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ABSTRACT 

The purpose of this r e sea rch wa s to investigate , from 

guantitative and qualitati ve vie wpoints , th ':! r e lationship 

be t wPe n cognitive f unctioning and arithm etic performanc e . 

U3ing multiple corre lations , th 2 pe r formanc e of on e hundr~d 

a nd thi rty- ti VP. 

subt es": s of the 

clinic -r ef a rred children on t he Ari thme tic 

We chs l a r Intelligence Scale for Children 

( WISC ) and Wide Range Achi-:?vement Test (W RAT ) was e xamine d 

i n r e l a tion to performanc e on Verbal , Spatial and Memory di­

m0 nsions (as measured by the WISC} . In addition , a subtyp­

i ng proc ed ure was used to e xamin e whether the patt e rn cf Ar­

i t hm~tic perfcrmance was r e lat~d to pattern of cognitive 

abilities . A r e plication of 

o n a s ample of three hundred 

th e pre ceeding was un dertaken 

and fiftee n school - ref e rred 

childr~ n. The qualitative approach in volve d analysis of ~r­

r ors ma de on ari th met ic- r e lated tasks by eighteen l':!arni 119 

n i sable d childre n. 

Th e r es ults i ndicat6d that th& Ve rbal and/or Me mory rli ­

m~nsion s consiste ntly contributed to arit hmetic pe r fo rmance 

althoug h ~he r elative contributions of each varie d ty Eex , 
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ag e and across samples . Qualitativ e analysis of the pe rf or­

manc~ of ch ildren wi th se ve r e ly im pai r ed Verbal an<l Memory 

abilitles wa s characterize d by e rror s r e flecting impaired 

r ~collEc tion of basic f a cts and faulty acqui sition or c er ­

t a i n ma t h~matical conc e pt s . Con t rary to ~x pectations , t he 

Spatial dimensicn only con tributed to the Wechsler Arithm~t ­

ic sub test for t he second sa mpl e . 

Pat+ern o f cogniti ve ability had no re lationship to the 

patt e r n of Arithme tic pe rformance tu t l evel of Verbal and 

M~mory abilitie s di ffered in relaticn to patt~ rn of Arith ­

m8 t i c perfo r mance . 

I t wa s s ugge s t ed that Spatial ab ility is ne c essary to ac ­

guir~ an appreciation of numer3~ion and serves as a basis 

fJr th e deve loFm@nt of mathe matica l ability but be yond this 

basi s , the degr ee to which an i ndividual acquires the abil i ­

ty to abstract plays a r ol~ in arithm0 ~ic pE;rformance . Im­

pli c3ti ons and s ugg es tion s for f utur~ r esearch a r e brie fly 

pr@s P n+ed . 

Examin ~r s : 
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Dr . B . Rour k e 
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IITBODUCTlOB 

Cosnitive contributions To !~gde!i£ A~h!~!~l§IlS 

Interest in, and assessment of, higher mental frocesses (or 

cognition) was an inherent part of the rrovement which tegan 

in the latter part of the nineteenth century and brought 

clinical and educational psychology into being as discip­

lines. Among the first researcher s to examine the relation ­

ship betieen cognitive functioning and academic achievement 

were Simon and Einet. Their gcal was to design a series of 

measurements of higher mental processes which could te used 

to distinguish t etween children who would and wo uld not be­

nefit frcm educational training (i. e., for the identifica­

tion of mentally retarded children). This i ork culminated 

in the j~Q~ g;gl~, the predecessor of modern -day intelli­

gence tests . Subsequently, i n revisicns to this scale and 

in the generation of new scales , tests dependent on schclas­

tic abilities such as r eading and ~riting we re eliminated 

from measurements of cognitive functioning and separate rrea­

surements of academic achievement ~ere developed. ~he re­

sulting psychometric distinction tetween ach i e vement and 

cognitive ability measures has led tc a research strategy cf 

correlating ccgnitive abilities with schclastic achie vement. 
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A second strategy has evolved which involves the selec­

tion of children who exFerience difficulty in learning , 

either glotally er within iq:ecific ccntent areas . Differ ­

ences in cognitive ability tetween these children and aca­

demically ncrmal achievers are investigated to identify spe­

cific cognitive weaknesses characteristic cf "learring 

disabled" students. A central issue in the aFplication of 

this second aFfroach is the definition cf the disatled lear­

ner. One stance taken in the literature has been to estab­

lish an operational definition for a learning disatility and 

then examine the characteristics of children who fit this 

definiticn . Definitions have teen develcped for learr.ing 

disabilities generally and disabilities ~ithin specific con­

tent areas {e.g., reading and arithmetic). Each of ttese 

definiticns is negative or excluEicral in nature. For exam­

Fle, The World Federation of Neurclcgy defines developmental 

dyslexia or specific reading disatlity as 

A disorder manifest by difficulty in learning to 

read despite conventional instruction, adeguate 

intelligence, and socio-cultural cpportunity . It 

is dependent upon fundamental cognitive disabili­

ties which are frequently of constitutional origin 

(Critchley, 197C, p .11). 
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Similar definitions which exist fer learning disabilities 

(e .g., Gaddes, 1976) and develoFmental dyscalculia, arith­

metic disatility (Kosc , 1974), also exclude severe emotional 

disturbances. 

Although these definitions were estatlished in an effort 

to clarify the central issues invclved, there has teen con­

siderable debate in the literature as to their usef ulLess 

and validity (e.g., Critchley , 1S70; Guthrie, 1S78; Mattis, 

1978; Rutter, 1978; Taylor, Satz and Friel , 197 9). Both the 

logic behind establishing negative definitions such as these 

and their effectiveness for guiding day-to-day clinical 

Fractice have been guestioned (Butter , 1 578). In addition , 

the use of terms such as conventional instruction, adeguate 

intelligence and socio-cultural Cfpcrtunity are sufficiently 

vague and cpen to interpretation as to appear meaningless. 

As i s evident from the accumulated literature e mFloying s uch 

definiticns , research samFles may te constituted wlich dif­

fer with rESFECt tc IQ range, scciceconcmic status and 

Frocedures of screening for emotional disturtances cefending 

on the individual researchers interfretation cf the defini­

tion. 

An alternative approach ad vccated by Butter (1S7 8 ) in ­

vclves determining how a croad group of disatled l earners , 

whether generally disabled or within a specific ccntent 
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area, may test te sutdivided . Fo:r examFle , Rutter (1978), 

in a study cf pcor readers, ~akes a distinction bet~een gen­

eral backwa:rdness (i. e ., low achievement in relaticn tc the 

average for that age, but without taking IC into account) 

and specific retardation (i.e. , achievement which is low 

after taking toth age and IQ intc acccunt) which proved use­

ful in terms cf prognostic value. It has also been suggest ­

ed that disatled learners may te categorized accordir. g to 

supposed et ic lcgy (e . g ., p:resence er absence of brain dam­

age , emoticnal disturbance , social disadvantage) er Fattern 

of cognitive deficit shewn (Rutter , 1578). 

Numerous attempts have been made tc classify disatled 

learners on the basis of performance on measures cf ccgni­

tive functioning . Since academic achievement is a highly 

complex activity which places demands on a great numter cf 

cognitive ana linguistic skills , it ~culd be expected that 

deficits in any one or a comtinaticn of cognitive abilities 

may interfere with academic achievement . This has promFted 

the multidimensional search for s uttypes of ccgnitive defi­

cits within groups of children with acaoemic dEficit s . 

The mcst extensi ve search for subtypes cf cognitive d e fi­

cits has teen conduct~d with :reading disabl e d childre n. 

Various measures and methods have teen used in this regard. 

For example, cognitive deficits have been measured directly 
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and quantitatively using such instr c ment s as iechsler Intel­

ligence Scale fer Children subtests (e . g ., Smith , 197 0; Ean ­

natyne , 1974) and ne uropsychologica l test ta tteries (e . g ., 

Petrau skas and Rourke, 19 7 9), er have been inferred from 

quali t ati ve performance on actual reading tests (e . g., Ba ­

der , 1 973 ) though little work bas teen conducted integrating 

information c t tained frcm both tyfes cf measures. 

Both clinical and statistical techniques have been em­

ployed as the methcd of fcrming subtyfes cf cognitive defi-

cits. Neither of these appr oaches is without limitaticns. 

Studies which rely sclel y on clinical interpretation of com­

flex multidimensional data sets often froceed on the bas is 

of a priori classifications and tyfically result in rigid l y 

defined groups {Satz and Morris , 1980). rhe statistical 

t echniques coa1cnly emflcyed , s uch as Q factor analysis a nd 

cluster analysis are contrcversial and may be performed in a 

variety of ways yielding highly disparate results . Q~ e s­

tions of reliatility and validity cf the generated suttypes 

have been addressed cnly by scme researchers . 

Regardless cf the method used to derive subtyfes , it has 

teen noted that scme fCCr readers do net exhibit any clear 

patte rn of specific cognitive deficit (Satz and Morris , 

1 981). Although this may in fact tea limitaticr cf me a­

sures and methods currently emfloyed in subtyping procedures 
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as suggested ty Taylor, Fletcher and Satz (1982) , it may 

also indicate that overlaFFing deficits are to be eipected 

and that scme children's reading protlems may not te due to 

a cognitive deficit (e . g . , may be due tc lack of motivation , 

ccntent specific anxiety, etc . ) . 

However, given the limitaticns of the suttype literat ure, 

it does appear that a variety cf Fatterns cf cognitive defi­

cits may 9merge within a group of reading disatle6 chilaren 

and there is nctable similarity cf results across investiga­

tons in SFite cf differences in measures and methods used . 

With the identification of these different underlying 

cognitive deficits , work has begun CL the development of 

remedial strategies to match underlying "types" cf de:ficit 

(Rourke, 1<;78). This apfrcach is certainly not ne. to indi­

vidual educational assessment (Bateman , 1966) but has r e - em­

phasized the heterogeneity of, and need fer, individualized 

remedial programming for learning disabled children . 
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Co~itive Contributions t o Arithmetic Ac9ie vement 

Although much literature has been generated concerning cog­

nitive f unctioning and l€arning disabilities, most studies 

have focussed either en general academic deficits or on 

read i ng and spelling deficits. ccmparatively little infor­

mation is a vailatl e concerning ccgniti ve correl ates of 

mathematical performance. This stems £r em the ccnventicnal 

v iew that reading and spelling 

inte l lectual devel opment and 

are cf utmost importance for 

independent function i ng. 

Hence , most educators emphasize the l earning cf reading and 

spelling . Ho we ver , scme researchers ha ve recognized the i m­

fortance of arithmetic performance to daily functic ning 

(e . g., Halpern , 198 1) and have studied its correlation with 

cogniti ve f uncti oning . 

A central i ssue to the study of mat he matic a l perfor marce , 

in r elation tc c ognitive s kills , is t he diversity of subject 

matter . Mathematics has been defi ned as 

the abstract sci ence cf space and n umber which 

deals ~i t h spac e and configur aticn and interrela­

tions and abstractions cf numbe r. Arithmetic is a 

branch of mathematics that deals with real num t e r s 

and their ccmputaticns (Chalfant and Scheffe lin , 

1969 , p .119 ) . 
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Children may sho~ significant dissociation tetweEn fer­

formance in cne area of mathematical performance (e.g., geo ­

metry) and ancther (e . g., calculaticns) (Weinstein, 1979) 

and it may be expected that different areas of mathematical 

performance may place different r e lative demands on ccgni ­

tive skills. 

The atility to perform basic arithmetic comfutations 

rests on the development of a numt er of prerequisite skills. 

Initially, the child reccgnizes cbjects in the environment 

and later experiences them as groups or classes. With the 

v ehicle cf language, a child learns to name numbers of 

things and later tc relate numbers serial ly (ccunting) . 

Correspondence between number morphemes and elements then 

develops (cne to cne correspondence). once the child has 

acquired the correspondence between quantity and verbal la­

bels (number names ) , he i s then equipped to perfcrm serial 

computations, initially utilizing ccunting and concret€ ob­

jects (e . g., blocks , fingers ) as aids and latEr perhaps car­

rying out counting operaticns on a mental l e vel or develop- · 

ing methods cf written symbolism (e . g., tallying) (Gins terg , 

1977) . 

In learning to read and write nurrters, children must de­

velop a correspcndence between r.umber scund , quantit y and 

symbolic visual representations cf numbers as well as learn 
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how to fcim the graphical repr esentaticns cf numbers. The 

child must also learn the rules cf numeration , based on 

place va lue (Ginsberg, 1977). As the child .teccmes accus­

tomed to perceiving numbers i n terms of units of ten , single 

digits within multidigit numbers can be isclated meanignful­

ly and numeration takes on meaning as a structured system 

consisting cf a hierarchy cf d i git s (Luria , 1 S 6 S) . 

Calculation is made possible by the combinaticn cf number 

symbols according to different rules (Grewel, 1965 , refers 

to these as syntactic rules ) and trocedures of ragrouping 

(e . g., carrying and borrowing) which are spatial in nature. 

Memorizaticn cf particular facts (e . g., addition and multi-

flication tables) facilitates the smccth and rafid perfor­

mance of cal culaticns. 'Ihus the master} cf number concepts 

and comfutations is compl ex in nature fOssitly demanding 

different relative cognitive skills at various levels of at­

tainment. 
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Quantitative Analyses of Arith■etic Abilities. Many au­

thors in the area of learning disatilities ha ve sieculated 

about cognitive contributicns tc aiithmetic performance 

(e.g. , Aiken , 1972; Bryan and Bryan, 1 978; Cohn , 1968 ; Ccbn , 

1 961; Farnham-Diggory , 1978; Guyer and .Friedman , 1975 ; Ho­

man , 1 97 0; Johnson and Myklebust , 1S67; I<aliski , 1967; I<osc , 

1 974; Moyer and Moyer, 1978; Bourke , 1 S78; Wallace and 

McLaughl in , 1 979; Wheatley, Frankland , Mitchell and Kraft, 

1 978; Wood , 1980). Verbal, spatial and memory abilities , 

the three cognitive abilities most frequent ly noted, ca ve 

also been investigatd empirically . 

Although a number of studies have investigated relaticn­

ships between arithmetic peiformance and visuosfatial atili­

ty in isclation (e.g., Krakow, 1 57 S; Cchn-Jcnes and Seims , 

1 97 8 ; Edwards , Al ley and snider , 1971), two .studies have ex­

amined both vi.sucsfatial and verbal abilities simultaneous­

ly. McLeod and crump (1 97 8), investigating the relative 

contributicn cf vertal and spatial abi l ties to arithmetic 

performance in learning disabled children (grades 1-5 ), 

found that verbal abilit y was more closely rel ated to mathe­

matical achievement than visuospaticl atility , thcugh a r e­

lationship between visuospatial abi l ity and mathematical ac­

hie vement was also evident. 
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Whyte (1977) investigated the relationship of cognitive 

and spatial development to arithmetic achie vement at three 

achi evement levels (achievers , underachievers and ncnach i e v­

ers ) in 7, 9 and 11 year cld child ren. To clarify the na­

ture of the spatial-motor abilit y cften associa t ed with ar ­

ithmetic disability , she employed s eparate meas ures of 

perceptual space and cognitive space . !he construct of per ­

ceptual space was operationally dEfined by performancE en 

the Frostig Developmental '.rest of Vis ua 1 Perception , vhich 

incl udes eye- mctor coordination, figure-ground discrimina-

tion , form ccnstancy di scriminatic n , fcsition in space and 

construct of cognitive spatial rel ations subtests . The 

space was operationalized by the Ferfcrmance subtests of the 

Wechsler Intelligence scale for Children (WISC) and five 

Piagetian tests of representaticnal space including stereog-

nostic recognition of shapes , 

straight line , localizaticn of 

construction of a frojective 

tcfcgrafhical fOSitions and 

coordinaticn of perspectives. she found that nc measures of 

cognitive Sface were related to arithmetic achievement ex­

cept at age eleven where the understanding of the ccncefts 

of oppositicn cf left and right was related. Perception of 

fcrm and discrimination of figure -ground , beth me2sures of 

perceptual Sface , did appear related tc arithmetic achieve ­

ment at ages se ven and nine. The author s uggests that ar­

ithmetic achievement does invclve a spatial comfonent but it 
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is limited to specific aspects of perceftual sface in ycun­

ger children. In addition, Verbal IQ was related to arith­

metic achievement and was found tc distinguish achievers 

from the underachievers and the nonachievers. The author 

suggests that Vercal intelligence is essential to the acqui­

sition cf arithmetic understanding acrcss the age range from 

seven to eleven years. 

Two studies have investigated the r e lationship bet~een 

memory functicns and arithmetic actievement. Marez (1 978) 

investigated the relaticnshif of memcry capacity an d organi­

zation, in terms of sequential recall, tc arithmetic perfor­

mance in learning disacled children. She ccncluded that 

both memory capacity and organizatien, whether in the visual 

or auditory modality, are related to arithmetic performarce. 

Similarly, Webster (1979) feund that students profici ent 

in mathematics performed significantly better t han either a 

group of children mildly disableo in mathematics(1-11/2 

years below grade level) or a grouf cf children severely di­

sabled in mathematics(>2 years telow grace level) in crdered 

recall of items presented in either the auditcry er visual 

modality. 

overall, the research suggests that verbal, sfatial and 

memory atilities may all be related tc arithmetic achie ve -
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ment . However, some additional factors which have been im-

plicated as possibly influencing cognitive contrituticns to 

arithmetic perfcrmance need to be taken into consideration. 

These include age , sex and achiev ement le vel in ether aca­

demic areas . 

As indicated earlier , a part i cular ccgnitive ability may 

be more rel ated to arithmetic ferformance at one age than 

another . This may be due to changes in arithmetic content 

or perhaps children shift frcm perceptual tc ccnceftual 

problem- solv ing strategi es as they grew elder ( Whyte , 1 577). 

The relaticnship of sex differences to mathematical fer­

formance is unclear. en one hand , factor analytic stucies 

of mathematical abilities (e . g. , Barakat , 195 1; Elackwell, 

1 940 ) suggest that different factcrs may emerge for ~ales 

and females . Fer examfle , a Sface facto r has been found to 

emerge for boys bu t not for girls (W erdelin , 1 961; Mellcne , 

1 944 ) and an additicnal verbal factor has been detected for 

females in cne study (Blackwell , 1 940). Nevertheless , Fair­

weather (1 976 ) reviews a number of studies comfarir.g guanti­

tative atility in boys and girls \hich are inconsis tent in 

their results . 

Sex differences in the develcfment of both ve rbal and 

spatial abilities may fOtentially ccntritute tc any affarent 

sex differences emerging fer mathe matical abilities . Howev-
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er, Maccoby and Jackl in (1 97 4) , in re viewing sex differences 

in cogni t i ve at i lities, suggest that although there are di s ­

tinct phases in the development of verbal skills in the t wo 

sexes t h rough the grcwth cyc l e , 

for large unselected populaticns the situation 

seems tc be cne cf very little se x difference in 

verbal skills from about 3 to 11, with a new fhase 

of dif ferentiaticn occurring at adolescence (p . 

8 5) • 

Moreover , when taken on the whole , no sex differences shew 

up consistent l y en SFatial tasks unti l adol escence (Mac coby 

and Jacklin , 197 4). 

Most stu dies inv c l ving g r o ufs acadenically deficient in 

one area (e . g ., reading or arithmetic ) fail tc refort ac­

hiev ement l e v el in ether areas. On the basis of information 

derived £rem the examinati cn cf the rel a t ionshiF tet ~een 

pattern cf academic achie vement and cogniti ve functicning , 

Rour ke (1 978 ) has maintained that it is no longer acceptable 

within the f i eld of learn i ng disabil ities to constitute 

groups sclely en the basis of l evel cf ferfcrmance in one 

academic area . For examFl e , t wc grcufs of 1 5 chi l dren 

equated for deficient arithmet i c performance tut ciffering 

with resfect tc achie vement in reading and spelling exhitit ­

ed vastl y di fferen t perf ormances en v ertal and v is uosfatial 
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tasks (Rcurke and Finlayson, 1S78). Verbal deficits \ ere 

e vident for the group with reading and spelling more im­

paired than arithmetic whereas visuospati al deficits \ Ere 

evident for the group with normal reading and spelling but 

deficient arithmetic skills. 

McAllister (1981) also subgrouped learning disabled chil­

dren according to patterns of reaaing and arithGetic ac­

hievement and examined patterns cf ccgnitive atilities with-

in the academic s ubgrcups. Of the 109 learning disatled 

children examined 94 showed reading deficits and 82 she wed 

arithmetic deficits. Of these, 67 had se vere deficits in 

both areas, 13 had isolated reading deficits and 6 exhibited 

isclated arithmetic deficits. 1 Ccmparing th€ ccgnitive atil­

ities (as measured by the WISC) cf the groups, the mean fro­

file for the group with dual deficits indicated that sfatial 

ability was superior to conceptual (or vertal) 

which, in turn, wa s s uperior to seg uencing ability . 

atility 

Ho wev-

er, inspecti~n of the frequency of occurrence of this fat­

tern within this group indicated that only 59 percent indi-

vidual children exhibited this profile . Only 33 percent of 

the isolated reading deficit group exhitited this pattern . 

Although 4/52 children with isclated arithmetic deficits 

1 The remaining children in each group exhibited mild read­
ing or arithmetic deficits. 

2 WISC scores \ ere not available for one cf the six children 
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manifest a prcfile with ccnceptual ability greater than spa-

tial ability i bich, in turn, was greater than seq uencing 

ability , this pattern was also fo und for some sutject~ in 

each of the twc groups with reading deficits. Altho ugh this 

suggests that neither pattern is unique to a particular fat­

tern of academic deficit, some regularity in t he data was 

noted lending sufpcrt to the ccntenticn that pattern of 

academic deficit and pattern of cognitive deficit are relat­

ed. 

---------------
with specific arithmetic deficits. 
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Qualitative Ana!Jsis 2! Axitb■etic Abilities . 

Cognitive deficits may net cr.ly be manifest as guantita­

tive deficits on cognitive measures in terms cf age- grade 

norms but may te re vealed through gualitative analysis of a 

child ' s performance on arithmetic tasks . Cognitive deficits 

may be inferred either from the tyie cf errors made on cal­

culation tasks or from the selective impairment of the a til­

ity to perform certain types cf arithmetic tasks. 

Many different tyfes cf errors uay be made when perfcrm­

ing basic written calculations (see Eurrcws , 1976 for re­

view) . Feldman (1 977 as cited in de Quiros and Schrager , 

1978) groUfEd errors in calculaticn into se ven different 

types: 

1) Lack of numter concept - inability to perform mental 

calculations, difficulty manifulati ng ones , tens , tun­

dreds , etc . and carrying, di fficulty establishing the 

necessary cperaticn for an arithmetic froblem , diffi­

culty understanding numerical relations such as ~ere 

and less ; 

2) Spatial-temporal difficulties - reversal cf written 

numerals, re versal of number crder, failure to set num­

erals in their frOfer spatial relaticnship for calcula­

ticn , performing calculations in reversed crder ; 
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3 ) Figure-grcund difficulties - apflying the wrcng Ofer­

aticn such as adding instead of subtracting , not having 

the concept of the operati cns or teing unable tc t i nd 

the mistake en cne • s c wn; 

4) Linguistic failure - difficulty understanding a writ­

ten protlem that is overccme ijhen it is read to the 

child; 

5 ) Bizarre or strange mistakes - mistakes resulting frcm 

lack cf concrete ccgniticn cf the relationshiF i nvolved 

in an arithmetic operation ; 

6)0 verstimulaticn diffic ulty - mistakes due to the 

length of a problem ; short operations are ferfcrmed 

well; 

7)Mnesic failure - difficulty remembering number facts 

such as addition and multiflicaticn tables. 

Rourke and Strang (1 98 1) examined errors made by t wo 

groups of children impaired on the Arithmetic s ubtest cf the 

~ide Range Achievement Test (WRAT A), a written calculaticn 

test . The grcups differed in ccgn i tive skills as measured 

guantitati vely on a tattery of neurofsycholcgical tests . 

The first group e xhibited impaired auditory-verbal skills . 

These chi ld r en had a tendency tc avcid unfamil iar arithmetic 
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Of€rations . The errors they made ususally reflected scme 

difficulty in remembering arithmetic tatles or steFS in the 

procedure fer solving a Froblem. Verbal memory impairment 

was raised as ~ possible underlying cognitive correlate of 

their arithmetic weakness . 

The second group exhibited defective visual percefticn, 

tactile percefticn and imfaired fSychcmctor abilities. cua­

litative anal 1sis of their arithmetic errcrs revealed that 

they attemfted calculations for which they had little under­

standing of the task requirements . Although impoverished 

understanding of mathematical concepts appeared tc te the 

most pervasive of their limitations , there was also a ten ­

dency for these children to misread mathematical signs. Di­

sorganized work and faulty alignment cf rows and columns 

were also evident and entire stefs in a calculation process 

were occasionally emitted. The authors suggest that early 

impairment of sensory-motor exFerience ~ay lead to limited 

develofment of abstract conceptualizaticn affecting the ta­

sic understanding of mathematica l Cferaticns . 

Kosc (1 97 4) suggests it is necessary to differentiate 

between several relatively isolated atilities er functions 

which develof unevenly even in ncrmal children. Further , he 

suggests that not all functions are €gually affected in 

children with arithmetic discrders . He has delineated six 
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symftoms which may occur in isclaticn or ccmbinaticns. 

'.Ihese are: 

1)vertal dJscalculi a - di sturbed ability to designate 

vert ally mathematical terms and relations ; 

2) practognostic dyscalculia - disturbance of mathemati­

cal manipulations with real or ficturea otjects; 

3)1exical dyscalculia - disability in reading mathemat ­

ical symbols; 

4) grafhical dyscalculia - dist trbance of the manipula ­

ticn of mathematical symbol s in writing; 

S}idecgncstical dyscalculia - disability primarily in 

understanding mathematical ideas and relaticns atd in 

doing mental calculations ; 

6)oferaticnal dyscalcul ia - inability to carry out 

mathematical operations . 

Kase suggests that these symftcms usually occur in combi­

nations and are typically found with ether symftcms cf im­

paired symtclic f unctions (i . e ., reading and ~riting disord­

ers) . 

Both 0£ ttese afproacbes to c l assification cf error types 

(i. e ., groufing cf error types and selective impairment of 
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specific arithmetic tasks) imply that farticular typeE cf 

arithmetic d~ficit may be reflective cf specific areas of 

cognitive weakness. Moreover, Kosc•s method cf classifica­

tion implies that some terms of cf arithmetic disorders may 

be task deFendent . That is, some arithmetic deficits may be 

manifest only under particular ccnditicns (e .g., mode of 

presentation er response). Thus, a dissociation between the 

ability to perform calculation prctlems presented in diffe­

rent formats (e.g., ~ritten comFutaticn frcblems versus com­

putation prcblems presented orally) may be indicative cf 

particular tyFeS of cognitive deficits . 

Many tests of mathematical achievement include computa­

tions presented in the form of story problems . 1he ability 

to solve such problems includes net cnly compttaticnal 

skills per se but the ability to comprehend and transform 

the problem frcm the semantic network cf natural language to 

a more formal network in mathematical language (Radatz, 

1 979). Casey (1 978), Newman (1977) and Clememts ( 1980) have 

investigated errors made by norma l children in computations 

presented in story form . Their findings suggest that nany 

children cannot select and crder the skills they need to 

solve s imple mathematical problems . That is, they have cif-

ficulty translating 

language. Ho wever, 

from natural language tc mathematical 

verbal arithmetic problems were cften 
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easier fer chi l dren than arithmetic preblems in volving the 

direct affl icat i on of relevant fIOcess s kills despite the 

fact that the verbal problems invo lved mere steps and skills 

for completion (Clements , 1980). Clements (1 960) has sug ­

gested that in some cases imag€ry inv oked ty the verbal 

problems aids in ~ol ving the proble ms. 

A dissociaticn between performance en orally presented 

story froblems and written calculations has teen ncted in a 

learning disatled pofulation by Ackerman , Dykman and Feters 

(1 976). 1hey report a discordance bet ~een achie vement on 

the WISC arithmetic froblems (WISC A), fresented orall y , and 

the WRAT A in a group of learning disabl ed beys . Althcugh 

they did not pursue this line of investigation , they did 

note that children scoring low on the WISC A afpeared to 

have trouble encoding and rearranging the information pre­

sented to them . McAllister (1 S81), studying a learning di -

sabled sample , noted 

performed adequately 

that few children impaired en jISC A 

en the WBAT A although a sutstantial 

number of children {50 percent} exhibited a dissociation in 

the opposite directicn . 

Altho ugh these dissociations may te related to the level 

of difficulty cf the problems invel ved in the t wo measures, 

r epresenting a severity of deficit dimension, it is net in­

consistent that different precesses in velved may be differ -
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entially impai red . Different i al oral-written (WAIS - WFAT) 

arithmetic def i cits h ave been noted clinically i n acult 

train - oamased populations to occur in ccnjunction ~ith dif­

ferenti al cogni ti ve impairment. Lez ak (1 976 ) nctes that 

difficul ty with immediate memory , ccncentr ation, conceptual 

manipulaticn and tracking or verbal functions "can pre vent 

e ven very mathematically skilled patients frcm dcirg well on 

the orally administered test " ( F 205 ) whereas the use cf 

this type of test ~ay not detect frofc und effects of the 

spatial type of arithmetic deficit that beccmes aFfarent 

when the patient must crganize arithmetic concepts en paFer . 

Although processes underlying arithmetic discrepancies in 

adults who have lost specific abil ities s ub seguent to devel ­

opment of adequate skills may differ frcm those cccurring in 

chil dren who have not yet develcfEd tle skills , the fact 

that dissociaticns of this nature ha ve been noted in chil­

dren suggests this issue warrants further investigaticn. 

The research tc te reported in vestigated the oral (as 

measured by the WISC ) and written (as measured by the WEAT ) 

arithmetic perfcrmance of clinic referred children . Phase I 

of this research was exfloratory in nature and was directed 

at characteri2ing the relationship between the Arithmetic 

subtests of the WISC and ~RAT and Ve rbal , Spatial and Memory 

abilities . In Fhase II , tbe robustness of the findings i n 
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Phase I was assessed by determining if the characteri2ation 

attained fer the first sample alsc applied to a second sam­

ple of clinic referred children. Phase III invclved de­

tailed clinical assessment~ of individual children with ar­

ithmetic deficits to further amplify their deficits . 
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PHASE l 

Verba l 1 Spatial and Memory atilities, as measured ty spe­

cific s ubtests of the WISC, were st udied in relaticn to two 

separate measures of arithmetic performance, cne invclving 

orally presented story frcblems ( WI~C A) and one involving 

written calculations {WR AT A) . 

S~ecific guestions Investigated 

Q~~st~QQ j: ~h~1 ~£~ the relative contributions 21 

Y§I~~1, §fs~i2l 2ll~ fil§~QI~ atilities to written and 

oral a!ith~etic £erformance? 

In previous research , both Vertal and Memory abilities 

have consistently been found tc te related to arithmetic 

performance . 1he relaticnshiF of Spatial ability to arith-

metic performance bas 

found has not been 

Since the measures 

not been found consistently and ~hen 

as closely related as Verbal ability . 

of arithmetic functioning emfl oyed in 

these studies tave varied, nc systematic ccmparison of rela-
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tive contritutions to oral and written measures has teen 

possible . However, evidence from the clinical evaluaticn of 

train damasea adults and that of studies cited earlier by 

Rourke and his associates suggest that spatial atility may 

play a particularly imfortant rcle in ~ritten arithmetic 

i:erformance . 

Q~~§!ign l: ~g !B~ relative contributicns of vertal, 

S£atial and memcry abilities tc arithmetic ]Erfcrmance 

fhgilg§ g§ s function cf ase er sex: 

Both age and sex have been implicated as pcssitly iLflu­

encing cognitive contributicns to arithmetic performance. 

However , research findings have teen equivocal. The instru­

ments emfloyed in this study were vell standardized, hence 

are age- adjusted and no sex effects vere found for the 

standardization samples . However, the populaticn under in­

vestigation may differ significantly £rem the standardiza­

tion pofulation. 

Wha t is the relative fresuency cf !h§ £f­

curren£e of different Eatterns 2! Qigl andLcr written 

arithmetic £erform~nce? ~Q~§ s~ecifically , gQ §Qfil§ 

childr~n , like train damaged adults , exhibit discre£an­

cies tetwe§n cral and written arithmetic fer fc rmanc~? 
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In the studies of both Ackerman , rykman and Peters (197 6 ) 

and McAllister (1 98 1) disccrdance tetween achievemert en the 

WISC A and the WRAT A was noted favcuring the WISC A perfor ­

mance in groups of learning disabled children. The otserva­

tion that few children imfaired en the iISC A performed ade­

quately on the WBAT written calculations (Mc Allister, 198 1) 

and the observation that the level cf difficulty varies bet­

ween the t ~o measures (Ackerman , Dykman and Feters, 1976 ) 

suggests that pattern of deficit on the twc measures may re­

flect a severity of deficit dimensicn . 

Can chil dren with different Eatterns of 

arithmeti~ ~erformance be distiruiuished en !h~ ~~§j~ ~! 

their cognitive abilities? 

As noted earlier, evidence frcm clinical evaluation of 

brain damaged adult patients suggests differenticl cral­

written deficits may occur in conjuncticn with differential 

cognitive imfairments . Although this issue has not been in ­

vestigated in children , Ackerman, Dykman and Peters (1 976) 

have noted that children impaired en both the WISC A and the 

WRAT A appeared ·to have trcutle enccding and rearranging in­

formaticn presented to them. 
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QY§§1i£n 2: What is the ccincidence of iarticular f at-

1g~n§ Qf £Ognitive acilities cccuriin~ in ccrjj!nction 

with a,ittmetic (oral andLcr written) deficitsl 

This question may be vie wed as a corcllary tc the fI Evi­

ous questicn . Whereas the pre vict s guestion was concerned 

with overall differences , this guesticn was directed tciard 

identifying the frequency cf Sfec ific fatterns of cognitive 

abilities manifest by individuals with oral and/e r wr itten 

arithmetic deficits. This additicral information might aid 

in discl csing any subtle effects er re l ations which \ ould 

otherwise be ocscured . For example, a minority cf subjects 

may exhitit discrete SFatial discrders i hich affect arith­

metic performance . However , when fooleo together with sub­

jects who manifest ether cognitive deficits for overall com­

farisons , this relationship may te ~asked . 

Q£~§1i£~ &: What is the ccincidence of £articular Eat ­

terns gf ccgnitive abilities cccurring wi thout arith­

metic deficits? ----- ~-------

This information taken in conjunction with the infcrma­

tion frcm guestion 5 can fro vide sc«e e vidence for the reli­

ability cf patterns of cognitive deficit associated with ar­

ithmetic deficits . 
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Do children with Q~~! angLcr writte n a r­

i!~~~!i £ def i cits also e x h i bit 2ib~I academic deficits? 

Based on 

children with 

fre vicus researc h , it is expected that most 

ari thmeti c deficits also exhibit deficitE in 

reading and/or Sfell ing . Ac ke r man , Dyk man and feters 

(1 976), stud}ing 

sured by the ~1SC ) 

patterns of cogn i tive atiliti es (as nea­

to a:reas of l earning deficit in 14 year 

ol d boys , noted that children wi th gener al learning deficits 

(as measured l: y the iiEAT ) e x h i bited a s cmewhat l e ve r nean 

scor e on the WISC A than child r en with specifi c deficits 

(e . g ., spelling or arithmetic or du al de f icits). 

~y!!j~£1§: 

Subjects we r e se l ected frcm the file E of the Neurcfsychclcgy 

Clinic at the Univ ersity of Vi c tc r ia . ~es t chi ldren refer -

r ed to this clinic have learning pr oblems which have f :r cven 

to be severe , chrcnic and resistant tc remediation . Cften 

the presence of brain damage is either kncwn er stsfected. 

Howe ver , since the relationships t etween neurological Eta­

tus , area c f academic deficit and fatte :r n of cogniti ve a t il ­

ities as measured by the WISC has t een dealt with else where 
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(McAllister , 1981), they were net addressed in this st udy . 

Criteria for inclusicn were : 

1) age b€tween 8 and 14 years at thE time cf assEssaent 

2 ) no history cf FSycniatric disturbance 

3) scor es available for the ~RA'I and the WISC 

one hundred and thirty-five fil es met these critEria. Cf 

these , scores en the iEAT A ~ere availatle for 10 1 iales and 

29 females and sccres en the iISC A were a vailable for 103 

males and 31 females . 

1es:t§: 

Scores en t wc measures commcn ly em Floyed for clinical and 

research assessment of children with learning frotlem s were 

used. 

Scores from the WBAT were employEd as measures cf academ­

ic achievement in the areas of Reading (W.BA'I R), Spelling 

( WRAT S) and written Arithmetic . !lthcugb a fairly narrcw 

sampling of a bread range cf tasks within each of these ar­

eas are s ur veyed , good reliatility and validity has been re­

ported for this instrument (Jastak and Jastak, 19 46 , 1565 , 

1976 , 1 S7 8). 
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scores on seven subtests of the ilSC were used. The WISC 

A was emfl cyed as a measure of oral arithmetic performance . 

The Similarit ies and Vocabulary subtests we re used in combi ­

nation to operationalize the conceft of Vertal atility (or 

concept attair aent expressed verbally). Block Design and 

Object Assembly were used in comtinat i cn to define Sfatial 

ability ano Digi t Sfan and Coding aere used in combination 

to operaticnali2e the ccncept of shcrt - term Memory. The ap­

proach taken here was to combine suttests that are related 

statist ically as well as ccnceptually . Factor analytic stu­

dies of the WISC s u pport the use c f these combinaticns of 

s u bt est s ( e • g • , Cc hen , 1 9 5 9) • 

Besults and Conclusicns 

The results and general c onclus i ons for each guesticn in ves­

tigated will be presented . The statistical Package for the 

Soci al Sciences (SPSS ) (Hull and Nie, 1981; Nie, Hull, Jen­

kins, Steinbrenner and Bent , 1975) was used for all ana lys ­

es. The raw data fer all of the subjects in this study are 

presented in Afpendix A. 

Question 1 and 2: 

~bst §I~ the relative ccntributicns QI 1~I!~l, SI ~tial and 

memQ£Y atilitles tc written and oral arithmetic £erformance? 

QQ th~ r elative contrib utions of vertal, ~.E.21J~J ~~£ !§!£!Y 

abilitie~ change as a f unction cf a~ or~~]? 
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To investigate these issues , multiple regressicn analyses 

were performed using the wise A ana WRA1 A as separate cri­

terion v ariables . Analyses were i:erfcrmed for the entire 

sample, for males and females sep2rately and for three age 

ranges of males: 8 and 9 year olds , 10 and 11 year olds , 

and 12 , 13 and 1 4 year olds . lhe sumJEEd scaled sccres cf 

the two components of each cogniti ve dimension were entered 

as predictor variables . since the i:urfcse of this procedure 

was to determine the respective contritution of each ccsni-

tive dimension , a for ward or step- up i:rocedu re \ as used . 

lhis procedure entered the predictor variabl e that acccunted 

for the greatest amount of variance in the critericn varia-

ble (arithmetic measure) 

the greatest amount of 

first; the variable that explained 

variance unacccunted for by the 

preceding variatle was entered next and sc on . The variance 

in the criterion variable accounted fer by each fredictor 

variable reflected the total influence of that variatle. 

That is, tte variance shared ~ith the criterion variatle at­

tributed to the first predictor variabl e included not only 

the variance unique to that variable but also that portion 

of the variance W£ich was shared by all cf the predictor va-

riable s . Similarly, the variance shared with the criterion 

variable attributed to the seccnd variable included variance 

unique to that variable and that portion of the variance 

which was shared by the remaining i:redictor variables. 
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Two statistical crit€ria were used to define which varia­

bles were to be included in the regression eg uation . An F 

value of .0 1 defined the minimum F ratio necessary fer in-

clusion . A tclerance of . 00 1 was the second criterion for 

inclusion . The tolerance of a variatle teing considered for 

inclusion is the proportion of the unique variance which the 

variable may contribute to the regression equation . A to­

l e r ance of . 00 1 implies that a variable may te entered cnly 

if it ccntritutes at least .1 fercent to the variance al ­

ready accounted for by the other veriatles. Th e result s cf 

these analyses (see Appendix B) are summarized in Table 1 

and Table 2 

Entire sa■ye:. The findings , s um~ arized in 1atle 1, 

suggest that cnly the Verbal and Memory ccgnitive aimensicns 

contrituted tc the variance acccunted fer in the arithmetic 

measures . The Spatial cognitive dimensicn did not contitute 

to the v ariance accounted for in either the oral er written 

arithmetic measures . These findings support frevicus re­

search in which both Verbal and ~emery abilities have 

consistently been found to be related to arithmetic fErfcr­

mance . Eowever, the finding that ccly approximately 35 per ­

cent of the variance was accounted forty the three cogntive 

dimensions indicates that these variables, in themselves , 

are only cf mcdest importance as fredictors cf arithmetic 

performance . 
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'IABLE 1 

Summary of Begression Analyses for Entire sample and ty ~ex 

critericn Variable 

Sample N 

ilRAT A 

Variables 
Entered 
Jnto 
Equation 

Whole 130 ~emery 
Sample Verbal 

Males 10 1 Verbal 
Only Memcry 

Females 29 Memory 
Only 

Percent 
Variance 
Accounted 
For 

27 . 28 
9.33 

36 . 62 

24.68 
7 . 34 

32 . 02 

59 .1 6 

59 .1 6 

iISC A 

Vai:iables 
Entered 
Into 

N Equation 

13LI Vertal 
Memory 

103 Memory 
Verbal 

3 1 Vertal 
Memory 

fercent 
Variance 
Accounted 
For 

26 . ELI 
9 . 39 

22 . 27 
8 . 12 

3 C. 39 

JE.36 
8 . 8 4 

47.20 
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TABLE 2 

Summar y of Regression Ana l yses fe r Males by Age 

Criterion Variatle 
--------------------------------- ------------------------

WRAT A 'WISC A 

---------------------------------------------------------

Sample N 

Variabl es 
Entered 
Into 
Eg uaticn 

Fercent 
Varianc e 
Accounted 
Fer N 

Vari a t les 
Entered 
Int o 
Equation 

Per c ent 
Va r iance 
Ac ccunted 
For 

---------------------------------------------------------~ 
Males 
Aged 28 Verbal 
8 and 
9 yrs . 

47.1 5 

47 . 15 

28 Memory 45 . 89 

45 . 89 

---------------------------------------------------------
Mal es 
Aged 43 Verbal 
1 0 and 
11 yrs . 

18 . 36 

1 8 . 3 6 

Memory 
45 Vertal 

16 . 80 
7 . 50 

2 4. 30 

---------------------------- ---- -------------------------
Males 
Aged Memory 19 . 97 
12, 1 3 30 Verbal 12 . 33 3C Memory 2 1. 23 
and 14 ----- -----
yrs . 32 . 30 2 1. 23 

-------------------------------------------------------
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~~~• !he findings, summarized in Table 1, suggest that 

the Verbal cognitive dimension and the cognitive dimension 

of Memory contribute to arithmetic perfcrmance tor both ma­

les and females though the relative ccntribution of each 

varied. !he Spatial dimension die net contribute tc the 

variance acccunted for in either arithmetic measure for 

either sex . It appeared that the cognitive dimensions ac­

counted for mere ct the variance in the arithmetic measures 

for females than males. However, given the small numter cf 

females in this samfle (N=29), this result must te viewed 

with caution . 

jg~ . !he findings, summarized in Tatle 2, suggest that 

only the Verbal cognitive dimension and/er the cognitive di­

mension cf Memory contribute to arithaetic Ferfcrmance at 

each age level. The ccgnitive dimer.sicn of memory accounted 

for the majority of the variance in the oral arithietic [ ea­

sure at each age level and the verbal cogni tive dimension 

accounted for the majority of the variance in the written 

arithmetic measure fer t wo of the age le vels. Not surpris­

ingly , these findings are consistent with the overall find­

ings for males . It appeared that the ccgniti ve dime nsions 

accounted for more of the variance in the aritbKetic [ea­

sures for ycunger subjects (age 8 and 9) than for elder sub-

jects. However , given the small number of sutjects at each 
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age level (age 8 and 9, N=28; age 10 and 11, N=42; and 

12, 13 ,1 4, N=3C), these results must be viewed with caut i cn . 

QY~§!ie.Q!l J: 

~hat i§ !~§ !elative freguenc1 ~! cccurrence 

£gttern2 cf cral andLor ~fi!!~~ arithmetic 

Mor~ S£ecifically, QQ §Q~~ gh1J~!i~ , 11!~ 

cf different 

fEtfo:rmance? 

t rain-oamaged 

gduJ;t.2 , exhil:it discre.Eancies ! !.:!! !f!l oral a.no writ:ten ar­

iihfil§iif £Erfcrjance? 

To determine the relative frequency cf cccurrence cf fat­

terns of oral and/or written arithmetic fe:rfo:rmance , cut- off 

scores were used to define group inclusicn. Children who 

score greater than one standard deviaticn below the mean of 

a local normati ve samfle on the WRA'l A (McAll ister , 1981 ) 

were defined as e xhibiting deficient written aritb1etic 

skills (WRAT A-). ihe cut-cff sccres fer reading, spelling 

and arithmetic subtests of the WRAi are presented in Table 3 

in terms cf standard scores derived frcm the WRA'l mantal. 

Children whc sccred greater than cne standard d€viation be­

low the normati ve mean on the WISC A were defined as exhi­

biting deficient cral arithmetic skills ( WISC A-). 'Ibis 

procedure resulted in the formation of four grcufs (see Ta­

ble 4) . 



TABLE 3 

Cut-off scores for the ijide Bange Achievement lest 

Achievement Victoria Beading Sfelling Arithmetic 
Level Equiva l ent 

------------------------------------------------------
Impaired 

Adequate 

< 1 Standard 
Deviation 
Below 
~ean 

>1 Stanaard 
Deviation 
Below 
~ean 

0-108 

1C9 or 
greater 

0-1 03 o-ss 

104 or 96 or 
greater greater 

----------------------------------------
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'IAELE 4 

Crosstabulaticn: Performance on the WISC A and WRA'I A 

Entire Samfle 
WISC A- WlSC A+ 

WRAT A­

WRAT A+ 

Males Only 

38 

0 

7 1 

2 1 

Females Cnly 

39 

WISC A- WISC A+ WISC A- WISC A+ 

WRAT A­

WRAT A+ 

29 

0 

59 

13 

W Ii AT A- 9 

i BAT A+ 0 8 
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No children with deficits on Wl~C A fErformeo adeg uately 

on the WBAT A. Thirty - eight children (2 9 . 2 fErcent) \ ere 

impaired en beth the written and oral 

males (29 percent ) Twenty-nine of the 

males (23 fercent) 

arithmetic measures. 

and nine cf the fe-

Seventy-one children 

exhibited this fattern of performance. 

(54 . 6 percent) were impaired only on 

the written arithmetic measure . Fifty- nine of the ~al es 

(58.4 percent) and 12 cf the females (30. 1 percent) exhitit-

ed this pattern of performance . lwenty- one children ( 16. 2 

percent) were net impaired on either the written or oral ar­

ithmetic measures . !hirteen of the ~ales (1 2.9 percent) and 

8 of the females (20 . 5 percent ) exhibited this fattern of 

performance. 

These findings are consistent with the observation that 

few WISC A- children performed aoequately on the iRA1 A 

(McAllister, 198 1). The majority of tbe children ( ~4.6 per­

cent) exhibited a discrepancy between cral and written ar­

ithmetic pe rfcrmance favouring oral ferfcrmance . 

~~~§!i2~ !: 

Can children with different Eatterns of arithmetic etrfor-

~~D£~ g~ distin~uished on the basis of their ccgnitive abil -

iti~§? 
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Mean 

25 

of 

20 

Summed 

15 

Scaled 

10 

Scores 

5 

Verbal Spatial 

Group - - Nonimpaired (N=21) 

D - WRAT A- Only (N=71) 

- - WISC A- ;WRAT A- (N=38) 

Figure 1: Plot of the Means of the Cognitive 

Dimensions by Group 
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Summed 
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Scaled 
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Figure 2: Plot of the Means of the Cognitive 

Dimensions by Group for Males 
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Mean 

25 

of 

20 

Summed 

15 

Scaled 

10 

Scores 

5 

Verbal Spatial Memory 

Group - - Nonimpaired (N=8) 

D - WRAT A- Only (N=12) 

- - WISC A- ;WRAT A- (N=9) 

Figure 3: Plot of the Means of the Cognitive 

Dimensions by Group for Females 
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Profiles of th e means of the thrEe ccgnitive dimenEions 

for each arittmetic grcuf were f l ctted for the entire sample 

(see Figure 1) and for males (see Figure 2) and females (see 

Figure 3 ) . !c determine if the arithmetic groups differed 

en the cognitive dimensions , mu l tivariate analyses of vari­

ance ( MANOVAs) were performed. Wi lks Lambda , or the a ver-

aged F, was tte test statistic emflcyed. If the multi vari-

ate test was significant , individual univariate analyses 

were pe rformed for each cognitive dimensicn . !his frccedure 

was adopted in an effcrt tc frctect the err or rate from be­

ing inflated by the performance of several individual signi-

ficance tests (Humllel and Sligo , 197 1) . !o determine which 

groups were contributing to overall differences on the cog -

nitive dimensions , a series of multivariate t - tests ij ere 

performed . A significance le vel cf . 01 was adopted for the 

t-tests in an effort to minimize the prctability of making a 

Type I error over multifle ccmfariscns. 

These analyses were performed for the entire scmfle and 

for each sex sefarately . !he reEults cf these analyses (see 

Appendix C) are summarized in Table 5, Tatle 6 and 1able 7 

On inspection of Table 5 , it a f peared that , overall , each 

group differed significantly frc~ each ether grouf on the 

Verbal and Memory dimensions. Althou gh the grcups differed 

on the Spatial dimensicn c verall, nc two groups differed 
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'IAELE 5 

Summary of ~ANCVAs: Groups by Cognitive DiaenEionE 

Uni variate 
ANOVAs 

MANOVA level of 
level of significance Group 

Compariscns N significance Ve rbal Spatial Memory 
----------------------------------------------------------

WISC A-;WRAT A- 38 
WISC A+; WRAT A- 71 
WISC A+;WRAT A+ 21 

+++ +++ + +++ 

-----------------------------------------------------------
WISC A-;WRAT A- 38 
WISC A+;WRAT A+ 2 1 

+++ +++ +++ 

-----------------------------------------------------------
WISC A-;WRA'I A- 38 
WISC A+;WRAT A- 71 

+++ +++ ++ 

-------------------·--------------------------------------
WISC A+;WRAT A- 71 
WI SC A+ ; WR AT A + 21 

+++ +++ +++ 

----------------------------------------------------------
+++ - p<.C01 

++ - F< . 01 
+ - p<.05 



'I AEL E 6 

summary of MANOVAs for Males: Groups by Ccgnitive 
Dimensicns 

MANOVA 

Univariate 
ANOVAs 
level cf 
significance Group 

Compariscn N 
l e ve l cf 
significance Vertal Spatial Memcry 

WISC A-; WBA! A- 29 
WISC A+;WRA T A- 59 
WI SC A+; WBAT A+ 13 

WISC A-;WBAT A- 29 
WISC A+;WRAT A+ 13 

WISC A-;W RA'I A- 29 
WISC A+;W RAT A- 59 

WISC A+;W EAT A- 59 
WISC A+;RRA! A+ 13 

+++ 

♦♦♦ 

+++ 

++ 

++ ♦ 

♦ + ♦ 

+++ 

♦♦ 

+++ - p< . 00 1 
♦♦ - p<.0 1 

+ - F< . 05 

+++ 

♦♦♦ 

♦♦ + 
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TABLE 7 

Summary cf MANOVAs for Females : Grcups by cogniti ve 
Dimensions 

Group 
Comparison N 

Uni variate 
ANOVAs 

MANOVA level of 
level of 
signif i cance 

signif i cance 
Verbal Spa t ial Memory 

47 

-----------------------------------------------------------
WISC A-; WRAT A- 9 
WISC A+; WRAT A- 12 
WISC A+; WRAl A+ 8 

++ +++ 

-----------------------------------------------------------
WISC A- ;W RAT A­
WI SC A+; WRAT A+ 

9 
8 

+++ +++ ( + ++) 

------------------------------------------------------------
WI SC A - ; W BAT A- 9 
WISC A+; WRAT A- 12 

-----------------------------------------------------------
WISC A+;WRAT A- 12 
WISC A+; WEAT A+ 8 

------------------------------------------------------------
+++ - p< . C0 1 

++ - i:< . 01 
+ - p<.05 
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significantly on this dimension. On inspection of Figure 1 

it is apparent that the group impaired on toth arit hmetic 

measures exhitited the poorest performance on the cognitive 

dimensions and the group not impaired en either aritb1etic 

measure exhibited the best perfcrmance en the cognitive di­

mensions with the performance of the group impaired only on 

the Arithmetic subtest cf the WRAT falling in between . ~ev­

erity of cognitive deficit on Vertal and Memcry dimensions 

appears to correspcnd tc the pattern of arithmetic deficit. 

When cnly ~ales were examined (see !able 6) , the results 

were similar to those of the entire sample . Hben females 

were examined (see Table 7), cn l y the ncnimpaired group oif­

fered significantly frcm the grcup impaired on both arith­

metic measures on the Verbal dimensicn . However, en insfec­

tion of Figure 3 , it is apparent that the level of 

performance of the groups is similar tc that cf the overall 

sample . lhe pattern cf performance cf the groups on the 

cognitive dimensions is also similar to that of the entire 

sample and of the males but the females in the group im­

paired on both arithmetic measures appear more i~paireo en 

the spatial dimension than the males in this group. 



Questions 5 !~9 §: 

Rhai ia ~hg coincidence 2! 

abilities occurring with Qt 

written) deficits? 

49 

Earticular Eatterns of cognitive 

without arithmetic (oral andLor 

To examine the coincidence cf farticular patterns of cog­

nitive abilities occurring either in ccnjunction wit h or 

without arithmetic (oral and/or written) deficits , the sum­

med scaled scores for each cognitive dimension were hier­

archically organized in terms of relative magnitude for each 

child within each arithmetic grcuf . ihe frequency cf occur­

rence of each pattern was then tatulated (see latle 8 ). 

It was fOSsitle for twel ve different fatterns of cosni­

tive abilities to occur with six of the fatterns containing 

two scores of equal magnitude. As would te exfected, these 

six patterns cccurred far less freguently (1 6 .1 percent of 

the samfle) than the six patterns with scores differing in 

magnitude (83.9 percent of the samfle). Twc hierarchical 

patterns of ccgnitive abilities ( Verbal>Spatial>~emory and 

Spatial> Verbal>Memor y) occurred mere frequently than any 

other pattern overall (30.8 and 29 . 2 percent of the samfle , 

respectively) and within each ari thmetic gro uf. Howev er, 

there was no significant relationship tetween the arithmetic 

group membership and the freguency of cccurrence of the six 

hierarchical fatterns of cognitive atilities (C hi 

Sg:uare=16.93, 1C df, p< . 07). 



'IABLE 8 

Crosstabul ation : Patterns of Cognitive Atility ty Grcuf 

Pattern of 
Cognitive 
Abilities 

V)S)M 

S>V>M 

M>S>V 

S>M>V 

V>M>S 

M>V>S 

S=M>V 

V=S>M 

V=M>S 

S>M=V 

V>S=M 

M>V=S 

Total 

Pattern of Perfcrmance en WISC A and WBA'I A 

Fercent 
WISC A- WISC A+ WISC A+ cf 
WRAT A- WRAT A- WRA'I A+ 1ctal Sample 

9 

2 

2 

3 

C 

0 

1 

1 

.o 

1 

38 

25 

18 

0 

3 

7 

3 

0 

3 

0 

5 

5 

2 

71 

6 

6 

0 

1 

5 

0 

0 

C 

1 

0 

2 

C 

40 

38 

5 

6 

14 

6 

0 

3 

2 

6 

7 

3 

2 1 130 

V= Verbal 
S=Spatial 
M=Memcry 

30 . 8 

29 . 2 

3 . 8 

4. 6 

10 . 8 

4.6 

o.o 

2 . 3 

1. 5 

4.6 

5 . 4 

2. 3 
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When only males were examined , the distribution of pat­

terns remained the same (see Table 5) and there was no sig­

nificant relationship between arithmetic grouf iemtership 

and the freguency cf occurrence of the six hierarchical fat­

terns of cognitive abilities (Chi Sguare=11.67, 10 df, 

p<.30). When only females were examined, toe Ver­

bal>Spatial>Me~ory and Verbal>Memory>Sfatial fatterns aere 

the most frequently observed (see Ta tle 10) but there ijas no 

significant relaticnshiF between arithmetic group memtership 

and the frequency of occurrence of the six hierarchical pat­

terns of cognitive abilities (Chi Sguare=14. 83, 10 df, 

p<.13). 

These results, taken in ccnjurcticn with the findings 

from the previous question suggests that the pattern of cog­

nitive atilities is net as strcngly related to the pattern 

cf arithmetic deficit as the level of ccgnitive atility is. 

The finding that the Sfatial>Verbal>Memcry pattern cf cogni­

tive abilities accounted for a large proportion of the sam­

ple overall is consistent with findings reported in the lit­

erature for a number cf populations including 

school-verified disabled learners (Smith , Coleman , Dckecki 

and Davis , 1 977; Vance and Singer , 1579), emotionally dis­

turbed children and nonimpaired children (Cla rizio and Eer­

nard , 1981). !he relative frequency cf occurrence of ether 



TABLE 9 

crosstabulatioD: Pat terns cf ccgnitive Ability by 
Group-Males Crly 

Pattern of Performance en WISC A and WRAT A 

Pattern of 
Cognitive WISC A- WISC A+ WlSC A+ 
Abil it i es WRAT A- WRAT A- WRA'l A+ 

Per cent 
cf 

'lctal Sampl e 
-------1-----------------------------------------------
V>S>M 8 22 5 35 34 .7 

-------------------------------------------------------
S>V>M 13 17 4 34 33 .7 
-------------------------------------------------------
M>S>V 2 0 C 2 2 . 0 
-------------------------------------------------------
S >M>V 2 1 0 3 3 . 0 
-------------------------------------------------------
V>M>S 2 4 3 9 8 . 9 
-------------------------------------------------------
.M>V>S 2 3 0 5 s. o 
-------------------------------------------------------
S=M>V 0 0 0 0 o. o 
-------------------------------------------------------
V=S>M 0 3 0 3 3.0 
-------------------------------------------------------
V=M>S 0 0 C 0 o.o 
-------------------------------------------------------
S>M=V 0 3 0 3 3 . 0 

-------------------------------------------------------
V>S=M 0 4 1 5 s. o 
-------------------------------------------------------
.M>V=S 0 2 0 2 2 . 0 
-------------------------------------------------------

V=Verbal 
S=Spat i al 
M=Me mc r:y 
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TABLE 10 

Crosstatualtion: Patterns cf Ccgnitive Ability by 
Group - Females Cnly 

Patte r n of 
Cognitive 
Abilities 

V>S>M 

S>V>M 

M>S>V 

S>M>V 

V)M>S 

M> V>S 

S=M>V 

V=S)M 

V=M>S 

S>M=V 

V> S=M 

M>V=S 

Pattern cf Perfcrmance en WISC A and WEAT A 

Percent 
ilSC A- WISC A+ WISC A+ cf 
W£AT A- WRAT A- WBAT A+ !otal Sample 

1 

1 

3 

0 

0 

1 

0 

0 

1 

1 

0 

1 

3 

1 

0 

2 

3 

0 

0 

0 

0 

2 

1 

0 

1 

2 

1 

2 

0 

0 

0 

1 

0 

1 

0 

0 

V=Vertal 
S=Sfatial 
M=Memcry 

5 

4 

5 

1 

0 

0 

2 

3 

2 

1 

3 

3 

13 . E 

10 • .: 

10 . 3 

17. 2 

3 .4 

o.c 

o.o 

6 . 5 

10 . 3 

3.4 

53 
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patterns of ccgnitive abilities has typically gene unrefcrt­

ed. 

2!~St ! Q!! 1: 

~Q childre£ with 2!~1 ~n.9L£f ~!~!!~~ arithmetic g§!lf11§ 

also exhibit ether academic deficitsi 

To examine the ccincidence of rEadir.g and sfelling defi­

cits occurring in ccnjunction with oral and/oI ~ritten ar­

ithmetic deficits , cut-off scores (see '.ral:le 3 ) were used to 

define reading and Sfelling deficits . '.rhe frequency of oc­

currence of reading and/er Sfelling deficits was then tabu­

lated for each pattern of arithmetic performance. A series 

of z tests for t he difference tetween t wc proportions 

(Perles and Sullivan , 1969) 

groups on the occurrence cf 

(see Table 11 and Table 12). 

were used to ccmfare the ttree 

readirg and spelling deficits 

In an effort to protect the 

error rate £rem being inflated, a significance level cf . 01 

was adopted for these ccmfariscns . 

All of the children who were imfaired on both arithmetic 

measures also exhitited reading and spelling deficits . 

Twenty- nine cf these children were aale and 9 were female . 

Of the 71 children who were impaired only on the W~AT A, 90 

percent (53 males and 11 females ) eJhitited reading deficits 

and 88 . 7 percent ( :4 males and S females) exhibited spelling 



TAELE 11 

summary of z - tests : Group ty Reading Ceficit 

Reading 
Deficit 

Sample Grcup Ccmparison N 

Entire 
Sample 

Males 

WISC A- ;WRAT A­
WISC A+ ;WRAT A+ 

WISC A- ;WRAT A­
wISC A+ ;WRAT A-

WISC A+ ;WRAT A­
W.ISC A+; WRAT A + 

WISC A- ;WRAT A­
WISC A+; WRAT A+ 

WISC A-; WRAT A­
'WISC A+ ;WRAT A-

WISC A+ ;WRAT A­
WISC A+; WRAT A + 

WISC A- ;WRAT A­
WISC A+ ;WRAT A+ 

Females WISC A-; WRATA ­
WISC A+ ;WRAT A-

WISC A+; WRAT A­
WISC A+; WRAT A+ 

38 
13 

38 
64 

6 4 
13 

29 
8 

29 
53 

53 
8 

9 
5 

9 
11 

1 1 
5 

Tctal 
Grou F 

N 

38 
2 1 

38 
71 

j 1 
2 1 

29 
13 

29 
59 

59 
13 

9 
8 

9 
12 

12 
e 

z F 

4 . 09 S 

2 . 00 NS 

3. oe s 

3.56 S 

1 . 78 NS 

2 . 57 NS 

2 . 02 NS 

• 89 NS 

1.60 NS 
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TABLE 1 2 

Summary of z- tests: Grouf by Spelling Deficit 

Spelling 'Iotal 
Deficit G re Uf 

Sample Grcup Ccmparison N N 

Entire 
Sample 

Males 

WISC A-;WRAT A­
iISC A+ ;i RAT A+ 

iISC !-;WRAT A­
WISC A+; WR AT A-

iISC A+; WRAT A­
lil SC A+ ; WR AT A+ 

liISC A- ;WRAT A­
iJSC A+ ; WRAT A+ 

ijlSC A-; iRAT A­
iISC A+; WRAT A-

WISC A+ ; WRAT A­
liISC A+ ;WRAT A+ 

i ISC A-;WRAT A­
WlSC A+;WRAT A+ 

Females WI SC A-;WRAT A­
iISC A+; WRAT A-

WISC A+; WRAT A­
WISC A+; WRAT A+ 

38 
13 

38 
63 

63 
1 3 

29 
9 

29 
:4 

54 
9 

9 
4 

9 
9 

9 
4 

38 
2 1 

3€ 
71 

71 
2 1 

29 
1 3 

29 
59 

59 
1 3 

9 
8 

9 
1 2 

1 2 
8 

z 

4 . 09 

2 .1 5 

2 . 85 

1. 6 1 

2 . 20 

2.43 

1. 62 

1. 1 5 

F 

s 

s 

NS 

NS 

NS 

NS 

56 
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deficits. Cf the ~ 1 children who were not impaired en eith­

er measure cf arithmetic performance , 6 1. 9 percent (8 males 

and 5 females ) exbititied reading deficits and 6 1. 9 percent 

(9 males and 4 females ) exhibited sfelling deficits . 

Overall , the two groups imfaired en the WRAT A differed 

in terms of the frequency cf cccurrence of reading and 

spelling deficits from the group of children net imfaired en 

the WRAT A. However , there was ne difference in the fre ­

guency of occurrence of reading and spelling deficits e xt i b­

itied tetween the twc WRAT A- groups. Generally , the same 

fattern of results held when males and females were exarrined 

separately tut the gro ups differences \ere not al ways of 

sufficient magnitude to reach significance . 

These findings supfort pre vious research which suggests 

that most children with arithmeti c deficits alsc exhibit de­

ficits in reading and sfelling . 1he finding that 10C fer­

cent of the chil dren who exhibited deficits en toth arith­

metic measures also exhibited reading and spelling d~ficits 

is consonant with the cbservaticn cf Ackerman , Dykman and 

Peters (1 976) that chil dren with general learning deficits 

(as measured ty the WRAT) exhibit a lcwer mean score on the 

WISC A than children with Sfecific deficits . 1he findings 

that only 7 of the WBAT A- children (5 . 38 percent ) (6 ~ales 

and 1 female ) ferformed adequately en the WRAT E and only 8 
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of the WRAT A- children {6. 15 Fercent) (5 males and 3 fe­

males) performed adequately on the wBAl s suggest that the 

frequency cf occurrence of specific arithmetic deficit s is 

quite rare (affrcx . 6 fercent ). learning disabilities af­

f ecting only r eading and/or spelling apfear to cccur slight­

ly more freq uently (1 0 FErcent). 



59 

PHASE II 

Phase JI invclved a reflication of Phase i en a separate 

group of clinic-referred children. A replicaticn cf Phase I 

appeared warranted fer two reascns: 

1)the sample employed in Phase 1 was a select samflE cf 

clinic-referred children Erain damage was either 

kncwn or suspected in many cases. Mcreover , the learn­

ing problems of these children tyfically have frcven to 

be severe , cbrcnic and resistant to remediaticn. Any 

findings derived from Phase I may potentially reflect 

re l aticnsbifs only representative of this select sam­

fle. 

2) division of subjects in Fbase I intc groups with 

different fatterns of arithmetic deficit resulted in 

small sample ~izes necessitating the use of visual in­

spection and relatively weak statistical procedures for 

identifying group differences . 

In this replicaticn, two guesticns were addressed: 

A) Are the t wo samples from the same pcpulaticn? 
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B) Do the same relationships fcund in PhasE I cccur fer 

a samfle cf children referred to an educational cli~ic? 

Files were selected frcm the Assessment Centre cf tte Great­

er Victoria Schoel Board. Criteria for inclusion were 

1) age between 8 and 14 years at the time of assessment 

2)nc histcry cf psychiatric disturbance 

3) scores available for the WRA1 and the WISC- F3 • 

Three hundred and fifteen files met these criteria. 

Scores on the iRAT A were availa ble for ~11 males and 98 fe­

males and scores en the WISC - R A were available for 215 ma­

les a nd 100 females . 

3 The Revised edition of the WISC (iISC-R) rather than the 
WISC was routinely employed in this setting. 1he iaflica­
tions of the differences between the WISC and WISC-E aill 
be raised in the discussion secticn tc follew. 
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I~~.!!.§ 

The results for each guestion i nve s tigated wil l bE present­

ed. General conclusions , drawn en the basis cf the compari-

son of the two sampl es , will follow. The Statistical Pack-

age for the Sccial Sciences (SPSS) (Hul l and Nie , 1 SS 1 ; he , 

Hull Ste i nbrenner and Bent , 197 5) was used for all ana l yses. 

Ihe ra w data for all s ubjects in samp l e 2 are presented in 

Appendix D. 

Q.Y1Hlii2n I : 

Are the t WQ samfles frcm the same f CfUlation? 

To determine if the overal l distrituticn c f scores fer 

the two arithmetic measures and the three cogniti ve measures 

was the same for the two samfles , a mult ivariate t - test 

( MANO VA) was performed. Wilks 1 am t da , or the a v erage a F , 

was the test statistic emflcyed. If the multi variate test 

was significant , indi vidual univariate analJses ier e per­

formed for each dependent v ariab l e . This frcced ure was 

adopted in an effcrt to protect the errcr rate f r om teing 

inflated by the performance of several individual s i gnifi­

cance tests ( Hu mmel and Sligo, 1S7 1). 

Descriptive statistics for the five variables a r e pre­

s~nted in Table 13 . The MANCVA was significant (affrox 

F=12.1 0 , 5, 433 df , p< . 00 1) (see Table 14}. Inspection of 
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the univariate F- tests revealed that only two variables, the 

Verbal cognitive dimension (F=27 . 0 1r 1r 437 df r p< . 00 1) and 

the dimension of Memory (F=7. 88 , 1r 437 df r f<.OC5) r dif­

fered for the twc samples . Insfecticn cf the means of these 

variables for the t wo samples indicated that the performance 

of the second sample (school toard) was infericr tc the fer­

formance cf the first samfle (neurcpsychology clinic) on 

both of these measur es. 

This s u ggests that the two samples are net from the same 

populaticn . !he significance of tb j s finding will te raised 

in the discussicn secticn to fcllcw . 
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TABLE 13 

Statistics Table : Means and stanoard Deviaticns 

Variable 

WISC (R ) A 

wRAT A 

Verbal 

spatial 

Memory 

Sami:le 1 (N= 130) 

8. 16 
( 2 . 84) 

83 .71 
(11.76 ) 

2 1. 03 
(5 . 80 ) 

20 .11 
(5 . 59 ) 

16 . 40 
(4. 29 ) 

Sample " ( N=309) 

E. 26 
(2 . 80 ) 

64.35 
(1 2 . 90 ) 

17 . 89 
( 5 . 7E } 

19 . 77 
( 5 . 78 ) 

15 . 08 
( 4.5 1} 
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'I A ELE 14 

MANOVA Table: Samfles by Cogniti ve and Arithmet i c Variatles 

Effect Test Name Value Apf r ox . F H}ECth . df Error df p 
------ --------- ----- --------- ---------- ----- --
Samples Wi lks . 87 12. 1 0 5 . CO 433 . 00 <.001 

Univariate F- tests (1,437 df ) 
variable HyFcth . ss Errcr ss HyEoth . MS Error MS F p 
-------- ---------- -------- ---------- ---------
WISC A 1. 04 34 7 6. 3 1 1. 0 4 7. 95 .131 <.71 
WRAT A 37.93 €97€1.59 3 7.93 159.68 . 23 <.62 
Verbal 901.48 14 580.69 901.48 33 . 36 27.01 <.001 
Spatial 10 .49 14350 . 86 10 . 4 9 32 . 83 . 3 1 <.57 
Memory 158.43 €667 . 01 15€ .LU 19.83 7.98 <.005 
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QY~§ t iQil ~: 

Do the same relaticnshifs fcund in Phase I cccyr fer 2 §s!-

E!~ of c.hildreu referred to an educaticnal clinic? 

The questicns fCsed in Fhase I were addressed fer the 

school beard samfle . Identical fICcedures tc those employed 

in Phase I were used to examine the data. The results of 

this investigation and a ccmpariscr cf the results for the 

two samfles are presented for each guesticn . 

Questi ons l ~ nd 2: . What is the relative contrituticn of 

Verbal, S£atial and Memory abilities tc written and oral ar­

ithmetic £erformance? ~Q the relative ccntributions of Ver­

~gl, SEatial and tl§~QfI abilities change as a function of 

g.9..§ Q£ §~~? 

The results of the analyses (see Appendix E) are summar­

ized in Table 15 and Table 16 . 

The results of the multifle regressicn analyses for ~am­

ple 2 (see Table 15) were similar tc those obtained in Fhase 

I (see Table 1) in certain respects. ~hen the WRAT A was 

used as the critericn variable , the order of entry of the 

variables differed bet ween the samples (sample 1, Ver­

bal+Memory; sample 2, Memory+Verbal), but the same two vari-
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TABLE 15 

Summary of Regression Analyses : Entire Sample and by Sex 

criterion Varial:le 
WRAT A jISC- R A 

-----------------------------------------------------

Sample N 

Variat::les 
Entered 
Into 
:Equation 

Percent 
Variance 
Accounted 
For 

Variables 
:Entered 
Intc 

N :Eguaticn 

:Eercent 
Variance 
Accounted 
l.ior 

------------------------------------------------------------
Verl:al 37 .1 4 

:Entire Vertal 33 . €1 Memory 9 . 25 
Sample 309 Memory 3 .77 2 15 Sfatial 3 . 96 

------ -----
'lot al 37 . 5€ '.Iotal 50 . 96 

------------------------------------------------------------
Verbal 3 1. 80 

Verbal 31.42 Memory 1 0 . 3 1 
Males ~ 1 1 Memcry 4.20 2 15 Sfatial 2.49 

---- - - ----
Tctal 35 . 62 44 . tE 

------------------------------------------------------------
Verl:al 

Females 98 Spatial 

'Iotal 

38 . 39 
3.08 

41 .4 8 

Memory 
Verbal 

100 Sfatial 

'Ictal 

48.4C 
12 .7 8 

3 .C3 

65 . 2 1 

------------------------------------------------------------
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'IAEL E 16 

Summa r y 0£ Regression Anal yEes : Males ty Age 

Sample N 

critericn VariableE 
WRAT A WISC-R A 

Variatles Percent Variatles Percent 
Entered Variance Entered Variance 
Into Accounted Into Acccunted 
Eg uaticn For N Eg uati on For 

------------------------------------------------------------
Males Vertal 32 . 80 Verbal 34 .74 
Aged 85 Memory 9 . 65 €6 Memory 7 .05 
8 and ----- -----
9 yrs . Total 42.45 'Iotal 41.7 9 

------------------------------------------------------------
Males Verbal 33 . 2 1 
Aged Verbal 23.29 Spatial 7. 53 
1 0 59 si;atial 6 . 19 59 Memory E.33 
and ----- -----
11 yrs. 29 .48 Lri. C7 
------------------------------------------------------------
Males 
Aged 
12,13 67 
14 yrs. 

Verbal 
Memory 

Total 

26.59 
7.C8 

33 .68 
7C 

Memory 
Verbal 

'.Iotal 

Ll C.95 
9 . 9C 

50 . 85 

------------------------------------------------------------
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ables were entered and simil ar proforticns cf the variance 

were accounted fer (sample 1 - 36 . E percent; samfle 2 - 38 

percent) . 

When the iISC-R A was used as the criterion variable, the 

Verbal cogni tive dimension and the ccgnitive dimension of 

Memory were entered intc the eguaticn in succession for toth 

samples . However, the Spatial dimension also ccntributea to 

the eguation for samfle 2 and this combination of variables 

accounted for 16.9 percent more of the variance in the cral 

arithmetic measure than was exflained in sampl e 1 ( sample 1, 

34.1 percent; sample 2 , 5 1 percent) . 

~~! 

~s.l ~§ 

When cnly the performance of the ~ales was examined , the 

results cf the multifle regressicn anal]ses using the WEAT A 

as the criterion variable were simi l ar for the twc sa~fles 

(see Table 1 and 'I able 15). In beth samples , the Verbal 

cognitive dimensions accounted for the majority cf t he 

sha~e d variance and the cognitive dimension of Memcry aoded 

a small increment . similar FIOfOrticns cf the variance were 

accounted for in each sample (sample 1, 32 percent; saaple 

2 , 36 percent). 
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In Sample 1, when the WISC A was used as the criterion 

variable , the ccgnitive dimensicn cf Memory accounted for 

the majority of the shared variance and the Vertal ccmfcnent 

added a small increment. In Samfle 2, the re verse was true. 

Moreover, the Spatial dimension added a small increment in 

Sample 2 . This combination of variatles accounted fer 45 

percent of the variance, whereas only 30 fercent of the var­

iance was accounted for in sample 1 . 

!'.sl!&le~ : 

The results of the multiple regressicn analayses using 

the WRAT A as the criterion variatle, were dissimilar for 

the two samfles (see Table 1 and 'Iable 15) . In sample 1, 

the cognitive dimension of Memory acccunted for all cf the 

shared variance with the arithmetic measure (59.16 fercent). 

In sampl e 2 the Verbal dimensicn accounted for the majority 

of the shared variance (38 . 39 percent ) and the Sfatial di-

mens i on added a small increment . A tctal of 41.48 percent 

of the variance was shared by the cognitive dimensions and 

the arithmetic measure. 

When the w ISC (R) A was used as the criterion variatle , 

the results of the multiple regression analyses fer the t ~o 

samples were similar only in that the Vertal and Memory cog­

nitive dimensior.s were entered intc the regression eguation 

in each sample (see Table 1 and Tatle 15 ). In samfle 1, the 
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Verbal cognitive dimension accounted for the majcrity cf the 

shar ed variance with the Memory comfonent addin g a small in­

c r ement . Together they acccunted for 47 . 20 percent of the 

variance in the oral arithmetic measure. In samfle 2 , the 

Memory comfcnent acccunted fo r mcst of the shared variance 

with the Verbal and Spatial dimensicns adding small incre­

ment s . Toget her the three variatles accounted for €:.21 

percent cf the v ariance shared with the oral arithmetic aea­

sure . 

When the WRAT A was used as the criterion variable , the 

r esults of the multiple regression analyses for the t wc ~am­

ples were simil ar in that the Verba l cognitive dimension ac­

counted for the majority of the shared va rianc e in each sa a­

ple (see Tatle 2 and Table 1 6). Hc we ver , in sample 2 , the 

cognitive dimension of Memory a dded a smal l incre ment. The 

amount of variance shared tetween the arithmetic mecsure and 

the cognitive dimensions ~as similar fer the two samples 

(sample 1, 47 percent; samfle 2 , 42 percent). 

When the WISC (R) A was used as the critericn variatle, 

the res ults of the multiple regress ion analyses were similar 

for the twc samples in that the cognitive dimension of Memo­

ry contributed to the shared v ariance in each sa a pl e (see 
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Table 2 and Tal:le 16). However, the Verbal cognitive dimen­

sion acccunted for mere of the shared variance than the cog­

nitive dimensicn of Memory in samFlE 2 . The a~cunt cf 

shared variance between the arithmetic measure and the cog ­

nitive dimensions was similar for the two samples (samFlE 1, 

46 percent; sample 2, 42 percent). 

A.9 es 1 o and 11: 

When the WRAT A was used as the criterion variable, the 

result s of the multiple regression analyses were si~ilar for 

the two samples in that the Verbal dimension accounted for 

the largest prcportion of the sharEd variance (see Tatle 2 

and Tabl e 16). In samfle 2, the Spatial dimension added a 

small increment . !be amcunt of variance shared by the ar­

ithmetic measure and the cognitive dimensions was si~ilar 

for the t wc samples (sample 1, 18 percent; sample 2, 29 per ­

cent) . 

When the WISC (R) A was used as the criterion variatle, 

the results cf the multiple regression analyses were dissi­

milar for the two samples (see Tatle 2 and Table 16 ). In 

sample 1, the cognitive dimensicn cf Memory accounted for 

the largest prcfcrticn cf the variance and the Verbal dimen­

sion added a small increment. A tctal of 24 percent cf the 

variance was shared between the arithmetic measure and the 

cogniti ve dimensions . In sample 2 , the Verbal cognitive di-
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mension accounted for the largest prcportion cf the vari­

ance , with the Spatial and Memory comfcnents adding s nall 

increments . A tctal of 47 fercent cf the variance was 

shared by t he arithmetic measure and the ccgnitive dimen­

sions . 

Ages 12 , 13 and 14: 

When the WRAT A was used as the criterion varia l le , the 

results of the «ultiple regression analyses were similar for 

the two samples . Cnly the Verbal and Memory dimensicns were 

entered into the regressicn eguaticn for each sample (see 

Tale 2 and Table 16). However , the relative contrituticn of 

each variable was reversed for the two samples (sample 1, 

Memory+Verbal ; sample 2, Vertal +Memory ). A similar prc~or­

tion of the variance was shared ty the arithmetic measure 

and the ccgnitive dimensicns in the t~c samples (sample 1, 

32 percent ; sample 2 , 33 percent ) . 

When the WISC (R) A was used as the criterion variatle, 

the results of the multifle regressicn analyses were similar 

for the twc samples in that the cog~itive dimension of Memo­

ry accounted for the majority of the shared variance in each 

sample ( see Table 2 and Table 16). Eowever, in sample 2, 

the Vertal diaersicn added a small increment. Morecver , the 

total variance shared by the arithmetic measure and the cog­

nitive dimensions differed for the two samples (sample 1, 21 

percent; sa~ple 2 , 5 1 percent). 
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29~§!i2~ J:. S~~! !§!~~relative freg_yency £1 Qff gr­

rence cf different £atterns of oral andLcr written sfi!hm§!­

ic Eerfcrmance? More S£ecificallI , de scme children , 1~~§ 

brain-damaged adults , exhibit discre12ancies between oral and 

written arithmetic £erformance? 

To determi ne the relative freguency cf occurrence of pat­

terns of oral and/or written arithmetic performance , the 

cut- off scores emfloyed in Phase I .ere UEed to define group 

inclusion. This procedure resulted in the formaticn of four 

groups (see Tat l e 17). Three children lihc were impaired on 

the WISC - RA ferformed adequatel y OD the WRA1 A. Se venty­

one children (23 percent) were impa i red en toth the WISC - RA 

and the WRAT A. ~hirty- eigbt cf the nales (1 8 percent) and 

40 of the females (33. 7 percent ) exhibited this fattern of 

performance . One hundred and ~ixty children (=3.9 percent) 

were impaired only on the WRAT A. One hundred and twenty­

six (59 .7 percent ) of the males and forty (4 0 . 8 percent) cf 

the females exhibited this pattern cf performance . Sixty­

nine chi l dren ( 22 . 3 percent ) were not impaired on either the 

wISC - R A or the WRAT A. Forty - five ( 2 1.3 percent) cf the 

mal es an a .£ 4 ( 24 . = percent) cf the fe 11ales exhibited this 

pattern of performance . 

To ccmpare the relative frequency cf cccurrence cf pat­

terns of arithmetic ferfcr&ance bet aeen the t ao samples , chi 



'IAELE 17 

crosstabulation: Performance on WISC-BA and WRA'I A 

WRAT A­

WRAT A+ 

WRAT A­

WBAT A+ 

Entire Sami:le 
WISC- RA- WISC-RA♦ 

7 1 

3 

74 

16 6 

E9 

Fe 11,ale.s Cnl y Males Only 
WISC-RA- WISC- RA+ WlSC- B A-WISC-RA + 

38 

2 

40 

126 

45 

171 

WRAT A­

WBAT A♦ 

33 

1 

34 

4C 

2 Lj 

74 
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square tests for independence were employed for the entire 

sample (see Table 18 ), for males (see Table 19) and fer fe­

mal es (see Tatle 20). Ncne cf the chi square tests \ ere 

significant indicating that there was no rel aticnshiF tet­

ween the sa~ple memtership and the frequency cf cccurrence 

of patterns cf arithmetic Ferfcrmance . Ho we ver , the chi 

square test for mal es only bordered on s i gnificance (see Ta­

ble 19). A smaller percentage cf the males in samfle 2 \Ere 

impaired on t oth measures of a r i t hmetic ferformance and a 

larger fercentage of the males in samfle 2 were not imFaired 

on either measure cf arithmetic Ferformance . 

gy~§! i o~ !=• f~g children with different £atterns ct ar­

ithmetic ~erformance be distin~ uishEd en the basis of their 

cognitiv e abilitie§? 

Profiles cf the means of the three ccgniti ve dimensions 

for the arithmetic groups were plotted for the entire sanFle 

(see Figure 4) and for each sex sefa r ately ( see Figure 5 

and Figure 6). Since only three su l:jects exhibited isolated 

deficits on the the WISC - RA, the data for this grcuF was 

considered unreliatle . Hence , the means of the cognitive 

variables for this group of children (see Table 21) were net 

plotted and they were net included in any of the data 

anaylses . 



TABLE 18 

Chi sguare Table: Comparison cf Samfles en Groups 

Patte~n cf Arithmetic Ferformance 
WISC- RA- WISC- RA- WISC- RA + WISC- RA + 

76 

WRA! A+ WRAT A- iRA! A- WRAT A+ Total 

1 0 38 71 2 1 130 

Samples-----------------------------------------------------

2 3 7 1 166 69 309 

Total 109 237 90 43 9 

Chi Sguare=4.41, 3 df , p< . 22 
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TABLE 19 

Chi Sguare !atle: Comparison cf Sam Eles en Groufs - Males Cnly 

1 

Fattern of Arithmetic Performance 
WISC-RA- WISC - RA- iISC-R A+ WISC-EA+ 
WRAT A+ WRAT A- WRAT A- WRAT A+ Tctal 

0 29 59 13 1C1 

Samples-----------------------------------------------------

2 2 38 126 45 211 

Total 2 67 185 58 3 12 

Chi Sguare=7 . 24 , 3df , p<.06 



TABL E 2 0 

Chi Square 1able: Comparison of Samples en Grcups- Females 
Only 

Eatte rn of Ar i thmetic Per forman ce 
WlSC - R A- WISC - RA- WI SC- RA + WISC - BA + 

78 

WRAT A+ WRAT A- WRA1 A- WRAT A+ 1ctal 

1 0 9 8 2S 

Samples---------------------------- - --- - ------ ------------- -

2 1 33 40 2 4 Sc 

Total 1 42 : 2 32 127 
Chi Sguare= . 42 , 3df, p< . 93 
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25 
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20 

Summed 

15 
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Verbal Spatial Memory 
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D - WRAT A- Only (N=166) 

- - WISC-R A- ;WRAT A- (N=71) 

Figure 4: Plot of the Means of the Cognitive 
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Dimensions by Group for Males 
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TAELE 21 

Means of tee Ccgnitive Dimensicns fer the Isolated WISC-FA­
Group 

Sampl e 

Entire 
Sample 3 

Males 2 

Females 1 

N Verbal Spatial Memory 

22 . 0 

22.0 

22 . 0 

17. 0 

17. 5 

16.0 

18.0 

19. 0 

16 . 0 
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To determine if the arithmetic groups differed en the 

cognitive dimensions, multivariate analyses of variance (MA­

NOVAs) were performed for the entire samfle and for each sex 

separately. The results of these analyses (see Affendix F) 

are summarized in Tatle 22 Table 23 and 1able 24 . 

Overa~l, each of the groups differed significantly from 

each other greuF on the Verbal and Memory dimensicns . Alt­

hough the grcups differed en the Sfatial dimension overall, 

the only fairwise group differences were between the group 

of children impaired on both arithmetic measures and the 

other two groups of children (iRAT A cnly and ncnimpaired). 

That is , the ~RAT A- only children and the ncnimpaired chil­

dren did net differ en these dimensicns. 

When only males were examined, the results were identical 

to those of the entire samfle . When females were examined 

separately , the results were identical tc those cf the en­

tire sam1le with the exceftion that the WRAT A- only group 

did not diffe r from the nonimpaired group on any of the cog­

nitive dimensions. However, en insfecticn of Figure€ it is 

apparent that the relative level of perfor~ance cf the 

groups is similar tc that cf the overall sample. 

On inspection of Figure 4 and Figure 1, it is affarent 

that the correspondence between severity cf cognitive defi-
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TABLE 22 

Summary of MANO VAs : Ccgnitiv e Dimensicns by Gr o up 

Group 
Compariscn 

WI SC - R A- ; 
WRAT A-

WISC - R A+ ; 
WRAT A-

WISC - R A+ ; 
WRAT A+ 

Ii ISC-R A- ; 
WRAT A-

WISC- RA + ; 

N 

7 1 

166 

E9 

7 1 

WRAT A+ 69 

WISC- R A- ; 
WRAT A-

WI SC- R A+ i 
7 1 

WRAT A- 166 

WISC- RA+ ; 
WRAT A-

WISC- R A+ ; 
1Q6 

WRAT A+ 69 

MANOVA 

Onivariate 
ANCVAs 
Level of 
Significance Le vel of 

Significance Vertal Spatial Memcry 

+++ 

+++ 

+++ 

+++ 

+++ 

+++ 

+++ 

+ + + 

+++ - p< . 00 1 
++ - p< . 01 

+ - p< . 05 

++ + +++ 

+++ +++ 

+++ +++ 

+++ 



TAELE 23 

Summary of MANOVAs: Cognitive Cimensicns by Grou~-Males 
Only 

Group 
Compariscn 

WISC-R A-; 
WRAT A-

WISC- R A+; 
WRAT A-

WISC - R A+; 
WRAT A+ 

WISC-R A-; 
WRAT A-

WISC- RA +; 

N 

38 

126 

45 

38 

WRAT A+ 45 

WISC - R A-; 
WRAT A-

WISC-B A+; 
38 

WRAT A- 126 

WISC-R A+; 
WRAT A­

WISC- R A+; 
WRAT A+ 

126 

45 

M ANOV A 
Level of 
Significance 

+++ 

+++ 

+++ 

+++ 

Univariate 
ANOVAs 
Level cf 
Significance 

Ver tal Spatial Memcry 

+++ ♦♦ + 

+++ +++ 

+++ +++ 

+++ 

+++ - p< . 00 1 
++ - p< . 0 1 

+ - p< . GS 

♦♦♦ 

+++ 

+++ 

++ 

85 
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'I AELE 24 

Summary of MANOVAs : Cognitive tim€nsicns by Grouf- Females 
On l y 

Group 
Compariscn 

WISC- R A-; 
WRAT A-

W.I SC-R A+; 
WRAT A-

WISC-R A+; 
WRAT A+ 

WISC- RA-; 
WRAT A-

WISC- RA+; 

N 

33 

40 

24 

33 

WRAT A+ 2 4 

WISC- R A- ; 
WRAT A-

WISC - R A+; 
33 

WRAT A- 40 

WISC- RA+; 
WRAT A- 40 

WISC- RA +; 
WRAT A+ 24 

MANOVA 
Level of 
Significanc€ 

++ 

+++ 

+++ 

Univariate 
ANCVAs 
L€vel cf 

Significance 
Vertal Spatial Memcry 

+++ +++ 

+++ +++ 

+++ +++ 

+++ - p<.00 1 
++ - p< . 0 1 

+ - p<.05 

+++ 

+++ 

+++ 
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cit and pattern of arithmetic deficit noted in Sa~fle 1 was 

also e vider.t fer samFle 2 . No children in Samfle 1 exhitit­

ed isolated deficits ot the iISC A, and cnly three children 

exhibited this fattern of performance in Sample 2 . The fat­

tern of cognitive abilities exhibited by these chi ldren dif­

fered £rem tte patterns ncted fer the ether three groups. 

1he means of the Vercal and Memory dimensicns for this group 

did not appear to differ from these cf the groui: with no ar­

ithmetic deficits . However , WISC-RA- cnly children ap-

peared to be 1tore impaired en 

either the nonimpaired group or 

This suggests that children who 

the Sfatial dimension than 

the WRAT A- only grcup. 

exhibit WISC-R A deficits 

show more Spatial impairment and l ess impairment of the Ver­

bal and Memory dimensions than children who cnly exhibit 

WRAT A deficits . This is the reverse cf what would be e x-

pected on the basis of information derived from the otserva­

tion of train- damaged adult pop ulatiens. However, gi ven the 

rarity of occurrence of the WISC-R !- cnly fattern cf arith­

metic performance (3/439) and the instability cf information 

derived from such a small sample , 

vie wed with extreme cauticn. 

these results must te 

guestion 5 ang 6:. What is the ccincidence cf £articular 

~atterns of cognitive abilities occurring with and without 

arithmetic (oial andLor written ) g~f~£~t3? 
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Tabulaticn of the frequency cf cccurrence cf the twelve 

fatterns of ccgnitive abilities is presented in Table 25. 

The six patterns containing scores cf equal magnitude cccur­

red less frequently (1 8 . 2 fercent cf the samfle) than the 

six patterns containing scores of oiffering magnitude (8 1. 8 

percent of the samfle) . The t\o hierarchical patterns of 

cognitive abilities (Verbal)Spatial>eemory and Spa­

tial>Verbal>Memory ) that occurred more frequently than any 

other pattern cve rall in samfle 1 also cccurred more fre­

quently than any other pattern in this samfle (1 9 .1 and 3 1.4 

percent of the sample , respectively). This was not true for 

each arith~etic grouf. Hcweve r, there was no significant 

relationship between group memtership and the freguency cf 

occurrence of the six hierarchical fatterns of cognitive 

abilities (Chi Square= 23 .1 2, 15 df , p< . C8). 

When only males were examined , the distributicn cf fat­

terns remained similar tc the cverall sample (see 1able 26) 

and there was no s ignificant relaticnshif tetween arithmetic 

group membership and the frequency cf cccurrence of the six 

hierarchical cognitive patterns (Chi square=23 .75 , 15 df , 

p<.07 ). •hen only females were examined , the distribution 

cf patterns cf cognitive abilities differed slighty from 

those of the overall sample ano tee males (see 1able 27 ). 

On inspection, it appeared that a smaller percentage of the 
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'IA ELE 25 

Crosst abu l a ti cn : Fattern of Cognitive Atility ty Gr ouF 

Pattern 
of 
Cogniti ve 
Abilities 

V>S>M 

S>V>M 

M>S>V 

S>M>V 

V>M>S 

M>V>S 

S=M>V 

V=S>M 

V=M>S 

S) M=V 

V>S=M 

M>V=S 

:Eer ­
Cent 
cf 

WIS C-RA- WISC- RA - WI SC- EA + WISC- RA + ~am-
WRAT A+ WRAT A- WRAT A- WRA'I A+ Total ple 

C 

0 

C 

1 

1 

0 

C 

0 

0 

0 

1 

0 

10 

21 

3 

13 

7 

2 

1 

3 

3 

3 

3 

2 

33 

57 

16 

24 

6 

6 

5 

4 

1 

10 

4 

0 

16 

19 

3 

4 

8 

3 

1 

8 

1 

1 

3 

2 

59 19 . 1 

97 31. 4 

22 7 . 1 

4 2 13 . 6 

22 

11 

7 

15 

t:: .., 

14 

11 

4 

7 . 1 

3. 6 

2 . 3 

4. 9 

1 .6 

4. 5 

3 . 6 

1. 3 
----------------------------~-------------------------------
'I otal 3 71 166 

V=Verbal 
S=Sfat ial 
M=Memory 

69 3C9 
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females , as compared to the males exhitited fatterns with 

superior SFatial abilities. However , there was nc signifi­

cant relationship between arithmetic grcup membership and 

the frequency of occurrence of the six hierarchical patterns 

of cognitive abilities ~hi Square=1q . 2e, 10 df , p<.16) for 

the females. 

These findings were similar to the findings for the Neu­

ropsychclogy Clinic samfle in that , cverall, the arithmetic 

groups did not differ on the frequency cf occurrence cf the 

six hierarchical fatterns of ccgnitive abilities . In both 

samples, this finding held true when each sex was e xamined 

separately. !he distribution of patterns of ccgnitive atil­

ities resembled that of the overall sample for males but 

differed slightly from that of the overall sample for fe­

males in each samfle . 

Although the findings within each sample wer e si~ilar, 

there did apfear to be a difference between the samples on 

the frequency cf cccurrence of the six hierarchical patterns 

of cognitive abilities (Chi Square= 15.:6, 5 df , p< . 008). 

From inspection of Table 28 , the samfles appear to differ 

most markedly en the freguency cf ccctrrence of the Ver­

bal>Spatial>Memcry pattern (30 . 8 percent of sample 1 versus 

1 9. 1 percent cf Sample 2) and the Sfatial>Memory>Verbal fat­

tern ( 4.6 percent of Sample 1 versus 13 . 6 percent cf Sample 
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TAELE 26 

Crosstabulaticn : Pattern of Cognitive Atility ty Grcuf-Nales 
Only 

Pattern 
of 
Cogniti ve 
Abilities 

V>S>M 

S)V>M 

M)S)V 

S>M> V 

V>M>S 

M>V>S 

S=M>V 

V= S>M 

V=M>S 

S>M= V 

V>S=M 

M>V=S 

Per­
cent 
cf 

WISC- RA - WISC-RA-WISC- BA + ~ISC - R A+ Sam -
WRAT A+ WRAT A- WEAT A- WRAT A+ Tctal fl€ 

0 

0 

0 

1 

1 

0 

0 

0 

0 

0 

0 

0 

6 

13 

0 

10 

3 

0 

0 

2 

2 

0 

1 

1 

53 

8 

19 

c; 

3 

3 

4 

0 

7 

3 

0 

V=Vertal 
S=Sfatial 
M=Memcry 

13 

14 

1 

3 

3 

2 

0 

6 

0 

1 

1 

1 

4C 

80 

s 

12 

3 

12 

2 

e 
c; 

2 

15 . 0 

37 . 9 

1: . 6 

: . 7 

2 . 4 

1 . 4 

:.7 

. 9 

2.8 

2.4 

.9 
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Crcsstat ulation: Pattern of Cognitive Ati l ity by 
Gro up- Females Cnly 

52 

Per-
Pattern cent 
of of 
Cogniti ve WISC-RA-WISC-RA-WISC-RA+ WISC -RA+ Sam -
Abil ities WRA T A+ WBAT A- WEA'I A- WRAT A+ 'Ictal Fle 
--------------------------------------------------------------
V>S>M 0 4 12 3 19 19 .4 

--------------------------------------------------------------
S>V>M 0 8 4 5 17 17.3 
--------------------------------------------------------------
M>S>V 0 3 8 2 13 13 .3 
--------------------------------------------------------------
S>M>V 0 3 1 9 9 . 2 

------ --------------------------------------------------------
V>M>S 0 4 1 5 1C 10.2 
--------------------------------------------------------------
M>V>S 0 2 3 1 E 6. 1 
--------------------------------------------------------------
S=M>V 0 1 2 1 4 4 .1 
--------------------------------------------------------------
V=S>M 0 1 C 2 3 3 . 1 
--------------------------------------------------------------
V=M>S 0 1 1 1 3 3 . 1 
--------------------------------------------------------------
S>M=V 0 3 3 0 6 6. 1 
-------------------------------------------------------------
V>S=M 1 2 1 2 6 6 . 1 
-------------~-----------------------------------------------
M>V=S 0 1 C 1 2 2 . 0 
---------------------------------------------------·---------

V=Vertal 
S=Spatial 
M=Memcry 
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2). The differences in percentage of cccurrence of these 

patterns is consistent with the mean differences between the 

samples on the Verbal and Memory di~ensicns . 

When cnly ILales 

relationships noted 

Sguare=20.09 , 5 d£ , 

aere examined ( see Table 29), the same 

for the entire sam i:le held true (Chi 

p<.001). However , when cnly females 

were examined (see Table 30), there aas nc relationship tet­

ween sami:le membership and the frequency cf cccurrence of 

the six hierarchical patterns cf ccgniti ve abilities (Chi 

Sguare=1.64 , 5 df, p<.89). 

~~§!!on]:. QQ children with cral andLor written §I~th­

metic deficits also exhibit other acade mic deficits? 

The frequency of occurrence cf reading and si:elling defi ­

cits within the four arithmetic grcups was tatulated . 1he 

resu lts of the ccmi:arisons between the arithemtic groups on 

the frequency of occurrence of reading and spelling deficits 

are presented in !able 3 1 and !able 32 , respectively. Cf 

the 3 children who were impaired only en the WISC - B A 2 

children (1 male and 1 female ) exhibited reading deficits 

and 1 male exbit ited a spelling deficit . All of the chil­

dren (36 mal es and 31 females ) who were impaired on beth the 

WRAT A and WISC-RA also e x hibited reading and spelling de­

ficits . Of the one hundred and six ty children who ~ere cnly 
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Crosstabulaticn : samfles by Pattern of Cognitive Atility 

Pattern 
of 
Cognitive 
Abilities 

V>S>M 

S>V>M 

M>S>V 

S>M>V 

V>M>S 

M>V>S 

Patterns 
with two 
scores of 
egual 
magnitude 

N 

40 

38 

6 

14 

6 

2 1 

Samfles 
1 

Percent 
of 
Samfle 

30 . 8 

29.2 

3.8 

4.6 

10 . 8 

4. 6 

16 .1 

N 

ss 

97 

22 

42 

22 

11 

56 

2 

Percent 
of 
Sample 

19.1 

31 . 4 

7.1 

13.6 

7.1 

3 . 6 

18.2 

Total 

99 

135 

27 

48 

36 

17 

77 

94 



TAELE 29 

Chi Square Table: Samples ty Pat tern of Ccgnitive 
Atility-Males Cnly 

Pattern 
of 
Cognitive 
Abilities N 

Samples 
1 

Percent 
of 
Sample 

2 

N 

Percent 
of 
Sample Total 

95 

-----------------------------------------------------------
V>S>M 

S)V)M 

35 

34 

34.7 

33. 7 

40 

80 

19 .C 

37. 9 

7 5 

--------------------------------------------------------·--
M>S>V 2 2 . 0 s 4 . 3 11 

-----------------------------------------------------------
S>M>V 

V>M>S 

M>V>S 

3 

9 

5 

3.0 

8 . 9 

5 . 0 

33 

r:: 

15 . 6 

5. 7 

2 .4 

3E 

1 C 

-----------------------------------------------------------
Fat terns 
with two 
scores of 
equal 
magnitude 

13 13.0 15 . 1 45 

-----------------------------------------------------------



TABLE 30 

Chi Sguar€ !atle: Samfles by Patte r n of Cognitive 
Ability - FemalES 

Samples 
1 2 

Pattern 

96 

of 
Cognitive 
Abilities N 

Percent 
of 
Sample N 

19 

17 

13 

Fercent 
of 
Sample Toa tal 

V>S>M 

S>V>M 

M>S>V 

S>M>V 

V>M>S 

M>V>S 

C 

4 

3 

3 

C 

1 

17. 2 

13.8 

10 . 3 

10 . 3 

17. 2 

9 

1 0 

6 

19.4 

17. 3 

13 . 3 

9 . 2 

10 .2 

6 . 1 

24 

2 1 

16 

12 

15 

7 

-------------------~-------------- --------------------------
Patterns 
with t liO 

scores of 
egual 
magnitude 

8 30 . 9 24. 5 32 
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impaired on the WBAT A, 90 percent (1 10 males ana 34 fe ­

males) exhibited reading deficits and 9C percent (1 12 males 

and 32 females) exhitited Sfelling deficits. Cf the sixty­

four ncnimpaired children 60 . 9 percent (27 males and 12 fe ­

males ) exhibitec readins deficits atd 6C . 9 percent (27 males 

and 12 fema l es) exhitited Sfelling deficits. 

overall , each arithmetic group differed £ :r em each ether 

arithmetic grcuf en the f:reg uency cf cccurrence of reading 

and spelling deficits. When males and f emales were exaained 

separately , the t wc groups that were imfaired on the WEAT A 

differed from the nonimpaired group in terms of freguenc 1 of 

occurrence of reading and spelling deficits but did net cif­

fer from each ether . 

The se findings are consonant with the findings for the 

Neuropsychclcsy Clinic samFle (see 1able 11 and ~able 12). 

The majority ( ~11/227) of the WFA1 A- children alsc exbitit­

ed deficits in reading and spelling with 100 fercent cf the 

children who exhitited deficits en beth the WEAT A and 

WISC- RA also exhibiting reading and spelling deficits . The 

occurrence cf childr en exhibiting ~fecific arithmetic defi­

cits ( approximately 7 fercent ) was slightl y less frequent 

than the occurrence of children exhititing :reading and/or 

spelling deficits in the absence cf ari t hmetic deficits (ap­

f:toximately 8 percent) . 
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Summary cf z lests: Grcuf by Reading Deficit 

Beading Total 
Deficit Gi:cup 

Sample Group Ccmparison N N 

Entire 
Sample 

ijISC-R A-;WRAT A­
W1SC-R A+;WRAT A+ 

wisc-R A-;WRAT A­
WISC-E A+;WRAT A-

67 
39 

67 
144 

WISC-R A+;W RAT A- 144 
wisc-R A+;WRAT A+ 39 

E7 
E4 

67 
1E0 

H:0 
64 

z F 

4.76 S 

2 .68 s 

5 . 65 S 

-----------------------------------------------· 

Males 

WISC-R A-; WRAT A­
wISC-R A+;WRAT A+ 

36 
27 

WISC-E A-;WRAT A- 36 
WISC- R A+;WRAT A- 11 0 

WISC-R A+ ; WRAT A- 11 0 
WISC-R A+;W RAT A+ 27 

WISC-E A-;WRAT A­
WISC- R A+;WRAT A+ 

3 1 
1 2 

Females iISC- R A-;WRAT A­
iISC-R A+;WRAT A-

3 1 
3 4 

WISC-F A+;W RAT A­
WISC-R A+;WRAT A+ 

34 
1 2 

36 
40 

26 
120 

120 
40 

3 1 
24 

3 1 
40 

40 
24 

3.76 S 

1. 7 9 NS 

3 .77 S 

4.45 S 

2 . 25 NS 

3 . 0 1 S 

98 
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Suffi~ary of Z Tests: Groups ty Spelling Deficit 

Spelling 'Ictal 
Deficit GrCUf 

Sample Grcup Ccmfariscn N N z p 
------------------------------------------------

WISC-R A-;WRAT A­
iISC-E A+;WRAT A+ 

67 
39 

E7 
E4 

5 .69 s 

----------------------------------------
Entire WISC-E A-;WR!T A- 67 

WISC- R A+;WRAT A- 144 
E7 

16 0 
2.68 S 

----------------------------------------WISC-R A+;WRAT A- 144 
WISC-R A+;WR!T A+ 39 

1 60 
E4 

5 . 08 S 

------------------------------------------------
WISC-E A-;WRAT A­
WISC-R A+;WRAT A+ 

36 
27 

36 
40 

3 .76 S 

----------------------------------------
Males WISC-R A-;WRAT A- 36 

iISC-E A+;WRAT A- 112 
36 

12 0 
1. 59 NS 

----------------------------------------
WISC-E A+;WRAT A- 11 2 
WlSC- R A+;WRAT A+ 27 

120 
40 

4.19 S 

-------------------------------------------------
WISC-E A-;WRl T A­
WISC- R A+;WRAT A+ 

Females WISC-R A-;WRAT A­
WISC-B A+;WRAT A-

WISC- R A+;WRAT A­
WISC-R A+;WRAT A+ 

3 1 
12 

31 
32 

32 
12 

3 1 
24 

3 1 
40 

40 
24 

4.45 S 

2 .45 NS 

2.76 S 

------------------------------------------------

99 
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To ccmpare the relative freguency cf cccurrence of read­

ing and spelling deficits in the two samFles, chi sguare 

tests of independence were emFlcyed (see Table 33 and Table 

34). There was no relationship tetween the samfles and the 

occurrence cf reading or spelling deficits overall or for 

males or females. 
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'IABLE 33 

Summary cf Chi Squares: Frequency of Beading teficit ty 
Sami:le 

Sample 

All 

Males 

Females 

Ccmi:arison 

Sami:le 1 

Sami:le 2 

SamflE 1 

Sample L 

Sami:le 1 

Sami:le 2 

Reading 
Deficit 

N 

11 5 

266 

90 

186 

25 

80 

No 
Reading 
Deficit 

N 

15 

43 

11 

25 

4 

18 

Ccrrected 
Chi 
Square 

. 26 

. 003 

. 08 

df p 

1 <. 60 

1 <.95 

1 <. 76 
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Discus s ion 

lt appears that the twc samfles cf children investigated in 

this study were not drawn from the same fOpulation of learn­

ing disabled children . Theoretical l y, these saffiples may be 

expected tc differ since cne sample ~as drawn from a primary 

referral source within the school system (sample 2 ) and the 

other was drawn frcm a seccndary referral source outside the 

school system (sample 1) . Eeferrals within the schocl sys­

tem would be exfected to include a full range of learning 

problems, from mild to severe , whereas this seccnaary refer­

ral service would deal frirearily with children whose learn­

ing problems have proven severe , chrcnic and resjstant to 

remediation or in whcm the presence cf brain damage is e ith­

er known or suspected. 

The results cf this study suggest that the frequency of 

occurrence of acad€mic deficits (reading , spelli~g and ar­

ithmetic) in ttese samfles does net diff e r. However, there 

do appear to be mean differences on th e Verb a l and Memory 

dimensicns which are reflected in differences in the fre­

quency of cccurrence cf patterns of ccgnitive atilities . 

The schccl system sample had lower mean scores en the Verbal 

and Memory dimensions than the Neuropsychclogy Clinic sam­

ple. This may suggest that mere children with se vere lan-
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guage and Memory (verbal learning) Frotlems , whic h wcu l d be 

expected tc be r elated to academic achievement deficits , are 

referred within the schocl system than are referred to ex­

ternal secondary agencies . 

In the alternative , these aFFarent FCFUlation differences 

may have resulted as a function cf the test instru~ents em­

ployed for each sauple (i . e ., WISC versus WISC-R) and may 

not refl ect actual differences between the t wc pcFulations 

per se. Although the WISC and WISC-R were designed tc uea­

sure the same atilities and share many cf the same items , a 

number cf studies have shown that the WISC-R typically 

yields lower IQ scores than does the WISC (e.g. , Doppelt and 

Kaufman , 1577; swerdlik , 1577). ibis is thought to primari ­

ly reflect changes in the normative fopu l aticns over the 

course of a generaticn with the WI~C- R raw scores inclining 

at a steeper rate across age the WlSC raw scores (Kau faan, 

1 979) . If this was the only difference between the measures 

and it held true for each subtest , it ~culd be expected that 

the rank crdering of the scores wou l d remain identical th us 

not affecting correlations with ether measure s . Ho we ver , 

the magnitude of the discrepancies tetween the WISC and 

WISC- R Verbal, Ferformance and Full scale IQ scores tend to 

vary {Kau fman , 1979) suggesting that the magnitude of dis­

crepancy for indi vidual s ubtests may also vary an d may af-
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feet the rank ordering of scor€s . 1hese differences bet \ een 

the individual subtest scores could pctentially result in 

the differences between the samfles ebEerved here . 

Desfite the observed differences tetween the twc samfles, 

a number cf general ccnclusicns can be drawn from the re­

sults of Phases I and II cf this research . 

] : 

It appears that the Verbal and/er Memcry cognitive di~en­

sions ccntri bute consistently to beth written and oral ar ­

ithmetic performance , and account for apfrcximately 40 f e r­

cent of the variance in these measures. Ihis finoing 

supports pre vious research in which beth Ve rbal and ~emery 

abilities ha ve consistently been found tc te related tear­

ithmetic perfcrmance . The Spatia l ccgnitive dimension did 

not contribute to the variance acccunted for in either the 

WRAT A or ~ISC A in the Neurofsycbolcgy Clinic sample but 

did share variance with the WISC-EA in the Scheel Beard 

sample . This s uggests that Spatial ability does not play as 

important a role in written ar ithmetic perfermance for 

learning disatled children as may be inferred from the clin­

ical eva luation of train damaged acults and the studies by 

Rourke and bis asscciates (1 S78) . In addition , these re -

sults suggest that some visual-spatial abilities (FErlafs 
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visual imagery as suggested by Clement:: (1 980)) may play an 

important role in the solving cf arithmetic story frotlems. 

1he finding that apfroximately 60 percent of the variance 

remained unaccounted fer suggests that ether factors are in­

fluencing arithmetic performance . 

Dividing the cverall samples by age and sex resulted in the 

formaticn cf small groups . These small samfle sizes •Culd 

be expected tc af fect the reliability of the analyses. How­

ever, some general consistencies were ncted across the two 

samples . 

! )• The results for males cnly were very similar to the 

r esults for the entire samfle . Thi:: would be expected since 

males made up the tulk cf each ::amfle (samfle 1: 

sample 2: 21 1/309) . 

10 1/ 130; 

§) . When cnly fema les were examined, the cognitive di­

mensions acco unted for more of the shared variance with the 

arithmetic measures than was acco unted tor wh en cnly aales 

were exa~ined. ~his suggests that arithmetic performance 

may be mere dependent on these c ognitive dim ensions i n fe­

males t han mal es . 
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g. The ccgnitive dimensions accounted for less of the 

variance shared wjtb the WRAT A fer males aged 10-11 years 

than for ycunger (ag e 8- 9) or elder (1 2-14 years) males. 

This suggests that performance on the WRAT A may be less de­

pendent en these cognitive dimensicns at this age than be­

fore or after . 

R). Only the Verbal cognitive dimensicn and/or the cog­

nitive dimension of Memory shared variance with the arith­

metic measures for younger (age 8- 9 years) and older (1 2-14 

years) males. 

J: 

It appeared that very few children imFaired on the WISC(B ) A 

(orally presented story problems) performed adeguatel 1 on 

the WRAT A ( written calculations). However, the majority of 

children in each sami:le (i. e ., samfle 1 - 54 .6 percent; sam­

fle 2 - 53 . 9 percent) exhibited discrefant ferformance on 

these measures fa vouring performance on the WISC (R) A. 

Since tcth cf these subtests are standardized by age , 

such a discrepancy may not be expected . However, as ncted 

by Ackerman, Dykman and Peters (1 Si 6), the level cf cfera­

tions involved differs between the tijc measures. On the Ar­

ithmetic subtest of the WISC-R, any child wbc is atl e to 

perform rudimentary addition and subtraction froblems can 

attain a r aw score of 9 (me an for E years O mcnths) . The 
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ability to ferfcrm simfle multiflicaticn and divisicn f ich­

lems would result in a raw sco r e of 13 (a standard score of 

9 for a 14 year old). The items en the WRAT A increase in 

difficulty much more guickly . Tc ferfcrm at grade level an 

eight year old would need to be able tc perform addition and 

subtraction of one and two digit whcl e numters . A 1~ year 

old would net cr.ly need to be able tc perform multidigit ad­

dition, subtraction, multiplicaticn (with and without tor­

rowing/ carrying) and long di visicn (w ith and without re­

mainder) but also apply these operaticns to like and unlike 

fractions and deacnstrate a knowledge cf measurement con­

cepts. 

Thus , it appears that the pattern cf deficit cn the two 

measures may reflect a severity cf arithmetic deficit dimen­

sion . That is, children who are impaired on toth measures 

may be exhibiting a mere severe arith~etic disorder than 

those only impaired on one measure. 

It appears that groups of children with different patterns 

of arithmetic per formance can be distinguished en the tasis 

of their cognitive atilities. In tcth samples , each of the 

groups differed from each other group en the Vertal and Me­

mory dimensicLs and the groups differed en the spatial di-
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mension overall. Ho wever , in the Neurcpsychology Clinic 

sample, ne twc groups differed sigtificantly on this dimen ­

sion whereas in the School Board samflE , the only two grcufs 

which did net differ significantly en this dimension were 

the unimpaired group and the WBAT A- only gro up. Althcugh 

the overall fatterns of cognitive abilities of the greups 

differed slightly for the two samfles, the relationship tet­

ween the groups on the level of perfcrmance remained ccns­

tant. In toth samples, it was appar ent that the gro up im ­

paired en both arithmetic measures exhibited the pocrest 

performance en the cognitive di ~ensions and the unimpaired 

group e xhibited the best performance on the ccgnitive dimen­

sions . The perfcrmance cf the grcuf impaired on l y on the 

WBAT A fell in between. This suggests a corresponaence tet ­

ween severity cf ccgnitive deficit and se verity of arithmet ­

ic deficit . 

The o verall pattern of perfcrmance on the cognitive di ­

mensions exhibited by the three chil dren who were impaired 

only on WISC (R) A subtest differed frcm the patterns of the 

other three groups and was the opposite of what would te ex­

pected from information derived frc~ the clinical evaluation 

of brain- damaged adults . That is, this group was less im­

paired on the Verbal and Memory dimens i cns and mere impaired 

on the Spatial dimensions than the grcup of children exhi-
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biting isclated WBAT A deficits . However , given the rarity 

of occurrence of the WISC (B) A- only pattern these results 

must be vie wed with extreme cauticn . 

~: 

!here did net appear tc be a relationship tetieen specific 

hierarchical fatterns of ccgnitive abilities and patterns of 

arithmetic ferformance . Jn the Neurcpsychclgy Clinic sam­

ple, the Vertal>Spatial>Memory and Sfatial>Verbal>~emory 

patterns occurred more freq uently than any ether hierarchi­

cal pattern in each gro u p b ut there was no relationshiF tet­

ween grou p memtership and t he frequency cf occurr ence of the 

six hierarchical patterns of cognitive abil ities . In the 

School Beard sample, the Verbal>Spatial>Memor y and Spa­

tial>Vertal>Memory patterns occurred mere freguently than 

any other hierarchical pattern overall and for the unim­

pair ed and the WRAT A- cnl y g r oups b ut were not the most 

frequently occ urring patterns for the ether t we grccps. 

However, there did net appear tc be any significant rela­

tionship t etween gro up membership and the frequency of oc­

currence of the six hierarchical patterns of cegnitive atil­

ities. 

These results , taken in conjun cticn with pr e vious find­

ings , suggest that pattern of ccgnitive abilities ~a s not as 
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strongly relat€d to arithmetic deficit as the level cf ccg­

nitive ability was. 

It appears that most children with written arithmetic d~fi­

cits also exhibit deficits in r€ading and/or Sfelling ( Eam­

ple 1 - 10L/ 1 08; sami:le 2 - 2 11 /227). In both samples , all 

children ~ho were impaired on toth arithmetic measures also 

exhibited reading and spelling deficits on the WRAl. lhis 

partially supi:crts the cbservaticn cf Ackerman , D}kman and 

Peters (1 976) that children with general learning deficits 

(as measured by the WRAT ) exhibit a le ver mean score on the 

WISC A than chil dren with specific deficits . However , ap -

proximately 90 percent of the children who exhitited isclat­

ed deficits en the WRAT A alsc exhibited reading and/or 

speiling deficits . Of the children who did not exhibit ar­

ithme tic deficits on either measure, approximately 6C fer­

cent exhibited reading and/or si:elling deficits . 

These re s ults suggest that the majority of clinic refer­

r9d children exhitit seneralized learning disabilities and 

that specific deficits in reading and/or spel ling cccur 

slightly mere frequently (approximately 9 percent) than do 

specific arithmetic deficits (approximately 7 percent). 
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PHISE III 

The findings in Fhases I and II of this resEarch have 

provided scme general infcrmaticn ccncerning the cognitive 

correlates of arithmetic performance in heterogeneous grcups 

of clinic- referred children and have frcvided the basis for 

the generaticn of some tentative hypotheses ccncerning the 

relationships ctserved. Hcwever , this information is neces­

sarily limited. The arithmetic measures emplcyed en Phases 

I and II, although varying in terms cf mcde of presentation 

and respcnse, appeared to differ in terms of level cf ccm­

plexity . In acdition, these measures assessed only a narrow 

sampling of a broad range of arithmetic tasks . Thus, it was 

not possitle tc systematically examine the areas cf arith­

metic deficit er tyfes of calculation errors made in rela ­

tion to pattern of cognitive functicning . 

In this investigation of children with arithmetic defi­

cits, a case study approach was adopted and was criented to­

ward investisating further scme cf the relationships ob ­

served in Fhases I and II . In acditicn, the pcssitility 

that types cf arithmetic deficit ma 1 be related to cognitive 

functioning was examined. 
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S£ecific Questions tc be In~estigated 

Does the 2attern cf £erfcrmance Qll !h~ J£­

ithmetic subtests of the iISC(R) and WBA~ re£resent a sever­

ity dim~nsion? 

QY~§!i£!! J: Dees the Eattern of Eerfcrmance f~ 1~~ !!l1h­

metic subtEsts £1 !h§ WISC and WiiAT corres_£cnd !.Q .§ §~]!!l-11 

of cognitive §t!i~i! dimension invclving Vertal ~D~ H§!Q!Y 

E:.!2i1.i1.i~§? 

Q~g§j;ifn ]: In some cases, dces £CCr Eerformance on the 

Arithmetic subtest Qf !hg ]!~~ (~) ~~§Yli s§ a function of 

task demands (most ~Q!~~lY verbal memory), ~§ has teen sug­

gested in brain damaged adults , rather :tbs!! g.§ a function of 

inadeguate arithmetic knowledEe? 

Q~g§!!QD ~: Do the t12es cf errors made bj children on 

arithmetic and arithmetic- related tasks ccrresfond to ~ner­

sl cg_gnitive deficits? 

§g!!j~£1§: 

The learning assistance and learning disatility class teach­

ers at two schools in the Gieater Victoria School District 

(No. 61) were asked to identify children who were e1pe:rienc­

ing difficulty learning arithmetic. A letter describing the 
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nature of the study was sent to the farents of each child 

asking permission to administer a variety of ccgnitive and 

arithmetic tests tc their child. In exchange for their far ­

ticipaticn , a report on the child ' s performance en tlese 

measures was forwarded tc the classrcom teacher. 

Eighteen (15 males and 3 females) children ranging in age 

from 9 tc 13 }ears took part . 

!:~~~~!!f§: 

Each child was 

i thmetic tests 

administered a tattery of cogniti ve and ar ­

(see Tabl e 35 ) in the order indicated . Addi-

tional ccgnitive measures (see '!'able 36) were selectively 

administered fo llowing administraticn of the i nitia l battery 

to amplify the nature of the ccgnitiv e functioning of tlese 

children. In additicn, infcrmal assessment cf arithmetic ­

related tasks (see 'Table 37 ) was carried out with the cl:il­

dren from the second schccl. 

The assessments took place in the schccls during school 

hours . Each child was seen individually for twc tc tr.ree 

hours in an unused s chocl rccm (e .g., nursing room, science 

room) . Care was taken to try to provide an Oftimal testing 

situation . In some cases , this resulted in minor deviations 

in the testing procedures between children (e . g., alloijing 

extra break time). 



TABLE 35 

List of Cognitive and Arithmetic T€sts 

1. WISC- E - Similarities 
2. WISC- R - Arithmetic 
3. WISC-R - Ilock Design 
4. WISC- R - Vccatu lary 
5 . WISC- B - Cbject Assembly 
6. WISC- R - Coding 
7 . WISC - B - Digit Span 
s. WR A1 - Reading 
9 . WRA1 - Spelling 

10 . WRA1 - Arithmetic 
11 . Token Test for Children (DiSimcni, 1578 ) 
12. Spatial REasoning subtest cf the Hiskey- Nebraska 

11 5 

Test of Learning Aftitude 4Hiskey , 1966 ) 
13 . Revised Vis ual Retention Test (Eentcn, 1974) 
14. Rey Audi tcry Verbal Learning Test (Taylor , 195 9) 
15 . Keymath Diagnostic Arithmetic 1est 

(Ccnnclly , Nachtman and Pritchett , 197 7) 
- Numeration 

1 6. - Gecmetry and Symbcls 
17 . - Addition 
18. - s uttraction 
19. - Multiplication 
LO. - Wcrd Problems 
2 1. WISC-B Arithmetic (with paper and fencil as 

aids ) 
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TAELE 36 

List cf Additicnal Ccgniti ve Tests 

1. Auditcry Discrimination Test (Wepma n, 1958) 
2. Sentence Repetition Test (Gaddes and Crockett, 197 3) 
3. Ccntrclled Word Association Test (Gadde s and Crockett , 

1973) 
4. Auditory Associaticn subtest of the Illincis Test of 

fsychololinguistic Abilities (ITPA) 
(Kirk, McCarthy and Kiik, 1568) 

5. Embedded Figures Test (Spre en and Gaddes, 1969 ) 
6 . Visual Sequential Memcry subtest of the l lPA 
7. Right-Left orientation Test (Sfreen and Gaddes, 1969) 
8 . Viscal Association suttest of the ITPA 
9. Cclcure d Progressive Matrices (Raven , 1977) 

10. Picture Arrangement suttest of the aISC- R 



117 

TAELE 37 

Informal Arithmetic Assessment Items 

1. WRITING iOMBERS* 
Write down the numbers I say . 
A} 7,9,3; 3 , 5 ,7 (1 0 sec . per number group) 
B) 17 and 71; 69 and 96 ( 10 sec. fer number group} 
C) 27 , 34 ,1 58,39€ , 9€45 (1 0 sec . per number) 

2 . REACING NUMBERS* 
REad these numters . 
A) (CARD A) 7,9 , 3 , ; 3 , 5 ,7 (1 0 SEC. per greup) 
B) (CARD B) 17, 71, 69 , 96 (1 0 sec. per numbe r ) 
C) (CARD C) 27,34,1 58 , 396 , SS45 (1 0 sec. pe :c number) 
D) There are 3 numbers on this card (CARI: D) ,rransed 

£rem tep tc bottcm. 
Read each number as a whclE numter . 
(If, on 158, the child says 1-5 - 8 , say I want you 
to read this as if it were just cne number) 
(allow 20 sec . per item). 

158 ; 396 ; 1 023 

3. NUMBEE S1EUCTURE* 
Tell me which number is larger (bigger ). 
(Allow 10 sec. per item) 
17 er 68; 23 or 56; 189 or ~0 1 
Look at this card (CARD E) ana show me , by feinting , 
which of the top t wo numbers is the l arger. 
Which cf the tcttcm two? • 
(Allow 10 sec . pe r item). 
189-201 1967- 3002 

4. PLACE VALUE CONCEPT (CA RD C) 
Lock at this number (indicate 27) . Which digit is in 
the ones i:lace? 
Look at this number (indicate 34). Which digit is in 
the tens flace? 
Lock at this number (indicate 396 ). How many hundred s 
are there? 
Look at this number (indicate 984:) . How many 
thousands are there in this n umber? 
Look at his numbe r (indicate 1:8). Th e 5 i s ir. which 
place? 
The 8 is in which place? The 1 is in which place? 
(Present all cf the numters en CARI: C). Which numt er 
has a 5 in the ones place? 
Which numter has an 8 in the hundreds place? 
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5 . NUMEER SEQUENCES 
A) (Present CARD F) Which number gees in the blue tox? 

2 ,4, ,8,10 
B) (Present CARD G) Which rumber gees in the tlue box? 

6 , 9, 12 , ,18 
C) (Present CARD H) Which number gees in the l::lue tox? 

4,8 ,1 2 , , 20 
D) (Present CARD I ) Which number gees in the blue box? 

5 ,10,1 5 , , 25 
E) (Present CABD J) Which number goes in the tlue tox? 

30 , ,50,60,70 
F) (Present CARD K) ihich number goes in the tlue box? 

750,760,770, ,790 
G) (Present CARD L) Which number goes in the tl ue tox? 

9 , 8 ,7, , 5 
H) (Present CARD M) Which number goes in the tlue tox? 

22 , 21, ,1 9 ,1 8 
I ) (Present CABD N) Which number goes in the tlue tox? 

20, ,1 6 ,14,1 2 
J) (Present CARDO) Which number goes in the blue tox? 

95 , , 85 , 80 ,75 
K) I want you to cou nt by 2s like this, 2 ,4 ,6, and 

so on. start from 2 and acd 2 each time . 1f tbe 
child makes an errer say, "No , it is not 
What is (give the previous correct resfonse ) 
plus 2 . Stop at 20 . 

L) Eefeat the above (K) instructions for 5s , 10s, 3s. 
M) * I want you to count backward frcm 50 by 3s like 

this , 50,47,44 and so on . ~tart from 50 and 
subtract 3 each time . (If the child makes an 
error say , " No ; it is r.ct ihat is 
(gi ve the previus correct response) minus 3?") 
(Allcw 60 seconds). 

*Adafted from the Luria- Nebraska Children ' s Battery, 
c . J. Golden University of Nel::raska Medical Centre, 
Omaha , Netraska. 
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The subjects were grouped according tc pattern cf arith ­

metic defi cit a nd pattern of cognitive atilities as defined 

in Phases I anc II cf this resea r ch ( see Table 38). Eight 

(44 .44 percent) of the children were imfaired en beth arit h­

metic measures and eight (44. 44 percent) of the children 

were impaired cnly cn the iRAT A. 'l wc (11.11 percent ) of 

the children did not show arithmetic deficits on either of 

these meas ures . 

~Y~§!iQD j:. To investigate the fossitility that the 

pattern of perfcrmance on the t wo a r ithmetic measure s repre ­

sents a se ve r ity dimension , two approaches we r e ta ken . 

First , the grade scores attained by each subjec t on t he six 

subtests of the Keymath Diagnostic Arithmetic Test (KDAT) 

were s ubtracted frcm the e xpect ed gr ade score (based on age) 

for the s ul:ject . 

ed in Appendi x G. 

were then a veraged 

(see Table 39) . 

The raw grade scor es em f loyed are pr esent ­

The difference sccres for each s uttest 

for eac h of the three arithmetic groups 

The second approach taken was tc tat ulate 

the freq uency cf occu rrence of calculation errors made on 

the KDAT problms involving additicn , s ubtraction and multi­

plication of whcl e numbers . Tarulations of the freguency cf 
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TABLE 38 

Patterns cf Performance on iISC - R A, i RA! A and Cogniti ve 
Dimensions 

Pattern 
of 
Cognitive 
Abilities 

1. S) V)M 
2. S> V>M 
3 . V=S>M 
4. S>M>V 
s. S> M>V 
6. S>M> V 
7 . V>M>S 
a. S> V>M 

9. S> V= M 
10 . S> V>M 
1 1 . S) V)M 
12. S> V=M 
13 . S> V>M 
14. S)V)M 
15 . S> V=M 
16. V>S>M 

17. S>V>M 
18. V>M>S 

WISC- R A-; WRAT A-

Age Sex 

13 M 
12 M 
10 M 
12 M 
13 M 
13 M 
11 M 
11 M 

iISC- R A+ ; W RAT A-
-----------------

13 M 
11 M 

9 M 
11 !'I 
9 M 

10 M 
10 M 
10 F 

WISC - R A+; WR AT A+ 

------------------
11 F 
11 F 
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occurrence of errors rrade by each subject are presented in 

Appendix H. 

On inspecticn of lable 39, it appeared that the pattern 

cf performance on the WRA ~ A and wisc-B A dces represent a 

severity of deficit dimension. On each subtest of the KDA1 , 

the children wtc were impaired en beth the WISC-BA and WBAT 

A were achieving farther below their expected grade level 

than the children wbc were cnly impaired en the WRA1 A. en 

t he average , the children who wer e imfaired en beth arith­

metic subtests were performing apprcximately 4.5 years tel cw 

expected grade level wherea s the children who were impaired 

only on the WBAT A were performing approximately 2.5 years 

below expected srade level. The children in the nonimpaired 

group performed near or above grade level on all cf the sub-

tests . In acditicn, the children iho ijere impaired on toth 

Arithmetic subtests made more calculaticn errcrs overall (72 

vs. 61) and attempted fe wer prcbl eus (22 vs. 17) than the 

children who were only impaired en the Arithmetic subtest of 

the WRAl. In turn , the children who were impaired only on 

the WRAT A made mere errors (61 er rcrs made by eight chidren 

vs . six errors made by two children) and attemfted fewe r 

problems (1 7 problems not attempted ty 8 children vs . 0 

problems nat attempted by twc children) than the ncnimpaired 

children. 
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TABLE 39 

Mean Difference Scores en KDA1 Subtests by Group 

Difference score=expected grade score tased on age - cttained 
grade sccre en individual s ubtests cf the Keymath Diagnostic 
Ari th me tic Te st . 

KDAT 
Subtests 

Pattern of 

WISC-RA­
iiRAT A­
N=8 

Perfcrmance on 
an a Wl s C - R A 

WlSC-R A+ 
WRAT A-
N=8 

the IHAT A 

WISC- R A+ 
WRA'I A+ 

N=2 

----------------------------------------------------------Numera ticn 5. 1 2 . 9 2 .1 
Geometry and 

Symbols 4. 6 3 . 2 - ~ . -
Addition 4. 1 2 . 4 - . 2 
subtract ion 4.4 1. 9 - . 1 
Multiplication 4. 1 2 . 0 .s 
Word Problems 4.9 1. 7 -. 8 
----------------------------------------------------------
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Q!~§!io~ i:. To investigate the fCssibility that the 

froposed severity of arithmetic deficit dimension corres­

fonds to a severity of cognitive deficit dimensicn, the num­

b€r of children in each arithmetic grCUF who exhibited im­

paired performance en the cognitive measures was tabulated 

(see Table 40). This afprcach i as adopted because norms for 

all of the cognitive measures employed were not available in 

equivalent standard score format. Appendix I cor.tains a de­

scripticn cf the criteria for sccre classification and score 

classification for each subject. 

on inspection of Table 40, there did appear tote a cor ­

respondence between frequency cf cognitive imfair~ents and 

pattern of arithmetic deficit. More of the children who 

were impaired on both arithmetic suttests than were imfaired 

on the WRAT A cnly exhibited impaired perfcrmances on all of 

the cognitive measures except the Token Test for Children 

and the tigit Sfan subtest of the WISC-E. The groups dif­

fered most markedly on the frequency c f occurrence of defi­

cits on the Rey Auditory-Verral Learning Test, the Sentence 

Repetiticn test, the Ccntrclled Word Association Test and 

the Re vised Vis ual Retention Test (all measures cf aspects 

of memory) , the Similarities and Vccabulary subtests of the 

WISC-R (both measures of vertal ccnceptualizaticn) and the 

Spatial Reasoning subtest of the Eiskey-Netraska Test cf 
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Learning Aftitude. Neither cf the t wc unimpaired children 

exhibited impaired performances on any cf the cognitive mea­

sures except the Revised Visual Eetenticn Test . 

To investigate whether fCOr ferformance on 

the WISC-RA may result as a functicn of task demands rather 

than as a function of inadequate arithmetic knowledge per 

se , the scal€d scores attained on WISC- RA were ccmfared 

with the scaled scores attained when the same test items 

were readministered allowing the child tc use a pencil and 

paper as aids. 1he scaled scores attained by each child on 

the initial ana aided administraticns are presented i n AF­

pendix G and J, respectively. 

Of the 11 children who were readministerea the iISC-R 

items, 5 children, all of whom were imFaired on toth arith­

metic su t tests , were able to imi:rcve their scores. The 

scores fer twc of these children (c ase 1 and case 5 ) were 

raised into the normal range (scaled sccre > 7) . '.Ihis sug-

gests that, in some instances , poor performance on the Ar­

ithmetic subtest of the WISC-R may not reflect the se verity 

of arithmetic deficit but ccc ur as a function of other task 

demands. 

QY~§1iQB !=• To investigate whether tyfes of errors made 

on arithmetic and arithemtic - relatea tasks may ccrresi:cnd to 
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TABLE 40 

Summary Tatle : Frequency cf Deficits on Ccgnitive Measures 

Fattern of Ferformance on the ijRA'I A 
and WI SC- R A 

Measure 

WISC-RA­
WRA'I A-

N=8 

WISC-R Similarities 5/8 
WISC- R Vocatulary 5/8 
Token Test 0/8 
WISC- R Elock Design 2/8 
WISC- R Otject Assembly2/8 
Spatial Reasoning 5/8 
Coloured Progressive 

Matrices 1/8 
WISC- R Ceding 4/8 
Visual Eetention Test 3/8 
WISC-R Digit Sfan 5/8 
Rey Auditory Vertal 

Learning Test 6/8 
Sentence Repetiticn 5/8 
contrclled Wcrd 

Association Test 4/8 

WISC-BA+ 
ii RA 'I A -

N=E 

2/E 
1/8 
1/8 
C;E 
1/8 
0/8 

0;6 
2/8 
C;8 
t/c 

1/8 
C;8 

0/7 

WlSC-R A+ 
iiEAT A+ 

N=2 

0/2 
0/2 
0/2 
0/2 
0/2 
0;2 

0/2 
1/2 
0/2 

0/2 
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general ccgnitive deficits , twc aFf i caches were taken . lhe 

first approach ~as to examine the frequency cf specific er­

rors made by groups of children differing on the frequency 

of Vertal and/er Meaory imfairmentE. 1he second approach 

was to examine the errors on arithmetic and arith~etic-re­

lated tasks made by individual children exhibiting deficits 

en visual-spatial tasks . 

~EE~Q~~h j: 

on investigation of Questions 1 and 2, it was noted that the 

group cf children who were impaired on toth arithmetic nea­

sures and tte grouf of children imfaired only on the \BA! A 

differed on the total numter of calculaticn errors made as 

well as on the frequency of occurrence cf children exhitit­

ing Vertal and/er Memory ccgnitive imfairments . The present 

investigation was to examine whether or not differences in 

the types cf errors manifested by these groups of children 

may be related to these differences in cognitive deficits. 

The frequency cf specific errors made ty the children on 

the KtAT problems involving additicn, subtraction and multi­

plication of ahole numbers were tatulated (see Table 41). 

Scoring criteria for error types and tabulaticns of the fre­

quency of cccurrence cf errcrs made by each child are pre ­

sented in Appendix H. 
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TABLE 41 

Summary of Calculaticn Errors 

Error Type 

Easic Fact EI:ICI: 
Incorrect 

Carry/Borrow 
No concept of 
carry /Borrcw 
Incorrect Cperation 
Neglect dcllar sign 

or Decimal 
Misalignment 
Bizarre Error 
Number of P:rotl ems 

Not Attempted 

Total 

Fattern of Ferfcrmance on tbs WRAT A 
and WISC-RA 

WISC-RA~ iISC-E A+ WISC - EA + 
WRAT A- WRAT A- WRAT A+ 

N=8 N=8 N=2 

23 8 1 

14 1 5 3 

23 1 5 0 
0 2 1 

10 1 6 0 
0 0 0 
2 c:: 1 

22 1 7 0 

72 6 1 6 
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On inspecticn of Table 41, it affeared that only two 

tyfes of errors were made substantially more often by the 

children ~ho were impaired on both Arithmetic suttests . 

These were errers which invclved the reccllection of basic 

facts and errors which indicated a faulty acquisition cf the 

concepts of bcrrcwing and;or carrying . Broadly speaking, 

these er ror tyfes would appear to correspond to the mere 

general cognitive deficits of Vertal ccncept ualizcticn and 

Memory exhibited ty the children with dual Arithmetic defi­

cits . 

A£££Q~~h 1: 

Since visual-sfatial abilities have often been implicated as 

influencing arithmetic performance , errors made en aritb~et­

ic and arithmetic-related tasks b 1 children who performed 

poorl y on visual-spatial tasks were examined in relaticn to 

the errors made by the ether children in the sample. 

Tabulation of the frequency cf occurrence of errors made 

by each chi ld en the KCAT problems invclvin9 additicn , sut­

traction , and multiflicaticn of whcle numbers are presented 

in Appendix H. Tatulation of the frequency of cccurrence of 

errors made ty each child en the items of the informal ar­

ithmetic assessment are presented in Affendix J . 

only three chil dren (case numbers 2, 3, and 7) , all cf 

whom were imfaired on beth Aiithmetic subtests , scored below 



the mean on the visual-spatial 

of these children (cases 3 and 
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tasks £rem the WISC - R. Two 

7) alsc perforaed focrly on 

the Spatial Reasoning subtest of the Hiskey- Nebraska Test of 

Learning Aptittde . Many of the calculation errcrs made by 

these three chil dren were similar tc errcrs made by the eth ­

er children. However, these three children did cpfear to 

make more errcrs that were " spatial" in nature. The only 

two children in the sample who made number crder reversals 

when writing numbers from dictaticn were cases Land 7 . 

Case 2 had great difficulty reading numbers placed in a ver ­

tical crientation. Al l three of these children bad iore 

difficulty ccmfleting number seguences than any of the other 

chil dren . None of these three children ferformed calcula­

tion in the wrcng order (left tc right) or made errors of 

alignment when setting numer als in their prefer sfatial re­

lationships for calculaticn . Hc wev er , the only items en the 

KDAT which required such alignment (i . e ., these invol ving 

two digit multipliers) were not attempted by any of ttese 

children . In additicn , the cnly child in the sample who did 

not use concrete aids (e . g., counting fingers, making tally 

marks ) when ferforming calculations was case 7. Even when 

encouraged tc do so , he did not . 
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COBCLOSIONS 

In this research , both quantitative and qualitative af-

preaches tc the investigaticn of ccgniti ve correlates of ar­

ithmetic performance were assumed . Quantitative ccmpariscns 

involved tt.e examinaticn of the perfcrmarce of a heterogene­

ous grcup of clinic referred cbildrEn en the WISC (R) A and 

~RAT A in relation to three ccgniti ve dimensions that have 

been commcnly associated with arithmetic performance in the 

literature (Verbal, Spatial and Memcry atilities). Twc ccm­

plementary piccedures were used tc examine the relationships 

between these measures. Multiple correlations were use a to 

examine the relative ccntrib uticns cf each cogniti ve dimen ­

sion to each arithmetic measure to determine if the arith­

metic measures placed di fferent de~ands on cogniti ve abili­

ties . A s ubtyping approach was used tc examine whether the 

pattern cf pe rfor mance en the arithmetic measures was r e lat­

ed to pattern of cognitive atilities . Evidence frcrr- the 

clinical evaluation of brain- damaged adults bas suggested 

that differential arithmetic deficits may cccur in ccnjunc­

tion with different patterns of cogniti ve abilities . 1hese 

investigations were then repeated en a larger sample cf 

children, frcm a different referral sc urce to examine the 
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robustness of the initial findings . Tc amplify the nature 

of the relaticnships observed , a series cf case studies aere 

undertaken. cualitative analysis cf errors made en arith­

metic and arithmetic- rel ated tasks fio vided further informa­

tion concerning the correspondence between cognitive func­

tioning and arithmetic perfcrmance . 

From the results of the quantitative ccmfariscns , it ap­

peared that the Verl:al and/or Memcry cognitive dimensions 

consistently contributed to both WI~C (R) A and WRAT A alt ­

hough the relative contributions of each varied with sex , 

age and across samples . This finding is consistent with 

factor analytic studies and with research examining the sim­

ple correlaticns between the WISC (R) and the iRAT . Sattler 

and Ryan (1 98 1) noted that individual Vertal s ubtests cf the 

WISC- B were better predictors of performance cn the WRAT A 

than were individual Performance subtests for chil dren re­

ferred for psychological testing tecause of poor academic 

achievement. Factcr analytic studies cf the WISC and Wl~C-R 

have typically yielded the same three factcrs with the third 

factor being comprised of the Arithmetic , Digit Span and 

Coding sul:tests (Cchen , 1959 ; Kaufman, 1975). This finding 

is also consistent with other research investigatins the re­

lationship be tween cognitive abilities and arithm etic per­

formance (e .g. , Whyte, 1978; Moro.z, 1978 ; Webster, 1979 ) tut 
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suggests that Spatial ability may not flay as imfortant a 

role in arithmetic frccesses as has teen suggested in the 

literature . 

However, some evidence for Spatial involvement in arith­

metic atility was ncted in the samfle cf children referred 

to an educational clinic. In this samfle, the Sfatial di­

mension contributed to the variance accounted for in the 

WISC-RA. Ihe Spatial dimensicn accounted for 3.96 percent 

cf the variance in the WISC-EA for the entire samfle , L.49 

percent of the variance for males and 3.03 percent for fe­

males . However , on inspection of the relative contribution 

of the cognitive dimensions to the WISC•R A for males ty 

age , it appeared that the Spatial dimension only accounted 

for variance in the Arithmetic suttest for 10 and 11 1ear 

olds (7.5 3 percent). These findings SUffOrt the proposition 

that relative contributions to arithmetic performance may 

differ at different age levels and suggest that sc~e vistos­

patial a t ilities (perhaps spatial vi suali2ation or visual 

imagery as suggested by Clements (19 80)) may flay a rc le in 

solving arithmetic story problems. 

The results of the subtyping frocedure indicated that 

children do e xhibit discrepancies en the perfcrmance cf the 

WISC (R) A and WRAI A. However , crly three of the two hun­

dred and forty children exhibiting discrepancies performed 
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poorly on the WISC (R) A but adeq uately en the WBAT A. As a 

group , these three children per formed well on the Vertal and 

Memory dimensions tut performed fCCily CD the Spatial dimen ­

sion . Ihe t \ o hundred and thirty - seven children e xhibiting 

discrepant performances en the iISC (R) A and WBA1 A in the 

Ofposite direction could only be distinguished frcm children 

who performed adequately or inadequately on toth Arithmetic 

subtests ty the l evel cf Verba l and Memcry abilities. !hat 

is, for these three groups of children , it appeared that the 

pattern of ccgnitive atil ity had no re l ationship to the pat­

tern of ari thmetic performance but the level of Sfecific 

cognitive abil ities (i . e ., Verbal and Memory abil ities) did 

differ in relation to the pattern of arithmetic performance. 

From insfecticn of the items CD each Arithmetic s uttest , 

it appeared that pattern of perfcrmance en the two arithmet ­

ic subtests may represent a severity dimension . That is , 

children who were impaired on both arithmetic subtests ap ­

peared to exhibit a more severe arithmetic deficit than 

those impaired onl y on cne meas t re. 1his suggests that a 

correspondence exists between severity cf cognitive deficits 

(i . e ., Vertal and Memory deficits) and severity of arithmet­

ic disorder. 

The finding that , generally, the level of Vertal and Me­

mory abilities apfears to dictate tte le vel of attainment in 
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calculation atility may be expected since achieving frcfi­

ciency in computation involves the memorization cf tasic 

facts and reguires the retenticn and ccmfrehension of mathe ­

matical terms and relations . Indeed, en gualitative analy­

sis of error tyfes, the grouf of children who exhibited more 

severely imfaired Verbal and Memory atilities made more er­

rors reflecting i«faired reccllecticn cf basic facts and 

faulty acquisition of certain arithmetic concepts (e . g . , the 

concepts of carrying and borrowing ) . However, these find­

ings did not rule out the fOssibility that , in some cases, 

peer performance on the WISC {R) A cccurred as a furcticn of 

other task demands (as has been susgested for brain - damaged 

adults) rather than reflecting severe deficits in Arithmetic 

knowledge fEr 

the children 

se. Thus, when task demands were altered for 

in Phase III to reduce the memory and mental 

manipulatien aspects , some children were atle tc sutstan­

tially improve their perfermance . 

The finding that groups impairea and unimpaired en the 

WRAT A did net differ en the Sfatial dimension, taken in 

conjunction with the finding that the Spatial dimensicn did 

not predict WRAT A performance suggests that Spatial abili ­

ties do not play a particularly impotant rele in written ar-

ithmetic performance. Howe ver, this finding does not i&ply 

that in scme, albeit rare, cases a spatial deficit &ay net 



135 

affect arithmetic ferfcrmance . Indeed, in Phase III , the 

children with Sfatial deficits did appear to make more er­

rors on certain arithmetic - related tasks reflecting percef­

tual disturtances (e .g., number order reversals) and a lack 

of understanding of numeration . Even tr.ough nc differences 

in written calculaticn errcr tyfes ~ere evident, these find­

ings appear ccnsistent witb the descriftion of arithmetic 

deficits gi ven ty Rourke and Strang (1 58 1) of children ~ith 

Sfatial disorders who did not exhitit Beading and sielling 

deficits . !hat is, there were indications that the tasic 

concepts underlying number relations were not well under­

stood. !his ccrresfondence with the findings of Eourke and 

Strang (1 981) suggests that an impoverished understandins cf 

tasic number relaticns or the "numberness of number" may be 

characteristic of children with Sfatial deficits regardless 

of achie vement in ether academic areas. Moreover, the iro-

position that Spatial abilities are related tc the un der ­

standing cf more basic arithmetic concepts such as the 

structur e cf the numter system may be raised as an alterna­

tive exflanation for the observed relaticnshiF t etween Spa­

tial abilities and the WISC-RA . That is , Spatial abilities 

may be related to the perfcrmance cf fairly elementary cal­

culation tasks when an appreciation c f numter relaticns 

(number reascning ) is required fer scluticn. 
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Whether a Sfatial deficit , in and cf itself , may be re­

flected in calculation tasks remains an issue since, in 

Phase III of this research , the thr ee children with Sfatial 

deficits a l so e xhitited Ve r bal and/er Memor y deficits . ~any 

developmental theories concerning the a cquisition cf mathe­

mat i cal ability maintain that for a c hild to achieve f rc f i­

ciency in numter , he will first need tc be con versant \ ith 

elementary spatial relationships whi ch include r eccgniticn 

of forms (perceptua l space), the use cf visual imagery and 

the interpretation of space (representational Sface ) (Cheat , 

1 97 8 ) • Ho we ver, other theorists , mcst notabl y Dr um~cnd 

(1 922), emphasize the rcle cf memcry and c ontend that some 

children are atle to perform arithmeti c tas ks wi thcut defen­

dence upon pri er spatial experiences . Choat (1 S78) suggests 

that the ability to memorize may influence ear l y number de-

vel opment (i . e ., r ote calculations) tut t hat subseq uent 

mathemat ical de velopment is restrict ed until the geometr y 

(i.e. , coordination of spatial r e l ati onshi ps) pr c vides the 

necessary understanding for the prcg ressi cn to take place . 

Rourke and Strang ( 1S81), examined the arithmetic defi -

cits of children with isolated spatial , as oppcsea tc ver -
' 

bal, deficits . Their f indings s t gge s t that children \ ith 

spatial de ficits exhibit an impoveri shed under standing cf 

fairly rcutine mathemati cal concepts , whe rea s it ~as su-
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spected that many of the children with verbal deficits had 

difficulty with the implementation cf ccrrect frCcEdures be­

cause of a (verbal) memory imfair~ent . The ve rbally im­

paired children appeared to have an adeguate apfreciaticn of 

the conceptual underpinnings cf ~athematical operations . 

Ihe results of the present resEarcb ccncur with Ecurke and 

Strang• s (1 98 1) findings in that the children with spatial 

deficits did appear to exhibit an imfoverished understanding 

of basic number relations but suggested that children \ ith 

severe Vertal and Memory deficits exhibit , not only errors 

in r e calling tasic facts but, errcrs reflecting a lack cf 

acquisition of the ccncepts of borr cwing/carrying. That is, 

children with Verbal and Memory deficits did afpear tc have 

an understanding of tasic numter re l ations tut exhitited 

difficulty with mere abstract arithmetic concepts such as 

regrouping. It has been suggestEd here that deficits in 

Verbal atility (i . e . , concept acguisiticn expressed vertal­

ly) are related to arithmetic deficits in ccncept acguisi­

tion . Thus , the degree of conceptualization attained ty the 

child limits the level of mathematical e1periences he can 

grasp. The development and use of the awareness cf spatial 

relationships is necessary tc acguire an appreciation of the 

structure and meaning of numeraticn or the "numterness of 

number" and serves as a basis for the de velopment cf mathe ­

matical abilities . Beyond this tasis, the d e gree to wbich 
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an individual acquires the ability tc abstract appears to 

flay a rcle in arithmetic performance. 

Imilicatigns and Sugsestions fer future Besearch: 

It should be noted that the above speculations as tc the un­

derlying corresfondence between cognitive and arithmetic di ­

sorders are tased on observations of the perfcrmance cf a 

small number of cases. Thus, there is a need for more tho­

rough examinaticn of areas of weakness in understanding ex­

hibit ed ty children with different fatterns of cognitive 

abili ties to clarify the nature of the observed relation-

ships . As was e vident in th i s research , discrepancies in 

performance on the WISC (R) A and WRAT A did net prcve useful 

as indices of differential cogniti ve imfairment and should 

not be considered as such by clinicians. Howe ver , ty exa­

mining performance on a bread ranse cf arithmetic and arith­

metic-related tasks and quantifying qualitati ve error tyfes 

the infcrmaticn necessary to determine whether deficits 

cluster in cognitively meaningful ways may be frcvided. 

Within this context, examinaticn cf differences in perfor­

mance between males and females and between children \ith 

various patterns of academic achievement may lead tc a 

clearer und£ rstanding cf the rcles these factors play . 
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The results cf this research suggest that many children 

who are experiencing difficulty learning arithmetic exhibit 

conceptual deficits at various levels cf attain~ent. In 

terms of remediation of arithmetic disabilities, this sug ­

gests that the major emphasis in the curriculum shculd CE on 

concept attainment . However , the result s of this research 

also suggest that different modes cf educational re1ediation 

may be in crder for children with different patterns of cog­

nitive strengths and weaknesses. For example , access to 

times tatles may assist in alleviating scme of the difficul ­

ty experienced ty children with memory deficits tut may be 

of little use to a child with visual-spatial deficits. 

The efficacy of remedial programs designed en the basis 

of cognitive strengths and weaknesses can cnly te determined 

by future research. However , it is imfcrtant to note that , 

in this research, the cognitive abilities examined acccunted 

for only a mcdest propcrticn of the variance in arithmetic 

performance. This suggests that ether factors (cogniti ve 

and noncognitive) may be cf equal er greater importance to 

predicting arithmetic achievement . Thus , future research 

may not cnly te directed toward determining the efficacy of 

cognitively tased remedial programs and examining relation­

ships of ethe r more specific cognitive atilities (e . g., Sfa­

tial visualizaticn) to arithmetic functioning bet to\ard 
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identifying other factors which may be imfortant tc consider 

when designing remedial strategies for children iho have 

difficul ty learning arithmetic . 
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BJW DATJ-SlMFLE 1 
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Variatle list subnum , sex , age,si m, arith ,vocab , bldes, 
obass , digsp,cod, ver t , spat , mem,stscr, 
stscs,stsca 

Input format (F5.0, 1X,F 1. 0 ,1 X, F2 . C,1 X,1C (P~.0, 1X), 
3 (F 3 . 0 , 1 X) ) 

Variable labels subnum, subject numter/ 
age, age in years/ 
sex , sex/ 

Value latels 

269 0 12 7 7 
248 1 1 10 9 5 
2529 1 14 11 7 
2099 1 10 8 5 
1 875 1 13 1 1 9 

34 1 10 10 10 

sim , Similarities suttest cf the WISC­
scaled .sccre/ 

arith , Arithmetic subtest cf the il~C­
.scaled score/ 

vocab, Vocabulary subtest cf the WISC­
.scaled score/ 

bldes , Block resign s ubtest of the iISC­
scaled score/ 

obass , Object Assemtly subtest of tte WISC­
.scaled score/ 

digsp , Digit Span s ubtest of the iilSC­
scaled scoi:e/ 

cod, Coding suttest of the WISC-
scaled sccre; 

verb, Vertal=sim+vocah/ 
spat , Spatial=bl des +cbass/ 
mem , Memory=digsp+ccd/ 
stscr , Reading s ubtest of the jRAT­

standard score/ 
stscs , Spelling subtest of the WBAT­

standard score/ 
st.sea , Arithmetic subtest of the WEAT-

stanoard score/ 
SEX ( 1) Ma le ( 0) Fe ma l e/ 
all other v ariatl es (-1) Missing data/ 

9 2 9 C: 4 16 11 9 €3 €3 71 -
8 6 1 0 6 5 17 16 11 76 84 77 
8 6 6 2 6 19 12 8 87 7E 6E 

11 10 7 C: 4 19 17 9 67 78 69 
8 7 11 7 8 19 1 € 15 94 ~~ 7 1 

10 7 6 6 5 20 13 11 97 92 86 
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2 5: Ll 1 12 12 4 8 7 11 7 7 20 18 14 74 7 0 69 
2489 1 10 10 4 10 9 9 8 8 20 18 16 96 56 es 
1900 1 10 10 11 11 7 6 6 4 21 13 10 7 3 65 77 
2600 0 10 9 7 1 2 9 8 8 8 2 1 17 16 11 0 11 2 7 6 
18 7 9 1 14 8 6 13 7 1 2 8 e 2 1 19 16 86 7 4 7 3 
26 1 6 1 10 9 8 1 2 9 11 8 C 2 1 20 13 73 7 4 73 

3 1 1 10 12 10 9 4 16 8 10 2 1 20 18 90 85 86 
2526 1 11 11 7 11 9 8 9 C 22 17 1 4 S1 65 66 -

12 4 1 10 13 4 9 8 11 5 4 22 1 9 9 69 70 75 
240 1 1 2 1 2 9 10 10 9 10 7 22 19 17 SC 6E ,e 
136 1 10 1 1 8 11 11 9 6 s 22 20 15 90 82 92 
29 1 10 12 1 2 11 1 2 5 6 6 23 17 12 S2 tS 96 

202 1 1 14 1 2 7 11 9 9 6 1 0 23 18 16 94 8 1 66 
199 0 12 13 6 10 7 12 C 9 23 1S .., 14 C" ... ~ € 9 7 6 
163 1 13 14 14 9 11 10 10 9 23 2 1 19 80 7 7 108 

2704 1 8 14 9 9 10 1 2 6 7 23 22 13 i1 68 6€ 
26 11 1 11 11 7 13 1 2 1 0 e 9 24 22 17 82 8 1 7 9 
238 1 1 1 12 11 13 1 1 12 8 6 25 23 14 10 4 S7 8 1 
144 1 10 ·1 2 10 14 14 10 12 5 26 2 4 17 98 96 95 

2 4 95 1 8 11 6 15 11 14 7 11 26 " C ~- 18 E2 62 71 
39 1 11 13 9 1 3 1 6 9 14 1 0 26 25 2 4 122 99 82 

260 0 9 15 7 1 2 11 10 5 10 27 2 1 15 69 1 : e q 
2 47 6 1 13 16 8 11 1 2 9 12 5 27 2 1 17 10 6 99 103 
1903 1 10 14 6 13 1 2 13 4 11 27 " C ~- 15 €1 7: 89 
25 7 0 1 9 13 9 1 4 1 2 13 9 7 27 25 16 120 1 04 90 

44 1 12 15 10 13 10 15 9 5 28 ~ c ~- 1 tj 111 10.'.: 6C 
1 €77 1 9 16 7 1 5 10 9 6 8 3 1 1 9 16 120 12 1 93 
1869 1 10 14 7 17 13 10 6 4 31 " ~ ~-- 10 13C 13 1 SE 

1C8 1 e 16 -1 15 14 10 1 5 7 3 1 2 4 22 -1 -1 -1 
2 44 1 13 15 10 16 15 1 4 10 8 3 1 29 18 1 06 63 77 

1895 1 10 14 10 18 1 2 13 E 1 C 32 25 16 8 4 84 92 
105 1 8 14 11 18 1 2 13 13 10 32 2: 23 103 cc ..,_ 9 1 

1896 0 10 16 18 1 € 15 1 4 15 11 3 2 29 26 13 3 11 9 106 
2482 1 1 1 16 7 17 10 11 8 4 33 2 1 1 2 114 Si 63 

12 1 1 s 16 9 18 14 12 14 1 C 34 26 2 4 12 4 11 3 99 
2 15 1 8 8 5 3 7 10 4 6 11 17 10 62 62 7 C 

1 88 7 1 6 6 4 0 1 1 9 4 5 12 2 0 9 68 6 4 6 3 
23 1 10 4 5 8 1 2 9 6 4 12 2 1 10 66 E4 es 

122 1 9 6 2 6 9 12 5 6 12 2 1 11 7 8 7 5 68 
2658 1 13 5 10 1 9 14 c; .., 6 12 23 11 73 75 83 

109 1 9 8 5 5 9 14 2 10 13 23 12 7 1 79 78 
2 100 1 9 10 5 6 1 0 7 5 3 16 17 8 es 71 Ell 
2530 1 e 7 5 9 12 1 0 6 6 16 22 12 68 76 7 9 
2609 1 14 9 8 7 11 1 2 7 5 16 23 12 72 73 7 5 
2538 1 1 1 9 6 8 11 9 5 8 17 20 13 99 103 7 6 

33 1 10 11 8 6 1 0 1 1 8 5 17 2 1 13 6: 65 71 
2 4 9 1 1 tj 8 8 9 1 1 1 0 e 8 17 2 1 16 8 3 80 82 
271 0 14 11 4 7 7 1 2 5 9 18 19 1 4 74 68 73 

2714 1 9 9 7 10 1 0 1 0 5 5 19 20 10 92 94 93 
26 10 1 9 10 7 9 13 10 8 8 19 23 16 S 4 SC 8 7 

126 1 10 9 13 10 13 13 6 11 19 26 17 97 107 95 
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123 1 9 8 7 11 12 15 6 9 19 2 7 15 83 86 87 
2536 1 13 9 5 11 10 11 7 6 20 2 1 13 9 1 75 €E 
2568 1 10 10 5 10 12 13 € 7 20 25 15 108 92 86 
228 1 9 10 6 11 8 15 6 12 21 23 18 104 SE 6E 

26 18 1 10 10 4 11 13 13 E 9 21 26 15 55 56 57 
79 0 11 10 10 12 12 1 1 9 9 22 23 18 5 1 S 1 8€ -~-~ - L. 1 10 14 10 10 12 13 12 11 24 25 23 95 75 95 

2551 1 12 12 9 12 14 12 6 9 24 26 15 84 65 73 
1897 1 10 13 8 11 12 14 E 9 24 26 17 69 71 86 
1891 1 13 13 13 1 1 12 14 8 10 24 2€ 18 EC 78 90 
2557 1 1 1 9 7 15 12 15 5 4 24 27 9 67 66 7 6 
2505 1 13 13 10 11 12 15 7 9 24 27 16 73 65 EC 
266 7 1 10 12 6 13 12 14 E 6 25 26 12 90 86 95 

38 1 11 15 13 10 14 13 10 8 25 27 18 122 - 1 - 1 
2485 1 10 12 10 13 15 13 6 1 0 25 28 16 93 92 92 
2565 1 11 13 11 13 14 13 11 11 26 27 22 €3 €5 91 

183 0 10 14 13 12 14 13 11 14 26 27 25 96 101 109 
2602 1 13 13 9 14 13 15 5 6 27 2€ 13 80 72 7C 

154 1 12 17 11 10 13 15 10 e 27 28 18 106 99 105 
120 1 9 15 9 13 13 17 12 12 28 30 2 4 97 SE 9€ 

2544 1 11 12 11 16 1 6 16 1C 13 28 32 23 122 13 1 11 3 
26 1 0 9 15 10 14 14 16 12 1 1 29 3C 23 S2 S4 ss 
24 7 1 14 16 11 15 18 15 8 8 31 33 16 82 69 107 
268 0 12 4 4 5 9 8 7 12 9 17 19 8€ €5 so 

2500 0 13 6 4 C 9 7 7 4 11 16 11 77 83 65 
2082 1 8 7 6 5 6 3 11 E 12 9 17 78 c -

- L. €0 
24 1 10 4 4 8 5 5 6 5 12 10 11 90 89 7 5 
53 1 13 5 9 7 6 4 10 10 12 1 C 20 e 1 €€ €3 

178 0 9 5 5 7 9 5 7 10 12 14 17 10 1 102 89 
4 6 1 12 6 7 7 6 7 10 9 13 13 19 7 € 75 74 

2527 1 1C 4 4 9 6 8 8 9 13 14 17 92 87 7 8 
1991 1 8 6 10 7 8 8 7 6 13 1€ 13 82 SC es 
2595 1 9 6 5 7 10 1 C € 6 13 20 14 83 7 8 74 

176 0 8 7 9 6 11 11 9 8 13 22 17 76 EE 88 
204 0 13 6 6 8 6 5 5 13 14 11 18 80 73 80 
201 0 13 5 8 9 6 7 8 5 14 13 13 95 88 7C 

71 0 E 9 3 5 7 7 4 16 14 14 20 72 92 7 3 
196 0 1 1 6 7 8 6 9 8 6 14 15 14 1cc 1C 1 8 1 
187 0 1C 6 4 8 7 9 8 14 14 16 22 97 98 92 

41 1 11 6 9 8 8 11 8 6 14 19 14 76 7S 81 
251.1 1 1 1C 6 7 8 10 10 E 9 14 20 15 83 71 86 
2517 1 10 4 6 10 12 13 8 8 14 -c ~- 16 ES EC 6C 

30 1 10 6 0 
J 9 7 2 14 8 15 9 22 97 101 93 

2077 1 9 5 6 10 6 6 7 9 15 12 16 78 E7 71.J 
252 1 1 14 8 6 8 10 9 9 11 16 19 20 79 75 7C 
2624 0 13 10 4 7 3 9 C 12 17 12 17 74 75 70 
2490 0 11 9 8 8 9 1C s 8 17 19 17 73 75 79 

224 1 9 1 1 7 6 1 1 15 8 0 
J 17 26 17 102 96 7€ 

1904 1 14 10 12 8 7 5 12 8 18 12 20 105 10 4 89 
174 0 8 9 10 10 7 3 9 10 19 1C 19 1C9 1C7 98 

11 1 8 9 8 10 6 e 7 9 19 1 I.I 16 120 109 98 
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2559 1 13 9 9 1 0 9 1 0 1 C 8 19 1 9 18 78 68 78 
179 0 9 11 15 8 1 0 12 12 9 19 22 2 1 105 SE 102 

260 1 1 13 1 1 9 9 2 C: 5 7 20 7 12 6 7 7 C 7 3 
45 1 1 2 11 13 9 9 5 12 7 20 1 LI 1 9 ss 1C3 8 7 

22 1 1 E 10 8 1 0 11 9 1 C 1 1 20 20 2 1 11 2 113 95 
2 07 9 1 1 2 11 7 10 12 9 5 C: 2 1 2 1 10 7 8 E: 71 -

7 3 0 9 9 2 1 3 11 11 1 0 E 22 22 18 -1 -1 -1 
3 1 8 10 11 1 2 1 0 12 7 1 2 22 2 2 1 9 85 Cr 

J ,I. 95 
27 2 0 1 4 1 3 9 9 1 6 17 12 1 2 22 33 2 4 8 1 8 1 8 4 
37 1 11 10 9 1 3 5 2 6 5 23 7 11 -1 - 1 - 1 
82 0 12 12 5 11 7 4 7 8 23 11 15 -1 -1 -1 

2499 1 1 0 12 5 1 1 7 4 7 8 23 11 1 5 es EE 86 
14 7 1 11 13 12 1 C 1 0 8 12 6 23 18 18 106 1 0 1 93 

1955 1 8 14 9 9 1 2 6 11 10 23 18 2 1 98 E: EE 
2553 1 1Q 14 10 9 s 11 12 s 23 2C 2 1 99 77 7 5 

103 1 8 11 12 13 1 1 8 8 1 3 2 LI 1S 2 1 11 2 S LI S8 
195 0 1 1 13 12 1 2 9 7 1 2 1 2 25 16 2 4 11 2 122 109 
259 0 8 1 5 10 1 0 9 12 10 11 25 2 1 2 1 97 so 1C 2 
13 7 1 10 14 11 1 2 1 0 8 9 9 26 1 8 18 83 72 9 1 

262 1 0 1 0 13 10 13 8 10 12 8 26 18 20 100 1 C8 8 C 
1979 0 e 1 3 8 1 3 1 0 8 11 1 0 26 18 2 1 87 1 0 7 98 

7 1 9 13 9 13 1 1 9 9 1 1 26 20 20 104 S LI SE 
26 4 C 1C 13 12 1 4 s 8 1C 12 2 7 17 22 95 92 83 

2606 1 13 14 15 14 4 2 14 7 28 E 2 1 E6 Cr 
., ,I. 103 

8 4 0 13 17 11 1 2 9 5 14 4 29 14 18 108 11 0 74 
152 1 11 1 6 12 1 3 1 3 1 2 15 10 29 25 2 5 1 05 c -

., ' E7 
15 1 1 11 1 5 7 1 LI 1 3 1 3 1 5 11 29 26 26 100 93 87 
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Appendix I! 

BBGBESSIOR TIBL!S-Sl!FlE 1 



Table B1 

Total sample (N= 130}: WRAi A by Verbal , Spatial 
and Memory Dimensions 

Step 1: Multiple R 
R Sgcare 

.5223 

. 27 28 

. 267 1 

Step 2: 

Adjusted R Square 
F=48 . 02 , 1, 128 df , p< . 00 1 

Varial:les in the Eg ua ticn 
Variable E Eeta -------- -----
Memory 1. 43 .52 

Multifl e R . 60: 1 
R Square .36E2 
Adjusted R Square .35€2 
F=36 . 69 , 2 ,1 27 df , p<.00 1 

Variatles in the Eguaticn 
Variable E Eeta 

Memory 
Vertal 

1. 08 
.67 

• 3 9 
.33 

153 



Table E2 

Total Sample ( N=134 ): WI~C A by Verbal, Spatial 
and Memory Dimensions 

Step 1: 

Step 2: 

Multiple R 
R Square 
Adjusted B Square 
F=43 .1 6 , 1,132 df , 

.49€4 

. 24€4 

.24 C7 
p< . 00 1 

Variatles in the Eg uaticn 
Variacl e E Eeta 

Verbal 

Multii;le B 
R Square 

. 25 

Adjusted B Square 
F=33 .79 , 2, 13 1 df , 

.4 9 

. 5834 

.3403 

. 33 C3 
p<.001 

Variatles in the Eguaticn 
Variable E Eeta 

Verbal 
Memory 

. 18 

.22 
• 3 7 
. 33 

154 



Step 1 : 

Step 2 : 

'Iable E3 

MalEs cn l y (N=10 1): WRAT A l: y Verl: al , Sfat i al 
and Me mor y Di 3en ~icns 

Multiple E 
R Sq uare 
Adj usted E sq uare 
F=32 . ll 5, 1, 9S df , 

. 49c8 

. 2 4 68 
. 2392 

p< . 001 

Va ri abl es in t he Equat i on 
Varial: l e B Beta 
-------- -----
Vertal 1 . 01 . 4 9 

Mul t i ple R • SE!: 9 
R Sq uare . 32 C2 
Adjusted R Square . 30 €4 
F=23 . 09 , 2 , 98 df , p< . 001 

Va riabl es i n the Equati on 
Var iat l e B Beta 

Vertal 
Memo r y 

. 77 

.81 
. 3 8 
.29 

1 55 



Step 1 : 

Step 2 : 

Table B4 

Males Only (N: 1 03): WISC A by Verbal, Spatial 
and Memory Dimensions 

Multiple R 
R Sq uare 

.472 0 

. 222 7 
Ad justed 
F=28 . 95, 

Variables 
Variable --------
Memory 

Mu ltiple 
B Squar e 
Adjusted 
F=2 1. 83, 

R Square . 2 150 
1 , 10 1 df , p< . 00 1 

in the Eguaticn 
E Eeta 

-----
. 30 • 4 7 

R . 55 13 
. 3039 

R Square . 2900 
2 I 100 df, p< . 00 1 

Variabl es in the Equaticn 
Variable E Eeta 

Memory 
Vertal 

.22 

.14 
. 3: 
. 3 0 
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Step 

Tatle ES 

Females Only (N=29): jRA! A by Vertal, Spatial 
and Memory Dimensions 

1: Multifle R . 7 6 S 1 
R Sguare . 59 16 
A a justed R Square .57i4 
F=29.1 1, 1, 27 df , p<.CC1 

Variables in the Equation 
Variatle B Beta 
-------- -----
Memory 2 . 32 . 7 6 

157 



'Iable 86 

Females Cnly (N=3 1): WISC A ty Vertal, Spatial 
and Memory Dimensicns 

Step 1 : Multiple R 
R Square 

. c 1S4 

. 3836 

. 3624 

Step 2: 

Adj usted R Square 
F=18.C5, 1, 29 df, p< . CC1 

Variables in the Equation 
Variatle E Beta 
----·--- -----
Vertal .37 .61 

Multiple R . 6€ 7C 
R Square . 4720 
Adjusted Ii square . 43il3 
F= 12. 51, 2, 28 df , p< . C 01 

Variables in the Equation 
Variatle B Beta 
--~-----
Vertal 
Memory 

.26 

. 3 1 
.44 
• 3 4 

1 58 



Table B7 

Males 8 and 9 yrs. (N=28) : WRA'I A by Verbal , Spatial 

Step 1 : 

and Memory Dimensions 

Mu l tipl e R 
R sq ua r e 
Adjusted R Square 
F=2.3 . ~O , 1, 2~ df , 

. 686 7 
• in 1 5 
.45 12 

p< . CO 1 

Variables in the Equation 
Variatle B Beta 

Verl:al 1 .25 . 68 
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Table E8 

Males 8 and 9 yrs. (N=28}: WISC Aly Vertal, SFatial 
and Memory Di aensicns 

Step 1: Multiple B 
R Sguare 
Adjusted B square 
F= :C2 . 05 , 1, 2E df , 

.6774 

.4Sf9 

.43€1 
p< . 00 1 

Variatles in the Equation 
Variatle B Beta 

Memory .35 . 67 
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Table E9 

Males 10 and 11 yrE. (N= 4 3): WEA'.I A ty Vert:al, .Sfatial 
and Memory DimenEicns 

Step 1: Multiple E 
R Square 
AdjUEted R Square 
P= 9 . ~2, 1, 41 df , 

.4 2E5 

.1€36 

.1637 
p< . CC4 

Variables in t he Eguation 
Variat:le B Beta 

Vertal .82 .42 

161 



Table E1 0 

Males 10 and 11 yrs. (N= 45) : WISC A ty Vertal , Sfatial 
and Memory Diaen~icns 

Step 1: 

Step 2: 

Multiple B 
R Square 
Adjusted R Square 
P= 8 • 6 0, 1, 4 3 d f , 

.40~8 

.1 6 e o 

.14e6 
i;< . COS 

Variables in the Equation 
Varial::le B Beta 
-------- -----
Memcry .24 .4 0 

Multiple R . 4929 
R Square . 243 0 
Adjusted B Square .2CE9 
F= 6 .14, 2 , 42 df, p< . 002 

Variables in the Equati on 
Varial::le B Beta 

Memory 
Verbal 

.19 

. 14 
. 32 
. 28 

1 E2 



1 E3 

Tabl e B1 1 

Males 12 , 13, 14 yrs . (N=30): WRAT A ty Vertal, Spat i al 
and Memcry Di~ensions 

Step 1: 

Step 2: 

Multifle B 
R Sq uare 
Adjusted R Square 
F= 6 • 9 8 , 1 , 2 8 d f , 

.44 69 

.1 9 S7 

. 17 11 
p< . 01 

variables in the Equation 
Varial:le B Beta -------- ---- -
Memcry 1. 68 . 44 

Multiple R . 56€3 
R Square . 3230 
Adjusted B Square . 27 28 
F= 6 . il4, 2, 27 df , i:< . C05 

Variables in the Equation 
Variatle B Beta 

Memo r y 
Ver.cal 

.4 0 
• 4 9 



Table B12 

Males 12, 13 , and 14 yrs . (N=3O) : WISC A ty VErtal, 
Spatial and Memory Diaen~icns 

step 1: Multiple 11 
R Sguare 
Adjusted B square 
F= 7 • 5 0 , 1 , 2 8 d f , 

.46C8 

.2123 
• 1 S 112 

p<.0 1 

Variables in the Equation 
Variatle B B€ta 

Memory . 35 .4 6 

1t4 
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BllOYl TABLBS-Sl!PLE 1 
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'I abl e C 1 

Total Sami:le (N= 130) : Grcup~ l:y Cognitive timen~ionE 

Multivariate 'lest 

Effect Test Name Value Approx . F Hyfcth . df Error df p 
------ --------- ----- --------- ---------- --------
Group Wilks .64 10.41 6 250 < . 00 1 

Univariate F- 'Iests (2, 127 df) 
Variable Hyfotb ss Errc r ss Hyfcth MS EIICI MS F' p - ----- -- --------- -------- --------- --------
Verbal 1283 . 42 3063. 3 8 641 . 71 2Ll.12 26.6( <. oc 1 
Spatial 2C8.C1 3 83 5 . 2 5 104.00 30. 19 3 .44 <. C25 
Memory Ll44. 57 1936. 62 222 . 28 15 . 2 4 14. 5 7 <.001 
-----------------------------------------------------------



'.I-able C2 

Total Sample: WISC A- ; WliA'I A- (N=38) VS . 

Multivariate 1est 

WISC A +;WRAT A+ (N=21) en 
Cognitive Dimensions 

167 

Effect Test Name Value Approx . F li}fCth . df Error df p 

Group Wilks . 39 27. 70 3 55 <.00 1 

Univariate F-Tests ( 2 , 57 df ) 
Variable Hyi:oth ss Error ss Hypcth MS Errcr MS F p 
------ -- --------- -------- --------- --------
Verbal 11 95 . 36 114 9 . 55 1195.36 20 .1 6 59.2i <.CC 1 
Spatial 185 . 71 184 1. 50 1 6~ .71 32 . 30 5 . 74 <.C2 
Memory 444.36 797 .1 6 444 . 36 13 . 98 31 .77 < . 00 1 



'Iable C3 

Tctal Samfle : WISC A-;Wii.AT A- (N=38) VS . 

Multivariate 'Iest 

WISC A+; iiRA'I A- (N=71) en 
Cognitive Dimens i ons 

168 

Effect Test Name Val ue Apfrox . F Hyfcth . df Error df p 

Group Wilks . 79 e. ss 3 103 < . 001 

Univariate F- Tests ( 2 , 107 df) 
Variable Hypott ss Errcr ss Hyfcth MS Errcr MS F p 
- ------- --------- -------- --------- --------
Verbal 6 18 . 62 2720 .1 4 6 18 . 62 ~5.42 24 . 33 < . OC1 
Spatial 11 4.50 2802 . 29 11 4 . 50 26 .1 8 4. 31 <. (39 
Memory 111. 23 1~93 . 6 7 111.33 14 . 89 7 . 47 <. 007 



'Iable C4 

Total Sam_E:le: WISC A+;W EA'I A- ( N= 71) VS . 

Multivariate Test 

WISC A+ ;WRAT A+ ( N=21) en 
Cognitive Dimen~ions 

169 

Effect Test Name Value Approx . F Hyfcth . df Error df p 

Group Wilks . 81 6 . 83 3 88 < . 001 

Univariate F- Tests (2, 90 df) 
Variable Hypoth ss Errcr ss Hyfcth MS Errcr MS F p -------- --------- -------- --------- --------
Verbal 3 14.00 2257 . 06 3 14. 00 2: . C7 12.52 < . CC 1 
Spatial 39 .17 3026 . 69 39 .17 33 . 62 1. 16 <.283 
Memory 211 . 32 1~82.41 22 1.32 1 6 .4 7 12 . 82 <. 00 1 
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Table CS 

Males Cnly (N=101): Groups l:J Cognitive Dimensions 

Multivariate Test 

Effect Test Name Value Approx . F HJfCth . df Error df p 

Group Wilks • t8 6.78 6 192 <. 00 1 

Univariate F-Tests (2, df) 
Variable Hypoth ss Errcr ss Hypctb MS Errcr MS F p 
-------- --------- -------- --------- --------
Verbal 860 . 37 2333 . 84 430.18 23.8 1 18 . CE <.OC 1 
Spatial 93.Ll2 2902.73 46 .71 29.61 1. 5 7 < • .2 12 
Memory 265 . 73 1465.69 132 . 86 14.95 8 . 88 <. 00 1 
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'I'able C6 

Males Cnly: WISC A- ; WRAT A- (N=29) vs iISC A+;WRA1 A+ 
(N= 13 ) en Ccgni ti ve Dimensicns 

Multivariate Test 

Effect Test Name Value Approx. F Hypctb . df Errcr df f 

Group wilks . 45 15 . 40 3 36 < . CC 1 

Univariate F- Tests (2, 40 df ) 
Variable Hypoth ss Erro1: ss Hypcth MS Error PIS F p 
-------- --------- -------- --------- --------
Verbal 792 . 77 80 2 . 8 6 792.77 20 . 07 39 .49 <.00 1 
Spatial 82.50 1334.56 82 . !:0 33 . 3 6 2.47 <.1 24 
Memory 226 . 3 1 508 .47 266 . 3 1 12.71 n . ec <.CC 1 
----------------------------------------------~------------
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Table C7 

Males Only : liISC A-;iiRAT A- (N=29 ) VS. 
WISC A+; WBA'I (N=59) 

en Cogniti ve Dimensicn~ 

MultivariatE 'IEst 

Effect ~est Name Value Approx. F Hyfcth . df Errcr df f 

Group Wilks .79 7 .2 1 3 E4 <.OC 1 

Univariate F- 'Iests (2 , 86 df) 
Variable Hypoth ss Error ss Hypcth f! s Errcr MS F F ------ -- --------- -------- --------- --------
Verbal 405.83 2 144 .1 5 4 05 . 83 24 . 93 16 . 27 < . 00 1 
Spatial 50 .11 2205 . 96 50 .1 1 25 . cS 1. S5 <. 166 
Memory 154.8 1 1 240 .46 154 . 8 1 14 .42 10. 7 3 <.CC2 



Table ca 

Males Only: WISC A+; ii RA 'I A- (N=29 ) VS. 

Multivariate lest 

WISC A+;W RAT A+ (N= 13) 
en Ccgnitive Dimersicn~ 

173 

Effect ~est Name Value Approx. F Eyfoth . df Errcr df f 

Group iiilks .85 3 . 87 3 68 <. C1 

Univ ariate F- Tests (2 , 70 df) 
Variable Hyi;oth ss Error ss Hypcth MS Error MS F p 
-------- --------- ------ -- --------- --------
Verbal 248 .43 1720 . 67 2 4 8 .43 2 4. 58 10.10 <.002 
Spatia l 2 1.6 7 2264.93 2 1. 67 32.35 .66 < .416 
Memory 5 1. 53 1182 .45 51 . 53 16 . 89 3 . C5 < . C ES 
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Table C9 

Females Only ( N=29): Groups by Cognitiv e Dimenfions 

Multi variate lest 

Effect Test Name Value Approx . F Hyfoth. df Errcr df F 

Group iiilks . 42 4.26 6 48 

Univariate F- Tests (2, 26 df) 
Variable H yfotb ss Error ss Hypoth MS Error MS F F 
-------- --------- -------- --------- --------
Verbal 471 . 42 E43 . 45 23 5 . 7 1 24.75 9 . 52 <. 001 
Spatia 1 168 . 2 4 77 o. 7 9 8 4.1 .t 29 . 64 2 . 83 <.077 
Memory 181.36 3 11. 80 90 .68 11.99 7 .~6 <.C33 
-----------------------------------------------------------
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Table C10 

Females Only: WISC A-iliBA! A- (N=9) VS. 

Multivariate !est 

WISC A+ iWBAT !+ ( N=8 ) en 
Cognitive Dimensions 

Effect !est Name Value Approx. F Hyfotb . df Error df F 

Group Wilks . 29 10. 41 3 13 <. CC 1 

Univariate F-Tests (2 , 15 df) 
Variable H}fOtb ss Error ss Hypcth fl~ Errcr MS F F -------- --------- -------- --------- --------
Verbal 4E3.24 2 7 8 . 87 463.24 18.59 24 . 91 <. 00 1 
Spatial 167.65 397. 87 16 7. €5 26. 52 6 . 32 < . 024 
Memory 133 . 3 4 13 2. 88 133 . 3 4 8 . €5 15.CS <.C0 1 



Table C11 

Females Only : WISC A- ;WRA1 A- (N=9 ) VS. 

Multivariate 'Iest 

WISC A+; WBAT A- ( N= 12) en 
Ccgnit i ve DimenEicns 

176 

Effect Test Name Value Approx. F HYFOth . df Error df f 

Group Wilks . 65 2 . 96 3 17 

Univariate F- 'Iests (2 I 19 df) 
Variable H_}'Foth ss Error ss Hypoth l'IS Error MS F F 
------ -- --------- -------- --------- --------
Verbal 185 .14 504 . 66 18 5 . 1 4 26 . 56 6 . 97 < . 0 16 
Spatial 5 4. 32 436 . 9 1 5 4. 3 2 22 . 99 2.36 < . 14 1 
Memory . 003 271 . 8 0 .003 1il .30 . cc < . 9E7 



Table C12 

Females Only: WISC A+; ~RA'I A- (N= 12 ) VS. 

MultivariatE 'lest 

WISC A+ ; WEAT A+ (N=8 ) en 
cognitive Dimen~icns 

177 

Effect lest Name Val ue Appr ox. F Hyfoth . df Error df f 

Group ililks . 53 4. 56 3 H < . C17 

Univariate F- 'Iests (2 , 18 df ) 
Variable Hypoth ss Error ss Hypcth ll S Error MS F· F -------- -------- - -------- --------- --------
Verbal 95 . 40 503 . 54 95 .4 0 27 . 97 3 . 4 1 <.08 1 
Spatial 44. 40 706 .7 9 44.40 39 .2 6 1.1 3 < . 302 
Memory 149 . 63 218 . 9 1 149 . 63 1 ~. 16 12 . 3 C < . C C3 
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.lppE.Ddix D 

BAI DAT.I-SIMPLE 2 

Variatle list sbid , sex,agey , sim , arith , vocab , bd , oa, 
ds , cod,verb , spat ,m em,crss , csss , cass 

Input fo:rmat (F5.0,1X,F1.0,1X , F2 . 0 ,1 X ,10 (F2 . 0 ,1 X) , 
3 (F3. O, 1X)) 

Variatle labels sbid, subject number/ 
agey,age in years/ 
Eex , Eex/ 
Eim, Similarities subtest of the 

WISC- R scaled score/ 
arith , Arithmetic subtest of the 

WISC-R scaled score/ 
vocab, Vocabulary subtest of the 

WISC - R scaled SCOI€/ 
bd , Block design subtest of the 

WISC- F scaled score/ 
ca , Object assembly subtest of the 

WISC-R scaled score; 
ds , Digit SfaD subtest of the WISC - B­

scaled score/ 
ccd , Coding subtest of the WISC-E-

scaled score/ 
verb , Verbal=sim+vccab/ 
spat , Spatial=l:d+ca 
mem, Memo:ry=ds+cod 
crss , Beading subtest of the WRA!~ 

standa:rd score/ 
csss, Spelling subtest of the WRA!­

standa:rd scc:re/ 
cass , Arithmetic subtest of the wEAT ­

stanoard score/ 
Value labels sex (1) Male (C) Fe11.ale/ 

all other variables (0) Missirg da t a 

232 1 11 10 10 1 10 9 10 C 20 19 15 S1 so iE 
21 7 1 10 11 10 1C 12 13 7 C 21 25 12 112 110 100 
130 1 9 12 12 12 11 12 10 7 24 23 17 113 1(2 99 
13 1 1 9 9 11 6 10 10 s 1C 20 20 18 78 90 78 
133 1 9 11 9 13 8 9 5 11 20 17 16 83 t4 €S 
153 0 8 11 10 10 15 12 8 8 2 1 27 16 96 95 10 1 
156 1 8 8 9 9 8 8 5 C 17 16 10 so ~7 94 -
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192 1 10 8 1 2 10 12 13 10 1:. 20 ~c ~- 23 96 52 E~ 
196 0 11 8 6 8 7 13 10 1 1 14 20 2 1 11 8 112 10 1 

4 0 11 4 7 8 6 8 9 7 11 14 16 1 C 1 1C4 1 4 
21 1 8 13 12 12 8 12 8 s 25 2C 17 1 08 1 GO 94 
23 1 11 18 11 15 16 18 5 10 29 34 1 5 1C6 55 111 
36 C E 4 10 9 9 11 8 9 14 20 17 98 55 98 
44 0 12 6 9 7 8 10 8 12 1 5 1€ 20 1 07 so 65 
87 1 12 8 9 5 7 7 3 4 17 14 7 55 56 59 

4 1 09 0 10 13 1 1 13 11 11 10 13 24 22 23 124 114 1 0 1 
4CS8 1 12 12 9 14 13 15 9 9 2 1 28 18 80 78 82 
4088 1 8 11 14 12 13 15 7 c 25 26 1 3 93 0 1C 4 
4(€7 C 9 9 9 6 7 9 9 7 1 8 1 6 1 6 82 79 86 
4 177 1 13 10 10 7 14 12 9 8 20 2€ 17 €6 i 9 ec 
4 12 1 0 10 3 2 1 1 1 2 4 5 2 6 56 0 48 
4 114 1 9 9 1 0 1 0 7 9 9 7 1 9 H 1 6 116 111 € 7 
4180 1 9 10 8 13 14 9 11 12 1 8 23 23 84 80 95 

649 1 8 9 8 12 8 10 6 8 17 1€ 14 S3 55 S4 
802 0 11 9 8 C: 6 4 7 s 17 1 0 1 6 88 99 82 ~ 

794 1 12 11 10 1 0 10 14 8 e 21 24 16 9 1 €8 7 :. 
7 89 0 11 7 7 6 7 6 5 1 14 13 6 9 1 89 7 2 
765 1 12 9 9 9 6 9 3 1 18 15 10 102 13 14 
7E 3 1 10 7 4 5 11 11 6 11 1 1 22 17 80 72 83 
7 57 1 8 11 1 5 9 10 11 7 12 26 2 1 19 0 €3 95 
733 1 1 2 10 9 7 1 3 13 5 C: 1 9 2c 1 0 80 80 7 3 
339 0 10 1 3 1 3 4 2 C 4 7 7 55 49 48 -
337 1 13 8 9 8 8 6 9 3 17 14 1 2 9 7 68 87 
30 1 1 12 10 1 2 10 11 13 11 5 22 24 16 S2 8 1 72 
2S7 1 10 6 e 5 8 4 6 e 14 12 14 99 97 86 
283 1 10 9 10 9 1 2 14 7 e 1 9 2E 1 5 11C 53 S 1 
282 1 10 1 6 1 3 1 0 1 4 1 9 6 1C 29 33 16 83 83 88 
510 1 11 7 9 7 7 7 10 9 16 1 tj 19 94 ES 7S 
5C9 1 10 7 12 9 10 9 6 7 19 19 13 85 84 88 
4 86 1 9 4 10 5 7 7 8 e 14 14 16 so €4 71 
4 66 1 9 7 9 5 10 9 C: 1 2 16 1 9 18 91 84 100 -
460 1 11 7 10 6 1 2 12 10 4 17 2 4 14 C 0 73 
393 1 11 8 8 1 2 9 1 0 6 6 16 19 12 100 89 8 4 
523 1 11 13 11 11 11 12 10 C 2Q 23 15 1C6 1C 1 8( -
516 1 9 6 10 5 12 11 3 e 1 6 23 11 64 71 81 
264 1 8 10 13 9 1 2 10 1 0 E 23 22 18 7 8 €9 €6 
266 0 11 5 8 4 11 9 5 9 13 20 14 9 1 87 7 9 
890 1 9 9 11 6 6 9 C. 11 20 15 1 6 €6 7 5 C 
883 1 13 5 C: 2 1 6 1 C: 1 0 7 6 72 68 65 
8 71 1 14 8 7 1 0 1 0 10 7 ~ 1 5 20 9 102 92 e2 
858 1 9 9 10 8 14 11 7 1 1 1 9 25 18 102 96 96 
822 1 14 12 1 0 1 1 10 10 14 11 22 20 25 S7 52 9€ 

1028 0 10 1 2 11 9 1 0 8 12 10 23 18 22 97 S7 100 
1 004 0 12 7 4 5 4 10 6 4 11 14 10 76 €5 65 

962 1 9 4 C. 2 2 7 3 2 9 9 5 52 6 1 56 
945 1 10 3 5 7 8 7 7 t 8 15 13 1S 1 9 Et 
904 0 11 10 1 0 7 11 12 4 1 2 20 23 16 94 89 7 5 

1 098 0 9 1 2 9 8 11 7 5 E 2 1 18 11 EE €8 84 
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1082 1 13 8 9 7 13 9 3 7 17 22 10 75 70 EE 
1(79 0 11 8 9 6 8 6 5 1 C 17 14 15 93 80 76 
1076 1 8 10 14 12 8 9 6 C 24 1i 11 11 6 114 1C: -
1057 C 10 9 E 6 8 8 10 3 17 16 13 97 95 86 
1042 1 13 6 3 9 5 10 8 8 9 15 16 81 t9 EC 

627 1 10 14 11 13 1 4 15 9 7 25 29 16 82 74 10 1 
6 13 1 11 6 9 7 9 10 12 e 15 19 20 105 1 C 1 7S 
58 1 1 12 10 9 8 8 7 5 6 19 15 11 106 88 82 
710 0 12 10 8 8 8 6 7 11 18 14 18 1C2 1C2 e: 
7 C6 1 8 15 14 12 2 9 9 9 29 11 18 93 107 98 
701 0 11 5 1 4 11 7 2 1 6 18 3 75 E6 5t 
€72 1 9 10 10 11 13 12 10 1 1 20 25 21 108 96 90 

1383 1 12 6 8 7 9 7 6 8 14 16 14 93 78 SC 
1360 1 10 13 1 ll 9 17 18 10 6 27 35 16 101 97 88 
1354 0 9 7 7 7 10 10 8 1, 1 ll 20 20 1C 1 1C 2 9i 
1460 1 10 14 12 7 13 15 7 7 26 28 14 109 83 83 
145 1 0 13 7 6 8 9 10 9 11 13 19 20 90 i5 7( 
14 fl 2 1 e 7 8 8 9 9 6 7 15 18 13 109 0 94 
1434 0 8 8 8 6 8 10 7 E 16 18 13 81 t 7 EC 
1629 0 1 LI 10 8 7 9 7 6 E 18 16 12 72 68 73 
1627 1 14 9 10 9 12 13 8 9 19 - C: '-~ 17 94 i 6 77 
162 1 0 e 12 10 9 10 10 8 C .., 22 20 17 90 S7 98 
1616 1 8 13 12 9 14 9 7 E - c:: L. .., 23 13 1C9 c8 107 
1580 0 10 3 2 C: 3 8 2 8 5 11 10 86 91 80 ~ 

1572 1 8 12 9 1 1 10 11 10 E 2 1 2 1 16 117 112 10 E 
1513 1 12 7 10 7 8 6 7 7 17 14 14 101 93 71 
11 05 0 9 5 8 7 9 8 9 1, 13 17 2 1 1C3 1CO S7 
11C6 1 10 8 7 12 13 13 7 9 1 5 26 16 94 83 9 1 
11 21 1 13 10 8 11 13 14 4 1, 18 21 16 0 0 95 
1277 1 11 6 8 8 7 8 7 10 14 15 17 85 70 74 
1259 1 9 16 14 13 8 12 8 t 30 20 16 120 98 ,-

~ I 
1155 1 10 9 9 5 9 10 5 4 18 19 9 97 0 80 
11 36 0 13 9 8 8 7 8 13 1 1 17 15 24 62 69 56 
11 32 1 1 LI 5 6 7 7 8 8 5 11 15 13 72 68 70 
11 30 0 12 10 9 9 10 10 11 8 19 20 19 E6 78 S 1 
13 Ll 1 C 10 5 4 6 5 5 5 ll 9 10 9 89 87 78 
1308 1 13 5 6 7 4 2 3 C: 11 6 8 85 (: 6 7 ll 
20:3 0 13 7 7 5 7 4 8 14 14 11 22 99 88 67 
20 70 1 12 8 8 9 9 9 12 i 16 18 19 82 90 7 8 
207 2 1 10 10 11 12 17 13 11 8 2 1 30 19 109 106 101 
2 1$6 1 13 10 10 8 10 13 9 e 20 23 17 0 0 80 
2 187 1 13 5 5 8 11 17 6 8 10 28 14 74 74 63 
2166 0 8 10 12 E 8 8 8 8 22 16 16 104 1 C4 99 
2 161 1 8 11 11 9 13 11 7 7 22 24 14 96 58 92 
1675 1 0 .., 8 9 C: 4 9 3 8 17 13 11 69 77 74 
1755 0 9 12 10 5 8 7 5 E 22 15 11 C S4 t C 
17 47 1 9 19 16 14 15 18 1C 7 35 33 17 0 119 99 
1700 0 10 7 8 9 10 8 4 7 15 18 11 83 ES S 1 
1792 1 9 7 9 10 4 9 6 13 1 6 13 19 80 80 77 
1786 0 9 6 7 6 4 8 6 7 13 12 13 S3 52 83 
1784 1 9 10 11 11 11 8 7 e 2 1 19 15 92 94 100 
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HES 1 8 12 11 8 1 0 9 9 9 23 19 18 0 97 10 4 
18 79 1 8 12 9 9 14 16 8 8 2 1 30 16 99 E5 1C4 
1872 1 10 8 e 13 12 15 3 2 1 6 27 5 71 66 93 
1870 0 14 9 9 9 9 8 7 E 18 17 13 S7 71 63 
18 5 2 1 13 7 8 6 7 15 5 3 1 5 22 8 78 70 68 
1 845 1 10 11 13 1 2 10 11 7 11 2 LI 2 1 18 sa ~5 S 1 
1820 1 9 13 10 9 11 17 8 e 23 28 16 97 96 10 2 
1 4 1 4 0 12 10 7 10 11 12 12 11 17 23 23 s1 E8 77 
1405 1 8 14 1 LI 6 7 9 1 2 e 28 16 20 127 116 10 5 
2609 1 8 11 12 7 13 16 2 C: 23 29 7 78 85 77 -
2592 C 13 10 8 8 10 10 1 0 e 1 8 20 18 76 72 7 3 
2587 0 13 4 9 5 5 8 4 1 13 13 5 E1 74 €3 
22 18 1 11 8 7 6 5 9 7 8 15 14 15 87 79 82 
2230 1 9 7 7 8 8 7 6 € 14 15 12 E6 S4 7€ 
2236 0 10 3 5 5 5 4 7 5 8 9 12 97 9 1 88 
2290 0 13 4 6 7 9 6 3 10 1 0 15 13 72 70 73 
2303 1 10 7 6 7 5 13 5 9 1 3 18 14 7 8 7 0 80 
2285 1 8 11 11 7 1 2 10 6 10 22 22 16 106 rn 9S 
228 1 0 8 5 4 5 .6 5 5 C: s 11 10 8 1 73 82 ~ 

234 1 1 12 15 10 10 10 10 6 € 25 20 1!1 11 5 117 €€ 
2320 1 9 7 6 6 5 7 2 4 13 12 6 67 77 78 
23 16 1 8 9 7 7 11 11 7 9 16 22 16 85 E8 9 1 
2447 1 13 8 6 8 12 8 9 7 14 20 16 76 72 74 
2442 1 8 9 10 7 10 11 9 C: 19 2 1 14 SJ S1 at 
2433 1 8 14 17 13 13 11 7 1C 3 1 24 17 100 1 C2 9 1 
2421 1 9 13 8 17 13 9 9 11 2 1 22 20 11 3 11 3 S3 
24C8 1 10 7 9 1 12 8 5 e 16 20 13 96 93 80 
2390 1 13 11 8 9 12 14 9 10 19 2€ 19 S9 €9 84 
204 4 1 11 6 1 5 8 11 8 3 7 19 11 80 76 62 
2027 1 11 8 9 5 11 14 6 3 17 25 9 9 1 €7 €7 
20C9 1 14 8 7 8 11 1 5 e 6 15 26 14 71 66 68 
1 97 0 1 8 7 9 12 6 13 8 14 16 19 22 ES 79 cc ., ., 
19 02 0 e 7 7 6 5 4 7 6 1 4 9 13 95 87 77 
29 7 6 0 14 9 7 8 10 7 12 11 1 E 17 23 95 97 8 LI 
2960 0 10 7 10 10 16 16 13 1 0 17 32 23 97 114 92 
2959 0 8 8 6 7 7 4 9 7 1 4 11 16 ss So 83 
2957 1 11 7 12 7 1 2 9 5 6 19 2 1 11 87 83 8 1 
2956 1 12 1 2 11 9 8 12 7 t 23 20 13 97 75 77 
2953 1 13 7 7 7 11 11 s 6 14 22 15 77 72 64 
2939 1 14 3 2 3 4 5 4 2 C: 9 6 E4 73 7 3 -
2928 1 12 14 E 7 1 0 12 11 7 22 22 18 88 68 7 1 
2866 0 8 9 12 7 12 9 8 11 2 1 2 1 19 102 110 9S 
2850 C 8 10 12 7 8 13 8 7 22 2 1 15 11 0 98 10 5 
2820- 0 13 6 6 5 7 11 4 e 12 18 12 74 74 73 
25€5 1 13 7 10 10 14 14 8 9 17 28 17 8 1 74 80 
2559 1 13 8 11 9 11 14 7 4 19 25 11 77 74 7 E 
2530 1 8 9 10 7 11 11 5 e 1 9 22 13 95 96 86 
2516 0 11 5 3 5 4 4 7 9 8 8 16 c6 €9 7 3 
25 14 1 8 8 9 7 10 9 8 6 17 19 1 4 8 1 9 1 89 
2 4 87 0 9 9 1 2 7 10 9 10 s 2 1 19 19 123 1C7 1C s 
2483 0 8 6 2 5 5 8 10 C: 8 13 15 7 8 9 1 71 
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2474 1 13 8 9 9 7 14 9 1 3 17 21 22 0 0 0 
2467 1 12 8 7 12 8 10 9 10 15 18 19 7 9 i O 74 
2717 C 10 9 8 9 13 11 6 1 C 17 24 16 90 ':.7 91 
271 5 1 11 7 3 8 7 6 5 4 1 0 13 9 45 77 7S 
2688 0 12 5 4 3 4 7 3 2 9 11 5 67 68 68 
2678 1 9 15 13 7 13 16 6 g 28 29 1 5 1C4 111 92 
26!2 1 s 8 10 9 10 12 3 4 18 22 7 72 83 80 
3607 1 9 1 3 8 5 1 2 13 5 6 21 25 11 90 €6 SC 
3605 1 12 8 9 10 5 6 7 7 17 11 14 94 85 79 
3600 0 11 9 10 10 11 11 12 10 1 9 22 22 ec iO 72 
3594 C 8 7 6 7 11 1 0 5 1 5 13 2 1 20 86 96 85 
3587 1 9 8 13 11 13 14 8 12 2 1 27 20 97 €8 HS 
366 1 1 13 9 s 7 9 4 9 6 17 13 15 80 88 73 
3660 0 10 10 13 9 1 2 10 9 e 23 22 17 1C6 1C 1 €€ 
3656 1 9 6 11 E 11 11 1 0 e 17 22 1 8 78 80 88 
3641 1 9 9 5 7 11 12 6 7 1 4 23 13 78 82 ii 
3625 0 10 10 8 9 15 8 9 17 1 8 23 26 104 92 88 
3624 0 9 9 8 11 8 7 5 11 17 15 16 1C7 1C 5 10C 
3611 0 8 11 11 9 5 9 7 14 22 14 2 1 103 101 99 
3681 1 14 8 7 8 9 12 9 8 1 5 2 1 17 87 E:4 73 
3680 1 13 8 7 7 8 7 6 5 1 5 15 11 94 84 80 
3673 1 8 9 14 8 1 6 12 7 i 23 28 14 74 88 6C 
3443 1 9 10 11 12 14 16 7 6 2 1 30 13 86 S2 100 
3 421 0 9 13 11 5 5 8 8 7 24 13 15 90 €8 SC 
3420 0 13 9 8 1C 11 1 0 11 1 1 17 2 1 22 103 103 80 
3392 1 9 1 2 2 5 8 2 i:: 3 1 3 7 75 73 €E -
339 1 1 9 7 8 8 7 9 8 6 15 16 14 78 79 84 
3390 1 9 1 4 3 10 11 3 i:: i:: 2 1 8 69 i5 7€ ..,, 
3389 1 10 9 10 9 10 9 7 6 1 9 19 13 88 85 88 
3457 1 9 10 8 1 2 16 12 8 10 18 28 1 8 73 77 9( 
3458 1 13 c ~ 7 1 2 12 5 8 9 24 13 77 65 73 
3 168 0 13 6 5 7 5 5 6 7 11 10 13 9C iS 73 
3 1€ 5 0 9 8 11 12 10 1 0 7 11 19 20 18 118 115 99 
3166 0 9 14 11 12 13 12 10 1C 25 - i:: ~- 20 115 1C7 ss 
3 16 1 1 e 7 6 9 4 1 0 9 i:: 13 14 14 93 1 co 92 -
3132 1 11 10 1 2 15 16 11 9 6 22 27 15 130 121 148 
3 131 1 12 10 9 10 11 16 11 i 1 9 27 18 0 68 74 
3129 1 14 1 4 4 6 9 2 6 c; 1 5 8 76 E9 EE 
3204 1 13 5 6 10 7 9 9 7 11 16 16 99 93 77 
3202 1 10 14 11 13 14 11 9 8 25 25 17 113 1C6 SE 
3 1S7 1 9 12 1 3 8 11 7 9 e 25 18 17 76 80 92 
3195 1 8 13 13 12 14 7 7 1 1 26 21 18 1 C8 1C2 1 C 1 
3 193 0 10 8 6 c 8 12 5 s 14 20 14 7 1 72 83 
3 188 1 14 10 9 14 13 9 9 8 1 9 22 17 1C1 ':.3 9 1 
3 187 1 13 10 8 11 10 1 0 1 5 1 C 1 8 20 25 1 00 92 85 
3 181 1 14 8 8 4 6 3 5 E 1 6 9 11 70 €8 6E 
3177 1 9 5 8 9 8 11 5 e 13 19 13 102 102 102 
3 176 1 9 1 2 13 10 12 12 4 9 25 24 13 95 E2 c-

; ' 
3 172 1 10 13 8 1 0 1 5 17 6 E 21 32 1 2 107 S9 9 1 
28 18 1 14 5 5 3 1 2 3 C 1 0 3 8 74 76 :s -
28 12 1 9 8 12 9 6 11 8 1 0 20 17 18 102 96 102 
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27E4 1 10 13 11 9 9 8 10 9 2 4 17 19 11 2 1 08 88 
2730 1 8 12 14 9 12 12 7 1 1 26 24 18 95 58 92 
3280 0 11 13 10 9 14 10 10 1C 23 24 20 12 1 114 84 
3278 0 10 7 4 5 8 7 6 LI 11 15 10 73 72 7E 
3276 1 8 1 2 16 7 14 14 15 9 28 28 24 100 108 96 
327 5 0 1 2 10 9 9 10 8 9 8 19 18 17 1C9 ,ca E4 
3322 1 11 14 10 10 e 12 11 f 24 20 17 10 2 95 76 
3316 1 8 7 8 9 10 10 6 7 15 ~o 13 74 73 9 1 
33 14 0 9 4 4 3 6 5 4 9 8 11 13 67 67 66 
33 11 0 11 6 5 6 7 8 4 11 15 7 82 68 - c - I J 

3304 1 13 10 9 9 9 15 8 1 1 19 24 19 92 82 77 
3296 0 14 9 8 9 10 8 12 11 17 18 23 11 0 1C5 7 'i 
3369 0 12 5 6 i:; 9 12 2 4 1 1 2 1 6 73 62 7 1 
3365 1 9 7 6 6 9 13 3 i:; 13 22 8 67 'i 5 E3 ~ 

33€3 1 e 4 4 5 i:; 5 2 5 8 10 7 88 79 74 
3362 1 12 11 1 2 10 1 2 13 11 4 23 ~ C: 

"-- 1 5 112 1C2 EC 
33E 1 1 13 5 3 7 11 10 9 i:; 8 2 1 14 73 72 78 .., 
3354 1 8 1 2 13 14 15 15 1 7 25 30 14 104 1C9 S1 
3347 1 11 9 e 8 s 9 7 1 2 1 7 18 19 92 9 1 7 9 
3 128 1 13 7 7 5 8 15 7 LI 14 23 11 1 C8 70 € 1 
3 111 1 11 13 11 11 1 6 12 8 1 2 2 4 28 20 97 95 94 
3 104 1 13 12 7 9 10 11 7 1 ~ 19 2 1 19 1C3 1C2 8( 
3036 1 13 8 9 11 15 12 7 12 17 27 19 88 75 80 
3009 1 14 1 2 8 12 6 11 5 7 20 17 1 2 1 C4 0 9€ 
2990 1 12 7 7 7 9 11 7 E 14 20 15 76 65 66 
3 7 35 0 9 15 12 10 1 2 11 10 C 

j 27 23 19 ES E2 92 
3i 4 0 0 12 6 i:; 1 7 6 7 9 11 13 1 6 88 88 72 
3 77 9 0 10 10 8 7 13 12 E 10 1 8 2.: 16 0 S8 C 
3 7 88 0 E 7 i:; 5 i:; 8 5 6 1 2 13 11 7 6 84 68 ~ 

3790 0 11 10 9 8 7 8 6 5 19 15 11 11 5 126 EC 
3 7 98 0 9 10 8 7 6 5 5 7 18 11 1 2 92 92 82 
3801 1 8 11 10 9 8 11 8 10 2 1 19 1 8 92 1C4 1C1 
3806 1 11 15 12 11 8 11 12 7 27 19 19 109 120 82 
38 14 0 14 6 8 7 3 10 4 8 14 13 1 2 90 59 6€ 
38 16 C 9 1 1 9 8 10 7 e 5 20 17 13 93 E8 95 
3826 1 12 11 7 7 10 15 5 7 1 8 25 12 1cc 50 67 
38 47 1 10 7 8 10 9 15 4 7 15 2 4 11 96 0 85 
37 25 1 12 11 8 8 6 10 7 7 19 16 14 92 E2 6E 
37 30 0 .11 7 11 8 7 8 8 7 18 15 15 121 126 90 
3 7 24 1 10 10 10 9 11 8 11 1 1 20 19 22 109 1C8 S 1 
37 21 1 0 ., 14 10 10 8 14 7 8 24 22 15 103 S9 9 4 
3723 1 8 12 12 9 11 11 10 4 2 4 22 14 9 1 ES EE 
3 71 2 1 11 5 4 7 7 11 10 E 9 18 16 88 80 67 
37 16 1 11 8 5 5 7 9 10 C: 13 H 1 5 80 7 2 :9 -
371 8 1 e 8 7 1 9 9 5 i:; 15 18 10 108 100 79 .., 
3698 0 10 11 8 13 14 15 5 10 19 29 15 S9 S9 SE 
39C8 1 10 7 14 5 3 7 6 5 2 1 10 11 66 70 7 6 
3529 1 13 12 13 10 11 15 11 C: 25 26 16 11 0 99 EE -
35 10 1 e 12 8 9 14 15 7 s 20 29 1 6 8 1 87 89 
3493 1 10 18 19 18 10 8 15 11 3 7 H 26 146 133 12 LI 
34 92 1 9 6 5 i:; 1 2 10 6 ,(. 11 22 8 63 78 74 
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3491 1 8 12 1 II 12 18 13 10 4 26 3 1 14 122 114 104 
3225 0 13 9 8 9 12 10 9 s 17 22 18 91 E1 ec 
2224 1 111 12 10 11 15 1 4 9 s 22 29 18 112 112 C 
3222 0 11 9 9 8 9 12 12 6 18 21 18 1C8 97 73 
3220 1 11 4 C C 11 16 7 5 9 27 12 68 64 73 ~ 

32 19 1 9 9 6 5 12 10 6 4 15 2 2 10 EC 77 e II 
32 16 1 8 15 12 13 13 14 8 e 27 27 16 114 106 96 
32 12 0 9 4 7 6 4 6 4 € 1 1 10 10 76 78 ii 
32 10 1 9 10 C 8 9 11 10 7 15 20 17 94 S2 99 -
3237 1 11 2 3 12 13 10 10 10 C - -::i 20 74 76 9E - ~-
323 1 1 10 E E 6 11 14 6 4 16 25 10 78 79 8 1 
3230 0 8 11 11 10 11 6 10 12 22 11 22 11 2 11 0 1C5 
3229 1 9 9 9 10 10 12 12 7 18 22 19 99 98 89 
3226 1 11 , 1 10 9 10 13 8 E 2 1 23 14 1C3 €3 7 1 
327 2 C 10 12 9 7 10 9 11 6 21 19 17 88 83 73 
327 1 1 11 6 8 8 9 14 5 1C 1 4 L3 15 75 74 7E 
3266 1 13 8 7 8 15 14 8 6 15 29 14 77 74 75 
3264 0 13 10 9 13 6 10 11 11 19 1 E 22 127 1( 8 SE 
32 €1 1 12 11 11 9 12 12 5 6 22 24 11 96 ES 93 
3247 0 10 13 13 7 10 10 7 11 26 20 18 114 1C8 E3 
3289 1 12 9 e 14 c 9 9 9 17 17 18 90 62 10 4 
3889 1 13 11 1 1 8 15 14 9 7 22 29 16 S1 E2 74 
3869 0 9 7 13 11 12 9 6 11 20 21 17 100 100 103 
3 938 0 8 11 10 7 13 12 10 s 2 1 ~c 

~- 19 E1 E9 SE 
3937 1 11 5 6 7 11 11 5 7 1 1 22 12 79 73 79 
3930 1 13 5 7 5 11 10 7 € 12 ~1 1 = 88 72 70 
39 26 1 1C 13 10 7 9 10 5 6 23 19 11 96 89 7 9 
3923 0 12 5 6 6 5 5 8 1 11 10 9 0 1C8 C 
3988 1 10 10 16 10 10 12 11 11 26 22 22 91 91 96 
3985 1 9 9 12 12 13 14 8 11 2 1 27 19 92 54 92 
39E6 1 8 12 12 7 12 11 11 5 2 4 23 16 0 E3 89 
3944 1 9 6 6 3 5 5 7 - 12 10 10 96 so 72 
4045 1 12 19 16 10 1E 14 8 9 35 30 17 0 76 0 
4024 1 10 4 7 3 3 5 3 1 11 8 4 €4 ES 7 ( 
4022 0 8 13 17 9 12 9 7 8 30 2 1 15 114 104 10 1 
4015 1 14 7 8 9 9 7 8 11 15 1E 19 9S 1CO 7€ 
399 1 1 10 10 9 8 14 11 7 7 19 25 1 4 97 97 86 
35 43 1 14 11 9 11 11 8 12 10 20 19 22 108 53 9E 
3548 1 13 10 6 8 12 11 4 € 16 23 12 87 72 77 
3560 1 8 12 14 6 11 12 6 6 26 23 12 73 72 SE 
35(;5 1 9 9 8 8 13 10 11 11 17 23 22 66 79 9L 
35€5 1 11 14 9 7 7 8 9 8 23 15 17 1CO S6 73 
35 82 1 9 11 s 8 14 15 6 8 20 29 14 94 56 96 
3575 0 10 14 14 13 14 12 13 12 28 26 25 97 E6 S4 
41 83 0 10 5 6 7 9 8 10 E 11 17 16 92 91 83 
4190 1 10 9 12 9 13 13 9 9 21 26 18 12C 1C3 cc 

,J J 

42!:3 1 13 16 111 10 10 10 8 C 3C 20 13 92 11 0 10 5 ~ 

4245 1 11 9 11 11 13 9 6 1 !: 20 22 2 1 98 101 cc 
,J ., 

42113 1 8 13 15 13 15 13 8 13 28 28 21 103 102 11 0 
4239 0 10 17 12 12 13 9 10 12 29 22 22 112 103 9€ 
4 22 4 0 8 5 4 3 5 3 2 1 9 8 3 68 61 7E 



4223 0 10 10 10 12 11 9 10 15 2 0 2C 25 118 11 2 10~ 
4264 0 11 16 12 13 10 8 10 12 2 8 18 23 116 11 5 SE 
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Table E1 

Total Sample (N=309): iRA~ A by Verbal, Spatial 
and Memory Dimensions 

Step 1: 

Step 2 : 

Multiple R 
R Square 
Adjusted R Squar e 
F=156.S1, 1, 307 df, 

. se14 

. 33 81 

. 3359 
i:< . 00 1 

Variabl es in t he Eguaticn 

Variable 

Verl::al 

Multiple R 
R sq uare 

E 

1. 30 

.E130 

. 37 58 

. 3717 Adjusted R Sq uare 
F=92.14, 2 ,306 df, p<.OC1 

Varia tles in the Eg uatic n 

Eeta 

. SE 

Variable 

Verbal 
Memory 

B 

1.08 
.E2 

Beta 

.4E 

. 2 1 
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Tabl e E2 

Tot al Sampl e (N=3 15) : WISC- RA by Verbal , Spatial 
and Memory Dimensions 

Step 1 : 

Step 2: 

Step 3 : 

l!ultii:;le R 
R Square 
Adjusted R Square 
F= 1 € 9 • 7 8 , 1 , 3 1 3 d f , 

. 6 1ll3 

. 3774 

. 3 7 54 
f< . 00 1 

Variables in the Equaticn 

Variable 

Verl:al 

Multii:; l e R 
B Square 

E 

. 29 

. 6E55 

. 4€99 

. 4€65 Adj usted R Square 
F= 138 . 32 , 2 , 3 12 df , p<.C0 1 

Var iables in the Eguaticn 

Eeta 

. 6 1 

Variable 

Verl:al 
Memory 

B Beta 

Multiple B 
R Square 
Adjusted B Square 
F=1 C7.73 , 1 , 3 11 df , 

.7 138 

. 5C96 
• 5 C 49 
f< . C0 1 

Variables in the Equaticn 

Variable B 
--------
Vertal . 16 1 
Memory . 1 9 
Spatial . 11 

. 45 

.34 

Eeta 

. 34 

.3 1 

. 23 
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step 1: 

Step 2: 

'Iable E3 

Males Cnly (N=2 11) : WRAT A l::y Vert al, Spatial 
and Memory Di11ensicns ( N=2 11) 

Multiple R 
R Square 
Adjusted R Square 
F= 95. 77, 1, 209 df , 

. 5t05 

.3 142 

. 3 1 C9 
p< . 00 1 

Variables in the Eguaticn 

Variable B 
--------
Verl:al 1. 26 

Multiple B . 5968 
R Square .3562 
Adjusted B Square . 3500 
F=57. 56 , 2 , 208 df, f< . 00 1 

Variabl es in the Eguaticn 

Beta 

. 56 

Variable 

Vertal 
Memory 

B 

1. C4 
• 7 1 

Beta 

. 46 

. 22 
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Step 1: 

step 2: 

Step 3 : 

'Ial::l e E4 

Ma 1 Es C n 1 y ( N= 2 1 5 ) : WISC - E 11 1: y Ver 1:: a 1, 
Spatial and Memory Di~enEicns 

Multiple R 
E Sguare 
Adjusted R Sguare 

.5639 

F= 99.32, 1, 2 13 df , 

• 3 180 
. 3 148 
p< . 001 

Variables in the Eguaticn 

Variable B 
--------
Vertal . 27 

Multiple R . 6 494 
R Sguare . 4217 
Adjusted R Square .4163 
F=7 7 .3 1, 2 , 212 df , F<.CC1 

Variables in the Eguaticn 

Beta 

. 56 

Variable 

Verl:al 
Memory 

B 

. 20 
• 24 

Beta 

.41 

.35 

Multiple R 
R Square 
Adjusted R Sguare 

. 6683 

F= 56 . 77, 3 , 2 11 df , 

• 4 LI 66 
.4388 
p<.00 1 

Variables in the Eguaticn 

Variable B --------
Verl::al .16 
Memory • 23 
SFatial . cs 

feta 

. 33 

. 33 

. 17 
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Table E5 

Females Only (N=98): jRA1 A by Verbal, Spatial 
and ~emory Dimensions 

Step 1: 

Step 2: 

Multiple R 
R Square 
Adjusted B Square 
F= 5 9 . 8 3 , 1 , 9 6 d f, 

. t 15 6 

. 3E39 

.3775 
p< . 001 

Variables in the Eguaticn 

Variable E 
--------
Verbal 1. 113 

Multiple R .6441 
R Sq uare .4148 
Adjusted R Square .4C25 
F=33.67 , 2 , 95 df , p<.OC 1 

Variables in the Eguaticn 

Eeta 

. 61 

Variable 

Verbal 
si:atial 

E 

1. 12 
. 56 

Eeta 

.4 8 

. 22 
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Step 1 : 

Step 2: 

Step 3 : 

Table E6 

Females Only (N=100 ) : iiISC - R A by Verbal , 
Spatial and Memory Ci~ensicns 

Mul tii;le R 
R Square 
Adjusted B Square 
F= 9 1.93, 1, 98 df, 

. 6 5 57 

.4E40 

.4787 
i;< . 00 1 

Variables in the Eguaticn 

Variable 

Memory 

Multii;le R 
B square 
Adjusted B square 
F=76 . 45, 2 , 97 df, 

E 

.33 

. 7622 

. 611 8 

. (;038 
p<.001 

Variables in the Equaticn 

feta 

.69 

Va riable 

Memory 
Vertal 

B 

. 2 1 

.1 9 

Eeta 

. 44 

. 43 

Multiple R 
R Sq uare 
Adjusted E Square 
F= 59.98, 3 , 96 df, 

• EC 7 5 
. 6521 
. 64 12 
p< . 00 1 

Variables in the Eguaticn 

Variable B 

--------
Memcry .1 7 
Verbal .1 4 
si:atial . 12 

Eeta 

. 36 

. 32 

. 26 
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Step 1 : 

Step 2 : 

Table E7 

Males 8 and 9 years (N=85): iRAl A by Verbal, 
Spatial and Memory DimenEicns 

Multii;le R 
R Square 
Adjusted R Squ are 
P= 40 . : 1, 1 , 83 df , 

. :727 

.3280 

.3 199 
p< . 00 1 

Variables in the Equ at icn 

Variable E 

--------
Verbal 1. 07 

Multiple R . 6515 
R Square • 4 '.£ 45 
Adj usted R Square . 41 05 
F=J0 . 2 4, 2, 82 df , p< . 00 1 

VariatleE in the Eguaticn 

v ariable 

Vertal 
Memory 

B 

. 74 

. 95 

EEta 

. 57 

Beta 

. 39 

.35 
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Table E8 

Males 8 and 9 years (N=86): WISC-R A by Verl:cl, 

Step 1: 

Step 2: 

Spatial and Memoiy Di~en~icns 

Multiple R . SES4 
R Square . 34 14 
Adjusted R Square .3396 
F= 44.72, 1, 84 df , p<.00 1 

Variable£ in the Eguaticn 

Variable B 
--------
Verl:al . 3 1 

Multiple R • 6 4 €4 
R Square . 4179 
Adjusted Ii Square • 4 C39 
F=29.79 , 2, 83 df , p<.00 1 

Varial:les in the Eguaticn 

Variatle 

Vertal 
Memory 

B 

. 23 

.23 

Beta 

. 58 

Beta 

.43 
• :: 0 
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'Iable :E9 

Ma 1 es 1 0 an a 11 ye a rs ( N= 5 9 ) : w Is c - R A t y v er l: a 1 , 

Step 1 : 

Step 2: 

Spatial and Memory Diaen~icns 

Multiple R . 4E26 
R Square . 2329 
Adj usted R Square . 2 194 
F= 17.30 , 1, 57 df , p< . 00 1 

Variables in the Eguat icn 

Variable B --------
Vertal 1.1 0 

Multiple R • !:1.130 
R sq uare . 29 48 
Adjusted R Square . 2E97 
F= 11. 70, 2 , 56 df, f<. OC 1 

Variables in the Eguati cn 

Variable 

Verbal 
si;at ial 

E 

. 86 

. ES 

Eeta 

.48 

Eeta 

. 38 

.26 

1 95 
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Table E10 

ce begin Males 10 and 11 y€ars (N=59): iISC-R A by Vertal, 
Spatial and Memory Dimensions 

Step 1: 

Ste p 2: 

Ste p 3: 

Multiple R 
R Square 
Adjusted R Sguare 

• 5763 
. 3321 

F= 28 . 34, 1, 57 df , 
. 3204 
f< . 00 1 

Variables in the Eguaticn 

Variable E 
--------
Verbal . 27 

Multii;le R .€383 
R Sguare .OQ74 
Adjust€d R Sguar€ . 3EE2 
F= 19.25, 2 , 56 df , p< . 00 1 

Variatles in the Eguaticn 

E€ta 

. 57 

Variable 

V€rtal 
si;atial 

B 

. 22 

. 15 

Be ta 

.46 

.29 

Multiple R 
R Sguare 
Adjusted R Square 

. 6860 

F= 16.30 , 3 , 55 df , 

• 4 707 
. 4418 
p< . 00 1 

Variatl€s in the Eguaticn 

Variable B 

---------
V€rtal .16 
Spatial .16 
M€mcry .1s 

Eeta 

.34 

. 3 1 

. 27 



Step 1: 

Step 2 : 

Table E 11 

Males 12, 13 and 14 years (N=67 ) : WRAT A by 
Verbal, Spatial and Memcry 

Dimensions 

Multiple R 
R sguare 
Adjusted R Square 

. 5157 

F= 23.55, 1, 65 df , 

• 2 t 59 
.2:46 
p< . 001 

Variables in the Eguaticn 

Variable B 
--------
Verl:al 1.1 0 

Multiple R • 5~ 04 
R Square . 3368 
Adjusted R square • .3 1E 1 
F=16.25, 2, 64 df, i:< . 00 1 

Variables in the Equaticn 

Eeta 

65 

Variable 

Verbal 
Memory 

E 

. 87 

. 7C 

Eeta 

.QO 

. 28 
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Step 1: 

Step 2 : 

Tabl e E12 

Males 1L, 13 and 14 years (N =70 ): iISC-R A by 
Verbal , Spatial and Memory timensicns 

f! ul tip le B 
R Square 
Adjusted B Square 
F= 47 .17, 1, t8 df , 

. 6.;S9 

.4 C95 

.4 C08 
f< . 00 1 

Variables in the Equation 

Variable 

Memory 

Multifle R 
B square 
Adjuste d R Square 
F=34 . 66 , 2 , 67 df, 

E 

.37 

.71 31 

. 5085 

.4538 
p< . OC 1 

Variatles in the Eguaticn 

Eeta 

Variable 

Memcry 
Verl:al 

B 

. 3C 

. 15 

Beta 

. 51 
• .3 3 
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'!able F 1 

Total Sa lli fle (N=306 ): Grcup:: l:y Cognitive DimenEion:: 

Multivariate Test 

Effect Test Name Value Appro x F Hyfcth df Error df F 

Group Wilks . 52 38.08 602 <.OC1 

Univ ariate F-Tests (2 , 303 df) 
Variable H }FOtb ss Error ss Hypoth MS :Err or MS F F -------- --------- -------- --------- --------
Verbal 32~€. 10 6852 . 84 1629 . 05 22 . 6 1 72.02 < . 00 1 
Spatial 22 12.40 8065.82 11 06 . 20 26.61 41.55 < . 001 
Memory 2003. 16 4248.88 100 1. ~8 1 Ll . 02 11.Ll2 < . OC 1 



20 1 

Table F2 

Total Sample : WISC- R A-;\.RAl A- (N=71) VS . 
WISC - R A+; WRAT A+ (N=69) en Ccgnitive 

Dimensions 

Multiv ariatE Test 

Effect Test Name Value Approx F Hyfctb df Error df p 

Group Wil ks . 36 7 9 . 44 3 136 < . 00 1 

Univariate F- Tests (2 ,138 df ) 
variable Hyfotb ss Errc r ss Hyfcth t s Errcr MS F p 
-------- --------- -------- --------- --------
Verbal 3205. 3 0 3488 .48 3205 . 30 25 . 2 7 126. 7 9 < . co 1 
spatial 1 860 . 2 1 3890 . 20 1 eeo . 2 1 28 .1 8 65 . 98 <. C0 1 
Memory 1832 .71 19 19 . 02 1 832 .71 13 . 90 13 1.79 < . 00 1 

-----------------------------------------------------------



'!able F3 

'Iotal Sample : WISC - R A- ;WRAT A- (N=71 ) VS. 
WISC - R A+ ; WRAT A- (N= 166) en Ccgnitive 

Dimensions 

Multivariate 'lest 

202 

Effect Test Name Value Approx F Hyfcth df Error df p 
------ --------- ----- -------- --------- --------
Group Wilks . €2 47 . 26 3 233 < . 00 1 

Uni variate F- Tests ( 2 , 235 df ) 
variable Bypath ss Errcr ss Hypcth MS Errcr MS F p 
------ -- --------- -------- --------- --------
Verbal 1532 . 26 5003 . 54 1532.26 21. 29 71.56 < . 001 
Spatial 1E42 . 42 E4~ 8 . 49 1642 . 42 27 . 65 59 . 39 <. CC 1 
Memory 1275 . 73 3ll23 . 41 1275 . 73 1 4 . 56 87. 5 7 <.001 

-----------------------------------------------------------



'Ia.ble F4 

'Iotal Sampl e: WISC- R A+; WRAT A- (N= 166) VS. 
WISC-R A+; WRAT A + (N=6 9 ) en C cgni ti ve 

Dimensions 

Multivariate 'Iest 

203 

Effect Test Na me Value Approx F HyEcth df Error df p 
------ --------- ----- -------- --------- --------
Group Wilks . e3 15 . 42 3 23 1 <. 00 1 

Uni variate F-'Iests (2 , 233 df ) 
Variable Hyfcth ss Errcr ss Hypcth MS Errcr MS F p -------- --------- -------- --------- --------
Verbal 787.62 5213.66 7 87. 62 22 . 3 7 35. 19 <.CO 1 
Spatial 116 .22 5742 . 95 116.22 24.64 4.71 <. C.: 1 
Memory 229 . 95 .: 155 . 33 229 . 95 13 . 54 16 . 98 <.0 0 1 
-----------------------------------------------------------



204 

'!able F5 

Males Onl y ( N=209 ): Groups t y Cognitive Dimensicns 

Multivariate 'Iest 

Effect Test Name Value Appr ox F Hyi: c th df Error df p 

Group Wi l ks . 58 20 .71 6 408 < .oo 1 

Univariate P- Tests ( 2 , 206 df) 
Variable Hyi:oth ss Errcr ss HyFct h l S Er I CI MS :F p 
-------- --------- -------- --------- --------
Verbal 192 1. 06 4867.1 2 9 6 0 . :3 23 . 62 40.6: < . CC 1 
Spatial 9 19 .19 574 0 . 99 4 59 . 59 27. 86 16 . 49 < . CC 1 
Memory 980 . SC 25 18 . C9 490 .45 12.22 40 .1 2 <. 00 1 



Table FE 

Males Only: WI SC - R A-;iRAT A- (N=38) VS. 
'WISC - R A+ ; W EAT A+ ( N= 4 5 ) c n C c g n it iv e 

Dimensions 

Multi variate TEst 

205 

Effect Test Name Value Approx F Hypcth df Errcr df F 
------ --------- ----- -------- --------- --------
Group Wilks . 39 40.06 79 < . 00 1 

Univariate F-TESts (2, 8 1 df) 
Variable Hypoth ss Error ss Hypoth ~s !rrcr MS F p 
-------- --------- -------- --------- --------
Verbal 1920 . 05 22 15.€1 1920 . CS 27 . 35 70. 18 <. 00 1 
Spatial 864. 82 2605.56 86 4. 8 2 32 .1 6 26 . 88 < . 00 1 
Memory 920.97 1042 . 59 920 . 57 12 . E7 71. == < . CC 1 
-----------------------------------------------------------



Table P7 

Males Only: WISC - R A-; WRA'l A- (N=38 ) vs. 
ii IS C - E A+ ; W BAT A - ( N= 12 6) o D Cog nit i V € 

Dimensicns 

Multivariate 'lest 

206 

Effect 'lest Name Value Approx F Hypcth at Errcr df F 
------ --------- ----- -------- --------- --------
Group Wilks . 68 24 . 26 3 160 <.00 1 

Univariate F-Tests ,~, 162 df ) 
Variable H yfoth ss Error ss Hypoth MS Error MS F F 
-------- --------- -------- --------- --------
Verbal 756.95 3560. 14 756.95 21.97 34.44 <. 00 1 
Spatial 605 .77 46 14.19 6 50 . 7 7 2 E. 4 e 21 . 26 <. 00 1 
Memory 650 . 22 1964.89 650.22 1.t.12 :3. t C < . OC1 

-----------------------------------------------------------



Table F8 

Mal es On l y: WISC- R A+;WRA'.I A- (N= 126 ) VS. 
WISC-R A+;WEAT A+ (N= 45 ) on Ccgnitive 

Dimensicns 

Multivariate 'Iest 

207 

Effect 1est Name Value Approx F Hypcth df Error df p 

Group Wilks . 82 11. 58 3 167 < . OC 1 

Univ ariate. F-'Iests ( 2 ,169 df) 
Variable H :ypoth ss Erro r ss Hypotb l!S Errcr MS F p 
-------- --------- -------- --------- --------
Verbal 690 . 0 4 3958 .27 69C.C4 23 . 4 2 29.46 <.001 
Spatial 122 .71 4262.22 122 .71 2 5 . 22 4.86 <. 029 
Memory 128 . 2 4 2028.70 128 . 24 12 . 0C 1C. 6€ <. cc 1 

-----------------------------------------------------------
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Table F9 

Females Only (N=S7): Groups by Ccgnitive Dimensions 

Multivariate 'lest 

Effect 1est Name Value Approx F Hypcth df Error df p 
------ --------- ----- -------- --------- --------
Group Wilks . 43 16. 0 1 184 <.OC 1 

Univariate F- 'Iests (2 , 94 df ) 
Variable Hypoth ss Error ss Hypoth MS Err er MS F F 
------ -- ------·-- -------- --------- --------
Verbal 1 H9. S7 18 47.9 6 594. 98 19.65 30.26 <.00 1 
spatial 93 1 .94 164 2 . 22 465.~7 17.47 26 .67 < . 001 
Memory 1208.65 1475. 40 604 . .32 1:. 69 38.5C <.CC1 
-----------------------------------------------------------



Table F1C 

Females On l y : WISC-R .A-;W RAT A- ( N=33) VS. 
WISC- R A+; WRAT A+ (N=24) en Ccgniti ve 

Dimensions 

Multivariate !est 

209 

Effect Test Name Value Approx F HjfCt h df Error df p 

Group Wilks • 29 4 1. 38 3 53 < . 00 1 

Univariate F-Tests (2 , 55 df) 
Variable Hypoth ss Errcr ss Hyfcth MS Error MS F p 
-------- --------- -------- --------- --------
Verba l 11 06 . 60 1160 . 06 1106.60 21. 09 52.4€ <.001 
Spatial 7 7 2. .13 848 . 84 77 2 .1 3 15 . 43 50 . 0 2- < . CC 1 
Memory 988.74 7 S3 . 50 988.74 14 . 42 68 . 53 < . 00 1 



Table F11 

Females Only: WISC - R A-;W R AT A- (N=33) VS . 
WISC- R A+; WRAT A- ( N=40} en Ccgniti ve 

Dimensions 

Mul tivar i ate Test 

2 10 

Effect Test Name Value Approx F Hyfcth df Error df p 

Group Wilks • 53 1 9 . 7 3 3 69 <. 00 1 

Univariate F- Tests ( 2 , 71 df ) 
Variable Hyfoth ss Err er ss Hypctb ~s Error MS F p 
-------- --------- - ----- -- ------ --- --------
Verbal 57 5 . 37 1380 . 62 5 75.37 19.44 29 . 58 <. CC 1 
Spatial 597 . C5 13 48 . 89 597 . 05 1 8 . 99 31.42 <. CC 1 
Memory 79( . 19 128 1.77 7 9( .1 9 18 . 05 43 . 77 <. 001 



2 11 

Table F12 

Females Cnly : WIS C- R A+;W RAT A- ( N= 40 ) VS . 
WI SC- R A+;WRAT A+ (N=24) en Ccgnitive 

Dimensi ons 

Multiv ar i ate Test 

Effect Test Name Va lue Appro x F Hy~cth df Error df p 

Grou p Wilks . 85 3 .4 2 3 60 <. 00 1 

Univariate F- Tests ( 1, 6 2 df ) 
Vari able Hypoth ss Er rcr ss Hy pcth ! S Errcr MS F p 
-------- --------- -------- --------- --------
Verba l 16 1 . 70 1155 . 23 161 . 7 0 1 e . 63 E. 6 7 <. C0 1 
Spatial '1 3 .77 1CE 6 .7C 43 .77 17.52 2 . 49 <. 11 9 
Me mory 49 . 55 87 5 . 52 4S . S5 14 .1 2 3 . 53 < . 065 



lppendiI G 

IBITBBB!~C GBIIE SCOB!S 

212 



'I able G 1 

Obtained Score on the WISC-RA ( scaled score s ), 

WRAT and KDAT (grade scor€s) and Expected Grade 

scores for Eighteen Cases 

Subject Number 
'Iest 1 2 3 4 r:: 6 7 e -------------------------------------------------
WISC- R A 6 4 6 6 r:: r:: 6 r:: - .., 

WRAT A 5 . 7 3 . 9 3 . 7 3 . 9 4.3 2 . 7 3 . 5 2 .7 

KDAT 

- Numeration .3 . 4 1. 1 1. 6 4.C 4.2 1. 7 2.0 2 . 8 

- Gecme try and 
Symbcls 3.8 3 . 0 3 . 2 3 . 0 3 . 5 L.6 3 . 4 2.6 

- Addition 6 . 4 4. 0 1. 8 4 . 7 4.4 2 . 0 2 . 6 2 . 8 

- subtract ion 4. 2 3 . 2 2.6 5 . 5 4 . 7 1 . 4 2 . 0 2 . c 

-MultiFlicaticn 5 . 0 3 . 8 2 . c 5 .. C 5 . 6 3.0 2.6 2 . 0 

-word Problems 3 . 2 2 . 5 1.7 2 . 8 3 .2 3.C 3 . 0 3 . 4 

iiRAT Reading 6.2 3 .4 4. 0 4 . 5 4 . 0 4 . E 3 .6 4.0 

WRAT SFelling 3 . 6 2 . 4 3 . 5 3 .6 3 . C 3 . C 3 . 1 4 . 3 

Expected Grade 8 . 9 7 . 9 5 . 9 7. 5 E. 9 €.9 6.9 6 .9 

-------------------------------------------------

2 13 
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Table G1 continued 

S ub j ect Nu mbei: 
Test 9 10 11 12 13 14 15 16 17 18 
---------------------------------------------------------
WISC-R A 9 8 7 7 7 11 7 12 13 1 1 

WRAT A 3 . 9 4 .9 3. 7 4 . 7 3.: LI . : 4 .5 4. 1 7 . 5 7 . 1 

KDAT 

- Numeration 4 . 4 2 . 5 2 . 8 2 . : 2 . 6 : . 3 3 . 5 3 . 5 4.2 5 . 3 

- Geometry and 
Symbols 3 . 0 1.8 3. 2 3 . 2 2 . E : . C 3 . 2 2.6 6 . 4 8 . 4 

- Addit i cn 4.2 4 . 2 2 . 0 3 . 5 3 . 5 4 . 7 3 . 5 5. C 5 . 0 E. Ll 

- subtraction 5 . 6 5 . 6 2 . 8 2 . c 1. 4 8 . 4 5 . 0 3 . 5 5 . 6 8 . 4 

- Multi pica tion 5.3 6.0 2 . 6 5 . 3 2 . 1 :.E 4 .0 3 . 0 LO 6 . C 

- word Pro l: lems 8 . 4 3 . 8 2 . 8 8 . 4 3 . 0 3 . 4 3 . 2 3 . 2 t: . 4 E. 4 

WRAT Reading 4. 5 2 . 6 3.E 4 .1 4. C 4. 1 4 . 6 3 .4 7 .7 7 . 7 

WRAT Spe l l i ng 3 . 0 2 . 9 2. 8 3 . 7 .3 • 9 3 . 9 4 .1 IL 1 5.9 6 . t 

Expected Grade 8 . 9 6 . 9 4. 9 6 . 9 4. 9 5 . 9 5 . 9 5 . 9 6 . 9 E.9 

---------------------------------------------------------
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iabl e H 1 

Scoring Criteria for TYFES cf Errors Made 
in Calculation o± Whcle Numbers en the KDAT 

1. Basic Fact: Error in combining numbers 
(e.g., 2+3=7; 3x5= 17) 

2. Incorrect Carry/Borrow: error may include 
neglecting to ccmbine carried/bcrrcwed 
number with appropriate column, carrying/ 
borrowing incorrect number, combining 
carried/borrowed number with incorrect 
column 

3. No Concept of Carry/Borrow: error may 
include neglecting to carry er borrcw 
(e.g., 66+4=6 10 ; in subtraction, may 
suttract tcp number frcm bcttc~ 
(e.g., 370-82=3 12) or may appear as 
addition (e . g. , 500- 94=59 4) 

4. Inccrrect Operation: error is obviously 
in cpe r aticn , otherwise soluticn is 
correct (e . g. , 8-~=1 0) 

5 . Neglect$ er decimal: no$ or decimal 
included in scluticn when necessary 

6. Misalignment: error in aligning rows 
and cclumns for scluticn 

7. Bizarre error : unique soluticn not 
readily accounted fer by ether tyfes 
of error: may include changing operations 
for each cclumn 

8 . Problems Not Attmepted: numter cf Froblems 
not attemfted by child (Additicn tctal=9) 
(Subtraction total=9 ), (Multiplication 
tota1=8) 

9. Inccmflete solution: Solution to froblem 
was atempted tut not completed 

10. Addition error in Multiflicaticn: error 
occurred in addition of columns to attain 
final scluticn 

Note: Error tyfes are not mutually exclusive 
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Table H2 

Qualitative Analysis cf Errors 

lype of Error Made In 
Calculation 

Addition 

- basic f act 
-incorrect carry 
- no ccncept of carry 
-incorrect operation 
- neglect$ er decimal 
-misal i gnment 
-biz ar:re errcr 
- probl ems not attempted 

Subtraction 
-----------

- basic fact 
-incorrect borrow 
- no concept cf bcrrow 
-incorrect operaton 
-neglect$ er decimal 
-misalignment 
-bizarre errcr 
-probl ems net attempted 

Multiplic ation 
--------------

-basic f act 
-incorrect carry 
-no concept cf carry 
-incorrect operation 
- neglect$ er decill'al 
-misalignment 
-biz arre errcr 
-problems net attempted 
-solution inccmi:lete 
-addition error 

1 

1 

Subject N umter 
1 2 3 4 5 6 7 8 

1 3 
1 1 1 

3 

1 1 1 2 

1 
2 2 

1 1 2 1 
2 1 2 2 

1 2 C: 6 3 

2 1 1 

3 

1 1 3 2 2 2 2 
1 1 2 

3 

1 
3 7 2 3 

1 1 
1 
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Table H2 ccntinued 

Type of EIIOr Made In 
Calculaticn 

Addition 
-----·--

- basic fact 
-incorrect carry 
- no ccncept of carry 
- incorrect operaticn 
- negl ect$ or decimal 
- misaljgnment 
- bizarre error 
- problems net attempted 

Subtraction 
-----------

- basic fact 
- incorrect torrow 
- no concept cf borrow 
- incorrect cperaticn 
- neglect $ or decimal 
- misalignment 
- bizarre error 
- problems net attempted 

Multiplicaticn 
--------------

-basic fact 
- incorrect carry 
- no concept of carry 
- incorrect operaticn 
- neglect$ or decimal 
- misalignment 
-bizarre error 
- prol:lems net attempted 
- solution incomplete 
- addi tion errcr 

Su t j ect Numl:er 
9 10 11 12 13 1Ll 15 1 6 17 1e 

1 
1 2 1 1 1 

2 1 2 1 1 1 

1 
1 

2 1 1 1 2 
4 5 4 

1 
1 1 2 1 

1 1 1 
2 

1 2 2 2 1 
2 2 1 1 

2 
1 , 

1 1 1 

1 1 
5 3 1 5 

2 
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Appendix .I 

SOBBA&! OP COGNI!ltE ABILITIES 



Table 1 1 

Scoring criteria for Cognitive Measures 

1. WISC-R subtests - Similarities ~SIM ), 
Vocabulary (V CCAB), Block resign (EI), 
Object Assemtly (OA), Coding (CCD) , 
Digit Span ( DS), Ficture Arrangement (PA) 

Scaled Score Code 
19 = +3 
18 ,1 7,16 = +2 
15 , 1 li, 13 = +1 
12 ,11 = + 
10 = X 
S, 8 = 
/ I 6, 5 = - 1 
4,3,2 = -2 
1 = - 3 

2 . Auditory riscrimination Test (Aud . Iiscrim .) 

Errors Code 
0-3 = + 
4-5 = 
6-7 = -1 
8-9 = - 2 
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3 . subtests cf the Ill incis Test cf Fsycholcinguistic 
Abilities ( ITIA) - Auditory Association (Aud.Assoc.), 
Visual Asscciatcn (V is. Assoc .), Visual seg uent~al 
Memory (V SM ) and the Hiskey - Nebraska lest cf l earning 
Aptitude (HNTLA ) - Spatial Beascning (Sp. Reas. ) 

---------------------------------
Age Egui valent Code 
age +4. 0- 6.C yrs. = +2 
age +2 . 0 - 3 . 9 yrs . = +1 
age +. 7- 1. 9 yrs. = + 
age + or - .6 = X 

age -.7- - 1. 9 yrs . = 
age -2 .o- - 3 . 9 yrs . = -1 
age -4 . c- - 6.0 yrs . = -2 

4. Benton Visual Retention Test ( EVRT ) 

Normal Eange = + 
Below Noraal Range= -



5 . Other Tests - Ccntrolled Wcrd Asscciation 
Test (CWAT ) , E:ml:edded Figures 'lest (E FT), 
Right-Left Orientation Test (R-1), 
Coloured Progressive Matrices (CPM), 
Rey Auditory Verbal Learning Test (RA VLT), 
Sentence Repetition Test (Sen Eep .) 
Token Test for Children 

Percentile Code 
99.9 = +3 
98 = +2 
84 = +1 
50 = X 

16 = - 1 
2 = - 2 
1 = -3 
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'Iable 12 
Summary of Ccgniti ve Abilities fcI Cases 

Verbal- lluditcry 

SIM (WIS C- R) 
Vocab ( ~ISC - R) 
Token Test fer 

Chil dren 
Aud. Discrim . 
CWAT 
Aud . Assoc . 

( ITP A) 

Visual- Spatial 

ED (WISC -R) 
OA (WISC - R) 
Sp . Reas . 

(H N'IIA) 
PA (WISC- R) 
EFT 
R-L 
CFM 
Vis. Assoc . 

(I TF A) 

Memory 

Cod (WISC- B) 
BVRT 
VSM ( ITPA) 
DS (WISC- R) 
RAVLT 
Sen . Ref . 

Subject Numter 
1 2 3 4 ~ 6 7 8 

- 1 -1 - 1 -1 + - 1 
- 1 -1 -1 -1 - L. + X 

+ X +1 X 
+ -2 + -1 + + + 

-1 -1 - 3 -1 -1 

+ 
+1 

- 1 
-1 

- 2 -1 - 1 -1 + 

+ 
♦ 

+ +1 - 3 +1 
+ + -1 • 2 

-2 X - 1 +2 -1 -~ - 2 + 
+ X 

+ -1 X 

+ 2 
+ X + X + - 1 + 

+ 

-1 - 3 - 1 

-1 - 2 
- 2 - 3 - 2 

- 1 -1 
-1 -1 

X + X 

+ + + 

- 2 
-1 -1 
-1 - 3 -1 

-2 

-1 
+ 

- 2 - 2 
-2 
- 3 - 3 
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Table I2 Continued 

Subject Numl:Er 
Verbal - Aud itory 9 10 11 12 13 14 15 16 17 18 

--------------- --------------------------------------
SIM (W ISC- R) - 1 + +1 

_, 
JI + 1 X +2 JI 

Vocab (WISC- R} +1 + + -1 + + ♦ ♦ + 
1·oken TESt for 

Children + + 1 ♦ +1 -1 +1 +1 X 

Aud . Di sc rim . ♦ + 
CWAT X + + X + 
Aud . Assoc . 

(ITP 11 ) -1 + 

--------------------------------------------------------
Visual- Spat ial 

--------------
BD (IU SC - Ii) X +1 +2 X ♦ ♦ 1 +2 ♦ ♦ + 1 
OA ( WISC- R) +2 +3 + 3 -1 +1 +2 +'1 +1 
Sp . Reas. 

( HNTLA) +2 +2 X +1 X 

PA (WISC-R) + X 

EFT +2 -1 
R-L + +1 
CPM X +3 +1 + +2 
Vis. Assoc. 

( ITPA} -1 

---------------------------------------------------------
Memory 
------
Cod ( WI SC-R) - 1 + 1 - 1 +1 +1 
BVRT + + + + + + + + + 
VSM (ITPA} -1 - 1 
DS (W ISC- R) - 1 - 2 - 2 -1 -1 -1 ♦ 

RAVLT X X - 3 X ♦ 

Sen . ReF • + +2 
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Table J 1 

Errors (e ) on Informa l Arithmetic Tasks 

for Cases 

Subject Number 
Informal 
Assessment 
Tasks 1 2 3 4 C: 6 7 8 
-------------- -------------------·------------
Writing Numbers 
( Items= 15) 
-number reversal Oe Oe Oe Oe Oe Oe Oe Oe 
- order reversal Oe 1 e Oe Oe Ce Oe 1e Oe 
- number struc-

ture 1e 2e Oe Oe Oe OE 1€ Oe 
Reading Numl::ers 
(Items=18) 
- number st rue-

ture Oe 1e Oe Oe Oe Oe Oe Oe 
- orientaticn Oe 3€ Oe Oe Ce Oe Oe Oe 
Number Relaticns 
( Items=5 ) 
( larger , smaller) Oe Oe Oe Oe Ce Oe Ce Oe 
Place Value 

Concepts 
(Item=9 ) 8e 7e 5e 4€ Oe 1e 1€ 8e 

Number 
Sequence 
(Items= 10) Oe 3e Se Ce 1e 1e 8e 2e 

Skip ccunting 
- 2s ( Items= 10) Oe 4e Oe Oe Oe 4e 1e 2e 
- 5s (Items-1 0) Oe 2e Oe Ce Oe Oe Oe Oe 
-1 0s (Items=10 ) Oe Oe Oe Oe Oe Oe Ce Oe 
- 3s (ltems= 10) Oe 3e 2e Ce 2e 3e 2e 1e 
- backwards 3s 
(Items= 6) 3e NA NA Oe 2e NA Se NA 

WISC-R A 
(scaled score) 
with pencil 
and paper 8 4 6 9 6 7 6 

225 



226 

Tabl e J1 Continued 

Subject KumtEI: 
Informa l 
Assessment 
Tasks 9 10 11 12 13 14 15 1E 17 18 

-------------- ----------------------------------------
Writing Numters 
(Items= 15) 
-number re versal Oe Oe Oe Oe 
-order reversal Oe Oe Oe Oe 
- number struc-

t ure Oe 1e 3e Oe 
Beading Numbers 
( Items= 18) 
- number str uc -

t ur e Oe Oe 1e Oe 
- ori entation Oe Oe 1e 1e 
Number Relaticns 
(Items=5) 
(larger , smalle r) Oe Oe Oe Ce 
Place Value 
Concepts 

(Item= 9) €e Oe 2e 2e 
Number 

Sequence 
(Items= 10) Oe 2e 2e 1e 

Skip ccunt.ing 
- 2s (Items= 10) Oe Oe Oe Ce 
- Ss (It ems-1 0 ) Oe Oe Oe Oe 
-1 0s (I tems= 10) Oe Oe Ce Oe 
- 3s (Items= 10) Oe 3e 3e 1e 
-1:ackwards 3s 
(Items=6) Oe 4e 6e 2e 

WISC-R A 
(scaled score ) 

with pencil 
and paper 9 7 7 
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