specifically def ined. His operational 

definition i s "~) the degree or amount 

etc.) of change in cesponse (behavior}, (b) 

{in time , t.c ials 

wi t h cespect to 

the a ve rage or normal change for a given situation, (c) 

where more effective behavior is demanded" ~ . 49) . 
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Many neuro psychological stud i es have .fo und t hat 

i nf l exibility is a predo mi nant characteri s tic a .f t e .r lesions 

in t he frontal lobes. Some theories r ega r d i ng the na ture of 

frontal lobe dysfunctions have been summarized. I t can be 

conc l uded t hat t he r ange of rigid behavior and t he 

mechanisms of d i ff i culty a r e only pa rtially e xplained. 

Mani fest ations of rigid behavior are observed in ccnceftual 

t hin king, learning a nd prob l em solving as wel l as in 

e ve r yday beha vior. More studies a r e needed if the r e is t o be 

understandi ng of the vaci ab l es whic h i nfluence a per s on ' s 

ability to c hange . One direction is pointed out by Bradshaw 

and Net tle ton ( 198 1) who wrote that t here should be mo r e 

emphasi s on t he way s timuli are processed rather than on the 

t ype of sti muli i n order t o allow infe r ences about normal 

trai n func tions f rom studies with brain dama ged i ndivid ua ls. 

Cognitive rigidity i s under study comfariug young with old 

ad ults (e . g . Kirb y et al 1979), out no recent investigations 

foc us on the effec t s of ce r ebral l es i ons o n flexibility. 

Goodgl ass and Kaplan (1 97 9), in t hei r chapt e r on the 

assessment of fron t al lobe dysf unction , list four areas 

invo lving some aspects of flexibility which should be 

e xamined : 

1. t he aoi li t y to initiate and maintain d series of 

directed associati ons , 
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2. th e ability to mainta i n a set i n the face of 

i n t erference , 

3. t he a bility t o shift from one conceptual frame to 

another, and 

4. t he ability to maintain a series of alternating motor 

ac ti vi ties . 

The curren t study i s designed to i n vestigate th e behavior 

of no r mal peopl e on a ser i es of tests of rigidity related to 

different i mager y s tyles. The results are expected to lead 

to fu rthe r explorations of the effec ts of cerebral lesions 

on rigidity .. Of special inter est are: (1) the abi l ity t o 

c ha nge one ' s set to mee t the require men t s of a s ituation , 

and (2) the abi l ity t o produce a diversity of ideas. Frick 

et al (1 959 ) d i stinguished these t wo d i mensions of behavior 

and t hei.x:- labe l s , (1) spontaneous fle xibility and (2) 

adaptive flexibility , are used in this study . The r e i s a 

need to learn how these abilities are relat ed i n context to 

differ ent task demands and s ub ject variables. One 

particular variab l e of interest i s imagery. As one of t he 

explanat ions of rig i d behavior, it is sugges ted t ha t a 

defec tive ment al represen tation of concepts (i ma gery 

abil ity ) might accoun t fo r t heir dif f i c ulty in conceptual 

t hinki ng in pa tients with frontal lesions. 

In s umruary , t he central point of the c urrent s tu dy is the 

assessment of degree and type of association between i ma gery 
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and f lexi bility. The per formanc e of normal s ubjects on 

several t est measur es will be the basis for first 

e x pl orations of the performance of persons with focal brain 

lesions. 

The questions asked dre : 

1 -

2. 

3 . 

What is the r elationsh i p between ve rbal ar,d 

non-ve r ba l measures of 

flexibi l ity? 

spontaneous and adaptive 

How i s i magery ability associated with f l exibility? 

Doe s it have d facilitatin g or i n t e rfer i ng effect on 

perfor ma nce on f l e xibili t y tests? 

What are the e ffect s of foca l brai n damage , 

especially t he diffe r ential effects of f ronta l 

l esions versus non- fron t al l es i o ns , on measures of 

fl ex ibility and i mage ry ability? 

The variables to be studied will be discussed in the 

follo wing chapter . 



2. SELECTED VARIABLES 

In this chapter the choice of the variables and the 

develo~ment of new tests measuring spontaneous and adaptive 

flexibility , imagery , and intelligence are discussed . The 

tests will b~ discussed in deta i l i~ t he following chapter . 

£•1 S~ontaneous flexibility 

Frick et al (1959) measured a factor labe led spontaneous 

flexibility b y employing tests which measured the diversity 

of i deas that could be produced in a gi ven period of time. 

The other factor found was labeled adaptive flexioility , 

meaning the ability to shift concepts. Examples of the type 

of tests used to measure s pontaneous flexibility were : to 

think of as many different uses as possib l e for a ccmmon 

object or to name possib le objects belonging t o a certain 

class. Chown (1961) inve stigted 16 different ~igidity tests 

and f ound five different factors. She was able to r eplicate 

the spontaneous flexibility factor with the same test 

measures which Frick et al had included in their study. 

Angleitner (1973) tried to isolate di£fereut forms of 

- 24 -
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rigi d i ty a nd factor analyzed 13 tests given to a German 

populatio n . He i ncluded only one t est to measure spon t aneous 

flexibility which loaded on a facto r label ed 

"Testr igiditaet " ( test r igidi ty ) . The second facto r f ou nd by 

Ang lei tner was label ed " F ra ge.b ogen r ig i d i tae t" ( ':Jues t ionnaire 

rigi dity). 

For earl ier ( 197 1) spont aneous f lexibi li t y i s an 

important sou r ce in t he p rocess of creat i ve t h i nki ng . Like 

Guilford , she argues that divergent think i ng i s eq ui valent 

to crea t i v i t y . In her study earl ier looked a t verba l as 

well as non-verbal performance across both sexes. Her 

non- ver-bal t est was a figure comp letion task . Her f i n dings 

indi cate d i fferent factor structures for males and fema l es. 

Furthermore , she found the spontaneous flexioil i ty di mensi on 

to be ind e pendent of test intelligence but re l a t ed to 

cert a i n personality trai ts (as measured wi t h a 

quest i onnai r e ) . Sch ul t z ( 197 7) st ud i ed s pont a n e ous 

fle xi bi l ity i n adulthood and o l d age and also foun d no 

signific ant r elati on to intelligence, but , in c ont r ast to 

earlier , he fo und no relation t o sex ei t her. Sc h ul tz fo und 

riyidity more related t o personality than age , b u t in older 

people r igidity was man i fest in a wide r range of beha viors . 

Measures of spontaneous flexib i l i ty al ways h a ve a measure 

of produc tivity in common . The richness 0£ out put , for 

example the number of ide as , can be measur ed i D f luency 

tests. Since verbal and non-verbal stimuli might tri gger 
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di f ferent processing mechanisms, bo th aspects should be 

looked at in measures of spontaneous flexibili t y . As will 

b e seen later , imagery researc h has paid much attention to 

the verbal-nonverbal dicho t omy. In the neuropsychological 

literature , this dichotomy has a long history and its 

interpretation is still controversial. According to t he 

view of se veral authors (e. g. Kim ur a , 196 1, 1967 ; Gesch wind, 

1972 ; Seamon and Gazzaniga , 1973 ; Denni s and ihitaker , 

1976) , the left hemisphere is primarily i nvolved in the 

process i ng of semant ic i nformation and reflects the 

operation of lang uage-speci fic 

hand , the right hemisphere is 

mechanisms. On the other 

complex , 

functions 

hypot heses 

specialized in processing 

non-ve rbal information . No t all lateralized 

are ex plaine d by this dichotomy and additional 

have been proposed such as t he 

sequential- processing hypotheses (e . g . Das, Kirby , & Jarman , 

1975 ; Leong , 1976) and t he analytic- holis t ic hypothesis (for 

revie ws see Moscovitch 1979 , and Bradshaw and Nettleton 

1981) 

Non-verbal aspects of prod UC ti Vi t y ha ve uot been 

investigated in most of the pre viously mentioned stud i es. 

One exception is Torrance ( 1966) who used ve r nal and 

non-verbal t ests in his battery , t hough his flex i bility and 

fl uency scores are not pro ven to be separate d imensions 

(Yamamo t o and F r engel , 1966 ) . 
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the Word Flue ncy Test 

intr oduced b y Thurstone a s part of the Primary Mental 

Abilities Tes t ( 1 948) has often been used with brain damaged 

subjects. Its diagnos tic value in neuropsychological 

assessment has been estab lished several times (~ilne r l96 4, 

Be nton 1968 , Ra mi er and He caen 1970 , Per r e t 1974 , Regard 

1980) .. Jones-Getman and Milner { 1977) introduced a 

non- verbal e g uivalent , design fluency tes t. The authors 

re ported the lowest performance for patients with right 

anter i o r lesions , com pared to patie nts with lesions 

elsewhere i n the brain. In 

gesture f luency t e st , Jason 

an exploratory 

( 19 80) also 

study with a 

fo und a right 

hemis phere effect. Both of these tests have the d i sadvanta ge 

of being d i ff icult and time consumi ng to score . 

In the pr esent s tudy two f luency tests ha ve been used to 

assess spon t aneous flexibili t y . They were chosen beca use 

t hey a llow the d istinction between verba l and non- vernal 

mode s of s ti mulus a nd response . The tes t s also pro vid e an 

eas y way to score pr oductive and repetitive beha vior . For 

verba l fl ue ncy Pe rret• s Word Fluency Tes t (1 974) was used ; 

f or non-ve r bal f luency the F ive - Poi n t Test introduced by 

Regard ( 1980) was used . Pilot data f or the l a tter test 

exist f or patients with circumscr ibed brain lesions and for 

normal adults (Regar d , 1980) as wel l as fo r c h ildre n 

(Strauss, Regard , & Knapp , 198 1). 
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The com monly acce~ted def inition of adaptive f lexi bility 

i s the a bility to e xtract the relevant stimulus f rom va rying 

context and the ability to change a r e s p onse patte rn . Mauy 

tests have been devised to assess these components of 

behavior bu t r e sults 

used. Chown (1 96 1) 

seem to be bound to the type of tests 

and Angleitner (1 973) could not 

r eplicate the factor of adaptive flexib ility , as previously 

described by Frick e t a l (1 959) . The discrepanc1 in the 

results of the two studies may be due to the difference in 

t ests used to measure adaptive flex i b ility. To illustrate , 

Frick e t al used a t est where subjec ts had to place num bers 

of crosses on a checkboard so tha t no two appear in tbe s ame 

row , column , or diagonal , while the othe r authors used 

Gottschaldt ' s Hidden Figure t est. In Gottschaldt ' s test 

cert a in outlines are disguised by superimposed figures and 

the s u bject is asked to pick out the simple outlines. 

Many other e xampl es of the wide spectrum of tests us ed to 

assess a daptive f lexibil.i ty can be found in the lite rature . 

One of t he dime ns ions the t e s t s diffe r in i s the ver bal a nd 

non-verbal a spect . The ijisconsin Card sorting Test (WCST) 

i s an establi'shed t ask in neuropsychological assessment. 

Using this test Mi lne r (1 963) found that pa tients with 

dorsola teral f rontal l esions were most impaired. She 

belie ved ( 1964) that it is not a defec t in abstract think i ng 
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shift behavior when required 
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a general inability to 

to do so. Various 

modifications of this test have been published (Te ubec 1951, 

Dr ewe 1974 , Nelson 1977 , Robinson et al 1980 ) . All of the 

tests mentioned so far make use of the non- ve r bal stimulus 

mode. Howe ver , in the WCST it is unclear to what extent 

stimuli can be verbally labeled . For another presumably 

non- verbal t est , the Weigl Form sorting Test , De Renzi 

(1961) established an association with verbal ability . 

An example of a test using the verbal stimulus mode is 

the Stroop Test (Stroop, 1935), the classical task where 

conflicting stimuli inte rfe re with a successful concept 

shift. Perret (1974) sho wed that patients with left frontal 

damage performed poorly on this test as compared to both 

patients with lesions elsewhere in the b rai n and to normal 

individuals. Frontal lobe pa tients were most distur bed by 

interference and consequently made the highest oumoer of 

errors and were slowest in reading the color words. This 

finding was later replicated by Regard (1 980). Perret 

believes that the difficulty of this test for frontal 

pati ents stems from their inability to s uppress the 11normal 

habit of using words according to their meaning" and from 

the inability to switch cognitive sets . 

In the current study , tests have been used which assess 

concept shif ting behavior for bo th verbal and non- verbal 
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stimuli. The ve r bal a s pect was assessed with the Stroop 

Test. This t est is economical a nd IQ independent , and it has 

an established diagnostic valid ity in neuropsychological 

assessment (Perr e t, 1974). I n orde r to t est shifting abi lit y 

for verba l a nd non-verbal concepts a new concept 

i dentif ica tion t ask was introduce d . The ne wly constructed 

concept i dentifica tion t est uses v e r bal and non-verbal 

s t imul i and allows a l s o to look at t he role o f i magery. 

Previous s tud ies gi ve conflicting inf ormation about t he role 

of i magery in concept identificati on. Ernes t (1 977) tound 

tha t i ma gery i s f acilitative in concept i dentifica tion. In 

t h is i nstanc e imagery has a mediatin g effect . On t he othe r 

hand, it could not be demonstra ted tha t peo pl e ~i t h high 

i mage r y ability would do be tter in s uch t asks . I t is also 

kno wn that imagery can ha ve an inte rfering e f fect. Bryne 

(1 974) for example , sho wed that visual i magery can produce 

co nf l i c t s in th e recall of wor d lists . Again , maybe the 

fact that th e verbal and non-ve r bal dimensions were 

d i s r ega r ded may have contributed to th e conflicting results. 

The task introd uc ed in t his thesis was designed to include 

set s whi ch r equi re the ability to suppress interference and 

others which r equ ire i magery abili t y. At some point in t he 

tas k the associa tions to cue responses being reinforced 

we re changed o r '' sh i fted " witho ut f orwarni ng t he s ubject. 

Ri gi d ity was def ined i n term s of fa ilure t o shift ; the 

reverse , f l e xibility , wa s def i ned as shif ting of r esponse 
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when a c hdnge o f c oncep t was required . I n particula r, t he 

t ask t ested whet her o r no t i magery wa s an inter f e rin g or 

fa cil itating va r iabl e f or c o nc ept i dentification . The t est 

t he r efo r e was des i g ned t o l o ok a t t he i nflue nce of s ti mulus 

mode (verbal or no n- ve rba l) and a t t ype of se t (i mage r y or 

i n terf e .cenc e ) . Imager y ao ility was also measured 

i ndependentl y as d i s cussed be low. 

2. 3 Imagery ability 

I mager y r esearch is conce rned with the nature and t he 

f u nct i on of men t ct l i mages . 

t he pe r fo r mance on t es t s 

Ric har dson ( 19 72 ) belie ves t ha t 

o f s pon taneo us and a dap t ive 

fle x ibility 

abili t y . No 

r e l a tio nship. 

mi gh t be r ela t ed t o t he ~ ua l i ty 

i n vestigatio n c ou ld be f ound 

o f i mage r y 

t esti ng this 

s ugge s t ed t hat In t he c urre nt s tudy it i s 

t here i s 

rigi di t y . 

d r e l ationsh i f bet wee n image r y ability and 

I t was mentioned ea r l i e r t h at Brick ner ( 193 4) 

beli e ved t ha t fron t al lesi ons l e ad to a def i cit at t he 

highest levels of associa t i ve pr ocessi ng . Lucia ( 19 66), 

t oo , thoug ht t ha t perse verative beha vior i s c a used b y t he 

i nfl uenc e of irre l e van t associations. In t he c ue .cen t s tudy 

it i s s uggest ed tha t the r i g i d , perseve ra t ive behavior of 

pa tients , spec i f i c ally with fron tal l oue damage s t e ms from 

defec t i ve ment a l r epr esenta t ion of associa tions and 

defec tive men t a l transfor ma tion of conc ept s and i mages. 
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Due to a heightened interest in cognitive beha vior- in the 

last decade , a large amount of research in this field was 

published~ Reviews on the nature and function of imagery can 

be found in Pai vio (1 97 1), Sheehan (1 972), and Cohen (1977) . 

Ernest (1977} r e viewed recent find ings of imagery linked to 

learning, memory , perception , and conceptual processes. She 

listed two studies (Katz and Paivio , 1975, and Durndell and 

Wetherick , 197 6) which s howed that imagery is hel J:)fUl for 

conce pt identification. However , another study by Hollenberg 

(1970) showed that low i magers were better at grasping a 

conce ptual category than were high imagers; they concluded 

that high imagery ability may be detrimental to abst r act 

thought . Ernest ' s review suggests that the relationship 

between imagery ability and .f l ex i bility , dS measured in 

f luency tests and concept identification tasks , needs 

further testing . 

Ima gery is used in three different ways in 

neuro psychological stud i e s : one is to look at imagery as a 

mnemonic aid for brain damaged patients (e.g. Lewinsohn et 

al , 1977), 

symptoms as 

198 0) , and 

another is to ex plain various neur-opsychological 

defective mental imagery (e . g . Basso et al , 

a third , is to link 

image ry 

dominance 

with cognitive 

t he most contro versi al , 

style associated with hemispheric 

{e . g . Zenhausern , 1.97 8) . Paivio ' s ( 197 1) 

observation that brain lesions produce individuals whose 

abilities corresp ond roughly to the ver bal and non- verbal 
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imagery types is meaningful , but t he association bet ween a 

person th i nking i n pic tures or in words and hemispheri c 

domi n ance seems o verly simplified . 

Inve sti gations of me ntal rotation have provi ded some 

insight into the nature of mental image r y. Also , rota t ions 

as a clin i cal phenomenon have been e xtensively studied 

(Royer and Hol land , 1975). Tests in which a design has to be 

rotated reguire i magery abi lity . Spontaneous r ota t ions 

a ppear almost exclusively afte r brai n damage . A number of 

construct i onal t ests r equiring ro t a t ions ha ve been 

developed. For e xample , in the Block Rota tion Test by Satz 

(1 966 a and b ) the subject is a sked to copy designs rotated 

90 degrees t o the r i ght or lef t. Eighty-two perc e nt of the 

patients with organic brain disorders and 35 % of t he 

psyc h i a tric and normal subjec t s were correc t ly i den t ified by 

the use of cut-off scores . 

Regard ( 1976) looked at spontaneous ro t a t ions produced in 

t he Bender Ge stalt Test and in the Rey complex figure i n a 

brain damaged population and found that the performance of 

patie nts with f ocal nrain lesions io t he righ t hemi sphe re , 

pr edo minantly i n the ba s al temporal area , resulte d i n the 

large st numbe r of rotations. She suggested that t his might 

possibly be t he result of a r ight hemi spha re di sco nnexion 

between the cortical and subcortical struc t ures and no t t he 

result of 

proposed 

low i n t e lligence or of 

b y other investiga t ors. 

vis ua l i nput defects as 

In a lat er s t udy 
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(unpublished material), brain damaged patie nts with 

localized l esions we r e r equired to copy the Rey figure , 

men tall y rotating i t by 9 0 deg r ees.. It was f ound that 

patients with left frontal l esions ha d the mos t d ifficultie s 

and d i splaced t he l a r ges t number of elements. The study 

concluded t hat vis ual imagery , as measured by r equire d 

rotation , h as an inte r fer ing function for patients with left 

frontal l esions , b ut not f or pa t ients with lesions in the 

rig ht f ron t al area. The inflexibility of pa tients wi th 

f rontal damage had not p r e viously been associated with 

defective i magery . However , Rugg (196 3) attributed 

spontaneous flexibility to imagery , and Calvano (1 973) 

s tudied the predic tive va lue of selected f l e xibility and 

i mage r y tests for paired-associate learning . Inf ormation 

concerning a r elationshi p be tween these variables is not 

given . 

Ernest 

ability . 

(1 977) rev i e wed measures to assess i magery 

She distinguished three types of measures : 

s uojective ratings , performance tests , and spatial tests . 

Self ratings are problema tic tools beca use the imagery 

process r emains s ubjective and uncontrollable to the 

exper i ment e r . 

these types 

perforraance 

handicap of 

Paivio (1 971) and White et al (1 977) reviewe d 

of t ests in detail. Spatial tests and 

meas ures are more objective but l:ear the 

assessing only ce i:tain 

ability. Ques tionnai res and paper 

a spects of imagery 

and pencil t ests are 
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habitual 

spatial use of image ry, 

imagery . 

(3) i magery c ontrol, 

For t he purpose of the current 

habitua l use of image ry was 

study , 

neede d . 

and (4) 

a measure for the 

Paivio { 1971) 

constructed an Individ ual Differences Questionnaire (IDQ) 

which assesses the extent to which an individual typ ically 

uses i magery and ve cDa l processes in thinking a nd problem 

solving. Richa rd son (1 977) shortened the IDQ and r e l a ted i t 

to an i ndependent c riterion, lateral eye movements. The 

usefulness of the di mension visuali zer- ve rbalize r, as 

proposed by Paivio and Richa rdson i s still under 

investigation . 

Zenhausern ( 19 78) crit i cized t he verbal-visual dimension 

because , he arg ues , " those who t h i nk i n p ictures can be very 

verbal" and s uggest s instead a vis ualize r-nonvisualize c 

di c hotomy. He writes further that coding preference rather 

t han a bility is the critical va riab l e to distingui sh hi gh 

and low imagers . No data are yet a vailable f or Zen hauser n •s 

test , but t her e are da t a f or the IDQ and more r ecently also 

for th e short £or m constructed by Richa r dson (1977). The 

Verbalize r-Visualizer Ques tionnaire (VVQ) was used in this 

study. It h as been f ound to be a stable measure of an 

individual ' s cognitive style. The ve r balizer-visua lizer 

dichotomy is historically r e lated to the clas sical ima gery 

types (Griff itts , 19 27) and has in recent years been 
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thoroughly studi ed by Paivio (1971). Pai vio ' s i ni tial study 

in vol ve d a factor analysis of the correlations between 

verbal aoi lity t ests . Paivio concluded that imaginal 

(visual) and verbal proce sses are d i fferen t cogn itive 

d i mensi on s . Ernest (1 979) provided f ur the r e vide nce f or the 

s uperiority of high i magers in the perceptual processing of 

pictures but not fo r words. More t es ting i s needed to 

determine whe ther or not select iv e disturbanc es in verba l or 

non-verbal processing after brain lesions do reflect the t~o 

s ymbolic systems postulated by Paivio . Ri chardson 1 s (1 977) 

q uestionnaire to assess t he two ha bitua l t hink ing st yles , 

verbal a nd visual , uses ite ms e xtracted f rom Paivio ' s (1 971) 

Individ ual Differe nce Questionnaire (IDQ) . Ri cha r dson 

claimed that with t he VVQ a behaviora lly and ph ysio logically 

vali d t est ~as found . Habitual verbalize r s scored 

significantly h i gher than hab itual vis ua lize r s on the Mi l l 

Hill vocaD ulary scale set A. The test- retest r e liability 

(one week inte rval) f or 17 females wa s £ = . 9 1 a nd f or 20 

males r = . 92. Data a re a va ilable f or 5 independen t samples 

of c o llege studen ts (49 fe males a nd 2 86 males , Richardson 

unpu blished). The ave rage sco r e was 8 .72 f or the 5 samples. 

In hi s 197 7 paper, Richardson desi gna ted those wh o scored 7 

or l e ss as habitual verba lize r s a nd those scoring 12 or mo re 

as hdbitual vis ualize rs. F urther more , he had a «mixed class'' 

including those who sco ~ed between 8 and 11. 
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2.4 Intelligence 

No clear information is available on t he relationship 

oetween verbal and non -verhal fluency tasks and t est 

intelligence. I t is known from studies with elderly subjects 

(e . g . Chown , 196 1) that t he relati onship be tween 

intelligence and f lexibility is not linear , i . e . people ~ith 

low intelligence are no t necessari ly rigid but low 

intelligence is often found in rigid people . For t he 

fl uency measures used in the presen t study , no direct 

correlations with IQ are a vai l able . Howe ve r, Perre t (1 974), 

in a study with word Fluency and the Stroop Test , d i d ha ve 

IQ scor es for his subjects and found no significan t IQ 

difference bet ween the brain damdged and normal control 

subjects. This , in context wi th the significant differences 

between groups on the o t her tests, might s uggest t hat there 

was no signif i cant correlation but provides no direct test 

of t he relationshi p. The associa t ion between intelligence 

and concept i dentification is also not thoroughly studi ed 

(Bourne , 1966). The performance on such tas~s migh t be 

dependen t on the age of the s ubject, the complexi t y of the 

s timuli or the type of instructions gi ven . Therefore the 

association bet ween tests of flex i bility and imagery on t he 

one hand and intellige nce on the othe r needs to be 

established in t he current stud y. 
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Two partial measures of intelligence were chosen t o 

obtain an IQ estimate, the vocabulary su.otest dS a sampl e of 

verbal and the bl oc k de sign sub t e s t as a sample of 

non- verbal intelligence. Both are part o f the Wechsler Ad ult 

Inte.lligence Scale (Wechs l e r , 1955) . The correlation 

coefficients with the full scale IQ vary from £ • = . 79 t o f• 

=. 83 for voc aoulary , and from £ · = . 67 to £• =. 77 for block 

desi g n for different age groups (Matarazzo , 1972). 

Examining t he r elationsh i p bet wee n intellectual loss and 

inflexibility i n brain damaged subjec t s , Mackie and Eeck 

( 1966 ) showed that brain damaged pa t ients can suf.fer 

.intelle ctual loss withou t increased inflexibili ty and that 

in f l e xibility can exist in brain damaged subjec t s wi t hout 

general intelle ctual loss . 



3. HYPOTHESES 

The basis for the hypotheses was mainly derived from the 

literature concerned with neuropsychological defects after 

frontal les ions. The nature of the de fective a bility to 

shift a nd of the rigid , perseverative behavior after frontal 

lesions is still only partially unde rstood. As a general 

hypothesis it is suggested that a fuller e x planation could 

be round if t he defect.ive mental r epresentation 

were c o nsidered . The current study atte mpts to 

of images 

de£ine the 

role ot i magery in r e latio.n to i n flexible behavior . First , 

hypotheses for the performance of normal subjects are 

e l abora t ed followed by a dd itional hy r,otheses fo r the 

expected e£fects i n pa tie nt s ~ith b rain lesions. 

3.1 Theoretical motheses and ~rimental ~redictions 

Four main variables are investigated: verbal and 

non- verbal spontaneo us fl e xibility and ve r bal and non-verbal 

adaptive flexiblity . For the s e variables , the f ollowing 

the oretical hypotheses , designa ted {a) and e x~erimental 

pr edictions , designated (b) , ~ere made : 

- 39 -
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Spontaneous fle:xibili ty: a high variablity of 

ideas and hence fewer repetitions are expected in 

flexible behavior. The verbal and non- verbal mode of 

s t imulus and response a re e xpected t o infl uence 

behavior d ifferently. The output of ideas should be 

higher with a verbal stimulus than with a visual 

stimulus because verbal materi al is more familiar. 

The performance on t he two f luency tests should be 

related because both demand .seguential p rocessing . 

(b ) Normal subjects will genecate more i deas on the 

Word Fluency Test than on the Five Poin t Test. This 

r esult is e xpected to be independent of t he fact tha t 

verbal output is fas t er 

The two tests ar e 

significantly. 

than grapho- motor o utput . 

expect ed to correlate 

2. {a) Adapt ive flexibility : the abili t y to sup press 

inte cfer ing st i muli and to adapt to changing task 

demands with a changed response pattern is an 

expected part of normal flexiole oehavior. 

(b ) In the two adaptive f lexibility tests , the Stroop 

Test and the concept identi f ication task (CIT), the 

number of correct ideas and the number of repetitions 

will be proportionally related . Normal subjects are 

expected to ha ve littl e difficulty in suppressi ng 

interfering stimulus properties in the Stroop Test; 

a verage reading times and fe w errors a r e expected. 
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(a ) With regard to the relations hip betwee n the two 

ty pes 0£ f l exioility, it is expected that adaptive 

and spontaneous f lexibility are different cognitive 

abilities which need not be associated. 

(b) A closer relationship i s expected bet ween the two 

fluency t es ts and between the Stroop Test and CIT 

than between t he two se t s o f meas ures of spon taneous 

and a d ap tive flexibility. 

4. (a) Imagery : differ ences in i ma gery abi.lity should be 

associated vith different cogn itive and t ask dema nds. 

There should be a normal variation within the verbal 

a nd visual t ype of thinking. High visualizers ar e 

expected to perform better on tasks with d non- verbal 

mode of stimulus whi l e high verbalize r s are e xpect ed 

t o perform bet ter on ve r bal t asks. High i magery 

abili ty (" visualizing") is pr edicted to i mprove t he 

performa nce i n flexibility tasks , i n parti c ular in 

concep t shif ting . 

(b ) A hig h score on the ima gery <;tUes tionna i re i s 

expected to be positive l y related to t he performance 

on a l l f l e xibility t ests. Particularly , it i s 

expected that subjects with h i gh s cores 

(''v isualize rs11 ) will perform .be tte r on the Five Point 

Test and the non-verbal part of the CIT tha n in the 
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ve rbal t ests , whereas subjects with low scores 

("verbal i zers" ) will perfo rm .better on Word Fluency 

and t he verbal par t of the CIT than on the non- verbal 

tests. 

5 . (a) Intelligence: verbal inte l ligence is expected to 

be more r ela t ed to perfor mance on verbal tasks , and 

performance intelligence mo r e with non-verbal tasks. 

(b) The vocabulary t est {WAIS) is e xpected to be mo~e 

highly correlated with Word Fluency and the verbal 

part of the CIT , and the block desi gn t est (WAIS) 

more with the Five Point Test and t he non- ve rbal pact 

of the CIT. 

3.2 Effects of brain les i ons 

The main par t of the curren t study dea ls with the 

interrelationship of the measures i n normal subjects. 

Ho wever , a f irs t exploration of t he behav i or of a small 

number of brain da maged subjects will be attempted . The 

predictions a r e based on previous results and t he 

ne uro psycho l ogica l literature concerned wi th the e ffects of 

brain damage on f l e x i bi lity. The following hypotheses can 

be stated: 
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will pe r form 

it is expec t ed 

better t han 
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that 

bcain nocmal s ubject s 

damaged subjects because of an overall decrement of 

performance i n patients and their increased cig i dity 

( W a 1 sh , 1 9 7 8 ) . 

2. Patients with non- f r o ntal lesions shoul d per form 

better than pa tie nts with f rontal l esi ons on all 

flexi bi l ity tests. Fuct hermor e , there will be 

l ater a lity effect s , i.e. l e ft- right differences , 

depending on stimulus mode a nd t ask demand£ as 

follows: 

a) word Fluency Test: the smallest number of woi:ds 

and the highest number of r epe titions will be made 

by pa tients with l eft hemi spher e lesi ons , fol lowed 

DY pa ti ents with f ront al l esi ons 

Regar d , 1980) . 

(Per.re t, 1 97 4 ; 

b ) Five Point Tes t: t he smallest number o f figu i:es 

will be produced by pat i e nts with right hemisfhere 

lesions , followed oy pa tients with frontal 

lesions. Left fronta l lesion patien t s are expected 

to make t he largest numbe r of repetitions ( Regar d , 

198 0) • 

c) Stroop Test : part 

conflicting stimuli) 

pa tie nts with l eft 

I I I (incl uding t he most 

will best d i scr iminate 

hemi sphe re lesions from 

patient s with l e sions in o t he r locations as well 

as £rom normals (Per r et , 1974 ; Rega r d , 1980). 
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Patien t s with frontal lesions should 

per f orm wor se than pa ti en t s with non- f ro ntal 

lesions because they should have d ifficulty in 

shifting and in dealing with abstract concept s , 

i.e. they should f i nd the least number of concepts 

and make t he largest num ber 0£ e rcors; {b) 

patients with left frontal lesions shou l d sho v t he 

g r eatest impair men t on t he CIT . This impaicment 

sho ul d be more prono unced on the ve rbal fart 

becaus e verba lization i s crucial in the shifting 

p r:o cess {Wolff , 19 6 7) ; {c ) as an al t e rnative 

hy pothesis one could postulate that pa tien ts with 

right frontal lesi ons should perform pooiest 

because t hey a r e i mfa ired not only in shif ting 

ability , but i n visual-spa tial thinking . It is 

expec t ed t ha t this type of t h inking i s required to 

f ind t he correct concep t . 

e ) Image r y : it i s expec t ed th a t pati ents wi t h a more 

verbal s tyle of thinking a r e repre sented more i n 

the g roup with right hemisphere les ions , and more 

in the group with fron tal t han non- frontal damage 

because it was tound t hat pati e nts with f rontal 

lesi ons show t he most rigid behavior (Walsh , 1978 ) 

and b ecause i t was suggested that rigidi t y might 

als o be related t o low imagery abili ty. 

Visualizers, on the othec hand , are expected t o be 
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represented more i n the group of patients .ith 

left hemisphere lesions beca use compensa tory 

s trategi es can be expec t ed to become active , i.e. 

patients with partial loss of visual-spatial 

skills might mo r e likely use ve r bal strategies and 

patients with partial lack of ve rbal a bilities 

more likely mi ght make use of vis ual strategies . 

f ) Intelligence : patients with l esions in the right 

hemisphere shou l d score lower on block desi g n and 

pati ents wit h lesions in the l ef t hemi spher e lower 

on t he vocab ulary t est because right hemi s fhere 

lesions a r e kno~n to resul t in l ower performance 

on visual- spatial tasks (.block des ign) a nd l eft 

hem i sphere l esions in lowe r pe r formance in 

lingui stic abi l ities (vocabulary) . No relation to 

ty pe of imager y i s eXfec ted . 

J. J Ex~l oratory £redictions fg~ ihe CI1 

Be ca use t he concep t iden tification task (C IT) has l:een 

ne wly developed , only e x pl ora t o r y p redict i ons can be made . 

1. Because of changing concept complexity , there should 

be no lear ni ng effect t h roughout t he test. Each 

conce pt is di ffe r ent with r egard to stimu.lus mode aud 

t ype of task. 
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2 . Concepts which demand mental transformation {i magery) 

should be t he hardest to identify (Br yne , 19 74) .. 

3. Ve rbal concepts should be easi er to identify because 

l ess ambiguous labels can be applied and because 

inte r fering stimu l i of a different mode produce less 

conflict than those in the same mode (Mo rton 1969, 

Schorr 197 8 ) • 

4. With r ega rd t o i magery sty le, two alternative 

hypotheses c a n be postulated : (a) ve r bal p r efe r enc e 

i n think i ng style i s e xpec t ed to be r e lated to be tter 

pe r formance in both t he ve r bal and non- verba l part 0£ 

t he test. Kendler and Kendler {1962) found that 

conceptual t hink ing is facilitated by inta c t interna l 

verbalization but not by visual i magery aoility; ( b) 

vis uali zers are f a s t e r in perce iving the s timulus 

attri butes and ha ve a bet ter ability to men t ally 

t ransform i nfor mation. 



4. METHOD 

A group of 40 volunteer female students from the 

Uni versity of Southern California , Los Angeles , participated 

in this study. The average age was 26. 7 years {range 20 to 

35 years) . All were righthanded and had no history of any 

ne urological or psychiatric illness. In addition to this 

sample , da t a were also collected from 14 male volunteer 

students {s e e Appendix A). 

Addi t ional e xperimental data we re collected from t:rain 

damaged s ubjects. Patien t s with verif i ed localized lesions 

from the outpa t ient and inpatient clinics of t he 

Ne urosurger y Depa rtment 0£ the University of California , Los 

Angeles (UCL A), patient s from the Dani el Freeman Hospital , 

Ing l e wood California , and a pa tie nt from t he Veterans 

Admi n i s tration Hospital , Bren t wood California , were 

assess ed . Patients we re selected accord i ng to location of 

lesion and assi g ned t o fo ur groups: l eft fron tal, right 

frontal 1 lef t non- frontal and righ t non-frontal to allow 

descri ptive comparisons between lef t-eigh t and 

anteri or-posterior dimens ions . Pati ent s were also selected 
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according to e tiology . Only circumscribed focal lesi ons 

verif i e d by s urge ry repor t , CT scan, angiography , or EEG 

were i ncluded. Patients with malignant progressive disorders 

and those having had seve ral 

were e xcluded. Lef t hande rs 

i mpai r ment were excluded. 

o pera tions or multi ple l es ions 

a nd patie nts with language 

The cr iterion for language 

impairment was a Token Test score of 14 points or l ess and a 

Repor t e r ' s Test score be low 19 {see Appendix B}. A time 

constra int was set and the patients a vailable until Augus t 

198 1 were includ e d in the study . Medical chart s of 39 7 

pa tients with focal l esions were r ead . Only 16 of these 

y ua l ified and were willing to coo perate . 

Tabl e 1 shows the localization and e tiolog y of t he 

l esions. Most pati e nts s uf fered from cerebrovascular 

disease ; f ive had hemorrhages , 

fo ur h ad tumors , a nd one had 

of e p i lepsy . 

six had l ocalized s trokes , 

a lobectomy for the t rea t ment 
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TABLE 1 

Local ization and etiology of the l esions 

-------------------------------------------------------------
Pat. Ne. Localization 

8 1 left frontal 
86 left frontal 
87 left f contal 
93 left f rontal 
94 left f r ontal 
8 4 left parietal 
97 left parietal 
98 left p arieto-occ. 
83 right frontal 
88 right frontal 
90 right frontal 
85 right temp-pariet. 
89 right t emp- par i e t. 
9 1 r i ght parietal 
92 right t emporal 
95 right parietal 

1) 1 operation 
2 CT scan 
3 angiogr aphy 
4 EEG 
5 neurology and others 

Etiolog_y 

stroke 
s u bd. hemat oma 
intrac. hematoma 
t umor 
stroke 
s troke 
stroke 
tumor 
hemorrhage 
tumor 
hemorrhage 
stroke 
tumor 
stroke 
lobectomy 

Verif ication of 
lesion 1) 

2 , 4 , 5 
1 , 2 , 3 , 4 , 5 
1, 2 , 3,4, 5 
1, 2 , 3 , 4 , 5 
2 , 4 , 5 
2 , 4 , 5 
2 ,3, 5 
1, 2,3 , 4 , 5 
2 , 4 , 5 
1, 2 , 3 , 4 , 5 
1, 2 ,4, 5 
1, 2, 4,5 
1 , 2,4 , 5 
2 , 3 , 5 
1, 4 , 5 

ar t.ven . malformation 1 , 2 , 3 , 4 , 5 

The descripti on of t he t es t s to assess spontaneous and 

adaptive flexibility , imagery , and ~ntelligence will be 

presented . For de t ailed t est instructions and further test 

descriptions the reader is referred to Append~x B. 
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!-~-1 saontaneous flexibility 

iQ£Q f 1_!:!e nf_Y: To assess ve r bal f l uency , Milner •s (1 964 ) 

t est was mod i f i ed by having t he e x perimente r r e cord the 

sub j ect' s r esponses to control f or possible motor 

i mpairment. The s ubjects had to produce as many words as 

possible beg.inning with the letter " S" within five minu t es. 

The t i me limi t was origi nally chosen to allow e no ugh tim e to 

produc e e rrors . Since ve r bal out put is f aster than 

grapho- motor o utp u t (as used in the assessment of non-verbal 

f luency) , the five minu t es also a llow enough time to 

compensate for this d i ffe r en c e . Ca ut hen (1 978) revie we d 

inves tigations with d i fferent measurement techniques for 

verba l f lue ncy and concluded t hat the tasks r emain sensitive 

to nrain dysfunction a c ross variations in testing and time 

limi ts . 

The follo wing variabl es were scored : ( 1) the total number 

of words and (2 ) the number of r epetitions . 

I~! ~ Point Test : This test wa s desi gned to assess 

non-verbal flue ncy (Regard , 1980 ). The tes t consists of a 

sheet , pa rtitioned into rectangles of 4 by 3 cm. Five 

symmetrically arranged black d ots are printed in each 

rectangle ( Appe ndix C). The subjects were as~ed t o pro duce 

as many dif ferent figures as possib l e within five mi n utes by 

connecti ng the dots in each rec t ang l e with stra i gh t liues. 
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The folloving vari abl es were scored : (1) the total n umber 

of figures and (2 ) the number of r efetiti ons. 

~- ~-£ Adaptive flexibilig 

~troQ_£ Te2 t: The procedure as desc r i bed by Perre t (1 974) 

was modified for English speaking subjects . The test 

consists of three parts which a r e always pr esented in the 

same order . In part I , the color of 24 pseudorandomly 

arranged dot s , placed in 6 rows and 4 columns and printed in 

blue , green , yellow and red , had to be named as q uickly as 

possible. 

printed 

In part II , t he colors i n which common words are 

(such as " hard" ,"over") had t o be named , 

disr egarding the verbal content. Again , in par t III , 

subjects we r e t o name the color s io which the color- names 

" blue ", 11 green", 11 yellov11 and 11r ed11 are pri nted . The dct ual 

words had to be d i sregarded as t hey d i d not correspond to 

the color they were printed i n. 

The variables sco r ed were : ( 1) t ime in seconds t o name 

the color for all 24 s ti muli for each of the three farts , 

and (2) t he number of errors for each of the three farts . 

Concept shifting 

behavi or wit h ve r bal and non-verbal concepts was t es t ed with 

a newly deve loped concept identification task. The task 

re~ ui red the subject t o di scover the relevant a ttributes 
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which varied f rom stimulus to stimulus aod to find the 

reinforced concept. The detailed t e st and concept 

descriptions are given in Appendix B. To illustrate the 

concepts , an example for each can be found in Apfendix c . 

I n brief, t he concepts for both the ve rbal and non-verbal 

part wer e as follows: 

1. concep t l and 6 : origina l learning without 

interference ~xemplar and non- exemplar contain the 

same two a ttributes); 

2. concep t 2 and 7: with interference (nonexemplar 

contains dimension confiicting with correct choice ); 

3. concep t 3 and 8: with image ry (mental transformatio ns 

are ne cess ary to find correct concep t which i s the 

combination of elements i n e xempl a r); 

4. concept 4 and 9 : with image ry (correct choice i s a 90 

degree rotation of stimulus i n exemplar); 

5. concep t 5 and 10: with both image r y and interference 

(correct choice i s deduced from elemen t s , which 

r eq uire i magery; the inte rfering cue is the conce f t 

r e inforced in the previous concept). 

The var iab les scored were : the total of the correctly 

i dentified concep t s for the verbal fa rt, the non- verbal 

part, t he t otal of both parts , up to a maximum o f 10; t he 

number of i ncorrect r e ponses for edch concept, fo~ the 

verba l part , f or the non- verbal part , and for both parts; 
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item number of fifth consecutive correctly identi fied item 

for each of the ten concepts, for the total of the verbal 

part, for the of non-verbal part , and for the total for 

both parts. 

Verbalizer-Visualize r Questionnaire (VYQ): Richardson ' s 

VVQ was given to all subjec t s . The subjects were told that 

the stat ements in the q uestionnaire describe some aspects of 

the way in which peo £,l e think or what seems to go en in 

their minds when studying. They were fu rther told tha t the 

statements are not designed to assess whether the way they 

think is good or bad, but that t hey ace attempts to discover 

characteristics of the way people think in various 

situations. The instructions were printed on the 

quest ionnaire (see Appendix C). 

Variable scor ed : with the aid of a scor ing key a sco r e 

for each subject was com puted . Following Richardson's 

procedure t he subject was then assigned to one of three 

groups : 12 or more poi n t s (habitual visualizer ), 8 - 11 

points (mixed group), and 7 or less points (habitual 

verbalizer). 
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The vocabulary and block des i gn subtests of the Wechsler 

Adult Intelligence Scale (Wec hsler , 19 55) were give n 

according to s t andard instructions in order to assess the 

degr ee to which the experimental measures are influe nced by 

intelligence. 

Score d variables were : (1) vocabuld ry s caled score and 

(2) block desi gn scaled sco r e . 

The t ests were administe red in individ ual sessions in t he 

following order : the verbal and non- verbal fart~ of t he 

WAIS , t he two fluency t ests , and t he two parts of the CIT. 

The verbal and non-vernal parts were counterbalanced bo th to 

avoid order e ffect s and to avoid discouraging patients with 

unila teral defects which selective ly affected performance. 

Two orders were chosen to control the influence of tbe 

verbal and non-ve rbal mode of stim ulus on pertorwance. The 

orde r was al t ernat ed. Fifty percent of the subJect s ~ere 

t est ed i n o r der 1 and fifty percent in order 2 . 

order 1 vocabulary order 2 block design 

block design vocabula ry 

WOI"d Flue ncy Five Poin t Test 

S troop Test St r-oo p Test 

Five Poin t Test Word Fluency 

CIT verbal part CIT non-verbal part 



CIT non-verbal part 

VVQ 

CIT ve r bal par t 

VV Q 

55 

The time t o tes t eac h s u b j e c t was approximately 1 1/ 2 hours . 

For an o verview t he va riables a r e summarized f i rst : 

Test : Variable : 

-----------------------------------------------
Word Flue ncy 

Five Poi n t Test 

Stroop Test 

CIT 

VVQ 

WAIS 

! •J•l Anal ysi s 

t o t al n u mber of ~ords 
number of r efetiti ons 

total number of figures 
number of r e fe ti ti ans 

r e a d i ng time in seconds 
nu mber of e rro rs 

correctly i dentified concepts 
t o t al , verba l, non-verbal 
i ncorr ect r esp onses 
t o tal , verbal, non- verbal 
i tem a t c r iterion 
t o t al, ve r ba l , non- ve r bal 
tota l time i n minutes 

key score 

vocabular y s caled score 
block design sca l ed score 

To test the e x per i ment al predi ct i ons formulated in 

sect ion 3. 1, t he follo~ i ng analyses we r e computed : 
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1. Test of difference between Word Fluency (total number 

of words) and Five Point Test {total number of 

2. 

3. 

figures : 

<. 05. 

t-test , critical level of significance£ 

Inspection of degree and direction of the 

relationship between 'iiord Fluency and Five Point 

Test , total number of words, figures and re petiti ons : 

correlation matrix. 

Relationship between Word Fluency and Five Point Test 

as well as between Stroop Test and CIT : ( 1) 

correlation matrix , ( 2 ) factor analysis. 

4. Relati onsh i p between imagery and f l exibility : (1) 

one-way analysis of variance for each test with t hree 

leve l s of imagery (visualizers, mixed gcoup , 

verbalizers) with follow-up single mean comparisons 

and (2) correlation matrix. 

5. Relationships .between vocabulary , Word Fluency and 

the vecbal part of the CIT , as we ll as be tween block 

de sign , Five Point Test and t he non-verbal part of 

the CIT: correla tion matrix. 

Statistical analyses were only computed for t he 

compa rison between patients and normal control subjects. 

From t he pool of the control sub jects a sam~le matched for 
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age and ed ucat i on with the vatient group was selec t ed for 

the statistical comparisons . 

A multivariate analysi s of vari a nce between the two 

groups for t he flexibili t y measures as well as t he VVC was 

computed. A first exploration of the results of t he small 

number of brai n damaged pa tients 

patients with l ef t hemisphere 

was at t empt ed oy comparing 

l esio ns and patien ts with 

right hemisphere l esions, as well as pa tien t s witn fron t al 

dnd non- f rontal lesion s , using the chi- sq uare tes t f or each 

variable. Additionally , z- scor e profiles were prepar ed to 

compa r e t est pd tterns between groups. Furthermore , a 

correla t ion matrix was computed fo r all patie nts to t est the 

difference in association pat t er n among t he tests compa r ed 

to no rmals. 

4. 3 . 3 ExQloration of the CIT 

The exploratory pred i ctions (section 3. 3) 

follows : 

were t ested as 

1. Compari son of the number of trials (item number when 

s u bjec t reached cr iteri on) f or each c oncep t to t est 

for order effec t s : within anova repea t ed measures 

design , subjects (S 1- n) by concept (C1-1 0) . 

2 . Compari son of i magery concep t s with interference 

concepts : t-tests wit h g rouped data . 



3. Com~aris on 

correctly 
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o f the total n umber of verbd l concepts 

identified t o t he t o t a l of non- v€rbal 

concepts c orrecl y identified: t - t est . 

4 . Re l a tionsh i p of imager y style to CIT performance : 

one - way analysis of variance be tween the three l e ve ls 

of i magery style and the number 0£ correctly 

i dentified verbal and non-verbal concepts. 

4. 3.4 Anal ysis of order o f t est s ef fect 

Order 1 and order 2 vere compar ed by a multivariate 

analy s is of variance including all alternated tes t s . 

4. 3. 5 Pos t-hoc anal~sis o f inte llige nce 

To explore t he degree of r e lationship between generdl 

intelligence and the ne w t ests , correlations were comput e d 

between the esti mated IQ (s um of vocabulary and b l ock design 

scal ed scores) and t he CIT ( total of correctly identi f i ed 

concepts) , and bet we e n IQ and VVQ scor e . Add itionally , 

since modi f ications we re made in some t ests , the 

corr ela tions betw een the est i mated IQ and the two f luency 

t es t s and the S t roop Test were also computed . 



5. RESULTS 

The r esults are re ported in the order of the hypotheses 

as stated in chapter 3 . 

5 .1 Results fo~ nor•al control subjects 

Table 2 shows t he average performa nce and s tandard 

de viations for all variab l es for 40 female control s ub jects . 

Multi va riate analyses of variance between this group and t he 

group of 14 males were comp uted and no gende r d iffe r ences 

were fo und (Appendix A). All further calculations we r e made 

for the females and r epea ted for the c ombi ned sample . The 

results are reported for the female s ample only . 

The hy pot hesi s t ha t more i deas would be generated with 

verbal stimuli than with non- ve rbal s timuli could not be 

confi r med ( !. = 1. 25, .E <. 2 17). 'Ihe means fo r bo th the Word 

Fluency Tes t (51 . 9 ) and the Fi ve Point Tes t (55. 5) we.re 

unexpectedly high compared t o pre vious dat a collect ed with 

a Swiss speaki ng populat ion {48. 8 , and 38. 3 r especti vely) 

(Rt!gard , 1980). 
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The expected positive correlation between the verbal and 

non-verbal output vas low ( £ =.35 , I2 <.014) . , Bet ween 

repetitions in both t e sts , no significant correlation was 

found {Table 3). 
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TABLE 2 

Means and standard deviations for all measures {40 normals) 

----------------------------------------------------------
Variable M SD 

----------------------------------------------------------
IQ e s timate 
Vocab ulary 
Block design 
Hord Fluency: number o f words 

ce petitions 
Five Point Test : number of figures 

r epe titions 
Stroop Test : r eading time part I 

reading time part II 
rea di ng ti me part III 
errors p art I 
error s part I I 
errors part I II 

CIT : correc t concep ts total 
correct concept s verbal part 
correct concep t s non- verbal par t 
errors total 
errors verbal part 
errors non- verbal part 
errors concept 1 

concept 2 
con cept 3 
concept 4 
concept 5 
concept 6 
concept 7 
concept 8 
concept 9 
concept 10 

item at criterion total 
item at crite£ion ve cbal pa rt 
item a t crit erion non- verbal part 
items concep t 1 

concept 2 
concept 3 
concept 4 
concept 5 
concept 6 
concept 7 
concept 8 
concept 9 
concept 10 

time total 
VVQ 

28 .13 
15 . 27 
12 . 9 0 
5 1. 90 

.33 
55 . 48 

2 . 88 
1o.1 0 
12 .. 00 
19 .. 25 

. 03 

. 03 -

. 23 
9.40 
4 . 8 3 
4 . 58 

13. 95 
4 . 65 
9.30 

. 03 
2.45 

. 55 

. 25 
1.45 

. 28 
2. 80 
2 . 25 
1. 38 
2 . 63 

73. 60 
33. 1 8 
40. 43 
s. 10 
9 .4 5 
6 . 20 
5 . 33 
7 .. 10 
5 . 55 

10 .. J 3 
8 .. 50 
8 .08 
8 .1 5 

11. 8 3 
8 . 88 

3 . 82 
2 . 05 
2 . 67 

11 . 67 
. 94 

18 . 41 
4.51 
2. 0 1 
2 .. 49 
5 . 18 

.. 16 
. 16 
• 53 
• 8 4 
. 3 8 
.. 71 

7. 09 
2 .. 8 2 
5.97 

• 16 
2. 53 

. 96 
• 44 

1. 13 
• 91 

2. 45 
1. 85 
2. 03 
3 . 3 0 

12 . 57 
5. 44 
9 .7 5 

. 63 
4 .. 09 
2 .. 17 

• 7 3 
2 .. 7 0 
2. 05 
4 . 25 
3.25 
4. 10 
3.70 
5 . 12 
2. 1::i 

----------------------------------------------------------
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TA BLE 3 

Coccelations bet ween the flexibility mea s ures (40 nor mals) 

Variables with: 1 2 3 

---------- ------ - - - --
Word Fluency 

2 repetitions . 294 
• 03 3 

3 Five Point . 349 
.014 

4 repetitions - . 023 
.445 

5 . Str9op time - . 255 
. 056 

6 Stroop errors . 11 6 
. 239 

7 CIT verbal - . 18 1 
.132 

8 CIT non-ve rb . . 223 
. 083 

9 CTm 
-J. er r . t o t. - . 232 

. 075 

10 CIT t ime - . 13 1 
. 2 11 

-------

.1 22 

.226 

. 046 . 322 
.389 . 021 

-. 033 -.203 
. 4,20 . 104 

. 004 . 0 86 

. 4 91 . 299 

. 16 1 . 099 

. 161 .272 

.020 . 389 

. 4 51 . 007 

- . 23 1 - . 382 
.076 . 008 

-.152 - . 358 
.174 .012 

firs t number = r ; second number = 

4 5 6 7 8 

- . 3 8 4 
. 007 

- . 020 - . 030 
. 45 1 . 426 

- . 087 - . 093 -. 305 
. 297 . 283 . 02a 

.1 59 - . 061 . 056 .096 

.1 64 . 355 . 366 .278 

- . 052 - . 0 18 . 235 -.473 -. 7 05 
. 374 . 457 . 072 . 00 1 . 000 

-.17 2 .142 . 374 - .146 - . 464 
. 144 .1 91 . 009 .1 84 . 00 1 

--------
p 

,. 

9 

. 455 

. 002 
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No serious problems were expected for normal s u bjec t s in 

suppressi ng interfering stimuli i D the S troo p Test . The 

pre viously observed results {Perret , 1974 , and Regard , 1980) 

that there i s an i ncreasing difficulty i n the test from 

plate I to III could be confir med by i ncreased reading times 

(I= 10 .1 sec , II= 12. 0 sec , III= 19.3 sec) and increased 

numbe r of e rror s (I=0. 03 , II=0 . 03 , III= 0.23). 

In the CIT, normal subject s fo und an average of 9.4 

conce pt s out of the maxi mum 10. A mean total of 14 errors 

was found , i.e. approximately one and one half per concept. 

The correc t answer after the five consecutive correct 

responses was found on average after approximately 7.5 items 

(item number total: 73 . 6) . These r esults suggest that normal 

subjects learn the task and shift to a new response after 

t he first o r second error. A more detailed analysis of this 

test i s presented below . 

Tabl e 3 shows the correlation matr i x for t en variables 

derived from the St roop , the f ive Point and th e concept 

Identif ica tion Test. A signi f i can t correla tion be tween 

Stroop Test (number of error s , plate III) and CI T (nu mber of 

verbal concepts) was found ( ~ =.30 5, £ <. 028). A 

significant corr e lation was also found between t he Stroop 

Test and CI T concept 2 ( £ =. 40 , 2 <. 005). Furthermore , 

reading t~me in the Stroop Test s i gni f i cantly overlapped 
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v ith the number of repeti tions in th e Five Point Test ( £ 

=-. 38 , £ (.007). 

5 .1.3 Spontaneous ve.rsus adaptive flexibility 

Moderate correlations exist between the verbal fluency 

test (Word Fluency) and the non-verbal fluency test {Five 

Poi nt Test ) { .£ = . 35 , E <. 014) as well as between the Stroop 

Test and the verbal part of the CIT { ~ =-. 305, E <. 028). On 

the other hand , s i gnificant correlations were also found 

be tween Word Fluency and part I and II of the Stroop Test ( 

£ =.45 , E <.002). To assess the complex relationships 

bet~een the different flexibility measures more fully and to 

gain information on whe the r there a re dimensions for 

stimulus mode {verbal/non-verbal), ty pe 

both , 

of task 

a factor (spont aneous/ad a p tive flexibility) or 

analysis vith a subset of 10 va riables was comp uted (EMD, 

P- series , 1979) . The unrotated factors were pri nc ipal 

components and the number of factors vas limited t o those 

with e igenvalues greater than 1. 00. Four significant 

fac tors were found. Ro tations were performed with a maximum 

number of 50 ite rations. The factor patterns were highly 

similar for the unrotated so lution, for the Varimax 

(orthogona l) , and for the d irect Quartimin ~blique) 

rotations. 

loadings 

variables. 

Table 4 shows the sorted Quartimin fac tor 

(patt ern ) for four factors on the basi s of 10 
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TABLE 4 

Sorted Rotated Fac tor Loadings 

---------------------------------------------------------------
Vari ables Factors 

1 2 3 4 

----------------------------------------------------------------
CIT nou- ve rbal concep t s . 85 0 0 0 
Five Point Test f i yures . 72 0 0 - .28 
Word Fluency repetitions 0 . 88 0 0 

words 0 . 63 -. 39 0 

CIT ve rbal concep ts 0 0 . 84 0 
Stroop errors par t III 0 0 -. 69 0 

time part III 0 0 0 . 88 
Five Point Test repetitions . 26 0 0 -. 68 
Bloc k des i gn . 46 . 42 . 39 0 

Vocab ulary . 43 . 4 4 0 . 35 

VP 1. 76 ,. 63 1. 5 1 1. 49 

-------------------------------------------·-------------- --·- ---

Loadings less t han . 25 have been replace d by zero 

Fact o r score covariance (comput ed f r om factor structure and 
factor score coefficien t s ) 

Factor 

1 2 3 4 

Factor 1 1. 00 
Factor 2 . 26 1. 00 
Factor 3 . 02 . 0 4 1. 00 
Fact o r 4 -. 11 -. 0 1 . 06 1. 0 0 

----------------------------------------------------------------
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In this solution , four dimensions of common variance were 

found . Factor I showed the highest loadings for the 

non- verbal part of the CIT , t he Five Poi nt Test and the 

Block Design Test and can be viewed as a non-verbal stimulus 

mode factor. The second factor to be extracted had the 

highest loadings for the word Fluency Test and v ocaoulary 

and can be labeled as a verba l spontaneous flexibility 

factor . The thir d factor was a vernal adaptive flexib i lity 

factor with loadings for the verbal part of t he CI! and the 

Stroop Tes t {number of errors) . The last extracted facto r 

showed l oadings for the Stroop Test {time) and the Five 

Point Test (errors) and could be labeled as a rigidity 

factor across the verba l and non-verbal stimulus mode. 

In summar y , the fac t or analysis showed that tne mode of 

stimulus used in t he tasks was a stronger dimension than the 

type of task . Tests with a ve rbal stimulus mode can be 

regarded as having 

flexibility tests, 

two dimensions , one for spontaneous 

and another one for adaptive flexibility 

tests. For t he non-verbal stimulus mode a similia r split 

into two dimensions was not f ound . 

The prediction that a high score in the VV Q ~ould be 

posi tively related to flexibility measures could not be 

confirmed. The VVQ was found to correla t e significantly with 



67 

only o ne variable out of twenty-s ix. The o verlaF was wi th 

concept 4 of the CIT ( I =-. 510 , E <. 00 1). This concept wa s 

desi gne d to measure i mage ry dbility. The celati onship 

betwe en VVQ and CIT (non-verbal concep t s) was modest a nd not 

significant ( £ =. 232 , E <.075) (see Tab le 5 i ncludi ng c nly 

the major variables of the flex i b i lity t ests) . 

TABLE 5 

Correla tions bet ween VVQ and fl exibility tes ts 

variables 

Word Fluency total words 
repetitions 

Five Point total fig ures 
repe tit ions 

Stroop reading time part III 
e rrors part III 

CIT concepts verbal part 
concep t s non-verba l par t 

VVQ correlations with : 
r P 

. 06 
-. 26 

.1 5 
- .08 
-. 0 1 

.07 
-.03 

. 2 3 

. 3 6 

. 06 

. 19 
. 3 2 
. so 
• 33 
. 43 
. 08 



The VVQ scores were normally 

8 . 88 (SD 2.1 5 , range 4 to 13 ). 

scor e s ten subjects had scores 
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distr i buted wi th a mean of 

Usi ng Ri chardson ' s c utoff 

of 7 and bel ow and were 

assigned to t he " verbali zer " grou p , 26 subjects had sccres 

between 8 and 12 (mixed group) and 4 subjec t s had a scor e of 

12 a nd more {visualizers) . Analyses of variance with t hree 

l e vels of imagery scores did not show a s i gnificant effect 

of imagery style on t he perfor mance in flexi bili ty measures. 

Instead of Richardson ' s group partitions , a new analysis 

was computed on t he basi s of the dist rib uti on of this 

sample . subjects scori ng one standard deviat i on below the 

mean (<6 ) were assi gned to t he verbalizer group , s ubjects 

scoring one standard deviat ion a.bo ve the mean (> 11) were 

assigned to the vis ua lize r group , and the rest t o the mixed 

group . A one-way analysis of va riance with thcee levels 

(i magery type ~ showed a significant mai n effect for the 

non- verbal part of the CIT ( K =J . 953 , E <.028) . Single mean 

comparisons sho wed a s i gnificant difference 

verbalize rs and the other two groufs , indicating 

verba lizers typically had t he lowest result 

non- verbal pa r t of t he CIT . (Tab le 6) . 

bet ween 

tha t the 

in the 



TABL E 6 

F-tests of s i gnific ance for three leve ls of i magery style 

--------------------------------------------------·-------

Variable F p 

-------------------------------------------------------
Word Flue ncy total words 

r epetitions 
Five Point Test t o t al figures 

repetitions 
Stroop r eading time part III 

errors pac t III 
CIT t o t a l concept s 

ve rbal concept s 
non- ve r bal concepts 
t otal erro r s 
ve r bal e rror s 
non- ve r bal e rrors 

. 429 
1.6 36 
1. 22 5 
1. 0 26 
.895 
. 433 

1. 40 3 
. 974 

3. 953 
. 999 
• 7 82 

2 . 54 1 

. 655 
• 209 
. 306 
. 369 
• 417 
. 652 
. 259 
. 387 
• 028 * 
.378 
• 465 
. 093 

---------------------------------------------------·----

* multiple r ange t est (Scheffe): 
verbalizer s M = 3. 80 SD= .84 
vis uali zers M = 4. 56 SD = 1. 01 
mi xed M = 4. 72 SD = .46 

(p<. 05 ) 
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~-1- ~ I nte lliqe nce 

The voca bulary and the block design s cores we re 

corr e lated wi t h thir t een t es t variab l e s (Table 7 ) . 

Vocabu l ary was significantly related to the number of 

r epetitions in t he ~ord Fluency Test ( £ =. 40 , E <.005), to 

the Five P o i nt Test ( £ = . 27 , £ <. 047), t o the n on- verba l 

part o f the CIT ( £ = . 28 £ <. 043) , and to the total numbe r 

of errors on t he CIT ( £ =-. 42 , E <. 00 4) . Block design was 

significantly related t o the Five Point Tes t { £ = . 5 2 , £ 

<.00 1), to the the total n umbe r of concep t s on the CIT { £ 

=. 37, £ <. 009 ) , to t he total number o f e r rors ( £ ~-. 48 , £ 

<. 001) and to the time on t he CIT ( £ =-. 47 , ] <. 001). 

Furthermore it vas found tha t block design also corre lat ed 

with the verbal part o f the CIT ( f =.33 , E <. 0 18 ) and with 

the numbe r of r epet i t i ons i n Word Fluency ( & =. 39 , £ 

<. 0 18 ) . In s umma ry , vocabulary correlated with four out of 

10 varia bl e s and block desi g n correla t ed wi t h f ive ou t of 

the t en e mploying both verbal and non-verbal mode s of 

s timuli . 
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TABLE 7 

Correlation between vocabulary , block des i gn and f l exi b lity 
measures 

---- ----------------
Variables with : Vocabulary Bl ock des i gn 

r p r p 

Word Fluency total words .173 .1 43 .172 .134 
repeti tions . 403 . 005 . 389 . 006 

F ive Point total figures . 268 . 047 .517 . 000 
repetitions . 02 1 . 450 . 020 .45 1 

Stroop time part III .1 26 .21 9 -. 050 . 379 
Stroop errors part III - . 058 . 360 -. 092 . 285 
CIT ve rbal part -. 035 . 4 15 . 332 • 018 
CIT non-ve r bal part . 2 75 . 043 . 26 1 • 052 
CIT t o t al concepts . 2 17 . 089 . 372 . 009 
CIT t otal errors -. 415 . 004 -. 4 76 . 00 1 

---·------------------------------------------
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5.2 Effects of brain les ions 

As descr i bed above , t he sixt een fa t ients ijit h ve r i f i ed 

bra i n l esions were i nd ividua l l y ma t ched for age , gende r and 

e duca tion wi th the same n umber of norma l c on trol s u b jects . 

Tabl e 8 gives a n o ve r view of t he vari a bles. Mean 

comparisons between a g e , ed ucat i on and ti me a f ter s ur gery 

shove d no s i g nif icant diffe r ences b et ween the n or mal and t he 

brai n damaged a nd wit hi n t he brai n damaged gr o u ps. 

Table 9 s ho ws the me ans an d s t a ndard devi a tions for t he 

patie nt and the con t rol g r oups on a l l t e s t meas ures . 
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TABLE 8 

Variables for patie nts a nd matc hed c ontrol g r oup 

G C'O U pS Age 

n M SD 

no.rma 1 contro l s 16 44. 3 19.6 
br a in dama ged 16 45 . 9 19 . 3 

F 0 . 055 
p . 8 17 

left hemi sp he r e 8 50 . 9 2 1. 6 
right hemi sphere 8 41. 0 17. 6 

F 1.400 
p . 6 7 0 

Educat i on 
(ye ars ) 

M SD 

14 . 2 1. 9 
12 . 8 2 . 0 

3 . 61 0 
. 06 7 

13.4 . 9 
12. 3 2 . 1 

1. 28 0 
. 277 

time af t er 
s urgery (months) 

M SD 

18 . 8 45.6 

7.4 12 . 0 
30 .. 3 6 3. 2 

0 . 867 
. 3 68 

-----------------------------------------

front a l 
non- f r o nta l 

F 
p 

8 43 . 6 
8 48 . 3 

1 8 . S 
2 1. 9 

1. 5 10 
. 6 00 

12 . 1 
13. 5 

2 . 00 2 
• 179 

2 . 0 
1. 9 

1 2. 1 
15 . 4 

2 0. 9 
33. 9 

0 . 053 
• 82 1 
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TABLE 9 

Means and standard deviations: patients and matched con t rols 

------- ----
Variabl e normal controls pa t ients 

[i SD M SD 

-----

IQ es timate 26 .. 44 3 .. 39 20. 25 2 .. 82 
Vocabula r y 15. 25 1 .. 98 11. 75 1. 98 
Block design 11. 19 2 .. 69 8. 50 1.55 
Word F l uency : tot .. words 46 .. 38 13. 2 7 25 .. 38 16 .. 71 

repet itions . 19 .. 54 1. 25 1. 84 
Five Point : tot. f i gures 43. 9 4 15 . 94 28. 38 17.1 2 

repetitions 1. 63 1. 93 5.1 9 6 . 29 
Str oop Test: time , par t I 12. 50 2 . 88 16. 56 5 .. 59 

t i me , par-t II 14. 31 3 .1 4 22 .. 8 1 9. 09 
time , part .III 24. 06 7 .74 39.06 18.14 

e rrors , part I . 13 . 34 • 38 . so 
e r cors , par: t .II 0 0 . 56 .. 89 
e r:ror: s , part III . 56 1 .. 26 3. 06 3 . 32 

CIT : cor:rect concept s t o t al 9 .. 13 1 .. 15 6 .. 94 1. 8 1 
verbal 4. 69 . 60 3. 69 1. 0 1 
non-verbal 4 .. 44 . 3 1 3. 25 1. 29 

er:.cors total 17 .. 75 12 . 94 40. 94 16 . 9 3 
ver bal 6. 50 5 . 66 l 6. 94 9 . 64 
non-ver bal 11. 25 8 . 16 24.00 10. 4 4 
concep t 1 . 38 .. 89 1. 13 2 .. 22 
concept 2 3 . 19 3.06 5 .. 38 3. 42 
concept 3 . 69 1. 08 2. 69 2 . 98 
concept 4 . 25 . 45 2 .. 8 1 3. 45 
concept 5 2. 00 3 .. 06 4. 94 3. 5 1 
concept 6 . 56 1. 15 2. 19 2. 11 
concept 7 2. 75 3 . 09 6. 25 3. 62 
concep t 8 3. 00 2 . 28 2. 44 2 .45 
concept 9 1. 44 2.1 6 3 .. 3 1 3. 65 
concept 10 3. 56 4 .1 6 9 . 69 4 .77 

item at cr i ter: i on total 78. 06 17 . 20 108 . 06 23 . 6 7 
verbal 35. 69 7 .1 2 ii9. 6 3 11. 97 
non- ver:bal 42. 38 11. 62 58. 19 14.45 
concep t 1 5. 69 1. 58 6. 3 1 2. 65 
concep t 2 1 o. 69 4. 41 13. 9 4. 86 
concept 3 6. 69 2. 9 2 9 . 13 4. 52 
concept 4 5. 25 . 45 9. so 4. 95 
concept 5 7. 3 1 3. 0 1 12. 7 5 5 .13 
concept 6 6. 3 1 2 . 80 9. 56 3. 76 
concept 7 9 .1 3 ij .1 8 14. 00 4 .41 
concept 8 9.69 3.72 9. 88 4. 37 
concept 9 7. 8 1 3 . 66 9. 8 1 4 . 58 
concep t 10 9. 43 4 . 80 14. 94 J . 94 

time total 13. 63 5 . 08 25. 19 13 . 12 
VVQ 8. 2 5 2. 49 7. 38 2.71 

- - - -



75 

A multivariate analysis of variance between the t wo 

groups for the flexibili t y measures as well as the VVQ was 

significan t ( [ =3.03 1, E <. 023) (Table 10). Signif i cant 

univariate differences were fo und for all vari ables except 

the VVQ (a). A separ a t e multi variate anal ysis of variance 

for the error var i ables (b) was comfuted fo r the t wc groups. 

The mult ivaria t e compa r ion was signif i can t ( f =4. 57 6 , £ 

<. 004 ). All uni var i ate comfa r isons we r e significant. 

/ 



76 

TABLE 10 

Multiva riate and univariate comfarisons: patients and 
controls 

Multivariate tests 
(Wi l k ' s Lamb da crite rion) 

Univariate tests 

F p 

a . 3 . 03 1 . 02 3* 

b. 4 . 576 .004** 

* p<. 05 
** p <. 01 
*** p<.00 1 

Word Fluency total 
Five Point total 
Stroop time part III 
CIT concept s verba l 
CIT concepts non-verbal 
VVQ 

Word Fluency repetitions 
Five Point repetitions 
Stroop errors part III 
CI T errors verbal 
CIT errors non -verbal 

F 

15 .. 497 
7 . 083 
9 . 253 

11. 4 97 
9 . 687 

.. 906 

4.887 
4. 699 
7.942 

13. 960 
14 . 8 18 

F 

. 000*** 

. 0 12* 

. 005** 

. 002** 

.004** 

. 349 

.. 035* 

. 03 8 * 
• 0 0 6* * 
. 001*** 
. 001*** 
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Table 11 shows the results of the patients separated into 

left and right hem i spher e lesion g r oups and Tabl e 12 fo r the 

pati ents sep~ated in t o frontal and non-frontal lesion 

gro ups. For each variable chi- sq uare tests were computed 

between the gro ups with left and right hemisphere lesions , 

and between frontal and non- fr on tal groups. No significant 

differ ences could be found for eit her of the comrarisons. 

Because of t he l a r ge variability of baseline results no mean 

differences could be fo und and fur ther statistical ana l yses 

we re not indicated . z - score profi l es were made for visual 

i nspection of trends and further description (see Figu r es 1 

and 2 ). I t should be kept in mi nd t hat the trends described 

below failed to find sta tistical significance and hence are 

only of speculati ve interest . Table 13 shows the correlation 

matrix for the brain damaged group including ten variables. 

The re s ults will be included in the desc riptions below. 



78 

TABLE 11 

Means and standard de viati ons : l eft and right hemi sphe r e 

----
Variable left right 

hemisphe re hemisphe r e 
I1 so M SD 

----- ------
IQ estimate 20. 2 5 2 . 82 20 . 25 2. 82 
Vocabulary 11. 3 8 2 . 00 12. 13 2. 03 
Block des ign 8 . 88 1. 25 8 .1 3 1. 8 1 
Word Fluency t o t al words 15 . 75 9 .19 35.00 17. 39 

repetitions 1. 75 2. 49 . 75 . 71 
Five Po i nt t otal £igures 21. 2 5 8. 68 35 . 50 20.90 

r epetitions 1.88 2. 64 8 . 50 7 . 25 
Stroop time part I 18 . 00 6 . 68 1 s. 13 4. 19 

part II 26 . 25 9 . 45 19. 38 7 . 80 
part III 45 . 63 2 1. 49 32 . 50 12. 05 

errors part I . 38 . 52 .38 . 52 
part II . 88 1. 13 . 25 . 46 
pa rt III 3. 25 1. 83 2. 88 4. 49 

CI T concepts total 7 . 00 1. 31 6. 88 2. 30 
verba l 3 . 75 1. 04 3 . 63 1. 06 
non-verbal 3 . 25 1. 39 3. 25 1. 28 

e rrors t o t al 41 . 00 15.30 4 0. 88 19. 49 
ve r bal 17. 88 11 . 51 16 . 00 8. 04 
non-verbal 2] . 13 8 . 95 24 . 88 12. 31 
concept 1 2 .. 00 2. 93 . 25 . 46 
concept 2 5 . 50 3 .12 5. 25 3. 92 
c o ncept 3 3.50 3. 38 1. 88 2. 48 
concept 4 2 . 50 3. 51 3 .1 3 3 . 6 1 
concept 5 4. 38 3. 29 5 . 50 3. 85 
concept b 2 . 00 1 . 69 1. 38 2 .. 56 
concept 7 7 . 75 2. 96 4 . 75 3 . 77 
concept 8 1 .. 75 1. 49 3.1 3 3 . 09 
concept 9 2 . 75 3 . 41 ] . 88 4. 02 
concept 10 8 . 88 3. 94 10 .. 50 5. 63 

it em at criterion total 108 .. 63 2 1. 69 107. 50 27 . 02 
ve r bal 50 . 13 12. 19 49 .1 3 12. 56 
non-verbal 58 . 00 13. 88 58 . 38 15. 96 
c oncept 1 7 . 38 3 . 50 5. 25 . 46 
concep t 2 14. 13 4. 52 12. 25 5 . 31 
concept 3 10 . 00 4. 2 1 8- 25 4. 92 
c oncept 4 9 . 1 J 5. 06 9 .. 88 5 . 17 
concept 5 12 . 00 5. 63 13 .. 50 4 . 84 
concept 6 9 . 63 4. 07 9. 50 3 . 70 
concept 7 15. 63 3. 89 12.38 4. 53 
concept 8 a. so 3.12 11. 25 5. 18 
concept 9 9 . 13 3 . 98 10. 50 5 . 29 
concept 10 15 . 1 3 3. 83 14. 75 4.30 

total time 30 .7 5 12. 54 19 . 63 11. 86 
VVQ 7 . 1 3 3. 31 7.63 2. 13 
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TABLE 12 

Means and standard deviations: frontal and non- f r on ta l 

---------------
Variable frontal non- frontal 

M SD M SD 

---------------------- -------------------------------

IQ estimate 19.25 2 . 38 2 1. 25 2. 82 
Vocabulary 11. 0 0 1. 93 12 . 50 1. 85 
Block design 8 . 25 1. 28 a. 1s 1. 83 
Word P luency t o t al words 21. 1 3 10. 54 29 . 63 2 1. 13 

r e pe ti. tions 1. 1 3 1. 25 1. 38 2.39 
Fi ve Point total figures 24 . 88 13 . 0 2 3 1. 88 20.75 

r epe titions 3 . 00 3 . 67 7. 38 7. 76 
Stroop time part I 16 .. 63 6.00 16. 50 5. 56 

pa rt II 21. 50 7. 67 24. 13 1 0 . 70 
par t III 40 . 88 20.37 37 . 25 16 . 82 

errors part I • 13 .35 . 63 . 52 
par:t II . so 1. 07 . 63 . 74 
part III 3 . 00 2. 27 3. 13 4. 29 

CIT concepts total 6 . 50 1.41 7. 38 2.13 
ve rbal 3 .75 . 89 3. 63 1. 19 
non-verbal 2.75 1. 17 3 . 75 1. 28 

e rrors t o t al 39 . 63 14. 0 4 42. 25 20. 32 
ve rbal 15 . 00 7 . 80 18. 88 11. 38 
non-verbal 24 . 63 9.75 23.38 11. 72 
concept 1 . 88 1. 7 3 1. 38 2.72 
concept 2 5 .7 5 3 . 66 5 . 00 3 .38 
concep t 3 1. 6 3 1.85 3 .75 3. 62 
concep t 4 2 . 25 2 . 92 3. 38 4. 03 
concept 5 4 . 50 2- 7 3 5. 38 4. 3 1 
concept 6 1. 50 1. 60 2. 88 2 . 42 
concep t 7 6 . 38 4 . 00 6. 13 3. 48 
concept 8 2 . 50 2 . 67 2. 38 2 . 39 
concept 9 3 .75 3 . 85 2 . 88 3. 64 
concept 10 10. 50 4. 4 1 8. 88 5 . 28 

items at criterion t o t a l 109 . 13 19 . 96 1 07. 00 28. 28 
ve r bal 50 . 00 9.89 49. 25 14. 46 
non-verbal 58 . 88 13. 92 57. 50 1 5 . 89 
concept 1 6 . 25 2.78 6. 38 2 . 72 
concep t 2 14 . 63 4 . 60 11. 75 4. 98 
concep t 3 8 . 63 4 . 3 1 9. 63 4. 96 
concept 4 8 . 50 4 . 66 1 0. 50 5. 35 
concept 5 13 . 2 5 4.92 12. 25 5 . 63 
concept 6 8 . 63 4.17 10. 50 3 . 30 
concept 7 14 . 00 4.38 14. 00 4.75 
concept 8 10 . 25 5.09 9. 50 3. 82 
concept 9 JO. 38 4. 87 9. 25 4 . 53 
concept 10 15 . 63 3 . 89 ,~. 25 4. 13 

total time 26 . 00 13 .70 24 . 38 13. 39 
VVQ 7.3 8 J . 02 7. 38 2. 56 

----·----·-------------- -----------------



VOCABULARY 

BLOCK DESIGN 

WORD FLUENCY TOTAL WORDS 

WORD FLUENCY REPETITIONS 

FIVE POINT TOTAL FIGURES 

FIVE POINT REPETITIONS 

STROOP TIME PART Ill 

STROOP ERRORS PART Ill 

CIT VERBAL CONCEPTS 

CIT NON-VERBAL CONCEPTS 

CIT VERBAL ERRORS 

CIT NON-VERBAL ERRORS 

CIT TOTAL TIME 

0 

I 
I 

I -\ \ 
\ 
} , , , , 

ii- - -

- 1 

- LEFT HEMISPHERE 

1t-- - _ .,. RIGHT HEMISPHERE 

- 2 - 3 

(zero z-scores are hased on the matched cont rol group) 

Figure 1 : Z-score profiles for the left and right hemisphere 

patient groups 
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VOCABULARY 

B.LOCK DESIGN 

WORD FLUENCY TOTAL WORDS 

WORD FLUENCY REPETITIONS 

FIVE POINT TOTAL FIGURES 

FIVE POINT REPETITIONS 

STROOP TIME PART III 

STROOP ERRORS PART Ill 

CIT VERBAL CONCEPTS 

CIT NON-VERBAL CONCEPTS 

CIT VERBAL ERRORS 

CIT NON-VERBAL ERROr.-3 

CIT TOTAL TIME 

0 - 1 

,. , 
I 

I 

< 

....... 

-- FRONTAL 

ll• - - -« NON- FRONTAL 

- 2 - 3 

(zero z-scores are based on the matched control group) 

Figure 2 : Z-score profiles for the frontal and non-frontal 

patient groups 
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TABLE 13 

Correlations between flexibility t ests: patients 

Variables with : 1 2 3 5 6 7 8 9 

1 Word Fluency 

2 r epetitions -.077 
. 389 

3 Pi ve Poin t . 748 -.043 
. QOO . 437 

4 repetitions .430 -.068 . 640 
. 048 .402 . 004 

5 Stroop time - . 476 .1 6 9 -.360 . 074 
. 0 31 . 266 . 086 .393 

6 Stroop error -.440 - . 003 - . 167 . 483 . 483 
.044 .496 . 268 . 029 . 029 

7 CIT verbal . 5 19 .1 52 .318 - . 199 - . 473 - . 450 
. 020 . 288 . 1 15 · .23 0 .032 .040 

8 CIT non-verb. . 369 . 084 . 360 - . 162 -.43 1 - . 689 .216 
. 080 .379 . 085 . 274 . 048 .002 . 2 10 

9 CIT err .tot. - . 527 . 043 -.459 . 16 8 . 506 . 6 17 - .786 -. 524 
. 0 18 .437 . 037 . 26 7 . 023 . 005 .000 . 019 

10 CIT time - . 592 . 114 -.464 -.044 . 941 . 56 1 - . 456 -.464 . 546 
.008 .337 . 035 . 436 . 000 .0 12 .0]8 .035 . 014 

first nu•ber = r ; second number= p 
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In the !Q£~ rl~gncy 1~§1 patients with l esions in tbe 

left hemisphere produced the least number of words ( ~ 

= 15 . 75 ) and also made the largest number of errors ( A 

=1.75). The best performance was made by patients with rig ht 

non-frontal lesions. 

On the Fiy~ ~Qint Test, pati ents with left hemi spher e 

lesions prod uced the smallest number of f igures foll o wed by 

pa tie nts with frontal l esions. The highest number of 

r epetitions were made by pa tien t s with lesions i n t he right 

hemi sphere , and mostl y by patients with frontal l esions . The 

earlier find ing t hat patients with righ t f rontal lesi ons 

would have t he most diff i culties on t hi s t est could n ot be 

confirmed in t h i s descri ptive e valuation. 

The correlation (Tabl e 13) between t he two fluenc y t ests 

was much higher for pati e nts than it was fo r normal controls 

{see Table 3), ( .£ = . 748, ..12 <. 001); Guilford ' s (1 950) z - t est 

of t he difference between r-coe f f icie nts was signif ica nt ( i 

= 1. 86 , £ <. 0 1). 

on the ~irOQ~ Test patients with left hemisphere l esions 

took t he longes t time to r ead the stimuli { ~ =45.6). They 

also made the largest number of reading e rrors { ~ =3 . 25), 

e s pec i a lly t he group with left front a l lesions ( ~ =3.40). 

Onlik e t he control group , the Stroop Test (plate III) 

corre l a t ed s i gnifican tly wi th Wor d Fluency { £ =. 44 , £ 

<. 044) and with the number of correctly i dentified concep ts 

in t he CIT ( ~ =. 574 , .E <. 0 1). 
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On t he £IT patie nts with f rontal lesions sol ved t he leas t 

number of concepts correctly (6. 5 out of t en) . Patients with 

right f rontal lesions di d worse (5 . 67) than patients with 

left frontal lesions (7.6) . The latte r s olved the conce pt s 

as we ll as patients wi t h right non-fron tal lesions. The 

number of errors made was on average the same for a ll 

g roups ; t he with i n g roup variablity was large . The verbal 

part of the t es t sh owed small diffecences between the 

groups . On the other hand, on th e n on- ve r bal part of the 

t est , a s predicted , patients with f ront al l esions fo und t he 

l east n umoer of concepts (2.75) , compared to patients with 

non- f rontal l esions (3 .75). Pa tients with l eft sided 

lesions took longer t o solve the CIT compared to patients 

with righ t s ided lesions (30. 8 min. and 19. 6 min. 

respe ctively) . 

The correlations among t he f lexibility measures (Table 

13 ) i n general were higher and more frequen tly signif icant 

t han i n healthy subjec t s . 

The d i s tribution of t he s cores o n the Y!Q was quite 

s i mil i a r for all pa t ient groups. It was pr edicted tha t 

patien ts wi th l es ions in t he lef t hemisphere would more 

likely have a "visua lize r" s core and patients with lesions 

i n the ri ght hemispher e a "ve r bali zer " score. By inspection , 

no such t rend i s fo und . On the contrary , t he insfection of 

t he g r o up means sho wed the lowest score f or patients with 

left non- frontal lesions (5.67), followed by t he gro up with 
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right frontal lesions (o . 33). The h i ghest sco r e was f ound 

for pati ents with righ non- f r ontal l esions (8 . 40). In a 

correlation matrix with twenty-six variables , t he VVQ 

corre lated s i g nificantly with seven meas ures : with t he 

numbe r of verbal concep t s in t he CI! ( ~ =.49 , £ < . 03 7) and 

with concept s numbers 4 , 5 , 6 , and 10. Furthermore , the VVQ 

was related to t he Stroop Test ( f =-. 645 , £ <. 003} and to 

t he total time to solve the CIT ( £ =-. 624 , £ <. 005). 

P'oc all pati ents , the Q1Q£.!s. g~§..!.SU:l score wa s lower by 

i nspection than the Y,Q.£,g.!rnlary s core . For both t est s , no 

noticeable differences we r e found bet»een the patient 

groups . The VV Q 

t wo WAIS subtes t s . 

was not s i gnificantl y correlat ed with the 

Voca bulary cor relat ed only with concept 

7 of the CIT , and the b lock desi gn was s ignificantly r e lated 

t o t he Five Point Test ( ~ =. 4 12 , E <. 049), to the total 

nu mber of concepts in t he CIT { ~ =. 56 , R <.0 12) and to 

severa l single concepts , mos t strongly with concept 9 , i. e . 

non-verbal r otation ( £ = . 822 , E <. 00 1). 

5.3 Ex~loratou results of the CIT 

Firs t the results of the norma l control group will be 

r eported and then t hose of the pa tient s . 
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5.3.1 Results of noraal subjects 

It was predicted that there will be no learning effect 

throug hou t the test because each t ested concept in itse lf is 

like a different task . A repeated measures multivariate 

analysis of variance between orde r 1 and order 2 for the 

number of trials needed for each concept demonstrated no 

significan t difference . This suggests that the orde r of 

p resentation of the two par ts of t he tes t did no t influence 

the pe rformance. Since the concepts are so different in 

t ask demand , it is very likely that there was no learning 

effec t. Figure 3 shows the mean scores for each separa t e 

concept . The highest number of items for a correct soluti on 

was needed on concepts 7 , 2 and 8, and t he largest number of 

errors were made on concepts 7, 2 and 10. In concepts 7 and 

2 the effects of i nterference were tested , and in concepts 8 

and 10, imagery ability . The verbal concepts were 

significantly bet t er ide.ntified tha.n t he non-verbal ones { 1 

=2. 04 , £ <.048). 



10 

5 

it er.is 

e rrors 

I 
I 

/ 

I 
I 

I 

I 
I 

I 

,v 
I ' ' \ 

2 

errors 

items 

VERBAL PART 

\ 
' 

3 4 5 

I 

I 
I 
I 
I 

I 

I 

I 
I 
I 
I 

concepts 

NON- VERBAL PART 

,, 
I , . 

I ' 
I ' 

I ' 
I ' 

I ' 
I '-..._ 

I '-. 
I 

I 
I 

I 
I 

I 
I 

I 

6 7 8 

87 

..... , ____ --

9 10 

Figure 3 : Mean score s for CIT c·oncepts : normal subjects 
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(ver bal or 

of concep t t ested (ima gery 

or interference) influenced the per fo r manc e more strongly , 

the n umber 0 £ items needed to sol ve t hese different concepts 

we re summed as fa llows: ( 1) c oncep ts t esting imagery in 

verbal mode (3 and 4) , (2 ) i ma gery in non- verba l mode {8 and 

9 ), (3 ) inte r ference in vecbal mode ( 2 and 5), and ( 4) 

intecfecence in non-ve r ba l mode (7 a nd 10). Comparing t he 

means ( 1) and (2 ) to (3 ) and (4), it was found that concepts 

with a ve rbal mode were significantly ea sier to solve than 

concepts using a non- verbal mode { i =4. 60 , £ <.00 1) and 

concepts with imagery we r e s ignif icantly e asier than those 

with interference 

An analysis of vari ance between t he t hree leve l s of 

i mage r y style and the CIT was significant as shown in Table 

5 ( r =3. 953 , E <.028) indicating that verbalizers solved 

the least n umber of non- verbal concept s . Add itiona l ly , the 

correlations between VVQ and concepts 3 , 4 , and 10 were 

s i gnif icant. In othec words , a hi ghe r score on the VVQ was 

fo und to be related to better perfor ma nce on these concep t s . 

5. 3. 2 Results of brain da•aged ~atien ts 

It should be kept in mind t ha t t he main part of this 

study d eals with the pe rformance of no rmal subjects and that 

t he tes ti ng of a small group of pa tient s is only a first 
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explordtion of the performance on the CIT. Figure 4 

illustrates the CIT perfor mance of the fo ur lesion types of 

patie nts and the matched control group. By inspection, 

patients solved the verbal part of tbe test i n a pa ttern 

similar to healthy subjects. Ho wever , in the n on-ve rbal 

pa rt , the p atterns are 

difficulties in concept 7 

elicited more e rrors 

different. In addition 

and 10 , concepts 4 and 

in patients than in 

to t he 

9 also 

normals . 

Statistical differences between the matched control group 

t he and the four patient groups t oge t he r were found for 

number of errors made in concepts numbe r 3 ( 1 =-. 252 , E 

<.017) , number 4 { t. = - 2. 95 , .e <. 006) , number 5 ( ! =-2.52, 

.Q < . 0 17), number 6 ( t. =- 2 .71, f <. 0 11), num ber 7 ( 1 

=- 2. 9 4 , E <. 006), and number 10 { 1 =-3. 8 7 , £ <. 00 1) . In 

Table 14 the r e sults are s ummarized i n "cookbook" style. on 

t he r ight s i de of the table are the conce pts which we re best 

solved and on the lef t side t hose which ~ere least 

frequently solved . 
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TABLE 14 

Rank order of best and worst solved CIT concepts 

-------------
Groups 

worst 
Concepts 

.bes t 
1 2 3 9 10 

------------------------- -----
normal controls 10 2 7 6 1 

2 8 10 4 1 

l eft hemi sphere 10 7 2 6/ 1 8 
7 10 2 8 1 

right hemisphere 10 5 2 3 1 
10 5 7 3 1 

fron tal 10 7 2 6 1 
10 2 7 4 1 

non- fron t al 10 7 5 6 1 
10 2 5 9 l 

left frontal 10 7 2 1 4 
10/7 2 5 8 1/4 

righ t f ron t a l 10 2 5 6 1 
10/2 5 8 6 1 

------------------
firs t line = concept order for error v ariable 
second l i ne = concept order for item number variable 
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The excep tion to the rul e that concepts 10 , 2 ~nd 7 were the 

hardest to solve , was that patients with lesions in the 

right hemisphere had di fficult i es also with concep t s 5 and 

8 . Concept 8 {spati al rotation) was best solved by patients 

with left hemisphere , wainly frontal , lesions. As expected , 

t he two introductory learning concepts (1 and 6 ) were solved 

best by all groups . 

5.4 Order of tests 

No significant test order effect was found between crder 

1 and order 2 for the a lterna ted tests (mul tivariate test of 

significance : f = 1. 58 , E <.1 84). 

5.5 Intelli~ence 

The IQ esti mated on the basis of the two subtests, 

vocabulary and block design , correlated significantly with 

six out of eleven variables in brain damaged patients. 

Significan t cor re l a t ions were found with the number of 

concepts in the CIT { £ = . 385, E <. 006 ) and with the 

non- verbal part of t he CIT ( £ =-352 , Q <. 0 14) as well as 

with other variables of the CIT: the total number of e rrors 

( £ =-. 576 , £ <. 00 1) and the tota l time ( £ =-.468 , E 

<.001). No s i gnifi cant r e lationship ~as found be tween the 

estimated IQ an d t he VVQ. Fina l ly , the estimated IQ 
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corcela t ed with the Five Poi nt Test ( £ = . 52 , £ <. 00 1) and 

the number of repetit i ons in Word Fl uency ( £ =. 49 , £ 

<. 00 1). No signifi c ant correlations we re £ound with the 

Stroop Test and the tota l number of words produced in Word 

Fluency. 



6. DISCUSSION 

The results of this study will be d i sc ussed in t e rms of 

the pr e dicti ons made. First, the results of the healthy 

subjects and then t he results of the pati e nt g r o ups will be 

comme nted upon. A more general discussion will then follcw 

in an attemp t to describe more cle a rly s ome of t he t est 

vari abl es a nd subject variables that influence cogn i tive 

rigid i ty- f lexibi lity. 

6.1 Perfor■ance of the healthy subjects 

There was no s i gnificant differenc e between the two 

fluency tests assessing §££Dt~~eo u~ f l exibili11 · The 

corre lat ion between the two t est s was low. Both tests were 

ass ume d to measure one functi on , i . e . fl ue ncy. Howe ve r the 

two tes t s vari ed in st i mulus mode and required diffe rent , 

complex cognitive o pe rations . 

basi s of vre viou s data that 

The pred iction made on t he 

ver bal o utp ut would be hi gher 

than non-verbal o utput c oul d no t be confirmed. Cultural and 

language differences mi ght account fo r the generally higher 

perfor mance of the American pop ulation co mpared to t he Swiss 

population , s ince both we re comparable in age , ed uc ation and 

IQ e s timate (Regard, 1980). Furthermore , the introduction 

- 9 4 -
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of two s tandard e xamples in the F ive Point Test wi th the 

American sampl e mi gh t account for some of the di ffer ences. 

Also , most of the Sw iss students we re f luent in more t han 

one lang uage and it i s like l y t ha t this crea t ed s ome out put 

interfe r ence in Word Flue ncy. 

The correlation between t he total output as we ll as the 

number of r epetitions in bot h f lue ncy t ests was s i gnif i cant 

but small. The number of e rrors made in the tests were not 

significantly related. 

With regdr d to the tes ts used to assess 

fle xibility t he fol lowing findings can be reported. 

ad~£t i~ 

In the 

Stroop Test the e xpect e d per f ormance pattern was found . The 

difficulty i ncreased f rom p l a t e I to p late I II. Most errors 

occured and 

III which 

interfer e nce . 

t he s lowest reading times were found 

was des i gned to frovide the 

For t he purpose of thi s s tudy , 

on plate 

strongest 

Perret •s 

(1 974 ) version of t he t est was translated i nto Eng l ish. A 

comparison of t he new da t a wi th pr e vious inves tigations 

(Perret , 1974 ; Regacd , 1980}, sho ws again , though less 

prono unced , that the English s peaking popul ati on reads the 

color names fas t e r tha n the Swiss popu lation. 

Bet ween t he Str-oop Test (reading time , part III) and the 

second measure used to a ssess a dapti ve flexi bility , the 

total number of concep t s i n t he CIT , no significant 

r e lationship was found . However , the nu mber of error s in 
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the Stroop Test was significantly related to the verbal part 

of t he CIT as well as to the overall time for the CIT. 

I n the analysis of tests assessing §£.2£i~£~~ ~~Q 

~g~il!.Y~ 11.gxibility signifi cant correlations were fcund 

between the Stroop Test and the number of errors on the Five 

Point Test . A factor analysis , which was compu t ed to assess 

whether dimensions for type of task (spontaneous and 

adaptive flexibility) or £or type of stimulus used in the 

tasks { verbal and non-verbal) could be found showed that the 

first factor extracted represented a non- verbal dimension. 

The verbal sti mulus mode was found to be r epresented in two 

separate dimensions , one for verbal spontaneous flex i bi lity 

and one foe verbal adaptive flexibi l ity. Frick et al (1959) 

were able to extract two separate factors for the tyfe of 

flexibility but they did not tes t the influence of sti mulus 

mode. As this study shows, stimulus mode affects the 

perfor mance on the two types of task. This element was not 

compared in pre vious investigations. Breski n •s studies with 

a non-verbal flex i bility test showed no relation to a Stroop 

task nor to verbal fluency. 

ty pes of flexibility tests , 

A distinction between different 

as Frick et al (1 959) prOfCSed 

seems to be dependent on the actual ty pe of tests chosen and 

the statistical decisions made by the rese archer . These 

authors , for exampl e , accepted test loadings as low as . 30 

in the description of their factors. 
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The factor analysis in this study did not show a unitary 

"rigidity" dimension. The error variables of all tests used 

did not load on one single factor . This finding supforts 

Chown •s (19 59) and Goins • ( 1962) notion that rigi d 

performance on one task is not necessarily predictive for 

the perfo rmance on another flexibility t ask. In the current 

study , e rror measur es loaded on different di mensions : for 

tests applying a verbal stimulus mode , two separate 

dimensions were found , and for tes ts applyiny non- verbal 

stimuli one dimension was found. This finding guestions the 

conceptualization of cognitive r i gidity- flexibility as a 

unitary dimension . As Chown ( 1959 ) proposed , it is more 

meaningful to find task speci£ic names instead labeling 

tests, which assess only one aspect of rigidity , as 

flexiblity tests . The factor " verbal spontaneous 

flexibili ty0 could t hen remain 11Word .Fl uenc Y". Also , since 

the non-ve rba l fluency test had as little in common with 

Word Fluency as the Stroop Test, it is 

talk about non-verbal f l ex ibility i n 

visual- spatial abilities . 

more meaningful to 

connection with 

It was predicted that !.J!!ggery .§_ty,1,g might i nfluence the 

performance on flexibility tasks but the r esults l end only 

partial suppor t to that prediction; specifically it was 

found that {1) a higher imagery ability i s correlated with 

more flexibi le behavior , i.e . reduced rigidity , dlld (2) that 
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diffe r e nt s tyl es of i mager y overlap with di fferen t task 

performances . Since the VVQ scores we r e nor mally distri but ed 

from high to low scores, no t many subjects had an extreme 

11 ver:-balizer 11 or an ex t reme 11 visualizer11 score. Therefor e , 

the hypothes i s that i magery style i s related to certai n 

kinds of performances can not be r ejecte d. If we consider 

only the ex t reme cases , t he resul t s could be interpr:-eted to 

mean that i n fact "ve r bali zer s" performed d i ffer ent than 

"visualizers". As Figure 5 shows "ve r bali zers" scored lower 

on b oth fluency tests and signi fica ntly lower on the 

non- verbal part of t he CIT . The "visuali zer s 11 on t he other 

hand performed similarly to and in some tests e ven h i gher 

than the whole sample . Te st in t elligence seems not to 

account for this fin ding (IQ estimate for the verbalizers , A 

=28.0 , for t he visualizers , ~ =28 . 2 ). 
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The VV Q was s i gnif icantly r e lated to concept 4 of the 

CIT : the higher the VVQ score t he less items were needed to 

find the correct answer. This f inding suggests that higher 

VVQ scores facilitated the soluticn of the CIT concepts 

which reg uire i magery a b ility. These results support the 

findings by Katz and Paivio ( 1975) and Durndell and 

ijetherick (1976) who showe d that high image ry ability does 

in fact facil itate concep t identification. Howe ver , such a 

conclusion based on the current findings would assume that 

the s e t s which r eguired ima ge ry ability we r e all of 

comparable difficulty. Whether or not this vas indeed the 

case cannot be answered since a difficulty rating vas not 

part of this study; one could conclude, however , that next 

to the two lear ning concepts , concepts requiring imagery 

ability were the easiest to solve . Katz and Paivio ( 1975) 

also failed to prove that pictures facilitated 

conceptualiza t ion better t han words . The non-verbal stimuli 

used i n the CIT were d i fficult to label and imagery cculd 

only be a pplied successfully af~r some kind of transla t ion . 

The current s tudy includes no evidence that there is 

superiority of high i mage rs for the pe rceptual processing of 

abstract f igures. Erne st {1979) found superiority of 

r e cog nition only after non-verbal priming of her subjects . 

One could argue that the non- verbal part of t he CIT was 

obviously harder because the f i gures we r e difficult to 

label. If that were the case , one would e xpect that 
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"verbalizers" find this part of the test easier since it is 

their preferred cognitive style , but such a trend was not 

found . Fur thermore, if the non-verbal part were the more 

difficult one , one would expect to find different mean 

performances for the two parts in the "mixed group11
• 

However , the twenty-five subjects in this group found an 

equal number of concepts in the vernal and non-ve rbal part 

of the CIT ( ~ =4.76; ~ =4.72} -

Pai vio • s dual coding theory assumes that abstract 

ma terial is represented in the vernal system. No studies 

were available which tested this theory in the context of 

non-verbal abstract stimuli . All the studies mentioned used 

pictures or s imple figures i.e. easy to label material. The 

current inves tigation cannot support Paivio ' s theory because 

the results lean more in the opfosite direction , i.e. 

habitual verbalizers have more difficulty with abstract 

stimuli and have no advantage over visualizers with verbal 

stimuli as p reviously suggested (e . g. Stewart , 1965)-

Another conclusion f rom the curr en t s tudy can be drawn : 

image r y s tyle seems not to be a constant characteristic of a 

person ' s thinking style , but fluctuates over time. Healthy 

subjects seem to change their cognit ive style 

t he task demands. Styles then vary 

intra-individ ually, and it looks as if imagery 

"flexibl e " style in higher order processing . 

{1981 ) comments poi nt to the poss i bility that 

dependi ng on 

inter- and 

style is a 

Richardson ' s 

a preferred 
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of 

verbalizer-visualizer develops throughout childhood and 

adolescence , partly on the basis of self discovery. Th us one 

may come to realize t ha t on the whole spatial tasks or t ests 

are easi e r than verbal tasks or tests , or vice versa. As a 

result , one may develop an habitual prefe rence for 

proce ssing i nformation in one way rather than another. From 

this it may sometimes happen that a significant correlation 

emerges when scores on the VVQ are related to scores on a 

spatial or verbal t est 11• He further says : 11 However , no 

logical necessity requires this because an individual ma y be 

equally skillful in handling both types of cognit ive tasks 

or t ests. Only where an individual is considerably better on 

one or the other of the verbal or spatial ability t ests 

would a correlation with the VV Q he likely". This last 

statement is in agreement with the findings of the current 

study . 

subtests of t he WAIS served as control variables for the 

verbal and non -verbal aspects of the tests used in this 

study. It was found t hat block design was more strongly 

related to tests using non-verbal st imuli, than was the 

vocab ulary subtest with verbal t e sts. Th is finding mi gh t be 

interpreted to mean that functions reguired in the CIT and 

the Five Point Test share something that is also r equired in 

the block des i gn test. The unexpected relationship between 
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this t est and the verbal part of the CIT might indicate that 

in fact this part re g uires more visual- spatial processing 

than the verbal part , even though t he stimuli of the verbal 

part were letters. Another possitle explanation for this 

finding could be that the variable "speed " is shar ed between 

these tests . 

The CIT was explored separat ely because it was a new t est 

developed for the pur pose of t he curre nt study. It was 

predicted t hat concep t s requiring mental transformation 

would be hardest t o identify . This prediction could not be 

supported. on the contrary , it reems that concep ts that 

r equire the suppression of interfering stimulus attri butes 

were the most difficult.. This findi .ng appears to be 

inde pendent of stimulus mode. Interfer ence by a different 

mode than the s timulus which the subject has to respond to , 

as used i n the verbal part of the CIT , was found not to 

r educe t he q uality of the performance as has been suggested 

by Morton {1969) , Allen et al ( 1978) , and Schorr ( 1978 ). An 

explanation for 

stimuli in t he 

this discrepancy might 

CIT were meaningless 

be that the verbal 

and the refore not 

e liciting more interference than the nonsense fi g ures used 

as stimuli in the non-verbal part of this tes t. Also, it can 

no t be determined what kind of conflict ~as more active , a 

perceptual, a conceptual or a response conflict . 
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The significant r e lationships be tween VVQ and ~ome 

concepts of the CIT , toge t her with the fact tha t ima gery 

concepts seemed easier , support the notion t hat ima gery 

ability is facilitating for conce pt i dentif ication (Katz and 

Paivio , 1975; Durndell and ietherick, 1976) . Kendl er and 

Kendler (1962) found that verbalization does facil itate 

concept i dentif i cation . The Kendler study was investigating 

t he behavior of child ren; it is possi b le that ad ults use 

diffe r e nt strategies when dealing with such t asks 

(iolff , 1967), i.e. that verbal a b ility and i magery ability 

are not to be regarded as o ppos ites i n adults. 

l i kely that a combination of bot h i s used 

It is more 

in concep t 

that verbal i denti f i cat io n. Furthermore it was pr edicted 

concep ts would be easier to i dentify because less ambiguous 

labels can be applied. This was confirmed by the results . 

Si gnificantly more concepts could be iden tified in the 

verbal part of t he CIT than in the non-ve r ba l part . The 

une xpec t ed correlations between vocabulary and the 

non- verbal part of the t est and betwee n block design and the 

ve r bal part lead to the speculation that when verbal 

abilities are app lied in solving th e verbal part of the CIT , 

interference occurs. On the other band , a ttempts to 

ve rba lize the stimuli in the non- ve rbal part of the test 

faciliate the tas k. It can be pres umed that the habitual 

use (meaning) 

s uppressed . 

of t he l e tte rs in t he verbal fart has t o be 

Since " ve rbalizers" f ound fewer non-verbal 
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concef}ts than 11 v isudlizers'' and since a higher vocabulary 

score was related to more co r rec t non-verbal concepts , one 

can conclude that high verbal abili ty i s not necessarily 

identical to verbal prefe r ence in thi nking style. 

~.~ Per formance of brain g~~~ged s ub j ect s 

Since the analysis of the perfor mance of brain damaged 

patient s was based on 

interpret ati ons ha ve to 

ob ject of t h i s section 

a very smal l n umber of sub ject s , 

be made wit h ca ut i on . The mai n 

is t o poin t o ut d i fferences and 

communalit i es between t he pe r £or mance of pa t ient s and nor mal 

cont rol s ubjec t s . Whenever possi ble and a vailab l e , t he 

di ffe r ences bet ween patient s with left and right , and 

frontal and non- front al lesi ons wi ll be inc luded . It s hould 

be kept i n mi nd t hat t he explor ation of t he di ffe r ences 

between pa t ient gr o ups · with di fferent l ocali zed lesions 

remains explor a t ory a t t his time because of t he sma l l n umber 

of patients ava i lable. 

As pr ed i cted , patients signi f i cantly differed f r om t he ir 

matched controls i n all tests except for the VVQ. 

In Word Fl uency patients had on a verage of only about 54 

per c en t of t he normal o utput . The establi shed f i nding t hat 

patients with lesions i n the l eft hemi sphere produce l ess 

words than patients wi th l esions i n the right hemi sphere a nd 

patie nts wi th frontal les ions l ess than patients with 

non- f ronta 1 lesions i s , at least as a trend s upported. 



106 

Patients with lesions in the left hemisphere made also the 

highest number of errors. The modif i cation of this test does 

not seem to change the established findings in the 

literature. Cauthen ( 1978) reviewed various ty pes of verbal 

fluency tests , which differ in output mean and time and 

concluded that the instrument remains the same despite the 

variablity in measurement techniques. 

As f or the Five Point Test , the previous result that 

pa tients with right hemisp here lesions produce the fewest 

number of figures could not be confirmed {Regard , 1980). 

Patients with right hemisphere lesions did make the largest 

number of repet itions but the group vari ance was large. 

The fluency tests ~ere more highly correl ated in pati ents 

than in the control g roup. The flow of associations seems 

more guickly exhausted in 

normals; this lack of flow 

brain damaged patients than in 

produces blanks or repetitions. 

Repetition errors in associational fluency seem to occur 

similarly in all brain damaged patients independent 0£ 

stimulus type. 

The inspect i on of the 

pre vious findings presented 

~trQQE 1es1 

by Perret 

{1980). Patients with left hemisphere 

results supports 

( 1974 ) and Regard 

l esions had t he 

longest reading times and made the largest numbec of errors 

followed by pa tients with frontal les i ons , i - e · these 

patients had the most d~fficul t y in suppressing vertal 

in tee fecence. 



107 

For t he CIT the hypothesis that pa t ients with frontal 

l esions would find the least n umber of concep t s could 

s t a tistically not be confirmed but inspection of the data 

showed t he weakest pe rformance fo r this group. The 

ne uro ps ychological literature agrees that s uch patients , 

compared to patients with other cortical lesions , have more 

difficulties in shifting and in deal ing with abs tract 

concepts. Pati ents with right frontal l es i ons ferformed 

wo rse than pa tients with l ef t frontal l esions . Thi s res ult 

t ends to favour the second hypothesis which predicted tha t 

patients with r i ght f rontal l esions will perfor m poorest on 

this t est beca use t hey are not only i mpaired in s hifting 

ability bu t also in t hei r vis ual- spa tial abi lities. I t is 

possible that s uch p atients cannot ma ke the necessary 

inte r co nnection betveen i mager y and verbal symbol. Pa tie nts 

with lesions i n the lef t hemisphere did not ha ve the lowest 

pe rformance on t his t est. This , toge ther with the f i nd ings 

in healthy s ubjec t s (as discussed above ), i s agai n not 

suppo r t ive of the notion t hat verbal abilities are crucial 

for s uccessfu l conce pt i den tifica tion. 

A de tailed analysis of the CIT fe r f ormances showed that 

i n t he verba l part of the CIT pa tient s sho~ed a similar 

pattern as t he controls , i . e . they had difficulties with the 

same concepts wher eas . in the non-verbal par t, groups 

differed. I n the non-verbal part , the more complex part of 

the t est, patients with righ t hemi sphe r e les i ons and 
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pd tients with frontal lesions bad additional problems ~ith 

the non-ve rbal concept requiring rotation. This trend is 

congruent with Regard's (1976) earlier report that rotations 

elicit differen t problems for pa tients with frontal lesions 

as compared to patients with lesions in the right 

hemisphere . 

The predictions made for the 1.YQ in bcain damaged 

patients could not be supported on the basis of t he small 

gro ups of patients with focal lesions . No imagery style was 

consistently found in a par ticular patient group . Pat i ents 

with left hemispher e lesions tended towards lower scores 

compared to patients with right hemisphere lesicns. 

Patients with right frontal lesions had the lowest scores 

(ve r balizers) . The general hypothesis of this study that 

~a tients wi th frontal lesions might lack the abili t y to 

mentally transfer informa tion due to poor imager y ability 

cannot be rejected. As suggested by Zenbausern (1978) the 

two extr emes of the VV Q scale might be tter be labeled visual 

and non-vi s ual . In brain damaged patients rigidity apfears 

to be a more unitary behavioral manifestation than it is in 

normal suojects. The correlations between flexibility tests 

were generally higher and more frequent for the pa tient 

group. In pa tients, it also seems that type of task 

(spon taneous or adaptive) and stimulus mode are of less 

importance for performance than in normais. However , f urther 

investigations ace needed to confirm this finding . It needs 
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also to be clarified how stimuli which are hard to label and 

which do not allow for ve rbal control are affected by 

unilateral lesions. 

-
6 . _3 Som_e _v_a_ria_bl e_s influe ncing cognitive rigidit1-rle"iTEIII t - - - - - - - - -_ ______ y 

In this section an attempt is made to single out the 

variaoles which are of importance £or the performance on 

f lexibility t ests . The order in which they are discusse d 

does not represent a rank order. 

The literature on imagery suggests a verbal and 

non- verbal dimension i n imagery style. Furthermore , for the 

fluency tests , previous data in t he ver-bal and non- verbal 

stimulus mode were available. In the neuropsychological 

literature it is still con t roversial whether this dichotomy 

is one of t he parameters distinguishing hemisphere 

functions. Many research findings and clinical evidence 

indicate that the le£t hemispere is i nvolved in the mor-e 

analytical , seq uential or categorical processing , i . e . the 

kind of processing involved whe n language is produce d or 

received . The salient feature of left hemisphere function 

is not the ability to generate spee ch but the ability to 
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since the 

right hemisphere i s more involved in who listic , simultaneous 

or parallel p roce ssing , it is be tter prepared t o de al with 

visual-spatial tasks. It follows then that dealing with 

verbal or non- verbal stimuli in a test is uot identical to 

verbal or vis ua l-spati al processi ng . 

The factor analysis revealed different d i mensi ons for 

stimulus mode. Other investigations have shown that verbal 

and non-verbal abilities are factorially independent (e.g . 

Paivio , 1971; Guilford , 1967}. The r esults of t his study 

confirm that t e sts with di fferent st i mulus modes do load on 

di ffe r e nt d i mensions. However , this finding does not i mply 

that these d i mensions correspond to verbal a nd non-verbal 

p roce ss i ng. The tasks used in this s tudy , especially t he 

CIT , r e quired not only t he recognition of s ti muli, but also 

the per formanc e of some kind of h i ghe r cogni tive 

manip ulation . In the non - verbal st i mulus mode , t he t ype of 

task did no t seem to influence t he result as much as i t did 

for tasks employing a verbal s timulus mode. For the verbal 

mode two d i mens ions coul d be distinguished , one for ve r bal 

successive processi ng and one for verbal s i m~t aneous 

pr oce ssi ng (Das et al , 1975). The exploratory study with 

brai n damaged pa t ients mi ght help also to answer whether 

different cognitive styles are linked with brain 

organization. This will be d i sc ussed in a separate s e ction. 
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In both the Word Fluency Test and the verbal part of the 

CIT , the meaning of 11 verbal 11 i s not ident i cal to language or 

communication. In fac t, in both tests subjec t s had t o 

su ppress the habit ual use of language symbo l s . Th i s in 

itself is interfe r ence . It wa s suggeste d by Cauthen (1 978) 

that in verbal fluency subjects firs·t make US€ of 

associati ons and search categories; when the s t r i ng of 

assoc i a t i ans r uns out, the task changes in t o a shift ing 

task , 

mode 

a ski ll which seems to be i ndependent from stimulus 

is then required . Inspec ting t he resul t s of t he 

sub jects wit h a prefer r ed habi t ual verbal th i nking s t yle , 

t here is no evidence t ha t these subjec t s have an advantage 

in solving the verbal fl uency task. Also , higher v ocab ulary 

scores , as an index of verbal skills i n general , did not 

corre la t e with thi s test. Vocabulary corr elated only wi th 

one other verba l va r iable , t he number of r epe titions i n Word 

Fluency . This mi ght indicate that the flow of associ ations 

is under bet t er control in subject s with hi gher ve r bal 

skil ls . The correlation between the bl ock desi gn tes t and 

the verbal pa r t of the CIT , on the other hand , allows the 

conclus i on that proc esses o t her than language were ac t i ve . 

Pai vio ( 1978) showed tha t ser i al and g l oba l processing can 

interact wit h verbal and imagerJ processe s , i . e . a typi cal 

verbal t ask cdn be processed globally and a t yp i cal imagery 

(visual) t ask can be processed ser i ally . 
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In s um~a ry, the results suggest that s t imulus mode aoes 

i nf luence per fo rmance on flexibility t ests. Tes t s with 

non- verbal stimuli for m a separate di mension from t ests with 

verbal stim uli. In t he Word F luency Test and t he verbal fart 

of the CIT s ubjec t s made fewer errors than in their 

non- verbal counte r parts. Verbal a nd n on- verbal s timuli do 

elicit different process i ng styles ; pr ocessing styles a re 

different , not parallel . Further s tudies are needed to 

determine exactly in what wa y t hey Me different . 

6.3.2 Test variab1e: t1~e of task 

Two types of tasks were distinguished i n this s t udy : 

spontaneous flexibility t asks or fluency tests a nd adaftive 

flexibi l ity tasks. These two categories were chosen 

accord ing to factor anal yti c s tudi es by Fr ick et al (1 959 ). 

The c urren t s tudy was partially able t o replicate these t~o 

d i mensions. It was found that t he type of stimulus mode is 

one of the variables t o be d i stinguished. As mentioned 

earlier , t es t s with a non-verbal s timulus loade d on the 

first factor and t est s with a verbal s timu l us loaded on t wo 

dimensions , one for spontaneous and one fo r adapt ive 

flexibili ty. No previous studies we re dVailable to support 

t his finding. Pre vious i n vesti gator s e ither studi ed jus t one 

flexibil ity dimension or d i d not d i stinguish bet ween t est s 

with d i fferent stimulus modes. 
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The correlations found among the various tests , and the 

results of the factor analysis suggest that it i s not 

me aningful to stick to two flexibility dimensions , unless 

th e labels are used in a mo r e circumscribed , limited se nse. 

Inst ead , it would be more appropriate to inspect the four 

different t ests and clarify the processes and abilities 

needed to solve them successfully. Just as Chown ( 1959 ) and 

Go ins (1 962) suggested , in healthy s ubjects a rigid 

performance on one t est is not predictive for t he 

pe rformance on another flexibility t es t. 

As discussed already , it seems likely that in the f luency 

tests the task demands c hange within the test (Ca uthen , 

1978 ), i . e . the tests designed to assess spontan eous 

flexibility mi ght turn i nto an adaptive flexibility test. It 

would have t o be det erm i ned how and under what circumstances 

such a change t akes place . 

All four t ests used in this s tudy to assess the two 

flexibili t y dimensions involve differen t cognitive 

abilities , ranging from sensory to complex mental funct i cns. 

For the Stroop Test, S tirling (19 79) was able to demonstrate 

two loci of effects: sti mulus effects occuring duri ng 

conceptual cod in g , and response effec t s occ uring during 

r esponse sel ection. 

The guestion is not what type of task measures cognitive 

flexibility- rigidit y more approp riate ly than duother , t he 

question is what different aspects of flexibility are 
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assessed with a task . Inspecting the e rrors made in the 

four t e sts , the repet i t i ons in the fluency t es ts d i d not 

corre l a t e with the errors made i n t he t ests to assess 

adaptive flexibility. The number of e rrors made in the 

Stroop Test vere r e l ated to the ve r ba l part of t he CIT. All 

four t ests t hen seem t o probe different aspects of function 

and conseguently provoke diffe rent ty pes of e rror. Se veral 

deca des dgo , Notcutt {1 943) already d i sproved Sfea.rman •s 

"law of inertia" by sho win g t hat d i ffe rent perseveration 

measures need not correlate. He d i st inguished fo ur ty fes , 

(a ) t he "crea tive effort t ype ", ( b ) t he " a ltecndti ve type", 

{c) t he "assoc i a tive type", and (d) t he "sensory type " of 

perse ve r a tion . The factor anal ysis i n the current study also 

suggests differ ent e rror types. Following No t c utt• s 

ca tegori es there would be a a-type (e rrors made within the 

ve rbal and non-verbal s timulus mode) , and a combined 

a - b- c - t ype {e rrors made within t he verbal stimulus mode). 

Similarly , Fors t e r et a l (1 955) explored the performance of 

sub j e cts in d i f f eren t s hifting t asks. They could not f i nd a 

common rigidity- flexib i lity factor and the r e was little 

correlation among the tasks. 

What can be concl uded about the influence of type of t ask 

on cognitive flexibili ty? Since the study did no t fin d tvo 

d i stinc t factors for t ype of task it is more appropriate to 

describe cognitive rigidi ty-fle xibili t y in t e r ms of specif ic 

t asks. Also , the tasks can be descr i bed in terms of error 
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ecro r s due to a difficult y in suFpressing 

a pr e vious answer or due to lack of new associations or due 

to strong interference . The type of tasks used in this 

study could also be distinguished according to whether the 

response choice is smal l o r lacge: 

tests were tasks with a large 

flexibility test s were tasks with 

percent chance of being correct}. 

spontaneous flexib i lity 

choice and 

a small choice 

adaptive 

(a fifty 

6.3.3 Su!!ject variable : imagery s tyle 

From the results with healthy subjects it appeared that 

people with a mo re verbal style perform more poorly in 

flexibility tes t s than people with a visual style . I t was 

discussed earlier t hat i magery s tyle should be understood as 

a " flexible" behavior charact eristic. In patients , no 

significant d i fferences were found between imagery s tyle and 

locus of lesion. The questionnaire did , however , 

significantly correlate with time measu res in the Stroop 

Test and the CIT , indicating tha t visualizers solve such 

problems faster than verbalizers. In heal t hy subjects such 

relationships were not found . 

The generally weak relat ionships netween imagery style 

and pec£ormance in t he flexibi l ity tests have already been 

discussed. It was r easoned that the basis for the 

predictions in this study was derived from investigat ions 
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that dealt with the extreme e nds on the imagery style 

dimension. However , in a random samp l e of young peopl e t he 

scores were normally distributed and no dichotomy in style 

was f ound. Also, in pati e nts a higher percentage (3 8) of the 

sub j e cts were verbalizers and mos t frequently represented in 

the groups with left hemisphere and right frontal lesions , 

an obse rvation which can either r eflect a l esion effect or 

the premorbi d , individual imagery s tyle. 

It is important to caution that imagery s tyle should not 

be confounded with i magery ability . Zenhauser n• s reasoning 

for a reflection of cereb r al domi nance in i magery style was 

based on mi xed e vidence , partially from s tudi es dea ling with 

imagery styl e and partially from others dealing with imagery 

ability. Even if in fact imagery style can be fo und to 

correlate with tests measuring imagery abili ty (which could 

not be found i n this study), it is not necessar ily logical 

to conclude that they a re t he same t hing. 

This study suggests that imagery style is a variable 

characteristic of the individual and doe s not function like 

an " ability" that develops t o 

was made by Ri chardson ( 1977) 

a certain level. An attempt 

to clarify the test- retest 

reli ablity of his questionnaire, but more research is needed 

with other populations to demonstrate if s uch a style 

dimension has any an d what kind of predicitive validity. 

Even before further correlational studies ge t under way, 

be tter measurements need to be develop ed (Strosahl , 1Y8 1). 
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~-J-~ Subje ct y~!able: inte lliggnce 

Historically , f l ex ibility has always been regar ded as 

part of the qualities that make a perso n beha ve 

intelligently (e . g. Spearman , 1927; Guilford , 1967). Later , 

many other i n vestigators s howed that intelligence and 

cognitive rigidity and flexibility need not be closely 

related. Since t he c oncep t of intelligence is not clearly 

defi ned i n the first place , it is not clear from what fart 

of t he concep t of intelligence flexibility should be 

d i s ting ui shed. Ho weve r , some a uthors who studied cognitive 

flexibility a l so provided information regard in ~ t he 

relati onshi p to intelligence. Bot h, earlier ( 1971) and 

Schul t z (1 977) found no signif icant relationship be tw een 

spontaneous flexibility t ests and test intelli ge n ce , and 

Forster e t a l ( 19 55) found no r e la tio nsh i p bet ween adafti ve 

flexibility t est s and intelligence . The neuropsychological 

literature agrees t hat patients with f rontal lobe lesions 

are more rigid than patients with les ions e lse where in t he 

bcai n (Walsh, 197 8), but the re is no evidence that f r ontal 

dama ge affects commonly used IQ measures (Rylande r, 

Mackie and Beck , 1966 ; Stuss et al , 198 1) . 

1939 ; 

In the current s tudy , the sum of t he vocab ulary and block 

desi gn s c aled s cores cocrelated with most of the t ests. The 

relat i onship was stronger with t ests in the non-verbal 

stimu lus mode t han wi th tests i n t he ve r bal s t im ulus mode. 
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This might either express that non- verbal tests are more 

difficult per se, or t hat visual- s~a t ial sk i lls £acilitate 

the performance on these tests. Since t he est i mdted IQ 

correlat ed with the overall time needed t o solve the CIT , i t 

might have been a "speed" factor t hat led t o the 

relationsh i p between IQ and the non-verbal tasks. The speed 

factor WdS not explored in detail in this study , but its 

significance upon rigidity and i ntelligence is well known 

(e . g . Rokeach , 1955 ; Fourneaux , 1960 ; Payne , 1 960). 

As t he early studies showed , only certain cognitive 

abilities decrease with low IQ and are conseguently related 

to more rigid behavior . Lack of intelligence therefore is 

not directly re l ated t o r i gidity (Mack i e and Beck , 1966}. 

6.3.5 subject variable: g_ge 

The design of this study d i d not include age as a 

variable. Nevert heless , some a posteriori comparisons were 

made and will be commmented upon. It is a long- held beliet 

that older age is closely related to increased rigidity , but 

Chown (1 96 1) and Botwinick (1 978) re viewed the literature 

and concl uded that rigid i ty is not necessarily part of the 

life s t yle i n t he elderly . From among the recent flow of 

investigat ions , only a small number can be included here , 

but the reader is referred to a st udy on cognitive rigi di ty 

and fle x ib i lity in young and old adults {Ermini , 1 98 1) . The 
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age range in the normal group in the c urrent study was small 

(1 5 years ). Significant correlations with age for this 

sample were fou nd for the Stroop Test , r ead ing time par t III 

( r =. 28 , £ <. 042), a nd the total number of errors made in 

the CIT { .£ =-. 28 , .12 <- 040) . The correlation matrix £or the 

brai n damaged subject s , whose ages ranged from 20 to 76 

years , revealed many significan t c orrelations. Only a 

moderate correlation was found with verbal fluency ( £ =.44, 

~ <. 044). This f i nding supports the r esults of Ca uthen 

{ 197 8 ) and Er mini (1 981) , who b oth found no age effect for 

ve rbal fluency comparing two age groups with hea l t hy 

educated s ubjects. Verhoff (1 980) on t he other hand , 

demonst rated an age effect in males on this variable. Henton 

e t al (198 1) found a mi nimal decline in verbal fluency i n a 

mixed gender sample of healthy cld people below 80 years of 

age and only an e leven percent decl i ne in subjects olde r 

than 80 . Strauss et al (1 98 1) found an increase in 

performa nce up to age 10 i n a study with children ranging in 

age from 6 t o 12 years . 

As f or non- verbal fluency , no age i:ela ti on ship with t he 

Five Point Test was found in the current study. Strauss e t 

al (1 98 1) again found a performance increase -with age in 

children. Ermini (1 98 1) fo und a significan t decrease with 

age for older women , but the mean was still comparabl e to 

the per formance of the 12 yeai: old children in Strauss ' 

study . 
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In summary , fluency perfor mance seems to increase in 

childhood and young age independent of sex , and t hen to 

decline more rapidly for males than females in old age . 

The r eadi ng tim e in the Stroop Test was also age related 

i n young and old healthy subjects (Ermini , 198 1} as we ll as 

in brain damaged patients. ID the current s t udy age 

correla ted negatively i n brain damaged subjects with the 

number of correctly identified concepts in the CIT , and 

positively with the total number of error s and t he t otal 

ti me . Er mini ( 19 8 1) reported a significant decl i ne for he r 

group of older women for the verbal part of the test only . 

we the rick ( 1965) also found a failur e to change verbal 

concepts i n old males. 

Imagery style was not r ela t ed to age in the nor mal group. 

Additional data was collected with the VVQ from 20 healthy 

older vomen (mean age : 66 . 8 , range 15 years). The mean 

score was 6 . 3 , SD 2.1 5 and , compared to the 40 women in this 

study , was signif icantly lower { 1 =4.41, £ <.00 1). This 

would indicate a tendency in older subjects toward the 

11veroalizer" style. Bu t Kosslyn (1 980 , p . 420) cautions 

against such an inference and says that there is no 

guarantee that imagery q uestionnaires test the same function 

a t differ ent age levels. 

To sum up, the current investigation and Ermi ni ' s study 

did not find age d i ffe.r e nces for the e rror measures in the 

fluency tests a nd the Stroop Test . Only i n the verbal part 
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of the CIT , more errors occured with age . This result 

s u pports the views o f Chown ( 1961), Angleitne r (1 9 73 ), and 

Bot vi nick ( 1978 ) that cognitive rigi dity i s not increasing 

with age in gener al. The changes ace tes t specifi c and 

might , as the above me ntioned r esults show , depe nd on 

stimulus mode as vell a s other vari ables. They might no t 

even represent age effect s at all. Al l in vestigations 

mentioned were cross- sectiona l st ud i es and Schaie (in Birren 

and Schaie , 19 77 ) we nt so far as to say thdt declines i n 

cognitive flexibility a r e d ue to cohort differences and not 

age changes. 

6.3.6 S1.1Qject variable : gende r 

Th i s study provided no evidence for sex d iffe rences (see 

Appendix A). Howe ver , a close r i nspection of the 

pe rformance of males and f ema l e s re ve aled some r esults which 

s howed a t rend fo r females to deal bett e r with ve r bal than 

visual material. Even though this s tudy cannot suppo rt any 

findings wh i ch show sex d iffere nces i n co gnitive flexioi lity 

t est s , a v ery bri ef excurs ion into the literatur e is 

indicated. 

For ver bal fluency , no sex d i ff e r e nces have been r eported 

in othe r investigations (Maccoby and Jack lin, 1974 , p. 82). 

For the Five Point Test , Strauss e t a l ( 198 1) fo und also no 

d ifference be tween boys a nd g irls and Torrance (1 966) fou nd 
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no sex differences i n his figural fluency test. On ly earlier 

(1971) found sex related differences i n a non-verbal 

flexibility test. Stroop (Maccoby and Jack lin , 19 74, p. 99) 

found no differences although Alpaugh and Kaufmann (1 972) 

and Golden (1 974) reported that males made more errors than 

females in this test. As for the CIT , no studies are 

available for comparison. Hoyer et al (1979) investi gated 

sex differences unsuccessfully on a problem solving 

For the VVQ , no 

t ask 

sex with varying irrelevant 

differences have been 

stimuli . 

published . Erne s t (1979) found a 

significant interact ion bet ween imagery and sex , but in this 

study imagery was def ined on the basis of spatial 

manipulation tests. 

The sparse and sometimes controversial evidence for 

gender diftecences in tests assessing cognitive .ri gidity and 

flexibility leads to the conclusion that gender appears to 

be a variable of little importance for t his behavioral 

dimension. 

6.3.7 Subj ect variable: brain da■age 

The results of t he brain damaged subjects ha ve already 

been discussed i n detail. The g uestion which r ema ins to be 

addre ssed i s whether t here is evidence to determine t he 

i nfluence of brain damage on cognitive flexibility. One 

source of e vidence is the finding that the correlations 
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be tween the t est measures we r e more freg uently significant 

and h i ghe r in bra in damaged than i n normal control subjec t s . 

This can also be inter pr e t ed as e vidence tha t a low or high 

~erformance on one t est is i n general more predictive for 

the perfo r ma nce on an other t est within the brain damaged 

population. Rigidi t y see ms tote a mor e general symft om in 

brai n damaged tha n i n nor mal s ubjects . 

In this st udy some tentative e vidence was found that s ite 

of lesion affec t s coguitive rigidity- f l exibility . Such 

e vidence has to be regarded i n the context with e ther 

vari ables d i scussed. The fo l lowin g error analysis (Table 15) 

was calcula t ed t o exemplify the 

on rigidity i n fl uency and 

i nf luence of s ite of lesion 

concept i dentification . The 

percent error i s to be understood as the i nverse of the 

percent of flexibility . This ana l ysis r e veals that patients 

with l e ft hemisphere lesions, especially with non- frontal 

lesions , make t he larges t number of errors in ~ord Fluency . 

In the Five Poi nt Test , patien t s with right hemi sphere 

lesions , frontal and non - frontal , produced the largest 

number of r epetitions . In the CIT patien ts wi t h right 

frontal lesions produced the largest number of consecutive 

errors , i . e . a l most sixty percen t of the total errors made. 

Th i s discuss i on suggests that the term " br a i n damage ", 

used as a title o f this sect i o n may not a ppropriately 

describe the ac tual findings because site of lesion emerges 

as an important fdc tor . The statist i cal ana lysis failed to 
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TABLE 15 

Error analysis : pa tient and ma t ched control groups 

--------------------------------------------------------------
1) 1) 2} 

iord Fluency Five Poi nt Test CIT g roup s n 

-----------------------------------------------------------------
matched controls 1 6 . 4 3.7 30.4 
left hemisphere 8 11. 1 8 . 9 47.7 
right hemisphere 8 2 .1 23. 9 55 . 0 
frontal 8 5.4 1 2. 1 53 .. 0 
non- frontal 8 4.7 23 .. 1 49 . 7 

----------------------------------------------------------------
left frontal 
left non- frontal 
right f rontal 
right non- frontal 

5 
3 
3 
5 

7.1 
24.9 

2 . 8 
1. 9 

7 .7 
11. 3 
18 . 3 
26 . 2 

46.6 
48.8 
59.4 
50.5 

--------------------------------------------------------------
1) percent of total output 
2) repe tition e rrors (more t han two consecu tive errors i n percent 

of the total error s made in all ten concepts ) 

reach significa nce because of the small number of subjects. 

However , case studi es or studies with small numbers of 

subjects may be of im portance for a f uller exploration of 

complex relationships, as Shallice (1 979) has poi n ted out. 

Hopefully , new studies will allow to discuss the effec t of 

brain damage accordi ng to s ite of lesion. 

Neuropsycho l ogists are aware of the symptom of rig idity and 

assign the defect mostly to fronta l lobe dysfunctions 

(Walsh, 1978) . A pronou nced and gene ral defect of patients 

with frontal lobe l esi ons in cognit ive flexibility t ests 
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could not be demonstrated in this studJ. It is important to 

remember that tests of the general area of cognitive 

rigidity- flexibil i ty eli cit errors which depend on stimulus 

mode and type of task. Furthermore , as ano t her recent study 

in this f i eld shows (King and Snov, 1981), tests have to be 

carefully a nalyzed with respect to t ask demands , i. e. the 

p robable processes i nvolved in successfully solving a task , 

before a beha vior can be labeled as a specific defect . 



7. CONCL USIONS 

The primary goals of thi s study were to investigate the 

r elationships among several d i fferent flex i bili ty tests and 

to learn more about the effects of various test variables 

and s ubject charact eristics. 

that it is perhaps more 

In normal people it was found 

a ppropriate to talk about 

flexibilities in a plural rather than a single d i mension. 

The results of this study support to some degree the view 

that cognitive rigidity-flexibility involves several 

dimensions. 

I n thi s study q ualitative and g uantitati ve asi;ects of 

rigidity-flexibility were disting uished. It can be concluded 

that an operational defi nition of rigidity- flexibility has 

t o i nclude the £unction of t est variables (stimulus mode and 

type of task ) and varies depende nt 

(brain damage, imagery style and 

on s ubject va riables 

age) . Still , the 

def inition r ema i ns i ncomplete since there is variance which 

is not explored in t he experimental s ituation , i.e. hov does 

assessed rigidi ty behavior correspond to real life 

situa tion s (Thompson, 1966). As long as there is 

understanding tha t the construct stands for a va rie ty of 

different behaviors which are again influenced by various 

- 126 -
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variables the term does not need to be abandoned. An 

analogy would be the term Uforgetting". Questions like 

forgetting what , under what kind of circumstances , etc. 

follow immediately. Applied to rigidity the question would 

be rigid in what, because of ~hat etc. These are the type of 

questions to be addressed. Some answers we re found and 

discussed . 

some of the more specific suggestions concern the 

individual t ests used in this study. In addition to the 

mentioned suggestions in the discussion part , in future 

studies with fluency tests it should be investigated whether 

subjects follow more on e part of the instructions than 

another. Do subjects pay more attention to the word 

" d ifferent" in the in s truction (draw/say as many different 

£ igures /words, see Appendix B) , which mi ght elicit more 

" flex i b ility" , or is more attention paid to the word " many" , 

which could elicit more " fluency"? As for the CIT , furth er 

validity studies would be important , and more t ests of this 

kind applying non-verbal materi al ~ . e. not figures ) are 

needed . 

Cognitive rigidity-flexibility seems to hold be tter as a 

unitary concept for a brain damaged pop ulation than for 

healthy people. Historically , the concept was introduced 

mainly from neuropathological studies . Yet, in this first 

app lication of a series of flexibility tests , no general 

rigidity dimension could be found and the inspection of the 
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performance of t he brdin damaged pa tients revealed different 

error patte r ns dependent on s ite of lesion. 

One of the most interesting results fo und in this study 

is that the " habitual verbalizing" tendency as ex_press€d in 

a ques tionnaire did not result in better performances in any 

of the flexibility tests. Nor was an advantage en either 

t est seen for patients with lef t hemisphere l esions , who 

t ended to have lower scores on the verbalizer-visualizer 

dimension of imagery style. Lef t hemisphe re pa tients have 

only a partial loss of verbal funct ions and it seems that as 

iong some verbal functions are available they are used for 

processing complex cognitive tasks . As Landis , Cummings and 

Benton (1 980) could show in patie nts with aphasia , on l y when 

verbal strategies are no longer available, can fatients • 

linguistic capacities improve. These authors believe that 

t he functions of the right hemisphere can become fully 

effective only when access to the verbal processing systems 

is no longer possible. The assessment of imagery styl e in 

pati ents with lateralized brain lesions remai ns of interest 

t o explore how efficient the verbal or visual system is ; 

effi cient in t he sense as to how well can verbal ization or 

visualization of perception and 

corrective and guiding function 

response serve 

in performing 

as a 

h i gher 

cognitive tasks. 

the eff~ti,Yg!!§.SS 

Resea rch emphasis should be directed on 

and degree of participation of different 

imagery styl es and different processing mechanisms . 
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study, rigidity 
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manifest rigid 
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was viewed as a negative 

positive sides to rigidit y. 

behavior can perhaps better 

pre ven t stimulus overflow , can suppress inafproriate 

answers , or rig i dity may simply strengthen endurance. 

The old problem of whether lesion studies are the 

appropriat e model to infer brain mechanisms in healthy 

people remains. Two majo r types of studies have 

traditionally been used: alter brain functions and observe 

behavior, or alter a behavior and study brain f unctions . 

Ho wever , recovery studies provide additional information and 

recently tend to replace lesion studies. In prac tice , one 

would have to study carefully the kind of errors made by 

subjects in flexibility tests; then 

strategies could be taught according 

Recove ry studies offer not only a good 

s uitable learning 

to the find ings . 

research approach , 

but also allow a real-world ap~lication of the wor k. 

Finally , the role of several other func tions rela ted to 

t he concept of rigidit y would be of interest . Specifically , 

t he relation of memory (see Fuster, 1980) , attention and 

language with cognitive rigidity- flexibility need further 

clarification. Two recent studie s investigated the 

performance of aphasic pa tients in relation to conceptual 

thinking with contradictory results . Lubinski et al (1980) 

found aphasics not im1Jaired in concept 

slower , whe reas Semenza e t al (1 980) 

formation , though 

found selec tiv e 
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impai rments according t o aphasia t ype in t he under s t anding 

of class (two objec t s or e vents share t he same identifiable 

superordi na t e ) and themati c r e l a tionships of non- ve r bal 

concept s (objects or events occur t hematicall y t oge t her ) 

r e lationships of non-ve r bal conce pt s . 

As is true for all constructs , t heir existence i s only 

just ified if it provokes t he r esea rc he r t o s tudy it in its 

compone nts. 

behavioral 

Thi s study tried t o d i sent ang l e the concep t of 

rigidity-flexibility . We hope t hat it 

contributed toward a clarifi cation of some of t he iss ues . 
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Appendix l 

POST-HOC ANALYS I S OF GENDER DIPPERENCES 

In this s tudy no predictions were made postulating gender 

differ ences. Previous e vidence i s q uite conflicting a nd 

often based on small differences. In the course of the 

study addit i ona l data were collected ou 14 male vol unteer 

students (mean age 28. 2 , range 20 t o 35 years ) and compared 

t o the female sample. The comparison tes ted the common 

notion that females are better in processi ng verbal 

i nforma tion and males bet ter in processing visual-spatial 

material (e . g . Maccoby 6 Jacklin, 1974). 

Table 16 includes the mean perfor mance a nd standard 

de via t ion for the test measures of female and male subjec t s . 

Mult ivar ia te analyses of variance vere computed fo r (a ) the 

flexibility tests and the VVQ, and (b) for the error 

measur es. Using Wilk ' s Lambda criterion , both analyses 

showed no s i gni ficant multivariate di fferences (a : t -

0. 883 , E· 0. 558 , and b : f. 0.1 48 , £• 0. 2 18). The 

uni va riate comparisons were a l so not signifi cant. 
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TABLE 16 

Means and standard deviati ons: females and males 

Females (n= 40) Males (n=14) 

Variable H SD M SD 

----------------------------------------------------
IQ estimate 28 .13 3.82 28.79 3. 19 
Vocabulary 15. 28 2.05 15 . 64 2. 13 
Block desi gn 12. 90 2 . 67 13.14 2.28 
Word Fluency words 5 1. 90 11. 6 7 55. 64 15 . 85 

r epetitions 0 . 33 0. 94 0. 71 o. 9 1 
.Five Poin t figures 55.48 18. 41 50 . 29 14. 71 

repetitions 2. 89 4. 5 1 1. 7 1 2. 37 
Stroop t ime , III 19.2 5 5. 18 19 . 2 1 4. 02 

error s , III 0. 23 0. 53 0.29 0. 6 1 
CIT verbal p art 4. 83 0.38 4 .71 o. 4 7 

non-verbal part 4. 58 0 . 7 1 4.21 0.47 
error s verbal 4.65 2 . 82 6 . 29 4. 8 3 
errors non-verb 9.3 0 5. 97 11. 57 6.64 

VVQ 8 . 88 2. 15 8 . 43 2.44 



Appendix B 

TEST INSTRUCTIONS AND ADDITIONAL TEST DESCBIPT101S 

1- Word l!yen£Y 

Instructions : " In th is t es t I would like you to gi ve me 

as many words a s you kn ow beginning with t he l e t ter ' S ' 

until I s t op yo u11 • ~ - writes the letter • S ' at the to f of 

a page i n view of the s ubject. ~§. are a llowed to look at 

the pa ge throug hout the test . They are further instructed : 

" You shou l d not use pro per names s uch as Seattle or S usan. 

I t i s important that you do no t repea t any words 11. If words 

are r epea ted o r words beginning with othe r l etter s are 

given , J. cor r ec ts only the first i nfraction , r epeats t he 

ins tr uc ti on and helps by sayi ng: "try to gi ve me another 

word beg i nning with ' S'"· 

correct ions. 

i. Five Point Test 

Timing i s i nt errupted d uring 

I nstructions : " In this te s t I wan t you to dr a w as many 

differ ent f i g ures as you c a n until I stof you. Connect t he 

black dot s with straight l i nes in each of the r e ctangles . 

You don ' t ha ve t o use all t he do t s , fo r example you can do 

thi s ". ];; . dra ws two s t andar d exampl es. " Be caref ul no t to 

re pea t figures and not to dra w lines whi ch do not connect 

- 14 5 -
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dots". If~- does not follow the rules , J. corrects only 

the fi r s t ti me and re pea ts the instructions. Timing is 

interrupted dur ing the corrections. 

J. StJ;:QQ.e !~s t 

Instructions : "Here you 

dots. (Only part I is shown) . 

see many rows of colored 

You should name their color as 

fas t as you can without e rror. Start here" . I• names color 

of first dot and points from left to right , row by cow. If 

errors occur , they are corrected immediately and~- is told 

to go on as rapidly as possible. During corrections , timing 

i s stopped. For pact II and III , ~- says : "Here again , try 

to name the colors of these words as fast as you can, 

avoiding errors. Start here". Again , ~ - names the color of 

first word and interrup t s timing for necessa ry correct ions . 

It i s important that ~- says • name ' the colors and not 

•read ' to avoid the reading of t he words. 

!• CI'.!'. 

Adgi tiQnal te.§! descripti on : 

selection paradigm was chosen (Bourne , 

vas produced in two ways: (a) by 

misleading d ttri but es , and (b) by 

A nonreversal shift 

1966). Interference 

showing stimuli with 

using a previously 

reinforced concept in a new concept identification set. 

Imagery was included in two ways : (a) as a mediating process 

or s trategy t o recognize the s timuli , and (b) in the 



concepts whe re mental t ransformations 

reljuired. 
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of stimuli were 

The stimulus factors were (a ) verbal nonsense trigrams 

and ( b) non- ver bal geometric patterns. The r e s ponse mode vas 

non-verbal , i . e . the subjects were asked to point to the 

corre ct choice. The expe rimenter gave immediate correc t ive 

f eedb ack by reinforcing the correct choice with up and down 

he ad movements accompanie d by the word "correct" . 

The test material consisted of a total of 320 cards. 

There we re 16 stimulus cards {orange) and 16 response cards 

(green) for 10 concep t sets , 5 ve r bal and 5 non- verbal . The 

cards measure d 3 by 5 inches and we re presented vertically. 

The s timulus cards contained the exemplar , i . e. the stimulus 

which exe mplified the concep t and t h e nonexemplar with tbe 

r e levant or irrelevant {conflicting) cues. The response 

card for the answe r selection consisted of two stimuli , one 

with correct an d one with incorrect attributes . The verbal 

stimuli were letters printed in Folio Medium 36 typeface. 

Bryde n and Allard (1976) found that familiar typeface s were 

more correctly identified in the right visual field than in 

the l e ft visual fie ld , thus assumed to be processed 

primarily by the le.ft he misphere . The position of t he 

stimulus containing the correct attributes was 

pseud oran domly alternate d and appeared 50 percent of the 

time on the upper half and 50 percen t on the lover half of 

the card. The s ubject was presented simultaneously with a 
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stimulus and a r esponse card to r educe the meino·ry load . The 

cards were collated in binders and always presented in the 

same order . After 20 seconds the page was turned to the next 

item. 

After five consecutive correct choices, the concept was 

shifted without forewarning the subject. There were a 

maximum of 16 trials per concept . When the criterion of 

f ive correct answers i n a row was not reached by t he 

s i xteenth item a score of 17 was assigned. 

The concepts fo r the verbal and non-verbal part were 

constructed as follows: 

~. Verbal {letter trigr_ams) 

(underlined attribute= correct answer ) 

1. concept : original learning without interference 
a 1 vertical 
a2 horizontal 
b 1 b i g letters 
b2 small letters 

2. conce~t : with interference , i . e . nonexemplar con t ains 
conflicting dimensions from first concept 
a1 same writing of letters (big or small) 
a2 mixed writing of letters 
b l vertical (interfe r ence) 
b2 horizontal 

3. concept : with imafery , i . e . correct concept i s the 
combination of le t ers to a word 
a1 lettecs apart 
a2 letters together 
b1 same writing 
b2 d iffe rent writing 
c 1 ~orrect com.oina:tion (word ) 
c2 incorrect combination (word ) 

4. concept: with imagerr , i . e . correct choice is a 90 degree 
rotation of l e tters in exemplar 
a l two letters 



a2 three letters 
b 1 same set of letters 
b2 d i fferent set of l etters 
c 1 rotation ~t random to l eft and r i ght) 
c2 nonrota t ed , same position 
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5 . concep t: wit h imagery and interference , i. e . 
deduct ion i s letter of standard , and interfecence from 
previous concept 
a1 standai:-d 
a 2 different set of lett ers 
b 1 rot a tion (interference) 
b2 nonro t a tion 
c 1 deductio~ (one letter f ro m standard mi ssi ng) 
c2 same as a 1 or a2 

b . Non-verbal (geometric £atterns) 

(The same concepts as in the verbal part were t ested) 

1. concept: original learning with o ut interference 
a 1 o ve rlap of two e lemen t s 
a 2 no overlap 
b 1 same form 
b2 di ffe r ent form 

2 . concept : with interference 
a 1 _s a me form 
a2 diffe r ent form 
b 1 o verla p (in terference) 
b 2 n o o verlap 

3 . concep t: with i magery 
a 1 s hapes apac t 
a2 shapes together 
b1 s ame f orm 
b2 d iffer ent form 
c 1 correct combination 
c 2 incorrect combination 

4. concept: with i magery 
a 1 one e l ement 
a2 more t han one e l ement 
b 1 s ame form 
b2 d i ffer ent fo rm 
c 1 rotati on 
c2 nonrotated, same position 

5 . concept: with i ma gery and i nterference 
a1 same for m 
a2 diffe r ent form 
b l rotat i on (int erference) 



b2 nonr-o t a ted 
c1 deduction 
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c2 same as a 1 or a2 

Instructi ons: 

l etter-s/f i g ur-es. 

" I wi ll show yo u cards with meaningless 

~- shows t he samples. Her e you see t wo 

figures/sets of letters I would like you first to inspect 

them care fully (s timulus car-d) . Then , try t o find a pa ttern 

down he r-e (response card) which has something in common with 

the first card . You should try to get as ma ny correct 

answer s in a row as possible , tu t you c an ' t avoid mistakes. 

They ace necessary t o f i g ure out the correct answer. I will 

he l p you by saying "correct" or " wrong" after each answer. 

Listen carefully to what I say after each answer . Now then 

let ' s s t art" . After 15 sec. exposure time t - idicates tha t 

time i s up and asks for a guess . After 20 sec . t he next card 

is shown. If no answer is gi ven , the item i s sccr ed as a 

failu r e . o ve rall time to solve the vecbal and non- verbal 

parts is measured . 

Any query during the task as to whether there has been a 

change in the im portant a ttribute i s answered by saying: 

" just keep on pointing t o the corr ect answe r " . 

For instructions and scoring key see Appendix c . 



~- To~~rn Test 

As a short screening device for poss i ble 

r eceptive speech in patient s , the short form 

Test was gi ve n {Spellacy a nd Spreen, 1969). 

subtest from t he ori gina l fo r m a r e include d . 

15 1 

i mpairmen t of 

o f the 'Ioken 

Items of each 

Each subtest 

r epr esents a different l e vel of lingui stic diffi culty. large 

and smal l circl es and squares , made of plastic , in the 

colors reu , yellow, blue , wbi te and g reen a re pr esented in a 

standard arrangement i n front of the s ubject , wh o is asked 

to poi nt t o the tokens a s requested . Before t he test s tarts , 

~ - makes sur e that form and color are recognized and t he 

words "circle '' and " square" are understood. 

Instr uc tions : " In this test you don1 t need to talk. Lis t e n 

caref u l l y to the instructions I wi ll gi ve you . It s tarts 

with ve ry e a sy guestions , for example ( ~- reads f i rst item 

in a clear vo i ce without any spec i al prosodic emphasis). 

Scoring: total correct items, max . 

14 points or less (pass/ fa il score). 

1- !!~.Eorter•s !~~! 

16, cut- off point i s 

The Reporter ' s Test (De Renzi and Ferrari , 197 8) was 

given as a s hort s creening device fo r p otential expressive 

speech i mpai rments in patients. The t ask for the~- i s to 

describe the experimenter ' s mani pulations. The tokens from 

t he Token Test se rve as t es t ma t erial. The tes t has fi ve 
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parts . The per formance carried out by~- c orresponds in 

pa rt to the commands of the Token Tes t and requires the~­

to construc t a sent ence wit h a simfl e syntactic s tructure , 

verb and ob j ect. 

Instructions : The 20 tokens are laid dawn on the table in 

a s t andard arrangement and the subjec t is to ld : "Now , I ' m 

going t o do some t hi ngs with t hese tokens. Imagine that a 

person is s itting beside you , but can ' t see what I ' m dc i ng 

(~. shields the tokens wit h a c ardboa r d held vertically) . 

Your t ask is to describe what I am doing as carefully as 

possible, so that this person would be abl e to re~eat 

exactly wh a t I do on another set of t okens . As yo u see , 

there a r e c ircles , squares , some are large and some small , 

some are yellow, red , blue , green and white . If only t he 

large tokens are pr esen t (t he small tokens are covered up) 

and I touch this one ( ~ - points to t he r ed c irc l e ), you 

mus t say ' touch t he red c ircle ', but if I t ouch it when all 

tokens are present you have to say •touch t he lar ge r ed 

c ircle ', otherwise it would not be clear which of the two 

red circles has been po i nted t o". Each item of the test i s 

r epeated once , i f the~- first reproduction is fa ulty. 

Scoring : the total number of correct items i s scored , 

max . 26 (pass/fail score}, the cut- off score is 19 points 

and below. A descript ion is given 1 point if it is cocrect 

on t he firs t presentation of the item , 0. 5 po int if i t is 

correct on the second presen tation only . The scores are 

I 
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corre cted for ~ he numbe r of years of schooling accordin g to 

De Renzi and Ferr ari (1978) . Mild dysa r thr i c or ph onemic 

errors, which l ea ve comprehensi on of speech unimpaired , do 

not affect the scoring . 



1. Fi ve Point Test 

Appendix c 

TEST FORMS 

2 . CIT scoring shee t an d conce pt examples 

3. VVQ 

4. Token Test 

5. Report er ' s Test 

For Word Flue ncy and the St roop Test no special forms 

wece needed. 
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name : ae;e: sex: (d~: loc: 

C. I , T. a 1s t a 2nd dute : 

V 1 . 1 . T B 2 . 1. 'l' B 3, 1. T B L1. 1 • 'I' B 5. 1 . 'l' 1:3 

2 . 'l' B 2 . T B 2 . 'l' B 2. T B 2 . T B 

3. T B 3 , 'l' B 3. T B 3. 'r B 3 , 'J' B 

4 • 'f B 1, . T B I I • '1' B 4. 'l' B !~ • ~· B 

5. 'l' B 1; ,,, . '1' B ,. 'l' i3 5, 'l' B '..> . 'l' B 

6. 'l' B 
~ o . '.£ B G. T B 6 . 'I' B 6. T B 

7 , T B 7 , 'l' B 7 , ·r B 7 , T B 7 , '.i' i3 

8 . 'l' B 8 . T B 8 . T B 8 . 'i' J3 !) • 'j_' a 
9 , 'I' l3 9. 'l' R 9 , '.i' B 9, 'l' 13 9. 'l' B 

10. T 13 10 . Ii' B 10 . Cl ... B 10. 111 B 10. 'i' B 

ll. 'l' B 11. T D 11. 1 B 11. 'i' 13 ll. 'I' B 

12. T B 12 . T l3 12. ·r .0 12 . T B 12 . 'l' B 

13. 'l' 13 13. T B 13, 'I' 13 13 . '1' B 17-,,, . '1' B 

ll1 . 'l' B 14 . T B 11.i . 'I' B 14 . T B 14 . T B 

15. 'I' B 15. 'l' B 15. 'l' B 15, T ~ 15 , 'l' B 

16 . ·r B 16 . 'l' B 16 . ·r B 16 . T _13 16 . 'I' B corr . cone. _/5 

corr. item tot . corr. 

err. tot . err. 

nv 1.1. T 13 2 .1 . 1' B 3. l. T B /1 . 1 . T B 5. 1. T B 

2 . 'I' B 2 . T B 2 . ·r 13 2 . T B 2 . 'l' B 

3 , 'l' B 3. 'l' B 3 . 'I' ·1:3 3 . T ]3 3. 'l' B 

4. 'I' B L1 • 'l' B /1 • 'I' B }➔ • 'l' B 4 ; 'I.' B 

5. 'I' B 5, ·r B 5 , ·r B ,-
7 • 'l' 13 5. T B 

6 . T B 6 . 'l' B 6 . 'l' B 6 . .'l' B 6 . 'I' B 

7, 'l' B 7. 'l' B ?. T B 7. T B 7. 'l' B 

8 . 'l' I3 8. T n 3 . ·r i3 8. T B 8. '1' B 

9. 'f. B 9 , 'l' B 9, T B 9 , 'l' 13 9 , 'l' B 

10. T B 10 , T B 10. 'l' l3 10. 'I' B 10 . T B 

11. '.[' B ll. T 13 11 • 'I' I3 ll. T B 11. T B 

12. T B 12 . ·r B 12 . 'J' B 12 . 'I' B 12 . 'I' B 

13 . 'I' B 13 . 'l' B 13 . 'l' B . 13 . 'l' B 13. T B 

14 . 'l' 13 14 . 'l' B 111. 'l' I3 11, • 'I' B 14 . 'l' Q 

15. T B 15. 'l' 13 15. T B 15. 'l' I3 15. ·r B 

lG. 'l' B 16. 'l' I3 16 . 'i' B 16 . T 13 lG . 'l' 13 corr . cone. /5 -
corr.item 

tot.corr . 
tot . err . 

err . 
a+bcorr. a+b ;: corr.c one . _ 
a+b err . 
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verbal: example 

stimulus card 

r esponse card 
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verbal: concept 1 

stimulus card 

.. 

response card 
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ver bal : concept 2 

stimulus card 

.. 

response card 
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ver bal: concept 3 

s t imulus card 

.. 

response card 
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verbal: concept 4 

stimul us card 

response card 



dgn 

q m 

E 
c­
a. 

162 

ver bal: concept 5 

s t imulus card 

response card 
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non~verbal: example 

stimulus card 

0 

response card 
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non-verbal: concept 1 

stimulus card 

response card .: 
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non-verbal: concept 2 

stimulus card 

response card 
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non-verbal: concept 3 

stimulus card 

response card 
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non-verbal: concept 4 

response card 

response card 
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non- verbal: concept 5 

s t imulus card 

r esponse card 



VVQ (Richardson) 

Name: 

Age : 

Sex: 

WAYS OF THIHKING 

date: 

( Dg. : 

(Loe: 
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) 

) 

The statements shown below describe some aspects of thE> ways in 
which people think or what seems to go on in their r.iinds when studying 
.;r problem solving . Read eac:1 satement and decide \•:hether or not it 
is true or f alse with respect to your own thinking . 

If you agree with the strtement or decice that i~ does describe 
you, answer TRUE. If you disagr ee with the statement or feel that it 
is not desc r iptive of you , answer FALSE. Answer a l l statecents even 
if an answer seems difficult to give . Answer as carefully and honestly 
as you can . The statements ~re not designed to assess the goodn~ss or 
badness of the way you think . They are a tt empts to discover characte­
r ist ics of the way you think in various situations . Ther e are no right 
or wrong answers. 

Please answer every s tat ement either TRUE or FALSE (circle) 

1. When reading f ict ion I usually have a mental picture of 
the scene that has been described . 

2 . Often I cannot remember what I was thinking about a 
moment ago . 

3. I find it difficult to stop thinking about some things 
even when I know that the thouehts will upset me . 

4 . I enjoy doing work that requires the use of words . 
5. My daydreams are sometines so vivid I feel as though 

I actually experience the s c ene . 
6 . I can work a t one thing f or a long time with relatively 

little effort . 
7. I enj oy learning new words . 
8. I seldom have any difficulty i n r emembering the name 

of anyone . 
9. If I have to study , I like to do it ear ly in the 

morning . 

10 . I can eas ily think of synonyms for words . 
11. When I have a tune running through my head it is 

often difficult to ge t r id of it and think of some­
thing else . 

12. My powers of i magination are higher than average . 
13 . I seldom dream. 

TRUE 

TRUE 

TRUE 
TRUE 

TRUE 

TRUE 
TRUE 

TRUE 

TRUE 
TRUE 

TRUE 

TRUE 
TRUE 

FALSE 

FALSE 

FALSE 
FALSE 

FALSE 

FALSE 
FALSE 

FALSE 

FALSE 
FALSE 

FALSE 

FALSE 
FALSE 



14. I read rather slowly. 
15 . I cannot generate a mental picture of a friend's 

face when I close my eyes . 
16 , My mind seldom wanders when I am reading . 
17, Some of the thoughts that pop into my head seem to 

have nothing to do with anything that I have pre­
viously experienced . 

18 . I don ' t believe tha t anyone can think in t erms of 
mental pictures. 

19, I prefer to read instructions about how to do some­
thing rather than have someone show me. 

20 , My dreams are extremely vivid. 
21, If I want to imagine a series of movements - like 

the steps of a dance - I tend to get stuck at some 
stage in t he sequence of imagined movements and 
can't visualize the r est of them. 

22. I hav e better than average fluency in using words . 
23, Sometimes my thoughts keep coming back to the same 

things over and over again , no matter how much I 
try to think of something else . 

24, My daydr eams are r ather indistinct and hazy. 
25, I spend very little time attempting to increase 

my vocabulary . 
26 . My thinking often cons ists of mental pictures or 

images . 
27. No matter how hard I t ry to concentrate , thoughts 

unrelated to my work tend to creep in. 

28. I find it v ery difficult to remember peoples' faces . 
29, After hearing a tune a few ti~es , I can usually 

r emember i t. 
30. My s ense of di rection is not very good . 
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TRUE FALSE 

TRUE FALSE 
TRUE FALSE 

TRUE FALSE 

TRUE FALSE 

TRUE 
TRUE 

TRUE 
TRUE 

TRUE 
TRUE 

TRU:S 

FALSE 
FALSE 

FALSE 
FALSE 

FALSE 
FALSE 

FALSE 

TRUE FALSE 

TRUE FALSE 

TRUE 

TRUE 

TRUE 

FALSE 

FALSE 
FALSE 

(underlined answer• visualizer ; range 0-15) 



SHOR T FOnM OF THE TOl<EN TEST 

Name ___________________ _ 
Date __________ _ 

Examiner ___ _________________ _ Score 

PRESEN T ALL T OKENS AS IN PRESCRIIJED FORM 

1. Show me a GREEN one. 1: 

PRESl:NT LARGE TOKENS ONLY. (COVER SMALL TOKEr>:S WITli A SHEET OF PAPER) 

2. Show me the GREEN CIRCLE. 2: 

PRESENT ALL TOKENS. 

3. Show me the SMALL, WHITE CIRCLE. 3: 

PRESENT LARGE TOKENS ONLY. 

4. Take the RFD Cl l~CLE and the GREEN SQUARE. 4: 

5. Take the Y ELLOW SQUARE and the BLUE SQUARE , 5: 

----- --------- ·---------- ----------------
1 

6. Take the \VIIITE CIRCLE and the flED CIRCLE. 6: 

PRESENT ALI. TOK ENS. 

7. Toke the L/\flGE, WHITE CtnCLE and the S',11\LL, GREEN SQUARE. 7: 

-
8. Take the SMALL. BLUE CIRCLE and the LARGE, YELLOW SQUARE. 8: 

9. Take the LAf!GE, GR[EN SQUARE and the LARGE , "RED SQUARE. 9: 

10. Take the L/\flGE, WH ITE SQUARE and the Sf,1ALL, GREEN CIRCLE. 10: 

PRESENT Tlt t LARG~ TOKENS ONLY. 

------
11. PUT the 111:0 CIRCLE ON the GREEN SQUARE. 11 : 

12. TOUCH the ULUE ClflCLE WITH the RED SQUARE. 12: 

13. TOUCH the ULUE Cll1CLE /\NO the RED SQUARE. 13: 

14 . MOV E the GREEN S0UA11E AWAY rllOM the YELLOW SQUARE. 14: 

15. PUT 1111, Gfl[F.N SOUAflE DCSIDE the RED CtnCLE. 15: 

16. PUT the flED CtnCLE nET\V[EN the YELLOW SQUARE and the GREEN SOU/\flE. 1G: 

(with permiss ion of F . Spellacy and O. Sprc-cn, Ncuropsychology L.:i boratory , 
Pnivcrsit y of Vic t orJa) 
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Na me : 

loc: 

Renorter ' s Tes t 

aee: 

pa rt 1 : lar ge t okens only ( ;:iresent 
1. Touch the yellow square . 
2. Touch the blue circle·. 
3. Touch the e r een circle . 
4. 'l.'ouch the white square . 
Ea r t 2 : all tokens 
5. Touch the small white circle . 
6. Touch t he large yel l ow squar e . 
7. Touch the large r:reen sqm?.re . 
8 . Touch the small blue circle . 
part 3: lar ge t okens only 

dg : 

in prescribed form) 

9. Touch the red circle ant the green square . 
10. '.l.'ouch the ye l low square and the blue s quare . 
11. Touch the white square and the green c ircle . 
12 . Touch the white circ le ar.d the red circle . 

EO.rt 4 : all tokens 
13 . Touch the larr,e white circle and the small green sq~are . 
14. Touch the snall blue circle and the large yellow square . 
15. Touch the lar ge green sq~are and the large red square . 
16 . Touch the lnree white sq~are and the s~all green c ircl e . 
·part 5: large tokens only (keep token box in v iew) 
17. Put t he r ed circle on the green square . 
18. Put the circles on the- squares of the corres!)o:iding color. 
19. rut the green square away . 
20. Put t he green square near the r ed circle . 
21. Touch the squares slowly and the circles quickly . 
22. Put t he r ed c ircle between the yellcw and t he gr een square 
23 . Touch all the circles , except the gre~n one . 
24 . Pt.t the yellow squar e - under the blue c ircle. 
25. Put a l l the c irc l es into the box. 
26 . Put the squar es one on the other. 
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Appendi ~ A 

LISTING OP RA W DATA 

(each subject has three da ta c a r ds) 

Colu mn £Qsition 

1 

2- 3 

5 

6-1 0 

11-1 5 

16-20 

2 1-25 

26- 30 

31-35 

36-40 

41-4 5 

Groups : 

1=normal , f emale 

2=normal , male 

J=left f rontal 

4=left non- fronta l 

5=right frontal 

6 =right non- frontal 

7 and *=nor mals used as matched control s 

Subject id 

Test order 

Age 

IQ estimate 

Voca bulary 

Block des ign 

1 or 2 

Word Fluency , numbe r o f words 

Wo r d Fluency , repetitious 

Fi ve Point Test, number o f figures 

Five Point Tes t , repetitions 

- 173 -



46- 50 

5 1-55 

56- 60 

6 1- 65 

66 -70 

7 1- 75 

76- 80 

6-10 

11 - 15 

16- 20 

2 1-25 

26- 30 

31-35 

36- 40 

4 1-45 

46- 50 

51-5 5 

56- 6 0 

6 1-65 

66-70 

7 1-75 

76- 80 

6- 10 

1 1- 15 

16- 20 

2 1- 25 

S tro op Test, pl a t e I r eadi n~ t ime 

Stroop Test , pl a t e II readi ng ti me 

S troop Test , p l a t e III readi ng t i me 

S troop 1est , pl a t e I e r r ors 

s troo Test, pl a t e II errors 

Stroop Test , p l a t e III errors 

VV Q 

CI T ve r bal c once pt s 

CIT non- ve r bal c o nc ept s 

CIT tota l conc ep t s 

CIT e rrors concept 1 

concep t 2 

con cep t J 

c o nce pt 4 

concept 5 

concep t 6 

con cept 7 

c oncept 8 

con cep t 9 

c oncep t 1 O 

err ors verbal concepts 

e rrors non-ve r bal concepts 

errors t o t a l 

174 

i t em (af t er 5 consecut ive correct 

dns we r s } , c onc ept 1 

conc ep t 2 

conc ep t 3 
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26-3 0 concept 4 

3 1-35 concept 5 

36- 4 0 concep t 6 

41-45 c oncep t 7 

46- 50 c on c ept 8 

5 1- 55 concep t 9 

56 - 60 c onc ept 10 

61-65 items ve r bal concep t s 

66-7 0 i tems non- verbal c o ncep t s 

7 1-75 itelllS t o tal 

76- 80 t o tal ti me 

Columns : 

12 5 6 11 16 2 1 26 3 1 36 41 46 5 1 56 6 1 66 7 1 76 

11 6 12 25 29 16 13 5 1 0 6 4 5 9 13 16 0 0 0 7 

11 62 5 5 10 0 0 1 1 2 1 0 0 0 1 4 2 

11 63 6 5 5 7 6 7 6 5 5 5 6 30 27 57 9 

1 111 * 33 29 14 15 37 0 38 l 11 12 19 0 0 0 9 

1 12 5 5 10 0 2 0 0 1 1 0 2 0 1 3 4 

1 13 7 5 8 5 5 6 6 5 8 5 6 29 3 0 59 13 

1 3 1 1* 29 26 18 8 46 0 27 2 12 13 34 0 0 0 10 

1 32 4 4 8 0 4 3 0 2 0 3 5 0 1 9 9 

1 3 3 18 5 17 1 4 5 7 5 11 17 5 6 48 44 92 18 
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123 11* 23 22 14 8 44 0 27 0 1.3 14 18 0 0 0 6 

1232 5 3 8 0 0 2 1 2 0 2 9 4 1 5 16 

1 233 21 5 5 8 6 11 s 11 17 17 lJ 35 56 9 1 16 

125 11 30 30 18 1 2 49 0 63 0 10 11 15 0 0 0 8 

1252 5 J 10 0 0 1 0 1 0 0 2 1 1 2 4 

1253 6 5 5 1 0 5 6 5 5 7 7 6 31 30 6 1 7 

127 11 24 34 19 1 5 68 0 74 3 9 13 21 0 0 0 7 

1272 5 5 10 0 0 0 0 1 0 2 0 1 1 1 4 

1273 5 5 5 5 5 6 5 11 5 7 6 26 34 60 7 

129 11 20 28 14 14 46 1 74 27 7 8 9 0 0 0 8 

1292 5 5 10 0 4 0 1 1 4 1 0 0 1 6 6 

12 9 3 1 2 5 11 5 6 6 12 6 5 5 6 33 34 67 8 

13111 27 3 5 18 17 66 3 67 2 9 11 26 0 0 0 8 

1312 5 5 10 0 0 l 0 1 0 1 1 0 0 2 2 

1313 4 5 5 8 5 6 5 6 7 5 5 29 28 57 8 

133 11 2 1 27 15 12 24 0 48 3 12 14 19 0 0 0 13 

1 332 5 5 10 0 5 0 0 2 L+ 3 2 0 1 7 10 

1333 17 5 5 5 5 1 1 16 11 10 5 6 31 4 8 7 9 9 

13 5 11 2 8 31 16 1 5 69 0 105 9 9 12 15 0 0 0 8 

13 52 4 5 9 0 6 0 0 1 0 3 J 0 1 7 5 

1353 1 2 5 17 5 5 6 5 12 6 5 6 38 34 7 2 7 

13711 24 25 16 9 47 0 5 2 7 10 11 14 0 0 0 8 

1372 4 4 8 0 0 0 0 6 0 3 6 5 10 6 24 

1) 73 30 5 5 5 5 17 5 10 14 14 17 37 60 97 12 

13 9 11 23 26 13 13 68 0 82 0 7 10 13 0 1 1 9 

1392 5 5 10 0 3 1 0 1 0 4 1 4 1 5 10 

13 93 15 5 9 8 5 6 5 11 6 12 6 33 40 7 3 16 
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123 11 * 23 22 14 8 44 0 27 0 13 14 18 0 0 0 

1232 5 3 8 0 0 2 1 2 0 2 9 4 1 5 

1233 21 5 5 8 6 1 1 J 11 17 17 0 35 56 9 1 

125 11 30 30 18 12 49 0 63 0 10 11 15 0 0 0 

1252 s s 10 0 0 1 0 1 0 0 2 1 1 2 

1253 6 5 5 10 5 6 5 5 7 7 6 J l 30 6 1 

127 11 24 34 19 1 5 68 0 74 3 9 13 2 1 0 0 0 

127 2 5 5 10 0 0 0 0 1 0 2 0 1 1 1 

1273 5 5 5 5 5 6 5 11 5 7 6 26 34 60 

129 11 20 28 14 14 46 1 74 27 7 8 9 0 0 0 

1292 5 5 10 0 4 0 1 1 4 1 0 0 1 6 

1293 12 5 11 5 6 6 12 6 5 5 6 33 34 67 

13 111 27 35 18 17 66 3 67 2 9 11 26 0 0 0 

13 12 5 5 10 0 0 1 0 1 0 1 1 0 0 2 

131 3 4 5 5 8 5 6 5 6 7 s 5 29 28 57 

133 11 21 27 15 12 24 0 48 3 12 14 19 0 0 0 1 

1 332 5 5 10 0 5 0 0 2 4 3 2 0 1 7 1 

1333 17 5 5 5 5 11 16 11 10 5 6 31 48 7 9 

135 11 28 3 1 16 1 5 69 0 105 9 9 12 15 0 0 0 

1352 4 5 9 0 6 0 0 1 0 3 l 0 1 7 

1353 12 5 17 5 5 6 5 12 6 5 0 38 34 72 

137 1 1 24 25 16 9 47 0 52 7 10 11 14 0 0 0 

1372 4 4 8 0 0 0 0 6 0 3 6 5 10 6 2 

1373 30 5 5 5 5 17 5 10 14 14 17 37 60 97 1. 

139 11 23 26 13 13 68 0 82 0 7 10 13 u 1 1 

1392 5 5 10 0 3 1 0 1 0 4 1 4 1 5 1-

1393 15 5 9 8 5 6 5 11 6 12 6 33 40 7 3 1, 
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1 2 12 25 28 14 1 4 52 0 46 1 12 13 22 0 0 0 7 

1 22 5 4 9 0 2 0 0 0 0 3 -t 2 10 2 19 

1 23 2 1 5 10 5 5 5 5 11 12 11 17 30 56 86 18 

1 i+ 12 32 26 14 12 59 0 51 2 10 11 21 0 0 1 8 

1 42 4 4 8 0 6 3 0 3 0 4 2. 5 2 9 13 

1 43 22 5 17 8 5 10 5 12 8 17 d 4~ 50 95 23 

1 6 12 23 27 17 1L 56 0 34 2 3 9 13 0 0 1 11 

1 62 4 4 8 0 6 0 0 4 0 0 2 1 1 2 10 15 

1 63 25 5 14 5 5 17 5 5 7 7 17 46 4 1 87 13 

1 8 12* 33 3 1 17 1 4 4 1 0 4o 0 13 16 2cs 0 0 0 10 

1 82 5 5 10 0 1 0 0 1 0 0 3 3 1 2 6 

1 83 8 5 8 5 5 6 5 .:, 10 9 a 29 37 66 l::l 

11 0 12 25 30 17 1 J 31 0 39 1 17 20 26 0 0 0 9 

1102 5 5 10 0 4 3 0 1 0 3 0 0 2 8 5 

1103 13 5 10 10 5 6 5 10 5 5 8 36 33 69 11 

11 212 27 32 15 17 7o 0 62 3 10 10 15 0 0 0 12 

11 22 5 5 10 0 0 0 0 1 0 1 5 0 1 l 7 

11 23 B 5 5 5 5 6 5 10 12 5 I:) 2b 38 64 9 

11 412 27 22 15 7 58 0 39 3 8 11 15 0 0 0 7 

11 42 5 5 10 0 2 0 0 1 0 3 4 0 0 3 7 

11 43 10 5 13 5 5 6 5 11 11 5 5 34 37 71 28 

11 8 12 27 25 11 1 4 40 0 47 0 11 15 21 0 0 0 11 

11 82 5 2 7 0 1 1 0 1 0 4 0 7 1:2 J 23 

11 83 26 5 9 7 5 6 5 17 ,:-
:.> 17 17 32 6 1 93 17 

120 12* 29 2 1 12 9 38 0 34 l 13 17 27 0 0 0 4 

1202 5 3 8 0 1 2 1 1 0 8 3 1 9 5 21 

1203 26 5 9 12 6 6 5 17 9 7 17 38 55 93 20 
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122 12 25 27 15 12 54 0 60 5 10 14 19 1 0 0 10 

1222 5 4 9 0 s 0 0 1 0 6 2 0 1 6 9 

1223 15 5 14 5 5 6 5 17 7 s 0 35 40 7 5 11 

12 4 12 26 32 17 15 60 1 52 1 8 9 13 0 0 1 11 

1242 5 5 10 0 0 0 0 1 0 3 1 2 2 1 8 

1243 9 5 5 5 5 6 5 11 6 11 7 26 40 66 11 

126 12 27 30 15 15 45 0 62 2 9 10 13 0 0 0 9 

1262 5 4 9 0 2 0 0 l 0 10 2 0 1 3 13 

1263 16 5 9 5 5 6 5 17 10 5 7 30 44 7 4 11 

128 12 28 29 15 14 46 0 39 1 10 10 15 0 0 0 8 

1282 5 4 9 0 0 0 1 2 0 8 2 3 5 3 18 

1283 2 1 5 5 5 6 7 5 17 8 14 10 28 54 82 14 

130 12 24 36 19 17 67 5 59 0 9 10 1b 0 0 0 5 

1302 5 4 9 0 1 0 1 1 0 4 1 1 4 J 10 

1303 13 5 8 5 6 6 5 17 7 7 9 30 43 7 3 9 

132 12* 22 26 13 13 55 0 57 0 10 11 15 0 0 0 11 

1322 5 5 10 0 3 0 0 0 0 5 3 0 1 3 9 

1323 12 5 12 5 5 5 5 11 11 5 6 32 38 70 9 

13 4 12 27 32 18 1 4 66 1 62 6 a 13 20 0 0 0 10 

1 342 5 5 10 0 0 0 1 0 0 1 1 0 1 1 3 

1J43 4 5 5 5 6 5 5 7 6 5 6 26 2g 55 5 

136 12 25 23 12 11 47 0 4 1 1 9 10 2 1 0 0 0 10 

1362 5 s 10 1 2 0 0 1 0 6 2 2 3 4 13 

1363 17 9 9 5 5 6 5 13 9 12 8 34 47 8 1 9 

138 12 21 2 1 12 9 55 0 52 4 9 10 2 1 0 0 2 8 

1382 4 5 9 0 9 0 1 1 0 5 3 1 6 11 15 

1383 26 5 17 5 6 6 5 16 8 6 12 3'::I 47 86 12 
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140 12 27 27 16 1 1 54 0 5 1 5 8 9 16 0 0 1 8 

1402 5 4 9 0 4 0 1 2 1 4 2 8 1 7 16 

1403 23 5 13 5 9 7 7 16 8 17 9 39 57 96 15 

25 111 22 25 14 11 61 1 66 3 12 13 19 0 0 0 9 

25 12 5 3 8 0 5 0 1 1 0 1 1 8 8 7 18 

25 13 25 5 11 5 10 6 5 6 6 17 17 37 5 1 88 12 

253 11 29 3 1 14 l 7 31 0 34 2 12 14 30 0 0 0 12 

2532 4 4 8 2 6 2 0 1 0 6 3 4 2 11 15 

2533 26 9 17 8 5 6 5 17 1J 13 8 45 56 10 1 13 

255 11 25 32 17 1 5 67 1 44 0 13 16 21 0 0 0 9 

2552 5 5 10 0 3 4 1 1 0 1 3 0 0 9 4 

2553 13 5 11 1 4 6 6 5 6 8 5 5 4l 29 71 10 

257 11 30 30 19 11 53 0 26 0 10 12 17 0 0 0 6 

2572 4 4 8 0 9 0 1 0 0 1 3 8 7 10 19 

2573 29 5 17 5 6 5 5 6 15 17 15 38 58 96 18 

259 11 32 24 12 1 2 63 2 60 5 9 11 17 0 0 0 9 

2592 5 4 9 1 2 0 0 2 0 0 8 4 1 5 13 

2593 18 8 11 5 5 7 5 5 17 13 6 36 46 82 12 

26 11 1 25 28 17 11 82 3 41 1 9 9 15 0 0 0 11 

26 12 5 5 10 0 0 0 0 0 1 0 1 0 0 D 2 

26 13 2 5 5 5 5 5 7 5 5 5 5 25 27 52 4 

263 11 * 31 28 16 12 72 0 65 0 11 12 16 0 0 1 10 

2632 5 4 9 0 3 0 0 2 0 2 0 0 8 5 10 

2633 15 5 10 5 5 7 5 7 5 5 17 32 39 71 8 

252 12 26 32 17 15 32 1 65 1 9 11 16 0 1 0 8 

2522 5 5 10 0 3 1 0 1 0 0 1 0 2 5 3 

2523 8 5 14 7 5 6 5 5 6 5 7 37 28 65 11 



18 1 

254 12 29 30 16 1 4 65 31 0 9 11 24 0 0 2 12 

2542 5 3 8 0 0 0 0 1 0 10 6 2 1 1 19 

2543 20 5 5 5 5 6 5 17 17 7 6 26 52 7 8 8 

256 1 2 33 33 18 1 5 56 0 60 0 8 10 16 0 0 0 7 

2562 5 5 10 0 0 0 0 0 0 0 2 3 4 0 9 

2563 9 5 5 5 5 5 5 5 8 9 9 25 3 b 6 1 9 

258 12 32 3 1 18 1 3 60 0 69 0 10 12 19 0 0 0 7 

2582 5 4 9 0 1 1 2 1 0 4 4 7 5 5 20 

2583 25 5 8 10 12 6 5 10 14 17 15 41 6 1 102 18 

260 1 2 25 23 14 9 29 1 37 7 13 12 19 0 0 0 3 

2602 4 3 7 0 9 4 2 1 1 3 8 0 5 16 17 

260 3 33 5 17 1 3 9 6 7 10 17 5 17 50 56 106 14 

262 12 2 1 26 13 13 47 0 48 0 10 12 22 0 0 1 7 

2622 4 5 9 3 7 0 0 2 1 3 4 2 0 12 10 

2623 22 12 17 5 5 7 7 10 9 7 5 46 38 84 10 

264 12* 3 5 30 14 16 61 0 58 5 14 13 18 1 0 0 8 

2642 5 5 10 1 0 0 0 1 0 0 2 0 1 2 3 

2643 5 7 5 5 5 6 5 5 8 5 6 28 29 57 6 

38 11 73 21 12 9 23 4 27 8 12 25 85 0 1 5 3 

38 12 3 3 6 1 8 3 4 d 1 9 0 2 13 24 25 

38 13 49 6 17 8 1 4 17 7 17 5 7 17 52 53 10 7 50 

386 1 36 20 12 8 35 1 22 1 9 16 30 0 0 2 6 

3 862 5 3 8 0 0 0 0 5 2 9 1 2 1 1 5 25 

3863 30 5 5 5 5 17 12 17 9 11 17 37 66 103 23 

387 1 22 24 14 1 0 16 0 38 0 19 20 25 0 0 0 10 

3872 4 5 9 0 6 1 0 1 0 1 1 0 1 8 3 

3873 11 5 17 6 5 6 5 6 6 5 6 39 2 8 67 16 



182 

393 1 28 17 9 8 12 1 21 0 15 17 3.S 0 0 5 10 

3932 5 2 7 0 2 3 0 1 1 11 3 11 9 6 35 

3933 4 1 5 10 1 5 5 6 6 17 9 17 17 41 66 107 28 

3941 58 17 8 9 12 1 9 0 27 38 46 1 3 5 11 

3942 4 1 5 5 9 1 0 3 5 8 2 1 9 18 25 

3943 43 13 17 1 0 5 11 17 17 14 6 17 56 71 127 28 

484 1 76 24 13 11 11 0 14 2 28 42 72 0 1 2 2 

4842 3 3 6 1 8 3 4 8 1 9 0 2 1 3 24 25 

48 43 49 6 17 8 14 17 7 17 '.) 7 17 52 53 107 so 

4971 72 2 1 12 9 11 7 21 2 16 24 J J 0 3 8 

4972 4 4 8 1 5 1 0 2 1 4 8 3 2 6 19 23 

4973 42 6 13 17 8 5 11 17 9 8 14 49 59 108 23 

498 1 42 18 11 7 6 0 18 2 18 28 39 1 2 4 7 

4982 2 5 7 8 6 7 10 8 2 7 4 2 9 39 24 

498 3 63 13 17 1 1 17 17 12 17 11 12 16 75 68 143 28 

583 1 47 18 11 7 22 1 14 4 21 18 30 0 0 0 9 

5832 3 3 6 0 3 5 4 8 2 9 0 7 14 20 32 

5833 52 5 17 15 9 17 10 17 5 13 17 63 62 125 10 

588 1 59 1d 12 6 11 1 19 2 19 24 52 0 0 5 6 

5882 3 2 5 1 10 0 8 5 2 6 6 15 24 30 

5883 54 6 17 5 17 15 7 11 17 17 17 60 69 12 :1 40 

590 1 26 19 10 9 38 0 49 9 11 14 24 0 0 2 4 

5902 3 3 6 0 8 0 2 5 0 2 7 1 1 2 15 22 

5903 37 5 17 5 8 17 5 10 17 7 17 52 56 108 13 

6851 3 1 19 11 8 53 2 49 8 12 15 25 1 0 0 10 

6852 4 4 8 0 3 3 0 10 8 4 j 5 13 16 33 

6853 49 5 9 8 5 17 15 14 12 14 17 4 I+ 7 2 11 6 15 
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689 1 72 2 1 15 6 15 0 26 20 20 37 5 1 1 1 1 3 6 

6892 2 1 3 1 1 6 9 11 2 7 7 11 17 28 43 

6893 71 6 6 17 17 17 12 17 17 17 1 7 63 80 143 37 

69 11 4 1 24 13 11 56 1 75 19 11 15 30 1 1 3 8 

6912 5 4 9 0 0 0 2 1 3 2 0 0 8 3 16 

69 13 19 5 5 5 13 6 9 7 8 5 17 34 46 80 12 

692 1 20 18 10 8 36 0 18 2 14 17 26 0 0 0 10 

6922 4 4 8 0 9 1 0 3 3 11 1 1 4 13 20 

6923 33 5 17 6 5 13 13 17 b 6 10 46 52 98 17 

695 1 32 25 15 1 0 49 1 34 4 1J 15 22 0 0 0 8 

6952 5 5 10 0 8 0 0 1 0 1 1 0 1 9 3 

6953 1 2 5 10 5 5 6 5 6 8 5 6 3 1 30 6 1 13 

7 711 58 29 18 11 55 0 55 1 10 12 18 0 0 0 8 

77 12 5 5 10 0 3 0 0 1 0 0 0 0 0 4 0 

771 3 4 5 11 5 5 6 s 5 5 s 5 3L 25 5 7 12 

772 1 59 30 16 1 4 65 0 4 1 1 11 13 22 0 0 1 6 

7722 5 5 10 3 2 0 1 0 0 1 1 1 5 6 8 

7723 14 10 8 :) 6 5 5 9 6 7 12 34 39 73 17 

773 1 69 26 16 10 39 0 43 4 14 19 29 0 0 l 5 

7 7 32 4 5 9 0 5 0 0 3 0 4 5 1 2 a 12 

7 733 20 5 17 5 5 8 5 12 13 6 7 4 1 43 84 15 

774 1 7 2 27 17 10 43 2 36 3 14 2 1 31 0 0 0 8 

7 7 42 4 3 7 0 10 0 0 2 2 10 4 0 \) 12 25 

7743 37 5 17 5 5 8 13 17 11 5 17 40 63 10 J 23 

77 5 1 7 3 19 12 7 2 1 0 23 0 2 1 18 39 1 0 5 11 

7752 3 4 7 2 10 0 0 13 4 6 2 3 14 25 29 

77 53 5 4 9 17 5 5 17 13 13 9 1 l 17 53 63 11 6 20 



776 1 

77 62 

7763 

76 25 16 9 28 

5 5 10 0 3 

22 5 9 10 b 

0 30 

2 1 

5 9 
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0 14 16 35 0 0 1 6 

0 2 1 3 8 2 6 16 

6 8 14 9 35 46 8 1 14 
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