COGNITIVE CORRELATES OF ARITHMETIC PERFORMANCE IN CLINIC
REFEREED CHIL DREN

by

HOLLY A, TOUOKKO
BusA., Lakehead University, 1975
M. A., Lakehead University, 1977

A DISSERTATION SUBMITTED IN PARTIAL FULFILLMENT
OF THE REQUIREMENTS FOR THE LEGREE QF
DOCTOR OF PHILOSOPHY

In the Department
of
Psychology

We accept this disser
to the reguired

Ce . Leong

Dr. B. Rourks=

Holly A. Tuokko, 1982
UNIVERSITY OF VICTORIA
October 1982

is dissertation may not be reproducs=d
t, by mim=scgraph or other means,
p=rmission of the author.

All rights reserved. This
whole or in par
without the



Supsrvisor: Professor Louis D. Costa

ABSTRACT

The purpose of this research was toc investigate, from
quantitative and qualitative viewpoints, th2 relationship
betwsen cognitive functioning and arithmetic performanca.
Using multiple correlations, th: performance of one hundred
and thirty-five «clinic-referred children on the Arithmetic
subtests of the Wechsler Intelligence Scale for Children
(WISC) and Wide Range Achi=vement Test (WRAT) was axamined
in relaticn to performance on Verbal, Spatial and Memory di-
mensions (as measurad by the WISC). In addition, a subtyp-
ing procsdure was used to examins whether the pattern cf Ar-
ithmetic perfcrmance was relatad to pattern of cognitive
abilities. A replication of the preceeding was undertaken
on a sample of three hundred and fifteen school-referred
children. The qualitative approach involved analysis of =r-
rors made on arithmetic-related tasks by eighteen learniug

disabled children.

The results indicated that the Verbal and/or Memory Ai-
m=nsions consistently contributed to arithmetic performance

although the relative contributions of =zach varied Lty sex,
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samples. (Qualitative analysis of the parfor-
manc= of children with severely impaired Verbal and Mzmory

abili+ies was characterized by errors rsflecting impairsad

r:collection of basic facts and faulty acquisition of cer-
tain math=amatical concepts. Contrary to =xpectations, ths

mensicn only contributed %o ths Wechsler Arithmet
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c sunbtest for ths second sample,

Pat+ern of cognitive ability had no relationship to the
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pattern of Arithmetic performance kut level of
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mory abilities diff=ared in relaticn to pattarn of Arith-

m=2+ic performance.

I+ was suggested that Spatial ability is necessary to ac-
g E
guirz an appreciation of numeration and serves as a kasis

for the develorment of mathematical ability
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basis, th= degree to which an individual acquires the abili-
ty to abstract plays a rol=s in arithmetic performance. Im-
plications and suggestions for futures research are brisfly

presanted.
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IRTEODUCTICN

Cognitive Contributions Io

hd

cademic Achievement
Interest in, and assessment of, higher mental proccesses (or
cogniticn) was an inherent part of the movement which kegan
in the 1latter part of the nineteenth century and brought
clinical and educational psycholegy intc being as discip-
lines. Among the first researchers to examine the relation-
ship between cognitive functioning and academic achkievement
were Simon and Binet, Their gcal was tc design a series of
measurements of higher mental processes which could re used
to distinguish ketween children who wculd and would not be-
nefit frcm educational training (i.e., for the identifica-

tion of mentally retarded children). This work culminated

in the 1305 =scale, the predecessor of mcdern-day intelli-

gence tests. Subsequently, in revisicns to this scale and
in the generation of new scales, tests dependent on schclas-
tic abilities <such as reading and writing were eliminated
from measurements of cognitive functioning and separate nea-
surements of academic achievement were developed. The re-
sulting psychometric distinction Lketween achievement and
cognitive ability measures has led tc a research strategy cf

correlating ccgnitive abilities with schclastic achievement.



A second strategy has evolved whkich involves the selec-
tion of children who experience difficulty in learning,
either glotally cr within specific ccntent areas. Differ-
ences in cognitive ability tetween these children and aca-
demically ncrmal achievers are investigated to identify spe-
cific cognitive weaknesses characteristic c¢f "learring
disabled" students. A central issve in the application of
this second aprroach is the definition c¢f the disaktled lear-
ner. One stance taken in the literature has been to estab-
lish an cperational definition for a learning disakility and
then examine the characteristics c¢f children who fit this
definiticn. Definitions have Leen develcped for learring
disabilities generally and disabilities within specific con-
tent areas (e.g., reading and arithmetic). Each cf ttese
definiticns is negative or exclusicral in nature. For exam-
Fle, The World Federaticn of Neurclcgy defines developmental
dyslexia or specific reading disaklity as

A discrder manifest by difficulty in learning to
read despite conventional instruction, adequate
intelligence, and socio-cultural cprortunity. it
is dependent upon fundamental ccgnitive disabili-
ties which are frequently of constitutiomal origin

(Critchley, 197C, p.11).



Similar definitions which exist for learning disabilities
(¢e.9., Gaddes, 1976) and develormental dyscalculia, arith-
metic disalrility (Kosc, 1974), also exclude severe emoticnal

disturbances.

Although these definitions were estatlished in zn effcrt
to clarify the central issues invclved, there has keen con-
siderable debate in the literature as to their usefulress
and validity (e.g., Critchley, 1970; Guthrie, 1578; Mattis,
1978; Rutter, 1978; Taylor, Satz and Friel, 1979). Bocth the
logic behind establishing negative definitions such as thkese
and their effectiveness for guiding day-to-day clinical
practice have been questioned (Futter, 1678). In addition,
the use of terms such as ccnventicnal instructicn, adequate
intelligence and socio-cultural cppcrtunity are sufficiently
vague and cpen to interpretaticn as tc appear meaningless.
As is evident from the accurulated literature employing such
definiticns, research samples may ke ccnstituted wkich dif-
fer with respect tc IQ range, scciceconcmnic status and
rrocedures of screening for emotional disturlkances cdepending
on the individual researchers intergretation cf the defini-

tion.

An altermnative apprcach advccated by Ruttexr (1S78) in-
vclves determining how a kroad group of disakled learners,

whether generally disabled or within a specific ccntent



area, may best ke sukdivided. For examgle, Rutter (1978),
in a study cf pcor readers, makes a distinction between gen-
eral backwardness (i.e., 1low achievement in relaticm tc tkhe
average for that age, but withcut taking IC into account)
and specific retardation (i.e., achievement which is low
after taking tcth age and IQ intc acccunt) which proved use-
ful in terms cf prognostic value. It has also been suggest-
ed that disalkled learners may Le categerized accordirg to
supposed eticlcgy (e.g., F[resence cr absence of brain dam-
age, emoticnal disturbance, social disadvantage) cr pattern

of cognitive deficit shcwn (Rutter, 1¢7€).

Numercus attempts have been made tc classify disakled
learners on the basis of performance cn measures cf ccgni-
tive functioning. Since academic achievement is a highly
complex activity which places demands on a great rumker cf
cognitive and linguistic skills, it wculd be expected that
deficits in any one or a comkinaticn ¢f ccgnitive abilities
may interfere with academic achievement. This has promgted
the multidimensicnal search for sulktypes of ccgnitive defi-

cits within grcups of children with acacdemic deficits.

The mcst extensive search for subtyres cf cognitive defi-
cits has keen conducted with reading disabled children.
Various measures and methods have leen used in this regard.

For example, ccgnitive deficits have been measured directly



and quantitatively using such instruments as Wechsler Intel-
ligence Scale fcr Children subtests (e.g., Smith, 1970; Ean-
natyne, 1974) and neuropsychological test Latteries (€.g.,
Petrauskas and Rourke, 1979), c¢r have been inferred from
qualitative performance on actual reading tests (e.g., Bo-
der, 1973) though little work has keen conducted integrating

informaticn cktained frcm both types cf measures.

Both clinical and statistical +techniques have been em-
ployed as the methcd of fcrming suktypes cf cognitive defi-
cits. Neither of these approaches is without limitaticns.
Studies which rely sclely cn clinical interpretation of com-
plex multidimensicnal data sets often proceed on the basis
of a priori classifications and tyfpically result in rigidly
defined groups (Satz and Morris, 1980). The statistical
techniques commcnly emplcyed, =such as Q factor analysis and
cluster analysis are contrcversial and may be performed in a
variety of ways yielding highly disparate results. Ques~
tions of reliakility and validity c¢f the generated suktypes

have been addressed cnly by scme researchers.

Regardless c¢f the method used tc derive subtypes, it has
teen noted that scme pccr readers do nct exhibit any clear
pattern of specific cognitive deficit (Satz and Mcrriis,
1981) . Although this may in fact ke a 1limitaticr cf mea-

sures and methcds currently emplcyed in subtyping procedures



as suggested ky Taylor, Fletcher and Satz (1982), it may
also indicate that overlarping deficites are to be expected
and that scme children's reading proklems may nct ke due to
a cognitive deficit (e.g., may be due tc lack of motivation,

ccntent specific anxiety, etc.).

However, given the limitaticns cf the suktype literature,
it does appear that a variety cf patterns cf cognitive defi-
cits may emerge within a group of reading disakled children
and there is rnctable similarity cf results across investiga-

tons in srite cf differences in measures and methcds used.

With the identificaticn of +these different underlying
cognitive deficits, work has begun «c¢r the develcpment of
remedial strategies to match underlying "types" cf deficit
(Rourke, 1¢78). This apprcach is certainrly not new to indi-
vidual educational assessment (Bateman, 1966) but has re-em-
phasized the heterogeneity of, and need fcr, dindividualized

remedial prcogramming for learning disakled children.
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Although much literature has been generated concerning cog-
nitive functioning and learning disabilities, mecst studies
have focussed either cn general academic deficits or on
reading and spelling deficits. Ccmparatively little infecr-
mation is availakle ccncerning ccgnitive correlates of
mathematical performance. This stems frcm the ccnventicnal
view that reading and spelling are cf utmcst importance for
intellectual development and independent functicning.
Hence, most educators emphasize the learning cf reading and
spelling. However, scme researchers have recognized the im-
portance of arithmetic performance to daily functicnirng
(eeg., Halpern, 1981) and have studied its correlation with

cognitive functioning.

A central issue to the study of mathematical performarce,
in relation tc cognitive skills, is the diversity of subject
matter. Mathematics has been defined as

the abstract science o¢f space and number which
deals with space and configureticn and interrela-
ticns and akstractions cf pumber. Arithmetic is a
branch of mathematics that deals with real nunlers
and their ccmputaticns (Chalfant and Scheffelin,

1969, p.119).



Children may show significant disscciation Letween fper-
formance in cne area of mathematical performance (€.g., geo-
metry) and ancther (e.g., calculaticns) (Weinstein, 1979)
and it may be expected that different areas of mathematical
performance may place different relative demands on ccgni-

tive skille.

The akility tc perform basic arithmetic computations
rests on the development of a numker of prerequisite skills.
Initially, +the child reccgnizes <cbjects in the environment
and later experiences them as grecups cr classes. With the
vehicle <c¢f language, a child learns to name numbers of
things and later tc <relate numbers serially (ccunting).
Correspendence between number morphemes and elements then
develops (cne tc cne correspondence). Once the «child has
acquired the correspondence hketween gquantity and verkal la-
bels (number names), he is then equipped to perfcrm serial
computations, initially utilizing ccunting and concrete ob-
jects (e.g., blocks, fingers) as aids and later perkaps car-
rying out ccunting operaticns on a mental level or develop--
ing methcds cf written symbclism (e.g., tallying) (Ginskerg,

1977) «

In learning to read and write numkers, children must de-
velop a correspcndence ketween rumber <scund , gquantity and

symbolic visual representations cf numbers as well as learn



how to fcrm the graphical representaticns cf numbers. The
child must also learn the rules «c¢f numeration, based on
Flace value (Ginsberg, 1977). As the child Leccmes accus-
tomed tc perceiving rumbers in terms of units of ten, single
digits within multidigit numbers can be isclated meanignful-
ly and numeration takes on meaning as a structured system

consisting cf a hierarchy cf digits (Luria, 15€9).

Calculation is made possitle bty the combinaticn c¢f number
symbols according to different rules (Grewel, 196%, refers
to these as syntactic rules) and procedures of regrouping
(e.9., carrying and borrowing) which are spatial in nature.
Memorizaticn cf particular facts (e.g., addition and multi-
Flication tables) facilitates the smccth and rapid perfor-
mance of calculaticns. Thus the mastery cf number ccncepts
and computations is complex in nature fpossikly demanding
different relative ccgnitive skills at various levels of at-

tainment.
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Quantitative Analyses of Arithmetic Abilities. Mary au-
thors in the area of learning disakilities have speculated
about cognitive contributicns tc arithmetic performance
(¢.9., Aiken, 1972; Bryan and Bryan, 1978; Cohn, 1968; Cchn,
1961; Farnham-Diggory, 1978; Guyer and Friedman, 197%; Ho-
man, 1970; Jchnson and Myklebust, 1567; Kaliski, 1967; Kosc,
1974; Mcyer and Moyer, 1978; Rourke, 1S678; Wallace and
McLoughlin, 1979; Wheatley, Frankland, Mitchell and Kraft,
1978; Wood, 1¢80) . Verbal, <spatial and memory abilities,

the three cognitive akilities most frequently noted, Lave

also been investigatd empirically.

Although a number of studies have investigated relaticn-
ships Letween arithmetic performance and visuospatial akili-
ty in isclation (e.g., Krakow, 1S78; Cchn-Jcnes and Seinms,
1978; Edwards, Alley and Snider, 1971), two studies have ex-
amined toth visucspatial and verbal abilities simultanecus-
ly. Mcleod and Crump (1978), investigating the relative
contributicn c¢f verkal and spatial abilties to arithmetic
performance in learning disabkled children (grades 1-3),
fcund that verbal ability was more closely related to mathe-
matical achievement than visuospatiel akility, thcugh a re-
lationship Lketween visucspatial ability and mathematical ac-

hievement was also evident.
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Whyte (1977) investigated the 1r1elationship of ccgnitive
and spatial development tc arithmetic achievemsnt at three
achievement levels (achievers, underachievers and ncnachiev-
ers) in 7, 9 and 11 year cld children. To clarify the na-
ture of the spatial-motor ability cften associated with ar-
ithmetic disability, she employed separate measures of
perceptual space and ccgnitive space. The construct of per-
ceptual space was operationally defined by performance cn
the Frostig Developmental Test of Visual Perception, «hich
includes eye-mctor coordination, figure-grcund discrimina-
tion, form ccnstancy discriminaticn, pcsition in space and
spatial relations subtests. The ccnstruct of cognitive
space was operationalized by the Ferfcrmance subtests of the
Wechsler Intelligence Scale for Children (WISC) and five
Piagetian tests of representaticnal space including sterecg-
nostic recognition of shapes, construction of a projective
straight line, 1localizaticn of +tcpcgraphical fpositions and
coordinaticn of perspectives. She found that nc measures of
cognitive space were related tc arithmetic achievement ex-
cept at age eleven where the understanding c¢f the ccncegts
of oppositicn cf left and right was related. Perception of
fcrm and discrimination of figure-ground, bcth meesures of
perceptual space, did appear related tc arithmetic achieve-
ment at ages seven and nine. The author suggests that ar-

ithmetic achievement doces invclve a spatial component but it
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is limited to specific aspects of perceptual space in ycun-
ger children. In addition, Verbal IQ was related to arith-
metic achievement and was fourd tc distinguish achievers
from the wunderachievers and the ncnachievers. The auther
suggests that Verktal intelligence is essential to the acqui-
cition cf arithmetic understanding acrcss the age range from

seven to eleven years.

Two studies have investigated the relationship between
memory functicns and arithmetic actievement. Morcz (1978)
investigated the relaticnship of memcry capacity and organi-
zation, in terms of sequential recall, tc arithmetic perfor-
mance in learning disaktled children. She «ccncluded that
btoth memcry capacity and organizaticn, whether in the visual

or auditory mcdality, are related tc aritbmetic performarce.

Similarly, Wekster (1979) fcund that students proficient
in mathematics performed significantly better than either a
group of children mildly disabledé in mathematics (1-11/2
years below grade level) or a grcufp cf children severely di-
sabled in mathematics(>2 years telow grade level) irn crdered
recall of items presented in either the auditcry cr visual

modality.

Overall, the research suggests that vertal, spatial and

memory akilities may all be related tc arithmetic achieve-
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ment. However, some additional factors which have been im-
plicated as possibly influencing ccgnitive contrituticns to
arithmetic perfcrmance need to be taken into consideration.
These include age, sex and achievement level in cther aca-

demic areas.

As indicated earlier, a particular ccgnitive ability may
be more related to arithmetic fperformance at one age than
another. This may be due to changes in arithmetic content
or perhaps children shift frcm rperceptual tc ccnceptual

problem-sclving strategies as they grcw clder (khyte, 1677).

The relaticnship of sex differences tc mathematical fer-
formance is unclear. Cn one hand, factor analytic stucies
of mathematical abilities (e.g., Barakat, 1951; Elackwell,
1940) suggest that different factcrs may emerge for meles
and females. Fcr example, a space factor has been found to
emerge for boys but not for girls (Werdelin, 1961; Mellcne,
1944) @and an additicnal verbal factor has been detected for
females in cne study (Blackwell, 194(0). Nevertheless, Fair-
weather (1976) reviews a number of studies comparirg quarnti-
tative akility in ©boys and girls which are inconsistent in

their results.

Sex differences in the develciment c¢f both verbal and
spatial abilities may potentially ccntrikute tc any afpparent

sex differences emerging fcr mathematical abilities. Howev-



14

er, Maccoby ard Jacklin (1974), in reviewing sex differences
in cognitive alkilities, suggest that althcugh there are dis-
tinct phases in the development of verkal skills irn the two
sexes through the grcwth cycle,
for large unselected populaticns the situstion
seems tc be «cne cf very little =sex difference in
verkal skills from about 3 to 11, with a new phase
of differentiaticn occurring at adclescence (p.

85) «

Moreover, when taken on the whocle, no sex differences shcw
up consistently cn spatial tasks until adolescence (Maccoby

and Jacklin, 1974).

Most studies invclving groups academically deficient in
one area (e.g., Treading or arithmetic) fail tc repcrt ac-
hievement level in cther areas. On the basis of information
derived frcm the examinaticn ¢f the relationship Letwueen
pattern cf academic achievement and ccgnitive furcticning,
Rourke (1978) has maintained that it is no longer acceptable
within +the field of learning disabilities tc constitute
groups sclely cn the basis of 1level cf perfcrmance in one
academic area. Focr exanmgle, twc grcups of 15 children
equated for deficient arithmetic perfecrmance Ltut ¢iffering
with respect tc achievement in reading and spelling exhikit-

ed vastly different performances c¢n vertal and visuospatial
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tasks (Rcurke and Finlayscn, 1578) . Verbal deficits were
evident for the group with reading and spelling more im-
paired than arithmetic whereas visuospatial deficits were
evident for the group with ncrmal reading and spelling but

deficient arithmetic skills.

McAllister (1981) also subgrouped learning disabled chil-
dren acccrding to patterns of reading and arithmetic ac-
hievement and examined patterns cf ccgnitive akilities with-
in the academic subgrcugs. Of the 109 learning disakled
children examined 94 showed reading deficits and 82 shcwed
arithmetic deficits. Of these, 67 had severe deficits in
both areas, 13 had isolated reading deficits and 6 exhibited
isclated arithmetic deficits.! Ccmparing the ccgnitive alkil-
ities (as measured by the WISC) cf the groups, the m=an fpro-
file for the group with dual deficits indicated that spatial
ability was superior to conceptual (cr verkal) akility
which, in turm, was superior to sequencing ability. Howev-
er, 1inspectiecn of the frequency of occurrence of this pat-
tern within this group indicated that crly 59 percent indi-
vidual children exhibited this profile. Only 33 percent of
the isolated reading deficit group exhikited this pattern.

Although 4,52 children with isclated arithmetic deficits

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

2 WISC scores were not available for one of the six children
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manifest a prcfile with ccnceptual ability greater than spa-
tial ability which, in turn, was greater than sequencing
ability, this pattern was alsc found for scme sukjects in
each of the twc groups with reading deficits. Although this
suggests that neither pattern is unique to a particular pat-
tern of academic deficit, some regularity in the data was
noted 1lending suppcrt to the ccntenticn that pattern of
academic deficit and pattern of cognitive deficit are relat-

ed.

with specific arithmetic deficits.
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Qualitative Analysis of Arithmetic Abilities.

Cognitive deficits may nct crly ke manifest as gquantita-
tive deficits on cognitive measures in terms cf age-grade
norms but may ke revealed thrcugh qualitative analysis cf a
child's performance cn arithmetic tasks. Cognitive deficits
may be inferred either from the tyre cf errors made on cal-
culation tasks or from the selective impairment of the akil-

ity to perform certain types cf arithmetic tasks.

Many different types cf errors wmay be made when perfcrm-
ing basic written calculations (see Burrcws, 1976 for re-
view) . Feldman (1977 as cited in de Quiros and Schrager,
1978) grouped errors in calculaticn into seven different
types:

1)Lack of numker ccncept - inability to perform mental
calculaticns, difficulty manipulating cnes, tens, Lun-
dreds, etc. and carrying, difficulty establishing the
necessary cperaticn for an arithsetic prcblem, diffi-
culty understanding numerical relations such as &cre

and less;

2) Spatial-temporal difficulties - reversal c¢f written
numerals, reversal cf number cider, failure to set num-
erals in their fproper spatial relaticnship for calcula-

ticn, performing calculaticns in reversed crder;
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3)Figure~-grcund difficulties - applying the wrcng oger-
aticn such as adding instead of subtracting, not having
the concept of the operaticns or keing wunakle tc find

the mistake cn cne's cwn;

4) Linguistic failure - difficulty understanding a writ-
ten prcktlem that is cverccme when it is read to the

child;

5)Bizarre or strange mistakes - mistakes resulting frcm
lack cf concrete ccgniticn cf the relationship involved

in an arithmetic operation;

6)Overstimulaticn difficulty - mistakes due to the
length of a protlem; short ocperations are perfcrmed

well;

7)Mnesic failure - difficulty remembering numker facts

such as addition and multiplicaticn tables.

Rourke and Strang (1981) examined errors made by two
groups of children impaired on the Arithmetic subtest cf the
Wide Range Achievement Test (WRAT 2), a written calculaticn
test. The grcups differed in ccgnitive skills as measured
guantitatively on a Lkattery of neuropsycholcgical tests.
The first grcup exhibited impaired auditory-verbal skills.

These children had a tendency tc avcid unfamiliar arithmetic
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operations. The errors they made ususally reflected scme
difficulty in remembering arithmetic takles c¢r stegs in the
procedure fcr sclving a rroblen. Verkal memory impairment
was raised as g possible underlying cognitive «correlate cf

their arithmetic weakness.

The second group exhibited defective visual percerticn,
tactile percepticn and impaired psychcmctor akilities. Cua-
litative analysis of their arithmetic errcrs revealed that
they attempted calculations for which thkey had little under-
standing of +the task requirements. Although impoverished
understanding of mathematical concepts appeared tc Le the
most pervafive ¢f their limitaticns, there was also a ten-
dency for these children to misread mathematical signs. Di-
sorganized work and faulty alignment cf rows and colunns
were alsc evident and entire steps in a calculation process
were occasionally cmitted. The authors suggest that early
impairment of sensory-mctor experience gay lead to limited
develorment of abstract conceptualizaticn affecting the ta-

sic understanding cf mathematical cperaticns.

Kosc (1974) suggests it 1is necessary to differentiate
between several relatively isclateé akilities c¢r furncticns
which develor unevenly even in ncrmal children. Further, he
suggests that not all functions are <qually affected in

children with arithmetic discrders. He has delineated six



20

symptoms which may occur in isclaticn or «ccmbinaticns.
These are:
1) verkal dyscalculia - disturbed ability to designate

verkally mathematical terms and relations;

2) practognostic dyscalculia - disturbance of mathemati-

cal manipulations with real or pictured okjects;

3)lexical dyscalculia - discability in reading mathemat-

ical symbols;

4)graphical dyscalculia - distuvrbance of the manipula-

ticn of mathematical symbols in writing;

5)idecgncstical dyscalculia - disability primarily in
understanding mathematical ideas and relaticns ard in

doirg mertal calculatiomns;

6) creraticnal dyscalculia - ipmability to carry out

mathematical operations.

Kosc suggests that these symptcms usvally occur in combi-
nations and are typically found with cther =symptcms cf im-
paired symkclic functions (i.e., reading and writing disord-

ers) .

Both of thkese approaches tc classification cf error types

(i.e., grouping cf error types and selective impairment of
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specific arithmetic tasks) 4imply that particular +types cf
arithmetic deficit may be reflective <cf specific areas of
cognitive weakness. Moreover, Kosc's method cf classifica-
tion implies that scome fcrms of cf arithmetic discrders may
be task derendent. That is, some arithmetic deficits may be
manifest orly wunder particular ccnditicns (e.g., mode of
presentaticn cr response). Thus, a dissociation between the
ability to perform calculation prcltlems presented in diffe-
rent formats (€.g., written ccomputaticn prcblems versus com-
putation prcblems presented orally) may ke indicative cf

particular types of cognitive deficits.

Many tests of mathematical achievement include computa-
tions presented in the form of story prctlems. The ability
to solve such prctlems includes nct only compttaticnal
skills per <e but the ability tc ccmprehend and transform
the problem frcm the semantic network c¢f natural language to
a more formal network in mathematical language (Radatz,
1979). Casey (1978), Newman (1977) and Clememts (1980) Ekave
investigated errcrs made by normal children in computations
presented in story form. Their findings suggest that many
children cannct select and crder the <skills they mneed to
solve simple mathematical problems. That is, they have éif-
ficulty trénslating frcm natural language tc¢ mathematical

language. However, verbal arithmetic [froblems were cften
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easier fcr children than arithmetic prcblems invclving the
direct aprlication of relevant rprccess skills despite the
fact that the verbal problems invclved mcre steps and skills
for coempleticn (Clements, 1S80). Clemernts (15€0) has sug-
gested that in some cases imagery invcked Lty the verbal

problems aids in solving the proklems.

A dissociaticn between perfcrmance c¢n orally presented
story frchlems and written calculaticns has keen ncted in a
learning disakled populaticn by Ackerman, Dykman and Feters
(1876) . They report a discordance between achievement on
the WISC arithmetic problems (WISC A), rresented orally, and
the WRAT A in a group of learning disabled kcys. Altkcugh
they did nct pursuve this 1line cf investigaticn, they did
note that <children scoring 1low on the WISC A agpeared to
have trouble encoding and rearranging the information pre-
sented to them. McAllister (19€1), studying a learning di-
sabled sample, noted that few children impaired c¢n WISC A
performed adequately «c¢n the WEAT 2 although a sukstantial
number of children (50 percent) exhibited a dissociation in

the opposite directicn.

Although these dissociations may te related to the level
of difficulty cf the problems invclved in the two measures,
Iepresenting a severity of deficit dimension, it is nct in-

consistent that different prccesses invclved may be differ-
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entially impaired. Differential oral-written (WAIS-WEAT)
arithmetic deficits have been noted clinicelly in acult
train-éamaged populaticns to occur in ccnjunction with dif-
ferential cognitive impairment. Lezak (1976) nctes that
difficulty with immediate memory, ccncentration, conceptual
manipulaticn and tracking or verbal furcticns ‘"“can prevent
even very mathematically skilled patients from dcirg well cn
the orally administered test" (p 205) whereas the use cf
this type of test may not detect frofcund effects of the
spatial type of arithmetic deficit that beccmes afpfparent
when the patient must crganize arithmetic concepts on pager.
Although processes underlying arithmetic discrepancies in
adults who have lost specific abilities subsequent to devel-
cpnent of adequate skills may differ frcm those cccurring in
children who have not yet develcred the skills, the fact
that dissociaticns of +this nature have been noted in chil-

dren suggests this issue warrants further investigaticn.

The research tc ke reported investigated the oral (as
measured by the WISC) and written (as measured by the WEAT)
arithmetic perfcrmance of clinic referred children. Phase I
of this research was exploratory in nature and was directed
at characterizing the relationship between the Arithmetic
subtests of the WISC and WRAT and Verbal, Spatial and Memory

abilities. In Fhase II, the robustness cf the firdings in
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Phase I was assessed by determining if the characterization
obktained fcr the first sample alsc applied to a second sam-
ple of clinic referred children. Phase III invclved de-
tailed clinical assessments of individuval children with ar-

ithmetic deficits to further amplify their deficits.
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PHASE 1

Verbal, Spatial and Memory akilities, as measured ky spe-
cific subtests of the WISC, were studied in relaticn to two
separate measures of arithmetic performance, c¢ne invclving
orally presented story prcblems (WISC A) and one involving

written calculations (WEAT 1).

— i ——
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In previous research, both Verktal and Memory abilities
have consistently been found tc ke related tc arithmetic
performance. The relaticnship of Spatial ability to arith-
metic performance has not been found ccnsistently and when
found has not been as clcsely related as Verbal ability.
Since the measures of arithmetic functioning employed in

these studies Lave varied, nc systematic ccmparison of rela-
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tive contrikutions to oral and written measures has kLeen
possible. However, evidence from the clinical evaluaticr of
krain damaged adults and that c¢f studies cited earlier by
Rourke and his associates suggest that spatial akility may

play a particularly important rcle in written arithmetic

ferformance.
Question 2: Do the zelative contributicns of verkal,
spatial ard memery abilities tc arithmetic perfcrmence
change as a function cf age cr sex?

Both age and sex have been implicated as pcssitly icflu-
encing ccgnitive contributicns to arithmetic performance.
However, research findings have keen equivocal. The instru-
ments employed in this study were well standardized, kence
are age-adjusted and no sex effects were <found for the
standardization samples. However, the populaticn under in-
vestigation may differ significantly frcm the standardiza-

tion pcpulation.

currence of different patterns cf cral and/cr written

— — —_———— e ———— —— e e e w m————

arithmetic performance? More specifically, do some

_—m e e e —— ——
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In the studies of koth Ackerman, Lykmen and Peters (1976)
and McAllister (1981) disccrdance ketween achievemert cn the
WISC A and the WRAT A was noted favcuring the WISC A perfor-
mance in groups of learning disabled children. The okserva-
tion that few children impaired cn the RISC A performed ade-
quately on the WERAT written calculations (McAllister, 1981)
and the okservation that the level c¢f difficulty varies ket-
ween the two measures (Ackerman, Dykman and EFeters, 1976)
suggests that pattern of deficit on the twc measures may re-

flect a severity of deficit dimensicn.

Question 4: Can children with different patterns of
arithmetic performance be distinquished cn the basis of

As noted e€arlier, evidence frcr clinical evaluation of
brain damaged adult patients suggests differentizl «cral-
written deficits may occur in conjuncticn with differential
cognitive impairments. Althcugh this issue has not been in-
vestigated in children, Ackerman, CDykman and Peters (1976)
have noted that children impaired cn bcth the WISC A and the
WRAT A appearcdé to have trcuble enccding and rearranging in-

formaticn presented to then.
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terns of cognitive akbilities cccurring in ccrjuncticn

This gquestion may be viewed as a corcllary tc the previ-
ous questicn. Whereas the previcts guestion was concerned
with overall differences, this questicn was directed tcward
identifying the frequency cf =specific patterns of cognitive
abilities manifest by individuals with cral and/cr written
arithmetic deficits. This additicral information might aid
in disclcsing any subtle effects cr relations which wcould
otherwise be ckscured. For example, a minority cf subjects
may exhikit discrete spatial discrders which affect arith-
metic performance. However, when pooledé¢ together with sub-
jects who manifest cther ccgnitive deficites for overall com-

rarisons, this relationship may te masked.

-_——— e ———

This information taken in conjuncticn with the infcrma-
tion frcm gquestion 5 can provide scme evidence for the reli-
ability cf patterns of cognitive deficit associated with ar-

ithmetic deficits.



29

e e . ———— ——

Based on fprevicus research, it is expected that most
children with arithmetic deficits also exhibit deficits in
reading and/cr sgelling. Ackerman, Dykman and Feters
(1976) , studying patterns of cognitive akilities (as mea-
sured by the WISC) to areas of learning deficit in 14 year
cld boys, noted that children with general learning deficits
(as meastvred ky the WEAT) exhibited a scmewhat lcwer mean
score on the WISC A than children with specific deficits

(e.g., spelling or arithmetic or dual deficits).

Method

Subjects:

Subjects were selected frcm the files ¢f the Neurcpsychclcgy
Clinic at the University of Victcria. Mcst children refer-
red to this clinic have 1learning prcblems which have fprcven
to be severe, chrcnic and resistant tc remediation. Cften
the presence of Lkrain damage is either kncwn c¢r stsgected.
However, since the relationships letween neurological sta-

tus, area cf academic deficit and pattern of cognitive akil-

ities as measured by the WISC has leen dealt with elsewlere
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(McAllister, 1981), they were nct addressed in this study.
Criteria for inclusicn were:

1) age Letween 8 and 14 years at the time cf assessment

2) no history cf psychiatric disturbance

3) scores available for the WRAT and the WISC

One hundred and thirty-five files met these criteria. Cf
these, scores cn the WEAT A were availakle for 101 males and
29 females and sccres cn the WISC A were available for 103

males and 31 females.

Iests:
Scores cn twc measures commcnly emplcyed for clinical and
research assessment of children with learning prellems were

used.

Scores from the WERAT were employed as measures cf academ-
ic achievement in the areas of Reading (WKAT R), Spelling
(WRAT S) and written Arithmetic. 2lthcugh a fairly narrcw
sampling of a brcad range c¢f tasks within each of these ar-
eas are surveyed, good reliakility and validity has been re-
ported for this instrument (Jastak and Jastak, 194€, 165,

1976, 1578) .
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Scores on seven subtests of the WISC were used. The WISC
A was emplcyed as a measure of oral arithmetic performance.
The Similarities and Vccabulary subtests were used in combi-
nation to cperationalize the concept of Verkal atility (or
concept attairment expressed verbally). Block Desigan and
Cbject Assembly were used in comkinaticn to define Sratial
ability andé Digit Span and Coding were wused in comkbination
to operaticnalize the ccncept cf shcrt-term Memory. The ap-
proach taken here was to combine suktests that are related
statistically as well as ccnceptually. Factor analytic stu-
dies of the WISC support the use cf these combinaticns of

subtests (€.g9., Cchen, 19859).

Besults an
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The results and general conclusions for each guesticn inves-
tigated will be presented. The Statistical Package fcr the
Social Sciences (SPSS) (Hull and Nie, 1981; Nie, Hull, Jen-
kins, Steinbrenner and Bent, 1975) was used for all analys-
es. The raw data fcr all of the subjects in this study are

presented in Appendix A.
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To investigate these issues, multiple regressicn analyses
were performed uvsing the WISC A andé WRAT A as separate cri=
terion variables. Analyses were perfcrmed for the entire
sample, for males and females sepcrately and for three age
ranges of males: 8 and 9 year olds, 10 and 11 year olds,
and 12, 13 and 14 year olds. The summed scaled sccres cf
the two compcnents of each cognitive dimension were entered
as predictor variables. Since the purpcse of this procedure
was to determine the respective contritution of each ccgni-
tive dimensicn, a forward or step-up procedure was used.
This procedure entered the predictor variable that acccunted
for the greatest amount of variance in the critericn varia-
ble (arithmetic measure) first; the variable that explained
the greatest amount of variance unacccunted for by the
preceding variatle was entered next and sc on. The variance
in the criterion variable accounted fcr by each predictor

variable reflected the total influence of that variatle.

That is, tke variance shared with the criterion variakle at-
tributed tc the first predictor variable inciuded not only
the variance unique to that variable but alsc that portion
cf the variance which was shared by all cf the predictor va-
riables. Similarly, the variance shared with the criterion
variable attributed to the seccnd variable included variznce
unique to that variable and that pcrtion of the variance

which was shared by the remaining predictor variables.
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Two statistical criteria were used tc define which varia-
bles were to te included in the regressicn equaticn. An F
value of .01 defined the minimum F ratioc mnecessary fcr in-
clusion. A tclerance of .001 was the second criterion for
inclusion. The tolerance of a variakle teing ccnsidered for
inclusicn is the proportion of the unique variance which the
variable may ccntribute tc the regressicn equation. A to-
lerance of .001 implies that a variable may ke entered cnly
if it contritutes at least .1 percent to the variance al-
ready accounted for by the other veriakles. The results cf
these analyses (see Appendix B) are summarized in Table 1

and Table Z

Bntire Sample:. The findings, summarized in Takle 1,
suggest that cnly the Verbal and Memcry ccgnitive dimensichs
contrituted tc the variance acccunted fcr in the arithmetic
mea sures. The Spatial cognitive dimensicn did nct contikute
to the variance accounted for in either the cral c<r written
arithmetic measures. These findings support [fprevicus re-
search in which koth Verkal and Memory abilities have
consistently been found to be related tc arithmetic perfcr-
mance. BHowever, the finding that crly approximately 35 per-
cent of the variance was accounted for Lty the three cogntive
dimensicns indicates that these variables, in themselves,

are only c¢f mcdest importance as predicters cf arithmetic

performance.
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TAELE 1

Summary of Regressicn Analyses for Entire Sample and ky Sex

Critericn Variatkle

WRAT A RISC A
Variakles Percent Variables Fercent
Entered Variance Entered Variance
Intc Accounted Into Accounted
Sample K Eguation For N Equaticn For
Whole 130 PMemory 27.28 134 Vertal 26.€4
Sample Verkal 9.33 Memory 9.39
36.62 34.04
Males 101 Verbal 24.68 103 Memory 22:.27
Only Memcry 7.34 Verbal 8.12
32.02 3C.39
Females 29 Memory 59.16 31 Vertal 3€.36€
Only Memory 8.84
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TABLE 2

Summary of Regressicn Rnalyses fcr Males by Age

Criterion Variakle

——— M S e e m— e

WRAT 2 WISC 2

Variakles Eercent Variakles Percent

Entered Variance Entered Variance

Into Accounted Into Acccunted
Sample N Equaticn Fcr N Equation For
Males
Aged 28 Verbal 47.15 28 Memory 45.8¢S
8and = e=see= ====-
9 yrs. 47.15 45.89
Males Memory 16.80
Aged 43 Verbal 18.36 45 Vertal 7.50
1a@anpd = mme=-—  =m=———
11 yrs. 18.36 24.30
Males
Aged Memory 19.97
12,13 3C Verbal 12.33 3C Memory 21.23
and 14  eee—-— ===—-
yIS. 32.30 Z21.23
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sSex. The findings, summarized in Table 1, suggest that
the Verbal cognitive dimension and the ccognitive dimension
of Memory contribute to arithmetic perfcrmance fcr both ma-
les and females tkough the relative ccntribution of each
varied. The Spatial dimension dié nct contrikute tc the
variance acccunted for in either arithmetic measure for
either sex. It appeared that the cognitive dimernsicns ac-
counted for mcre cf the variance in the arithmetic measures
for females than males. However, given the small numker cf
females in this sample (N=29), this result must ke viewed

with caution.

Age. Tte findings, summarized in Takle 2, suggest that
only the Verbal cognitive dimension and/cr the cognitive di-
mension ¢f Memory contribute to arithmetic rperfcrmance at
each age level. The ccgnitive dimersicn cf memory accounted
for the majority of the variance in the oral arithmetic mea-
sure at each age level and the Verbal cognitive dimension
accounted for the majority of' the variance in the written
arithmetic measure fcr two of the age levels. Not surpris-
ingly, these findings are ccnsistent with the overall find-
ings for males. It appeared that the ccgnitive dimensions
accounted for more of the variance in the arithmetic mea-
sures for ycunger sukjects (age 8 and 9) than for clder sub-

jects. Hcwever, given the small number of sukjects at each
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age level (age 8 and 9, N=28; age 10 and 11, N=43; and

12,13, 14, N=3C), these results must be viewed with cauticn.

patterns c¢f cral and/or written arithmetic Eperformance?

e T m e - ——

To determine the relative frequency cf cccurrence cf pat-
terns cof oral and/or written arithmetic performance, cut-off
scores were used to define group inclusicn. Children who
score greater than one standard deviaticn telow the mean of
a local normative sample on the WRAT A (McAllister, 1981)
were defined as exhibiting deficient written arithmetic
skills (WRAT A-). The cut-cff sccres fcr reading, spelling
and arithmetic subtests of the WRAT are presented in Table 3
in terms cf standard scores derived frcm the WRAT manual.
Children whc sccred greater than cne standard deviation be-
low the normative mean on the WISC A were defined as exhi-
biting deficiert cral arithmetic <ekills (WISC &A-). This
procedure resulted in the formation of four grcugs (see Ta-

ble 4).
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TABLE 3

Cut-off scores for the Wide Range Achievement Test

Achievement Victoria Reading Spelling Arithmetic
Level Equivalent
Impaired < 1 Standard
Deviation
Below
Mean 0-108 0-103 6-S5

Adequate >1 Standard
Deviation
Below 1CS or 104 or 96 or
Kean greater greater greater

S —————————————— it
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Crosstabulaticn:
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Ferformance on the WISC A and WRAT A

Entire Samgle

WISC a-

Males Only
WISC A- WISC A+
WRAT A- 29 59
WRAT A+ 0 13

WISC A+

Females Cnly

WISC A- WISC A+
WEAT 2- 9 12
WEAT A+ O 8
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No children with deficits on WISC A performed adeguately
on the WEAT A. Thirty-eight «children (29.2 fpercent) were
impaired cn bcth the written and oral arithmetic measures.
Twenty-nine of the males (29 percent) and nine c¢f the fe-
males (23 ©percent) exhibited this rattern of performance.
Seventy-one children (54.6 percent) were impaired only on
the written arithmetic measure. Fifty-nine of +the nmales
(58.4 percent) and 12 cf the females (30.1 percent) exhikit-
ed this pattern of performance. Twenty-one children (16.2
percent) were nct impaired on either thke written or oral ar-
ithmetic measures. Thirteen of the males (12.9 percent) and
8 of the females (20.5 percent) exhibited this rattern of

performance.

These findings are consistent with the observation that
few WISC A- children performed adequately on the WRAT A
(McAllister, 1981). The majority cf the children (Z4.6 per-
cent) exhibtited a discrepancy Letween «cral and written ar-

ithmetic perfcrmance favouring oral perfcrmance.

Question 4:
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Profiles of the means of the three «ccgnitive dimensicns
for each aritimetic grcup were plctted for the entire saumple
(see Figure 1) and for males (see Figure 2) and femezles (see
Figure 3). Tc determine if the arithmetic groups differed
cn the cognitive dimensicns, multivariate analyses of vari-
ance (MANOVAs) were performed. Wilks Lamkda, or the aver-
aged F, was tke test statistic emplcyed. If the multivari-
ate test was significant, individval univariate analyses
were performed for each cognitive dimensicn. This frccedure
was adopted in an effcrt tc rprctect the error rate from be-
ing inflated by the performance of several individual signi-
ficance tests (Hummel and Sligo, 1971). To determine which
groups were contributing to overall differences con the cog-
nitive dimensions, a series of multivariate t-tests uere
performed. A significance level cf .01 was adopted for the
t-tests in an effort to minimize the prctability cf making a

Type I errcor over multiple ccmpariscns.

These analyses were performed for the entire =seémple and
for each sex separately. The results cf these analyses (see
Appendix C) are summarized in Table 5, Takle 6 and Takle 7
On inspection of Table 5, it appeared that, overall, e€ach
group differed significantly ficm each <cther grour on the
Verbal and Memory dimensions. Althcugh the grcups differed

on the Spatial dimensicn cverall, nc twe groups differed
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TAELE 5

summary of FANCVAs: Groups by Cognitive Dimensions

Univariate
ANOVAs
MANOVA level of
Group level of significance
Compariscns N significance Verbal Spatial Memory
WISC A-;WRAT A- 28 +++ ++4 + ++4+
WISC A+ ;WEAT A- 71
WISC A+;WRAT A+ 21
WISC A-;WRAT A- 38 ++4 +++ +++
WISC A+ ;WREAT A+ 21
WISC A-;WEAT A- 38 +44 +44 +4
WISC A#;WRAT A- 71
WISC A+4:;WRAT A- 71 ++4 +++ 44+
WISC A+ ;WRAT A+ 21

L ———————— P A et e i
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TAELE 6
Summary cf MANOVAs for Males: Groups by Ccgnitive
Dimensicns
Univariate
ANCVAs
MANOVA level cf
Group level cf significance
Compariscn significance Verkal Spatial Memcry
WISC A-;WEAT A- 29 ++4 +44 +e4
WISC A+;WRAT A- 59
WISC A+ ;WEAT A+ 13
WISC A-;WEAT A- 29 t++4 ++4 ++4
WISC A+;WRAT A+ 13
WISC A-;WRAT A- 29 +++ 4+ 44
WISC A+ ;WEAT A- 59
WISC A+;WKAT A~ 59 ++ ++
WISC A+;WRAT A+ 13
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TABLE 7
Summary cf MANOVAs for Females: Grcups by Cognitive
Dimensions
Univariate
ANOVAs
MANOVA level of
Group level of significance
Compariscn N significance Verbal Spatial MNemory
WISC A-;WRAT A- 9 ++ +4+4
WISC A+ ;WRAT A~ 12
WISC A+;WRAT A+ 8
WISC A-;WRAT A- ++4 +++ (+4+4)

9
WISC A+ ;WERAT A+ 8
WISC A-; WEAT A- 9
WISC A+;WRAT A- 12
WISC A+;WRAT A- 12
WISC A+ ;WEAT A+ 8

+4+ - p<.CO1
+ - p<.05
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significantly on this dimension. Cn inspection of Figure 1
it is afpparent that the group impaired cn Fkoth arithmetic
measures exhikited the poorest perfocrmance on the cognitive
dimensicns and the group not impaired cn either arithmetic
measure exhikited the best perfcrmance c¢n the ccgnitive di-
mensions with the performance of tke group impaired cnly cn
the Arithmetic subtest c¢f the WRAT falling in between. Sev-
erity of ccgnitive deficit on Verkal and Memcry dimensicns

appears to ccrrespcnd tc the pattern of arithmetic deficit.

When cnly males were examined (see Table 6) , the results
were similar tc those of the entire sanfple. When females
were examined (see Table 7), cnly the ncnimpaired group éif-
fered significantly frcm the grcup impaired on both arith-
metic measures on the Verkal dimensicn. However, cn insgec-
tion of Figqure 3, it is apparent that the level of
performance of the groups is similar tc that cf the cverall
sample. The rpattern cf performance cf the groups on the
cognitive dimensions is also similar tc that cf the entire
sample and of the males but the females in the group im-
raired on both arithmetic measures appear more ikpairec cn

the Spatial dimension than the males in this group.



What is the coincidence of particular patterns of cogmitive
abilities occurring with or without arithmetic (oral and/or

—_—_——==— A

To examine the coincidence cf particular patterans of cog-
nitive abilities occurring either in ccnjunction with or
without aritkmetic (cral and/or written) deficits, the sum-
med scaled scores for each cognitive dimension were hier-
archically crganized in terms of relative magnitude for each
child within each arithmetic grcup. 1Ihe frequency cf occur-

rence cf each pattern was then takulated (see Takle 8).

It was possitle for twelve different patterns of coc¢ni-
tive abilities to cccur with six of the patterns centaining
two scores of equal magnitude. As would te expected, these
six patterns cccurred far less fregquently (16.1 percent of
the sample) than the six patterns with scores differing in
magnitude (83.9 percent of the sanmgle). Twc hierarchical
patterns of ccgnitive abilities (Verbal>Spatial>PMemory and
Spatial>Verbal>Memory) occurred mcre frequently then any
other pattern cverall (30.8 and 29.2 percent of the sanple,
respectively) and within each arithmetic groupg. However,
there was no significant relationship tetween the arithmetic
group membership and the fregquency of cccurrence of the six
hierarchical patterns of cognitive akilities (Chi

Square=16.%93, 1C df, p<.C7).



TABLE 8

Crosstabulation: Patterns of Ccgnitive Akility ky Grcug

Pattern of Perfcrmance cn WISC A and WEAT A

Pattern of Fercent
Cognitive WISC A- WISC A+ WISC 2+ cf
Abilities WRAT A- WRAT A- WEAT A+ 1TIctal Sample
vsn s 25 s %0 30.8
ssvos w8 6 38 29.2
ws>v s o o 5 3.8
sy 2 3 v 6 4.6
vws 2 r 5w 10.8
s 3 " o & 4.6
s=m>v ¢ o o o 00
v=sn o0 3 ¢ 3 2.3
vaw>s o1 o v 2 1.5
S8y 1 s o 6 4.6
vsen o s 2 7 5.4
wv=s 1 2 o« 5 2.3
Total 38 o 21 10
"""""""""""""""" veverbal
S=Spatial

M=Memcry
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When cnly males were examined, the distribution of pat-
terns remained the same (see Table ¢) and there was no sig-
nificant relationship between arithmetic group memktership
and the frequency cf cccurrence cf the six hierarchical rat-
terns of cognitive abilities (Chi Square=11.67, 10 d4f,
p<.30). When only females were exanined, the Ver-
bal>Spatial>Memory and Verbal>Memcry>Spatial patterns «uere
the most frequently observed (see Takle 10) but there was no
significant relaticnship between arithmetic group memkership
and the frequency cf occurrence of the six hierarchical pat-
terns of cognitive abilities (Chi Square=14.83, 10 df,

p<.13).

These results, taken in ccrjurcticn with the findings
from the previous question suggests that the pattern of ccg-
nitive akilities is nct as strcngly related to the pattern
cf arithmetic deficit as the 1level of ccgnitive akility is.
The finding that the Spatiald>Verbal>Memcry pattern cf cogni-
tive abilities accounted for a large prcportion of the sam-
ple overall is consistent with findings reported in the lit-
erature for a number ct fcpulations including
school-verified disabled learners (Smith, Coleman, Dckecki
and Davis, 1$77; Vance and Singer, 1579), emotionally dis-
turbed children and nonimpaired children (Clarizio and Eer-

nard, 1981). The relative frequency cf cccurrence of cther



TABLE 9

Crosstabulatiocn: Patterns cf Ccgnitive Ability by
Group-Males Crly

Pattern of Eerformance cn WISC A and WRAT A

Pattern of Fercent
Cognitive WISC A- WISC A+ WISC P+ ct
Abilities WRAT A- WRAT A- WRAT A+ Tctal Sample
vssu e 22 s 35 3.7
ssvon 1311 « 3307
wssv 2 o ¢ 2 2.0
SV T s 3.0
vuss 2 . 359 s
wvs 2 3 o« s 5.0
ss>v o o o o 0.0
y=s>u 0 8 o« ' 3.0
vem>s o« o« ¢ o 0.0
ssu=v o« " ¢ s 3.0
vssem o W 1 s 5.0
wv=s 0 > ¢ 2 2.0
T T T T T  Nemverbar
S=Spatial

M=Memc1y
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TABLE 10

Crosstaktualtion: Patterns cf Ccgnitive Ability by
Group-Females Cnly

Pattern cf Perfcrmance cn RISC A and WEAT A

Pattern of Percent
Cognitive W1EC A- WISC A+ WISC At cf
Abilities WEAT A- WRAT A- WEAT A+ Total Samgle
ven o 3 a1 s 1.z
swvs o1 a1 2 « 136
wsv 3 . o o 3 0.
oy o 2 1 3 10,3
vHs o i 2 5 17.2
ww»>s 1 o0 o 1 3.0
s=m>v o o o o o.c
v_sn o o o o 0.0
vews v o 1 2 6.9
ow=y 1 2 o 3 10.3
wsem 011 2 6.5
wy=s R o 1 3
""""" T T eevertar
S=Sratial

M=Memcry

23
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patterns of ccgnitive abilities has typically gcne unregcrt-
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To examine thke ccincidence of readirg and spelling defi-
cits occurring in ccnjunction with coral and/or «ritten ar-
ithmetic deficits, cut-off scores (see Takle 3) were used to
define reading and spelling deficits. The frequency of oc-
currence of reading and/cr spelling deficits was then tabu-
lated for each pattern of arithmetic perfcrmance. A series
of 2z tests fcor the difference Letween twc proportions
(Perles and Sullivan, 1969) were used tc ccmpare the tlree
groups or the occurrence c¢f readirg and =spelling deficits
(see Table 11 and Table 12). In an effort +to protect the
error rate frcm being inflated, a significance level cf .01

was adopted for these ccmpariscos.

All of the children who were impaired on both arithmetic
measures alsc exhikited reading and spelling deficits.
Twenty-nine cf these children were male and 9 were female.
Of the 71 children who were impaired only cn the WEAT A, 90
percent (53 males and 11 females) exhitited reading deficits

and 88.7 percent (t4 males and S females) exhibited spelling



TAELE 11

Summary cf Z-tests: Group ky Reading LCeficit

Reading Tctal
Deficit Groug

Sample Grcup Ccmpariscn N N z E
WISC A-; WRAT A- 38 38 4.09 s
WISC A+ ;WRAT A+ 13 21

Entire WISC A- ;WRAT A- 38 38 2.00 &S

Sample KRISC A+ ;WRAT A- 64 71
WISC A+;WRAT A- 64U i1 3.C¢& s
WISC A+;WRAT A+ 13 z1
WISC A-;WRAT A- 29 29 3.56 s
WISC R+ ;WRAT A+ 8 13

Males WISC A= ;;WRAT A- 29 29 1.78 NS
WISC R+ ;WRAT A- 54 £q
WISC A+;WRAT A- 53 59 2.57 NS
WISC A+;WRAT A+ 8 13
WISC A-;WRAT A- 9 9 2.02 NS
WISC A+ ;WRAT A+ 5 8

Females WISC A-;WERATA- g 9 .89 NS
WISC A+;WRAT A- 11 12
WISC A+;WRAT A- 11 12 1.60 NS

WISC A+;WRAT A+ 5 g

- S S e R M e S e R e R S WS R WP R N W e S S S W Wm A W e wm  w-—



TABLE 1z

Summary of Z-tests: Group by Spelling Deficit

Spelling Total
Deficit Grcug

Sample Grcup Ccmparison N N Z E
WISC A~-;WRAT A- 38 38 4.09 S
RWISC 2+ ;WRAT A+ 13 21

Entire WISC R-;WRAT A- 38 3¢€ 2:.15 NE

Sample WISC A+;WRAT A- 63 1
WISC A+ ;WRAT A- €3 71 2.85 S
WISC A+;WRAT A+ 13 21
WISC 2A~-;WRAT A- 29 29 3.14 s
WISC A+;WRAT A+ 9 13

Males WISC A-;WRAT A~ 29 29 1.61 NE
WISC A+;WRAT A- £y 59
WISC A+;WRAT A- c4 59 2.20 NS
WISC A+ ;WRAT A+ 9 13
WISC A-;WRAT A- 9 S 2.43 NE
WISC A+;WRAT A+ 4 8

Females WISC A-;WRAT A- 9 9 1.62 NS
WISC A+ ;WRAT A- 9 12
RISC A+;WRAT A- 9 12 T AS NS
WISC A+;WRAT A+ 4 8

———————— W ——
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deficits. Cf the 21 children who were nct impaired cn eith-
er measure cf arithmetic performance, €1.9 percent (8 males
and 5 females) exhikitied reading deficits and 61.9 percent

(9 males and 4 females) exhibited spelling deficits.

Overall, +the twoc groups impaired o¢n the WRAT A differed
in terms of the frequency cf cccurrence of reading and
spelling deficits from the group of children nct impaired cn
the WRAT A. However, there was nc difference in the fre-
guency of cccurrence of reading and spelling deficits €xkib-
itied ketween the twc WRAT A- JICUpS. Generally, the same
pattern of results held when males and females uere examined
separately kut +the grcups differences were not always of

sufficient magnitude to reach significance.

These findings support previcus research which suggests
that most children with arithmetic deficits alsc exhibit de-
ficits in reading and srelling. The finding that 1CC per-
cent of the children who exhibited deficits cn toth arith-
metic measures also exhibited reading and spelling deficits
is conscnant with the cbservaticn cf Ackerman, Dykman and
Peters (1976) that children with general learning deficits
(as measured by the WRAT) exhibit a lcwer mean sccre on the
RISC A than children with sgpecific deficits. The findings
that only 7 cf the WEAT A- children (5.38 percent) (6 rales

and 1 female) fperformed adequately cn the WRAT E and only 8
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of the WRAT A- children (6.15 fpercent) (5 males and 3 fe-
males) performed adequately cn the ®RAT S suggest that the
frequency cf occurrence of specific arithmetic deficits is
gquite rare (apfprcx. 6 fpercent). learning disabilities af-
fecting only reading and/or spelling appear tc cccur slight-

ly more frequently (10 percent).



b9

PHASE II

Phase II invclved a replicaticn of Phase I cn a separate

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

appeared warranted fcr two reascns:
1) the sample employed in Phase I was a select sample cf
clinic-referred children . Erain damage was either
kncwn or suspected in many cases. Mcreover, the learn-
ing problems of these children typically have prcven to
be severe, chrcnic and resistant to remediaticn. Any
findings derived from Phase I may potentially reflect
relaticnships cnly representative of this select sam-

EFle.

2)division of sukjects in Fhase I intc groups with
different patterns of arithmetic deficit resulted in
small sample sizes necessitating the wuse cf visual in-
specticn and relatively weak statistical procedures for

identifying group differences.

In this replicaticn, two gquesticns were addressed:

A) Are the two samples from the same pcpulaticn?
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B) Do the same relationships fcund in Phase I cccur fcr

a sample cf children referred to amn educaticnal clirpic?

Methed
Subjects:
Files were selected frcm the Assessment Centre cf tke Great-
er Victoria Schocl Bcard. Criteria for inclusicn were

1) age between 8 and 14 years at the time of ascsessment
2)nc histcry cf psychiatric disturbance

3) scores available for the WRAT and the WISC-E3,

Three hundred and fifteen files met these <criteria.
Scores on the WRAT A were available for 211 males and 98 fe-
males and scores cn the WISC-R A were available for 2Z1% ma-

les and 100 females.

3 The Revised e€dition of the WISC (WISC-R) rather than the
WISC was routinely employed in this setting. The implica-
tions of the differences between the WISC and WISC-EF will
be raised in the discussion secticn tc follcw.
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Besults
The results for each gquesticn investigated will be present-
ed. General conclusions, drawn cn the basis of the compari-
son of the two samples, will fcllow. The Statistical Pack-
age for the Sccial Sciences (SPSS) (Hull and Nie,1581; \Mie,
Hull Steinbrenner and Bent, 1S75) was used for all analyses.

The raw data for all subjects in Sample 2 are presented in

Appendix D.

- s T e

To determine if the overall distriktution cf =scores for
the two arithmetic measures and the three cognitive measures
was the same for +the two =samples, a multivariate t-test

(MANOVA) was performed. Wilks lamkda, or the averaged F,

was the test statistic emplcyed. If the multivariate test
was significant, individual univariate analyses were per-
formed for each dependent variakle. This prccedure was

adopted in an effecrt toc protect the errcr rate from Leing
inflated by the performance of several individual signifi-

cance tests (Eummel and Sligc, 1S71).

Descriptive statistics for the five variables are pre-
sented in Table 13. The MANCVR was significant (afpfrox

F=12.10, 5, 433 df, p<.001) (see Table 14), Inspecticn of
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the univariate P-tests revealed that crly two variables, the
Verbal ccgnitive dimension (F=27.01, 1, 437 df, p<.001) and
the dimension of Memory (F=7.88, 1, 437 df, p<.0C%), dif-
fered for the twc samples. Inspecticn cf the means of these
variables for the two samples indicated that the performance
of the second sample (school fkoard) was infericr tc the fper-
formance c¢f the first sanmple (neurcpsychology clinic) on

both of these measures.

This suggests that the two samples are nct from the same
populaticn. The significance of this finding will ke raicsed

in the discussicn secticn tc fcllcw.



€3

TABLE 13

Statistics Table: Means and Standard Deviaticns

Variable Sample 1 (N=130) Sample z (N=2309)
WISC(R) A 8.16 £.26
(2.84) (2.80)
WRAT A 83.71 84.35
(11.76) (12.90)
Verbal 21.03 17.89
(5.80) (EsT€)
Spatial 20.11 19.77
(5.59) £.78)
Memory 16.40 15.08

(4.29) (4.51)
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TAELE 14

MANOVA Table: Samples by Cognitive and Arithmetic Variaktles

Effect Test Name Value Approx. F Hypcth. df Error af E

e I ——— . o W o e s e W em e -

Samples Wilks .87 12.10 5.C0 433,00 <.001

Univariate F-tests (1,437 df)
Variable Hypcth. SS Errcr SS Hypoth. MS Error MS F p

- ———— o — S W e e A e e em e

WISC A 1.04 3476.31 1.04 7.95 <131 K
WRAT A 3793 €69781.59 37.93 159.68 «23 <.62
Verbal 901.u8 14580.69 901.48 33.36 27.01 <.001
Spatial 10.49 14350. 86 10. 48 32.83 «31 <91

Memory 158. 43 8667.01 15€.43 19.83 7.98 <.005
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The questicns fpcsed in Fhase I were addressed fcr the
school bcard sample. Identical prccedures tc those employed
in Phase I were used to examine the data. The results of
this investigation and a ccmpariscr cf the results for the

two samples are presented for each gquesticn.

Questions 1 and 2:. What is the relative contrituticn of

Verbal, Spatial and Memory abilities to written and oral ar-

b

The results of the aralyses (see Aprendix E) are summar-

ized in Table 15 and Tabkle 16.

The results of the multiple 1regressicn analyses for fam-
ple 2 (see Table 15) were similar tc thcse obtained in Ehase
I (see Table 1) in certain respects. When the WRAT A was
used as the critericn variable, the corder of entry of the
variables differed between the samples (sample 1, Ver-

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



TABLE 15

Summary of Regression Analyses: Entire Sample and by Sex

Critericon Variakle

WISC-R R

66

e e S R e e W e

Variables

Entered
Irtc
Equaticn

Eercent
Variance
Accounted
For

Verkal
Memory
Spatial

S ——— .k R e e

FRAT A
Variakles Percent
Entered Variance
Into Acccunted
Sample N Equation For
Entire Verkal % e |
Sample 309 Memory 3:17
Total 37.5¢&
Verbal 3 « 12
Males z11 Memcry 4,20
Tctal 35.62

Verkal 38.39
Females 98 Spatial 3.08

Verbal
Memory
Sratial

Memcry
Verbal
Spatial

- - -

o ——— - S S S MR R MR S MR WS MR S R MR D MR R D WS M AR N NN R W R
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Summary cof Regression Analyses: Males ky Age

Critericn Variables

PR S ———————— e e e e

——————

A SD R S  ——  — a  m———

—— S S S R R R S S WS R S R S MR N R R A W A e wm  AD wm A  m  ————

WRAT A
Variakles Fercent
Entered Variance
Into Accounted
Equaticn For
Verkal 32.80
Memocry 9.65
Tctal 42.45
Verkal 23.29
Sgatial 6.19
29.48
Verkal 26.59
Memory 7.C8
Total 33.68

WISC-R A
Variakles Percent
Entered Variance
Into Acccunted
Equation For
Verbal 34,74
Memory 7.05
Total 41.79%
Verbal 33.21
Spatial 71.53
Memory €.33

47.C7

Memory 4C.s¢t
Verbal 9.9C
Total 50.85

- —— WD W WD W S N e e R R M W R W R R MmN W A W M NN A AN W R e W — - ——
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ables were entered and similar proporticns cf the variance
were acccunted for (sample 1 - 36.€ percent; sample 2z - 38

percent) .

When the WISC-R A was used as the criterion variable, the
Verbal cognitive dimensicn and the ccgnitive dimension of
Memory were entered intc the equaticn in succession for toth
samples. However, the Spatial dimemnsicn also ccntributed to
the equaticn for sample 2 and this combinaticn of variakles
accounted for 16.9 percent more of the variance in the cral
arithmetic measure than was explained in sample 1 (sample 1,

34,1 percent; sample 2, 51 percent).

When cnly the performance of the males was examined, the
results cf the rultirle regressicn analyses using the WEAT A
as the criterion variable were similar fcr the twc samgles
(see Table 1 and Takle 15). In bcth =amples, the Verbal
ccgnitive dimensions accounted for the majcrity cf the
shared variance and the cognitive dimension of Memcry added
a small increment. Similar proporticns cf the variance were
accounted for in each sample (sample 1, 32 percent; sangle

2, 36 percent).
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In Sample 1, when the WISC A was used as the criteriomn
variable, the «ccgnitive dimensicn cf Memory accounted for
the majority of the shared variance and the Verkal ccmpcnent
added a small increment. In Sample Z, the reverse was true.
Moreover, the Spatial dimension added a small increment in
Sample 2. This combination of variatles acccunteé fcr 45
percent of the variance, whereas cnly 30 percent of the var-
iance was accounted for in Sample 1.

Females:

The results of the multiple regressicn analayses using
the WRAT A as the criterion variakle, were dissipgilar fer
the two samples (see Table 1 and Table 15). In sample 1,
the cognitive dimension of Memcry acccunted for all cf the
shared variance with the arithmetic measure (£9.16 percent).
In sample 2 the Verbal dimensicn accounted for the majority
cf the shared variance (38.39 percent) and the Spatial di-
mension added a small increment. A tctal of 41.48 percent
cf the veariance was shared by the ccgnitive dimensions and

the arithmetic measure.

When the WISC (R) A was used as the criterion variarkle,
the results of the multiple regression analyses fcr the two
samples were similar only in that the Verkal and Memory ccg-
nitive dimensiors were entered intc the regression equation

in each sample (see Takle 1 and Takle 15). In samgle 1, the
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Verbal cognitive dimension accounted for the majcrity cf the
shared variance with the Memory component adding a small in-
crement. Tcgether they acccunted for 47.20 percent of the
variance in the oral arithmetic measure. In sample 2, the
Memory compcnent acccunted fcr mcst of the <shared variance
with the Verbal and Spatial dimensicns adding small incre-
ments. Together the three variakles accounted for €Z£.21
percent cf the variance shared with the cral arithmetic mea-

sure.

When the WRAT A was used as the criterion variable, the
results of the multiple regression analyses for the twc =am-
ples were similar in that the Verbal ccgnitive dimension ac-
counted for the majority of the shared variance in each sam-
ple (see Takle 2Z and Takle 16). Hcwever, in sample 2, the
cognitive dimension of Memory added a small incremernt. The
amount of variance shared ketween the arithmetic mezsure arnd
the cognitive dimencsions was similar fcr the two sanmples

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

When the WISC (R) A was used as the critericn variakle,
the results of the multiple regressicn analyses were similar
for the twc samples in that the ccgnitive dimension of Memo-

ry contributed to the shared variance in each sample (see
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Table 2 and Takle 16). However, the Verbal cognitive dimen-
sion acccunted for mcre cf the shared variance than the cog-
nitive dimensicn of PFemory in Sample 2. The amcunt cf
shared variance between the arithmetic measure and the cog-
nitive dimensions was similar for the two samples (sample 1,
46 percent; samrple 2, 42 percent).

Ages 10 and 11:

When the WRAT A was used as the criterion variakle, the
results of the multiple regression analyses were similar for
the two samples in that the Verbal dimension accounted for
the largest prcportion of the shared variance (see Takle 2
and Table 16). In sample 2, the Spatial dimension added a
small increment. The amcunt of variance shared by the ar-
ithmetic measure and the cognitive dimensions was similar
for the twc samples (sample 1, 18 percent; sample 2, 29 per-

cent) .

When the WISC (R) A was used as the criterion variakle,
the results cof the multiple regression analyses were dissi-
milar for the +wo samples (see Takle 2 and Takle 16). In
sample 1, the cognitive dimensicn cf Mamory accounted for
the largest prcpcrticn cf the variance and the Verbal dimen-
sion added a small increment. A tctal of 24 percent cf the
variance was shared between the arithmetic measure and the

cognitive dimensions. In sample 2, the Verkal cognitive di-
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mension accounted for the largest prcpcrtion cf the vari-
ance, with the Spatial and Memory compcnents adding small
increments. A tctal of 47 gpercent cf +the variance was
shared by the arithmetic measure and the cognitive dimen-
sions.

Age

12, 13 and 14:

When the WRAT A was used as the criterion varialle, the
results of the multiple regressicn analyses were similar for
the two samples. Cnly the Verbal and Memory dimensicns were
entered intc the regressicn egquaticn fcr each sample (see
Tale 2 and Table 16). However, the relative contrikuticn of
each variakle was reversed for +the twc samples (scample 1,
Memory+Verkal; sample 2, VerkaltMemory). A similar pICEOI-
tion of +the variance was shared ty the arithmetic measure
and the ccgnitive dimensicns in the twc samples (sample 1,

32 percent; sample 2, 33 percent).

When the WISC (R) A was used as the criterion variatkle,
the results of the multiple regressicn analyses were similar
for the twc samples in that the cogritive dimension of Memo-
ry accounted for the majority of the shared variance in each
sample (see Table 2 and Takle 16). Bowever, in sample 2,
the Verkal dimersicn added a small increment. Morecver, the
total variance shared by the arithmetic measure and the cog-
nitive dimensiocns differed for the two samples (sample 1, 21

percent; sample 2, 51 percent).
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To determine the relative frequency cf cccurrence of pat-
terns of oral and/or written arithmetic perfcrmance, the
cut-off scores employed in Phase I were used to define group
inclusicn. This procedure resulted in the formaticr of four
groups (see Takle 17). Three children whc were impaired on
the WISC-R A performed adequately on the WRAT A. Seventy-
one children (23 percent) were impaired cn toth the WISC-R A
and the WRAT A. Thirty-eight c¢f the males (18 percent) and
40 of the females (33.7 percent) exhibited this pattern of
performance. One bundred and sixty children (£3.9 percent)
were impaired only on the WRAT A. One hundred and twenty-
six (59.7 percent) of the males and forty (40.& percent) cf
the females exhibited this pattern «c¢f performance. Sixty-
nine children (22.32 percent) were nct impaired on either the
WISC-R A or the WRAT A. Forty-five (21.3 percent) «cf the
males and z4 (24.F fpercent) <cf the females exhibited this

rattern cf performance.

To ccmpare the relative frequency cf cccurrence c¢f pat-

terns of arithmetic perfcrmance between the two samples, chi



TAELE 17
Crosstabulaticn: Performance on WISC-R A and WRAT A

Entire Sample
WISC-R 2- WISC-E A+

- - -

WEAT A- 71 166
WEAT A+ 3 €S
74 Z3E
Males Only Females Cnly
WISC-R A- WISC-kKk A+ WISC-R A- WISC-R A+
WRAT A- 38 126 WRAT A- 33 4¢
WRAT A+ 2 45 WEAT A+ 1 24

4
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square tests for independence were emplcyed fcr the entire
sample (see Table 18), for males (see Takle 19) and fcr fe-
males (see Takle 20). Ncne cf the chi <square tests were
significant indicating that there was nc relaticnship tet-
ween the sample memkership and the frequency «c¢f cccurrence
of patterns <c¢f arithmetic perfcrmance. However, the chi
square test for males only tordered on significance (see Ta-
Ele 19). A smaller percentage cf the males in sample 2 were
impaired on Lketh measures cf arithmetic performance and a
larger rercentage of the males in sample 2 were not impaired

on either measure cf arithmetic perfocrmance.

—_————— e e —— o  — ———

Profiles cf the means of the three ccgnitive dimensions
for the arithmetic groups were plotted fcr the entire sangle
(see Figure 4) and for each sex separately ( see Figure 5
and Figure 6) . Since only three sukjects exhibited isclated
deficits on the +the WISC-R A, the data for this grcup was
considered unreliatle. Hence, the @means of the cognitive
variables for this group of children (see Table 21) were nct
plotted and they were nct included in any of the data

anaylses.
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TAELE 18

Chi Square Tabkle: Comparison cf Samples cn Groups

Pattern cf Arithmetic Ferformance
WISC-R A- WISC-R RA- WISC-R A+ WISC-R A+

WRAT A+ WRAT A- WRAT A- WRAT A+ Total
1 0 38 71 21 130

B I ] e i e S e L 0 8 S S e S e s s e 0 e
2 3 71 166 69 309
Total 32 109 237 90 439

Chi Square=4.41, 3 df, p<.22
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TABLE 18

Chi Square Takle: Compariscn cf Samples cn Grougs-Males Cnly

Fattern of Arithmetic Performance
WISC-R A- WISC-R BA- WISC-R A+ WISC-E A+

WRAT A+ WRAT A- WRAT A- WRAT A+ TIctal
1 0 29 £9 13 1C1
Salples=~===---eesceccceccccnccccn e s e e e cn e aaa
2 2 38 126 4c 211
Total 2 67 185 S8 212

Chi Square=7.24, 3df, p<.06
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TABLE 20

Chi Square Table: Ccmparison of Samples cn Grcups-Females
Only

Fattern of Arithmetic Performance
WISC-R A- WISC-R A- WISC-R A+ WISC~-EFE A+

WRAT A+ WRAT A- WRAT A- WRATI A+ Ictal
1 0 9 12 8 2¢
I o A S
2 1 33 40 24 g€
Total 1 42 £2 32 121

Chi Square=.42, 3df, p<.S3
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Mean

25

of

Summed

Scaled

Scores

Verbal Spatial Memory

Group- - Nonimpaired (N=69)

[ 1- wRar A~ Only  (N=166)

- WISC-R A-;WRAT A- (N=71)
Figure 4. Plot of the Means of the Cognitive

Dimensions by Group
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Mean

Scaled

Scores

Verbal Spatial Memory

GrOup- = Nonimpaired (N=45)

[ 1 - wrata- Only  (N=126)

= WISC-R A—-;WRAT A= (N=38
Figure 5. Plot of the Means of the Cognitive

Dimensions by Group for Males
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Mean

=
of

20;
Summed

15+

Scaled

104

Scores

Verbal Spatial Memory

Group - = Nonimpaired (N=24)

[ 1- wRrat A- Only (N=40)

~ WISG-R A-;WRAT A= (N=33)
Figure 6. Plot of the Means of the Cognitive

Dimensions by Group for Females
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TAELE 21

Means of the Ccgnitive Dimensicns fcr the Isclated WISC-F A-
Group

Sample N Verkal Spatial Memory

——————

Entire
Sample 3 22.0 17.0 18.0
Males 2 22:0 17.5 19.0

—————— i —————————————— i —— -

=
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To determine if the arithmetic groups differed cn the
cognitive dimensions, multivariate analyses of variance (MA-
NOVAs) were performed fcr the entire sample and for each sex
separately. The results of these analyses (see Appendix F)

are summarized in Takle 22 Table 23 and Table 24.

Overall, each of the groups differed significantly from
each other grcup on the Verkal and Memory dimensicrs. Alt-
hough the grcups differed cn the Spatial dimension overall,
the only pairwise group differences were hetween the group
of children impaired cn both arithmetic measures and the
cther two groups of children (WRAT A cnly and ncnimpaired).
That is, the RRAT A- only children and the ncnimpaired chil-

dren did nct differ cn thcse dimensicns.

When only males were examined, the results were identical
to those of tke entire samgle. When females were examined
separately, the results were identical tc¢ those cf the en-
tire sample with +the exception that the WRAT A- cnly group
did not differ from the nonimpaired groupr on any of the ccg-
nitive dimensions. However, cn inspecticn of Figure € it is
apparent that the relative 1level of performance cf tte

groups is similer tc that cf the cverall sample.

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

that the correspcndence between =severity cf ccgnitive defi-
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TABLE 22

Summary of MANOVAs: Ccgnitive Dimensicnes by Group

Univariate
ANCVAs
MANOVA Level of
Group Level of Significance
Compariscn N Significance Verktal Spatial Memcry
WISC-R 2-;
WRAT A~ 71
WISC-R BA+;
WRAT 2- 166 ++4+ +4+4+ ++4 +++
WISC-R A+;
WRAT A+ €9
WISC-R A-;
WRAT A- 71 +4+ +4+ ++4 +++
WISC-R A+
WRAT A+ 69
WISC-R 2-;
WRAT BA- 71 +++ +++ +++ +4+
WISC-R A+;
WRAT A- 166
WISC-R A+;
WRAT A- 166 +++ +44 +4+4
WISC-R A+;
WRAT A+ 69

—— . —— e R R W R MR R M R R MR R M MR AN S R W WS W MM Am Am A W e W W



Summary cf MANOVAs:

Group
Compariscn

TAELE 23

MANOVA
Level cof
Significance

Cognitive Cimensicns by Groug-Males
Only

Memcry

Eh

e ———— ——————————————————————————————————————— - —

WISC-R 2-;
WRAT A-
WISC-R A+;
WRAT A-
WISC-R A+;
WRAT A+

+++

+++

- —— S A S W W S —

WISC-R 2-;

WRAT A~
WISC-R A+,
WRAT A+

. —— i ———————————————— i —— . e e e WS m e e W W -

WISC-R 2-;
WRAT A-
WISC=R A+;
WRAT 2-

——— - ——

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

Univariate
ANCVASs

Level cof
Significance

Verkal Spatial

+++ +++
+44 +4+
+++ +++
+44

e W W WS WS AR WS e MmO WS WS WS em e e e = e e W W

++¢4 - p<.001
++ - p<.01
4 = p<065
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TAELE 24
Summary of MANOVAs: Cognitive Cimensicns Ly Group-Females
Only
Univariate
ANCVAs
MANQVA Level cf
Group Level of Significance
Compariscn N Significance Verktal Spatial Memcziy

WISC-R 2-;

WRAT A- 33
WISC-R A+;

WRAT A- 40 ++ +++ +++ +4+4
WISC-R A+;

WRAT A+ 24
WISC-R RA-;

WRAT A- 33 +++ +4+4 ++4 +++
WISC-R A+;

WRAT A+ 24

WISC-R 2-;

WRAT 2- 33 ++4 +44 +++ 44+
WISC-R A+;

WRAT A- 40
WISC-R A+;

WRAT A- 40

WISC-R A+;

WRAT A+ 24

. ——————— i ————— - N —— -

+++ - p<.0C1
++ - p<,01
& = P‘(.Gs
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cit and pattern of arithmetic deficit ncted in Sample 1 was
also evidernt fcr Sample 2. No children in Sample 1 exhikit-
ed isclated deficits or the WISC A, and cnly three children
exhibited this pattern of performance in Sample 2. The fpat-
tern of cognitive abilities exhibited by these children dif-
fered frcm tke patterns ncted fcr the cther +three groups.
The means of the Vertal and Memory dimensicns for this group
did not appear tc differ from thcse cf the grour with no ar-
ithmetic deficits. However, WISC-R 2- cnly children ag-
peared tc be mcre impaired cn the Spatial dimension than
either the ncnimpaired group cr the WRAT A- cnly gIcCup.
This suggests that children who exhibit WISC-R 2 deficits
show mocre Spatial impairment and less impairment of the Ver-
bal and Memory dimensions than children whec cnly exhibit
WRAT A deficits. This is the reverse cf what would be ex-
pected on the basis of informaticn derived from the ckserva-
tion of krain-damaged adult fpopulaticns. However, given the
rarity of cccurrence of the WISC-R 2- cnly pattern cf arith-
metic perfcrmance (3/439) and tke instability cf information
derived from such a small sample, these results n@must ke

viewed with extreme cauticrh.
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Tabulaticn of the frequency cf cccurrence cf the twelve
ratterns of ccgnitive abilities is rpresented in Table 25,
The six patterns containing scores cf equal magnitude cccur-
red less frequently (18.2 percent cf the sample) than the
six patterns containing scores of ¢iffering magnitude (81.8
percent of the samrle). The twc hierarchical patterns of
cognitive abilities (Verbal>Spatial>lMemory and Spa-
tial>Verbal>Memory) that occurred more frequently than any
other pattern «cverall in sample 1 alsc cccurred more fre-
quently than any other pattern in this sample (19.1 and 31.4
percent of the sample, respectively). This was not true for
each arithmetic groug. Hcwever, there was no significant
relationship ketween group memkership and the £frequency cf
occurrence of the six hierarchical ratterns of cognitive

abilities (Chi Square= 23.12, 1% d4f, p<.(8).

When conly males were exanined, the distrikuticn cf fat-
terns remained similar tc the <cverall sample (see Table 26)
and there was no significant relaticnshir letween arithmetic
group membership and the frequency c¢f cccurrence of the six
hierarchical cognitive patterns (Chi square=23.75, 15 4f,
g<«07) . When only females were examined, +the distrikution
cf patterns cf ccgnitive abilities differed slighty from
those of +the overall sample and tke males (see Table 27).

On inspecticn, it appeared that a smallsr percentage of the
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TAELE 25

Crosstabulaticn: Fattern of Cognitive Akility ky Grecug

Eer—-
Pattern Cent
of cf
Cognitive WISC-R A- WISC-R A- WISC-F A+ WISC-R A+ cam-
Abilities WRAT A+ WRAT A- WRAT A- RRAT A+ Tctal ple
V>S>M C 10 33 16 59 19.1
S>V>M 0 21 57 19 97 231.4
M>S>V C 3 16 3 22 7.1
S>M>V 1 13 24 4 42 13.6
V>M>S 1 7 6 8 22 7.1
M>V>S 0 2 6 3 11 3.6
S=M>V C 1 5 1 7 2.3
V=S>M 0 3 4 8 15 4.9
V=M>S 0 3 1 1 L} 158
SOMN=V C = 10 1 14 4.5
V>S=M 1 3 4 3 11 3.6
M>V=S 0 2 0 2 4 1.3
Tctal 3 71 166 69 3C9

V=Verkal
S=Sgatial

M=Memory
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females, as compared +to the males exhitited rpatterns with
supericr Sratial abilities. However, there was nc signifi-
cant relationship between arithmetic gicup membership and
the frequency cf occurrence of the six hierarchical patterns
of cognitive akilities (Chi Square=14,2€, 10 df, p<.16) for

the females.

These findings were similar to +the findings for the Neu-
ropsychclogy Clinic sample in tkat, cverall, the arithmetic
groups did not differ on the frequency cf cccurrence cf the
six hierarchical patterns of ccgnitive abilities. In koth
csamples, this finding held true when e€ach sex was examined
separately. The distribution of patterns cf ccgnitive akil-
ities resemkled that of the cverall =sample for males but
differed slightly from that of +the overall sample for fe-

males in each sanple.

Although the findings within each sample were similar,
there did appear tc be a difference between the samples on
the frequency cf cccurrence of the six hierarchical patterms
of cognitive abilities (Chi Square= 15.%56, 5 df, p<.008).
From inspecticn of Table 28, the samples appear to differ
most markedly cn the frequency cf cccurrence of the Ver-
bal>Spatial>Mencry pattern (30.8 percent of Sample 1 versus
19.1 percent cf Sample 2) and the Spatial>Memory>Verbal pat-

tern (4.€ percent of Sample 1 versus 13.6 percent cf Sample
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TAELE 26
Crosstabulaticn: Pattern of Cognitive Akility Lty Grcug-Males
Only

Fer-
Pattern cent
of cf
Cognitive WISC-R A- WISC-R A- WISC-FE A+ KISC-E At Sam-
Abilities WERAT A+ WRAT A- WEAT 2- WRAT A+ Tctal ple
V>S>M 0 6 21 13 4c 1.0
S>V>M 0 13 53 14 80 37.9
M>S>V 0 0 8 1 S 4.3
SOM>V 1 10 19 3 33 1£.6
V>M>s 1 3 5 3 12 el
M>V>S 0 0 3 2 £ Z.4
S=M>V 0 0 3 0 3 1.4
V=5>M 0 2 L 6 12 Sed
V=M>S 0 2 0 0 2 .9
SO>M=V 0 0 ¢ 1 € 2.8
V>S=M 0 1 3 1 - Z.4
M>V=S§ 0 1 0 1 2 o9

V=Verkal
S=Sratial

M=Memcry



TAELE 27

Crcsstakulaticn: Pattern cf Cognitive ALility by
Grcup-Females Cnly

Per-
Pattern cent
of of
Cognitive WISC-R A- WISC-R A- WISC-R A+ WISC-K A+ Sam-
Abilities WRAT A+ WEAT A- WEAT 2A- WRAT A+ Tctal ¢gle
V>S>M 0 4 1z 3 19 19.4
S>V>M 0 8 4y 5 17 173
M>S>V 0 3 8 2 13 13:3
S>M>V 0 3 B 1 S G.2
V>M>S 0 4 1 ! 1C 10.2
M>V>S 0 2 3 1 € 6.1
S=M>V 0 1 2 1 q 4.1
V=S>M 0 1 C 2 3 3.1
V=M>S 0 1 1 1 3 31
S>M=V 0 3 3 0 6 6.1
V>S=M 1 2 1 2 6 6.1
M>V=s 0 1 C 1 2 2.0
V=Verkal
S=Spatial

M=Memcry
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2) . Tke differences in percentage cf cccurrence of these
patterns is consistent with the mean differences between the

samples cn the Verbal and Memory dimensicns.

When c¢cnly males were examined (see Table 29), the same
relationships ncted for the entire sample held true (Chi
Square=20.09, 5 4f, p<.001). However, when cnly femzles
were examined (see Table 30), there was nc relationship Let-
ween sample membership and the <frequency cf «cccurrence of
the six hierarchical patterns cf ccgnitive abilities (Chi

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

Question 7:. Do children with cral andsor written arith-

——— ——— e e e eem emim s e arae am el amis e e e m= e

The frequency of occurrence cf reading and spelling defi-
cits within the four arithmetic grcups was takulated. The
results of the comparisons between the arithemtic groups on
the frequency of occurrence of reading and spelling deficits
are presented in Table 31 and Table 32, respectively. cf
the 3 children who were impaired only cn the WISC-RE A 2
children (1 male and 1 female) exhibited reading deficits
and 1 male exhikited a spelling deficit. All of the chil-
dren (36 males and 31 females) who were impaired on bcth the
WRAT A and WISC-R A alsc exhibited reading and spelling de-

ficits. O0Of tke one hundred and sixty children who were cnly
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TAELE 28

Crosstakulaticn: Samples by Pattern cf Ccgnitive Abkility

Samgles

1 2
Pattern
of Percent Fercent
Cognitive of of
Abilities N Sample N Sample Total
V>S>M 40 30.8 5¢ 19.1 99
S>V>H 38 29.2 97 31.4 135
M>S>V 5 3.8 22 7.1 27
S>M>V 6 4.6 42 13.6 48
VO>M>S 14 10.8 22 7.1 36
M>V>S € 4.6 11 3.6 17
Patterns
with two
scores of 21 16.1 56 18.2 77
equal
magnitude
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TAELE 29

Chi Square Table: Samples ty Pattern of Ccgnitive
Atility-Males Crnly

Samples

1 2
Fattern
of Percent Percent
Cognitive of cf
Abilities N Sample N Sample Total
V>S>M 35 34.7 40 19.0 TE
S>V>HM 34 33.7 80 37.9 114
M>S>V 2 2.0 S 4.3 11
SOM>V £ 3.0 33 15.6 3¢
V>M>s 9 8.9 1z 5.7 z1
M>V>S 5 5.0 g 2.4 1C
Fatterns
with two
scores of 13 13..0 3z 15.1 45
equal
magnitude

e ———— —— i —————————— -
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Patterns
with two
scores of
equal
magnitude

TABLE 30
Samples by Pattern of Cognitive
Ability-Females
Sample
1 2
Percent Fercent
of of
Sample N Sample
17.2 19 19.4
13.8 17 17.3
10.3 13 133
10.3 9 9.2
17.2 10 10.2
3,4 6 6.1
30.9 zy 24.5

i ————————— - ——
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impaired on the WRAT A, 90 percent (110 males and 34 fe-
males) exhibited reading deficits and SC percent (112 males
and 32 females) exhitited spelling deficits. Cf the sixty-
four ncnimpaired children 60.9 percent (27 males and 12 fe-
males) exhikiteé¢ readinc¢ deficits ard €6C.S percent (27 males

and 12 females) exhikited srelling deficits.

Overall, each arithmetic group differed frcm each cther
arithmetic grcup cn the frequency cf cccurrence of reading
and spelling deficits. When males and females were examined
separately, the twc grcups that were impaired on the WERT A
differed from the nonimpaired group in terms of frequency cf
occurrence of reading and spelling deficits but did nct dif-

fer frcm each cther.

These findings are consonant with the findings for the
Neuropsychclcgy Clinic sample (see Table 11 and Table 12).
The majority (211,/227) of the WEAT 2- children alsc exhikit-
ed deficits in reading and spelling with 100 percent cf the
children who exhikited deficits c¢n bcth +the WEAT A and
WISC-R A also exhibiting reading ané spelling deficits. The
occurrence cf children exhibiting <specific arithmetic defi-
cits (apprcximately 7 percent) was slightly less frequent
than the occurrence of «children exhititing reading and/or
spelling deficits in the absence cf arithmetic deficits (ap-

Froximately 8 percent).
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Summary cf Z Tests: Grcup by Reading Deficit

Reading Total
Deficit Grcup

Sample Group Ccmparison N N Z E
WISC-K A-;WRAT A- 67 €7 4.76 S
WISC-R A+;WRAT A+ 39 €Y

Entire WISC-R A-;WRAT A- 67 €7 2.68 S

Sample WISC-K A+ ;;WRAT A- 144 1€0
WISC-R A+;WRAT A- 144 1€0 £.69 S
WISC-R A+;WRAT A+ 39 64
WISC-R A-;WRAT A- 36 36 3l 5
WISC-EK A+ ;WRAT A+ 27 4Q

Males WISC-EF A-;WRAT A- 36 36 179 NS
WISC-R A+; WRAT A- 110 120
WISC-R A+;WRAT A- 110 120 3.77 S
WISC-FK A+ ;WRAT A+ 27 40
WISC-F A-;WRAT A- 31 31 4.45 s
WISC-R A+;WRAT A+ 12 24

Females WISC-R A-;WRAT A- 31 31 225 NS
KISC-FK A+ ;WRAT A- 34 4c
WISC-F A+;WRAT A- 34 40 3:01 8
WISC-R A+; WRRAT A+ 12 24

- ———— - ——
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Males

Sumpary cf Z Tests: Groups tky Spelling

Grcup Ccmpariscn

e T e T e —

A-; WRAT
A+ ;WRAT

TAELE 32

Sgelling

Peficit
N

Tctal

LCeficit

et e S —

- —— S = - W S e e wn e we w wm wm —

A+ ;WRAT

A= ;WRAT

D S —

i ———————————————— -

A+; WRAT
A+; WRAT

el e e R T T ————

Females

A=;WRRT
A+; WRAT

- W W W W e ——

WISC-E

A- ;WRAT
A+ ;WRAT
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A+; WRAT
A+; WRAT
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To ccmpare the relative frequency c¢f cccurrence of read-
ing and spelling deficits in the two samrles, chi square
tests of independence were emplcyed (see Table 33 and Table
34) . There was no relationshifp Lketween the samples and the
occurrence c¢f reading or spelling deficits overall or for

males or females.



Summary cf Chi Squares:

Ccmpariscn
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TABLE 33
Sample
No
Reading Reading
Deficit Deficit
N N
115 15
266 43
30 1
186 25
25 4
80 18

Ccrrected

Chi

Square df P
.26 1 <.60
.003 1 %95
.08 1 <.76

- - S S =
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Frequency of Reading Leficit Ly
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Discussion
It appears that the twc samples cf children investigated in
this study were not drawn from the same population of learn-
ing disabled children. Theoretically, tlkese samples may be
expected tc differ since cne sample was drawn frcm a primary
referral source within the school system (sample 2) and the
other was drawn frcm a seccndary referral source outside the
school system (sample 1). Feferrals within the schocl sys-
tem would be expected tc include a full range of learning
problems, from mild to severe, where€as this seccndary refer-
ral service would deal primarily with children whose learn-
ing problems have proven severe, chrcnic and <resistant to

remediaticn or in whcm the presence cf brain damage is gith-

er known or suspected.

The results cf this study suggest that +the frequency of
cccurrence of academic deficits (reading, =spelling and ar-
ithmetic) in tkese samfples dces nct differ. dowever, there
do appear to ke mean differences c¢n the Verbal and Memory
dimensicns which are reflected in differences in +the ire-
quency of cccurrence cf patterns of ccgnitive akilities.
The schecl system sample had lower mean scores cn the Verbal
and Memory dimensions than the Neuropsychclogy Clinic sam-

ple. This may suggest that mcre children with severe lan-
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guage and Memory (verkal learning) fproklems, which wculd be
expected tc be related to academic achievement deficits, are
referred withir the schocl system than are referred tc ex-

ternal seccndary agencies.

In the alternative, these apparent pcpulaticn differences
may have resulted as a function <c¢f the test instruments em-
ployed for each sample (i.e., WISC versus WISC-R) and may
not reflect actual differences between the +twc pcpulations
per se. Although the WISC and WISC-R were designed tc mea-
sure the same atilities and share many cf the same items, a
number c¢f studies have shown that the WISC-R typically
yields lcwer IC scores than does the WISC (e.g., Doppelt and
Kaufman, 1977; Swerdlik, 1€77). 1This is thought to primari-
ly reflect changes in the normative fpcpulaticns cver the
course of a generaticn with the WISC-R raw scores inclining
at a steeper rate across age the WISC raw scores (Kaufman,
1979) . If this was the only difference between the measures
and it held true for each subtest, it wculd be expected that
the rank crdering of the scores would remain identical thus
not affecting correlations with cther measures. However,
the magnitude cf the discrepancies Letween the WRISC and
WISC-R Verbal, Eerformance and Full Scale IQ scores tend to
vary (Kaufman, 1979) suggesting that the magnitude of dis-

crepancy for individual subtests may alsc vary and may af-
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fect the rank ordering of scores. These differences between
the individual subtest scores could pctentially result in

the differences between the samples cbserved here.

Desrite the observed differences ketween the tuc sanmgles,
a number c¢f general ccnclusicns can be drawn from the re-

sults of Phases I and II cf this recsearch.

1:

It appears tkat the Verbal and/cr Memcry cognitive dimen-
sions ccntribute ccnsistently to bcth written and oral ar-
ithmetic performance, and account for aprrcximately 40 fer-
cent of the variance in these measures. This finding
supports previcus research in which bcth Verbal and Memory
abilities have consistently been found tc ke related tc ar-
ithmetic perfcrmance. The Spatial ccgnitive dimension did
not contribute to the variance acccunted for in either the
WRAT A or WISC A in the Neurorsycholcgy Clinic sample but
did share variance with the WISC-FE A in the Schcol Bcard
sample. This suggests that Spatial ability does nct play as
important a role in written arithmetic perfcrmance for
learning disakled children as may be inferred from the clin-
ical evaluation of train damaged acults and the studies by
Rourke and his asscciates (1578). In addition, these re-

sults suggest that some visual-spatial abilities (rerktags
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visual imagery as suggested by Clements (1980)) may play an
important role in the solving c¢f arithmetic story proktlems.
The finding that aprroximately 60 percent of the variance
remained unaccounted fcr suggests that cther factors are in-

fluencing arithmetic performance.

23

Dividing the cverall samples by age and sex resulted in the
formaticn cf small groups. These small sample sizes wculd
be expected tc affect the reliability of the analyses. How-
ever, some dgeneral consistencies were ncted across the two

samples.

a). The results for males cnly were very similar to the
results for the entire sample. This wculd be expected since
males made up the kulk cf each sample (sample 1: 101/130;

sample 2: 211/309).

B) . When cnly females were examined, the cognitive di-
mensions accounted for more of +the shared variance with the
arithmetic measures than was accounted fcr when crly males
were exanined., This suggests that arithmetic performance
may be mcre dependent on these cognitive dimensicns in fe-

males than males.
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C). The ccgnitive dimensions acccocunted for less of the
variance shared with +the WRAT A fcr males aged 10-11 years
than for ycunger (age 8-9) or clder (12-14 years) males.
This suggests that performance on tke WRAT A may be less de-
pendent cn these cocgnitive dimensicns at this age than be-

fcre or after.

D). Only the Verbal cognitive dimensicn and/or the cog-
nitive dimension of Memory shared variance with the arith-
metic measures for younger (age 8-9 years) and clder (1z-14

years) males.

=

It appeared that very few children impaired on the WISC(R) A
(orally rresented story prcblems) rperfcrmed adeqguately on
the WRAT A (written calculations). However, the majority of
children in each sample (i.e., sample 1 - 54.6 percent; sam-
Fle 2 - 53.9 percent) exhibited discrepant ferformance on

these measures favouring performance on the WISC(R) A.

Since kcth cf these subtests are =standardized by agse,
such a discrepancy may not be expected. Hecwever, as ncted
by Ackerman, Dykman and Peters (1976), the level cf cpera-
tions involved differs between the twc measures. On the Ar-
ithmetic subtest of the WISC-R, any child whe is akle to
perform rudimentary addition and =subtraction proklems can

attain a raw score of 9 (mean for € years O mcnths). The
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akility to perfcrm simple multiplicaticn and divisicn fprchb-
lems would result in a raw score c¢f 13 (a standard score of
9 for a 14 year old). The items cn the WRAT A increacse in
difficulty much mcre quickly. Tc perfcrm at grade level an
eight year cld would need to be able tc perform addition and
subtraction of cne and two digit whcle numkers. A 14 year
0ld would nct crly need to be able tc perform multidigit ad-
dition, subtraction, multiplicaticn (with and without kor-
rowing/ carrying) and 1lcng divisicn (with and without re-
mainder) but also apply these cperaticns to like and unlike
fractions and demcnstrate a kncwledge c¢f measurement con-

cepts.

Thus, it appears that the pattern cf deficit cn the two
measures may reflect a severity cf arithmetic deficit dimen-
sion. That is, children who are impaired on toth measures
may be exhibiting a mcre severe arithmetic disorder than

those only impaired on one measure.

=
an

—
s

appears that groups of children with different patterans
of arithmetic performance can be distingquished cn the Lkasis
of their cognitive atkilities. In kcth csamples, each of the
groups differed from each other group c¢n the Vertal and Me-

mory dimensicrs and the groups differed c¢cn the Spatial di-
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mension cverall. However, in tke Neurcpsychology Clinic
sample, nc twc groups differed sigrificantly on this dimen-
sion whereas in the School Eoard sample, the cnly two grcugs
which did nct differ significantly c¢n this dimension were
the unimpaired group and the WERAT 2A- cnly groug. Althcugh
the overall rpatterns cf ccgnitive abilities cf +the grcups
differed slightly for the two samples, the relaticnship ket~
ween the groups on the level of perfcrmance remained ccns-
tant. In koth samples, it was arparent that the group im-
Faired c¢n both arithmetic measures exhikited the EFocrest
performance c¢n the cognitive dimensicns and the unimpaired
group exhibited the best performance on the ccgnitive dimen-
sions. The perfcrmance <cf the grcup impaired only on the
WRAT A fell in tketween. This suggests a corresgondence Lket-
ween severity cf ccgnitive deficit and severity of arithmet-

ic deficit.

The overall pattern o¢f perfcimance con the cognitive di-
mensions exhikited by the three children who were impaired
only on WISC(R) A subtest differed frcm the patterns of the
other three groups and was the opposite of what wculd ke ex-
pected from information derived frcaz the clinical evaluaticn
of brain-damaged adults. That is, this group was less im-
raired cn the Verbal and Memory dimensicns and mcre impaired

on the Spatial dimensicns than the grcugr of children exhi-
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biting isclated WRAT A deficits. However, given the rarity
of occurrence cf the WISC (E) 2- only pattern these results

must be viewed with extreme cauticn.

51

There did nct appear tc be a <relationship Letween sgecific
hierarchical patterns of ccgnitive abilities and patterns of
arithmetic performance. In the Neurcpsychclgy Clinic sam-
ple, the Verkal>Spatiald>Memory and <Spatial>Verbal>Memory
patterns occurred more frequently than any ctter hierarchi-
cal pattern in each group but there was no relaticnshifp Lket-
ween group memkershir and the frequency cf coccurrence of the
six hierarchical patterns of ccgnitive abilities. In the
School Bcard samrle, the Verbal>Spatial>Memory and Spa-
tial>Verkal>Memory rpatterns occurred mcre frequently than
any other hierarchical pattern overall and for the wurim-
paired and the WRAT A- cnly groups but were not the most
frequently occurring patterns for +the <cther twc grcugps.
However, there did nct appear tc be any significant rela-
tionship ketween group membership and the frequency of oc-
currence of the six hierarchical patterns of ccgnitive akil-

ities.

These results, taken in conjuncticn with previcus find-

ings, suggest that pattern of ccgnitive abilities was not as
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strongly related to arithmetic deficit as the level cf ccg-

nitive ability was.

6:

It appears that most children with written arithmetic defi-
cits also exhibit deficits in reading and/or sgelling (sam-
ple 1 - 10z,1C8; sample 2 - 211,227). In both samples, all
children who were impaired on Ftoth arithmetic measures also
exhibited reading and spelling deficits cn the WRAT. This
partially suppcrts the cbservaticn c¢f Ackerman, Dykman and
Peters (1976) that children with general learning deficits
(as measured by the WRAT) exhibit a lcwer mean score on the
WISC A than children with specific deficits. However, ap-
proximately 90 percent of the children who exhikited isclat-
e€ed deficits cn the WRAT A alsc exhibited reading and/or
spelling deficits. Of the children whc did not exhibit ar-
ithmetic deficits on either measure, approximately €C per-

cent exhibited reading and/cr srelling deficits.

These results suggest that the majority of clinic refer-
rad children exhikit generalized learning disabilities and
that =specific deficits in reading andy/or spelling cccur
slightly mcre frequently (approximately S percent) than do

specific arithmetic deficits (approximately 7 percent).
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PHASE I1I

The findings in Fhases 1 and II c¢f this —zresearch Lave
provided scme general infcrmaticn ccncerrning the cognitive
correlates of arithmetic performance in heterogeneous grcCugs
of clinic-referred children and have fprcvided the basis for
the generaticn of some tentative hypotheses ccncerning the
relationships ckserved. Hcwever, this information is neces-
sarily limited. The arithmetic measures emplcyed cn Phases
I and II, although varying in terms cf mcde of presentation
and respcnse, appeared to differ in terms of level cf ccm-
plexity. 1In acdition, these measures assessed only a narrow
sampling of a broad range of arithmetic tasks. Thus, it was
not possilkle tc systematically examine the areas c¢f arith-
metic deficit c¢r types cf calculation srrors made in rela-

tion to pattern of cognitive functicning.

In this investigaticn cf children with arithmetic defi-
cits, a case study approach was adopted and was criented to-
ward investigating further scme cf the relationships ob-
served in Fhases I and II. In acditicn, the pcessikility
that types cf arithmetic deficit may be related to cognitive

functioning was examined.
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The learning assistance and learning disakility class teach-
ers at two schools in the Greater Victoria School District
(No. 61) were asked to identify children who were experienc-

ing difficulty learning arithmetic. A letter descriking ttke
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nature of the study was sent tc the parents of each child
asking permission to administer a variety of ccgrnitive and
arithmetic tests tc their child. 1In exchange for their fpar-
ticipaticn, a report on the <child's perfeormance c¢n tlkese

measures was forwarded tc the classiccom teacher.

Eighteen (1% males and 3 females) children ranging in age

from 9 tc 13 years took part.

Procedure:

Each child was administered a kattery cf cognitive and ar-
ithmetic tests (see Table 35) in the crder indicated. Addi-
tional ccgnitive nmeasures (see Table 36) were selectively
administered following administraticn cf the initial battery
to amplify the nature of the ccgnitive functioning of tlese
children. In additicn, infcrmal assessment cf arithmetic-

related tasks (see Table 37) was carried out with the ckil-

dren frcm the second schccl.

The assessments took place in the schcels during school
hours. Each child was seen individually for twc tc tlkree
hours in an unused scheccl rccm (e.g., nursing room, science
room) . Care was taken to try to provide an optimal testing
situaticn. In scme cases, this resvlted in minor deviations
in the testing procedures ©between children (e.g., allowing

extra break time).
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5.
6.
7.
8.
9.
10.
11.
12.

13.
14,
15.

16.
17.
18.
19,
20,
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TABLE 3%

List of Cognitive and Arithmetic Tests

WISC-E - Similarities
WISC-R - Arithmetic
WISC-R - Elock Design
WISC-R - Vccakulary
WISC-R - Cbhbject Assembly
WISC-R - Codinmg
WISC-R - Digit Span
WRAT - Reading
WRAT - Spelling
WRAT - Arithmetic
Token Test for Children (DiSimcni, 1<78)
Spatial Reasoning subtest cf the Hiskey-Nebraska
Test of Learning Artitude {Hiskey, 1966)
Revised Visual Retenticn Test (Bentcn, 1974)
Rey Auditcry Verbal Learning Test (Taylor, 1959)
Keymath Diagnostic Arithmetic Test
(Ccnnclly, Nachtman and Pritchett, 1977)
-Numeration
-Gecmetry and Symbcls
-Addition
-Suktraction
-Multiplication
=Wcrd Prollenms
WISC-R Arithmetic (with paper and pencil as
aids)
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2.

4.

5.
6.
‘?.
8.
9.
10.
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TAELE 3¢

List cf Additicnal Ccgritive Tests

Auditcry Ciscrimination Test (Wepman, 1958)
Sentence Repetiticn Test (Gaddes and Crockett, 1973)
Ccntrclled Word Associaticn Test (Gaddes and Crockett,
1973)

Auditory Associaticn subtest of the Illincis Test of

Esychololinguistic Rbilities (ITPA)

(Kirk, McCarthy and Kizk, 1S6€8)

Embedded Figures Test (Spreen and Gaddes, 1969)
Visual Sequential Memcry subtest of the IIPA
Right-Left Orientaticn Test (Spreern and Gaddes, 1969)
Visval Association subtest of the ITPA
Cclcured Progressive Matrices (Faven, 1977)
Picture Arrangement suktest of the RISC-EK
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TAELE 37

Informal Arithmetic Assessment Items

WRITING NUMBEES*

Write down the numbers I s=ay.

A) 7,9,35 3,5,7 (10 sec. per number groug)

B) 17 and 71; 69 and 96 (10 sec. per number grcup)
C) 27,34,158,39€,%€845 (10 sec. per number)

REACING NUMEEES#*

Read these nurkers.

A) (CARD 3) 7,9,3,; 3,5,7 (10 sec. per grcug)

B) (CARD B) 17,71,69,96 (10 sec. per number)

C) (CARD C) 27,34,158,396,5€645 (1C sec. per number)

D) There are 3 numbers on this card (CARL D) &rranged
frce tcp tc bottcnm.
Read each number as a whcle numter.
(If, on 158, the child says 1-5-8, say I want you
tc read this as if it were just cne number)
(2llcw 20 sec. per itern).

158 3396 ;1623 .

NUMBEF STRUCTURE*

Tell me which number is larger (bigger).

(Rllow 10 sec. per itenm)

17 cr 68; 23 or 56; 189 cr 201

Lcok at this card (CARD E) and show me, by pcinting,
which of the top two numbers is tte larger.

Which cf the tkecttcm two?

(Allow 10 sec. per itenm).

189-201 1967-3002

PLACE VALUE CONCEPT (CARD C)

Lock at this number (indicate 27). Which digit is in
the ones rplace?

Lock at this number (indicate 34). Which digit is in
the tens rlace?

Lock at this number (indicate 396). Eow many hundreds
are there?

Look at this number (indicate 984%). How many
thousands are there in this number?

Look at his number (indicate 158). The S is ir which
place?

The 8 is in which place? The 1 is in which plece?
(Present all cf the numters cn CARL C). Which numker
has a £ in the ones place?

Which numker has an 8 in the hundreds place?



NUMEER SEQUENCES

a)
B)
<)
D)
E)
F)
G)
H)
1)
Jd)

K)

L)
M) *

(Present
248, #8541
(Present
64+9:12;

(Present
4,8,12,

(Present
5,10,15,
(Present

30, ,50,60,70

CARD
0
CARD
,18
CARD
CARD
,25
CARD

F)
G)
H)
I)

J)

(Present CARD K)
, 790

750,760,7

70,

(Present CARD L)

94+8,7, 45

(Present CARD M)

22,21,

19,18

(Present CARD N)

20, ,16,14,12

(Present CARD 0)

95, ,85,80,75

Which
Which
Which
Which
Which
Which
Which
Which
wWhich

Which

I want you to count by

S0 0On.

number gces
runkber gces
number gces
rumber gces
number gces
nuxber goes
nurber gces
nunber gces
number gces

number gces

2s like this, 2,4,6, and

in
in
in
in

in

the

the

the

the

the

the

the

the

the

the

Start from 2 and acd 2 each time.

child makes an errcr say, "No, it is not
What is (give the previous correct resgonse)
Stop at 20.
(K) instructions for E&s,

plus Z.

kepeat the above
I want you to count backward frcm 50 by 3s like
this, 50,47,44 and so on.

subtract 3 each time.

error say,

"No,

it is rct .

klue
tlue
Elue
blue
tlue
klue
klue
Elue
klue

blue
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kox?
kox?
Yox?
kox?
kox?
kox?
kox?
kox?
Fox?

kox?

If the

10s,

Start from 50 zand

(If the child makes an

What is

(give the previus correct respcnse) minus 32")
(Allcw 60 secconds).

SE.

*Adarted from the Luria-Nebraska Children's Battery,

C.

d.
Omaha,

Golden University of Nekraska Medical Centre,
Nekraska.
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Eesults

The subjects were grouped according tc pattern cf arith-
metic deficit and pattern of <cognitive akilities as defined
in Phases I ané II c¢f +this researchk (see Table 38). Eight
(44.44 percent) of the children were impaired cn beth arith-
metic measures and eight (44.44 percent) of the children
were impaired cnly cn the WRAT A. Twc (11.11 percent) of
the children did not show arithmetic deficits on either of

these measures.

Question 1:. To investigate +the possikility tkat the
pattern of perfcrmance on the two arithmetic measuries repre-
sents a severity dimension, two arpproaches were taken.
First, the grade sccres attained by each subject on the six
subtests of the Keymath Diagnostic Arithmetic Test (KDAT)
were suktracted frcm the expected grade score (based on age)
for the sukject. The raw grade sccres emrloyed are present-
ed in Arrendix G. The difference sccres for each suktest
were then averaged for each of the three arithmetic grcups
(see Table 39). The second approach taken was tc takulate
the frequency c¢f cccurrence of calculaticn errors made on
the KDAT problms involving additicn, subtraction and multi-

rlication of whcle numbers. Tatulations of the frequency cf
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TABLE 38
Patterns cf Performance on WISC-R A, WRAT A and Cognitive
Dimensicns
Pattern
of
Cognitive
Abilities WISC-R R-;WRAT 2-
Age SEex
1 S>V>H 13 M
2. S>V>M 12 M
3 V=5S>M 10 M
4. S>M>V 12 M
5. S>M>V 13 M
6. S>M>V 13 M
7. Vo>M>S 11 M
8. S>V>M 11 M
WISC-R RA+;WRAT R2-
9. S>V=H 3 M
10. S>V>HM 1 M
11. S>V>HM 9 M
12. S>V=HM 11 M
13. S>V>HM 9 M
14, S>V>H 10 M
15. S>V=HM 10 M
16. V>SOM 10 F
WISC-R A+;WRAT A+
17. S>V>HM 14 F

18. V>M>sS 1 F



121

occurrence cf errors nrade by each subject are presented in

Appendix H.

On inspecticn of Takle 39, it appeared that the pattern
cf performance on the WRAT A and WISC-FK B dces represent a
severity of deficit dimension. On each subtest of the KDAT,
the children wkc were impaired cn becth the WISC-R A and WERAT
A were achieving farther bkeleow their expected grade level
than the children whc were cnly impaired cn the WRAT A. Cn
the average, the children who were impaired cn bcth arith-
metic subtests were performing apprcximately 4.5 yeers tkelcw
expected grade level whereas the «ckildren who were impaired
only on the WERAT A were performing afpproximately 2.5 years
below expected ¢rade level., The children in the nonimpaired
group performed near or above grade level on all cf the sub-
tests. In ac¢diticn, the children who were impaired on Lkoth
Arithmetic suktests made more calculaticn errcrs overall (72
vs. ©61) and attempted fewer prchblems (22 vs. 17) than the
children who were only impaired cn the Arithmetic subtest of
the WRAT. In turn, the children who were impaired only on
the WRAT A made mcre errors (61 errcrs made by eight chidren
vs. six errors made by two children) and attempted fewer
problems (17 problems not attempted Ly 8 children ve. 0
problems nat attempted by twc children) than the ncnimpaired

children.
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TABLE 39
Mean Difference Sccres cn KDAT Subtests by Group
Difference score=expected grade score tased on age-cktaired
grade sccre cn individual subtests cf the Keymath Diagnostic

Arithmetic Test.

Pattern of Perfcrmance on ths WEAT A
and WISC-R A

KDAT WISC-R 2- WISC-EF A+ WISC-R A+
Subtests WRAT A- WRAT A- WEAT A+
N=8 N=§ =2
Numeraticn 5a:1 2.9 2.1
Gecmetry and
Symkcls 4.6 3.2 S
Additicn 4.1 2.4 - 2
Subtraction 4.4 1.9 -1
Multiplication 4.1 2.0 «5
Word Problems 4,9 1.7 -.8

D e A . ————— T —— - ——— = - -
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Question 2:. To investigate the pcssibility that the
proposed severity co¢f arithmetic deficit dimension corres-
ponds to a severity of cognitive deficit dimensicn, the nun-
ber of children in each arithmetic grcup who exhibited im-
paired performance c¢n the cognitive measures was takulated
(see Tabkle 40). This apprcach was adopted because norms for
all of the ccgnitive measures employed were not availakle in
equivalent standard score format. 2ppendix I ccrtains a de-

scripticn cf the criteria for sccre classificaticn and score

classification for each subject.

On inspection of Table 40, there did appear to ke a cor-
respondence between frequency cf ccgnitive impairments and
pattern cf arithmetic deficit. Mcre of the children who
were impaired on both arithmetic suktests than were impaired
on the WRAT A cnly exhibited impaired perfcrmances on all of
the cognitive measures except the Token Test for Children
and the Tigit Span subtest of the WISC-E. The groups dif-
fered most markedly on the frequency c¢f cccurrence of defi-
cits on the Rey Auditory-Vertal Learning Test, the Sentence
Repetiticn test, the Ccntrclled Wcrd Asscciation Test and
the Revised Visual Retention Test (all measures cf asgects
of memory), the Similarities and Vccabulary subtests of the
WISC-R (both measures of verkal ccnceptualizaticn) and the

Spatial Reasoning subtest of the Hiskey-Nekraska Test cf
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Learning Aptitude. Neither c¢f +the twc unimpaired children
exhibited impaired performances on any cf the cognitive mea-

sures except the Revised Visual Eetenticn Test.

Question 3:. To investigate whether fcocr performance on
the WISC-R A may result as a furncticn of task demands rather
than as a function of inadequate arithmetic knowledge per
se, the scaled scores attained on WISC-R A were ccmpared
with the scaled scores attained when the same test items
were readministered allowing the child tc use a pencil and
paper as aids. The scaled scores attained by each child on

the initial and aided administraticns are presented in Ap-

pendix G and J, respectively.

0f the 11 children who were readministered the WISC-R
items, 5 children, all cf whom were impaired onm koth arith-
metic suktests, were able to imprcve their scores. The
scores fcr twc of these children (case 1 and case 5) were
raised intc the normal range (scaled sccre > 7). This sug-
gests that, in some instances, poor performance on the Ar-
ithmetic subtest of the WISC-R may not reflect the severity
of arithmetic deficit but cccur as a function of other task

demands.

Question &:. To investigate whether tyres of errors made

on arithmetic and aritkemtic-related tasks may ccrresgcnd to
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TABLE 40

Summary Takle: Frequency cf Deficits cn Ccgnitive Measures

Fattern of Ferformance on the WRAT A
and WKISC-RK A

WISC-R A- WISC-EF A+ WISC-R A+
WRAT A- KRAT A- WEAT A+
Measure N=8 N=E N=2
WISC-R Similarities 5/8 2/¢€ 0/2
WISC-R Vocakulary 5/8 1/8 0/2
Tocken Test 0/8 1/8 0/2
WISC-R Elock Design 2/8 Cre 0/z
WISC-R Okject AssemblyZ2/8 1/8 0/2
Spatial Reasoning 5/8 0/8 0/2
Coloured Prcgressive
Matrices 1/8 Cse
WISC-R Ccding 4/8 2/8 072
Visual Retention Test 3/8 Cs8 1/2
WISC-R Digit Sgan 5/8 E1E 0/z
Rey Auditory Verkal
Learning Test 6/8 1/8 /2
Sentence Repetiticn 5/8 cs8

Contrclled Wcrd
Association Test 4/8 0/7
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general ccgnitive deficits, twc appicaches were taken. The
first apprcach was tc examine the frequency cf specific er-
rors made by groups of children differing on the frequency
of Verkal and/cr Memory impairments. The seccond approach
was to examine the errors on arithmetic and arithmetic-re-
lated tasks made by individual children exhibiting deficits
cn visual-spatial tasks. |
Apprcach 1:

On investigation of Cuestions 1 and 2, it was noted that the
group cf children who were impaired cn koth arithmetic mea-
sures and the grour of children imfpaired cnly on the WEAT A
differed on the total numkter of calculaticn errors made as
well as on the frequency of occurrence cf children exhikit-
ing Vertal and/cr Memory ccgnitive impairments. The present
investigation was to examine whether or not differences in
the types c¢f errors manifested by these groups of children

may be related to these differences in ccgnitive deficits.

The frequercy cf specific errors made ty the childrer on
the KLCAT problems involving additicn, subtraction and multi-
Flicaticn of whole numbers were tzktulated (see Table 41).
Scoring criteria for error types and tabulaticns of the fre-
quency of cccurrence cf errcrs made by each child are pre-

sented in Appendix H.
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TABLE 41

Summary cf Calculaticn Errcrs

Fattern of Ferfcrmance on thes WRAT A
and WISC-R A

WISC-R A~ RISC-F A+ WISC-F A+
WRAT A- WRAT A- WRAT A+
Error Type N=8 N=8 N=2
Easic Fact Erzcr 23 8 1
Incorrect
Carry/Berrcew 14 15 3
Nc Concerpt of
Ccarry/Borrcw 23 15 0
Incorrect Cperation 0 2 1

Neglect dcllar sign

or Decimal 10 16 0
Misalignment 0 0 0
Bizarre Error 2 £ 1
Number of Proklerns

Not Attempted 22 17 0

e —— e —— m e e e W WS m wm S wh R MR W= A
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On inspecticn of Table 41, it arpreared that only two
tyres cf errors were made substantially more often by the
children who were impaired on Ptoth Arithmetic =suktests.
These were errcrs which invclved the reccllection of tasic
facts and errors which indicated a faulty acquisiticn cf the
concepts of bcrrcwing and/or carrying. Broadly speaking,
these error types would appear to <correspend to the mcre
general cognitive deficits of Vertal <ccnceptualizeticn and
Memory exhibited ky the children with dval Arithmetic defi-
cits.

Appreoach 2:
Since visuval-spatial akilities have cften been implicated as
influencing arithmetic performance, €rrors made on arithmet-
ic and arithmetic-related tasks by children who performed
poorly cn visual-spatial tasks were exanrined in relaticn to

the errors made by the cther children irn the sample.

Tabulation of the frequency cf c¢ccurrence of errors made
by each child cn the KLCAT problems invclving additicm, suk-
traction, and multiplicaticn of whcle numbers are presented
in Appendix H. Takulation of the frequency of cccurrence of
errors made ky each child cn the items ¢of +the informal ar-

ithmetic assessment are presented in Appendix J.

Only three children (case numbers 2, 3, and 7), all of

whom were impaired con bcth Arithmetic subtests, scored kelow
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the mean on the visual-spatial tasks frcm the WISC-R. Two
of these children (cases 3 and 7) alsc performed pccrly on
the Spatial Reasoning subtest of the Hiskey-Nebraska Test of
Learning Aptitude. Many of the «calculation errcrs made by
these three children were simgilar tc errcrs made by the cth-
er children. However, +these three children did eppear to
make more errcrs that were "spatial" in nature. The only
two children in the sample who made numker crder reversals
when writing numbers from dictaticn were cases 2z and 7.
Case 2 had greet difficulty reading numbers placed in a ver-
tical crientation. A1l three of these children had mcze
difficulty ccmpleting number sequences than any of the other
children. Ncne of these three children perfcrmed calcula-
tion in the wrcng order (left tc right) o¢r made errors of
alignment when setting numerals in their proper sgatial re-
lationships for calculaticn. Hcuwever, the only items cn the
KDAT which required such alignment (i.e., thcse involving
two digit multipliers) were not attempted by any of ttese
children. In additicm, the cnly child in the sample who did
not use concrete aids (e.g., counting fingers, making tally
marks) when perferming calculaticns was case 7. Even when

encouraged tc do so, he did not.
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CONCLUSICNS

In this research, both quantitative and qualitative ag-
proaches tc the investigaticn c¢f ccgnitive correlates of ar-
ithmetic performance were assumed. Cuantitative ccmpariscns
involved thre examinaticn of the perfcrmarce of a hetercgene-
ous grcup of clinic referred children <c¢n the WISC(R) A and
WRAT A in relaticn to three ccgnitive dimensiocns that Lave
been commcnly asscciated with arithmetic performance in the
literature (Verbal, Spatial and Memcry akilities). Twc ccm-
plementary prccedures were used tc examine the relationships
between these measures. Multiple correlations were used to
examine the relative ccntributicns c¢f each cocgnitive dimen-
sion toc each arithmetic measure to determine if the arith-
metic measures placed different demands on cognitive abili-
ties. A subtyping approach was used tc e€xamine whether the
pattern c¢f performance cn the arithmetic mesasures was relat-
ed to pattern of cognitive afkilities. Evidence frcr the
clinical evaluation of brain-damaged adults has =suggested
that differential arithmetic deficits @may cccur in ccnjunc-
tion with different patterns of cognitive abilities. These
investigations were then repeated cn a larger sample cf

children, frcm a different referral scurce to examine the
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robustness of the initial findings. Tc amplify the nature
cf the relaticnships observed, a series cf case studies wuere
undertaken. Cualitative analysis c¢f errors made c¢n arith-
metic and arithmetic-related tasks prcvided further informa-
tion ccncerning the correspondence ketween cognitive func-

tioning and arithmetic perfcrmance.

From the results c¢f the quantitative ccmpariscns, it agp-
peared that the Vertal and/or Memcry cognitive dimensions
consistently ccntributed to both WISC(R) A and WEAT A alt-
hough the relative contributions of each varied with sex,
age and acrcss samples. This finding is consistent with
factor analytic studies and with research examining the sim-
Ple correlaticns between the WISC(R) and the WRAT. Sattler
and Ryan (1981) noted that individual Vertal subtests cf the
WISC-R were better predictors of perfcrmance cn the WRAT A
than were individual Perfcrmance subtests for children re-
ferred for psychological testing Lkecause of pcor academic
achievement. Factcr analytic studies cf the WISC and WISC-R
have tyrically yielded the same three factcrs with the tkird
factor being comprised of the Arithmetic, Digit Sgar and
Coding suktests (Cchen, 1959; Kaufman, 1975). This finding
is also consistent with other research investigatinc¢ the re-
lationship between cognitive akilities and arithmetic per-

formance (e.g., Whyte, 1978; Moroz, 1978; Webster, 1979) Lkut
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suggests that Spatial ability may not play as dimportant a
role in arithmetic fprccesses as has Lkeen suggested in the

literature.

However, <some evidence for Spatial involvement in arith-
metic akility was ncted in the sample <cf children referred
to an educaticnal clinic. In this sample, the Spatial di-
mension contributed +to the variance accounted for in the
WISC-R A. The Spatial dimensicn accounted for 3.96 percent
cf the variance in the WISC-F A for the entire sample, .49
percent cf the variance for males and 3.03 rfpercent for fe-
males. However, on inspection of the relative contrikbution
cf the cognitive dimensions to the WISC~R A for males Ly
age, it arpreared that the Spatial dimension cnly accounted
for variance in the Arithmetic suktest for 10 and 11 year
olds (7.53 percent). These findings support the proposition
that relative <contributicns tc arithmetic perfcrmance may
differ at different age levels and suggest that scme vistos-
patial alkilities (perhaps spatial wvisvalization or visual
imagery as suggested by Clements (1580)) may play a rcle in

solving arithmetic story rroblens.

The results of the subtyping fprocedure indicated that
children do exhibit discrepancies cn the perfcrmance cf the
WISC(R) A and WRAT A. However, «c¢rly three of the twoc hun-

dred and forty children exhibiting discrepancies perfcimed
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poorly on the WISC(R) A but adequately cn the WRAT A. As a
group, these three children performed well on the Verkal and
Memory dimensiocns kut performed pccrly cn the Spatial dimen-
sion. The two hundred and thirty-seven children exhikiting
discrepant performances cn the WISC (R) A and WRAT A in the
Opposite direction could only be distinguished frcm children
who performed adequately or inadequately on koth Arithmetic
subtests Lty the level cf Verbal and Memcry abilities. That
is, for these three groups of children, it appeared that the
pattern of ccgnitive akility had no relationship to the pat-
tern of arithmetic performance but the 1level of specific
cognitive abilities (i.e., Verbal and Memory akbilities) did

differ in relation to the pattern of arithmetic performance.

From inspecticn of the items «c¢n each Arithmetic suktest,
it appeared that pattern of perfcrmance cn the two arithmet-
ic subtests may represent a severity dimensiocn. That is,
children who were impaired on both arithmetic subtests ap-
peared to exhibit a more severe arithmetic deficit than
those impaired cnly on cne meastre. This suggests that a
correspcndence exists Lketween severity cf ccgnitive deficits

i.e., Verkal and Memory deficits) and severity of arithmet-

ic disorder.

The finding that, generally, +the level of Verkal and Me-

mory abilities eprears to dictate tte level of attainment in
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calculation akility may be expected since achieving fprcfi-
ciency in ccmputation dinvolves the memorization cf tLasic
facts and requires the retenticn anrd ccmgrehension cf mathe-
matical terms and relationmns. Indeed, cn gqualitative analy-
sis of error types, the group of children who exhibited more
severely impaired Verbal and Memory atilities made mcre er-
rors rTeflecting impaired 1reccllecticn cf basic facts amnd
faulty acquisition of certain arithmetic concepts (€.4g., the
concepts of carrying and bcrrowing). Hcwever, these find-
ings d4id nct rule ocut the G[fossibility that, in some cases,
pocr performance on the WISC(R) 2 cccurred as a furcticr of
other task demands (as has been sucgested for brain-damaged
adults) rather than reflecting severe deficits in Arithmetic
knowledge rper se. Thus, when task demands were altered for
the children in Phase III to 1reduce the memcry and mental
manipulaticn aspects, some children were akle tc sukstan-

tially improve their perfcrmance.

The finding that groups impaire¢ and unimpaired cn the
WRAT A did nct differ c¢cn the Spatial dimension, taken in
conjunction with the finding that the Spatial dimensicrn did
not predict WRAT A performance suggests that Spatial abili-
ties dc¢ not play a particularly impotant rcle in written ar-
ithmetic perfcrmance. However, this finding does not imply

that in scme, albeit rare, cases a Spatial deficit may nct
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affect arithmetic perfcrmance. Indeed, in Phase III, the
children with Spatial deficits did appear to make more er-
rors on certain arithmetic-related tasks reflecting perceg-
tual disturktances (e.g., number order reversals) and a lack
of understanding of numeration. Even tkough nc differences
in written calculaticn errcr types were evident, these find-
ings appear «ccnsistent with the description of arithmetic
deficits given ky Rourke and Strang (1$81) of children w«ith
spatial disorders who did not exhikit Keading ‘and Spelling
deficits. That is, there were indicaticns that the kasic
concepts underlying number relaticns were not well under-
stood. This ccrrespondence with the findings of Eourke and
Strang (1981) suggests that an impoverished understandinc¢ cf
kasic numker relaticns or the "numberness cf number" may be
characteristic of children with =sratial deficits regardless
of achievement in cther academic areas. Mcreover, the fro-
position that Spatial abilities are related tc the under-
standing c¢f more basic arithmetic «concepts such as the
structure cf the numker system may be raised as an alterna-
tive explanation for the observed relaticnship Letween Spa-
tial abilities and the WISC-R A. That is, Spatial abilities
may be related to the rperfcrmance cf fairly elementary cal-
culaticn tasks when an appreciation «¢f numker =relaticns

(number reascning) is required fcr scluticn.
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Whether a Spatial deficit, in and cf itself, may ke re-
flected in <calculation tasks remains an issue since, in
Phase III of this research, the three children with Spatial
deficits also exhikited Verbal and/cr Memcry deficits. Many
developmental theories concerning the acquisiticn cf mathe-
matical ability maintain that for a child to achieve fprcfi-
ciency in numker, he will first need tc be ccnvarsant with
elementary spatial relationships which include reccgniticn
of forms (perceptual space), the <use cf visual imagery and
the interpretation of space (representaticnal sgace) (Chcat,
1978) . Hcwever, other theorists, mcst nctably Drummcnd
(1922), emphasize thke rcle cf memcry and contend that some
children are akle to perform arithmetic tasks withcut depen-
dence upcn pricr spatial experiences. Chcat (1¢78) suggests
that the ability to memorize may influence early number de-
velopment (i.e., rote calculations) kut that subsequent
mathematical development 1is <restricted until the geometry
(i.e., coordination of spatial relationships) ©fprIcvides the

necessary understanding for the prcgressicn to take place.

Rourke and Strang (1S81), examined the arithmetic defi-
cits of children with isolated spatialt as OFfpcsed tc ver-
bal, deficits. Their findings =<stggest that children with
spatial deficits exhibit an impoverishked understanding cf

fairly rcutine mathematical ccncepts, whereas it was su-
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spected that many of the children with verbal deficits had
difficulty with the implementation c¢f ccrrect prccedures be-
cause of a (verkal) @memory impairment. The verkally im-
paired children appeared to have an adequate appreciaticmn of
the conceptual underpinnings cf mathematical operations.
The results c¢f the present research ccncur with kcurke and
Strang's (1981) findings in that the children with spatial
deficits did aprpear to exhibit an impoverished understanding
of basic number relations but suggested that children with
severe Vertal and Memory deficits exhibit, not only errors
in recalling kasic facts but, serrcrs reflecting a lack cf
acquisition of the ccncepts of borrcwing/carrying. That is,
children with Verbal and Memory deficits did appear tc have
an understanding of tasic numkter <relaticons kut exhilited
difficulty with nmcre abstract arithmetic concepts such as
regrouping. It has been suggestec here that deficits in
Verbal akility (i.e., concept acquisiticn expressed verkal-
ly) are related to arithmetic deficits in ccncept acguisi-
tion. Thus, the degree of conceptualization attained ky the
child limits the level cf mathematical experiences he can
grasp. The develcopment and use of the awareness cf spatial
relationships is necessary tc acquire an agpreciation of the
structure and meaning of numeraticn or the "numkerness of
number" and serves as a basis fcr the develorment cf mathe-

matical abilities. Beyond this tasis, the degree to wkich
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an individual acquires the ability +tc abstract appears to

Flay a rcle in arithmetic performance.

Implications and Suggestions fcr Future BResearch:
It should ke ncted that the akove speculations as tc the un-
derlying corresrondence between cogritive and arithmetic di-
scrders are Lkased on observaticns of the perfcrmance «cf a
small number cf cases. Thus, there is a need for more tho-
rough examinaticn of areas of weakness in understanding ex-
hibited Ly children with different rpatterns of cognitive
abilities to clarify the nature of the cbserved relaticn-
ships. As was evident in this research, discrepancies in
rerformance on the WISC(R) A and WRAT A did nct prcve useful
as indices «c¢f differential ccgnitive impairment and should
not be ccnsidered as such by clinicianms. However, Ly exa-
mining performance on a brcad rance cf arithmetic and arith-
metic-related tasks and quantifying gqualitative error tyres
the infcrmaticn necessary to determine whether deficits
cluster 4in cognitively meaningful ways may ke fprcvided.
Within this ccntext, examinaticn c¢f differences in perfor-
mance ketween males and females and between children with
various patterns of academic achievement may lead tc a

clearer understanding c¢f the rcles these factors play.
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The results c¢cf this research suggest that many children
who are experiencing difficulty learning arithmetic exhibit
ccnceptual deficits at various 1levels cf attainment. In
terms of remediaticn of arithmetic disabilities, this sug-
gests that the major emphasis in the curriculum shculd ke on
concept attainment. However, +the results of this research
also suggest that different modes cf educational remediaticn
may be in crder for children with different patterns of cog-
nitive strengths and weaknesses. For example, access to
times takles may assist in alleviating scme of the difficul-
ty experienced ky children with memory deficits Lkut may ke

of little use to a child with visual-spatial deficits.

The efficacy of remedial programs designed cn the basis
of cognitive strengths and weaknesses can cnly ke determined
by future research. However, it is impcrtant to note that,
in this research, the cognitive atilities examined acccunted
for only a mcdest propcrticn of the variance in arithmetic
rerformance. This suggests that cther factors (cognitive
and noncognitive) may be cf equal cr greater importance to
predicting arithmetic achievement. Thus, future research
may not cnly ke directed toward determining the efficacy of
cognitively fkased remedial prcgrams and examining relation-
ships of cther more specific cognitive atilities (€.g., spa-

tial visualizaticn) to arithmetic functicning bkut toward
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identifying other factors which may be impcrtant tc consider
when designing remedial =strategies fcr children who have

difficulty learning arithmetic.
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Input format

Variable lakels

Value lakels

269
2481
2529
2099
1875

34

12 7
10 9
14 11
1¢C 8
13 11
1C 10 1
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Appendix A

RAW DATA-SAMFLE 1

subnum, sex,age,sim,arith,vocab,bldes,

obass,digsp,cod,verk,spat,men,stscr,

stscs,stsca

(F5.0,1%X,F1.0,1X,F2.C,1X,1C(Fz.0,1X),

3(F3.0,1X))

subnum, sukject numker/

age, age in years/

S€xX,sex/

sim, Similarities suktest cf the WISC-

scaled sccrey/

arith, Arithmetic sulktest cf the ®ISC-
scaled scorey

vocab, Vocakulary suktest cf the HWISC-
scaled scorey/

bldes, EBlock Lesign subtest of the WISC-
scaled scorey/

obass, Cbject BAssemkly suktest of tke WISC-
scaled sccre/

digsp, Digit Span subtest cf the WISC-
scaled scorey

cod, Coding suktest of the WISC-

scaled sccrey

verb, Verkal=sim+vccaky

sprat, Spatial=bldes+cbass/

mem, Memory=digsp+ccd/

stscr, Reading subtest of the WRAT-
standard sccrey/

stscs, Spelling subtest of the WHKAT-
standard scorey/

stsca, Arithmetic subtest of the WEAT-
standarc¢ score/

sex (1)Male (0)Female/

all other variakles (-1) Missirg data/

9 2 9 £ 416 11 S €3 €3 71
8 6 1C 6 5 17 16 11 76 84 77
8 6 & 2 6 19 1z 8 87 7¢& ¢6¢
1110 7 £ 4 19 17 9 67 178 69
8 711 7 € 19 1€ 15 sS4 €2 71
10 7 6 6 5 20 13 11 97 92 86
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254 1 12 12 4 8 711 7 7 20 18 14 74 70 69
2489 1 10 10 4 10 9 9 €& 8 20 18 16 9& Et& E¢
1900 1 10 10 11 11 7 6 6 4 21 13 10 73 65 77
2600 010 9 712 9 8 8 8 21 17 16 11C 11z 7¢&
1879 1 14 8 6 13 712 €& € 21 19 16 86 74 173
2616 1 10 9 8 12 9 11 8 5 21 20 13 73 74 73
311 10 12 170 9 4 16 8 10 21 20 18 90 85 86
2526 111711 711 9 8 9 £ zZzZ 17 14 €1 EE €€
124 1 10 13 4 9 8 11 5 4 2219 9 69 70 175
240 1 12 12 9 10 10 9 10 7 22 19 17 €C €& 7€
136 1 10 11 8 11 11 9 € S 22 20 15 S0 8z 92
29 1 10 12 12 1112 5 6 6 23 17 12 92 &S 9¢€
2021 1 1412 711 9 9 6 10 23 18 16 94 81 66
199 0 12 13 6 10 7 12 &5 9 23 1S 14 €S2 €9 76
163 1 132 14 14 9 11 10 1¢C 9 23 21 19 80 77 108
2704 1 8 14 9 9 10 12 € 7 23 zz 13 717 €8 E¢€
2611 1 11 11 7 13 12 10 € 9 24 2z 17 82 81 179
238 1 11 12 11 13 11 12 8 6 2Z5 23 14 104 S7 &1
144 1 10 12 10 14 14 10 12 5 26 24 17 98 96 95
2495 1 8 11 6 15 11 14 7 11 2€ 2t 18 €2 €z 71
391 11 13 9 13 16 9 14 10 26 25 24 122 99 82
2600 915 7 12 11 10 5 10 27 21 15 €9 7t E4
247€ 1 13 16 8 11 12 9 12 5 27 21 17 166 99 103
1903 1 10 14 6 13 12 13 4 11 27 28 15 €7 7t 89
287C 1 S 13 9 14 12 13 S 7 27 25 16 120 104 90
44 1 12 15 10 13 10 15 9 5 28 2% 14 111 102 &C
1877 1 S 16 7 15 10 9 €& 8 31 19 16 120 121 93
1869 1 10 14 7 17 13 10 € 4 31 23 10 13C 121 6G¢€
1C€ 1 € 16 -1 15 14 10 15 7 31 24 22 -1 -1 -1
244 1 13 15 10 16 15 14 10 8 31 29 18 106 &3 77
1895 1 10 14 10 18 12 13 € 1C 32 25 16 84 84 92
15 1 8 14 11 18 12 13 13 10 32 2t 23 103 %5 91
1896 € 10 16 18 1€ 15 14 15 11 32 29 26 133 115 106
2482 1 11 16 7 17 10 11 8 4 33 21 12 114 <7 €3
1211 ¢ 16 9 18 14 12 14 1C 34 26 24 124 113 99
21951 8 8 5 3 7 10 4 6 11 17 10 €z €z 1I¢C
1687 1 € 6 4 611 9 4 512 20 9 68 64 63
23110 4 5 812 9 6 4 12 21 10 €€ &4 E¢<
1221 ¢ 6 2 6 912 5 6 12 21 11 78 75 68
2658 1 13 510 7 9 14 5 6 12 23 17 %3 75 83
109 1 8§ 8 5 5 9 14 2 10 13 23 12 71 79 178
21001 910 5 610 7 5 3 16 17 8 €5 71 €4
28301 € 7 5 912 10 € 6 16 2z 12 68 76 79
2609 1 14 9 8 7 11 12 7 5 16 23 12 72 7133 E
2838111 9 6 8 11 9 5 8 17 20 13 99 103 76
33110117 8 6 10 11 8 5 17 21 13 €£ €& 1
249 1 14 8 8 9 11 1C €& 8 17 21 16 83 ¢80 82
271 0 14 11 4 7 7 12 5 9 18 19 14 74 €8 73
27141 S S 7 10 10 10 5 5 19 20 10 92 ¢S4 93
26101 9 10 7 9 13 10 €& 8 19 23 16 <S4 ¢SC &7
126 1 10 9 13 10 13 13 € 11 19 26 17 97 107 95
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2559 113 9 9 10 9 10 1C & 19 19 18 78 68 78
179 06 9 11 15 8 10 12 12 9 19 2z 21 105 S€ 102
2603 113 11 9 9 2 8 5 720 712 671 1I6 13
45112 11 13 S8 9 5 1z 7 20 14 19 ¢<S& 1Cz €7
zz11 € 10 8 10 117 9 1C 11 20 20 21 112 113 S5
2079 1 12 117 7 10 12 9 5 £ 21 z1 10 7& ¢€£ 71
7368 § 9 213 11 1Y 10 &8 22 22 18 =1 =71 =1
31 8 10 11 12 10 12 7 1z 22 2z 19 85 ¢z g9t
272 0 14 13 9 9 16 17 12 12 22 33 24 81 81 84
37T 11 10 9 13 5 2 @ 5 23 7 11 =~ =1 =1
82 0 12 12 511 7 4 7 823 1115 -1 -1 -1
2499 1 10 12 511 7 4 7 8 23 11 15 §&S €& 86
147 1 11 12 12 1C 10 8 12 6 23 18 18 106 101 93
19551 8 14 9 9 12 6 11 10 23 18 21 GE€ ¢EE EE
2583 1 14 14 10 9 S 11 12 S 23 2C 21 99 77 175
103 1 8 11 12 13 11 8 8 13 24 1S 21 11z <4 <8
195 0 11 13 12 12 9 7 12 12 25 16 24 112 122 109
259 0 8 15 10 10 9 12 10 11 25 21 21 97 SC 1Cz
137 1 10 14 11 12 1C 8 S 9 26 18 18 83 72 91
2621 0 10 13 10 13 8 10 1z 8 26 18 20 1CC 1C& &¢C
1979 0 € 13 8 13 1C 8 11 10 26 18 21 87 107 98
71 913 9 13 11 9 9 11 26 z0 20 104 <4 G¢€
264 C 1C 13 12 14 S 8 1C 12 27 17 22 95 Sz 83
2606 1 13 14 15 14 4 2 14 7 28 € 21 €& Sz 103
€4 0 13 17 11 12 9 5 14 4 29 14 18 108 110 74
152 1 11 16 12 1313 12 15 10 29 2% 25 WE 81 &7
117 1 11 15 7 14 13 13 15 11 29 26 26 100 93 87
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Appendix B

REGBESSION TABLES-SAMFLE 1



Total sample (N=130):

Step 1:

Step 2:

Table B1

and Memory Dimensions

Multiple R «5223
Kk Square .2728
Adjusted R Square «2671

F=48.02, 1,128 df, p<.001

Variakles in the Equaticn

Variable B Ecta
Memory 1.43 «52
Multiple R 6051
R Square «36€2
Adjusted R Square .35€2

F=36.69, 2,127 df, p<.001

Variakles in the Equaticn
Variable E Eeta

Memcry 1.08 +39
Verkal «67 .33

WRAT A by Verbal,

Spatial

153



Total Sample (N=134):

Step 1:

Step 2:

Table EZ

and Memory Dimensicns

Multiple R LUS€Ey
R Square .cU€y
Adjusted R Square 2407

F=43.16, 1,132 df, p<.001

Variakles in the Equaticn

Variakle B Eeta
Verkal 25 .43
Multiple R .5834
R Square .3403
Adjusted R Square «33C3

F=33.79, 2,131 df, p<.001

Variakles in the Equaticnh

Variable R Eeta
Verbal « 18 .37
Memcry 22 «33

WISC A by Verbal, Spatial
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Step 1:

Step 2:

125

Table E3

Males cnly (N=101): WRAT A Lky Verltal, Sgatial

and Memory Dimensicns

Multiple K .49€8
R Square 2U4€8
Adjusted K Square «2392

F=32.4%5, 1, 9S df, p<.001

Variables in the Equation

Variatkle B Beta
Vertal 1.01 U9
Multiple R « 5659
R Square «32C2
Adjusted R Square .30€4

F=23.09, 2, 98 df, p<.001

Variakles in the Equation
Variatle B Beta

- - - - -

Verkal 17 .38
Memory .81 5§29



Step 1:

Step 2:

Table B4

Males Cnly (N=103): WISC A ky Verbal, Spatial

and Memory Dimensions

Multiple R 4720

R Square w2221
Adjusted R Square +2150
F=28.95, 1,101 4f, p<.001
Variables in the Equaticn
Variable E Eeta
Memory -« 30 .47
Multiple R 5513

R Square 3039
Adjusted R Square .29C0

F=21.83, 2,100 4f, p<.001

Variaktles in the Equaticn

Variable E Eeta
Memory w22 e
Verkal 14 .30
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Takle EES

Females Only (N=29): WRAT A by Verkal, Spatial

Step 1:

and Memory Dimensions

Multiple R «76¢1
R Square .£916
Adjusted R Square .57€4

F=39.11, 1, 27 df, p<.CC1

Variables in the Equation
Veriakle B Beta

Memcry 2.32 716
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Table B6

Females Cnly (N=31): WISC A Lty Verkal, Spatial

Step 1:

Step 2:

and Memory Dimensicns

Multirple R <.E164
R Square «3836
Adjusted K Square .3624

F=18.05, 1, 29 4df, p<.CC1

Variables in the Equation

Variakle B Beta
Verkal «37 .61
Multiple R .6E7C
R Square 4720
Adjusted K Square 4343

F=12.51, 2, 28 df, p<.C01

Variables in the Equation

Variakle B Beta
Vertal .26 o4
Memory o | .34
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Table B7

Males 8 and 9 yrs. (N=28): W®WRAT A by Verbal, Spatial
and Memory Dimensions

Step 1: Multiple R <6867
R Square L4715
Adjusted R Square <4512

F=23.20, 1, 2€ df, p<.CO01

Variables in the Equation
Variatle B Beta

- - ——— - - -

Verkal 125 .68
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Table ES8

Males 8 and 9 yrs. (N=28): WISC A Ly Verkal, Sgatial
and Memory Dimensicns

Step 1: Multiple R 6774
R Square 45€E9
Adjusted R Square +U43€1

F=22.0%, 1, 2€ df, p<.C01

Variakles in the Equation
Variakle B Beta

Memory «35 67

- -
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Table ES

Males 10 and 11 yrs. (N=43): WEAT A Ly Verkal, Spatial
and Memcry Dimensicns

Step 1: Multiple & .U4ZEE
R Square «1€3€
Adjusted K Square « 1637

F= 9.22, 1, 41 df, p<.CC4

Variables in the Equation
Variatle B Beta

- - - -

Verkzsl .82 U2



Table E10

Males 10 and 11 yrs. (N=45): WISC A ky Vertkal,

Step 1:

Step 2:

and Memory Dimensicns

Multiple E .40¢c8
R Square «16EC
Adjusted R Square . THEB

F= 8.60, 1, 43 df, p<.COS

Variakbkles in the Equation

Variakle B Beta
Memcry .24 40
Multiple E .49z9
R Square .2430
Adjusted R Square .2CE€S

F= 6.74, 2, 42 df, p<.C02

Variables in the Equation
Variakle B Beta
Memory <19 .32
Verbal .14 .28

Spatial

1€2



Table B11

Males 12, 13, 14 yrs. (N=30): WRAT A ky Verkal,

Step 1:

Step 2:

and Memcry Dimensicns

Multirple E .HUES
R Square «1957
Adjusted R Square <1711

F= 6.98, 1, 28 df, p<.01

Variables in the Equation

Variakle B Beta
Memcry 1.68 Uy
Multiple R .5683
R Square .3230
Adjusted R Square .2728

F= 6.44, 2, 27 df, p<.CCE

Variables in the Equaticn
Variakle B Beta
Memory =53 .40
Verkal .87 49

1€3

Spatial



1€4

Table B12

Males 12, 13, and 14 yrs. (N=30): WISC A Lky Verkal,
Spatial and Memcry Dimensicns

Step 1: Multirle R .Uu6C8
R Square «2123
Adjusted R Square <1842

F= 7.50, 1, 28 df, p<.01

Variables in the Equation
Variakle B Beta

Memcry «35 46
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Appendix C

HANOVA TABLES-SAMFLE 1



166

Table C1

Total Sample (N=130): Grcups ty Cognitive Cimensions

Multivariate Test

Effect Test Name Value Approx. F Hypcth., df Error d4f F

et e T T —— Rt e e T T —

Univariate F-Tests (2, 127 df)

Variable Hypoth SS Errcr SS Hypcth MS Errcr MS F p

Verbal 1283.42 3063.38 641,71 24,12 26.€( <.CC1
Spatial 208.C1 3835.25 104.00 30.19 .44 £.C35
Memory 444,57 193€.€2 222.28 15.24 14.57 <.001

TR RS e m m e - ————
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Takle C2

Total Sample: WISC A-;WFAT A- (N=38) VS.
WISC A+;WRAT A+ (N=21) cn
Cognitive Dimensions

Multivariate Test

Effect Test Name Value Approx. F Hypcth. df Errcr d4f P
Group Wilks .39 27.70 3 55 <.001

Univariate F-Tests (z, 57 d4df)

Variable Hypotk SS Exrcr SS Hypcth MS Errcr MS F p
Verbal 1195.36 1149.55 1195.36 20.16 59.27 <+CC1
Spatial 185.71 1841.50 18E.71 32.30 5.74 <.Cz2
Memory 444,36 797.16 444.36 13.98 31.77 <.001

e S e s N e S R M N e D WS S S M M R M M M R W D A R R e e W W



168
Table C3
Tctal Sample: WISC A-;WEAT A- (N=38) Vs.

WISC A+;WRAT A- (N=71) cn
Cognitive Dimensions

Multivariate Test

Effect Test Name Value Apprcx. F Hypcth. df Errcr df P

Group Wilks 19 8.55 3 103 <.001

Univariate F-Tests (2, 107 d4df)

Variable Hypotk SS Errcr SS Hypcth MS Errcr MS F P

Verbal 618.62 2720.14 618.62 25.42 24.33 <.0C1
Spatial 114.5¢C 2802.29 114.50 26.18 §.37 <.039
Memory 111..23 1593.67 111.33 14.89 7.47 <.007

-
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Table CU4

Total Sample: WISC A+;WEAT A- (N=71) VS.
WISC A+;WRAT A+ (N=21) cn
Cognitive Dimensions

Multivariate Test

Effect Test Name Value Approx. F Hypcth. df Errer d4f 9

Group Wilks - 81 6.83 3 88 <.001

Univariate F-Tests (2, 90 d4df)

Variable Hypcth SS Errcr SS Hypcth MS Errcr MS F E
Verbal 314.00 2257.06 314.00 25.C7 12. 52 £.L€1
Spatial 39.17 3026.69 39.17 33.62 1.16 <.283
Memory 211.32 1482.41 221.32 16.47 12.82 <.001

- ——— W e R M MR R W WS M R R R e A e ———
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Table C5

Males Cnly (N=101): Groups Lty Cognitive Dimensicns

Multivariate Test

Effect Test Name Value Approx. F Hypcth. df Error 4f e

Group Wilks . €8 6.78 6 192 <.001
Univariate F-Tests (zZ, df)
Variable Hypoth SS Errcr SS Hypcth MS Errcr MS F p

————— e S e e e s e e e e W R WR W W W mm -

Verbal 860.37 2333.84 430.18 23.81 18.C0€ <.0C1
Spatial 93.42 2902.73 46.71 29.61 1.57 <. 212
Memory 2€65.73 1465.69 132.86 14.95 8.88 <.001
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Table Cé6

Males Cnly: WISC A-;WRAT A- (N=2z9) VS WISC A+;WRAT A+
(N=13) cn Ccgnitive Dimensicns

Multivariate Test

Effect Test Name Value Approx. F Hypcth. df Errcr df I

e el T kT S S —— - ——

Univariate F-Tests (2, 40 d4f)

Variable Hypoth SS Error SS Hypcth MS Errcr MS F p
Verbal 752.77 802.86 192.717 20.07 39.49 <,001
Spatial 82.50 1334.56 82.50 33.36 2.47 <.124

Memory 226.31 508.47 266.31 12.71 17.€C <.CC1

- —— i ———————— - WS W W R Am W WP W wm e WS wm s W wm =



172

Table C7

Males Only: WISC A-;WRAT A- (N=29) Vs,
WISC A+;WRAT (N=59)
cn Cognitive Dimensicns

Multivariate Test

Effect Test Name Value Approx. F Hypcth. df Errcr df F

- —— - e - e e e WM N W W W = e S W W

Group Wilks « 79 7. 21 3 ey <.CC1

Univariate F-Tests (2, 86 d4f)
Variable Hypoth SS Error SS Hypcth MS Errcr MS F E

Verbal 405.€3 2144,15 405.83 24.93 16.27 <.001
Spatial 50.11 2205.96 50.11 28.€5 1.88 <.166
Memory 154.81 1240.46 154.81 14.42 10.73 <.CC2

- — - — - ——



Table C8
Males Only: WISC A+;WRAT A- (N=29) VS.

WISC A+;WRAT A+ (N=13)
cn Ccgnitive Dimersicns

Multivariate Test

Effect Test Name Value Approx. F Hypcth. df Errcr df E

- —— - ———— - —— i —— - - -

Group Wilks .85 3.87 3 68 <.C1

Univariate F-Tests (2, 70 df)

Variable Hypoth SS Error SS Hypcth MS Error MS F )

- . —— R A A S e e WS W e e A ——— -

173

Verbal 248,43 1720.67 248.43 24.58 10.10 <.002
Spatial 21.67 2264,.93 21.67 32.35 .66 <.416
Memory 51153 1182.45 51423 16.89 3,68 < 0E5

e ———— i —— i — - -
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Table CS

Females Only (N=29): Groups by Cognitive Dimensions

Multivariate Test

Effect Test Name Value Approx. F Hypoth. df Errcr df o

—— o e e e AR e

Univariate F-Tests (2, 26 df)

Variable Hypoth SS Error SS Hypoth MS Errcr MS F E
Verbal 471.42 €43.45 235.171 24,75 9.52 <.001
Spatial 168.24 770.79 84.12 29.64 2 .83 <.077

Memory 181.36 311.80 90.68 11,99 7.56 <.C33

S ————————— . i R
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Table C10

Females Only: WRISC A-;WRAT A- (N=9) VsS.
WISC A+ ;WEAT R+ (N=8) cn
Cognitive Dimensionrns

Multivariate Test

Effect Test Name Value Approx. F Hypcth. df Error df E

Group Wilks « 29 10. 41 3 13 <.CC1

Univariate F-Tests (2, 15 4f)

Variable Hypoth SS Error SS Hypcth ¥S Errocr MS F E
Verbal 4e3,24 278.87 463.24 18.59 24.91 <.001
Spatial 167.65 397.87 167. €5 26,52 6.32 <.024

Memory 133.34 132.88 133. 34 8, &5 15.C5 <.€01

e —— i ——————



Table C11

Females Only: WISC A-;WRAT A- (N=9) Vs.
WISC A+;WERAT A- (N=12) cn
Ccgnitive Dimensicnos

Multivariate Test

Group Wilks .65 2.96 3 17 <.Cé€

Univariate F-Tests (2, 19 d4f)

176

Variable Hypoth SS Error SS Hypoth KS Error MS F E
Verbal 185.14 504.66 182.14 26.56 6.97 <.016
Spatial 54.32 436.91 54.32 22.99 2.36 <.141

Memory .003 271.80 .003 14,30 +EC <987

S R W W S R MR R e S NN MR S e NN e AR e e W e e
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Table C1z
Females Only: WISC A+;WRAT A- (N=12) VS.

WISC A+;WEAT A+ (N=8) cn
Cognitive Dimensicns

Multivariate Test

Effect Test Name Value Approx. F Hypcth. df Error df E

= e e e wm We m m s S e e - - - ——

Group Wilks «53 4,56 3 1€ <.C17

Univariate F-Tests (2, 18 df)

Variable Hypoth SS Error SS Hypcth KS Errcr MS F E
Verbal 95.40 £03.54 95.40 2F.97 3.41 <.081
Spatial 44.40 706.79 44,40 39.26 1.13 <.302

Memory 149.63 218.91 149.63 12.16 12.3C <.CC3

—————— i ——— T — i ———————————————— - —— -



Variakle list

Input format

Variakle labels

Value

232
217
130
131
133
1E3
156

lakels
111 10
1 10 11
1 9 12
1 9 9
1T 9 1"
0 8 11
1 8 8

10
10
12
11

9
10

9

Appendix D

RAW DATA-SANFPLE 2

178

sbid,sex,aqgey,sim,arith,vocak,bd,oa,

ds,cod,verb,spat,mem,crss,csss, cass

(F5.0,1%,F1.0,1%X,F2.0,1X,10 (F2.0,1X),

3(F3.0,1X))
skid, subject nurmber/

agey,age in yearsy

sex,sex/
Similarities subtest of the

sim,

arith, Arithmetic subtest of the
WISC-R scaled score/
Vocabulary subtest of the
WISC-R scaled scorey

vccab,

bd,
ca,

ds,

WISC-R scaled scorey/

Block design subtest of the

WISC-F scaled score/

Object assembly subtest cf the

WISC-K sceled scorey

Digit Sran subtest of the WISC-Ek-
scaled sccrey/
ccd, Coding subtest cf the WISC-E-

scaled score/

verb, Verbal=sim+vccab/

spat,

mem, Memory=ds+cod

crss,

csss,

cass,

S€EX

7
1C
12

€
13
10

9

Spatial=kd+ca

Keading suktest of the WRAT~

standard score/

Spelling suktest cf the WRATI-

standard sccre/
subtest of the

Arithmetic

standard score/

(1)Male

10
12
11
10

8
15

8

9
13
12
1C

9
12

8

10
7
10

n

5
8
5

(C)Female/
all other variables

—
(N D &y = inin

20
21
24
20
20
21
17

19
25
23
20
17
27
16

15
12
17
18
16
16
10

€1
112
113
78
€3
96
G0

(0) Missirg

€0
110
1C2
90
&4
85
<7

WEAT -

data

7€
100
S9
78
g
101
Sy
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192 1 10 8 12 10 12 13 10 1z 20 2zt 23 <6 S2 ¢E=
196 0 11 8 6 €& 7 13 10 11 14 20 21 118 112 101
401 4 7 8 6 8 9 7 11 14 16 1C1 1C4 74
z11 8 13 12 12 8 12 8 ¢ 25 2C 17 108 1C0 94
23 1 11 18 11 15 16 18 5 1C 29 34 12 166 <5 111
36 C € 410 9 ¢S 11 8 9 14 20 17 98 <S5 98
4y 0 12 6 9 7 8 10 8 1z 15 1& 20 107 <0 665
€7 112 8 9 5 7 7 3 417 14 7 55 E£6 59
4109 0 10 13 11 13 11 11 10 13 24 22 23 1z4 114 1C1
4cc8 1 1z 1z S 14 13 15 9 9 21 28 18 80 78 82
4c88 1 8 11 14 12 13 15 7 € 25 28 13 93 0 1CH4
4c€7 ¢ ¢ 9 9 € 7 9 9 718 16 16 82 79 86
4177 1 13 10 10 7 14 12 9 8 20 z€ 17 ¢€e 79 ¢&C
41z217 ¢ 10 3 2 1 1 1 2 4 5 2 6 56 0 48
4114 1 9 91010 7 9 9 7 19 1€ 16 11€ 111 ¢&7
4180 1 9 10 8 13 14 9 11 12 18 23 23 84 80 95
649 1 8 9 8 12 8 10 6 & 17 1€ 14 S3 <5 ¢4
802 0 11 ¢ €& £ € 4 7 S 17 10 16 88 99 82
794 1 12 11 10 10 10 14 8 € 21 24 16 91 €8 1=
789 ¢ 11 7 7 6 7 6 5 114 13 6 91 89 172
765112 9 9 9 6 9 3 7 18 15 10 162 73 74
7¢3 1 10 7 4 5 11 11 6 11 11 22 17 80 72 83
757 1 8 11 15 9 10 11 7 1z 26 21 19 0 &3 9%
733 112 10 9 7 13 13 5 £ 19 2¢ 10 80 80 73
339010 1 3 1 3 4 2 £ 4 7 7 E£5 49 4§
337113 8 9 € 8 6 9 317 14 12 97 68 87
301 1 12 10 12 10 11 13 11 5 22 24 16 Sz &1 z
267 110 €6 € 5 8 4 6 € 14 12 14 99 97 86
283 1 10 9 10 9 12 14 7 & 19 2Z€ 15 11€C <3 €1
282 1 10 16 13 10 14 19 € 1C 29 33 16 83 83 88
590 1 11 7 9 7 7 7 10 S 16 14 19 94 &5 17¢
59110 712 910 9 6 7 19 19 13 85 84 88
486 1 9 410 5 7 7 8 € 14 14 16 SC &4 71
4e6 1 9 7 9 510 9 5 1 16 19 18 91 84 100
460 1 11 7 10 6 12 12 10 4 17 24 14 C 0 73
393 111 8 812 9 10 6 6 16 19 12 100 89 84
523 1 1113 11 11 11 12 100 £ 24 23 18 146 1CY &€
€6 1 9 6 10 S 12 11 3 8 16 23 11 64 71 81
264 1 8 10 13 9 12 10 10 €& 23 2z 18 78 &9 ¢t¢€
266 ¢ 11 5 8 411 9 £ S 13 20 14 91 87 179
8901 9 911 6 6 9 £ 11 20 15 16 €6 5 C
83 113 5 & 2 1 € 1 510 7 6 72 68 85
871 1 14 8 7 10 10 10 7 2 1t 20 9 162 92 €z
8561 9 910 8 14 11 7 11 19 25 18 102 ¢S6 96
822 1 14 12 10 11 10 10 14 11 z2 zC 25 ¢7 €S2 Q¢
1028 0 10 1z 11 9 10 8 12 1C 23 18 22 97 S7 100
1004 0 12 7 4 5 4 10 6 4 11 14 10 76 €5 €S
962 1 9 4 & 2 2 7 3 2 9 9 5 52 61 5¢
945 1 10 3 5 7 8 7 7 € 8 15 13 7& 79 ¢E¢€
964 ¢ 11 10 10 7 11 12 4 12 20 23 16 94 89 175
1098 0 912 9 8 11 7 5 € 21 18 11 E€ &8 &4
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4
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70 €€
80 76
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95 86
€9 E&EC
74 101
1C1 38
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1€2 &=
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€6 ESE
S6 90
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1C2 ST
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i5 1C
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76 117
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91 840
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0 St
70 74
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0 80
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68 70
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0 80
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77 74
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1€€5 1 € 12 11 8 1C 9 9 9 23 19 18 0 97 104
1879 1 8 12 9 9 14 16 8 & 21 30 16 99 €5 1Cu4
1872 1 10 8 € 13 1215 3 216 27 5 71 66 93
1870 0 14 9 9 9 9 8 7 € 18 17 13 $7 71 6=
1852 112 7 8 6 715 5 31522 8 78 70 68
1845 1 10 11 13 12 10 11 7 11 24 21 18 <8 <5 61
18201 ¢ 13 10 9 11 17 8 € 23 28 16 97 96 10z
1414 0 12 10 7 10 11 12 12 11 17 23 23 €7 €8 171
14C5 1 € 14 14 6 7 9 12 € 28 16 20 127 116 105
2609 1 8 11 12 7 13 16 2 £ 23 29 7 178 €5 171
2592 C 13 10 8 8 10 10 10 € 18 20 18 76 172 173
2587 0 13 4 9 5 5 8 4 113 13 5 €1 74 €3
2218 111 8 7 6 5 9 7 815 14 15 87 79 82
22301 9 7 7 8 8 7 6 € 14 15 12 €6 <4 7¢
2236 010 3 5 5 5 4 7 5 8 912 97 91 88
2290 0 13 4 6 7 9 6 3 10 10 158 13 72 70 k.
2303 110 7 € 7 513 5 913 18 14 78 70 80
2285 1 8 11 11 7 12 10 6 10 22 22z 16 106 <0 ¢¢
22810 &€ 5 4 5 6 5 5 5 $ 1110 81 73 8z
2341 1 12 15 10 10 10 10 € € 25 20 14 115 117 ¢€¢
232017 9 7 6 € 5 7 2 41312 6 67 77 178
2316 1 8 9 7 7 1111 7 S 16 zz 16 €5 €8 ¢1
2447 1 13 8 6 8 12 8 9 7 14 2016 76 72 14
2482 1 8 910 7 10 11 9 £ 19 21 14 S3 <1 &8¢
2833 1 8 14 17 13 13 11 7 1C 31 24 17 100 12 91
2421 1 9 13 8 17 13 9 9 11 21 22 20 113 113 ¢3
24C8 1 10 7 9 712 & 5 € 16 20 13 96 93 80
2390 1 13 11 8 9 12 14 9 10 19 2€ 19 SS €9 &y
2044 1711 € 1 5 811 8 3 7 19 11 80 76 62
2027 1117 8 9 5 11 14 6 217 25 9 91 €7 €7
20€9 1 14 8 7 8 1115 € € 15 26 14 71 66 68
19701 8 7 912 6 13 8 14 16 19 22 €5 79 &S
1902 ¢ € 7 7 6 5 4 7 6 14 9 13 95 87 77
2976 0 14 9 7 8 10 7 12 11 1€ 17 23 <S5 97 &4
2960 0 10 7 10 10 1€ 16 13 10 17 32 23 97 114 9z
2959 0 8 8 6 7 7 4 9 7 14 11 16 S5 66 €3
2987 111 712 712 9 5 € 19 21 11 87 83 81
2956 1 12 12 11 9 8 12 7 € 23 20 13 97 175 171
2983 113 7 7 7 11 11 S € 14 22 15 77 172 64
2939 1 14 3 2 3 4 S5 4 z £ S 6 €4 I3 173
2928 1 1z 14 € 7 10 12 11 7 22 22 18 88 €8 171
2866 0 8 912 7 12 9 8 11 21 21 19 102 110 ¢¢
2650 ¢ 8 10 12 7 8 13 8 7 22 21 15 110 98 105
28200 13 6 6 5 7 11 4 € 12 18 12 74 74 3
2565 1 13 7 10 10 14 14 8 ¢S 17 28 17 81 74 80
2559 1 13 8 11 9 11 14 7 4 19 25 11 77 4 ¢
283001 & 910 7 1111 5 € 19 22 13 95 96 86
2516 0 11 5 3 5 4 4 7 9 & 8 16 €6 €9 3
2514 1 € 8 9 710 9 8 6 17 19 14 81 S1 89
2487 0 9 912 7 10 9 10 ¢S 21 19 19 123 1C7 1¢C¢
2483 0 8 6 2 5 5 810 £ 81315 78 91 71
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2474 1 13 8 S 9 7 14 S 13 17 21 22 0 0 0
2467 1 12 8 7 12 8 10 9 10 15 18 19 79 70 74
27177 € 10 9 & 9 13 11 6 1C 17 24 16 90 <7 91
279 111 7 3 8 7 6 5 410 13 9 45 737 17¢
2688 C 12 5 4 3 4 7 3 2 911 5 67 68 68
2678 1 9 15 13 7 13 16 6 < 28 29 15 1C4 111 92
2652 1 € 8 1C 9 1012 3 4 18 22 7 172 83 80
3607 1 9 13 8 512 13 5 6 21 25 11 SC €6 SC
3605 112 8 91C 5 6 7 7 17 11 14 94 85 179
3600 0 11 9 10 10 11 11 12z 10 19 22 22 &C 70 17z
3594 ¢ €& 7 6 7 1110 5 15 13 21 20 86 96 85
3587 1 9 8 13 11 13 14 8 1z 21 27 20 S7 €8 1C¢
3661 113 S €& 7 9 4 9 6 17 13 15 80 88 173
3660 0 10 10 13 9 12 10 9 € 23 22 17 1C6 1C1 €¢
3656 1 9 6 11 € 11 11 10 € 17 22 18 78 €0 88
36411 9 9 5 7 1112 6 7 14 23 13 78 €2 77
3625 0 10 10 € 9 15 8 S 17 18 23 26 104 92 88
3624 0 9 9 8 11 8 7 5 1117 15 16 1C7 1C5 10C
3611 0 8 1111 9 5 9 7 14 22 14 21 103 101 99
3681 1 14 8 7 8 9 12 9 € 15 21 17 87 €4 173
3680 113 8 7 7 8 7 6 515 15 11 94 &4 80
3673 1 8 9 14 8 16 12 7 7 232 28 14 74 €8 6C
3483 1 9 10 11 12 14 16 7 € 21 30 13 86 S2 100
3421 0 9 13 11 5 5 8 8 7 24 13 15 90 €8 &C
3820 0 13 9 8 1C 11 10 11 11 17 21 22 103 103 80
3392 1 9 1 2 2 5 8 2 & 313 7 15 173 ¢€¢
33911 9 7 8 8 7 9 8 €15 16 14 78 179 84
33901 9 1 4 3101 3 & &5 21 8 69 175 7€
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3457 1 9 10 8 12 16 12 8 10 18 28 18 73 17 9¢C
3458 1 13 € 2 71212 5 8 9 24 13 77 65 173
3168 0 13 6 5 7 5 5 6 7 11 10 13 9C 75 3
31€E C S 8 11 12 10 10 7 11 19 20 18 118 115 99
3166 0 9 14 11 12 13 12 10 1C 25 25 20 115 1€7 ¢¢
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3129 1 14 1 4 4 6 9 2 € 5 15 & 76 €9 €€
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2818 1 14 5 5 3 1 2 3 £ 1C 3 8 74 76 =S
26121 9 812 9 6 11 8 10 20 17 18 102 96 102
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Appendix E

REGRESSION TABLES-SAMELE 2



Total Sample (N=309):

Step 1:

Step 2:

Table E1

and Memory Dimensions

Multiple R .SE14
R Square .3381
Adjusted R Square «33E59

F=156.€81, 1, 307 df, p<.001

Variables in the Equaticn

—— i ——— i ————

Variable E Eeta
Verkal 1.30 -5 E
Multiple R «€130
R Square .3758
Adjusted R Square .3717

F=92.14, 2,306 df, p<.0C1

Variakles in the Egquaticn

- ———

Verbal 1.08 <UE
Memcry «€2 21

WRAT A by Verbal, Spatial
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Tctal Sample (N=315):

Table E2

and Memory Dimensions

WISC-E A by Verbal, Spatial

Step 1: Multiple R .6143
R Square <3774
Adjusted R Square .37E4
F=1€9.78, 1, 313 df, p<.001
Variables in the Equaticn
Variable E Eeta
Verktal .29 &3
Step 2: Multiple R «6€55
R Square .HESI
Adjusted R Square .4EBS
F=138.32, 2,312 df, p<.C01
Variables in the Eguaticn
Variable B Be ta
Verkal 22 .45
Memory .21 .34
Step 3: Multiple R «7138
R Square «5C56
Adjusted R Square .5C49

F=1C€7.73, 1, 3

11 df, p<.C01

Variables in the Equaticn

Verkal
Memcry
Spatial

- —— -

B Eeta
. 161 .34
.19 w31
.11 «23
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Step 1:

Step 2:

Table E3

Males Cnly (N=211): WRAT A Ly Verkal, Spatial

and Memory Dimensicns (N=211)

Multiple R

R Square

Adjusted R Square

F= 95.77, 1, 209 d4f,

«5€05
«3142
«31C9
p<.001

Variakles in the Egquaticn

—— -

Variakle B Beta
Vertal 1.26 «56
Multiple R .5%68

R Square «3562
Adjusted R Square «3%500
F=57.56, 2,208 df, p<.001
Variakles in the Equaticn
Variable B Be ta
Verkal 1.C4 <46

Memory .71 22
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Step 1:

Step 2:

Step 3:

Males Cnly (N=215):

Takle E4

WISC-F R Lty Verkal,
Spatial and Memory Dimensicns

Multiple R « 5639
E Square .3180
Adjusted R Square «3148
F= 99.32, 1, 213 df, p<.C01

Variables in the Eguaticn

Variable B Beta
Verkal «27 .56
Multiple R L6494

R Square 4217
Adjusted K Square .41€3
F=77.31, 2,212 df, p<.CC1
Variables in the Equaticn
Variable B Be ta
Verkal .20 41
Memory .24 35
Multiple R .6683

R Square 4466
Adjusted R Square .4388

F= 56.77, 3, 211 df, p<.001

Variakles in the Equaticn

Variakle B Eeta
Verktal .16 «33
Memcry w23 «33
Spatial .C8 « 17
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Females Only (N=98):

Step 1:

Step 2:

Table EE

and Memory Dimensions

WRAT A by Verkal, Spatial

Multiple R «E156
R Square «3€39
Adjusted R Square « 3775
F= 59.83, 1, 96 df, p<.001

Variables in the Equaticn

—— i ——

-—— -

Variable B Eeta
Verbal 1.43 «61
Multiple R <6441

R Square .4148
Adjusted R Square .4C25
F=33.67, 2, 95 df, p<.0C1
Variables in the Equaticn
Variable E Eeta
Verbal Ta12 .48

Spatial 56 22

191



Step 1:

Step 2:

Step 3:

Table E6

Females Only (N=100):

WISC-R A by Verkbal,

Spatial and Memory LCimensicns

Multiple R

R Square

Adjusted EK Square

F= 91.93, 1, S8 df,

« 6557
<U4EU0
. 4787
E<.001

Variables in the Equaticn

Variable B Eeta
Memory «33 .69
Multirle R «7822

Rk Square .6118
Adjusted R Square . €038
F=76.45, 2, 97 d4df, p<.00C1
Variables in the Equaticn
Variable B Eeta
Memory +21 U4
Verkal +«19 43
Multiple R « 8C75

R Square «6521
Adjusted E Square «EU412

F= 59.98, 3, 96 df, p<.C01

- —— -

Variakle B Eeta
Memcry «17 .36
Verkbal .14 <32

Spatial «12 .26
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Step 1:

Step 2:

Table E7

Males € and 9 years (N=85):

WRAT A by Verbal,

Spatial and Memory Dimensicns

Multigple R « 5127
R Square .3280
Adjusted R Square «3199
F= 40.%51, 1, 83 df, p<.C01

Variables in the Equaticn

—— e — i ——

Variable E Eeta
Verkal 1.07 57
Multiple R .6515

R Square ~UzZ4U5
Adjusted R Square .4105
F=30.24, 2, 82 df, p<.001
Variakles in the Equaticn
Variable B Be ta
Verkal .74 «39
Memory «95 w33
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Males 8 and 9 years (N=86):

Step 1:

Table ES8

WISC-R A by Verkel,
Spatial and Memory Dimencsicns

Multiple R .5ESU
R Square . 3474
Adjusted R Square .3396

F= 44,72, 1, 84 df, p<.001

Variakles in the Egquaticn

- e Em e e WS e W m -

Variable Beta
Verkal «31 «58
Multiple R .EUEY

R Square 4179
Adjusted E Square .4C39
F=29.79, 2, 83 d4df, p<.0C1
Variakles in the Eguaticn
Variakle B Be ta
Verkal «23 .43

Memory «23 3
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Table E9

Males 10 and 11 years (N=59): WISC-R A Lty Vertal,
Spatial and Memory Dimensicns

Step 1: Multiple R «4E26
R Square 2329
Adjusted R Square .2194
F= 17.30, 1, 57 df, p<.001
Variables in the Equaticn
Variable B Eeta
Verktal 1.1C .U8
Step 2: Multiple R +2430
R Square .2548
Adjusted R Square . 2€97
F=11.70, 2, 56 df, p<.CC1
Variables in the Equaticn
Variable E Eeta
Verbal .86 © w38

Spatial «65 «26
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ce begin Males 10 and 11 years
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Table E10

Spatial and Memory Dimensions

Step 1:

Step 2:

Step 3:

Multiple R

R Square

Adjusted R Square

F= 28.34, 1, 57 4f,

(N=56) :

WISC-R A by Vertal,

« 5763
.3321
.3204
F<.001

Variables in the Equaticn

—— i ——

Variable E Eeta
Verbal 27 « 57
Multiple R «E383

E Square L0474
Adjusted R Square .3E€2
F=19.25, 2, 56 df, p<.001
Variakles in the Equaticn
Variable B Be ta
Verkal «22 U6
Spatial + 15 «29
Multiple R .6860

R Square 4707
Adjusted R Square 4418

F= 16.30, 3, 55 df, p<.C01
Variakles in the Equaticn
Variakle B Eeta
Verkal .16 .34
Spatial .16 #31
Memcry +18 27



Step 1:

Step 2:

Table E11

Males 12, 13 and 14 years (N=67):

Verbal, Spatial and Memcry

Dimensions
Multiple R <5157
R Square + 2659

Adjusted R Square 2546
F= 23.55, 1, 65 df, p<.C01

Variables in the Eguaticn

-

WRAT A by

Variable B Eeta
Verkal 1.10 65
Multiple R .5€04
R Square .3368

Adjusted R Square .3 161
F=16.25, 2, 64 df, p<.001

Variatles in the Equaticn

——— i ——— -

Variable E Feta
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Step 1:

Step 2:

Table E12

Males 1z, 13 and 14 years (N=70):

RISC-EK A& by

Verbal, Spatial and Memory Limensicns

Multiple K 6299
R Square .4CS5
Adjusted K Square .4Cc8

F= 47.17, 1, €8 df, p<.001

Variables in the Equaticn

- —— = -

Variable B Ecta
Memory w37 .€3
Multiple R « 7131
R Square «5085
Adjusted R Square .4¢38

F=34.66, 2, 67 df, p<.0C1

Variakles in the Egquaticrnh

- — e ———

Memcry .3C e

Verkal .15 $33
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Appendix F

HANQVA TABLES-SAMPLE 2
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Takle F1

Total Sample (N=306): Grcups ky Cognitive Dimensions

Multivariate Test

Effect Test Name Value Approx F Hypcth 4f Errcr df E

Group Wilks o D2 38.08 € 602 <.0C1

Univariate F-Tests (2,303 4f)

Variable Hypoth SS Error SS Hypcth MS Errcr MS F E
Verbal 32E5€.10 €852.84 1629.05 22.61 1202 <.001
Spatial 2212.40 8065.82 1106.20 26.61 41.55 <.001
Memory 2003.16 4248.88 1001.58 14.02 71.42 <.0C1
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Table F2

Total Sample: WISC-R A-;WRAT A- (N=71) VS.
WISC-R A+;WRAT A+ (N=¢€9) cn Ccgnitive

Dimensicns
Multivariate Test
Effect Test Name Value Approx F Hypcth df Errcr 4f p
Group Wilks .36 T7S.44 3 136 <.001

Univariate F-Tests (2,138 d4f)
Variable Hypoth SS Errcr SS Hypcth ES Erxcr MS F

\ O

Verbal 3205.30 3488.u48 3205.30 25.27 126.79 <.C01
Spatial 18€0.z1 3890.20 1€€0.21 28.18 65.98 <. (€01
Memory 1832.71 1919.02 1832.71 13.90 131.79 <.C01

- e = . e e A A MR A M A A S e e =
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Takle F3

Total Sample: WISC-R 2-;WRAT R2- (N=71) VS.
WISC-R A+;WRAT A- (N=166) cn Ccgnitive

Dimensions
Multivariate Test
Effect Test Name Value Approx F Hypcth df Error df p
Group  Wilks .62 47.26 5 233 <.001
Univariate F-Tests (2,235 df)
Variable Hypoth SS Errcr SS Hypcth ES Errcr MS F p
Verbal | 1532.26 5003.54  1532.26  21.29  71.6 <.001

Spatial 1€42.,42 €4S8.49 1642.42 27.65 59.39 <.CC1
Memory 1275.73 Z423.41 1275.73 14.56 87.57 <.001

- W R W S WS R E Mm e e A W AN AR R S s S
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Table FU4

Total Sample: WISC-R R+;WRAT A- (N=166) VS.
WISC-R A+;WRAT A+ (N=6%) cn Ccgnitive

Dimensions
Multivariate Test
Effect Test Name Value Approx F Hypcth df Errcr af p
Group Wilks .E3 1542 3 231 <.001

Univariate F-Tests (2,233 d4df)

Variable Hypctk SS Errcr SS Hypcth MS Erzrcr MS F P
Verbal 787.62 5213.66 787.62 22.37 35.19 <.CC1
Spatial 116.22 £742,95 116.22 24.64 4,71 <.Cz1
Memory 229.9% 3155.33 229.95 13.54 16.98 <.001

e i e e iy S ——
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Table F5

Males Cnly (N=209): Groups Lty Cognitive Dimensicns

Multivariate Tecst

Effect Test Name Value Approx F Hypcth df Error 4f p
Growp  Wilks .58  20.711 6 408  <.001
Univariate F-Tests (2,206 d4f)

Variable Hypoth SS Errcr SS Hypcth FS Errcr MS F p
Verbal  1921.06 4867.12  960.53  23.62 40,65 <.CC1

Spatial 919.19 £74C.99 459.59 27.86 16. 49 <. CC1
Memory 980.¢C 2518.C(C9 490.45 12.22 40.12 <.001

- — - D W e S WD D R —— -
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Table FE€

Males Cnly: WISC-R A-;WRAT A- (N=38) VS.
WISC-R A+;WEKAT A+ (N=45) cn Ccgnitive

Dimensicns
Multivariate Test
Effect Test Name Value Approx F Hypcth 6f Errcr df E
Group Wilks +39 40.06 3 79 <.001

Univariate F-Tests (2, 81 df)
Variable Hypoth SS Erroxr SS Hypoth MS Errcr MS F E

Verbal 1920.05 2215. €1 1920.C5 27.35 70.18 <.001
Spatial 864.82 2605.56 86U.82 3z2.16 26 .88 <.001
Memory 920.97 1042.59 920.¢7 12.€7 7185 L0601

S S S ——— e e e i e
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Table F7

Males Only: WISC-R A-;WRAT A- (N=38) VS.
WISC-E A+;WEAT A- (N=126) cn Cognitive

Dimensicns
Multivariate Test
Effect Test Name Value RApprox F Hypcth df Errcr 4f E
croup Wilks .68  20.26 3 160  <.001
Univariate F-Tests (z,162 d4f)
Variable Hypoth SS Error SS Hypcth MS Error MS F E
Verbal  756.95 3560.14  756.95  21.97  34.44 <.0071

Spatial 605.77 4614.19 650.77 2€.48 21.26 <.001
Memory 650.22 1964.89 650.22 12.12 £3.€6C <.0C1

—————————————————————— i —— i —— S -
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Table F8

Males Only: WISC-R A+;WRAT A- (N=126) VS.
WISC-R A+ ;WEAT A+ (N=45) on Ccgnitive

Dimensicns
Multivariate Test
Effect Test Name Value Approx F Hypcth df Error df E
Group Wilks .82 1158 3 167 <.0C1

Univariate F-Tests (2,169 d4f)

Variable Hypoth SS Error SS Hypoth KS Errcr MS F £
Verbal €90.04 39E8.27 6SC.C4 23.42 29.46 <.001
Spatial 122.71 4262.22 122.71 28.22 4.86 <.029
Memory 128.24 2028.70 128.24 12.0C 1C.6€ <.CC1
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Table FS

Females Only (N=$7): Groups by Ccgnitive Dimensions

Multivariate Test

Effect Test Name Value Approx F Hypcth df Error d4f I

—— - ——— . - ——— e ——

Group Wilks .43 16.01 € 184 <.0G1

Univariate F-Tests (2, 94 df)

Variable Hypoth SS Error SS Hypcth MS Errcr MS F E
Verbal 11€9.S7 1847.96 594.98 19.65 30.26 <.001
Spatial 931.94 1642.22 465. <7 17.47 26.67 <.001
Memory 1208.65 1475.40 604.32 15.€9 38.5C <.CC1

RN P S ———————————— e e e e et e e i i
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Table F1C

Females Cnly: WISC-R A-;WRAT A- (N=33) VS.
WISC-R A+;WRAT A+ (N=24) cn Ccgnitive

Dimensions
Multivariate Test
Effect Test Name Value Apprcx F Hypcth df Error 4df p
Group  Wilks .29  41.38 3 53 <.001
Univariate F-Tests (2, 55 df)
Variable Hypoth SS Errcr SS Hypcth MS Errcr MS F p
Verbal  1106.60 1160.06 1106.60  21.09  52.4€ <.0C1

Spatial 772.13 848.84 772.13 15.43 £0.02z <.CC1
Memory c88.74 793480 S8€.74 14.42 68.53 <.001
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Table F11

Females Only: WISC-RK R-;WRAT A- (N=33) VS.
WISC-R A+;WRAT A- (N=40) cn Ccgnitive

Dimensions
Multivariate Test
Effect Test Name Value Approx F Hypcth df Errcr d4f P
Group Wilks 23 19.73 3 69 <.001

Univariate F-Tests (2, 71 df)

Variable Hypoth SS Errcr SS Hypcth MS Errcr MS F p
Verbal 575.37 1380.62 575.37 19.44 29.58 <.CC1
Spatial £97.C5 1348.89 597.05 18.99 31.42 <. CC1
Memory 79C.19 1281.77 79€.19 18.05 43.77 <.001

- e A A S A M e S
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Table F12

Females Cnly: WISC-R RA+4;WRAT R- (N=40) VsS.
WISC-R A+;WRAT A+ (N=24) cn Ccgnitive

Dimensions
Multivariate Test
Effect Test Name Value Aprrox F Hypcth df Error df P
Group Wilks +85 3.42 3 60 <.001
Univariate F-Tests (1, 62 d4f)
Variable Hypotk SS Errcr SS Hypcth ¥S Erzcr MS F p
Verbal 161.70 1155.23 161.70 1€.63 €.67 <.C01
Spatial 43.77 1C€6.7C 43.77 17.52 2.49 <.119

Memory 49.9E 875.52 4S.S5 14.12 3.53 <.065
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Appendix G

ARITHHETIC GRADE SCORES



Table G1
Cktained Score on the WISC-R R (scaled scorses),
WRAT and KDAT (grade scores) and Expected Grade

Scores for Eighteen Cases

Subject Number

Test 1 2 3 4 £ 6 7 €
WISC-R A 6 4 6 6 £ g 6 5
WRAT A S5ed 349 37 349 8.3 2.7 3.5 2.7
KDAT

-Numeraticn 3.l 1.7 1.6 U4.C 4.2 1.7 2.0 2.8

-Gecmetry and
Symbcls 3.8 3.0 3.2 3.0 3.5 Z.6 3.4 2.6
-Additicn 6.4 4.0 1.8 4.7 4.4 2.0 2.6 2.8
-Subtraction 4.2 3.2 2.6 5.5 4.7 1.4 2.0 2.C
-Multigplicaticn £.0 3.8 2.C 5.C 5.6 3.0 2.6 2.0
3.4

-Word Problenms 302 2.5 17 2.8 3.2 3.0 3.0
WRAT Reading 6
WRAT Spelling 3.6 2ol 3uaE 3a6 3G 3.C 361 4.3

Expected Grade 8:9 7.9 5.9 7.9 €49 B.9 6.9 6.9

————————————————————————————————————— ——————————————
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Table G1 continued

Subject Numbex

Test g 10 11 12 13 14 15 16 17 18
WISC-R A 9 8 7 7 7 11 7 12 13 11
WRAT A 3:9 4.9 3.7 BT 3.5 B8 4,5 4.1 75 T
KDAT
-Numeraticn 4.4 2.5 2,8 2.5 2,6 £.3 3.5 3.5 42 53
-Geometry and
Symbols 3.0 1.8 3.2 3.2 2.€ 5.0 3.2 2.6 6.4 8.4
-Additicn 4.2 4,2 2.0 3.5 3.5 4.7 3.5 £.C £.,0 E.4
-Subtraction E.6 5.6 2.8 2.C 1.4 8.4 5.0 3.5 5.6 8.4

-Multipication Bs3 0.0 2.6 5.3 2.1 .6 4,0 3.0 €.0 6.€
-Word Protlems 8.4 3.8 2.8 8.4 3.0 3.4 3.2 3.2 €.4 ¢€.4

WRAT Reading 4.¢ 4.6 3.4 7.7 7.7

S}
.
o
W
L]
o
r—
.
—
=
.
o
F—
.
-

WRAT Spelling 3.0 2.9 2.8 3.7 2.9 3.9 4.1 4.1 £.9 6.¢

Expected Grade 8.9 6.9 4.9 6.9 4.9 5.9 5.9 5.9 6.9 €.9
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Aprpendix H

QUALITATIVE ANALYSIS CF EEEORS



Table H1

Scoring Criteria for Types cf Errors Made
in Calculaticn of Whcle Numbers cn the KDAT

Ezror Iyres

1.

2.

10.

Note:

Basic Fact: Error in ccmbining numkers
(eeg., 24#3=7; 3x5=17)

Inccrrect Carry/Borrow: error may include
neglecting to ccmbine carried/bcrrcued
number with appropriate column, carryingy
borrowing inccrrect number, ccmbining
carried/korrowed number with incorrect
column

No Concept of Carry/Borrow: error may
include neglecting tc carry ¢r borrcw
(e.9., 66+4=610; in subktraction, may
suktract tcp number frcm bcttcn

(e.g., 370-82=312) or may appear as
additicn (€.9., 500-94=594)

Inccrrect Operation: error is cbviously
in cperaticn, otherwise soluticn is
correct (€.g9., 8-2=10)

Neglect § cr decimal: no $ or decimal
included in scluticn when necessary
Misalignment: error in aligning rows

and cclumns for scluticn

Bizarre error: unique soluticn nct
readily acccunted fcr by cther tygpes

of error; may include changing cperaticns
for each cclumn

Prcblems Not R2ttmepted: numler cf problems
not attempted by child (Additicn tctal=9)
(Subtraction total=9), (Multiplication
tctal=8)

Inccmplete solution: Solution tc problem
was atempted kut not completed

Additicn error in Multiplicaticn: error
occurred in addition of columns to attain
final scluticn

Error types are not mutually exclusive
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Table H2

Cualitative Analysis cf Ezrrors

Type of Error Made In
Calculaticn 1

————— - —

-basic fact

-incorrect carry

-no ccncept cf carry
-incorrect operation
-neglect $ cr decimal 1
-misalignment

-bizarre errcr

-problems not attempted

e — S S R W M  ———— -

- ——— -

-basic fact 1
-incorrect borrow 2
-no ccncept cf bcrrow
-incorrect cperaton
-neglect $ cr decimal
-misalignment

-bizarre errcr

-problems nct attempted

M ———

Multiplication

-basic fact 1
-incorrect carry

-no ccncept cf carry
-incorrect operation
-neglect $§ cr decimal 1
-misalignment

-bizarre errcr

-problems nct attempted 3
-soluticn inccmplete
-addition error

. R W S e S e S WS W S M W S S S N D D N N WS S WS e -

Subject Number

-

L

3

4

5

6

w BN =
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Table H2 ccntinued

Type of Error Made In Sukject Numker
Calculaticn 9 10 11 12 1z 14 15 16 17 1¢&
Addition

-basic fact 1

-incorrect carry 1 2 1 1 1

-no ccncept cf carry
-incorrect cperaticn
-neglect $§ or decimal
-misalignment
-bizarre error 1
-proklems nct attempted 1

N
-
[ 8]
-
-
-

-basic fact

-incorrect Lorrcw 2 1 1 1 2
-no concept cf borrow 4 5 4
-incorrect cperaticn 1
-neglect $ cor decimal 1 1 2 1
-misalignment

-bizarre error 1 1 1

-proklems nct attempted 2

- ——— W W e e R M m e e e S M M WR e R R N R MR W e W W A W W M AR W M e -

- —— -

-basic fact 1 2 2
-incorrect carry 2 2 1
-no concept cf carry 2
-incorrect cperaticn 1
-neglect $ or decimal 1 1 1
-misalignmernt

-bizarre error 1 1
-proklems nct attempted 5 3 1 5
-solution incomplete 2

-addition errcr

W —— - W S W S e ——— i ———— i ——

[ %]
—

=Y
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Appendix I

SUHBAEY OF COGNITIVE ABILITIES
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Table I1

Scoring criteria for Cognitive Measures

WISC-R subtests - Similarities (SIM),
Vccabulary (VCCAB), Block Lesign (EL),
Object Assemkly (OA), Ccding (CCD),
Digit Span (DS), Ficture Arrangement (PA)

S

Scaled Score Code

19 = %3
18,17,16 = +2
15,114,123 = +1
12,11 = +
10 = X
¢,8 = =
7:6,5 = =1
4,32 = =2
1 = =3

Auditory TCiscrimination Test (2ud. Ciscrim.)

Errcrs Code
0-3 = +
4-5 = -
6-7 = -1
8-9 = -2

Subtests cf the Illincis Test cf Esycholcinguistic
Abilities (ITER) - RAuditory Association (Aud.Asscc.),
Visual Asscciatcn (Vis. Assoc.), Visual Segquential
Memcry (VSM) and the Hiskey-Nebraska Test cf Iearning
Aptitude (HNTLA) - Spatial Keascning (Sp. Reas.)

-

Age Equivalent Code
age +4.0-6.C yrs. = +2
age +2.0-3.9 yrs. = +1
age +.7-1.9 yrs. = +
age + or - .6 = X
age —-.7- -1.9 yrs. = =
age =-2.0- -3.9 yrs.= -]
age -4,0- -6.0 yrs.= -

Benton Visual Retention Test (EVRT)

———— . —

Ncrmal EKange = +
Belecw Ncrmezl Range = -
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Other Tests - Ccntrclled Wcrd Asscciation
Test (CHAT), Emkedded Figures Test (EFT),
Right-Left Orientaticn Test (R-1),
Cclcoured Progressive Matrices (CEMN),

Rey Auditory Verbal Learning Test (RAVLT),
Sentence Repetiticon Test (Sen Eep.)

Token Test for Children

—— . ————————————————— i ——— = -

Percentile Ccde
99.9 = +3
98 = +2
84 = +1
50 = X
16 = -1
2 = -2
1 = =3



Table I2
Summary of Ccgnitive Abilities fcr Cases

Subject Numker
Verbal-Auditcry 1 2 3 4 £ 6 & 8

- - - e e e e e mm e e = m ww w w w w——

SIM(WISC-R) -1 -1 =1 =1 + - - -1
Vccab (RISC-R) -1 = =g o= =1 =F + X
Token Test fcr
Children + X - - - - +1 X

Aud. Discrim. + =2 + =7 - + + +
CHWAT -1 -1 -3 s e -
Aud. Assoc.

(ITPA) =2 =1 =1 =1
Visual-Spatial
BD (WISC -R) . - -1 + + +1 =3 +1
OA (WISC-R) +1 - -1 + 4 + -1 42
Sp. Reas.

(HNTIA) -2 x -1 +z -1 =z =2 +
PA(WISC-R) + X
EFT + -1 X
R-L - 42 - p=
CEM + X . + X + -1 +
Vis. Assoc.

(ITER) + =¥ 4§
Memory
Cod (WISC-R) -1 -3 =1 X - X -1 =
BVRT + - - + + + - +
VSM (ITPA) -1 =2 -2 =2
DS (WISC-R) -2 =3 =2 -2 - = =2 -
RAVLT - -1 -1 -1 - -1 =3 -3

Sen. Rerg. -1 -1 B -1 -3 -1 - -

—————————————
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Verbal~Ruditory

- —— -

SIM (WISC-R)

Vocab (WISC-R)

Token Test for
Children

Aud. Discrinm.

CWAT

Aud. Assoc.

(ITPR3)

Table I2 Continued

Subject Numker

15

223

- — D

i —— i —————————— =

BD (WISC -F)

OA(WISC-R)

Sp. Reas.
(HNTLA)

PA (WISC-R)

EFT

R-L

CPM

Vis. Assoc.
(ITPA)

+1
+2

+2

+2
+3

+2

+2
+2

+1
+1

g —— L

Cod (WISC-R)
BVRT

VSM (ITPR)
DS (WISC-R)
RAVLT
Sen.

12 13 14
-1 x +1
+ -1 +
+3 =1 -
+
+ - +

+
- + +1
+3 -1 +1
b - +1
+1
- +
wei]
- =1 -
+ + +
-1 -
- =2 =1
- x =3

e —— e e e S e S W R e R MR R G R MR R R G MR MR W M AR M R e W M M A R e e S A s



224

Appendix J

EERCES OB INFOEMAL ARITEMETIC TASKS



Frrors (e) on Informal Arithmetic Tasks

Informal
Assessment
Tasks

Writing Numbers

(Items=15)

-number reversal

-order reversal

-number struc-

ture

Reading Numkers

(Items=18)

-number struc-

ture

-orientaticn

Number Eelaticns

(Items=5)

(larger,smaller)

Place Value
Concepts

(Item=9)

Number
Sequence
(Items=10)

Skip Ccunting
-2s (Items=10)
-5s (Items-~10)
-10s (Items=10)
-3s (Items=10)
-backwards 3s
(Items=¢€)

WISC-R A
(scaled score)
with pencil
and paper

Oe
Oe

1e

Oe
Oe

Oe

Oe

Oe
Oe
Oe
Oe

Oe
1e

2€

1e
3e

Oe

Te

3e

Le
2e
Oe
3e

NA

Table J1

for Cases

Subject Number

Qe
Oe

Oe

Oe
Oe

Ce

S5e

Se

Qe
Ce
Oe

-~

e

NA

Oe
Oe

Oe

Qe
Qe

e

Le

Ce

Ce
Ce
Oe
Ce

Oe

Oe
Ce

Ce

Oe

1e

Oe
Qe
Oe
2¢e

2e

Ce
Oe

Oe

Oe
Ce

Oe

1e

1e

be
Qe
Ce
3e

NA

Oe
1e

1e

Ce
Oe

Ce

1e

8e

Oe
Ce
2e

Oe
Ce

Oe

Oe
Qe

Oe

e

-~

Ze
Oe
Oe
1e

NA
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Informal
Acssessment
Tasks

Writing Numkers

(Items=15)

-number reversal

-order reversal

-number struc-

ture

Reading Numbers

(Items=18)

-number struc-

ture

-orientaticn

Number Relaticns
(Items=5)

(Larger,smaller)

Place Value
Concepts

(Item=9)

Number
Sequence
(Items=10)

Skip Ccunting
-2s (Items=10)
-5s (Items=-10)
-10s (Items=10)
-3s (Items=10)
-kackwards 3s
(Items=6)

WISC-R 2
(scaled score)
with pencil
and paper

Oe
Oe

Oe

Oe
Qe

€e

Oe

Oe
Oe
Oe
Oe

Table J1 Continued

Oe

Oe

2e

Oe
Oe
Ce
3e

he

Subject Numker

Oe

2e

Oe
1e

Ce

2e

1e

Ce
0=
Oe
1e

2¢
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