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ABSTRACT 

The initial goal WdS to 

sample of disabled learners 

determine ~hat proportion of a 

referred to a Neuropsychology 

Clinic would present vith an isolated defici t in either 

reading or arithmetic rather than a more general handicap 

affecting both academic areas . significantly low 

ach i e vement on th e WR AT , using local normative data , was 

used as criterion of a learning d i sability. Subjects were 

screened for p ri macy psychiatric problems. Of the 109 

sub j ects {25 female , 84 male ; mean lSIQ of 100 ; rnedn age of 

10 . 7 year s ) 23% had defini t e neurological indicators of 

brai n damage , 39, had ~uestionable and 40 % had no indicators 

of brain damage. 

Of the 109 disabled learners , 94 could 

reading disabled and 82 as arithmetic 

conservative criteria generally accepted in 

be described as 

disabled using 

the literature. 

Howe ver , there was considerable o ve~lap between these two 

categories. Most subjec t s {86% of the reading disabled and 

93 ~ of the arithmetic disabled) we re below the normal range 

in t he second academic area and would more accurately be 

described as generally learning disabled . Relatively few 

subjects (17 ~) presen t ed with single defici t s in e ithec 

arithme tic or ceading . Por the six subject s with an 
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arithmetic disability and no rmal read in g achi e vement, 

spelling achievement varied from normal to significantly 

impair~d. Whi l e these f i nd i ngs need to be replicated, they 

emphasize a need for careful reporting of pattern of 

academi c deficit in st udies of reading and arithmetic 

d i s a bili ties. Clinical category of neurological status did 

no t discriminat e between a subgroup wi t h r eadin~ p l us 

arithme tic d i sability (n=67) , a s ungrou p with normal 

a rithmetic but impaired reading (n= 13) , and a subgro u p with 

normal r eadi ng but i mpaired arithmetic {n=6) . 

In th e 

information 

d i a gnos tic 

streng ths 

second part of 

contained in 

p urposes and for 

and weaknesses 

the s tudy , the potential of 

the WISC profile for both 

understanding the cognitive 

o f disabl ed l earners was 

investigated for s ubgrou ps formed according to pattern of 

a c ademi c defici t . 

Distributions of WISC Verbal-Performance discrepancies 

and of subtest scatter were not abnormal when the three 

subgrou ps were compared to the WISC and "iJISC - R 

standardization populations. 

common clinical assu mpt ions of 

these two WISC measures . 

These findings are contrary to 

the diagnostic usefulness of 

A princip l e components analysis of the 

scor es s upported the recategorization of the 

Concept ual , Spatial and Sequenti al 

clinic- r eferred d isabl ed learners. 
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While no subgroup was consistently characterized by a 

part icular- pattern of factor sco res , a hypothesis that 

sub j ects in a r eadin g plus arithmetic d isability s ungroup 

incidence of a (n=51) would present with a high 

Spatial-Conceptual-Sequential hierarchy of factor scores was 

supported . Further , for 29 of the 30 subjects with this 

scor e pattern, the d iscrepancy between the Spatial and 

se~uenti al scores was greater than one standurd deviation , 

suggesting t he three factor divisio n of subtests mdy be more 

meaningful for these disabled learners than the original 

Verbal-Performance dichotomy of the Wec hsler scale. 

Fouc ot five sub j ects 

d isability presented wi th a 

Conceptual- Spatial- Seguential. 

with a discrete 

p r edicted factor 

ar:-ithmetic 

hierar:-chy of 

While a low Seguential score has generally been discussed 

in t eems of ceading disability , 

correlation of WRAT Reading 

the results of a canonical 

and Arithmetic with the 

Sequential factor subtests of Arithmetic , Digit Span and 

Coding , together with step-wise multiple regressions, 

suppor ted a hypothesis that WRAT Jr ithmetic has a unique 

relationship vith the sequential factor not attributable to 

WRAT Beading. 

Howevec , while WISC Arithmetic accounted for most of the 

variance shared by wRAT Arithmetic and the Sequential 

subtests , only 491 of the 82 subjects significantly impaired 

on the WRAT calculations were also impaired on the WISC 
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verbal arithmotic probl ems. 'f hese finctings suggest t he 

category of arithmetic disabi lity might medning ful ly be 

s ubdivided i n terms of specific pdtte r n of arithme tic skill 

impair.men t , as vell as in terms of cone oroitan t achieve!llent 

in spelling and reading . 

{Otfr i ed Spr een , Ph . D. ) 

(Joseph Kess, Ph. D.) 

{Roger Ruth , Ph. D. ) 
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INTRODUCTION 

The po t e ntial of i n formation contained in the Wechsler 

Intelligence Scale for Children (Wechsler, 1949 , revised 1974) 

f o r unde rstanding the cognit.ive abil i ties of d i s a bl ed 

learners a nd for d i fferential d i agnosis , has received 

considera.ole attention i n the literature on learning 

d i sabilities. In the current s tudy s o me of the issues in 

this r esearch a r ea will be exami ned f or a s a mple of disabl ed 

learners referred to a Neuropsycholo~y Clinic . 

Before rev i e wing studies focusing on the WISC profiles of 

disabled learners some pert i nent conceptual and 

methodo logic a l issues i n the wider lite rature on specific 

learning di sabilities will be discussed briefly. These 

issues inc l ude the conceptual basis f or differentiating 

learning dis abilities from the b roa d c a t egory o f academic 

l ear ni ng problems and some methodolo gical d ifficulties 

involved in the a ttempt to i den tify and investigate this 

popula tion. Of direct relev ance t o thi s s tudy is a growi ng 

awareness of a need to search fo r meaningful s ubtypes within 

the he terogene ous cat egories of l earning , redding , and 

arit hmetic disabilities. This s tudy is designed to examine 

some potential l y useful dimens ions for subdivision of 

l earni ng disabilities within the context of r esearch with 

the WISC and its r e vised version, the RISC- R. 

- 1 -
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The initial goal wil be to determi ne wha t proportion of 

cases referred with a learni ng d i sability will presen t with 

an isolated def icit in eit her reading or arithmetic , rather 

than a mo r e general disability affecting both academic 

areas. 

s ubjects 

Also of interest 

pr esenting with 

is t he 

normal 

spelling achievement of 

r ead i ng but impaired 

ari t hme tic. As well , subgro ups d i ffe r enti a t ed a ccording to 

pattern of a cademic deficit will be compared in terms of 

neurological stat us . pp ; The s ubgroups wi ll be for1ued using 

local normati ve data f or t he Wide Range Achievement Test 

{Jastak and Jasta k, 1946 , 1965 ,.1 97 6 , 1 97 8) as criterion of 

achi e vement in reading , spelling and arithmetic . 

In the second part of the st udy , the WISC performance of 

tne various subgroups of disabl ed learners will be 

i nvestigated. A WISC measure of particular interest is the 

recategoriz ation of WISC sub t es t s cores as suggested by 

Bannat yne {1 97 1,1 9 74) and Rugel {1974a , b ) . As well , 

research on the Verbal-Performance Scal e discrepanci es and 

on inter-subtest scatte r will be disc ussed. 

The second chapter will i ntrod uce the hypotheses for the 

curc e nt study. The third chapter will descri be th e me t hods 

of da t a collection and analysi s , and present the results. 

The fourt h chapter will p r esent a discussion of the 

f i ndings. 



Review of the Literature 

Selected Issues in Learnin~ Disabilities 

Definition. 

3 

It is evident that a significant p roportion of children 

in l i t e rate cultures fail to a ttai n age- appro pria t e academic 

ski l ls. Factors commonly associated with difficulty in 

academic learning include mental retardation , gross 

neurological defects , severe emotional disturba nce , cultural 

depri va tion and inadeyua t e opport~ity to l e arn 

(Benton 1 1975,Critchley ,1 970). There remains a subpopulation 

of l earning impaired c h i ldren whose underachievement is not 

accounted f or by any of t hese fac tors . Numerous clinical 

reports describe children of normal intelligence , with no 

prima r y psyc hopat hol ogy , intact sensory acuity and adequate 

environmental c ircumstances , who nonetheless are seriously 

and chronically impaired in learning one or more academic 

skills {see Critchley ,1 9 7 0, Money ,1 962 , Rabinovitch,1968). 

Si nce the first case stud i es of othe rwise unex plained 

specific learning d i sabilities, some f orm of cerebral 

anoma l y has been post ul ated , either genetic i n origin (e .g. 

Hinshelwood ,1 917)} or due to brain damage incurred in the 

peri natal period (e.g . Kawi and Pasamanick,1 959 ). Adults 

with known c e r ebral pa thology can be selective ly impaired in 

acquired academ ic skill s . By analogy , it has been a r gued 

tha t children with speci f i c l earning disabilities could ha ve 
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a selective abnormality of structure or function in an 

otherwise intact bra in. For example , De j e rine had reported 

adult cases of r eading i mpairment ("dysl exiau) subsequent to 

l esi ons of the l eft angular gyrus (189 1, c ited in He ilman and 

Valenstein ,1 979 ). In 1896 , Morgan (cited in 

Hinshelwood,1 917) descri bed a b oy who excell ed at arithme tic 

but was seve r e l y impaired in r eading . 

that the specific i mpairment r esulted 

de ve lopment of the left angular gyrus . 

with a specific r eading disability 

dysl exia") learn arithmetic normally, 

Morgan speculated 

f rom a lag in the 

While some children 

(or " de ve lopmental 

i n other cases the 

lear ning i mpairment includes a rithmetic. As well , there are 

reports of children who have se vere a nd unexplained 

di ffic ulty in l earning arithmetic but read norma lly {e .g. 

Ro urke ,1 978 ). Ar g uing from neuropathological e vide nce in 

ad ults with a c g uired arithmetic d i sability ("dyscalculia"), 

Guttman (1 937 ) pro posed tha t anomalies i n cerebral structure 

or function a r c the underlying causes of spec i f ic a rithmetic 

disability ("de ve lopmen t a 1 dyscalculia ") in children. The 

va lue of argument by analogy with ac quired disabili t ies in 

ad ults is limited by our lack of corresponding pa t hological 

inf orma tion f oe development a l disabilities , as we ll as a 

dear th of knowledge about t he ne uropsychological s ubst rates 

of l earni ng i n the deve loping brain. However , clinical 

reports and research findings have continued to s uppor t t he 

hypo thesis that for s ome children a seve r e underachievement 
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in one or more areas of learning reflects malfunctionin g in 

information processing that is intrinsi c to the child. The 

terms " learning disability/specific learning disability/ 

disabled learner" are commonly used interchangeably to 

refer to this hypothetical population. Only d i sabil i t i es 

that involve reading or arithme t ic are of concern in t he 

present study. 

While a neurological basis f o r specific learning 

disabilities has not been established , it remai ns a wi dely 

held premise . It has been assumed that children wi th 

constitutionally determined learning disabilities can and 

should be separated from the larger population of subnormal 

learners. Developmental dyscalculia and dyslexia, both 

implicity and explicitly , have been conceptualized as 

unitary syndromes , with unigue characteristics. However 

theI."e is a disconcerting lack of consens us on bdsic issues , 

including definition , opeI."ational criteria , valid diagnos t i c 

correlates, incidence , e t iology, frognosis and appropriate 

remedial technigues. 

In recent years a vas t body of literature has appear ed 

under t he rubric of " learning disabilities" but as ye t 

little ocder or integrat i on has been achie ved within the 

t>roliferation of clinical and research findings . A common 

dpproach in research directed 

cognitive and physiolog i cal 

towards i dentificati on of the 

correlat es of de velopmental 
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l eac n i ng d isorders has been to look f or measures w.hich could 

discri mi nate between a group of l earning disabled and a 

grou p of normal children. Specific academic d isabili t ies 

have been f ou nd to be positively correla t ed with subnormal 

perfo r manc e on a wide 

motor and cognitive 

varie ty of 

tasks as 

perc eptual , linguistic , 

we ll as with abnormal 

neurologica l , electrophysiological and biochemical find i ngs 

(see Ben ton,19 75 , 1978,Knights and Ba kke r ,1976). Indeed , 

r eading disability has been associated with a lmost e very 

def i c it of higher cognitive functioning f ound i n children 

{Mat tis , 197 8) • How-ever , the correlations are modest and 

many reported f indings are contradictory or not r eplicable. 

No singl e s i gn, or g roup of signs , has been e stablished as 

reliably pa t hogno monic for e ither isolated r e ading 

di sabi l ity or d isabi l ity invo l ving both arithmetic and 

reading . The relative ly rare studies of arithmetic 

disabi l i ty without concomitant dys l exia also have not 

delineated a unigue profile thoug h various 

neuropsychologi c a l correlates have been reported (Acker man ,, 

Dykman and Peters , 197 6 , Rourke a nd 

Finl ayson ,197 8, Weinstein,1 978) . 

De fi nitional problems unde rlie much of the conf us ion and 

inconsist ency in t h is a r ea. Whi l e numerous definitions of 

the " learning d i sabled" or "readi ng d isabled" and , on 

occasion , " ari t hmet ic disabl ed" child have oeen offered , 

they have failed to pro vi de satisfac tory descri ptions of the 
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characteristics 

identification of 

of t hese 

a child 

children. 

with a 

In practice , 

specific lea r ning 

disability r emains a s ome what arbitrary process . 

A typical definition of specific reading disability , or 

de velopmental dyslexia , is that formulated by the World 

Federation of Neurology : 

A disorder manifest ed by difficulty i n learning to 
r ead despite conventional instruction , adeguate 
in t elligence , and socio-c ultural opportunity. It 
i s dependent upon fundamental cognit ive 
disabilities vhich are frequently of 
constitutional origin (Critchley ,1 970. p.1 1). 

A similar definition of specific arithmetic disability , or 

developmental dyscalcul i a , is offered by Kosc: 

Developmental dyscalculia i s a structural disorder 
o f mathemat ical abili t ies which has its origin in 
a genetic or congenital disorder of those parts of 
the brain that are the direct anatomico- physiolo­
gical substrate of the maturation of mathematical 
a b ilities adequate to age , wit hout a simultaneous 
disorder of general mental functions( 1974, p . 47). 

Kosc distinguishes development al dyscalculia from a r ithmet i c 

disability due to inadeg uate instruction , emotional 

d istur bance , or s ubnormal intelligence. 

In the absence of valid behavioral or biological markers 

these definitions opeca te hy default . Di fficulty in 

learning to read or to do arithmetic is presumed to be of 

constitutional origin if nothing else will account for it. 

However , what ever genetic or congenital factors might 

underlie specific leacning disabilities , it is unreasonable 

to expect that these fac t ors wo uld not be operative when 
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instruction is uncon ventional , intelligence inadeguate , or 

soci ocultural circumstances inoppor tune. 

There is considerable deba t e in t he l iterature as to t he 

usefulness and validity of the attempt to identi fy a group 

whose l earning problems are of constit utional origin (see 

Critchley ,197 0, Guthr i e ,1 978 , Mattis,1978 , Rut ter ,1 978 , Taylor, 

Satz and Frie l, 1980}. Rutter (1 978) a r gues that in 

prac tical t e r ms the World Federation o.f Ne ur ology ' s 

def inition of dyslexia is nonoperative . He presents 

evidence fro m an epidemiological surve y in England (Rutte r 

and Yule ,1 975) that on stati s tical , medical and educ at i onal 

grounds it is valid to distinguish be t ween children whose 

reading l e ve l is well below that expect ed for t hei r 

chronological age , bu t consonan t vith t heir I . Q. l e ve l 

("general reading bac kwardness ") and children whose 

achie vemen t is low after taki ng .both age and I . Q. into 

account ("specific reading retardation"). He reports t hat 

specific reading retardat i on occu r red at a rate h igher than 

woul d be e xpect e d i n a normal achieve ment distribution , 

forming a "hump" on the lower end of the di stribution curve. 

The r e was a higher r atio of boys to girls (3. 3 to 1) in t he 

spec ific reading group compared to the general readi ng group 

(1 . 3 to 1) . The general readi ng group was associated with 

overt , definite neurological disorders (11.4 percent) and 

with " d ub ious " neurological abnormalities (25 . 3 percen t) on 

a wide range of motor, prax i s , speech and othe r 



developmental f uncti ons. 
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In contrast t he specific rea di n g 

grou p did not show an assoc i at i on with defi n i te , or "ha rd" 

ne urological signs and to a lesser deg r ee { 18 .. 6 perce nt) 

with " d ubiou s " or " soft" signs (i . e . , which can be d ue to 

e i ther str uc tural defects in the b r a in or dev e lopmenta l 

delay ). T he 

associa t ion to 

speci fic readin g retardation group s ho wed an 

a marked degree onl y with abnormal i ties of 

speech and l dng uage de velopment. Despi te a higher mea n IQ , 

a t fol l ow-up at age 14 , t he spec ific g r o up had ma de 

significant ly less progress than t he bac kward gro up i n 

r eading and spelli ng and s i gnif ica ntly mor e p r ogress in 

a r i t hmetic , though both grou ps were s t ill seriously imp aire d 

i n all three s ubjects . In bot h of t he r eadi ng impaire d 

g r o u ps , the fami l ial incidenc e of reading d i fficultie s a n d 

delayed acquisiti on of speech was about t h r ee times t hat of 

t he con t rol group . 

Wh i le Ru t ter ' s classifi cati on of specifi c rea d i n g 

r etardat ion is made on a n a r b itra r y sta t istical basi s , i t is 

clearly mean i ngful i n t erms of prognos i s a s we l l a s on 

clinical grounds.. The high ma l e a nd familia l inc idenc e , as 

wel l dS abnormdl i t i es of lang uage de ve l opment, are 

cha r acterist ic of groups that c an be ident i f i ed as dys l e xi c 

according t o t he World Federa tion of Neurology 1 s definition . 

Ho~ever , unlike the lat t er defi nition , Rutte r' s s t atis tical 

differentiation does no t carry any i mpl icati on of an 

underlying neuropa t h ological cond ition. In Rutte r' s sur ve y 
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specific reading r e t a r dation appeared to be 

multifactoria lly de t e rmined , varying according to such 

fac t ors as chdracteristics of the element a ry s chools the 

c hi l dren a ttend , t he a r ea o f the country they live in , 

fami ly s ize , socioe conomi c status and t emperamental 

charac t eristics. Yule and Butter { 1976) suggest that 

spec ific reading retardation may r es ult fro m a relative 

fai lure in maturation of c ertain spec i f ic f unctions , or some 

neur ologica l damage , or a lack of s uitable enviconmental 

s timuldti on , o r all t h r ee , and that t he se factors inter act 

vit h educati onal, motiva t iona l a nd family variables. The y 

arg ue that it i s not possible to separate out a dys l exic 

popu lation as defined by the World Federati on o f Neurology 

and tha t there i s no e vidence for t he validi ty of a unitary 

syndrome of dys l exia. 

0 2erationai Criteria. 

One conse~uence , both resulting from and co ntributing to 

the lack of concordance on the definition of the 

learning/readi ng/ar ithmet ic disabled chil d is that 

operational criteria f o r selection of "disabl ed learner" 

s ubjec ts va r y markedl y between researche rs , dependi ng on 

their concept of a learning disbility. Samples vary widely 

in compositi on along dimensions s uch as age range , IQ range , 

indicators of brain damage or prima r y emotional di s turbance , 

soci oeconomi c status , sample s ource , and in both the pattern 
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Li t t le has been 

c lar ified about the role played by t hese fact ors in s t ud i e s 

of learning disabilities. Howe ve r , it is e vident t hat 

failure to c ontrol or i n vestigate t he effec ts of pot e ntia l 

sources of va r ianc e c a n obsc u r e r e s earc h find i ngs a nd 

invalidate c ompar i sons bet ween studi es . 

As example , Spreen ( 197 6 ) has disc ussed t he role t hat 

sou rce of s ubjects can play i n stu d i es of rea ding fai lure : 

It has been a pers i stent f i ndi ng i n many studi es 
that po pulat ions r eferred t o a r ead i ng c l inic t end 
to show mor e s i gni f i cdn t results on a va riety of 
measures , from EEG to cogni t ive per formanc e , while 
on the other hand f i nd i ngs tend to be margi na l or 
not replicable i f t he population i s dr awn directly 
from the classroom without referral , i . e ., i s 
based on reading achievement t ests onl y (p- 450). 

He suggests we may be deal ing wi·t h a mo r e serious 

" pathological" gro up in t he highly sel e c ted c linic 

populations. School select ed samples are o f ·ten c hosen 

solely on the basis o f a reading s c ore t ha t i s lo-w fo r the 

chil d ' s chronological or mental age. careful screeni n g for 

nonorganic pot en t ia l etiol ogic a l fac t o r s is no t a lways 

possible or attempted i n s urvey s tud i es whereas chi l dren 

referred to a learning disabilities cli ni c are more l i kely 

to ha ve been at least r ou ghly screened and t o h a ve rece ive d 

some remedi al inst r uction. Chi l dren refe r red at t he 

tertiary level to the neurologi st and neuropsycholog i s t are 

even more likely t o p r esent wi th a specific learning 

disability that is severe , chro nic and " unexpect ed" i n t e r ms 
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and to present with 

and/or a fam ilial 

A common omission i n r eports of sample composition is a 

specific descr i ption of the area of a cademic deficit. 

subjects with gene r al academi c def icits or single area 

defi cits may be referred to interchangeably. Samples 

reported as "learni ng d i s ab l ed" generally include a high 

proportion of children whose academic handica p extends at 

least to reading , but can include a fairly he t erogeneous 

assor-tment of impairment s in areas s uch as grapho-motor and 

vis ua l- percep tual skill s , and e ven acti vity level a nd s ocial 

behavior , as wel l as spelling and a ri t h me tic. Si milarly , 

many s amples are reported as " reading disabled" or as 

" a rith me tic d i s a b l ed" but ve r y few of these studie s have 

demonstrated that t hese children have a clearly i so late d 

arithmetic or read i ng d i sabi lity. There appears to be 

considerable overlap in stud i es d iscussing a disabi lity in 

e ither readi ng o r arithme tic , since t he subjects tend to be 

handi c apped in both areas wben t h is i nforma tion is reported. 

I t i s likely tnat much of t he di scussi on of specific 

arithmetic disabili t y a nd of spec i f ic reading d i sability in 

the literature in fac t derives fro m s tudies of chi l dren 

whose handicap encompasses bo th academic 

clear what p roportion of the l earning 

areas . It is not 

disabl ed population 

have s ingle or d ual deficits in arit hmetic and ceading. 
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some clinicians ha ve reported that cases p r esenting with a 

discrete disability in r eadi ng (e . g . Rabinovi t ch ,1 968) or in 

ari t hmetic {e . g . Cohn ,1 971 , de Quiros,1 978 ) are the exception 

amongst children referred with l earning d i sabilitie s . 

To clarify d i scussion , the term "arithme tic disabili t y" 

wi l l be used he r e only i n refere nce to an i solated handicap 

in l earni ng arithmetic i n t he pr e sence of normal abili ty to 

learn reading. However , u nl ess other wise indi cated the term 

" r ea ding d i sability" will be used int erchangeably f or a 

handicap affect in g r eadi ng i n the pr esence of normal ability 

to learn a rithmetic, or f or a more general pattern of 

academic handi cap ex tending to both reading and ari t.hme tic. 

Search for S ub1Y2es. 

There is growing recognit ion that a serious conceptual 

e rror in thi s r esearch area has been the failure to e x pect 

het erogeneity of basic defect within the c l ass o f chil dr en 

whos e l earning handicaps are dependent up on f undamental 

cognitive d i sabilitie s. Traditionally, de velopmental 

dysl e x ia has been conceptualized as a unita r y condition with 

a s peci fic constitutional basi s (e . g., 

Octon ,1 937 , Cr itchley ,1 970). 

dyscalculia , a s i mi lar 

In 

trend 

t he 

Hinshelwood ,1 9 17, 

literature 

can be 

on 

fo und 

(e . g.,Cohn , 19 71 , Rour ke and 

As well , the broade r 

Finlayson ,19781 Weins t e i n ,1 978). 

ca t egory of specific learni ng 

disabilitie s has been conceptua lized by some writers as 
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and Davis , 197 7). 
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basic deficit (e . g.,Smith , Coleman, Dokec ki 

Howe ver , the assump·tion of homogenei ty of 

basi c defect can be faulted on se ve r a l grounds. Such an 

assumption is based on the analogy drawn bet ween acq uired 

and de velopmental di sabilities . However , neither dys l exi a 

nor dyscalcu l ia const i tute unitary syndromes e ven in 

brai n-injured adults. In the adult brain the processes of 

readi ng and a rithmetic can be disrupted by lesions a t 

vari ous loci a nd in q ualitati ve l y diffe r ent ways (see 

Heil man and Valenst ein ,1 979 ). For the y oung child it is 

reasonable to p redict t he ability to acguire these complex 

and multifaceted skills wou l d be vu lnerab l e ·to d i s ruption 

by more than o ne £ orm of f unctiona l or structural cerebral 

anomaly. Further , the unity of the skills s ubsumed unde r 

reading or arithmetic is questionable . Kosc (1 974) reports 

that arithmetic skills de ve l op une ven l y in the normal c hild , 

and a r e not uniformly impaired in children considered to 

have a significant disability in some aspects of 

ari t hmetic . Gi bson (1 968) found various r eadin g s kills 

highly correlated i n chi l dren who read normally , b ut no t in 

d isab l ed readers. Within the category or reading 

disability , available e vidence on the role of a genetic 

factor in the e tiology of some cases suggest s that more than 

one mode of transmission is involved {Owen , 197 8) . To 

summarize , it seems unlikely t ha t constitutionally based 

reading or ari t hmetic disabil ities would be homo geneous in 

etiology or in expression . 
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Commenting on t he fa ilure to find reliabl e correlates of 

specifi c reading disability, App l ebee {1971) a rgues that the 

assumption of homoge ne ity o f basic def icit has led to the 

use of research des i gns with mathematical models tha t are 

i nsensi tive to comple x data structure~ Underlying 

het erogeneit y of da ta will be obscured vhen analyzed with 

mathematical t e c hniques appro pri a t e to c omparis ons be tween 

homogeneous g r o ups . The e xistence of subtypes within the 

categori es of deve lopmen tal dyslex ia and dyscalculia would 

e x pl ain much of the contra dictory r e sults in this area. 

Studies usi ng small samples might by chance f ind a 

diffe r enc e be t wee n the l earning d isabled and control g roups 

whic h is not ob t ained on r eplica tion . Large samples might 

be more cons istent i n showi ng statistically s i gnificant 

group differences but t he overlap between controls and 

heterogeneous disabled l earners wou l d be considerable. 

Furt her , when c haracte ri s tics of subtypes are a veraged fo r 

group c omparisons their true patte rns of de f icit would be 

o bsc ured. Thus , i t cou l d be pr edic t ed that mean profiles of 

large gro ups of learn i ng disabled children would not be 

c har a cteristic of individ ual subjects. 

I n fac t , there i s cons i derable c l inical e vidence of 

heterogeneity within 

arith metic 

possible 

d i sability 

tha t t h is 

t he categ ories of r eadi ng 

along sev e r al dimensions. I t 

he t erogene ity is best vie wed 

and 

is 

as 

q uantitative variations a long a mul t ifactorial continuum. 
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That i s , constitutionally based learning problems may not be 

behaviorally discrete from other learning problems. 

Alternatively , within this diversity there may be meaningful 

subtypes of specific learning disorders , with gualitatively 

differe nt basic deficits and correlates and possibly with 

different prognoses and responses to intervention. 

On the basis of clinical impressions , researchers have 

explored different ap proaches to subdivide specific 

Samples have been learning/reading disabilities. 

differentiated on a wide range of variables including 

linguistic and cognit i ve measures , visual informati on 

processing ability , patterns 0£ reading and spelling errors , 

indi cators of neurological dysfunction, fami lial incidence , 

response to remediation , and prognosi s 

(e. g. Boder,1 9 71 , Denckla ,1 972 , Kinsbourne and 

Warrington, 1963 , Mattis , Prench 

Rapin , 1975 , Pirozzolo,1 979). Some examples from 

and 

the 

literature on the search for homogeneous subtypes wil l be 

given to provide backgcound of specific int erest to the 

present study , including research on cogni t ive variables , 

neurological status and patte rn of academic deficit-

There is some e videnc e that the nature and number of t he 

subgroups found in a sample will vary with the criterion 

variables used. As example , for reading disability samples , 

subgroups f ormed according to cognitive correlates commonly 
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include a r elative ly lar ge group with impaired per f ormance 

on auditory-verbal measures , and a s e cond group impai r ed on 

vi s ual- spati a l measures. Often a third group is reported 

with processing dysfunctions in both area s . 

De nckl a ( 1972) re ' orts that only 30% of a consec utive 

series of 190 clinic-referred d i s abled learners could be 

di ffe r entiat ed into three fl pure" sy nd romes, while the other 

70 l had a mixture of symptoms. Denckla used a broad range 

o f measures , i ncludi ng a classical neurolog ical exa m, a 

gross motor test, a fine motor t e st , measures of lang uage, 

vis uo- spatial , perc ep tua l and memory functions , as we l l as 

observation of s pecifics of behavior, s t rategy and contr ol. 

Howe ve r , Mattis (1 978) argues that many correlates of 

deve lopmental dyslexia r eported in the literature are 

i nciden t al man.i festa tions of cen t ral nervous system 

dysf unction. The most i mpressi ve at t empt to ide nti fy 

independent syndromes usin~ cognitive correlat es 

{Ma ttis , F r e nch and Rap in ,1 975) i s uniq ue i n the use of a 

contras t group of brain- damaged cnildren who could read 

normal ly. In his 1975 study (Mat tis e t al. ) defici ts 

observed in the brain- damaged readers were considered 

irrelevant as causal fa ctors of dysle xia. Dyslexic subjects 

were select ed from a sample of children r eferred to a 

neuropsychology clinic . They had normal IQ , hearing and 

vis ion , and adequate o pportunity to l ear n , and we re screened 
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Using only neur opsychological variables not 

impaired in the control group of brain- damaged readers 90 % 

of the 82 dyslexics could be placed into three d i sti nc t 

subgroups. The largest subgroup had a language disor der, 

the second , articulatory and graphomo t or di scoordination and 

the third , and smallest , a visualspatial perceptual 

disorder. The subgroups were found to be stable over time 

and to hdve distinct implications for remed i al teachi ng 

(Mat tis, 1980) • In a cross- validation study (Erenberg , Mattis 

and Fr ench , unpub.,cited in Mattis ,1 97 8 ) the three subt ypes 

accounted for 7 7% of 163 dyslex i cs with a furt her 9% 

presenting with defici ts characterist ic of t wo of t he 

original subgroups. Denckla {1977) also replicat ed the 

three subgroups with a clinic sampl e , as well as reporting 

a fourth subgr oup with a sequencing disorder. 

The dimension of neuro l ogical status has been used in t he 

search for subtypes. Some caution is necessary i n 

interpreting findings for this factor . The disti ncti on 

bet ween presence and absence 0£ brain damage or dysfunction 

is not always clearcut since neurological impa i rment exi sts 

on a continuum £ com gross to barely detectable to no r mal. 

While s ome neurological i ndicators are considered " hard 11 or 

uneguivocal signs of brain damage , other indicators are 

considered 11soft 11 or equ i vocal signs of brain damage, and 

the r e i s disagceement on the in t erpretation of the soft 

signs. Further , the absence of hard or soft signs does not 
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establish the absence of cerebral abnormalit y of struc t ure 

or func t ion .. 

While clinic- referred samples i n the readi ng disabi l itie s 

li t erature are not generally differenti ated according to 

presence or absence of neurological indi cators, se veral 

clinicians have argued t hat children whose r eadiug handi caps 

are a not unexpected correlate of known brain damage do not 

belong to the population of nspeci fic read i ng disability" 

which has tradit ionally been conceptualized as pri mary , or 

not a t tribu t able to any known brain damage. At the same 

time , soft neurological signs have been str ong l y associa t ed 

with cases considered to fall in t he " specific readi ng 

disability" cat egory , and many c linici ans assume an 

underlying dysfunction i n some aspect of cerebr a l process e s 

(see Critchley,1970, Shankweiler,1 964 , Rabinovi tch , 1964). 

When the 

diffe rentiate 

study {1 975) 

dimensi on of neurologi cal stat us was used 

the dyslexic sample in the Mattis et 

no difference was f ound be t ween t ile 

to 

al .. 

53 

brai n- damaged and 29 non - brai n-damaged dyslexi cs i n t e r ms 

of cri t ical cognitive deficits . Th i s f i nding of no 

dif£e rence was replicated by E.r:enberg e t a l. ( 1976 ). 

Ackerman , Peters , and Dykman {1 971) also fo und no 

significant differences betveen subgroups wi t h positive , 

equivocal or negat ive indi ca t ors of brai n damage i n a 

learning disabled sample , when t he s ubgroups were compar ed 

in terms of cognitive abilities as measur ed .by the insc .. 
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(1 971) f i ndings are weakened by 

the use of a sample heterogeneous in t erms of a cade mic 

deficit as well as oy unreliable s t a tisti cal procedures , 

using small s ubgroups. 

Ingram, Mason and Bl a c kburn ( 1970) s uggest neurological 

sta t us may be a s i gn i ficant di mension of s ubtype differences 

when di sabled r eaders are first s ubgrou ped according to 

patte r n of academic defici t . They r eport 20 out of 82 

clinic-refe rred d i sabl ed read ers with a concomitant 

a rithmetic di sabil ity had a significantly higher incidence 

of indicators of brai n damage than did t he 62 out of 82 with 

an isolated reading handicap and normal arithmetic skills . 

The single deficit subgrou p also had a higher inciden ce of 

auditory- phonic synt hesi s errors when r eadi ng than did the 

dua l deficit grou p. 

In contrast to Ingram ' s findings , Rahinovitch (1968) 

re arts that almost all c l inic-refe rred disabled r eaders are 

impaired on arithmetic whether or not e ithe r soft or hard 

indi cators of brain damage are present . The d i screpancy in 

findings netween the two studies may reflect sampling bias 

s ince many of I ngram ' s patients were i nitially referred to a 

speech clinic. While reading disability has often been 

associated with mild dy s f unction in some aspect of language 

proc essing , reading pro blems seen with clinically e vident 

de velopmental language d i s o rder s may not be representati ve 

o f t he s peci fic reading po pulation. 
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Rourke and his colleagues (Rourke and , 

Finl ayson ,1 978, Rourke and Strang,1 9 78) also different i a t ed 

clinic-referred disabled subjects accord i ng to patterns of 

acad e mic defici t but found no s i gnificant differences 

between 15 dyslexics wi t h normal arithme t ic and 15 dysle xics 

with i mpaired arithmet i c on a wide range of 

neuropsychological variab l es , including the WISC . Howeve r 

they d i d report s ignificant differences between t he two 

dyslexic subgroups and a subgroup with a specific arithmetic 

disability. Differences were obtained on measure of verbal , 

auditory- perceptual , visual- perce ptual , psychomotor and 

tact ile- perceptual skil ls. 

Little attent ion has been given in the literature to the 

possibility of meaningful s ubtypes with in the category of 

specific a rithmetic disability . However , correl ates 

reported for arithmetic disability ha ve been somewhat 

inconsisten t be tw een studies, s uggesting the possibilt y of 

under l ying homogeneous subgrou ps. As example , performance 

on the Wec·hsler Intelligence Scale for Children { 1949} has 

been used as a measur e of t he cognitive correlates of 

arithmetic disab i lity i n several studi es {Ackerman , Dykman 

and Peters ,1 976 , Denckla ,1 972 , Rourke and 

Fin l a yson,197 8 , Spellacy and Peter ,197 8 ) with conflicting 

r esults . WISC patterns common to some samples we re no t 

found for others. 
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While reading disability is almost invariably associated 

with some degree of underachievement in spelling, reports of 

samples with normal reading a nd a significant disability in 

arithmetic are discrepan t with regard to level of 

achievement in spelling. Spelling ability may also be a 

useful facto r to investigate for arithmetic disability. 

Both cognitive correlates and academic deficit pa tterns will 

be discussed further below , in the section on research with 

the WISC. 

Another dimension which 

meaningful subgroups of 

may be useful in the search for 

arithmetic disability is the 

specific aspects of arithmetic skills that are impaired. 

iden t ifiable as Kosc ( 1974) reported that children 

developmental dyscalculics ace not uniformly impaired in all 

facets of arithme tic, and may even achieve normally in some 

areas of arithmetic . His dyscalculic sample was 

heterogeneous for impairment in reading. Support for Kosc •s 

claim was reported by Weinstein {1 978) for a school-selected 

sample with a specific arithmetic disability , 

ability to read . 

and normal 

At pr esent 

types might 

reading and 

the various 

there is no basis for determining how many 

meaningfully he delineat ed within specific 

arithmetic disabilities. It is probable that 

dimensions presently being used to form 

subgroups will be found to inte ract in complex ways with 
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each other and vith s till other variables , including 

environmental fac tors. Though commonalities seem to exist 

between subtypes reported in t he literature , this selective 

r e vie w of effor t s to f orm s ubt ypes indicates that there is 

also a great deal of inconsistency. A methodological 

weakness common to most s tudies of c l inic- referred disabled 

l ear ners is small subgrou p size. Furthe r work is needed to 

estab l ish reliabilit y and clinical va lidi ty of subtypes. 

WISC Profile s of Disab led Learner s 

A numbe r of r e searchers in specific l earning d i sabi l iti e s 

ha ve investigated the pote ntial of t he Wec hsler Intelligence 

Scal e f or Childre n {1949,WISC;1974 , WISC-R) for understanding 

t he cognitive s trengths and weaknesses of disabl ed learners , 

and as an aid to differential diagnosi s . Most of these 

studies are concerned with samples characterized as reading 

disabled. Recent l y th e r e have also been reports on t he WISC 

profiles of childre n with specific arithme tic d i sability 

(Acke r man , Dykman and Peters , 1976 , Rour ke and 

Finl ayson, 1978, Rourke , Young and Flewelling , 197 1). 

Different pr ofiles of per formance on the Wechsler 

Intel ligence Scale ha ve been associated with specific 

patte rns of academi c underachie vement , a s we ll as ~ith 

performance on othe r neuropsychological vari ab l es . It has 

been suggested that the se associa tions ha ve impl ications for 

d i ffe r enti a l d i agnosi s , for formu l a tion of appropriate 
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remedial int ervention, and e ven for determining hemispheric 

laterality of presumed cerebral dysfunction. However , as in 

other areas of the specific learning disabilities 

literature, findings have been inconsistent. Failure to 

expect heterogeneity of basic defect , and to control for 

possible sources of heterogeneity , has been a weakness of 

many studies focusing on the Wechsler Scale. Also , Ka ufman 

(19 76,1979) has argued that many researchers seem unaware of 

the psychometric pro erties of the test , and of wha t 

constitutes clinically abnormal performance on the 

WISC/WISC-R. 

Of the 

abilities, 

the most 

settings. 

available measures of 

the Wecbs.ler Intelligence 

widely used , in both 

children ' s cognitive 

Scale for Children is 

clinical and research 

The popularity of this assessment instrument 

derives from its sound psychometric properties , and from the 

valuable quantitative and guali t ative data which it can 

provide. The WISC , and subsequently its revised form , the 

WISC-R , hav e been subject to more rigorous empirical 

investigation than any other psychometric instrument used 

with children. The WISC is inte nded to measure both verbal 

and nonverbal aspects of intelligence , 

"Verbal« and "Performance" quotient, 

and yields both a 

as well as a " Full 

scale11 intelligence quotient. This test is further 

subdivided into 12 subtests . The six Verbal Scale subtests 

are I nformation , Comprehension , Similarities , Arithmetic , 



Vocabulary and Di git Span. 

25 

Digit Span is optional b ut i s 

generally adminis t ered in studies of learning disabiliti es. 

The six Performance Scale subt ests are Picture Comple t ion , 

Picture Arrangement , Block Design , Object Assembly , Coding 

and Mazes. The Mazes subtest is rarely administered . 

Verbal-Perfor■ance ~£~1~ Discrepancies. 

Init i al research i nterest focused on discrepancies 

between scores on the Verbal and Performance subscales. 

Investigators have 

and t he magni t ude 

been concerned with both the direction 

of the Verbal- Performance {VIQ- PIQ) 

discrepancy. It is evident from clinical and research 

findings that, for many individuals , comparison of the 

Verbal Intel l igence Quotient (VIQ ) and the Performance 

Intelligence Quotient (PIQ), gives a more meaningful 

estimate of cognitive functioning than would be gained from 

the Full Scale Intelligence Quotient (FSIQ) whi ch is deri ved 

from the sum of the tvo subscale scores. 

Nume r ous s t udies have reported reading disability and 

learning disability samples to be characterized by a PIQ 

greater than the VIQ . Though various interpretations can be 

found in the l i terature , this pattern has generally been 

considered t o reflect a deficit in some aspec t of language 

processing and/or a strength in dealing with visual- spati al 

material. While most r esearch on VIQ- PIQ discrepancies has 

been concerned with reading disabled, or with less clearly 
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defined learning d i sab l ed , samples , Rourke and his 

colle a g ues (Rourke a nd Finlayson,1 978 , Rourke , Young and 

Flewe l l i ng ,1 971) have i n vestigated the VIQ-PIQ patterns of 

clinic- referred child r en with a specific a rithmetic 

disabili t y , as well as children i mpaired i n b oth read i ng and 

arithmetic. 

From a clinic-referred l earni ng di sabled population , 

Rour ke , Young and Flewelling {1 97 1) sel ected three 

s u bgroups , each with 30 subjects , based on the direction and 

magnitude of the VIQ- PIQ di screpancy. They found that the 

subgroup wit h PIQ greate r than VIQ by a t l east 10 points , 

and the s ubgroup with a PIQ approximately eq ual to a VIQ 

{vithin 4 points), both had un i f ormly low s cores on the 

Reading , Spelling and Arithmetic s ub t ests of t he WRAT .. In 

contrast , a third s ubgroup with a VIQ g r eater than the PIQ 

by at l east 10 poi nts was characterized .by an impaired 

grou p mean s core on Ari thmetic, but normal Readi ng and 

Spelling scores. It i s not reported how many individuals 

conform to their s ubgroup patt ern of performance in academic 

achi e vement. 

support for the Rourke , Yo ung and Flewelling {1 971) 

findings vas obt a i ned by Ro urke and Finlayson (1 978). In 

the lat t er study, three s ubgroups , each wi th 15 subjects, 

were selected according to patterns of academic defi cit , and 

could then be d i fferen tiated according to t he magnitude and 
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direction of VIQ- PIQ d i screpancies. A s ubgroup wi t h 

uniformly l ow {WHAT ) Reading , Spelling and Arithmetic , and a 

second with Reading and Spelling substant ially lower t han 

Arithmetic , were both characterized by a PIQ greater than 

the VIQ . For 29 of the 30 subjects , the PIQ was great er 

than the VIQ , wh i le one s ubject had a PIQ eq ual to the VIQ. 

In cont rast , in a t hird group with impaired Arithme t i c but 

normal Readi ng and Spelling scores , a l l 15 subjects had a 

VIQ greater t han the PIQ. 

In both studies , the correspondences found between 

pattern of academic deficit and patterns of VIQ-PIQ 

discrepancy were consistent with subgroup performance on 

other neuropsychological variables. That is , relatively l ow 

performance on the audi t ory- verbal t asks of the Verbal scale 

correlated wi th poor performance on other measures of verbal 

and auditory- perceptual ab i lities, for the subgr oups 

d i sabled in reading. Conversely , the s ubgroups with an 

isolated arithmetic disability were relatively l ow , bo t h on 

the visual- spatial- motor tasks of the WISC Performance 

scale , and on o t her measures of these abili t ies. Rourke a nd 

Fin l ayson { 1978) suggest that their res ul t s are consist ent 

with a hypothesis (Rourke and Telegdy ,1 971) that WISC 

VIQ- PIQ discrepancies may reflect the differential i n t egri ty 

of the two cerebral hemispheres in older chi ldren (ages 9 to 

14) with specific learning disabilities. They further argue 

that children wi th a specific arithmetic disability on t he 
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WRAT ha ve a relatively dysfunct i onal r i ght hem i sphere whi le 

children with a handicap affecting either redding a.nd 

spelling ; or reading , spelling and arithmeti c , have a 

relatively dysfuncti onal left hemisphere . Some weaknesses 

with this l ine of argument will be ra i sed below, i n a 

discussi on of a study by Rourke and Telegdy (1 9 7 1). 

Inferences abou t cerebral i n t egri t y aside , the resul t s o f 

the Rourke and Finlayson ( 1978 ) s t udy do suggest a s trong 

correspondence between subtypes of 

pattern of VIQ- PIQ discrepancy . 

academic deficit and t he 

However , their find i ngs 

have no t .been c onsistent ly s uppor t ed by other inves t igat or s . 

Results from tvo other s t ud i es , also using WRAT scores as 

cri teria of d i sabili ty , do not consi stently s upport a 

patt ern of high VIQ , l ow PIQ as charac ter i stic of spec ifi c 

arithmetic disability. Spellacy and Peter ( 1978 ) f o und 

three of seven clinic- referred children wit h arithmetic 

disabilities had PIQ greater t han VIQ. A difference i n 

sub t est selecti on may explain the i r contradict ory findi ngs 

since Rourke and Finlayson (1 978 ) used pror ated subscale 

scores , omi·t t i ng the Arit hmetic and Comprehensi on subtest s 

from the Verbal subscale , 

the Performance subscale. 

and the Di g i t Span subtest f r om 

Spellac y and Peter (19 7 8) d o not 

report prorating subscal e scores. 

A study by Ackerman , Dy.kman and Peter (1 976) also fai l ed 

to confirm t he Rourke and Finlayson {1 978 ) findings for a 
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group with an isolated ar i thmet i c disabil i ty. While figures 

for individual su bjects are not g iven , a graph of the mean 

subtest score Frof ile for nine a rithmetic disabled children 

i ndi cates a relatively flat WISC profile whether all eleven 

s ubt ests are considered or only the eigh t used by Rourke and 

Fin l ayson . However , Ackerman 1 s specific arithmetic group 

had a s i gnificantly lowe r mean FS IQ than Rourke ' s . Also, 

the 9 subjects in Ackerman ' s gcou p are somewhat atypical 

di s a bled learners s i nce 5 of the 9 were achieving normally 

iu grade s chool. 

Howe ver , results obtai ned for a second subgroup in the 

Ackerman , Dy.kman and Pet e r (1 976) study provide s ome s up port 

for the Ro urke and Finlayson f i nd i ng. A subgroup that was 

i mpaired i n written spelling as well as arithmetic presented 

with a mean prof ile on a graph of ~ISC subtest scores that 

was s i mi lar to the prof i l e reported for Rourke and Telegdy ' s 

(1 978) sample of arithme tic disability with normal spell i ng 

ability. 

Further support for the WISC VIQ-PIQ patte rn r eported by 

Rour ke and his colleagues , and also f or a spatial def icit in 

child r en with deve lopmental arithmetic disability is 

reported by Denckla (1 977) . In searching for discrete 

subgroups -within a clinic- referred d i sabled learner sample 

she found a s ubgroup impaired on measures of vis ual- spatial 

skills i ncluding a unif ormly low WISC PIQ, relative to t he 
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VIQ. All children in this subgro up had an arithmetic 

disabili ty. ocal spelling skills and reading were no r mal , 

but the subjects were impaired in written spell i ng . 

Patterns of VIQ-PIQ di screpanci es fo und for readi,ng 

disabled samples ha ve also been i nconsistent. While a 

patt ern of high PIQ, low VIQ char ac t erizes a n umber of 

groups , other studies ha ve not found t his pat tern. In 23 

studies of disabled readers re viewed by Huel sman (1 97 0), 12 

of the 23 had reported a PIQ greater than the VIQ. In his 

own study of a school-selected sample , Huelsman {1 970 ) found 

62 of 101 disabled readers had a PIQ grea t e e than the VIQ by 

one or more poi nts . Looking at discrepancie s of 15 or more 

points (p<O . 0 1) , 23 out of 10 1 subject s had a signifi cantly 

high PIQ , and 21 a signifi cant ly high VIQ . Hue l sman 

sugge sted looking for subtypes of d i sabled readers , with 

high VIQ 1 high PIQ , or approximately equal subscale IQ ' s . 

Many of t he studies r e viewed by Huel sman (1 970), as well 

as Huelsman • s own study , suffer methodolo gically from such 

problems as small sample size, lack of , o r inappropri a t e , 

control groups, and poor sampling procedur es. I t is oft e n 

not clear whether adverse sensory , 

or socioeconomic £actors , or 

neurological , emot i onal 

mental retardation were 

exclude d ; what de gree of readi ng retardation is i nvolved ; or 

whet her t he disability extended to arithmetic . 
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A methodologically more sat i sfactory study done by lyle 

and Goyen {1 969 ) found VIQ- PIQ discrepanc i es vere abo ut 

eq:ually distributed in either direction for a group disabled 

in reading and arithmetic , and for a control group of normal 

learners. Compared t o the distributi on for the WISC 

standardization popula tion, the frequency of VIQ- PIQ 

discrepancies of abnormal magnitude was low for the disabl ed 

learner sample. Lyle and Goyen { 1969 ) argue that the 

di rec tion of the di screpancy between Verbal and Pe rformance 

subscale scores is not a very sensitive index for d i sabl ed 

readers since the majority of their disabled subject s 

scatter below the normative mean standar d score on s ub t ests 

from both the Verba.1 and the Performance scales. They 

concl ude their sample does not contain two syndromes of 

reading retardation , 

discrepancies. 

Wh i le no s ubgroups 

school-selected sample 

clinic-referred d i sabled 

VIQ-PIQ differences can 

based on signi ficant VIQ- PIQ 

were e vident i n Lyle and Goyen •s 

o t her investigators , using 

readers , report tha t s igni f i cant 

be used as a criterion to form 

meaningful subgroups. Kinsbourne and Warr ington { 1963 ) 

selected two groups of disabled readers vith VIQ-PIQ 

discrepancies greater than 20 poi nts. The hi ghly 

significant discrepanc i es were in favour of the PIQ for 

Grou p 1, and t he VIQ for Group 2. The direction of t he 

VIQ-PI Q di screpancies was consistent with other 
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neuropsychological measures, suggesting Group 1 had some 

form of linguistic deficit while Grou p 2 ha d a deficit in 

seq uential orde ring. All seven s ubjec t s in Group 2 had 

difficulty in mechanica l arithmetic , while only two ou t of 

f ive in Gro up 2 showed this form of arithmetic impairment. 

Kinsbourne and ~arrington suggest that the two groups 

repre sent syndromes of cerebral deficit , but consider that 

they probably represent only a minori ty within the 

population of r etarded readers. A factor that obscures 

interpretation of their findings is a conside r able 

d i ffe r ence in general level of inte l ligence for the two 

group s , e viden t from a tabl e of VIQ and PIQ scores. That 

is , the neurops yc hological defic its f ound for Group 2 may be 

a r esult o f low intelligence a nd not have a causal 

r e lationshi p with r eading impairment. 

In a clinic-referred sample o f 108 disabled readers 

Warrington {196 7) investigated the freguency of these highly 

s igni f icant VIQ-PIQ di fferences relati ve to the di s tributi on 

of VIQ-PIQ di fferences in the WISC s tanda r d i zation 

{Seashore , 195 1) . The d i s able d reader group had an e xce ss of 

significantly low VIQs compared to the n orma tive population 

{32% ve r s us 5%) but a comparable n umbe r of lo~ PIQs (6S 

versus SI ) . Of the 24 disabled reade rs with a s i gnif icantly 

low VIQ , 46% had a history of slow speech deve lop ment , 

compare d with 19% of the remainder of the sample. 
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ages 9 to 14, Rourke 

subgroups of disabled 

learners , each with 15 subjects. Magnitude and direction of 

VIQ- PIQ disccepanc y we r e t he criteria for subgroup 

selection. The types of learning disabilities involved are 

not spec ified. Compari son of t he s ubgroups on 25 measures 

of motor and psychomotor skills shows a consistent trend 

for t he s ubgroup with hi gh PIQ {PIQ a t least 10 p oints 

higher t han VIQ ,) to perform bet t e r than the high VIQ group 

• The number of subjects that conform to this trend is not 

reported. Ro urke and Tel egdy ( 19 71) interpr e t the ir r esults 

as s upporti ng the hypothesis that VIQ- PIQ discrepa ncies 

reflect the relative i n t egrity of t he cerebral hem i spheres. 

That is , a VIQ-PIQ di screpancy of 10 or more points i n 

fa vour of the Ver bal subscale would reflect integrity of the 

l eft cerebral hemisphere and dysfunction of the right 

hemi sphere while a comparable discrepancy i n favour of the 

Performance scale would refl ect t he r e ve r se patte rn. This 

conclus ion can be fa ulted on methodological and theor etical 

grounds. Statistical comparisons ~n tbe Rourke and Telegdy 

{1 971) study were inappropr i ate and did not protec t the 

alpha level. The findings were not replicated by Wene r and 

Templer (1 976 ) or b y Ro ur ke , Dietrich and Young (1 973) using 

a younger learnin g disabled sample. Moreover , it has not 

been est a .bli s hed that the 25 neuro psychological measures 

used in the Rourke and Te l egdy (19 71) s tud y are va.li d 
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measures of the differential integrity of the cerebral 

hemi spheres. 

The hypothesis that the Verbal and Performance subscales 

correspond in a one to one £ashion to le£t and r ight 

hemispheric functioning has not been supported by studies of 

children with known brain damage (see 

Boll , 1981 , Kaufman .1979) . Further , VIQ- PIQ discrepancies 

that a re statistically significant are not necessari ly 

abnormal relative to the WISC and WISC- R standardizati on 

populations . As e xamp le , one in three ( 33%) children bad a 

discrepancy of at l e ast 10 points (p<0 .15) which is the 

mini mu m criteria used by Rourke and his colleagues (Ro urke 

and Finlayson ,1 97 8 , Rourke and Telegd y ,1 971). One in four 

(25 %) had a d i screpancy of at least 15 points (p<0 . 0 1), 

which is the criterion used by Huelsman (1 971). 

Discrepancies of the magnitude use d by Kinsoourne and 

Warring ton {1963) can reasonanly be considered abnormal 

since less than 14% of the n ormative sample had comparable 

VIQ- PIQ discrepancies (Seashore , 19511 Kaufman ,19 76b). 

The issue of statistical s i gnificance versus t he 

frequency with vhich sizeable VIQ-PIQ discrepancies occur i n 

the normal population has not been ade uately investigated 

in studies of disabled learners. It is common clinical 

practice to consider a difference between the Verbal and 

Performance IQ scores that is statistically significant , to 
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indi cator o f a learni ng d i sabi l ity (see 

Howe ve r , while a d i f f erence tha t is 

statisti cal l y s i gni ficant may reflect a c li nica l ly i mportan t 

difference i n the abi lities measured by the Ve r ba l and t he 

Perfo r mance Scal es , a s t atistically s i gnif i cant di ffe r e nce 

is not necessar i ly abnormal .. I t has not been de monstrated 

t hat abnormally l a r ge VIQ- PIQ d i s crepa nc ies are 

cha r dcteristi c of di s abled l earners .. Thi s i ssue wa s 

addr essed by Ly l e and Goyen (1 969 ) , as discus s ed a bove , and 

also by Anderson , Kaufman and Ka ufman (1976) . They report 

t he mean VIQ- PIQ discrepancy f or 4 1 he t e rogeneo us dis a bl ed 

learners was s i gnificant l y hi gher than t he mean of t he 

WISC/WISC- R s t andardiza tion populations , b ut note 

considerable o ve r lap in the d i str i bu tions o f t he two 

samples . Ho we ver t he mean iISC-R IQ of t hi s s a mple was 84 , 

whic h is approxi mat ely one s t andard devia tion bel o w t he 

norma tive populati on mean IQ , and i t i s poss i b l e tha t t he 

learn i ng handicaps of some s ubjects i n the sample c ould ne 

attribu t ed t o a l ow leve l of general intelli gence . Result s 

for this sample may no t be r epresentat ive of the c hildr en 

with learning handicaps not a ttributable t o l ow 

intelligence. Further resear ch is neede d t o det e r mi ne 

whet her learning disabilitiy populati ons or s ubgroups are 

characterized by abnormal d i str i butions of VIQ-PIQ 

disc repancies. 
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To s u mmarize the discussion of VIQ- PIQ d i screpanci es , the 

few studies of specific arithmetic ability have been 

inconsistent , but suggest a low PIQ is strongly associat ed 

with impairment in mechanical arithmetic. Neither learning 

disabled nor reading disabled samples have been consistently 

characterized by a l ow VIQ, high PIQ pattern. Highly 

significant VIQ- PIQ disrepanc i es in favour of the PIQ may be 

a meaningful correlate for a small subsection of the reading 

d i sabled population with a developmental language di s orde r 

{Kinsbourne and Warring ton , 1963 , Warring ton,19 67). Hove ver, 

other studi es suggest the freq uency of abnormally large 

VIQ- PIQ discrepancies in disabled learner samples may not 

typically exceed that of the norma l standardizat ion 

population. Further , it must be concluded that the 

hypothesis that VIQ-PIQ discrepancies in lea.rning disabled 

populations are diagnostic of differential hemispheric 

integrity is not tenable. 

Subtest Scatter. 

A numbe r of r esearchers have q uestioned the usefulness of 

the Verbal/Performance dichotomy for interpreting the 

iISC/WISC-R profile of disabled learners. Kaufman (1979) 

notes that significant scatter of subtest scores within a 

scale may invalidated VIQ- PIQ discrepancy. That is, a VIQ 

or PIQ scor e may mask the underlying pattern of cognitive 

strengths a nd weaknesses. He gives an example of a child 
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with equivalent VIQ and PIQ scores s uggesting comparable 

verba l and nonverbal scores . In this case , a single high 

score on Arithmetic elevated the VIQ , maski ng low scores on 

the o t her Verbal scale subtest s , whi l e a single low s core in 

Coding falsely lowered the PIQ, maski ng relati vely good 

nonverbal spatial skills . 

Considerable subtest scatter i s oft en c o n s i dered a 

significant correlate of learning disabi lities 

Ka uf man ,1 976a , Macintyre , Kee ton 

(see 

and 

Ho wever , Agar d , 1980 , Sattler,1 974 , Waugh and Bush ,1 971). 

these claims appear to have been made without r eference to 

the ranges for s ubtest scores found in the standardizati on 

populations. Anderson , Kaufman and Ka uf ma.n ( 19 76) found 

that the s caled score r anges for 4 1 d i sabled learne rs di d 

not d i ffe r signi fican t ly from the normative values . Again , 

interpre tation of results are obscured by t he sample 

char a cteristics , as d i scussed above . 

An a ttempt has been made to identify a pr ofile of s ubtest 

scor es characteristic of disabled readers and , in some 

studies, of disabled learner grou}s . There is some e vidence 

that the WISC subtest s core profile for disabled learner s is 

stable over time , and across age g rou ps , l e vels of IQ and 

socioeconomic status. 

Smith a nd his colleagues found that t he mean subt est 

score profile for disabled l earners was h i ghly s table 
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(pear son r=. 9 4) over a seven month interval (Smith , 1 978) , 

and inde pendent of socioeconomic level {Zingale and 

smith , 1978 ). The majority of subjects in the two studies 

we re impaired in reading {personal communication , Smith) 

though the sample was heterogeneous in pattern of academic 

deficit . Coleman and Rasof (1 963 ) examined the WISC subtest 

standard score pcofile for a clinic- ceferred sample of 

reading disable d children and found the pat t ern did not vary 

with age or IQ leve l . 

ACI D ( Arithme tic,Coding,Information , Digit Span) is an 

acronym fo r the f our WISC subtests most frequently reported 

as low for disabled reade rs. Huelsman (19 70} analyzed the 

ra nk ordering of mean s ubtest scores for 20 studies and 

found a consistent trend for disabled readers, with 1001 of 

the gro ups low on the Arithmetic subtest, 95% low on Coding 

a nd 8 0% low on Information. Weaker trends we re seen for two 

other subtests, with 60i of t he groups low on Digit Span and 

50 % high on Picture Comp l etion. Little attention has been 

paid to the high Picture Completion scores but there has 

been much interest iD the four low subtests, or ACID 

patte r n . With his own school selected sample of 101 

disabled r e aders , Huelsman {1970) found a greater trend 

towards low scores on the Information , Arithmetic and Coding 

s ubtests for the r e ading disabled than for the control 

g roup 1 us ing a criterion of three poi n ts (one s tandard 

de viation) below a sub j e ct's own mean. Howe ver the group 



39 

trend ~as not a pplicable to indivi dual disabled readers in 

his sampl e . Not one of the 101 d i sabled readers was low on 

all t hr ee subtests , 

subtests a nd 6 4 were 

sub t est . 

only six subjec ts 

not s ignificantly 

we re low on 

low ou even 

two 

one 

In contrast t o Hue l sman• s findings with a school selected 

sample , Ste venson (1980), using th e WISC- R, found 65i of a 

clinic-referred sample of disabled learne rs had their lowes t 

sub t est scores in Ar i thmetic , Coding and Informa tion. 

Stevenson d id not have a control group and did not report 

the patt ern or se verit y of academic deficit for he r sample. 

Differences in criteria for u10~" sub t est standard scores 

may account for t he striking differences between Hue lsman•s 

(1 970 ) and Stevenson ' s {1 98 0) r esult s since the fo rme r•s 

criteria were more stringent thdn the latter's. A second 

fac t or way be the sampling procedures used. Huelsmani s 

sample was n ot refe r red , or screened for emotional 

disturbance or adverse socioeconomic i nflue nces or 

inadequate opportunity to learn, but was selected on the 

basi s of achievement test scores only . 

Recategorized ~ubte§1 Scores. 

Several writers ha ve cautioned against interpre ting 

scor es on single subt ests as Leflecting a particular 

strength or weakness. A s trong clinical tradition exists 

that specific meanings can be assigned to these individual 



scores on Wechs l er Intelligence tests. 

40 

However , for most 

WISC sub test s , variance uni']ue to the subtest is .low , never 

e xcee ding a t hird of the total variance. Subtest 

specificity is somewhat improved for the revised WISC-R but 

for both versions of t he t est, common , or shared variance 

usually exceeds unique vari ance (Cohen ,1 959,Sattler ,1 974). 

Kaufman argues that it is more appropriate to " search for 

share d hypotheses to ex~lain signi f i cant s trengths and 

weaknesse s before sett.ling for highly specific hypotheses 

(p.1 3 , 1979b) ." 

In an e ffort to r e duce measurement error and obtain more 

stable patterns of cognitive strengths and weaknesses a 

nu mbe r of .l.nv estigator s have recategorized the subtest 

scor e s . Tests thought to have s ignificant common var iance 

have be en grouped to yield "factor" or "ca tegor Y" scores. 

some justificati on for the regrouping of s ub t est s cores has 

come from factor analytic research with WISC/WISC-R 

normative data and with reading disabled samples, as well as 

from clinical observations. 

While results differed somewhat 

fac t oring techniq ue use d , Wechsler •s 

the scale a long a verbal/nonve rbal 

supported b y factor analytic rese arch 

WISC- R standardization populations. 

according to t he 

original dichotomy of 

dimension has been 

based on the WISC and 

Sil verstei n ( 1969) 

concluded thdt only a verbal and performance factor ~ere 
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present for the iISC , corr esponding to the original Verbal 

and Performance subscales , .but other: analyses suggest that 

three factors may be required to adequately describe the 

test structure of the WISC and the WISC-R. Investigators 

finding three factors in the data structure report a 

"verbal 11 and a 11spatial- performance 11 fact or as the first two 

fac t ors extracted. The t hird fac tor had high loadings by 

the Arithmetic and Coding s u btests at some ages and by 

Coding at all ages for t he WISC (Cohen ,1949 ) and by 

Arithmetic , Coding and Digit Span for the WI SC- R 

(Kau fma n,1979). While the first two factors ha ve always 

been interpret ed in cognitive terms, the t hird facto r bas ' 

been viewed in both behavioral and cognitive terms. Cohen 

(1 949) suggests the third factor r efl e cts the behaviora l 

attribute of distractibility . However , whi le the subt ests 

of Arithme t ic , Di git Span and Coding are known t o be 

vulnerable to distractibility or anxiety , i t i s also clear 

that a child must do more than pay close attention to d o 

well on the tasks . Int erpretations of the cognitive skills 

measured b y the thicd factor include seguencing ability, 

short- term memory , symbolic processing and numerical ability 

(Kaufman , 197 9). 

Based on c l inical work with dyslexic children , Banna t yne 

(1 9 71} suggested a recategorizaticn of t he WISC sub t est s 

that is roughly parallel to the three factor solutions fo und 

for the WI SC/ WISC- R s t andardization p o p ulations . 
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Bannatyne • s category scores involve only nine of the 12 

sub tests. Subtests in his Conceptual category 

(Vocabulary , Similariti es , Com pre hens ion) require verbal 

skills. The Spatial category subtests (Picture Completion, 

Block Design , Object Assembly) involve visual-perceptual 

skills and the manipulation of objects in space. His 

Sequencing category originally i ncluded Picture Arrangement , 

coding and Digit Span (Bannatyne 1971). Bannatyne claimed7 

this recategorization of subt est s cores was diagnostically 

useful in differentiating reading disability of genetic 

e tiol ogy from other types of reading disability. He found 

that children classified as genetic dysl e xics had their 

highest scores on the Spatial cat egory, intermedi a t e in the 

Conceptual category and lowest in the Sequential category. 

Rugel {1974b) reviewed data fr om 22 samples of disabled 

reade rs, and found the patt ern of high Spatial and low 

Sequential Cdtegory scores predominant. The eleven normal 

control gro ups available for comparison we.ce not 

characterized by this hierarchy of category scores, though 

e ight of the eleven control groups bad their l owest s core in 

the Sequential category. Rugel notes that the 22 samples 

reviewed are probably heterogeneous with respect to 

e tiological factors including genetic influences, mi nimal 

cerebral d ysfunction, emot ional disturbance and cultural 

deprivation. He suggests that the category score hierarchy 

may charucterize not only genetic dys lexics , 

impaired readers of any e tiology. 

but also 
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It is possible that , within the heterogeneous population 

reviewed by Rugel {1974b), there is a subtype characterized 

by the Spati al-Conceptual - Sequentia l hierarchy of scores or 

alternatively , that mo r e than one subtype is hidden within 

the data and finally , that no homogeneous subtype exists. 

While the factor analytic research discussed above had 

been done 

analyzed 

disab l ed 

with normal populations , 

the WISC subtest scores 

Bugel 

from 

(1974a) factor 

two samples of 

readers. Together with the findings from his 

review study (1 9 74b) , Rugel 's factor analyses s uppor t a 

three factor recategorization of subtests. However , Rugel ' s 

findings {1974a , b ) indicated t hat the Picture Arrangement 

subtest was misplaced in the Sequential category proposed by 

Ba nna tyne (1 968 , 1 971) since it did not load with Coding or 

Digit Span in the factor analyses and was not significantly 

lower for disabled readers than for the normal reader 

groups . In Rugel ' s (1 974a) factor analytic study , the 

Arithmetic , Coding and Digit Span subtests had their highest 

loadings on the third factor extracted for a clinic- referred 

sampie of disabled readers . However , for the second sample 

of school-selected disabled readers , Digit Span did not load 

with Coding and Arithmetic. Rugel' s f i ndings l ed Bannatyne 

( 1974) to replace Picture Arrangement with the Arithmetic 

sub t est . The revised Sequential category includes the 

Arithmetic , Cod i ng and Digit Span subtests. 
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support foe Bannatyne • s hierarchy was reported by Smit h , 

Coleman , Dokeck i and Da vis {1977) for a sample consi sting of 

all children enrolled in 23 learning d i sabil iti es classrooms 

of a major metropolitan city. Banna t yne • s predict ed o rder 

of Spatial greater than Conceptual greater than Seque n t i a l 

category scores was man i fest fo r t he tot al sample as wel l as 

for Doth "hi gh" IQ (n=1 3 2) and 11 low 11 IQ (n=7 6 } s ubg r oups , 

but not for a subset of the low IQ group labeled Educ able 

Mentally Retarded. Altogether 43% of the t otal s a mple 

o btained the predicted category score pattern , whi le t he 

proportion expected by chance occur rence was 17%. An 

unpublished ana l ysis (personal commun i cation , Smith) 1 us i ng 

onl y those chi ldren who obt ai ned a 

Spat ial- Conceptual-Sequential profile , prod uced a 

significant correlation between the Spat ial-Seque n t i al score 

discre~ancy and the est imat ed degree of reading ability. 

Smi t h et al . {1 977 ) suggest schoo l -ver i f i ed disabled 

learners are charact erized by t he same pattern of abi l ities 

that Bannaty.ne {197 1) reported for genetic dyslexics and 

that Hugel {1 97 4b) repor t ed for t he broad class of child r e n 

with r eading impairment . Howe ver several probl ems obscure 

interpretation of the f i ndings . First , a control gro up of 

normal l earners vcts not available for compari son. Second , 

while the subjects could be described as 

sample was highly heterogeneous i n 

patterns of academic deficit (personal communication , Smit h) 

reading 

a majority 

disaoled 

of 

the 
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adeguately 

reported. It is unclear whe ther the 43% of subjects with a 

Spatial- Conceptual - Sequential profile are homogeneous or 

heterogeneou s with respect to pattern of academic deficit , 

age , IQ or potential e tiological factors. Further, since 

57l of the sample d i d not manifest the predicted profile, it 

is inappropriate to conclude that the po p ulation of children 

in learning disability classrooms is characterized by the 

Spatial- Conceptual-Seguential hierarchy. A third issue is 

the composition of the Sequential category. As suggested by 

Bannatyne (1 974), Arithmetic has replaced Picture 

Arrangement. However Digit Span was omitted by Smith et al. 

{1 977). Thus where Rugel (1974 b) reported support for 

Bannatyne ' s recategorization of subtest scores and the 

Spatial-Concept ual-Sequency hierarchy using the mean of the 

Picture Arrangement , Digit span and Coding subtests for the 

Sequential category score , Smith et al. repor t ed similar 

results using the mean of Arithmetic and Coding . Thus the 

seguential category had only one sub t est in common fo r the 

two studies. 

Fuller and Friedrich {1974) established reading 

disability subgroups based on Rabinovitch• s {1 968) 

categories of reading disorders of Primary {genetic), 

Secondary (emotional disturbance, adverse socioeconomic 

influences) and organic {brain damage) etiology . The three 

subgroups ~ere compared using Bannatyne •s (1974) revised 
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category scores. None of the subgroups vere characterized 

by the hierarchy of high Spatial,intecmedi ate Conceptual and 

low Se uential category scores. Individual profiles within 

the subgroups were not reported. Fuller and Friedrich's 

results must be viewed with caution since t heir c r i t eria for 

sample selection were not reported and the procedure used 

for assigning s ubjec t s to subg r oups is highly q uestionable. 

Performance on the Minnesota Percepto- Diagnostic Test was 

used to infer etiology of r eading disability . While 

subgroups formed on t his basis may have differed on the 

visudl-motor skills measured by the NPD it does not follow 

that they a lso differ ed in e tiology of their readi ng 

problems. 

Ackerman , Dykman and Peters (1 976) investigated 

recategorized WISC scores for a clinic- referred learning 

disability sample . This is one of the few studies in the 

literature which subgroups disabled learners accor ding to 

pa ttern of academic deficit. However 

sub j ects for t he 1976 study is somewhat 

the selection 

questionable. 

of 

At 

fol low-up , at age 14, some subjects originally categorized 

as 11 learning disabled n were categorized as II normal", while 

some subjects from the control group we re p l aced in t he 

11 learning disabled" category • Graphs of the mean subtest 

scores for all nine subgroups , including two achie ving at or 

above a normal level on the WRAT Reading, Spelling and 

Arithme tic subtests , show Seguential as the lowest 
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recate gorized score. The Sequential score was also lowest 

for most individudl subjects in both " normal" and 11 l earning 

disable d" groups. Hovever Ackerman notes that f or normal 

achi eve rs Seq ue ntial was still average or better relative to 

t he standardiza t ion population while for disabled learners 

Seguential was below a v erage. The recategorized subtest 

score hierarchy of Spa t ial greater than Conceptual greater -1 
than Se quential (as re ported by Bannatyne ,1 968 ) was e vident 

only in the grap h of subtest means for the subgro up with a 

dual de ficit in reading and arithmetic . The profile for a 

subgroup with an isolated arithmetic d isability is 

relatively flat4 However this may be an atypical group 

since five of the nine subjects were classi f i ed as normal 

achie ve rs in grade school . In contrast, the subgroup with 

normal r e ading but impaired arithmetic and s pelling ~as 

relatively high on the Conce ptual , (or verbal), fac tor and 

impaire d on the Sequential factor . The 

Conce ptual-Spat i al-Sequential pattern is concordant with 

De nck la 1 s (1972) findings for an arithmetic and spelling 

d isabled gro up , and with Rourke and Finlayson• s (1978 ) 

findings for a group wit h an isolated arithmetic disabi.lity. 

However , the number of i ndividual subjects show i ng either of 

these hierarchies is not clear from a vailable data . 

An interesting finding , re porte d by Acke rman , Dykman and 

Peters (1 976 ), is that most of the learn i ng d i sabled 

subj ects we r e impaired in performance on the WRAT Arithmetic 
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s ub t est vhich meas ure s computational skills fo r vritten 

problems, but were not im aired in pe r f ormance on the WISC 

ArithmBtic subtest which i nvolves ve r bal problems presented 

orally . Thi s finding suggests that written calculations and 

verbal problem s olving may be differentially impaired in 

children labeled arithmetic disabled, or dyscalculi c . Also , 

sinc e Ackerman e t al. (1 97 6) report that most learning 

disabled s ubject s had a be lov-average Seg uentia l score, the 

finding that mo s t of these subjects we re not impaired in 

Arithmetic raises the g uestion of the unity of the 

Sequenti al factor . 

Va nce and Singer (197 9) report a group 

Spatial- Concept ual-Seguential for a sample 

mean p rofile of 

of 98 d i s abled 

The number of learners selected from classrooms. 

individuals with this score hierarch y was 3 9% , 

proportion expec ted by chance woul d be 17%. 

while the 

Howe ver, 

several factors obscure inte rpretation of theic findings. 

The nature of the academic deficits is not reported. There 

is no control g roup. Th e age range o f the s ubjects is from 

tour to 19 years, raising a question as to how the au thors 

def i ne a learning d i sability. 

A s tudy by Owen ( 1978 ), on 

dysl exia , lends some support 

observation that dysle xics with 

the genetic a spects of 

to Hanna tye • s clinical 

no clinical indicators of 

brain damage , and wi t h a familial incidence of reading 
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problems, were characterized by high scores on the Spatial 

s ub t est and low scores on the Seguential subtest . Owen 1 s 

f indings are reported f or individual s ub t ests , 

for recatego r i zed fdctor scores. A group of 

rather than 

20 dyslexi s 

with a strong fam ilial i ncide nce of r ead i ng probleffls , were 

significantl y poore r on Information, Arithmetic and Digit 

Span , and significantly s uperior on Picture Completion a nd 

Picture Arrangement , r e l a tive to normal controls. The 

dysl e xic subgro up had s uperior s patidl abilities and a high 

incidence of s pee ch problems that seemed to be related to an 

inability to reproduce groups of pat t erns o f a uditory 

stimuli in correct order . The number o f i ndividuals 

conforming t o the group profile i s not reported . 

Clarizio and Bernard ( 198 1) compa r ed a .learning d i s able d 

sample (n=27 8 ) t o groups labeled Educable Mentally Retarded 

(EMR ) (n= 14 1), Emot ionally Disturbed (n=6 7), Otherwise 

Impaired (n=6 1), a nd Nonim paire d (n=29 4}, using 

recategorized s ub t est s cores . They re port t hat the learning 

d i s a b l ed sample was s ignif i cant ly differen t from t he other 

four groups on the Sequential factor. However , four of the 

grou ps {excluding the EHR gro up) had a mean profile with t he 

Spatial -Concept ua l-Se uential hierarchy , and this profile 

was not eff e ctive i n discriminating the learning d i s able d 

group f rom t he ot her grou ps . This study can be faulted on 

se vera l gcounds. Criteria fo r a learning d i sability are not 

r eported. The nature of the learning problems ace not 
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The source of s ubjects in the Nonimpaired group 

i s no t give n. The Di git Span subtest wa s not used , s o that 

the sequential scor e vas prorated a nd is not necessarily 

comparanle to results from studies using Di git Span as well 

as Arithmetic and Coding to derive a Sequent ial scor e . 

The po s sibility that t he Spatial-Conceptual-Sequen tial 

hierarcht occurs more often tha n chance f o r a number of 

po pulations is raised , not only by Vanc e 

findings using a prorated Seguential s core , 

and 

but 

Singer ' s 

also by a 

Canadian s tudy us i ng a normal mi dd l e -class sample , s c reened 

for learning problems and emotiona l dist urbance (Wersh and 

Briere , 198 1) . These 91 normal children presented with a 

subt est score mean p rof ile corresponding to t he pattern 

report ed by Huelsman ( 197 0) for disabled reader samp l es. 

The four lowes t scores were on Infor ma tion , Digit Span , 

A:ri t h me tic and Coding , characte cized as the ACID patte rn , 

and the highest score was on Picture Comp l etion. When mean 

s ubtest scores are used to derive r eca t egorized s cores the 

the spatial-Conceptual-Seguenti al score group pr esents wi th 

hierdrchy . Howe ver, differences between factor scores are 

small, and the nu mber of individ uals with this hi e r archy is 

not reported. When the sample was suhgrou ped according to 

sex , t he female {n=S 1) and male (n= 40 ) subgroups both had a 

low Sequent ial s core. Ho~e ver , only the male s ubgroup 

pr esen t ed with the spatial- Conceptua l-Sequenti a l h i erarchy .. 

Diffe r ences between the ma l e and female pcofiles were small 
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and may not be reliable. Nonetheless, the difference in 

male and female profiles raises the possibility that the 

seguential pattecn 

d isabled samples may 

reported for many learning/reading 

be confounded with the high incidence 

of male subjects found in these samples. 

In summary, findings for studies investigating the 

usefulness of recategorized s ub t est scores have been 

inconsistent and somew hat contradictory. The 

Spatial-Conceptual-Sequential hierarchy appears to be a 

significant correlate of learning/reading disabled groups. 

There appear s to be an even stronger association between a 

low score on the Sequential factor and learning 

disabilities. Also there is some suggestion that disabled 

arithmetic groups are characterized by a 

most Conceptual-Spatial-Sequential 

studies in this area can be 

hierarchy .. 

fa ulted on 

However 

methodological 

grounds including inadequate criteria 

heterogeneity of academic deficit 

Sequential score with the result 

for sample selection, 

or prorating of the 

that between study 

comparisons are o bscured. It must be concluded that 

hypotheses regarding the prevalence and usefulness of the 

recategorized factor scores an d , in particular , the 

Spatial-Conceptual-Seguen tial hierarchy of scores , have not 

been adequately tested. 
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While the studies in this area are methodologically weak , 

their results raise several y uestions about the 

recategorized scores . Does the correla t ion bet~een learning 

disabled and reading disabled samples and the 

Spatial-Conceptual- Sequential hierarchy reflect an 

underlying subgro up? As example , Bannatyne { 1971 ) init i ally 

reported this patte.rn as diagnostic for genetic {or 

non- brain-damaged ) dyslexics. oven' s findings , though not 

entirely consistent with Bannatyne• s predicted hierarchy , 

lends some support to the existence of a subgroup of 

dyslexics with some evidence of a genetic etiology , tha t is 

characterized by a WISC profile roughly comparable the high 

Spatial, low Sequential pattern. Alternatively , Ackerman , 

Dykman and Peters (1976 ) looked at academically subgrouped 

disabled readers and report that only the subgroup vith a 

genecal deficit in reading and arithmetic was charact eri zed 

by this pattern. 

Other questions pertain to the unity of the Sequential 

factor , and the significance of a low Sequential scor e . 

Arithmetic replaced the Picture Arrangement subtest after 

Rugel ' s studies ( 1974a , b) but few studi es done since then 

have used all th r ee s ubtests (Arithmetic , 

Coding) to deri ve a Se uential score. 

Digit Span , 

While low Sequential scores ha ve generally been disc ussed 

in terms of reading disabilities , it is likely that many 
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sub j ects i n reading and learning d i s a b ility samples are also 

i mpaiced in arit hmetic . Ka ufma n (1 9 79a) repocts 

c l inic-referred s ubjects with an arit hme tic disability can 

be e x pec t ed to be d own on the three Sequential s u b tests 

which all i nvolve manipulation of n um ber s and suggests 

{1 975 ) t he possibility that th e Seque ntial factor i s a 

measure of numerical ability. Howe ver, Ackerman et al. 

{1 97 6) r epor t that while most of their disabled leacners 

were impaired on the WR AT Arithmetic subtest , many were not 

impaiced o n the WISC Arithmetic subtest. Only t he generally 

impaired g roup , with a de ficit in both reading and 

acithmetic , show a significant i mpa irment on WISC 

Arithmetic. F urther , only this ge ne rally i mpaired subgroup 

i s relatively lov, as a group , on all three o f the 

Se uential factor s ub t e sts. These results s uggest that the 

three s ubtes ts may have d i fferent relationships to r e ading 

and arithmet ic, as measured by t he WRAT. 



PURPOSE OF PRESENT STUDY 

The present st udy is concerned with two different , but 

complementar y , i ssues in research on specific de velopme.nt al 

disabilities in learning ar ithmetic and reading. The f i rst 

area of interest i s t he search fo r meaningful subt ypes 

within the learning disabili t ies fOpul ation. The second 

area to be investigated i s the usefulness of information 

cont ained i n the WISC profile fo r understanding and 

identifying specific ar i thmetic or reading di sabiliti es. A 

sample of children that can be identified as learning 

disabled in reading or arithme t ic , will be di fferent i a t ed 

into homogeneous s ubgroups , according to the i r pat t ern of 

academic achievement. The pe r f orma nee of these s ubgrou ps on 

various WISC measures will be investigated , relative to 

earlier reports in the lite r ature for disabled learners , 

and , where appropriat e , t o the per formance of n orma l 

populations on the WISC and its revised version, the iISC- R. 

The initial goal is to de t ermine what proportion of a 

clinic-refer red sample of disabled learners will present 

with isolat ed deficits in either reading or arithmetic, 

rather than with general learning handicaps affecting both 

academic areas. 

- 54 -
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A br i ef overview of the r esea rch on specific learning 

d i sabilities i n dicates that little consensus has yet been 

achie ved in the attempt to investigate this pop ulation. I t 

can be concluded that t he lack of a greement on definition 

and identification of disabled learners has contributed to 

inadeguate methodology , with oper-ational criteria f or s ample 

select ion varying widely between researchers. A r e lated 

factor i n th e failure t o account for po t ential sources of 

heter ogeneity i s the inappro pri a t e asssumption of 

homogeneity of basic u nde rlying def icit , t ha t is shared by 

many r esearche r s . Recently there has been increased 

interest in s ubgrouping learning disabled samples along 

vari o us dimensions in a search for meaningful s ubt ypes or 

syndromes. 

of pa r t icular concern to the present s tudy , the specific 

pattern of academic streng ths and weaknesses is rarely 

reported. Heterogeneity of academic deficit i s likely to be 

a significant s ource of within- and between-study variance, 

and may obscure underlying order in t he data . Also , while 

specific r eading disability and specific arithmetic 

d i sab ility a r e di scussed as separat e en tities in the 

literature, it appears t ha t there is considerable overlap in 

the composition of samples . Very few samples have been 

reported with clearly isolated de fici ts in e ithe r reading or 

arith metic disability. Further, the few reported samples 

with normal reading but i mpaired arithmetic are d iscrepant 

in l e ve l of a chie vement in spelling . 
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Another dimensi on of i .n t erest i u the present stud y is 

neurological status. Cl i nici ans have agreed t hat learning 

handicaps associa t ed with definite ne urological indicators 

of orain damage shou ld be d i ffe r entiat ed from t hose 

associated onl y with soft o r equi vocal ind i cators of brai n 

damage , as well as fr o m those vith no clinically apparent 

indicators of br ain damage . Rovever , r esear ch findings are 

discrepant on the impor t ance of this cli nical d i st i nc ti on in 

terms of pattern of academic deficit, as lle.11 as in terms of 

critical cognitive cor r elates. 

Statement of Hy22theses for Part I:Subgrou~s 

liYE~ttg2is 1: ~~~~QY£iM AccordiJ:tg to Pattern of Academic 
!!!!l~&A:t 

Hypothesis 1 is an explora t ory hypothesis. Based on the 

relativB scarcity in t he li t e r a t ure of reports of isol ated 

deficits in ei t her readi ng or ar i thmetic , it is expected 

that a clinic-referred sampl e of disabled learners will have 

fewer children with isolat ed defici ts t han v i th deficits in 

bo t h academi c a r eas. 

!!Y~!~~sis i: ~:eg!!iBg Achievement of Arithmetic Di§ab!~g 
~Y!!9!:2.Y~ 

Hypothesis 2 is an exploratory hypothesis based on t he 

contradictory and limited findings i n t he li t erat ure. No 

prediction is maae as to t he leve l of achievemen t in 
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spelling of children with normal reading but impaired 

arithmetic skills. 

Hypothesis 3 is an exploratory hypothesis based on the 

contradictory and limited findings in the literature. No 

prediction is made as to differences in neurological status 

of different subgroups. 

A second focus of this study is the potential of 

information contained in the RISC profile £or investigating 

the cognitive strengths and weaknesses of children with a 

developmental dyslexia or developmental d:yscalculia . 

In general , learning disabilities research focusing on 

the WISC has been inconsistent and contradictory. ihile 

some correlations have .been found between various WISC 

characteristics and specific learning 

been established 

disabilities , no 

patt ern of 

either the 

disabilities 

arithmetic 

weaknesses 

scores has as diagnostic for 

heterogeneous population 

or for the subpopulations 

disabilities. Conceptual and 

cited for the general Dody 

of learning 

of reading or 

methodological 

of research in 

learning disabilities can be found in the research focusing 

on the WISC. In the absence of consensus on definitions for 
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has been 

little commonal i ty in procedures for sample selec t ion. Many 

studies in this area can be criticized for inadequately 

defined criteria for sample selection and for a failu r e to 

deal with potential sources 0£ heterogene i ty. 

As vell , a p roblem specific to this research area has 

been the fail ure to com are WIS C patterns achieved by 

disabled lear ner samples to patterns achieved hy the 

WISC/WISC - R standardization populations. 

In the present study, g ues t ions arising from a review of 

this r esearch area will be investigated for s ubgroups formed 

according to pattern of academic deficit. 

Subgroups of interest are t hose with either a d ual 

disability in reading and arithmetic , or a discrete 

disability affe cting either reading or arithmetic. 

State 11ent of Hypothes e s for Par t l I : WISC Charac·t e ristics 

Hypothesis !: ~ ~gnitude Qf ! I Q-PI Q Di3cre pancies 

Hypothesis 4 is an exploratory hypothesis based on the 

contradictory and limited findings i n the literature. It is 

expected that neit her the total heterogeneous learning 

disabled sample nor the s ubgroups will differ from the WISC 

standardization _po pulation in f ceguency of VIQ-PIQ 

discrepancies of abnormal magni t ude . 
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H~~othesis 5: Range of Subtest Scatter 

Hypothesis 5 is an e x ploratory hypothesis , based on the 

contradictory clinical reports and limited research find ings 

in t he literature . I t is expected that ne i ther the total 

learning d i sabled sample no r the subgroups will have 

subtest scatter exceed i ng the normal range for the 

stdndardizat ion popu lation. 

Hnothesis 6: vrsc Factorial structure 

Hypothesis 6 is an e xploratory hypothesis, based on the 

limited findi ngs i n the lite rature . it i s expected that a 

princi ple c omponents a nalysis of WISC s ubtest scores for 

this sample will yield a factor with high loadings b y the 

Arithmetic , Coding and Digi t Span subtests , as wel l as two 

additional factors , interpretable as "Ve rbal" and " Spa tial" 

fact ors. 

g~~Q!~~sis 1: seatial>Con~~etual>Seggential Hierarchy 

Based on previous r eports in t he literature , it is 

e xpected that both the t o tal sample of d i sabled learners and 

a s u bgroup wi t h deficits in both r eading and arithmetic wil l 

presen t with a mean pcofile c ons i stent with t he 

Spatial- Conc eptua l-Hie racchy . 
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It is further predicted that the number of individual 

subjects within the Reading plus Arithmetic subgroup wi th 

this pattern of recategorized WISC factoc scores vill be 

greater than expected by chance. 

No prediction is made as to the recategorized pattern of 

a subgroup vi th normal ar i thmetic .but impaired reading. 

Hypothesis 8 is an exploratory hypothesis , based on 

previous reports in the literature . It is expected that a 

subgroup with normal reading but impaired arithmetic will 

present with a mean profile consistent with the 

Conceptual-Spatial - Sequential hierarchy 

WISC factor scores. 

of recategorized 

HyEothesi s 9: Rel ations hi£ of ~egu~nti~1 Factor 1Q R~ging 
and Arith11etic 

Hypothesis 9 is an exploratory hypothesis based on the 

apparent complexity of skills in v-0lved in the Seguential 

factor suotests , as well as on findings in the literature. 

The three Sequential subtests (Arithmetic , Digit Span and 

Coding) all require manipulation of numbers as well as 

freedom from distract ibility , attention- concentration , 

symbolic facility , sequencing ability and short- term memory. 

As well , each of the three subtests has unique var i auce 

attributable to the specific task requirements. 
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Within the learning disabilities literature l ow 

sequential scores have generally been discussed i n relation 

to reading disability despite an apparent high incidence of 

ari t hmet ic impairment in reading/learning disabled samples . 

However , limi ted research findings suggest low Segue ntial 

sub t est scores are comm on for disabled learners in gene ral, 

regardless of academic pattern. Most disable learners in a 

study by Ackerman , Oykman and Peter s (1976) had relatively 

lov Seguential scor es , but graphs of mean subtest scores for 

learning d i sabled subgroups suggest t he subtests of t he 

Sequenti al factor have different associat ions with differen t 

patterns of academic handicap. 

It is expe cted that WRAT Reading and Ari t hme tic will both 

have significant relationships to the Seq uential £actor . 

It is further expected that the relationship oetween WHAT 

Arithmetic and the Seq uential factor will ha ve unique 

variance not account ed for by t he relationship be t ween WRAT 

Reading and the Sequential factor . 

!!Y.22!:!H~sis 1Q: Relationship o.f HI~~ Ari:t.h!eti£ to .!.BAT 
Arithme tic 

Hypothesis 10 is an exploratory hypothesis , based on 

reports in the literature that various facets of drithmetic 

canoe differen t ially impaired in children considered to be 

dyscalculic and specifically on a study {Ackerman , Dykman and 
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Peters ,1976) reporting disconcordance between achi e vement on 

WISC ve rbal ari t hmetic problems , orally presented , and iRAT 

mechanical calculations, which are in written forma t. It is 

expec t ed that children impaired on the WRAT Arithmetic 

subtest will not necessarily be impaired on the iUSC 

Arithmetic subtes t. No prediction is made about the WBAT 

Arithmetic performance of children impaired on iISC 

Arithmetic , or about the concordance of t he t wo a rithmetic 

scores for the various subgroups. 



METHOD 

Subjects were selected fro m the files 

University of 

of the 

Victoria. Neuropsychology 

Children seen 

clinic at the 

for neuropsychological assessment at the 

clinic ace almost always referred with a learning problem. 

Referrals tend to be made when the learning difficulty has 

proven to be severe , chronic and resistant to remediation. 

Generally cerebral dysfunction i s either known or suspected 

to exist. The child i s usually seen by a neurolog i st before 

coming to the clinic. 

Rarely , the learning prob lem of a child referred to the 

clinic is found to 

psychiatric problem. 

be secondary to a motivational or 

Children assigned to either the 

"Normal" or "Psychiatric" classification were excluded from 

consideration for subject selection. 

Most children seen f or assessment are placed into one of 

three clinical classifications according 

absence of ' hard• or • soft ' 

(Gaddes , 1981 ). 

- 63 -

to the presence or 

neurological signs 
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Children assigned to this group 

with one or more hard neurological 

signs, considered to be conclusive evidence of brain 

tissue damage or dysfunction . Children may also be 

assigned to this category if they present with three 

or more soft neurological signs , in which case brain 

dysfunction is strongly indicated but not proven to 

exist. 

2. ~ue stionab1e Brain Qa•~gg: In the individual case 

the distinction between presence and absence of brain 

damage is not always possibl e . The presence of one 

or more soft neurological s i gns is conside red to 

raise t he possibility of brain damage. Some s oft 

signs , such as slight asymmetry of tonus or reflex , 

barely perceptibl e hemiparesis and minimal athetosi s , 

are mild forms of hard signs . These soft signs tend 

to be difficult t o elicit and unreliable. Some soft 

signs, such as nystagmus and tremor , may or may not 

result from pathological neu rologic a l factors. A 

t hird group of so£ t sig.ns may reflect 0 developmental 

delay" as well as brain damage , and include speech 

r etardation , motor incoordination, motor overflow and 

extinction oc suppression of double simultaneous 

tactile recognition. 

3. Lear ning Disabilit_y: Children are assigned to this 

category when they present with a specific learning 



disability in the absence 

ne urological indi cators. 

of har d or 
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soft 

In the p r esent study , criteria for inclusion included = 

1. classification in e ither the Brain Damage , Quest i on­

able Bra in Dama ge or Learning Disability categories 

2 . age at time of assessment between 8 and 14 years (us­

ing cut- off criteria of 7 ·yea rs , 6 months and 14 

years , 5 months) 

3. inte lligence within the normal range as measured by a 

PSIQ of 85 or higher 

4 . achie vement scores available for reading , spelling 

and arithmetic on the HRAT . 

The abo ve criteria were met by 133 children from the c l inic 

files . 

To facilitate present ation of findings , the procedure and 

results will be present ed separately for the two are as of 

interest. 

Procedure for Part J; : s u~~OU.£§ 

Using s cores on the Reading , Spelling and Arithmet ic 

subt ests of th e WRAT a s operat ional c ri t eria of academic 

achi e vement , t he sel e cted sample of 133 clinic-referred 

children was d i fferent i a ted according to l e vel and pattern 

of academic achi e vement. Several factors influenced the 

choi ce of scores on t he WRAT measure of skill in reading , 
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spelling and arithmetic. It was the achie vement test mos t 

frequent ly administe r ed to children meet i ng the f irst three 

crite ria for select.ion (neurological status , l e ve l of 

i ntelligence , age). The W RAT test man ual r eports good 

rel i abi l i ty for this instrument. Also , the WRAT has been 

one of the most frequently used measures of academic 

ach i evement in clinical and research settings concerned with 

l ear ning disabilities (Keogh , ~a jor, Re i d , Gandara a~d 

Omari, 1980). 

Ho we ver , many clinicians i n the Victo.ria drea have 

considered t he American based WRAT norms inappropriate for 

local children, o verestimating l e v e l of performance relati ve 

to their peers. To obtain an estimate of t he r ange of 

performance normal for Victoria area elementary children , a 

norma t i ve study was undertaken in cooperation with the 

Great er Victoria school boa r d (see Append ix B). 

Normati ve da t a obtained for 149 children i n the age range 

o f 7 . 7 t o 9 . 6 years wer e used to establish categories of 

achi e v e ment level along a continuum f rom normal t o mildly 

i mpaired to signi£icantly below the n ormal range: 

1. Si q nif icant!,y ~~i reg: scores falling at leas t 1.5 

s t andar d deviations .below the mean standard score 

achieved by the Victoria sampl e 

2 . Mi 1dly !!lli~~g: s cores falling at least 1. 0 

standard deviat ions below the mean standard score 

achie ved by the Victoria samfle 
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scores less t han 1. 0 standar d devia tions 

below the mean standard 

Victocia sample. 

score achieved by the 

Table 1 gi ves cutoff scores for these fo ur c ategories in 

both Victoria normalized standard scores and in the original 

standard scores as derived from tables i n the WRAT test 

manual. Scores falling in ca t ego r y l were used as an 

arbitrary criterion fo r a significant learning handicap , 

while scores falli ng in c a t egory 3 were con s i dered to 

represent ach i e vement v ithin the normal range. 

TABLE 1 

WHAT Standard Score cut- offs for Level of Achievement Ba sed 
on Vic toria Nor mat ive Da t a 

-----------------------------------------------------------
Achi e vemen t 

Level 
Vi ctoria 

Egui val en t 
Reading Spelling Arithme tic 

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

Significantly 
Impaired 

-1. 5 SD 0-1 03 0-99 0 - 90 

Mildly 
Impaired 

-1. 0 SD 104-1 08 100-10 3 9 1-95 

Average >-1 . 0 SD 109 or > 10 4 or > 96 or > 

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

All subjects meeting the criterion foe significant lea r n­

ing handicap in either reading or aci thmetic scores on the 
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RRAT were retained for further investig tion as sa le of 

disabled learners . 1 Wi thin this disabled learner sample , 

f urt her subdivisions vere made ccording to le v 1 and pat-

tern of academic achievement . Of the v rious s bdivisions 

possible along these dimensions , three subgrou s were se­

lected for most f urther analyses. 

A reading plus arithmetic disability subgroup w s for ed 

using the critecia of achievement signific ntly below the 

Victoria e an on both r eading and rithmetic scores on the 

WRAT . 

A reading disability subgrou w· s f ormed using the cri­

terion of achievement on WHAT Arithmetic within the normal 

range for the Victoria nor ative sam l , a.nd achievement 

significantly below the Victoria mean on RAT eading. 

An arithmetic di ability subgrou was formed using the 

criterion of achievement on the WBAT rea ing within the nor­

mal range f or the Victori normative sam le , an achievement 

significantly below the Victoria me on RAT Arithmetic . 

1 Raw data or the disab led leacner sample is resented in 
A endix A. 
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!lI!!2!.!!~si2 1: ~ ub~[£Q!m:!!l9. According to Pa tt~ of Acade11ig 
Q~f! £!:1 
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The hypo t hesi s that a clinic-referred sample of disabled 

learners would present with r e lative l y .f e v cases of a 

clearly isolat ed handica p i n either r eadi ng or arithmetic 

WdS supported . 

Of the 133 children selected f rom t he c l inic fi l es 121 

cases were below the nor mal range of achievement in reading 

or a rithmetic. 

Using an achievement level at least 1. 5 standard 

de via tions below the mean as the criterion for a signif i cant 

l ear ning disdbil i ty , 109 (89. 95:l) o.f the initially selecte d 

sample could be classified as s i gnificantly disabled in 

lea r ning reading and/or arith metic. 

" learning disabilityu sample (.n= 109 ) 

This heterogeneo us 

was t hen further 

subgrouped according t o presence of single or dual def ici ts 

in r eadi ng or ari t hmetic : 

Of the 109 l earning disabled children i n the clinic 

sample , 94 could be classified as r eading disabl ed. 

Spelli ng was at least mildly im paired in 90 out of 94 

(96% ) a nd s .ignificantly im paired in 85 out of 94 

{90%} of the di s abled r eaders. 
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When this group was subdivided according to level of 

arithmetic achie vement, 

a ) 

b ) 

8 1 out of 9 4 (86 %) 

impaired in arithmetic 

S . D. below the Victoria 

were also 

skills 

mean). 

at 

(i. e . 

least 

at 

mildly 

least 1 

67 out of 94 {71 %) had a d ual deficit, with a 

s i gnificant disability in arithmetic {i. e . at 

least 1. 5 S. D. below the Victoria mean) . 

c} 13 out of 94 {14%) had arithmetic scores in the 

n or mal range. 

2 . Significant Qi§~bi!!1Y !~ Arith~~ic: 

Of the 109 learning disabled children in this clinic 

sam pl e , 82 could be classifi ed as arithmetic 

d i sabled. 

Whe n this group was s ubd ivided according to level of 

reading skill, 

a) 76 out of 82 {9 3 %) were a lso at l east mildly 

impai r ed in reading skills (i. e . 

below the Victoria mean) 

at least 1 S. D. 

b) 6 7 out of 82 {82 %) had a dual deficit vith a 

s i gnificant disabili ty in reading (i.e . a t least 

1.5 S. D. below Victoria mean level of performanc e ) 

c ) 6 out of 82 {7%) had reading scores in the no~mal 

cange. 

To s um mari ze , of 109 cases with a significant l earning 

disability , 9 0 (83%) presented with at least a mild 
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i mpairment in the second academic area and 64 % with a 

signi f icant handic ap i n both subjec ts. Only 19 ( 17%) 

pr esented with a clear ly isolated d isability in e ither 

arithmetic or reading. 

Most further analyses o f the data included o nly three of 

the above s ubdivisions of pattern of academic deficit, as 

well as the total samp l e of d isabled learners , where 

a ppr-opriate. The selection was made in order- to obtain 

subgroups clearly distinct i n t erms of a general o r d i s crete 

pattern of s i g nificant dyslexia and/or dyscalculia. The 

three suogroups of interest are reading plus arithmetic 

d i s a bility (n=67) (see s ubdivisions 1. a and 2.b abo ve ); 

readin g disability (n= 13} (see subdi vision 1. 3 above} ; and 

arithmetic disability {n=6 ) (see subdivis ion 2 . 3 above ). 

!!Y.E21h~si§ i: ~J!~!!i!9. Achievement .Q! ,!1,;,ij;.hme ti32 Disab,!ed 
~!!R9.!'.Q.Y.E 

No predictions were made as to l e vel of spelling achievement 

fo r s ubject s disabled in a .rithmetic , but wi th normal 

r ead ing . Of th e 109 d i sab l ed l e arners , six hdd normal 

r eading bu t we r e signi.f icantly ha ndica pped in arith.meti c. 

Of the six, two subjects had spelling s cores within the 

normal range of ach.iev ement , one sub j e ct was mildly 

impai red , a nd two were s i gnifican t ly impaired in s pelling. 
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DIEQ~g~§i§ J: ComEarison Qt ~ybgrQYE§ Q~ Neurolggigal Status 

Subgroup sizes were not a · pro priate for univariate 

dnalyses of the r e lationship between subgroup membe r ship and 

clinical cat egory of ne urological status . Howeve r no trends 

we re apparent in an inspection of the proportion of s ub jects 

i n each o f the clinical categ ori es of Br a i n Damage, 

Questionable Brain Damage , and Learning Disability fo r the 

vari ous s ubgroups , i ncluding the total disabled l earner 

sampl e {n=109), the reading plus arithmetic disabl ed 

subgroup (n=6 7) , the reading disabled subgroup (n=13) and 

the arit hmetic disabled subgroup (n=6). The figures for the 

r eading plus a r i t hmetic subg roup are highly com parable to 

those f o r the total sampl e of disabled l earne rs. Table 2 

gives the percent age of s ubjects in each of the three 

clinical categories of neurological status for t he tota l 

sample and three s ubgroups. 



TABLE 2 

Neurological Statu s 

Percentage of Disabled Learner sample and 
Reading plus Arithmetic Disability, 
Reading Disability and Ar ithmetic Di sability 
subgroups in the Three Clinical Ca tegories of 
Ne urological status 
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--------------------------------------------------------
Br a i n Questionable Learning 
Damage Brain Disa.bled 

Damage 
( N=25) ( N=3 9 ) ( N= 40) 

Group n ( pct) {pct) (pct) 
-----------------------------------------------------------

DL 109 22 . 9 35. 8 41. 3 
sample 

RAD 6 7 22.4 29. 9 47 . 8 
subg r o up 

RD 13 15. 4 46. 2 38 .5 
subgro up 

AD 6 50.0 3 3. J 16 .7 
subgrou p 

------·---------------·-------------------------------------
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SuEEJ:ementary Analyses 

For descrip t ive urposes , post hoc analyses were 

performed for the total disabled l e arne r sampie (n= 109 ), t he 

reading plus arithmetic di s a bled subgroup (n=67), the 

reading disabled subgroup {n= 13) and t he arithmet i c disabled 

subgro up (n=6) on seve r al at tribute variabl€s of interest , 

including age , sex and Ful l Scale , Ver bal and Perfor mance 

IQ. 

The four groups were similar in distributions of a ges, 

wi th means ranging from 10.3 to 11.0 ye rs. Table 3 g ives 

the means , standard deviations and ranges o f ages fo r the 

sample and the three subgroups. 

The r atio of fema l e to male s ubjects was highly similar 

for the total learning disabled sample {1: 3.4) and the 

reading plus arithmetic disa.bled s ubgroup (1:3. 6). These 

rat i os are com~arable t o the ratios of 1: 3 or 1:4 commonly 

reporte d in the literature for lea r n i ng or reading d i s abled 

samples . The ratio of 1 :1. 2 obtained for t he subgroup with 

an isolated reading disability is a typical f or reading 

disabled samples , but may be unreliable due to the small 



TABLE 3 

Means, St andard Deviations and Ranges of Ages 

for Disabled Le arner Sample and Reading plus 
Arithmetic Disability, Reading Disabi li ty and 
Arithmetic Di sability Subg roups 
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----------------------------------------------·------------
Mean 

Group n 
Standard 

De viation 
Range 

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

DL 107 10 . 7 1. 9 7. 5 -14. 5 
sample 

RAD 6 7 11. 0 2. 0 7.6-14 .1 
subgroup 

RD 1 3 1 o. 3 2. 2 7. 6-14. 5 
subgroup 

AD 6 10. 5 1. 0 9 . 0-11 . 7 
subgroup 
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number of s ubjects {n= 13) . The arithmetic disabled subgroup 

had one female and five male subjects (see Table 4} . Again , 

results are unreliable with s uch a small number of subjects. 

Full Scale IQ fo r the total disabled learner Sample 

(n= 109) ranged from 85 to 123 , with a mean of 100. The 

distribution of PSIQ for this sam _fle closely appcoximates 

that obtained for the WISC s tandard ization populations. 

Tabl e 5 g ives FSIQ , VIQ, and PIQ means and standard 

deviations for th e sample and three s u bgrou ps. 

Two of the 109 s ubjec t s in the d i sabled 

had been gi ven the re vi sed WISC-R (1 974) , 

107 subjects had been g iven the WISC ( 1949) . 

learner sample 

while the other 



TABLE 4 

Pe r cen t age of Female and Male Sub j ects 

f or Disab l ed Lea rne r Sample and 
Readi ng plus Arithmet ic Disability , 
Readi ng Di sability , and Ari t hmetitic 
Di sabi l ity Subgrou ps 

77 

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

Gr o up n 

Femal es 
(n=25) 

(pc t) 

Mal es 
(n=84) 

(p ct) 

Tot al= 109 

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

DL 109 23 77 
sample 

RAD 6 7 22 78 
s ubgroup 

RD 13 46 54 
s ubgroup 

AD 6 17 83 
s ubgroup 

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



TABLE 5 

FSIQ# VIQ1 PIQ , Means and Standar d Deviations 

for Disabled Learner Sample and Reading pl us 
Arithmetic Disability , Read ing Di sability and 
Arithmetic Disability Subgroups 

7 8 

---------------------------------------------------------
Group n 

FSIQ 
mean 
( SD) 

VIQ 
mean 
(SD) 

PlQ 
mean 
{S D) 

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

DL 109 100 . 0 98 . 2 10 2 . 1 
sample ( 1 o. 5 ) ( 12 . 0) (1 2 . 3 ) 

R AD 67 97 . 1J 9 107 . 53 1 OJ .. 00 
s ubgroup (9 . 9 ) (1 0 .. 2) ( 11 .. 4 ) 

RD 13 107 .. 5 11 0 . 1 103 .. 5 
s ubgroup (9 .. 5) (9 .. 8 } ( 16 . 5 ) 

AD 6 103. 0 105 . 3 100 .. 0 
s ubgr oup (11 . 8 ) ( 1 1. 9) (1 0 . 2) 

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

Procedure fQ~ ~ar! 11: WISC Characteristics 

The size of the di s crepancy betYeen the Verbal Scale IQ 

and Performance Scale I Q, r egardless of sign , vas comp uted 

for each subject . Fo r the t o tal .learning d isab led sample 

{n= 109} and for each of the three s ubgroups , t he 

dist ribution of VIQ-PIQ discrepancies was compa ced t o that 

obtai ned by the WISC and ~ISC-R standardization popul a tions 

using a Kolmogo r o v Goodness of Fit Tes t. The null 
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hypothesis was retained if the alpha level was less than 

o. 05 . 

Hy.Qothesis 5: Ranqe of Subtest scatter 

For each subject , the range of scores for the eleven iISC 

su.btests was computed by subtracting t he lowest from t he 

highest subtest scaled score. For the learning disabl ed 

sample {n= 109) and for each of the three subgroups , the mean 

and standard deviations of the sub test score range was 

compdred to that obtai ned by the WISC-R standardization 

population . 

, r 12othesis 6 : WISC Factorial sti;uc_tuce 

A restricted sample of subjects with scores available for 

eleven of the 12 WISC subtests (excluding ~azes) vas used 

for this analysi s . ~ISC s ubtest scores for the restrict ed 

sample of 82 disabled learner subjects were submitted to a 

principal component analysis with ones in the diagonal , 

using the SPSS (1975) fac t or analysis su.b_prog ra.111 . .Fcom the 

initial unrotated principal component solution , factors were 

retained for rotation using the criteria of Bartlett ' s 7est 

of Sphecicity, as well as the criterion of eiyenvalues 

greater than one. Bactlett •s Test of Sphericit1 is a test 

of the hypo t hesis that , before extraction of each successi ve 

component , the residual correlation matrix is an iden t ity 
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matrix . The three factors retained f rom the initial 

principal component s olution accounted for 60% of the total 

vari ance fo r the s ub t est scores. The subtest scores were 

s ubmi tted to a series of o blique-fac t or rotations (-. 6 to 

1. 0) , as well as to a varimax orthogonal- factor rotat ion , 

with t hr ee factors extracted for each rotation. The best 

solution was determined by conforming t o simple struc t ur e : 

the fac tor pattern with the highest numoer o f load ings <.1 5 

{hyperplane count) and with the fewest .number of variables 

loadi ng >. 30 on more than one fac tor (fac torial complexity}. 

Using the simple structure criteria , the Varimax orthogonal 

solution was reta ined f or interpre tation. Variables with a 

fac t or l oadi ng of at least • 5 ( 25·% shared variance ) were 

considered to contribute significantly to a factor. 

Recategori zed Spatial , Conceptual and seq uenti al factor 

scores were comp uted f or the 85 subjects in the disabled 

learner samp le (7 8% of 109 ) with scaled subtest scores 

avdilable f or the nine subtests . As s uggested by Banna t yne 

(1974) and Rugel (1974a, b) , the Spatial s core vas computed 

as t he s um of the scal ed scores obtained on the Picture 

Completion , Block Desi g n , and Object Assembl y subtests. The 

Concept ual score was com puted as t he sum of t he scaled 

scor es on the Compr ehens i on , Vocabulary and Similarities 

subt ests. The Sequential score wa s computed as t he s um of 
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the scaled scores obtained on the Arithmetic , Digit Span and 

Codi ng subtests. 

'l'he expec t ed probability for a given fdctor score 

hierarchy is 16. 61 , or one out of 6 possible fac t or score 

patt erns. 

To test the ex_pecta tion of Hy po t hesis 7 that the number 

of individual subjects in the reading plus arithmetic 

disability subgroup presenting with the 

Spat ial>Conc eptual>Seguential hierarchy of r ecategorized 

£ac t or scores would be greater than expected by chance , the 

obtained f reguency of the Spatial>Conceptual>Sequential 

hierarchy was compared to the expec t ed freguency of 

occurrence using the Chi-Square test for goodness of fit for 

subjects in the reading plus arithmetic su.bg roup (n=S 1; 76~) 

with scores available for all nine WISC subtests used in 

calculating recategorized factor scores. 

In one case where the factor score pattern was concordan·t 

with the predicted pattern but two of the th:cee factor 

scores were of equal value , the subject vas retained in t.he 

spatial>Conceptual>Spatial category for the Chi-Square 

analyis. 

A Kolmorogov goodness of fit t est Yas performed for a 

restricted sample of the reading disabled s ubgroup (9/13) 

with scores available for all nine WISC subtests used in 

calculating recategorized factor scores. 
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To test Hypothesis 8 t ha t more subjects than wou l d be 

expected by chance would pr esent 

h i erarchy 

with t he 

conceptual>Spati al>Sequential a Kolmorogov 

goodness of fit t est was performed for a restricted sample 

of fi ve s ubjects with s cores available for all nine WISC 

subt ests used i n calculating recategori zed facto r scores . 

For one of the fi ve ar i th.!lle tic d isab l ed subjects a pattern 

of Conceptual=Spatial>S eguentia l was considered to 

correspond to t he predicted Concept ual>Spatial>Sequential 

patte r n . 

fiY~Q1he2! 2 2: Re1ationshiE 2! ~g_gggntial Fact2~ 12 Reading 
ang Arithmetic 

several analyses were performed to investiga te the 

explora tory hypothesi s t hat WR AT Arithmetic and WRAT Reading 

would have diffe r en t relationshi ps to t he WI SC Sequentia l 

factor , using the 10 0 s ubjects with scores available fo r the 

three Seguentia l factor s ub t ests. A canonica l corre lation 

{SPSS s ubprogram Cancorr ,1 97 5) was performed between scores 

on VRAT Reading and A.ri t hwet ic and scores on t he Arithllletic , 

Digi t Span and Coding s ubtest s of the Seguential factor. 

For both WR AT Readi ng and WRAT Ar ithmetic , step-wise 

multiple regressions (SPSS subprogram Reg r ession , 197 5) ~ere 

computed using the t hree Seguential factor subt ests as 

pr edictor variabl es. 
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To investigate the concordance between impa i rment on the 

WRAT Arithmetic and WISC Arithmetic subtests , two dnalyses 

were done . 

subjects with significant impairment in WRAT Arithmetic 

{n=82} were selected for the first analysis , using a WRAT 

Arithmetic score at least 1. 5 standard deviations telow the 

Victoria sample mean as a criterion of significant disabi li­

ty. Using a scaled score on the WISC Arithmet i c subtest at 

least one standard deviation below the WISC normative mean 

as criterion of significant impairment on WISC Arithmetic , 

the n umber of concordant subjects (i . e . sign i ficantly i m-

aired on both arithmetic measures) and the number of dis-

concordant subjects {i. e . significantly impaired on WRAT Ar-

ith.metic; 

Arithmetic) 

performance within average range for iHSC 

was tabulated for the 82 subjects , as well as 

for the six sub j ects in the arithmetic disability s ubgroup. 

Subjects with a significant im airment on WISC Arithmetic 

were selected for the second analysis. Using the same 

criteria for significant impairment used in the first analy­

sis , the number of disconcordan t subject s (i . e . significant­

ly impaired on ~ISC Arithmetic , performance wi thin a v erage 

range on WRAT Arithmetic) was tabulated for the 45 subjects. 
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Results for Par t II : WISC Charac t eristics 

§_y~othe§is 4: Magni tude Qt !IQ-PI~ Di2£re~ncie§ 

The hypothesi s t hat nei t he r t he total disdbled lea:r ner 

sample nor the subgroups fo r med accord i ng to pattern of 

acade mic def i c i t would differ from the standardizati on 

population .in frequency of VIQ- PIQ discrepancies of abnormal 

magnitude was confirmed. Neither t he sample or any of the 

subgroups present ed vit h a n e xcess of d i scr epancies e i ther 

in fa vour of the Verbal or t he Performance Scale or when 

VIQ- PIQ discr epancies we re compared i n t erms of absolute 

value. 

Two of the 13 s ubject s {15~ with an i solated reading 

disabil i ty ( n= 13 ) had VIQ- PIQ discrepancies of a magni t ude 

obtaine d by 1% of the norma l popula t ion. Howe v e r , t he 

distribution for this subgroup v as not sign i ficantly 

diff·erent f r om t he d i stri b ut ion for t he no r .ruative 

population . Table 6 compares the paramet ers of t he 

distribution of the absolute values of the VIQ- PIQ 

disc repancies for the standardizat ion population to the 

absolute values obtained for this clinic sample and three 

subgroups. 

The hypotbe.s i s t hat t he magni tude of s ubtest scaled score 

scatter for the sample and subgroups ~ould not be sign i f i-



TABLE 6 

Distri butions of VIQ-PIQ Discrepancies 

for Disabled Learner Samfle and 
Readi ng plus Arithmetic Disability, 
Reading Disability and A.rithme tic 
Disa.bility su.bgroups 

85 

--·-------------------------------------------------------
Gro up W I SC/ iHS C-R DL BAD RD AD 

Nor mative sample sample sample sample 
Populations 

Absolute (n= 109 ) {n=67) {n= 13) (n=6) 
Value of 
VIQ- PIQ (pct) (pc t) (pc t) ( pc t) (p ct) 
---------------------------------------------------------

>= 

34 

30 

26 

22 

19 

<= 

1 8 

1 

2 

5 

10 

15 

85 

3 

5 

7 

1 2 

17 

83 

0 15 0 

3 1 5 0 

8 15 0 

10 15 0 

15 15 0 

84 85 100 

cantly greater than the mean of 7 o btai ned by the WISC- R 

normati ve population was confirmed. Mean scores f or the 

sample and subgroups ranged from 4.6 to 5.7. 
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HYJ?.othes i s 6: WI SC fsctori~! Structure 

The predi ction that a 

WISC subtest scores for 

principal components analysi s of 

t his sampl e of disabl ed lea r ners 

would yield a factor with high loadings by the Arithmet ic , 

Digit Span and Coding subtest s , as well as two addit i onal 

factors interpretable as " Verbal" and 11spatial11 factors was 

confirmed. Three interpretable orthogonal factors , 

accounting for 60 % of the variance , were ex t ract ed . Tabl e 7 

presents factor loadi ngs for the Varimax principal 

components analysis. 

The firs t factor , with significant loadings by all f ive 

subt ests on the WISC Performance Scale , including Objec t As­

sembly , Picture Completion , Pi cture Arrangement , Block De­

sign and Coding was readily interpre t able as a "Spatia l'' 

factor. The second factor , with significant loadings by 

four of the si x Verbal Scale s ubtests , including Informa­

tion , Comprehension , Similarities and Vocabulary , was readi­

ly interpretable as a "Verbaltt factor . 

The third factor , with high load i ngs by the Arithmet ic , 

Digit Span and Similarities subtests and a load i ng by Codi ng 

(. 49 ) that closely ap proached the cut- off criteria of . 50 , 

corr esponds to t he third factor reforted in the literature 

for normal children and clinic- referred disabled readers. 

With the exception of t he signif icant loading by Similari­

ties , the subtests loading on t he third factor correspond to 
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TABLE 7 

Varimax Principle Components Matri x for WISC Subtests 

-----------------------------------------------------------
WISC 
Subtest 

Fact or 1 Fact or 2 .Factor 3 

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

Information . oo . 59 • 44 

Comprehension .10 • 77 -. 0 1 

Arithmetic -.14 . 27 • 70 

Similarities • 38 . so • 53 

Vocabulary .40 . 66 • 24 

Di git Span -.1 0 .01 . 85 

Picture Completion .70 . 05 -. 09 

Pi cture Arrangement • 62 .1 2 .01 

Block Designs . 60 .3 2 . OB 

Object Assem.bly • 83 .04 -- 16 

Coding • 56 -. 45 .49 

-----------------------------------------~--------------------
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t he recategorized Sequential factor (Bannatyne,1974 , Bugel 

1974a , b ). 

The hypothesis that t he r estricted disabled l earner sam­

pl e {85/1 09) and the restricted reading p lus a rithmetic sub­

grou p {5 1/6 7) would present with a mean profile correspond­

ing to the Spatial>Concep tua l>Seg uen tial patte rn of 

recategori zed scores was confirmed. The mea n factor scores 

for this s ubgroup were 33 . 2 {Spatial); 29. 8 (Conceptual) ; 

and 23 .7 {Seq ue ntial). 

The second pr ediction that the n u mber of individua l s ub­

j ect s in t he reading plus arithmet i c s ubgroup (5 1/67) pre­

senting wi t h t he Spatial>Conceptual>Seguential hierarchy 

would be grea t e r than e x pect ed by cha nce was also conf irmed 

(Chi-s q uare, df=S, p<0.0001). Of t he 51 subjects in the res­

tricted sample of the readi ng plus arithmetic subgroup , 59% 

{30/5 1) were concordant for the Spa-

tial>Conceptual>Seguential hierarchy. 

The 9 s ubj ects i n the restri c t ed r e a d ing d i sbility sub­

g roup had a mean profile of Conceptual>Spatial>Seguential 

(37.7; 34.7; 31 . 6 ). Three individual subjects p r esen t ed with 

t~is hierarchy of scores , while three present ed with the 

Spatial>Conceptual>Seguen tial hie r archy . These tw o pa tterns 

did not occur s i gn i fica ntly more of t en than would be expect­

ed by chance . 
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SuEEJ:e mentar_y Analyses 

For tne 30 reading plus arithmetic d i sabl ed ~ubject s 

fo und to present with the Spatial>Conceptual>Seguenti al 

pattern , a pos·t hoc analysi s was done t o de t ermine t he 

numbe r of subjects that also had a clinically meaningful 

di ffe rence between the Spatia l and Sequential facto r scores , 

using t he criterion of at least one s tandard deviation (a 

ni ne poi nt score discrepancy ) s u ggested by Kaufman (1979) . 

It was fo und tha t 29 of the 30 subjec ts ~ 7 %) p r esenting 

with the predicted hierarchy had a clinical ly s i gnificant 

dif£e rence 1 s uggesting the recategorized factor score 

pcofiles o.btained by these s ubjects cou.ld be useful in 

understanding their cognitive s tr ength s and weaknesses. 

Ne ur ological Status. 

A second post hoc analys is was done in order to explore 

the relationship between neurological stat us and freguency 

of the Spatial>Conceptual>Hierarchy pat tern fo r the Beading 

p lus Arithmetic subgroup. Bannatyne (1 971) reported t hat 

dysl e xics with no ne urological indicators ~e r e t ypically 

charact erized by this s c o r e pa tte rn in contrast t o dyslexics 

vith definite or q ues tion a ble i nd icat ors of brain damage. 

Results f or t he 5 1 Readi ng plus Arithmetic Disabled 

subjects for whom r-ecategorized scores could be computed do 
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not support Ban natyne ' s claim. For this subgroup , 50J of 

t he 10 s ubjects in the Brai n Damage c linical category of 

neu rological status, 561 of t he 16 subjects in the 

Questionable Bra i n Damage category, and 64% of t he 25 

subjects in the Learning Di sabi l ity category p r esented with 

the spatial>Conc eptual>Seguential hierarchy. For this group 

of subjects , t he factor patt er n d i d not discriminate be twee n 

categories of neurological status . 

To explore t 11e possibility that t he 

Spatial>Conceptual>Sequential hierarchy would occur mo re 

frequentl y for male than for female subjec ts a post hoc 

analysis was done for t he 43 Disabled Learner sub j ects 

p r-esenting with a Spatial>Co.nc eptua l >Seguential patte r n . Of 

the 8 5 subjects in t he restricted Disabled Learne r sampl e , 

52 . 9 % {3 6/68) of t he male s ubjects , and 41 . 2% (7/17) of the 

female subjects present ed with t he factor hi erarchy . Of t he 

43 subjects presenting with this pattern, 86% of the males 

and 8 1% of the females had d i screpanc i es between t he Spatial 

and Sequential factor scores of a magnitude considered 

c linically meaningful by Kaufm an {1 97 9a ) (i. e . a minimum of 

one standard deviat i on) • For t h i s sample , the 

Spatial>Conceptual>Seguential pattern does not seem to 

differe ntiate between male and f e male subjects. 
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The exploratory hypothesis that a subgroup with normal 

reading but i mpaired arithmetic would present with a mean 

profil e with the Conceptual>Spatial>Seguential hier archy of 

recategorized WISC factor scores was confirmed. The mean 

factor score profile for this subgroup was 3 7. 6 

{Conceptual), 33. 8 (Spatial) and 24 . 8 (Seguen tia.l) . Of t he 

five subjects in this subgroup for whom recategorized factor 

scores could be computed , four ~ere concordan t for t he 

predicted pattern of factor scores. This frequency is 

s ignificantly greater than would be e .xpected by chance 

(Kolmogorov , p<0 . 05). 

Clinical Significance. 

Poe the four Arithmet ic Disabled subjects presentin g with 

a factor score pa ttern consistent with the predicted 

conceptual> Spatial>sequential hierarchy , a post hoc 

analysis vas perfo.rmed t o de t ermine the num.ber present ing 

with a discrepancy between the Conceptual and Sequential 

factor scores of a magnitude considered clinically 

wea.ni.ngful by Kaufman (1 97 9a). Three of the four subjects 

had discrepancies greater than one standard deviation. 
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A post hoc analysis was done to determine t he number of 

subje cts in the sample and three subgroups with Sequenti a l 

as t he lowest factor score. Sixty- five of disabled learners 

(60~} , 41 (8 1%) of the reading plus arithmetic subgroup , 6 

(66 %) of the reading d i sabled and 6 (1 00%) of the arithmetic 

disabled subgro up had t heir lowest scor e on the Sequential 

fac·tor. 

~Y~Qth~si§ 2: Re1ationshiE 2! ~ggyg~tia! Factor to ~eadi!!.9 
ang Arithmetic 

The prediction that WRAT Reading and WHAT Arithmetic 

would have significant relationshifs to the three subt ests 

in the Sequential facto r was confirmed. As well , support 

was found for the hypot hesi s that the relationship bet ween 

WRAT Arithmetic and the Sequential factor s ubtests would 

ha ve unique variance not accounted for by WRAT Read i ng. 

A canonical correlation between the two WRAT subtests and 

the three Sequential subtes t s (Chi-square , p <0 . 0 1) yielded 

two significa.nt roots, accounting for 35% and 12% 

respect i vely , of t he common variance bet ween the two se t s of 

variables. Standardized canonical coefficients for the two 

canonical roots are given i.n Table 8 . For the first root, 

the canonical coefficients s uggest much of the vari anc e 

common to the two sets of vari ables is accounted for by WRAT 

Arit h metic and WISC Ari t hmetic. For t he second root , the 

canonical coe fficients s uggest much of the residual shared 
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variance is accounted for by WRAT Reading and the WISC Digit 

Span subtest. 

step-wise multiple regressions , using the three Seq uen­

tial subtests as predic t or variables foe WRAT Ar ithmetic and 

for WRAT Reading provide support for the relati onships sug­

gested by the canonical correlation. The multiple regres­

sion between WRAT Arithmetic and the three WISC suh t ests 

yielded a multiple correlation of . 583 , or 34 . 0i shared v a r­

iance. Of the three WISC predictor variables , t he Arithmet­

ic subtest accounted for 88. 5% of the variance accounted for 

in WRAT Arit hme t ic . Digit Span and Coding made non- signifi­

cant contributions to the prediction eguation . 

The multiple regression betveen WRAT 

three WISC predictor variables yielded a 

tion of . 393 , or 15. 4% shared v ariance. 

Reading and the 

multiple correla­

Of the three pred-

ictor variables , the Digi t Span subtest accounted for 99.4S 

of t he variance accounted for i n WRAT Reading. Arithmeti c 

and Cod i ng made non- signif i cant contributions to the predi c­

tion 

Since the criterion variables in the two multiple regr es­

sion e~uations (WRAT Arithmet ic and WHAT Reading) are not 

orthogonal , it could be expected that some of the variance 

accounted for by t he predictor variables in the t wo equa­

tions would o verlap {that is# be attributable t o the shared 

variance 0£ WBAT Arithmet i c and Reading). However , s i nce 
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TABLE 8 

Canonical Correlati on fo r WR AT Reading a n d Ar i t hme t i c with 
Sequentia l sub t est s 

------------------------------------------·------------------
Eigenva l ue 

Root 
Canonic a l 

Corr e l ation 
Wilk ' s 
Lambda 

Chi-Sg ua r e D. F. p 

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

1 

2 

. 34 

.1 2 

. 59 

.35 

.. 57 

• 88 

53.1 8 

12. 69 

6 

2 

Coefficients f o r Ca nonical Variables of the Sec ond Set 

Ari·t hmeti c 
Digi t Spa.n 
Codi ng 

Ca nonica l 
Varia t e 1 

. 8 4 
• 16 
.. 31 

Canoni c a l 
Va ri a t e 2 

-.48 
1. 07 
-. 26 

Coefficie n ts f or Ca no nica l Variab l es of the Firs t Se t 

WRAT Reading 

WRAT Arithmet i c 

.1 4 

.. 96 

1 .. 02 

-.38 

. 000 

• 002 

-----------------------·-------·----------------------------
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the multiple correlation between iRAT Arit hmetic and the 

three WISC subtests is substantially greater than tha t for 

WRAT Reading , i t can be concluded that there is a uni ue re­

lationship between WRAT Arithmetic and the Sequential sub­

tests that is not shared by WRAT Reading. Further , for this 

disabled learner sample, the WISC Ar i thmetic subtest ac­

counts for most of the variance shared by t he Sequential 

subtests and WRAT Ar i thmetic , while the Digit Span subtest 

accounts for most of the variance shared by the Sequential 

subtests and WHAT Reading . 

flYEQt h g s is 1Q: Relation s hi £ Qf WI~~ ! ~ith!etic to j~AI 
Arithmetic 

The expectation that subjects 

significantly impaired per for ma nee 

presenting 

on the 

with 

written 

calculation problems of the WRAT Arithmetic subtest would 

not necessarily also be impaired in level of performance on 

the verbal , orally present ed, 

Arithmetic subtest was confirmed. 

disabled learner sample {n=109) 

score on WRAT Arithmetic 1 49% 

impaired on WISC Arithmetic , 

problems of the WISC 

Of the 82 subjects in the 

with a significantly low 

vere also significantly 

while 5 1% showed some 

dissociation between achievement level on the two measures 

of arithmetic skills. However , only 17 of the 82 subjects 

had WISC Arithmetic scores at or above the subtest scaled 

score mean of 10. 



For the subgroup with 

one o f six subjects 
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an isolated arithmetic disability , 

scored at the mean for the WISC 

Ar ithme tic subtest , while five scored below the mean. Three 

of the six subjects were s ignificantly impaired o n both 

arithmetic measures. 

When subjects we r e selected on the basis of signi£icant 

impairment on WISC Arithmetic , 40 {89%) of the 45 subjects 

were also impai red on WRAT Arithmetic. Of the remaining 

five subjects , all scored below t he normative mean . 



DI SCUSSI ON 

~gt ter~ Q! Academic Def i c it 

Ge neral or Discrete Dis a bilities 

The expectation that relatively few children in a 

clinic-refecred sample o.f disabled learners would present 

with a single deficit in reading or arithmetic vas 

confirmed. Of the 109 subjects identified as significant ly 

learning disabled in at least one of the two academic areas , 

only 17% presented with a clearly i solated d i sability in 

either arithmetic or reading. Using local normative data 

for the WRAT achievement test , it was determined that 831 of 

the disabled learners were at least mildly impaired in the 

second area , and 621 had a significant impairment in both 

arithmetic and reading. 

out of the 

or 

109 subjects , 94 could be classified as 

significantly impaired in reading , while 82 dysle xic" 

could be 

impaired 

classified as dyscalculic , or significantly 

in arithmetic , using operational criteria of 

comparable to those commonly reported in the 

discussing reading disability and arithmetic 

impairment 

literature 

disability . However , most of the subjects within each 

category were also below the average ra nge of achie vement in 

the second academic subject. 

- 97 -
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Further , the s ix subjects with normal reading achievement 

and impaired arithmetic were not homogeneous in level of 

spelling achievement. The level of spelling skill was on a 

continuum from normal to severe impairment. 

Whi le findings for this highly restricted clinic sample 

must be interpreted with caution, 

the r elati ve scarcity in the 

they are consistent with 

li·terature of reports of 

isolated arithmetic or reading disabilities. It seems 

likely that most children reported as either reading 

disabled or arithmetic d isab l ed are , i n fact , achieving 

belo~ the normal range in both academic areas, and would 

more accurately be described as disabled in reading plus 

arithmetic . Since t he specific pat t ern of academic 

difficulty can be expected to be a significant dimension of 

vaciance in the search for critical correlates of learning 

disabiliti es , these findings emphasize the need for 

researchers to report sample characteristics in teems of 

patt ern of academic s t rengths and weaknesses. Samples 

comparable to those commonly r eported as arithmetic dis a bled 

or as reading disabled , should be differentiated into 

general and discrete learning disabilities. As well , the 

pattern of impairment identified in the present study as an 

isolated arithmetic disability might be more meaningfully 

investigated, in fut ure studies, if subjects ~ere s ubgrouped 

according to spelling achievement. 
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Statistical comparisons between a generally impaired 

reading plus arithmetic subgroup (n=67 ), a subgroup with a 

clearly isolated reading disability (n= 13J and a subgroup 

with a clearly isolated arithmetic disability {n=6) were not 

appropriate due to small sample sizes. Howe ver , no 

association between clinical catego.ry of neurological status 

and pattern of academic deficit was apparent in an 

inspection of the data . These results do not support 

Ingram ' s report (1970) that definite clinical i ndicators 0£ 

brain damage are more highly correlated ~ith a general 

learning handicap , including both reading and arithmetic , 

than wit h an isolated reading deficit. 

i!~~ Characteristics 

YIQ=fIQ Discr:fil!ancies and Inter-subtest Scatter 

Neither the total sample of disabled lea r ners , nor any of 

the three subgroups , had a significant excess of cases with 

VIQ-PIQ discr:epancies of a mag,nitude that was abnormal for 

the WISC and iISC- R standardization populations. This 

finding is discrepant with Warri ngton ' s {1967) report that a 

sampl e of clinic-referred disabled readers had an excess of 

abnor:mal discrepancies in fa vour of the PIQ , relative to the 

normative distribution , b ut is consistent with Lyle and 

Goyen ' s (1969) findings for a school- sel ected group disabled 

in reading and arithmetic , and with Anderson , Kaufman and 

Kaufman • s (1976) findings for a heterogeneous learning 

disable d sample . 



100 

similarly, the mean range s t andard score scatter for the 

WISC subtests , for t he sample, and for the more homogeneous 

subgroups , was l ess t han tha t obt ained for th e WISC-R 

standardization population. 

No support was fo und for the common clinical assum ptions 

{see Kaufman ,1 976a, b) t ba t Verbal-Perf ormance IQ 

discrepancies and inter- subt es t s catter a r e 

d i agnostic indicators of a learning disability . 

Recat.miorized WISC Factor Scores 

useful 

Results of a pri n ci pal component s analysis s upport 

clinical impressions t ha t a t h ird fac tor i s needed to 

account for the WISC test structure , for groups of d i s abled 

learners. The factor s tructure f ound fo r this sample is 

comparable to that reported by Rugel (19 7 4) for 

clinic-refe rred disabled learners and sufports the modified 

three fac tor recategorization of n i ne of t he WISC sub t ests 

into conceptual , Spatial and Seq uentia l factors 

{Bannatyne ,1 974 , Rugel,1 974a, b). 

Consistent with e arlier finding s for hete rogeneous 

learning disabled studies and with Ackerman , Dykman and 

Peters ' (1976 ) report for a subgroup with a dual deficit in 

reading and ar i thmetic , ·both the total disabled learner 

sample , and the reading plus arithmetic subgrou p, had a mean 

profile of recategorized s ubtest factor scores with Spatial 



10 1 

greater than Conceptual greater than Seguential. The n umber 

o f subjects in t he reading plus a.ri thmetic subgroup (59%) 

presenting with this pattern was significantly greater than 

the frequency that would be expected by chance. 

Further , a post hoc analysis indicated that for 99% of 

t he 30 individuals that had the pred icted score h i era r chy, 

the difference between the high Spatial and the low 

sequential factoc scores was of a magnitude that can be 

considered clinically meaningful (Kaufman , 1979). That i s , 

in interpreting the WISC profiles , a more acc urate 

understanding of the pattern of cogniti ve strengths and 

weaknesses might be obtained using the three factor scores 

than by using th e Verbal and Performance Scale IQs . For 

this group of disabled learners , the original 

Verbal - Performance Scale dichotomy appears to be less valid 

tha n a three factor division of s ubtes ts. 

Contrary to Bannatyne ' s ( 19 71} report t hat the 

S~atial-Conceptual- Sequential factor score pat t e rn could be 

used to differentiate dyslexics with no neurological 

indicators (and presumed genetic etiology) from dyslexics 

with hard or soft signs of neurological dysfunction , a post 

hoc analysis did not indicate a r e lationshi p between 

clinical category of neurological dysfunction and incidence 

of t he hierarchy. 
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A post hoc comparison of the proportion of fema l e and 

male subjects from the total sample p r esent i ng with the 

Spatial-Conceptua l-Sequential pattern did not support the 

possibility raised by a study with normal Canadian children 

(Wersh and Briere , 1981 ) that the freq uency of t he 

Spatial- Concept ual- Hierarchy in d i sabled l earner sa mples was 

an artifact of the high incidence of male subjects . In the 

present study , 53% percen t of the male subjects , and 41J of 

the female subjects , presented with this hierarchy. For 

approximately 8 0% of both the males and females with this 

pattern , the d i screpancy bet ween t he high Spa tial and the 

low Sequential factor scores could be considered clinically 

meaningful (Kau fman ,1 9 79a ). 

However , i n vi ew of the small numbers of subjects in the 

three neurological categories presenting with a 

Spat ial-Conceptual-Sequential hierarchy , and the small 

number of female s ubj e cts in the sample,the findings for 

both of these analyses must be considered unreliable. 

Thirty- three percent of the reading disabled subgroup 

pr esented with the Spatial-Conceptual-Sequential hierarchy 

but this frequency was not significantly greater thau that 

expected oy chance for the 13 subjects in this grouf. 

For th e arithmetic disabled subgroup , the predicted 

excess incidence of a conceptual- Spatial-Seguential 

hierarchy was confirmed. Factor score patterns for fo ur of 
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the five subjects included in this analysis were conco r dant 

with the Conceptual- Spatial-Seguential patte r n , vhile the 

fifth patter n was discrepant by a negligible differenc e i n 

scores. As well , for three of the conco r dan t subjec t s , t he 

difference between the high Conceptual and the low 

sequential factor scores was of a magnitude t ha t suggest s 

{Kaufman ,1 979) a clinically mean i ngful difference in t he 

cognitive abilities measured by the fac tor scores . 

These findings are consistent with the mean factor score 

pat t e rn of Conce ptual- Spatial-Seguenti al reported for an 

arithmetic plus spelling disabled gr oup by Ackerman Dykman 

and Peters (1976). Since the Conceptual factor score i s 

considered comparable to the Verbal IQ sco r e , while t he 

Spatial factor score compares to the Performance IQ 

(Ka ufman , 1979), the findings for arithmet i c disability i n 

the present study are consistent wi t h reports that an 

ari th me tic disabled subgroup (Rourke and Fi nlayson , 1978), 

and an arithmetic plus spelling disabled subgroup 

{Denckla,1 97 2), vere uniformly lo~ on the Performance IQ, 

relative to the Verbal IQ. Findings in t he present s tudy 

are also consis t ent with the hypothesis that a dysfunction 

in some aspect of visual- spatial process i ng i s associ ated 

with an isolated disability in arithmetic , as defined by 

performance on the calculation problems of the WRAT. 
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The present findings , together with previous repor t s .in 

the literature, suggest that disabled learner subgcoups of 

reading plus arithmetic di sability , and of arithmetic 

disability , are differentially associa t ed vith specific iISC 

profiles. However , while 591 of the reading plus arithmetic 

subgroup presented vith a clinically signi£i cant 

Spatial-Conceptual- Sequential hierarchy , 4 11 did not present 

with this pattern , and there vas some overlap ~ith t he 

isolated readi ng disability subgroup. Conversely , whi le the 

majority of the arithmet ic disabled sample were homogeneous 

in t erms of factor score pattern , the 

Conceptual-Spatial-Sequential pattern was also found for 

some subjects in the two reading disdbled subgroups. Th us , 

neither the Spatial- Conceptual- Seguential pattern , no r the 

Conceptual-Spatial-Sequential pattern , is diagnostic of a 

particular pattern of academic impairment . 

For the majority of subjects in the reading plus 

arithmetic disability , and the arithmetic disability , 

subgroups that p rese nted with the predicted factor score 

pa tte rns, the difference between the highest and the lowest 

factor scores was of a magnitude that may reflect clinically 

meaningful differences in the cognitive skills that are 

measured by the three factors. However , further research is 

needed to establish the significance and clinical usefulness 



of the Spatial-Conceptual-Sequential 

Conceptual-Spatial-Sequency patterns. 

and 
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the 

A number of explanations have been offered in the 

literature for t he significance of high or low scores on the 

three fac t ors and of specific score hierarchies 

(Kaufman,1 979a). For the Seq uen t ial factor , the various 

expl anations of the possible dimensions common to the three 

subtests include ability to manipulate numerical symbol s , 

short-term memory , freedom f rom distraction and sequenci ng 

abi lity. Howe ver , it has not been established that low 

scor e s on the sequential subtests reflect impairment on a 

common dimension e ither for disabled learners in general or 

for any subgroup. There may be subgroups of disabl ed 

lear ners fo r whom a low Seguential s core reflects a common 

cri t ical cognitive or behavioral deficit. Alte rnati vely , 

the pre valence of l ow Sequential scores in d isab l ed learner 

samples may simpl y r eflect the vulne rability of the com plex 

Sequential s ubt ests to disruption along many dimensions and 

may not drise f rom a common d ysfunc tion. 

I n the pr esent st udy a majority of subjects in the t hree 

subgroups (8 1% of the reading plus arithmetic ; 66i of the 

reading; a nd 100% of the arithmetic di sabi lity s ubgroups) 

had their lovest factor score on the Sequential factor. 

since a low Sequentia l s core i s associated with all three 

pa tte rns of dcademic deficit , perf ormance on the Sequenti al 
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ha ve a d irec t relationshi p with t he learning 

Alternati vely , d i ffe rent patte rns of academic 

have different r e l ationshi ps to the three 

Sequenti a l subtes ts. 

A canonical correlation and multiple r e gressio ns between 

WRAT Arithmetic and WRAT Reading as criterion variables and 

WISC Arithmetic, Di g it Span and Coding as predictor 

varianles s upported the e xpectation that performa nce on the 

three WISC subtests would be differentially related to 

achi e vemen t in WRAT Arithmetic and Reading for a 

heterogeneous sample of disabled learne r s . The analyses 

indicate t hat WISC Arith metic accounts for much of the 

var i ance common to WRAT Ari t hmetic and the Sequential 

s u btests while Digit Span accounts f or much of the variance 

common to WRAT Reading an d the Sequential subtests . 

Dissociation of Ski1ls lli t hin an Academic Area 

The genera lizability of most of the findings for the 

present sample t o other clinic-referred d isab led learners is 

r est ricted by t he use of achie vement on t he RRA'I as 

oper ationa l criterion 0£ a s i gni f icant d i sability in 

reading , spelling or arithmetic . Using t he WRAT , an 

indiv i dual 1 s pattern of academic achie ve ment was assessed .by 

perfor mance on t ests of oral s i gh t vocabulary , written 

spelling ski lls and wr it t en calculation skills. Ho weve r, 
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reports in the literature i ndicate l e vel of ach i e vement on 

diff erent aspects of a general skill a r ea may be discrepant 

for an indi vidual disabl ed learner . As exampl e , children 

i mpaired on written spelling may be ab l e to spe l l o rally 

{Denckla , 1971) , and childre n with normal achievement on a 

measure of sigh t voca bu lary may ha ve difficul t y on a measure 

of r ead i ng comprehension. Also, children that are i mpaired 

on t he same academic measure migh t have markedly different 

k inds of e rrors {see e . g . Bode r ,19 71). In the present 

study , only hal f of t he 82 s ubjects significantly i mpaired 

on the WRAT written calculation problems were also 

s ignificantly i mpaired o n the WISC orally presented ve rbal 

ari t hmetic problems. This result s u pports r eports by Kosc 

{1 974) and Weins t e i n ( 19 7 8) that children identifiable as 

dyscalculic may sh ow signi f icant d issociation .between level 

of achievement on various aspects of arithmetic skill. I t 

may be useful to explore s ubgroup ing of d i sable learners 

along a wider r ange of measures of reading , spelling and 

arithmetic strengths and weaknesses than t hose included in 

t he WRAT. 

In concl us ion , while the f i ndings f or thi s clin i c s amfle 

need to be r eplicated , they support the increasing 

r ec ogni tion of the heteroge neity o f s ubjects within the 

categories of l earning , reading and a rithmetic disability 

along dimensions that may he relevant to an e ve ntua l 

understa nding of critical cognitive 

appropriate modes of i n tervention . 

correl ates and 



Appendix A 

RAW DATA FOR DISABLED LEARNER SAMPLE 

CAT= Clinical category of Neurological Status: 
(1) Brain Damage 

SEX = 

' VIQ = 

PIQ = 

(2) Questionable Brain Damage 
(3) Learni.ng Disability 

(0) Female 
(1) Male 

Verbal Scale Intelligence Quotient 

Performance scale Intelligence Quotient 

FSIQ = Full Scale Intelligence Quotient 

AGE= Age at time ,of testing 

R = WRAT Reading Standard score, from test manual 

s = WRAT Spelling standard score, from test manual 

A= WRAT Arithmetic standard score, from test manual 

SI CAT SEX VIQ PIQ FSIQ AGE R 

1 1 : 1 99 110 104 7~5 85 
2 1 1 87 111 99 7.8 85 
3. 1 1 79 94 85 9.9 86 
4 1 1 104 86 95 10. 1 92 
5 1 1 97 74 85 10. 0 97 
6 1 1 100 110 105 10. 4 90 
7 1 1 84 100 91 9.9 65 
8 1 1 94 78 85 9.6 97 
9 1 1 113 114 115 11. 4 122 

10 1 1 116 107 113 11. 7 111 
11 . 1 1 108 83 96 12. 2 98 
12 1 1 84 90 85 12. 5 78 
13 1 0 90 100 94 10. 0 95 
14 1 0 100 108 104 10. 9 91 
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s A 

92 95 
87 86 
84 89 
89 96 

101 93 
85 86 
65 71 
92 86 
99 82 

103 80 
103 87 
75 74 
85 86 
91 86 
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15 1 0 12 1 79 101 12 . 6 108 11 0 74 
16 2 1 11 8 127 123 9 . 1 9 7 96 96 
17 2 1 86 118 10 1 9 .4 83 86 8 7 
18 2 1 92 113 102 9 . 6 97 107 95 
19 2 1 94 99 96 9 . 5 90 82 92 
20 2 1 108 97 103 10. 3 83 72 9 1 
2 1 2 1 109 101 106 9 .7 98 96 95 
22 2 1 1 l 6 127 123 11. 0 100 93 8 7 
23 2 1 123 108 117 11. 2 105 97 8 7 
2 4 2 1 114 107 11 2 13. 3 80 77 10 8 
25 2 0 85 96 89 8 . 1 7 8 88 88 
26 2 0 10 8 125 117 10 . 3 96 101 109 
27 2 0 80 101 89 9 .7 9 7 98 92 
28 2 0 12 3 89 107 9 .7 99 98 9 7 
29 2 0 85 89 85 10. 8 100 101 8 1 
3 0 2 0 89 1 01 9 4 11. 7 92 89 76 
3 1 3 1 9 1 104 97 9 . 4 10 2 96 78 
32 3 1 9 1 97 93 9 . 4 10 5 96 87 
33 3 1 86 114 99 8 . 5 104 96 68 
34 3 1 106 108 107 9 . 6 95 75 95 
35 3 1 12 4 11 8 123 9 . 8 99 10 7 89 
36 3 1 10 4 106 105 10 . 9 104 9 7 8 1 
37 3 1 94 97 95 11. 6 80 68 7 8 
38 3 1 11 9 12 1 122 12. 5 106 83 77 
39 3 1 123 11 5 12 1 14 . 5 82 69 107 
40 3 1 9 1 103 96 14 . 1 83 80 8 2 
4 1 3 0 100 111 106 7. 6 9 7 90 10 2 
42 3 0 99 114 107 9 . 0 69 7 5 8 4 
43 3 0 111 120 117 9.4 92 94 99 
44 3 0 113 104 109 9 .7 95 92 83 
45 3 0 79 96 85 13 . 8 74 68 73 
46 3 0 109 127 11 9 13 . 8 8 1 8 1 8 4 
47 2 1 9 1 94 92 12 . 9 9 4 85 71 
48 1 1 89 104 96 13. 5 86 74 73 
49 2 1 9 7 107 102 8 . 9 95 96 10 5 
50 3 1 10 4 122 114 12 . 5 80 78 9 0 
5 1 1 1 123 115 12 1 9 . 5 8 4 84 92 
52 3 1 106 1 13 110 9 . 8 69 71 86 
53 1 1 10 6 79 93 9 . 8 73 65 77 
54 3 1 95 1 2 1 108 9 .7 67 7 5 89 
55 1 1 100 76 88 13. 8 105 104 89 
56 2 1 96 1 07 10 1 8 . 2 98 85 88 
57 1 0 10 1 92 96 8 .4 87 107 98 
58 2 1 85 8 7 85 7. 9 82 90 89 
59 1 1 9 7 99 98 14 . 0 9 4 8 1 66 
60 i 1 8 4 94 88 12 . 2 78 65 71 
6 1 1 1 9 1 92 9 1 8 . 0 93 88 82 
62 3 1 115 99 108 10 . 5 114 97 8 3 
63 3 1 109 9-4 102 10 . 1 98 56 88 
64 2 0 90 87 88 11 . 2 73 7 5 79 
65 2 1 92 1 22 107 7.9 82 82 77 
66 2 0 8 1 92 85 9 . 5 84 7 8 74 
67 2 1 104 122 114 12 . 7 73 65 80 
68 3 0 100 101 101 7. 6 9 4 92 98 
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69 3 1 79 107 91 10. 1 65 60 60 
70 2 1 104 108 107 10. 7 79 75 93 
71 3 1 77 97 85 14. 1 79 75 70 
72 3 1 96 92 93 10. 9 91 85 86 
73 2 1 89 104 96 8.0 68 76 79 
74 3- 1 87 92 88 13, 1 · 91 75 68 
75 3 1 87 99 92 11. 5 99 103 76 
76 3 1 100 117 109 12. 3 84 65 73 
77 1 1 86 87 85 10. 4 109 97 86 
78 3 1 104 110 107 13. 7 99 77 75 
79 3 1 97 115 107 10. 6 67 66 76 
80 2 1 94 97 95 13. 0 78 68 78 
81 3 1 110 122 117 10.7 83 85 9 1 
82 2 1 95 104 99 9.8 108 92 86 
83 2 1 105 103 104 9.0 120 104 90 
84 3 1 . 101 92 96 11. 6 81 68 71 
85 3 1 84 96 88 8.3 75 76 76 
86 2 0 97 90 93 10. 0 11 0 112 78 
87 3 1 99 114 107 13. 0 80 72 70 
88 2 1 125 72 100 13. 0 88 92 103 
89 2 1 87 97 91 14. 0 72 73 75 
90 2 1 89 97 92 9.0 94 90 87 
91 3 1 97 106 101 11. 0 82 81 79 
92 3 1 91 90 90 10. 0 73 74 73 
93 3 1 87 108 97 10. 0 55 56 57 
94 3 0 106 93 100 13. 0 100 108 80 
95 3 0 97 113 105 13. 1 73 72 80 
96 2 0 92 90 91 9.8 76 88 95 
97 3 1 89 87 87 12. 5 68 57 66 
98 2 1 82 92 85 1:3. 0 76 72 68 
99 3 1 85 105 93 13. 2 73 75 83 
100 3 1 1 OS 115 110 9.9 90 86 95 
101 3 1 107 93 101 11. 6 99 83 105 
102 2 1 84 93 - 87 13.6 80 74 70 
103 1 0 94 105 99 9.5 89 84 89, 
104 2 1 90 108 98 9.2 71 "' 86 90 
105 3 1 97. 101 99 7.6 77. 68 86 
106 1 0 87 106 96 12. 6 96 85 82 
107 2 1 99 89 93 9.3 92 94 93· 
108 3 1 123 109 119 8.5 99 89 89 
109 2 1 98 98 98 13. 4 105 101 75 
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WISC SUBTEST STANDARD SCORES: 

INF = Information PIC = Picture Completion 
COM = Comprehension PIA = Picture Arrangement 
ARI = Arithmetic BLD = Block Designs 
SIM = similarities OBA = Object Assembly 
voe = Vocabulary COD= Coding 
DIG = Digit Span 

~Jissing Value = -1 

S# INF COM ARI SIM voe DIG PIC PIA BLD OBJ\ COD 

1 11 8 1 1 10 12 7 13 10 10 12 12 
2 6 12 8 6 10 6 12 10 12 12 -1 
3 9 8 5 4 8 6 12 9 12 9 4 
4 10 12 12 12 1 1 9 10 7 12 5 6 
5 13 6 9 6 9 14 9 5 7 2 8 
6 10 11 10 12 9 8 17 10 4 16 10 
7 5 6 8 11 ,6 8 11 13 10 11 5 
8 11 7, 10 10 10 6 9 7 7 6 5 
9 13 10 9 13 13 14 13 13 16 9 10 

10 11 17 10 15 13 9 12 11 10 15 5 
11 14 8 13 11 9 12 7 10 9 5 7 
12 9 5 7 6 7 10 11 11 6 7 9 
13 10 10 9 7 6 8 14 7 12 -1 1 0 
14 9 10 10 10 12 9 18 6 12 11 9 
15 11 15 1 1 17 12 14 8 9 9 5 4 
16 13 13 9 15 13 12 15 12 13 17 12 
17 8 7 7 8 11 6 15 12 12 15 9 
18 9 6 13 9 10 6 11 1 1 13 13 1 1 
19 7 1 1 8 11 11 6 10 10 1 1 9 9 
20 9 12 1 1 14 12 9 1 1 10 10 8 9 
21 .11 9 1 0 12 14 12 12 10 14 10 5 
22 11 13 7 15 14 15 17 15 13 13 11 
23 14 12 12 16 13 15 15 6 13 12 1 0 
24 12 14 14 14 9 10 13 12 11 10 9 
25 7 8 9 7 6 9 6 11 11 11 8 
26 10 7 13 14 12 11 14 13 14 13 14 
27 7 8 4 6 8 8 10 11 7 9 14 
28 11 15 10 17 13 15 10 8 10 -1 8 
29 7 10 7 6 8 8 8 10 6 9 6 
30 9 6 6 13 10 5 13 10 7 12 9 
31 14 7 7 11 6 8 11 7 11 15 9 
32 11 10 7 8 7 8 12 9 11 -1 8 
33 8 6 6 10 11 6 14 1 1 8 15 12 
34 11 8 10 14 10 12 6 14 12 13 1 1 
35 1-1 13 15 16 14 -1 1 1 14 15 -1 10 
36 11 9 11 12 13 8 13 12 11 12 6 
37 6 7 9 12 10 10 10 12 10 9 7 
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38 9 18 10 15 16 10 18 10 15 14 8 
39 16 16 1 1 16 15 8 10 1 0 18 15 8 
40 9 9 8 8 9 8 13 10 11 1 0 8 
41 8 7 10 15 10 10 15 11 9 12 1 1 
42 7 13 7 15 12 5 14 15 11 10 10 
43 11 9 10 15 14 12 15 8 14 16 1 1 
44 1 1 12 12 13 14 10 10 14 9 8 12 
45 6 6 4 11 7 5 11 8 7 12 9 
46 11 14 9 13 9 12 12 12 16 17 12 
47 7 10 9 11 8 7 9 11 7 11 8 
48 8 6 6 8 13 8 15 11 7 12 8 
49 8 7 12 13 8 9 14 10 14 -1 6 
50 8 11 13 13 11 8 18 12 12 14 10 
51 15 18 10 14 18 6 1 1 15 12 13 - ,10 
52 10 16 8 13 1 1 8 10 14 12 l4 9 
53 13 15 11 , 10 1 1 6 9 9 7 6 4 
54 10 8 6 14 13 4 14 15 12 13 1 1 
55 10 8 12 10 8 12 9 4 7 5 8 
56 7 6 9 14 9 11 15 12 12 6 10 
57 10 6 8 13 13 11 8 8 10 8 1 0 
58 7 8 10 6 7 7 1 1 8 8 8 6 
59 9 12 7 12 11 6 1 1 10 9 9 10 
60 6 5 7 11 10 5 1'2 8 12 9 5 
61 7 8 7 9 13 7 8 8 14 -1 5 
62 17 9 7 16 17 8 10 14 10 11 4 
63 8 17 4 10 10 8 10 10 9 9 8 
64 6 10 8 9 8 9 7 7 9 10 8 
65 5 9 6 11 15 7 16 14 11 14 1 1 
66 . 8 10 4 6 4 10 9 -1 8 -1 8 
67 12 11 1 0 13 11 7 16 14 12 15 9 
68 8 11 11 10 -1 10 12 7 10 -1 12 
69 6 5 6 4 10 8 11 -1 12 13 8 
70 10 1 1 11 11 12 8 13 15 14 -1 6 
71 4 6 6 8 8 9 11 7 10 9 11 
72 8 10 7 11 1 1 9 13 9 9 8 5 
73 7 15 5 7 9 6 15 10 12 10 6 
74 5 11 5 9 11 7 -1 10 10 1 1 6 
75 8 12 6 9 8 5 12 9 11 9 8 
76 8 13 9 12 12 6 14 13 14 12 9 
77 6 8 7 7 -1 11 9 ' 6 1 1 1 0 6 
78 10 8 10 14 9 12 12 16 9 11 9 
79 1 1 10 7 9 15 5 19 11 12 15 4 
80 6 10 9 9 10 10 9 12 9 10 8 
81 13 8 1 1 13 13 11 . 13 15 14 13 11 
82 12 10 5 10 10 8 12 10 12 13 7 
83 10 10 9 13 · 14 9 10 10 12 13 7 
84 7 10 7 11 12 14 10 12 10 -1 3 
85 5 1 1 7 7 8 -1 16 10 9 7 8 
86 14 7 7 9 12 8 1 1 7 9 8 8 
87 9 9 9 13 14 5 14 -1 13 15 8 
88 1 1 16 15 14 14 14 9 8 4 2 7 
89 8 9 8 9 7 7 1 1 10 11 12 5 
90 8 7 7 10 9 8 11 6 13 10 8 
91 8 1 1 7 11 13 8 14 9 12 10 9 
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92 7 8 8 9 12 8 10 -1 9 11 5 
93 7 10 4 10 11 6 10 10 13 13 9 
94 9 9 10 13 13 12 8 1 1 8 10 8 
95 11 -1 . 7 12 10 8 12 12 15 -1 8 
96 7 12 8 11 6 -1 10 10 7 9 7 
97 7 -1 6 1·2 8 -1 8 1 1 11 -1 3 
98' 5 4 7 9 8 10 9 11 11 -1 5 
99 9 7 10 5 7 5 11 14 9 14 6 

100 9 14 6 12 13 6 15 14 12 14 6 
101 10 1 1 13 12 10 -1 10 9 11 10 6 
102 8 6 5 9 9 -1 9 8 6 12 10 
103 10 8 5 10 12 -1 12 1 Li 9 11 8 
104 10 -1 10 10 9 3 12 14 12 1 1 7 
105 6 10 9 1 li 9 6 12 10 10 12 7 
106 6 '-1 .. 8 9 8 9 11 10 12 11 11 
107 10 13 7 9 10 5 7 10 10 1 0 5 
108 11 1 li 9 19 16 -1 13 12 12 13 7 
109 10 10 8 11 10 LI 13 11 11 10 LI 



Appendix B 

WRAT RORllS FOB VICTORIA ELEMENTARY SCHOOLS 

Normative data for the WHAT (Jast k an Jastak , 1978) 

Reading , Spelling and Arithmetic s btests were obtained in 

the s ring term (February to May) 1981, from three 

elementary schools chosen to be a proximate ly representative 

of Victoria socioeconomic conditions. 2 At each of the three 

schools 25 children were selected from each of grades 1¥ 3 , 

and 5 , using alternate names on class lists as criterion for 

selection . Children in special classrooms and children who 

ad failed a grade were omitted from the sample. Testing of 

one grade three subject was discontinued due to 

circumstances external to the testing situation . In all , 

224 children were tested. Since children in grade 1 are 

below the age range of subjects used in the resent study , 

only the re ul ts for the 149 grade 3 and grade 5 children 

will be discussed below . 

Mean age at time of testing was highly compa able across 

schools , for both the grade 3 and 5 samples . Ages ranged 

from 7.7 to 9.6 years for the co hined grade 3 sa le and 

2 The normdtive study was carri d out with the cooperation 
of the Greater Victoria School Board ich rovided 
funding for the data collection . The uthor is gr teful 
to Dr . len Poe for his c operation and sup ort. 
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f r om 10.1 to 11. 8 fo r the grade 5 sample. 

A z test was used to compa r e mean standard s cores 

ach i e ved by the Victoria ch.ildren to the mean standard score 

o f 100 reported in the WRAT t est manual for the American 

standardizat ion sample . The Vi ctoria mean s tandard s cores 

were s i gn i f icantly higher than 100 f or grade 3 Reading , 

Spe l l i ng a nd Arithmetic and grade 5 Read ing and Spelling 

(p<0.05 ) .. Th e mean standard s core f o r the grade 5 

Arit hmetic subtest was not s ignificantly d i ffe r en t fro m the 

WRAT t est man ual mean of 100 {see Tab le 9 ) 

TABLE 9 

z Test f or Means of Victoria WRAT Standard Scor es 

Standard Scores Derived Fro m WRAT Test Manua l 

WRAT grade n me an z p 

Beading 3 74 11 8 .0 10.32 * 

5 75 11 4. 2 8 .19 * 
Spelling 3 74 11 3. 0 7.46 * 

5 7 5 111. 0 6 . 32 * 
Arithmetic 3 7 4 103. 8 2 .1 9 * 

5 75 100 .. 8 . 44 n . s . 

*p<0 . 05 
( WRAT normative mean= 100 ) 
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Standard deviations for the Victoria sample were compared 

to t he standard deviation reported for the standardization 

population. Using a Modified Chi-square Test, (Wonnacott 

and Wonnacott ,1 972) Victoria standard deviations were signi­

ficantly smaller {p<0.05) for the distribution of Reading , 

Arithmetic and Spelling scores, for bo t h the grdde 3 and 

grade 5 samples (see Table 10). 

TABLE 10 

Modified Chi-Sq uare Test for Standard Deviations of Victoria 
WRAT Standard Scores 

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

WRAT 

Standard Scores Derived From WRAT Test Manual 

grade n standard 
score 

Test of 
Critical 
Points 

p 

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

Reading 3 74 9. 55 .405 * 
5 7 5 7.63 . 259 * 

Spelling 3 74 10.62 • 501 * 
5 75 9 .70 • 418 * 

Arithmetic 3 74 6. 16 .168 * 
5 75 9 . 79 • 423 * 

*p<0.05 

(WRAT normative SD = 15) 
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Normalized standard scores for the Victoria sample were 

derived using the percentile ranks cl the s ubjects ' test ma­

nual standard scores (see Tables 11 1 12 ,13) 
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TABLE 11 

Victoria Norms for WRAT Reading 

------------------------------------------------------
Normalized 

Standard Scores Percentile 
Grade 1 

n=75 
Grade 3 
n=74 

Grade 5 
n=75 

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

155 100 1 55 138 130 

11 9 90 140 130 125 

11 J 80 131 1 27 120 

108 70 124 1 23 119 

104 60 118 12 1 116 

!llean 100 50 115 118 115 

96 40 110 114 11 2 

92 30 106 113 110 

88 20 98 109 108 

-1 SD 85 16 97 (10 9) 107 

81 10 93 105 106 

-1.5 SD 7 0 7 92 103 103 

- 2 SD 70 2 86 1 0 1 95 

---------------------------------------------------------
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TABLE 12 

Victoria Nor ms for WRAT Spelling 

---------------------------------------------------------
Normali zed 

Standar d Scores Percentile 
Grade 1 

n=75 
Grade 3 

n=74 
Grade 5 

n=75 
----------------------------------------------------------

155 100 150 154 133 

11 9 9 0 13 1 126 12 4 

11 3 8 0 123 12 1 120 

108 70 120 11 9 116 

10 4 60 1 1 5 114 112 

mean 100 50 113 113 1 1 1 

96 40 110 11 0 108 

92 30 105 107 106 

88 20 10 3 104 101 

-1 SD 85 '16 102 (104) ( 10 1) 

8 1 10 95 100 99 

-1 . 5 SD 78 7 93 98 (99) 

- 2 SD 7 0 2 88 94 93 

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



120 

TABLE 13 

Victoria Norms f or WRAT Arithmet ic 

----------------------------------------·--------·-----------------
Normalized 

Standard Sc ores Percentile 
Grade 1 

n=75 
Grade 3 

n=74 
Grade 5 

n=75 

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

155 100 125 11 9 127 

11 9 90 120 111 11 4 

11 3 80 117 108 109 

108 7 0 114 ( 1 08) 106 

104 60 (11 4 ) 105 104 

mean 100 50 110 104 101 

96 40 108 102 9 8 

92 JO 105 102 96 

88 20 104 99 92 

-1 SD 85 16 101 98 91 

8 1 10 99 96 88 

-1.5 SD 78 7 98 93 86 

- 2 SD 70 2 84 90 8 3 

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