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ABSTRACT

The ACID pattern on the WISC consists of depressed scores on the Arithme-
tic, Coding, Information, and Digit Span subtests relative to the remaining
WISC subtests. This pattern tends to have associated with it a very poor prog-
nosis with respect to academic achievement (Ackerman, Dykman, & Peters, 1976).
Clinical experience and the available literature suggests that learning dis-
abled (LD) children who exhibit the ACID pattern are a heferogeneous population
with respect to their adaptive ability structures. The purpose of the bresent
study was to determine whether this heterogeneity could be demonstrated object-
ively by an automatic multidimensional classification procedure.

A total of 362 children (181 LD children who exhibited the ACID pattern
and 181 individually matched LD controls who did not exhibit the ACID pattern),
divided into 2 age-based samb]es (6 — 8 years and 9 — 14 years) were selected
for the present study. The subjects were screened for evidence of primary
emotional disturbance, mental retardation, sensory acuity defects, and cultural,
linguistic, or instructional deprivation. A1l subjects had reéeived an exten-
sive battény of neuropsychological tests designed to measure various sensory-
perceptual, psychomotor, linguistic, and higher order cognitive abilities and
were judged by at least two experienced clinical neuropsychologists to be ex-
periencing a central information processing deficiency.

The following procedures were carried out separately for each of the two
age-based samples. Test scores for each subject were converted to age norms.
The data sets were reduced through principal components analysis with orthogon-
al rotation to varimax criterion. Data matrices consisting df (a) factor
scores, (b) T scores on variables with the highest factor loadings, and (c) a
subset of the factor scores were created. Four learning disabled children with

the ACID patfern (LD-ACID) in each age sample were considered to be outliers
ii
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and were dropped, along with their matched controls, from further consideration.
The factor score data matrices for the LD-ACID children were subjected to group
average, centroid sorting, and iterative relocation cluster analyses in order to
ensure that the derived subtypes were replicable across different clustering
techniques. Centroid sorting with iterative relocation was considered to produce
the best solutions and was therefore applied to the other data matrices to assess
the stability of the derived classifications across different data sets. Finally,

~ the factor score data matrices for the LD-ACID children and their matched con-
trols were combined and subjected to centroid sorting analysis with iterative re-
location to assess the stability of the LD-ACID classifications when more sub-
jects were added to the data sets.

Four typés of LD-ACID chi]drén were extracted from each of the two age-
based samples. Significant differences were found between the LD-ACID and con-
trol groups on some of the subtests of the Wide Range Achievement Test. No
significant intercluster differences in terms of level of performance, however,
were found on the WRAT subtests. Visual intercomparisons of the mean factor
score profiles for the four subtypes at each age level indicated that the clust-
ers were qualitatively well-differentiated by their factor score patterns.

The derived subtypes are described and related to other subtypes or grdups
of LD-ACID children reported in the literature. Two subtypes at each level were -
found to be quite reliable; there were sufficient similarities between the re-
liable subtypes at the two age levels to suggest that the ability profiles of
the young LD-ACID types may not change dramatically with age. " One pair of
younger/older subtypes were characterized by deficits in sequential processing.
The other pair of reliable subtypes apbeared to have difficulties on tasks in-
volving facility with, and possibly "revisualization" of, numeric or language
symbols. The implications of this study with respect to the significance of the

ACID pattern and the subtyping of learning disabled children are presented.

i
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CHAPTER 1

INTRODUCTION

A review of the recently burgeoning clinical and empirical literature
concerned with subtypes of learning disabled (LD) chi]dren suggests strongly
that LD children are a heterogeneous group with respect to their academic
difficulties and their adaptive ability structures. ~LD subtypeé have been
defined on the basis of (1) etiology, (2) performance on neuropsychological
and psychological measures, and (3) patterns and qualities of academic
performance. A brief overﬁiew of this literature, followed by a review of
the various profiles commonly obtained by LD children on the Wechsler
Intelligence Scales, is presented in this chapter. First, however,.defini-
tions and a discussion of some basic assumptions are in order.

Definitions and assumptions. A multiplicity of factors can influence

adversely, either separately or in an interactional way, a child's ability
»

to master age-appropriate tasks within the academic and/or extra-academic

spheres. These factors define the different general subgroups of the very

heterogeneous group of all learning disordered children (i.e., children who

are experiencing difficulties learning relative to 'normal' age peers).
Each of these subgroups in turn is surely a composite of children with vastly
different psychological and physiological characteristics.

An obvious subgroup includes those children whose learning is impaired
as the result of a pronounced sensory defect, as in the casé of extremely
poor visual or auditory input organization or acuity (Seiderman, 1979; Cox &
Edelin, 1978). Children with frank brain damage compose another subgroup of

learning disordered children (Birch, 1964; Boll, 1974; Haywood, 1968; Reed,

]
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Reitan, & Klove, 1965; Reitan, 1966, 1974). A generalized inability to learn
at a normal rate, as is characteristic of the mentally retarded, characterizes
another readily identifiable subgroup of learning disordered children (Leland,
1978). Yet another subgroup is made up of those children with psychological
or emotional 'blocks' to learning (Abrams; 1971; Blanchard, 1946; Faulkes &
Abrams, 1979; Kessler, 1966; Pearson & English, 1952). Children who have not
had either sufficient schooling or a high standard of education compose another
§ubgroup of learning disordered children; children with physical illnesses
which make regular school atténdance imposéib]é of children from poverty-stricken
environments would be included here. Children who have been provided with
adequate educational opportunities, but who do not learn because of cultural
factors (e.g., inadequate preparation for school, linguistic/cultural depriva-
tion, or role models who place a low priority on education) would form a
further subgroup of learning disordered children.

The éxc1usion of the aforementioned factors as primary in the genesis of
problems in learning is often used to define another heterogeneous subgroup
of learning disdrdered. children, viz., those children who are said to be

exhibiting some form of learning disability (Critchley, 1970; Kirk & Béteman,

1962; McCarthy & McCarthy, 1969). There has been considerable criticism
recently of "exclusionary definitions" of learning disabilities in general
and of "dyslexia" in particular. These criticisms have focused on the cir-
cularity and the ambiguity of these definitions (Ross, 1976; Rutter, 1978)
and the unproven meaningfulness of the concepts defined by exclusionary
criteria (Satz & Morris, 1980). The definition utilized herein extends the
above definition through the addition of an 'inclusionary' clause specifying
the underlying primary etiology of the learning problem.

Rourke (1975, 1978a, 1981) has reviewed a research programme which sup-
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ports the hypothesis that the functional integrity of the cerebral hemispheres
is compromised in a subgroup of learning disordered children for whom the
above factors have been judged to be either noncontributory or secondary to
the learning problem. Other authors (e.g., see Benton, 1975; Johnson &
Myklebust, 1967; Knights & Bakker, 19763 Rabinovitch, 1967; Rejtan, 1966;
Silver, 1976) have also described learning disordered children with centrally
determined learning problems. As has been suggested repeatedly in the
writings of Rourke-and-his-associates -(Rourke, 1975, 1976a;1978a{1980, 1981;
Rourke & Gates, 195&; Rourke;“yanni,vﬁaébonéld;w&'Yaung, 1973);the exc]dsion
of sensory deprivation, mental retardation, frank brain damage, emotional
disturbance, and instructional or cultural factors is a necessary but not

sufficient condition for defining a 1eafning disability. The demonstration,

through well validated inferential means (see Rourke, 1976b,]980, for a
description of a particularly heuristic and clinically useful approach to

this problem), that a child is experiencing a marked difficulty in'integrating,
organizing, or synthesizing information as the result of some type of cerebral

dysfunction, and the above exclusionary criteria, serve to define the term

‘learning disability and LD children as used herein. Although this means of
defining LD is, in part, exclusionary in that it is based on ruling out a
number of factors which could result in impaired learning ability, it relies
heavily on the demonstrated presence of central information processing defi-
ciencies. As a result, this definition of learning disability is both unambi-
guous and noncircular.

The currently widening Zeitgeist which accepts the neurobehavioural
basis of learning disabilities, as typified by the collection of theoretical,
research, and clinical papers published by Knights and Bakker (1976, 1980),

certainly contributes to the increaéing tendency to consider subtypes or

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



subgroup analyses in the research on learning disabilities. The very large
number of variables which may contribute to cerebral impairment in LD children
(consider, for example the many possible forms of prenatal, perinatal, or
neonatal cerebral trauma, mechanical or otherwise, as one group of variables)
and the differential behavioural effects of cerebral damage depending on the
age of onset, the localization, and the nature of the neuropathological process

(Luria, 1966; Hecaen & Albert, 1978; Reitan & Davison, 1974; Richmond & Herzog,

1979) Togically 1eads to the hypothes1s that LD ch11dren are a heterogeneous

population. An overview of the literature wh1ch advances or supports this
hypothesis is presented in the following section.

At this juncture, however, it is important to note that much of the 1it-
erature reviewed below does not make adequate distinctions between LD children
and some subgroups of learning disordered children. Many of the LD samples
described in the literature appear to be quite heterogeneous across the dimen-
sions of academic difficulty and information processing deficiency. The
authors of many of these papers provide 1ittle of the data necessary to deter-
mine whether the sample discussed is either learning disabled or in any way
equivalent to other samples in the literature. This must be kept in mind
when evaluating this literature. For the purposes of this chapter, unless
otherwise specified, the samples described in the Titerature cited below are

considered to be roughly representative of LD children as defined herein.

Learning Disability Subtypes

Over the years a large number of classification schemes which attempt to
categorize the underlying problems experienced by LD children have been pro-
posed. Perceptual-motor classifications have been suggested by Ayres (1972),

Barsch (1967), Frostig (1964), and Kephart (1960). Typologies that describe
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language disabilities can be found in Bateman (1968), Chalfant and Scheffelin
(1969), and Kirk, McCarthy, and Kirk (1968). A more broadly based classifica-
tion scheme has been presented by Johnson and Myklebust (1967). Although it
would not be appropriate to conclude that these categories represent distinct
subtypes of LD children, the diversity of the clinical categories proposed is
certainly consistent with the notion of the heterogeneity of LD children,

It has been suggested repeatedly in recent review articles dealing with
the neuropsychology of learning disabilities in chi]@ren»that LD children are
a heterogeneous population with respect to their neuropsychological ability
structures (Benton, 1975; Rourke, 1975, 1978a, 1978b, 1981; Rourke & Gates,
1981). Not only have workers in the field begun to consider separately LD
children in terms of their major area of academic or extra-academic deficit,
but effort currently is also being directed toward elucidating further sub-
types within these more general classifications. For example, a number of
investigators have been concerned with determining classifications of reading
retarded LD children (Boder, 1973; Doehring & Hoshko, 1977; Doehring, Hoshko,
& Bryans, 1979; Mattis, French & Rapin, 1975; Mattis, 1978; Petrauskas &
Rourke, 1979). Others (Coderre, Sweeney, & Rourke, Note 1; Nelson & Warrington,
1974; Sweeney & Rourke, 1978; Sweeney, McCabe, & Rourke, Note 2) have described
subtypes of LD children who are retarded in spelling. Rourke and Finlayson
(1978) and Rourke and Strang (1978) have determined and studied two general
types of arithmetic retarded LD children. Fisk and Rourke (1979) and Satz,
Morris, and Darby (1979; described in Satz & Morris, 1980) have identified
subtypes of ‘'uniformily' LD children.

Representative studies in the subtype literature have been comprehen-

sively and critically reviewed by Satz and Morris (1980). These authors
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describe some methods by which the problem of exclusionary criteria in the
selection of LD children can be avoided. They also provide some suggestions
for circumventing some of the problems inherent in the statistical classifi-
cation of LD children. No attempt will be made to review these points here.
What is quite clear upon review of the aforementioned literature is that
LD children in general and LD children with circumscribed difficulties in
reading, spelling, or arithmetic cannot be considered as homogeneous clinical
entities.” Heterogeneity with respect to brain-related abilities would seem
to be the hallmark of LD children. On the basis of the research carried out
to date, heterogeneity with respect to etiology, developmental course, response
to remedial dintervention, and psychological adjustment would seem 1likely, but

this has not yet been demonstrated in a systematic fashion.

HWISC and WISC-R Profiles of Learning Disabled Children

The Wechsler Intelligence Scales (Wechsler, 1949, 1974) have long been
used in identifying and evaluating learning disabilities in children. Some
school administrators require that a child obtain a certain pattern of per-
formance on the Wechsler scales before she/he can be "diagnosed" as learning
disabled and before remedial assistance can be provided. Administrative
decisjons such as this reflect the notion that there are specific Wechsler
profiles whicharereliably characteristic of LD children. A review of the
clinical and empirical literature dealing with Wechsler profiles for LD
children is presented in this section. What is immediately apparent when
examihing this Titerature is that there is no single Wechsler pattern charac-
teristic of all LD children but rather that a number of different WISC/WISC-R
profiles have been found for groups of LD children. This should come as no

surprise in view of the overwhe]minj evidence for the heterogeneity of
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learning disabjlities in children. Before reviewing this literature, however,
it is necessary to address the issue of the comparability of the WISC and the

WISC-R.
Comparability of the WISC and the WISC-R. An in-depth discussion of the

clinical use of the WISC-R and its apparent advantages over the NISC can be
found in Kaufman (1979). Comparisons of the two instruments have generally
been consistent in showing that children obtain lower IQ scores on the revised
-instrument whether the ch11dren evaluated are menta11y retarded (Berry &
Sherrets, 1976), psychiatric patients (Kiinge, Rodziewicz, & Schwartz, 1976),
learning-disabled (Paal, Hesterly, & Wepfer, 1979), or "normal" (Tuma,
Appelbaum, & Bee, 1978). Kaufman (1979) has reviewed factor analytic and
correlational research which suggests that the WISC and WISC-R measure essen-
tially the same abilities. Others (Davis, 1977; Hartlage & Steele, 1977),
however, have suggested that the WISC and WISC-R are not directly comparable.
Since the currently available evidence generally favors Kaufman's position,
the literature reviewed below will not be discussed separately for the two
instruments. For fhe purposes of this chapter, the two instruments will be
considered comparable with respecf to the abilities they measure.

The performance of LD children on the lWechsler Scales have been evaluated
at several different levels: Verbal-Performance IQ differences, clinically
or statistica]1y derived factor profiles, and subtest scaled score patterns.
The research in this areé is roughly equally divided with respect to the use
of within group comparisons (analysis of subtest scatter) or the use of
comparison groups (WISC/WISC-R standardization samples or other control groups).

Verbal-Performance IQ differences. It is generally reported that LD

children as a group obtain lower Verbal than Performance IQ values (Belmont

& Birch, 1966; Clements & Peters, 1962; Heulsman, 1970; MclLean, 1964; McManis,
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Figley, Richert, & Fabre, 1978; Milich & Loney, 1979; Neville, 1961; Zingale

& Smith,.1978). A number of investigators, however, have noted that subgroups
of LD children obtain lower Performance than Verbal IQs anq have suggested
subtypes of LD children based on Verbal-Performance differences (Ackerman,
Peters, & Dykman, 1971; Graham, 1952; Paal, Hestér]y, & Wepfer, 1979;

Paterra, 1963; Rourke, Young, & Flewelling, 1971; Spache, 1957; Wells, 1970).
Other investigators (Altus, 1956; Kallos, Grabow, & Guarino, 1961; Keogh, Wetter,
MeGinty,-& Donlon, -1973; Sandstedt, 1964; Vance, Gaynof"&,Co1eman, 1976)

have not found Verbal-Performance IQ discrepancies in their samples of LD
children. On the basis of these reports, it is clear that Verbal-Performance
differences on the Wechsler Intelligence Scales can, in some instances, lead
to meaningful subclassifications of LD children but that no unitary pattern
of performance on the Wechsler summary scales is characteristic of all LD
children.

Patterns on the Wechsler factors. Empirically or clinically derived

Wechsler Intel]igence'Scale intertest combinations have been used to identify
profiles of LD children. In a factor analytic study of the WISC standardi-
zation sample at ages 7%, 104, and 13%, Cohen (1959) found five oblique
factors: two "verbal" factors which he combined into a single verbal factor
(Information, Comprehension, Similarities, Vocabulary), a "spatial" factor
(Block Design, Object Assembly; Mazes was included at the two younger ages),
a "distractibility" factor (Arithmetic, Digit Span; this factof was only &
evident for the oldest age group), and a "quasispecific" factor (Coding,
Picture Arrangement; this factor was only evident for the two oldest groups).
Kaufman's (1975) factor analysis of the WISC-R standardization sample identi-
fied three factors: Verbal Comprehension (Information, Similarities, Voca-

bulary, Comprehension), Perceptual brganization (Picture Completion, Block
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Design, Picture Arrangement, Object Assembly, Mazes), and Freedom from Dis-
tractibility (Arithmetic, Digit Span, Coding). A widely used, clinically
derived inferential classification of the WISC subtests by Bannatyne (1968)
consists of the following three groupings: Spatial Ability (Picture Comple-
tion, Block Design, Object Assembly), Verbal Conceptualizing Ability (Compre-
hension, Similarities, Vocabulary), and Sequencing Ability (Digit Span,

Coding, Picture Arrangement). He later modified his classification by creating

a fourth grouping (Bannatyne, 1971). which he termed .Acquired Knowledge

(Information, Arithmetic, Vocabulary) and by replacing Picture Arrangement
with Arithmetic in the Sequential category (Bannatyne, 1974).

Bannatyne (1971) states that "dyslexics" obtain their lowest Wechsler
scores on his Sequential ability subtests. Studies of "reading-disabled" and
LD children utilizing his categories provide some support for this assertion.
For example, Rugel (1974) demonstrated to his satisfaction that reading-dis-
abled children as é group score lowest on the Sequencing subtests. (See
below for an elaboration of Rugel's findings). The majority of Ackerman,
Dykman, and Peters'.(1976, 1977) LD subjects evidenced below average Sequencing
scores. Smith, Coleman, Dokecki, & Davis (1977) report that their samples of
learning disabled children obtained their highest scoreson the Spatial sub-
tests, their next highest scores on the Verbal Conceptualizing subtests, and
their lowest scores on the Sequencing and Acquired Knowledge subtests. The
findings of Bannatyne (1971), Rugel (1974), Ackerman et al. (1976, 1977), and
Smith et al. (1977) have been partially corroborated by a study conducted by
Vance and Singer (1979).

Wechsler subtest scaled score patterns. As would be expected on the

basis of the aforementioned studies dealing with subtypes of LD children and

Wechsler Verbal-Performance 1Q patterns, a number of different subtest pro-
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files have been found with different samples of LD children. Some researchers
have also reported different Wechsler profiles within one heterogeneous
(although not always recognized as such) sample of children with learning
disabilities.

Studies concerning WISC profiles and LD children ("disabled readers" in.
particular) published before 1972 have been reviewed by Huelsman (1970) and
Rugel (1974). Huelsman concluded that disabled readers as a group tended to
show Tow scores on the Arithmetic, Information, and CoQing‘(AIC) sub?gsts in
16, 20, and 19, respectively, of the 20 studies he reviewed; low scores on
Digit Span were reported for 12 of the 20 studies. On the basis of rank
ordering and regrouping of the Wechsler subtest scores from 25 studies, Rugel
concluded that disabled readers as a group obtained consistently low scores
on Arithmetic, Coding, and Digit Span (ACD). Rugel, possibly because of his
attempt to analyze the WISC profiles in terms of Bannatyne's (1968) clinical
categorization Wwhich excludes Information), failed to note that the Information
score was equal to or lower than the Sequencing subtests in 18 of the 25
studies he reviewed. It should also be noted that other patterns of Tow
scores [e.g., Arithmetic, Coding, & Vocabulary (Graham, 1952), Arithmetic,
Information, Object Assembly, and Vocabulary (Belmont & Birch, 1966), Arith-
metic, Information, & Digit Span (Neville, 1961), Arithmetic, Coding, Digit
Span, & Similarities (Ackerman,Peters & Dykman, 1971)] in addition to the AIC
and ACD patterns were also evident in individual reports reviewed by Huelsman
(1970) and Rugel (1974). More recent reports than those reviewed by these
authors have also described a number of different WISC/WISC-R patterns for
different samples of LD children.

Hale (1979) and Smith, Coleman, Dokecki, and Davis (1977) reported that

their samples of "underachieving" and "disabled readers", respectively,
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obtained low WISC-R subtest scaled scores on Arithmetic and Coding. Low
scores on the Coding and Digit Span subtests were reported by Tabachnick (1979)
for a group of LD children. Zingale and Smith (1978) and Vance, Gaynor, and
Coleman (1976) report that the LD subjects obtained depressed scores on the
Arithmetic, Information, and Coding subtests of the WISC-R; these Tatter two
studies did not utilize the Digit Span subtest.

A comparison of "retarded" and adequate readers on the WISC-R (McManis
et al., 1978) showed that the retarded readers obtained significantly lower
“scores o Coding and éf]'Of'tﬁe'verba1“subte3ts§3a’w1thin?§r0up analysis of
the retarded group showed significantly lower Arithmetic, Coding, and Digit
Span scores. In a study designed to compare WISC and WISC-R profiles for
the same sample of LD children (Paal et al., 1979) consistent patterns of
low scores on the Arithmetic, Digit Span, and Coding subtests were obtained with
both instruments. Depressed scores on Information, Arithmetic, and Digit
Span characterized the "uniformly" LD subtypes generated by Fisk and Rourke
(1979).

A number of investigators have reported that lTow scores on a cluster of
four subtests — Arithmetic, Coding, Information, and Digit Span (the so-
called ACID pattern) — characterize the Wechsler profiles of samples or
subsamples of LD children. These studies will be reviewed next.

The Wechsler ACID pattern. According to Swartz (1974; cited in

Ackerman et al., 1976; 1977; Dykman, Ackerman, & Oglesby, 1980; Petrauskas

& Rourke, 1979) a pattern consisting of depressed scores on four WISC subtests,
the ACID pattern “(an acronym for Arithmetic, Coding, Information, and Digit
Span) is characteristic of most LD samples. This view is also held by Lutey
(1977). Overall, an analysis of the research reviewed above suggests that

this assertion has some veracity, but that this pattern is certainly not

characteristic of all samples or subsamples of learning disabled children.
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The ACID pattern, although not recognized by the reviewers, was clearly
evident upon reanalysis of the published data in five (Corwin, 1967; McDonald,
1964; Robeck, 1960, 1963, 1964) of the 20 studies reviewed by Huelsman (1970)
and in 9 (Ackerman, Peters & Dykman, 1971; Burks & Bruce, 1955; Coleman &
Rasof, 1963; DeBruler, 1967; Hunter & Johnson, 1971; McLean, 1964; Rice, 1970;
Schiffman & Clemmens, 1966; Symmes & Rappaport, 1971) of the 25 studies re-
viewed by Rugel (1974). More recently, this pattern has been reported by
Ackerman, Dykman, and Peters (1976 1977) for a sample of LD boys Dykman,:

s e ——— e o omi o -
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Ackerman, and Og1esby (1980) for both a LD and hyperact1ve samp]e, Milich and
Loney (1979) for a sample of "hyperactive/MBD" boys with academic deficits,

and Petrauskas and Rourke (1979) for two subtypes of retarded readers. The
ACID pattern was also evident upon inspection of the data available in a report
by McManis et al. (1978).

The clinical experience of several in this field (including my own since
1976) with LD children suggests that (1) the ACID pattern is not individually
characteristic of all LD children and that (2) LD children who exhibit the ACID
pattern do not constitute a homogeneous population with respect to their
neuropsychological ability structures. The literature reviewed in this and
the previous section lends support to this first noint. The findings reported
by Ackerman et al. (1976, 1977), Dykman et al. (1980), and Petrauskas and
Rourke (1979) are consistent with the second point and provide the impetus
for further research on the ACID pattern. The relevant aspects of these
latter studies will now be discussed in more detail.

Reports by Ackerman et al. (1976, 1977) present the results of a longi-
tudinal laboratory study of 82 learning disabled boys and.34 matched normal
achievers. Sixty-two subjects and 31 matched controls were available for
study at 4-year follow-up. The combined group of 93 children were regrouped

to form 8 achievement groups based on their WRAT (Wide Range Achievement
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Test, Jastak & Jastak, 1965) performance at follow-up. ‘These groups were
classified according to the following criteria: "superior" reading (R),
spelling (S), and arithmetic (A) scores; "superior" R but average A; average
R, S, and A; "adequate" R and A but handicapped in S; "adequate" R and S but
handicapped in A; "adequate" R but handicapped in "phoneme/grapheme corres-
pondence"; and "deficient" R, S, and A. The characteristics of this'1atter
grbup, the "generally disabled" students, are most pertinent to the present

- discussion. The geﬁera]]yﬁﬁs&B]edgroup,'who had the poorest outcome at
follow-up, evidenced the most severe early reading problems and a marked
depression on the ACID subtests; this WISC pattern was especially evident
during their initial evaluation (Ackerman et al., 1976; Ackerman, Peters,
& Dykman, 1971). Although the LD sample as a group obtained lower ACID scores
than did the controls (Ackerman et al., 1977), the LD children who overcame
"(to varying degrees) some or all of their early learning problems... showed
more strength on the Information subtest" (Ackerman et al., 1976,.p. 609). These
findings suggest that a subtype of LD children with poor prognosis for aéa-
demic performance in reading, spelling, and arithmetic, as measured by the
WRAT, may be defined by serious early reading problems and by depressed scores
on the ACID subtests. Additional research, however, is necessary to cross-
validate and to investigate further the characteristics of this possible sub-
type. In this regard, there is already some empirical evidence available.

Dykman et al. (1980) have shown that];nvscores on the ACID pattern are

not always associated with deficient learning ability. Their "pure" LD and
"pure" hyperactive subjects both obtained lTow ACID scores relative to a normal
control group, yet only the former group demonstrated any learning prob]ems.
These findingé are consistent with the notion that children with the ACID

pattern constitute a heterogeneous group. The results of the Petrauskas and
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Rourke (1979) study provide further support for this view. By utilizing the
- technique of Q type factor analysis, these authors extracted 5 subtypes of
retarded readers. Three of these subtypes were considered to have been
reliably classified in that they were duplicated in two random halves of the
sample; one of these subtypes obtained their lowest WISC scores on the ACID
subtests and exhibited uniformly deficient performances on the Reading,
Spelling, and Arithmetic subtests of the WRAT. Another, albeit less reliable,
subtype also demonstrated the ACID pattern. This subtype differed from the
former in that depressed scores were obtained on the WRAT Reading and Spelling
subtests relative to the Arithmetic score; in addition, this subtype did not
exhibit any appreciable Verbal-Performance discrepancy or the finger agnosia
characteristic of the former group. Ackerman et al. (1976) have also des-
cribed a subgroup of generally disabled (ACID) subjects who were "less
retarded" in arithmetic than the rest of the generally disabled group.

Support for the notion of the heterogeneity of LD-ACID children also
comes from the c]injca] literature. For example, in a discussion of the ACID
pattern, Rourke (1980) has described two subtypes of children exhibiting this
pattern: "(a) one with particularly poor immediate memory.for short bursts of
non-redundant auditory-verbal information, and (b) another with particularly poor

visual imaging capacity" (p. 15; mimeographed prepublication manuscript).

Summary, Caveats, and Conclusions

Literature has been cited which supports the notion that cerebral dys-
function is a valid explanatory model for learning disabilities and that a
neuropsychological approach to the study of this group of children is heuristic.
A definition of learning disabilities was presented which reflects this view.

Evidence which suggests that learning disabilities are a heterogeneous group
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of clinical disorders was reviewed. On the basis of the review of the litera-
ture concerned with the Wechsler Intelligence Scale profiles of LD children,

it is evident that LD children as a group generally obtain depressed subtest
scores on Information, Arithmetic, Digit Span, and Coding, or on some subset
thereof. Studies were reviewed which indicate that children who exhibit the
ACID pattern on the Wechsler scales are a heterogeneous group but that meaning-
ful subtypes of LD children might be partially defined by the ACID pattern.
=+ A number of caveats must be rajsed concernjng_any’ggngra1j;atjons made

on the basis of the literature dealing with Wechs1ér profi1es. Tﬁe research

in this area is often flawed by methodological problems which make the repli-
cation and generalization of results problematical. For example, many
samples differ or are not described with respect to the developmental ]eve],.
the demographic characteristics, the source (e.g., clinic vs. school), and

the criteria employed to select LD subjects. Small sample sizes plague many
studies. The use of different statistical treatments and the usé of research
designs which vary greatly in quality also affect the generalizability of many
studies in this area. Nonetheless, the consistency of the findings reported
would seem to indicate that certain Wechsler profiles are characteristic of
groups of LD children. Herein, however, lies a major weakness of this litera-
ture. It is self-evident that mean group profiles may mask two or more profiles
of LD subtypes. The failure to recognize this, in a large part, has contributed
to the confusion and ambiguity in the literature concerned\with the Wechsler
profiles of LD children. |

The differential score (pattern analysis) approach as a method of analysis

in the study of LD children has been described by Rourke (1975, 1978, 1980).

A number of patterns have already been investigated in neuropsychological

research with LD children, viz. (a) patterns of performance on the Trail Making
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Test (Rourke & Finlayson, 1975); (b) patterns of performance on the Wide Range
Achievement Test (Rourke & Finlayson, 1978; Rourke & Strang, 1978); and, (c)
differential patterns of performance on the WISC Verbal and Performance scales
(Rourke, Dietrich, & Young, 1973; Rourke & Telegdy, 1971; Rourke, Young &
Flewelling, 1971). The research proposed in the next chapter further exploits
the differential score approach in an attempt to demonstrate the neuropsycho-
logical heterogeneity of LD children with a particular Wechsler profile, viz.

ror. RPN e
HSR PP

the ACID pattern.
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CHAPTER II

STATEMENT OF THE PROBLEM

The Wechsler ACID pattern represents a profile sometimes found in hetero-
geneous groups of LD children, as well as in some circumscribed LD subgroups.
Although it is a clinically meaningful pattern (Rourke, 1980), there have
been no pub]ished égtémbtéﬁf6x§£UdwabICHTTdréh WHO iﬁé€9€8u511§:agmonét?até‘v
depressed scores on the ACID subtests. Previous research which has described
relatively homogeneous groups of LD children exhibiting this pattern has been
1imited by the use of small samples. The present study attempts to determine
the neuropsychological significance of the ACID pattern for a large group of
LD children who individually demonstrate this pattern. The relationship of
the ACID pattern to academic performance is also investigated. These goals
are accomplished by: (1) statistically generating homogeneous subtypes of
LD-ACID children through cluster analytic techniques, (2) interpreting the
associated neuropsychological and academic ability profiles of each of the
subtypes, and (3) comparing by MANOVA the academic performance of the ACID
subtypes to matched groups of LD children who do not exhibit the ACID pattern.

Expectations

Because of the exploratory nature of the present study and the paucity
of research involving the ACID pattern, it is difficult to propose well
specified hypotheses. However, the literature reviewed above (Ackerman et
al., 1976, 1977; Dykman et al., 1980; Petrauskas and Rourke, 1979; Rourke,
1980) suggests that LD-ACID children are not a homogeneous group and that
subtypes can be identified. Thus, on the basis of clinical experience and

these reports, it seemed reasonable to expect that:

17
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(1) A number of subtypes of LD-ACID children would emerge and that some

of them would be similar to those suggested byvthe Titerature, viz.,:
(a) a younger group with outstandingly poor reading scores and

- Tow average WISC Verbal and Performance IQs (see Ackerman et al.,

1977, for reference to this potential subtype);
(b) a group with uniformly depressed reading, spelling, and
arithmetic scores, Tow average WISC FSIQ, and a greater Performance
than Verbal IQ (see Ackerman et al., 1976, and Petrauskas and
Rourke, 1979, for reference to this potential subtype);
(c) a group Qith low reading and spelling scores relative to
arithmetic, average WISC FSIQ, and no appreciable Verba]-Performénce
discrepancy (see Ackerman et al., 1976, and Petrauskas and Rourke,
1979 for reference to this potential subtype).

(2) At least one LD-ACID subtype would be characterized by poorer
reading, spelling, and arithmetic performance than a matched group of LD
children who do not evidence the ACID pattern (see Ackebman et al., 1976,
1977 regarding support for this hypothesis).

(3) Some subtypes would replicate across different age levels (see
Fisk and Rourke, 1979, regarding support for this hypothesis).

(4) A subtype composed of younger children with pronounced distrac-
tibility, attentional difficulties, and pervasive neuropsychological defects
would not replicate at older age levels because of changing ability profiles

due to neurodevelopmental factors (e.g., subsided "psychic edema" Rourke, 1981).
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CHAPTER III

METHOD

Data Collection

The data reported in this study were culled from a data base exceeding.
3200 cases which represents the clinical files of a neuropsychology service in
a large, urban children's mental health clinic. The Clinic serves a catchment
area consisting of three counties and provides a wide range of multidisciplin-
ary assessment and treatment services to the referred children, adolescents,
and families. |

| Children and adolescents who were referred for neuropsychological assess-
ment because of academic difficulties or other adaptive problems suspected to
be Targely due to some form of cerebral impairment constitute the subject pop-
ulation for this investigation. Each subject had received a standarized, comp-
rehensive battery of neuropsychological measures, administered in a standardized
manner by highly trained psychometrists. See Rourke (1976a, 1976b, 1980) for
a description of the assessment procedure and a discussion of the rationale
underlying the test selection and this approach to the assessment of LD child-
ren.

Because the administration and scoring of the test battery takes approxi-
mately 8 hours per subject and due to the relative rarity of LD-ACID children/
adolescents, it was decided to use this well documented and carefully collected
data base. It was felt that the advantages of any other approach to data coll-
ection would be outweighed substantially by the savings in time and money engend-

ered by the use of this extensive data base.

19
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Subjects

One hundred and eighty-one LD-ACID subjects and an individually matched
control group (LD-C) consisting of LD subjects who did not evidence the ACID
pattern were selected from the data base. The two groups were divided into two
age ranges: 6 —0 to 8 —11 and 9 —0 to 14 — 11. This resulted in the creation
of four groups of subjects: Young LD-ACID, Young LD-C, 01d LD-ACID, and 01d
LD-C. The LD-C subjects were matched to the LD-ACID subjects on age, WISC Full
Scale IQ, sex, and handedness. - The adequacy of: the matching;offthe LD-ACID and .
the LD-C groups is demonstrated in Table 1. No subject in any of these groups
had missing data on more than four of the variables described in the next section.

The clinical files of the subjects (N = 362) were carefully reviewed; each
subject selected for the study met the necessary criteria to be classified as

learning disabled according to the definition presented above. That is, each

subject:

(1) obtained a WISC FSIQ of 80 or greater;

(2) obtained at least one WRAT centile score of 30 or below;

(3) did not evidence any hearing or visual acuity defects (determined from
the results of a puretone sweep hearing test, a questionnaire completed
by the parents, and visual and auditory screening information, when
available, in the child's clinical file);

(4) did not have a history of medically documented cerebral trauma or neuro-
logical dysfunction; |

(5) spoke English as the primary language in their home (determined from
the parent questionnaire);

(6) was not believed to be "culturally, environmentally, or educationally

deprived" (determined from the history documented in the child's clin-

ical file);
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Characteristics of the Ybung and 01d LD-ACID and ID-C. Groups
-on the Matched Variables

Range

i
%

Young ID-ACID Young LD-C 01d LD-ACID 01d LD-C
SUBJECT
COMPOSITION
Males 54 54 117 1117
Females 5 5 5 _5
Total 59 59 + 122 122 = 362
HANDEDNESS
Right 54 54 10% 103
Left 5 5 19 9
Total 59 59 P 122 122 = 3€2
AGE
' Mean 8.24 8.21 10.91 10.88
SoDo .55 .57 1044 v 104‘7
Ra.nge » 6.63 - 8098 6066 - 8.96 9007 - 14‘088 9004 - 14097
WISC
FULL SCALE 102
Mean 49.64 49,20 49,20 49.03
SoDo 5.65 R 594‘1 6.70 - . 6.62
38,67 - 60,00 38,00 - 61.33 36.67 - 66.00 36,67 ~ 70,00
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(7) did not evidence any "primary" emotional/behavioural disturbances
(determined from the results of a neuropsychological evaluation and the
history available in the child's clinical file);

and

(8) was judged by at least two experienced clinical neuropsychologists to
be experiencing a central information processing deficiency.

The LD-ACID groub met the following additional criteria which were necessary to
‘define a clinically meaningful-ACID pattern: .

(1a) the subtest scaled scores on Arithmetic, Information, Digit Span less

than Comprehension, Similarities, Vocabulary or

(1b) at least two of Arithmetic, Information, and Digit Span less than

Comprehension, Similarities, and Vocabulary and the third AID subtest
scaled score equal to the lTowest of the remaining verbal subtests,
.+ and
(2a) Coding the lowest Performance subtest scaled score or

(2b) Coding the lowest and equal to one other Performance scaled score.

Choice of Variables

One hundred and ten neuropsychological measures (listed in Table 2 and de-
scribed in Appendix A) were available for children aged 6 — 0 to 8 — 11 (Data

Set Young). One hundred and three neuropsychological measures (listed in Table

e e e e e T B L R TR

3 and described in Appendix A) were available for subjects aged 9 — 0 to 14 — 11

(Data Set 01d). As specified in Appendix A, some of the measures administered
to the younger group were quite different than similar measures administered to
the older group, although both sets of measures are thought to tap the same
abjlities. These differences must be kept in mind when comparing the results

obtained for the two groups.
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TABLE 2

Neuropsychological Measures - Younger Group

N—
Number Measure
e oI R WISC Full Scale IQ ‘ (FS IQ) - e ;;‘m_‘ R .,:::":‘\"‘:
2. WISC Verbal IQ (VIQ) ' '
3, WISC Performance IQ (PIQ)
4, WISC Information (INFO)
5. WISC Comprehension (COMP)*
6. WISC Arithmetic (ARITH%
7. WISC Similarities (SIM)*
8. WISC Vocabulary (VOCB)*
9. WISC Digit Span: Total (DSPAN)
10. ‘WISC Digit Span: Forward (DSFOR)
1. WISC Digit Span: Backward (DSBKVD)
12. WISC Picture Completion (PICCOM)*
13, WISC Picture Arrangement (PICARR)*
14. WISC Block Design (BLKDES)*
15. WISC Object Assembly (OBASS)*
16. WISC Coding (DSYM)
17. Peabody Picture Vocabulary Test Form A: Oral IQ (PPVTIQ)*
18. Peabody Picture Vocabulary Test Form A: Mental Age (PPVTMA)
19. WRAT Reading: Standard Scozxre (READSTS)
20, WRAT Reading: Grade Score (READGRD)
21. WRAT Reading: Centile Score (READPER)
22, WRAT Spelling: Standard Score (SPELSTS)
23. WRAT Spelling: Grade Score (SPELGRD)
2%, WRAT Spelling: Centile Score (SPELPER)
25. WRAT Arithmetic: Standard Score (ARITHSS)
26. WRAT Arithmetic: Grade Score (ARITHGD)
27. WRAT Arithmetic: Centile Score ARITHPR)
28, Tactile Perception - Right Hand (TACR)*
29, Pactile Perception - Left Hand (TACL)*
30. Auditory Perception - Right (AUDR)¥*
31, Auditory Perception - Left (AUDL)*
32. Visual Perception - Right (VISR)*
33, Visual Perception - Left (VISL)*
34, Finger Agnosia - Right (FAGR)*¥
35. - Pinger Agnosia - Left (FAGL)*
36. Finger-Tip Symbol Writing - Right Hand (FTWRR)*
37. Finger-Tip Symbol Writing - Left Hand (FIWRL)*
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TABLE 2 cont'd

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

WIS it rewe

L e —

{ Number Measure
T ~—~—
38, Pactile Form Recognition - Right Hand (ASTR)*
39, TPactile Form Recognition - Left Hand (ASTL)*
| 40, Target Test (TARGET)¥*
i 41, Sweep Hearing Test - Right Ear (SWEEPR)
; 42, Sweep Hearing Test - Left Ear (SWEEPL)
43, Auditory Closure (AUDCLO)*¥
44, Sentence Memory (SENMEM)%*
45, Speech-Sounds Perception Test (SSPER)
46, Verbal Fluency (FLUENCY)¥* . :
47, Halstead-Wepman Aphasia Screening Test(HWAST): Dysnomia. (ASTT,
48, HWAST: Dysgraphia (AST3)
49, HWAST: Dyslexia (AST5)
50. HWAST: Constructional Dyspraxia (AST6)
51. HWAST: Dyscalculia (ASTT)
52. HWAST: Body Orientation (AST9)
53. HWAST: Right-Left Discrimination (AST10)
54. HWAST: Total Errors éAPHASIA)*
55. Seashore Rhythm Test (SEASHR) :
56. Halstead Category Test: Subtest 1 (CAT1
57. Halstead Category Test: Subtest 2 éCATZ
58. Halstead Category Test: Subtest 3 (CAT3
59. Halstead Category Test: Subtest 4 (CAT4
60, Halstead Category Test: Subtest 5 (CATS.
61. Halstead Category Test: Total Errors (CATTOT)*
62, Color Form Test: Time (COLFRMT)* -
63, Color Form Test: Errors (COLFRME)*
64. Progressive Figures Test: Time (PROFIGT)*
65. Progressive Figures Test: ZErrors (PROFIGE)*
66, Matching Pictures (MATPXT)¥
67. Matching Figures: Time (MEFIGT)*
68. Matching Figures: Errors (MFIGE)*¥
69. Matching Vs: Time (MATVT)*
70, Matching Vs: Errors (MATVE)*
71. Drawing Star: Time (START)¥
72, Drawing Star: Errors (STARE)
73. Drawing Concentric Squares: Time (CONSQT)*
4. Drawing Concentric Squares: Errors (CONSQE)*
15. Hand Preference — Right (HANDR) :
6. Hand Preference - Left (HANDL)
7. Foot Preference — Right (FOOZR)
8. Foot Preference - Left (FOOTL)
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TABLE 2 cont'd

\ —rted

\ Number Measure
\
79. Strength of Grip - Right Hand (DYNR)*
80. Strength of Grip - Left Hand (DYNL)*
81. Writing Speed - Right Hand (NAMER)*
82. Writing Speed - Left Hand (NAMEL)*
83. Pinger Tapping - Right Hand (TAPRH)¥*
84. Finger Tapping - Left Hand (TAPLH)*
85. Maze Test: Time - Right Hand (MAZERT)*
86. Maze Test: Counter - Right Hand (MAZERC)¥
87. Maze Test: Speed - Right Hand (MAZERS)*
88. Graduated Holes Test: Time - Right Hand (HOLESRT)*
89. Graduated Holes Test: Counter - Right Hand (HOLESRC)¥
90, Crooved Pegboard Test: Time - Right Hand (PEGSRT)*
91. Grooved Pegboard Test: Dropped - Right Hand (PEGSRD)
9z. Maze Test: Time - Left Hand (MAZELT)*
93. Maze Test:: Counter - Left Hand (MAZELC)*
94. Maze Test: Speed - Left Hand (MAZELS)*
95. Graduated Holes Test: Time - Left Hand (HOLESLT)*
96. Graduated Holes Test: Counter - Left Hand (HOLESLC)*
97. Grooved Pegboard Test: Time -~ Left Hand (PEGSLT)*
98. Grooved Pegboard Test: Dropped ~ Left Hand (PEGSLD)
99, Tactual Performance Test: Time - Dominant (TPTDT)* _
100, Tactual Performance Test: Blocks -~ Dominant (TPTDBLK?
101. Tactual Performance Test: Time - Nondominant (TPTNDT)*
102, Tactual Performance Test: Blocks - Nondominant (TPTNDBK)
103, Tactual Performance Test: Time - Both (TPTBT)*
104. Tactual Performance Test: Blocks - Both (TPEBBLK)
105, Tactual Performance Test: Memory (TPTMEM)*
106, Pactual Performance Test: ILocation (TPTLOC)*
107. Eye Preference - Right (ABCR)
108, Eye Preference -~ Left (ABCL%
}09. Foot Tapping - Right (TAP%F *
; - *
\\\\_%10. . Foot Tapping - Left (TAPLF)

¥ Indicates variables used in the principal components and
cluster analyses.
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TABLE 3

Neuropsychological Measures - Older Group

Number

Measure
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35.

37.

W
(o)

WISC Full Scale IQ (FSIQ)

WISC Verbal IQ (VIQ)

WISC Performance IQ (PIQ)

WISC Information (INFO)

WISC Comprehension (COMP)*

WISC Arithmetic (ARITH

WISC Similarities (SIM)*

YWISC Vocabulary (VOCB)*

WISC Digit Span: Total (DSPAN)

WISC Digit Span: Forward (DSFOR)

WISC Digit Span: Backward (DSBKWD)

WISC Picture Completion (PICCOM)*

WISC Picture Arrangement (PICARR)*

WISC Block Design (BLKDES )¥

WISC Object Assembly (OBASS)*

WISC Coding (DSYH)

Peabody Picture Vocabulary Test Form A: Oral IQ (PPVTIQ)*
Peabody Picture Vocabulary Test Form A: Mental Age (PPVTMA)
WRAT Reading: Standard Score (READSTS)

WRAT Reading: Grade Score (READGRD)

WRAT Reading: Centile Score (READPER)

WRAT Spelling: Standard Score (SPELSTS)

WRAT Spelling: Grade Score (SPELGRD)

WRAT Spelling: Centile Score (SPELPER)

VRAT Arithmetic: Standard Score (ARITHSS)

WRAT Arithmetic: Grade Score (ARITHGD)

WRAT Arithmetic: Centile Score gARITHPR)

Tactile Perception - Right Hand (TACR)*

Tactile Perception - Left Hand (TACL)¥

Auditory Perception - Right (AUDR)

Auditory Perception - Left (AUDL)

Visual Perception - Right (VISR)*¥

Visual Perception ~ Left (VISL)*

Finger Agnosia - Right Hand (FAGR)¥*

Finger Agnosia - Left Hand (FAGL)*

Finger-Tip Number Writing Perception - Right Hand (FTWRR)*
Finger-Tip Number Writing Perception - Left Hand (FTIWRL)*
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TABLE 3 cont'd

e
Number Measure !

~—— ,
38, Coin Recognition - Right Hand (ASTR)¥
39, Coin Recognition - Left Hand (ASTL)*
40, Target Test (TARGET)*
41, Trail Making Test A: Time (TRAILAT)*
42, Trail Making Test A: Errors (TRAILAE)*
43, Trail Making Test B: Time (TRAILBT)*
44, Prail Making Test B: Errors (TRAILBE)*
45, Sweep Hearing Test - Right Ear (SWEEPR)
46. Sweep Hearing Test - Left Ear (SWEEPL)
47. Auditory Closure (AUDCLO)* :
48, Sentence Memory (SENMEM)* |
49, Speech-Sounds Perception Test (SSPER)*
50. Verbal Fluency (FLUENCY)¥* '
51. Halstead-Vepman Aphasia Screenin Test(HWAST): Dysnomia (AST1)
52. HWAST: Spelling Dyspraxia (ASTZ%
53. HWAST: Dysgraphia (AST3
54, HWAST: Dysarthria (AST4
55. HWAST: Dyslexia (AST5)
56, HWAST: Constructional Dyspraxia (AST6)
57. HWAST: Dyscalculia (AST7) .
58, HWAST: Auditory-Verbal Agrosia (AST8)
59. HVWAST: Total Errors éAPHASIA)*
60. Seashore Rhythm Test (SEASHR)
61. Halstead Category Test: Subtest 1 (CAT1
62. Halstead Category Test: Subtest 2 (CAT2
63, Halstead Category Test: Subtest 3 (CAT>
64, Halstead Category Test: Subtest 4 (CAT4
65, Halstead Category Test: :Subtest 5 (CATS
66, Halstead Category Test: Subtest 6 (CAT6
67. Halstead Category Test: Total Errors (CATTOT)*
683, Hand Preference - Right (HANDR)
69, Hand Preference = Left gHANDL)
70. Eye Preference - Right (ABCR)
1. Eye Preference - Left (ABCL)
72, Foot Preference - Right (FOOTR)
13. Foot Preference - Left (FOOTL)
4. Strength of Grip - Right Hand (DYNR)*
75. Strength of Grip - Left Hand (DYNL)*
76. Writing Speed - Right Hand (NAMER)*
7. Writing Speed - Left Hand (NAMEL)*
;8. Finger Tapping - Right Hand (TAPRH)*

9.

Finger Tapping ~ Left Hand (TAPLH)*.
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TABLE 3 cont'd

S ——
Number Measure
——
80, Maze Test: Time - Right Hand (MAZERT)*
81. Maze Test: Counter - Right Hand (MAZERC)¥
82, Maze Test: Speed - Right Hand (MAZERS)#*
83, Maze Test: Time - Left Hane (MAZELT)*
84. Maze Test: Counter - Left Hand (MAZELC)¥*
85. Maze Test: Speed - Left Hand (MAZELS)*
86, Graduated Holes Test: Time - Right Hand (HOLESRT) ¥
87. Graduated Holes Test: Counter - Right Hand (HOLESRC )%
88. Graduated Holes Test: Time - Left Hand- (HOLESLT)¥
89, Graduated Holes Test: Counter - Left Hand (HOLESLC )*
90. Grooved Pegboard Test: Time - Right Hand (PEGSRT)*
91. Grooved Pegboard Test: Dropped - Right Hand (PEGSRD)
92, Grooved Pegboard Test: Time - Left Hand (PEGSLT)*
93, Grooved Pegboard Test: Dropped - Left Hand (PEGSLD)
94. Tactual Performance Test: Time - Dominant (TPTDT)*
95. Tactual Performance Test: Blocks - Dominant (TPTDBLKﬁ
g96. Tactual Performance Test: Time - Nondominant (TPTNDT)*
97. Tactual Performance Test: Blocks - Nondominant (TPTNDBK)
g98. Pactual Performance Test: Time - Both Hands (TPTBT)*
99, Tactual Performance Test: Blocks - Both Hands (TPTBBLK)
100. Tactual Performance Test: Memory (TPTMEM)*
101. Tactual Performance Test: ILocation (TPTLOC)*
102, Foot Tapping - Right (TAPRF)*
103. Foot Tapping - Left (TAPLF)¥
~———

* Indicates variables used in the principal components and
cluster analyses.
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The following measures were not used in the principal components and cluster
ana]yses described below because they were either composites of other measures
used (i.e.,summary scores), components of composite measures used (i.e., sub-
test scores), measures used to validate the subtypes obtained, measures used
directly in the selection of the LD-ACID group, or measures for which there were
not complete normative data available: WISC FSIQ, VIQ, and PIQ; WRAT Reading,
Spelling, and Arithmetic standard, grade, and centile scores; WISC Arithmetic,
Coding, Information, and Digit Span subtest scores; Halstead-Wepman Aphasia
Screening Test and Halstead Category Test subtest scores (note: total error
scores for these two tests were used); Peabody Picturg Vocabulary Test — Mental
Age; Sweep Hearing Test; Seashore Rhythm Test; Tactual Performance Test — Number

of Blocks; Hand, Foot, and Eye Preference.

Data Analyses

Data management. The measures utilized in the present study have already

been described. The data were recorded directly onto computer coding sheets
from the child's cfinica] file. The data source was organized, well documented,
and comp1ete1y_1egib1e. In some cases the child's file was not entirely com-

| Plete; in those instances, incomplete information was simply recorded as missing
data.

Numerous precautions were taken to ensure the accuracy of the original
coding of the data and their transformation into machine readable form. A de-
tailed "code book" was utilized throughout the coding and analyses stages of
the present research. Considerable effort was expended to ensure objective,
mutually exclusive, and exhaustive coding categories. The excellent reliability
of the original coding was demonstrated by the recoding of randomly selected

cases. The completed coding sheets viere submitted for professional keypunching
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and verifying. The punched data were then recorded directly onto magnetic
tape.

The Statistical Package for Social Sciences (SPSS for 0S/360, version H,
Release 8.1; Nie, Hull, Jenkins, Steinbrenner, & Bent, 1975) was used to build,
edit, document, and analyse the data files utilized in this research and to

- generate data sets for input into other statistical packages. Extensive editing
of the SPSS data files ensured that undefined or spurious codes were not present
during the data analyses. Randomly selected cases from the data files were com-
pared to the original coding sheets and were found to be identical for all un-
transformed variables. Hand calculations from the coding sheets provided re-
sults identical to the computer generated transformations. Throughout the pres-
ent research, transformations to the system files (e.g., the creation of new
variables, the deletion of subjécts, or the creation of new subfiles) were
consfstent]y checked for accuracy before the results of any statistical pro-
cedures were accepted as valid. |

Data transformation and data reduction. Test scores on each of the meas-

ures for which the necessary data were available were converted to T scores
based on the normative data provided by Jastak and Jastak (1965), Klonoff and
Low (1974), Knights (1970), Knights and Moule (1967), and Wechsler (1949). This
metric was chosen to avoid artificially high correlations between variables be-
cause of positive correlations with age and to express the many different var-
iables in comparable units for ease of comparison between tests. In order to
(1) enhance the re]iabi]ity and interpretability of the subtypes determined in
later analyses, (2) reduce redundancy in the variables utilized, and (3) con-
serve computing resources, the initial analyses involved the reduction of the
two age-based data sets (Data Set Young and Data Set 01d) through principal

components analyses. In addition to the measures listed above, the following
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measures were omitted from the principal components analyses because of a high
frequency of missing values (greater than 10%): Speech-Sounds Perception Test
(deleted from Data Set Young only) and Grooved Peg Board Test — number of pegs
dropped. The variables utilized in the principal components analyses have been
denoted by an asterisk in Tables 2 and 3.

Separate principal components analyses were performed on Data Set Young
and Data Set 01d; 63 and 54 vabiables, respectively, were intercorrelated and
utilized in these two analyses. The principal components that had associated
eigenvalues greater than or equal to 1.0 were retained and rotated orthogonally
to varimax criterion (SPSS program FACTOR; Nie et al., 1975). Factor scores
based on factor loadings of all variables on a given principal component were
generated for each subject in the Young LD-ACID, 0l1d LD-ACID, Young LD-C, and
01d LD-C groups; this resulted in the creation of four data matrices consisting
of factor scores (matrix Young LD-ACID Factor Scores, matrix 01d LD-ACID FS,
matrix Young LD-C FS, and matrix 01d LD-C FS) which were later subjected to a
series of cluster analyses. A conservative method of substituting the popula-
tion mean was used to determine the factor score whenever a subject had missing
data on a variable. In this regard, the number of missing values for the var-
jables utilized in these analyses ranged from 0 to 5.08% for the Young LD-ACID
group and from 0 to 3.28% for the 01d LD-ACID group.

In addition to the factor score data matrices, four data matrices cansisting
of T scores on the neuropsychological measures with the two highest loadings oh
each principal component ("factor representative" variables) were generated
(matrix Young LD-ACID T Score, matrix 01d LD-ACID TS, matrix Young LD-C TS, and
matrix 01d LD-C TS). The measures comprising the T score matrices were used to
represent the principal components in a number of further analyses.

Figure 1 outlines the creation and composition of the eight data matrices
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DATA BASE (N >3200)

I Score Transformations

|

¥ | ¥

LD-ACID ‘GR(i)U? (N=181) LD-CONTROL GEIKOUP (N=181)

v ¥ v Y. |
Young LD-ACID Group 0ld LD-ACID Group Young LD-C Group 014 ID-C Group
(N=59) (N=122 ) (N=59) (N=122)
\YOUNG — ‘)Q‘OLD ATh SED /
(63 Variables) (54 Variables)

PRINCIPAL COMPONENTS ANALYSIS PRINCIPAL COMPONENTS ANALYSIS

FACTOR SCORES GENERATED FACTOR SCORES GENERATED

FACTOR REPRESENTATIVE FACTOR REPRESENTATIVE

VARIABLES‘CHOSEN VARIABLE%ACHOSEN
' ¥ v
atrix Matrix : Matrix Matrix Maé%ix Maﬁiix Matrix Matrix
Young Young Young Young © 01d 0ld .01d 0l1d
LD-~ACID FS ILD-C FS ILD-ACID TS LD-C TS LD-ACID FS LD-C FS LD-ACID TS LD-C TS

Figure 1. The creation and composition of the factor score
and T score matrices.
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described thus far.

Removal of 'outliers'. Outliers representing unique individuals or re-

sulting from measurement error are known to affect most clustering procedures
(Edelbrock, 1979; Everitt, 1974; Milligan, 1979). Therefore, the frequency
distributions for the retained principal components and the two-dimensional
mappings of the LD-ACID groups in the space of the first few principa] com-
ponents were inspected for extreme scores. The LD-ACID subjects judged‘to be
outliers and their matched controls were dropped from the eight data matrices

described above.

Choice of similarity measure. Since different similarity measures can

produce discrepant results even when the same data and clustering algorithms

are used (Edelbrock, 1979; Mezzich, 1978), the choice of the similarity measure
used in a cluster analysis demands careful consideration. It is generally
agreed (Everitt, 1974; Fleiss & Zubin, 1969; Skinner, 1978) that the correlation
coefficient, as a measure of similarity, is differentially sensitive to profile
shape (pattern) and is inappropriate when profile elevation (level of perform-
ance) needs to be émphasized. On the other hand, distance measures are more
sensitive to profile elevation.

Because it was felt that the relative patterning of the scores was more
important in the search for LD-ACID subtypes, the product-moment correlation
coefficient was chosen as the similarity measure for the primary analyses in
this research. Some empirical support for this choice can be found in two
recent investigations which suggest that the correlation coefficient is a use-
ful similarity measure for discriminating between clinical subtypes and that
correlation performs as well if not better (Mezzich, 1978) or better (Edelbrock,
1979) than distance measures when recovering known groupings from artificial

data sets. A distance measure, squared Euclidean distance, was used in a
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series of secondary analyses in an attempt to determine whether the groupings
derived from the use of the correlation coefficient could be further sub-
divided on the basis of profile elevation. This involved clustering (using
squared Euclidean distance as the measure of dissimilarity) each of the
groupings generated on the basis of profile shape.

Choice of clustering algorithms. As suggested by Everitt (1974) and

Mezzich (1978), a two-dimensional mapping of the data distributions was carried
out in an attempt to estimate the shape and the number of clusters present in
the data. This procedure was thought to be important because different clust-
ering algorithms tend to find clusters of a particular shape (Everitt, 1974).
The information gleaned from the plotting of the data matrices Young LD-ACID

FS and 01d LD-ACID FS (with outliers removed) in the space of the pairs of the
first few principal components, however, was equivocal. Therefore, the clust-
ering algorithms utilized in this research were chosen on other grounds.

It is generally accepted that no one clustering technique is "better" than
other techniques in all research applications. Different methods of clustering
can generate différent groupings when applied to the same data set (Blashfield,
1976; Edelbrock, 1979; Everitt, 1974; Hetler, 1977; Mezzich, 1978; Milligan,
1978; Doehring, Hoshko, & Bryans, 1979; Wolfe, 1978). Well structured data,
however, could be expected to produce clusters which replicate well across
different clustering methods applicable to a particular research problem
(Everitt, 1974). Therefore, a decision was made to subject the data to a
number of different clustering techniques, including two of the popular hier-
archical agglomerative algorithms and an iterative relocation method, in order
to ensure that the derived groupings were replicable across different cluster-
ing techniques. Because homogeneous groups of subjects were expected, algorithms

subject to “"chaining" (Everitt, 1974) were excluded as possible clustering
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procedures.

The following two hierarchical agglomerative methods were chosen on the
basis of previous research which has assessed the accuracy of different clust-
ering algorithms (Edelbrock, 1979; Mezzich, 1978) and because of their sensi-
tivity to group structure: the unweighted pair-group method using arithmetic
averages of Sokal and Michner (1958) (CLUSTAN, version 1C2, procedure HIERARCHY,
method GROUP AVERAGE; Wishart, 1975) and the unweighted pair-group centroid
method of Sokal and Michner (1958) (CLUSTAN, version 1C2, procedure CENTROID;
Wishart, 1975). These two methods are commonly referred to as group average (or
average linkage) and centroid sorting, respectively.

In an attempt to increase the homogeneity, to decrease cluster overlap,
and to assess further the stability of the clusters derived by the hierarchi-
cal agglomerative analyses, it was decided to apply an iterative relocation
procedure (CLUSTAN, version 1C2, procedure RELOCATE; Wishart, 1975) to the part-
optimum solutions generated by the group average and centroid sorting methods.
In order to assess further the replicability of the generated groupings, the
iterative relocation method was also used to cluster a random initial classi-
fication of the data matrices.

The CLUSTAN (version 1C2) (Wishart, 1975) computer software package was
chosen because of its versatility, reasonably detailed documentation, and in-
creasing familiarity to researchers in the behavioural sciences.

The sequence of cluster analyses. (Step 1.) Similarity matrices utilizing

the product-moment correlation coefficient as the similarity criterion were
calculated for data matrices Young LD-ACID FS and 01d LD-ACID FS. The two
similarity matrices were each subjected to group average (AL) and centroid
sorting (CS) analyses. The resultant cluster solutions (YOUNG FS-AL, OLD FS-
AL, YOUNG FS-CS, & OLD FS-CS) were each subjected to iterative relocation
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analyses (IR) in order to optimize the solutions derived from the two hierarch-
ical analyses. This resulted in four more cluster solutions, YOUNG FS-AL-IR,
OLD FS-AL-IR, YOUNG FS-CS-IR, and OLD FS-CS-IR. Finally, random initial class-
ifications of data matrices Yodng LD-ACID FS and 01d LD-ACID FS into six groups
were clustered by the iterative relocation technique [IR(RANDOM)] producing
solutions YOUNG FS-IR(RANDOM) and OLD FS-IR(RANDOM). The sequence of cluster
analyses described in this section is outlined in Figure 2. '

A problem common to all hierarchical c]ustering methods 1is in deciding at
what stage in the procedure the clustering algorithm should stop generating more

- Clusters, i.e., in deciding how many clusters represent the most appropriate

solution (Everitt, 1974). There does not yet appear to be any universally
accepted, objective solution to this problem. It has generally been suggested
(Everitt, 1974; Wishart, 1975) that a significant “drop" .or discontindity in
the clustering coefficient indicates that } two dissimilar clusters have been
combined to create a relatively heterogeneous cluster. Therefore, for each age
group, it was deciqed to plot the clustering coefficients generated by two
different clustering algorithms against the number of clusters. The stopping
point in the cluster analyses was then determined by a visual inspection of
these plots and an evaluation of the cluster solutions at different levels in
the hierarchy.

On the basis of the comparison of the above five clustering methods [AL,
CS, AL-IR, CS-IR, & IR(RANDOM)], centroid sorting with iterative re]océtion
(CS—IR) was chosen as the "best" procedure and was used in all of the remaining
analyses. From this point, the adequacy of different cluster solutions was
always inte}preted with reference to the classifications generated by the FS-

CS-IR solutions.

(Step 2.) In order to assess the'replicability of the clusters 1in the
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Data Matrix Young LD-ACID FS

{

Centroid

Group Iterative
Average Sorting Relocation
Analysis Analysis Analysis
(Random
classification)
Cluster Cluster Cluster
Solution Solution Solution
YOUNG FS~AL| | YOUNG FS-CE| |YOUNG FS-IR
(RANDOM)
Iterative Iterative
Relocation Relocation
Analysis Analysis
Cluster Cluster
Solution Solution
YOUNG |~ YOUNG
FS-ATL-IR FS-CS-IR

Data Matrix 01ld LD-ACID FS

Group Centroid Iterative
Average Sorting Relocation
Analysis Analysis Analysis
(Random
classification)
Cluster Cluster Cluster
Solution Solution Solution
OLD FS-ADL OLD FS-CS OLD FS-IR
, (RANDOM)
Iterative Iterative
Relocation Relocation
Analysis Analysis
Cluster Gluster
Solution Solution
oLD OLD
FS~-AL-IR FS-CS-IR

Figure 2; Sequence of cluster analyses: Step.1i.

LE



38

face of changes to the input data set, product-moment simi]arity matrices were
calculated for data matrices Young LD-ACID TS and 01d LD-ACID TS and were then
each subjected to CS and CS-IR analyses. This produced terminal cluster sol-
utions YOUNG TS-CS-IR and OLD TS-CS-IR. Inspection of the means and standard
deviétions of the "factor representative" variables in matrices Young LD-ACID
TS and.01d LD-ACID TS, however, revealed variances of quite different magnitudes
(see Tables 12 and 14, Results section). Because similarity measures are biased
towards variables which have large variances (Wishart, 1975), the validity of
using solutions derived from matrices Young LD-ACID TS and Old LD-ACID TS as
indices of cluster stability was considered to be problematical. Therefore, an
additional approach was devised to evaluate the stability of the classifications
generated in Step 1 in response to changes in the clustering variables.

Factor scores representing prinéipa] components which, in the opinion of
the author, had 1ittle clinical utility were deleted from matrices Young LD-
ACID FS and 01d LD-ACID FS. This resulted in the creation of two new data
matrices, Young FD-ACID FS™ and 01d LD-ACID FS~. These matrices were subjected
to CS-IR clustering producing cluster solutions YOUNG FS™-CS-IR and OLD FS -CS-
IR. The sequence of cluster analyses described in this section is outlined in
Figure 3.

(Step 3.) In an attempt to generate further clusters on the basis of pro-
file elevation, distance matrices utilizing squared Euclidean distance as the
dissimilarity measure were calculated for each of the cluster solutions produced
by CS-IR analysis in Step 1.

Cluster replicability and subtype validation. No universal, objective

criterion yet exists to evaluate the accuracy and stability of the subtype
structure generated by automatic multidimensional classification procedures such

as cluster analysis. However, well étructured data could be expected to stand
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Figure 3. Sequence of cluster analyses: Step 2.
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up well to different clustering methods and to manipulations of the input data’
set (e.g., changes in the subjects or variables clustered), while unstructured
data or data containing only poorly defined groups could be expected to show
great variability in response to these treatments.

In light of these considerations, the stability of the clusters generated
by solutions YOUNG FS-CS-IR and OLD FS-CS-IR was assessed by determining the
replicability of these groupings across the clustering methods and the data
matrices described above. That is, the replicability of the classification
generated by cluster solution YOUNG FS-CS-IR was assessed across cluster solu-
tions YOUNG FS-AL, YOUNG FS-CS, YOUNG FS-AL-IR, YOUNG FS-IR(RANDOM), YOUNG TS-
CS-IR, and YOUNG FS -CS-IR, while the replicability of the classification gen-
erated by cluster solution OLD FS-CS-IR was assessed across cluster solutions
OLD FS-AL, OLD FS-CS, OLD FS-AL-IR, OLD FS-IR(RANDOM), OLD TS-CS-IR, and OLD
FS™-CS-IR. Although Wishart (1975) recommends the clustering of a random class-
ification of the data as a check on the acceptability of a classification ob-
tained by an iterative relocation procedure, it is debatable whether this rep-

resents a true replication of a cluster solution.

The next step was to further establish the consensual validity of the LD-
ACID clusters by determining if these clusters would remain well-defined when
data from the LD-ACID subjects were pooled with the data from the LD-C sample.
Therefore, combined data sets consisting of the factor scores of all the LD-
ACID subjects and their matched controls (i.e., matrices Young LD-ACID FS +
Young LD-C FS and matrices 01d LD-ACID FS + 01d LD-C FS) were subjected to CS-
IR clustering. It was thought that clinically meaningful LD-ACID subtypes
should be distinguished by cluster analysis from subtypes of LD-C children.

A number of authors (Blashfield, 1980; Fleiss et al., 1971; Satz & Morris,

1980) have stressed that the validity of a cluster solution should be assessed
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in terms of variables independent of those used in the cluster analysis. That
is, groups determined from a cluster analysis should differ with respect to
variables not used in the actual classification. In this regard, multivariate
analysis of variance, ANOVAs (SAS, program GLM; Helwig & Council, 1974), and
Newman-Keuls tests (SPSS, program ONEWAY; Nie et al., 1975) were used to assess
the validity of the subtypes generated in this research by comparing the LD-
ACID clusters to their matched controls and by evaluating intercluster diff-
erences on the subtests of the WRAT.

Finally, in order to visually display the differences between the derived
clusters, mean factor score profiles were plotted graphically for each of the
clusters generated by cluster solutions YOUNG FS-CS-IR and OLD FS-CS-IR.
Neuropsychological interpretation of the mean T score test profiles of these
clusters and comparisons to the groups of LD-ACID subjects described in the

Titerature were also used to assess the meaningfulness of the LD-ACID clusters

generated in this study.
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CHAPTER 1V

RESULTS

The results are discussed as follows: (1) data reduction; (2) the differ-
ent data matrices subjected to cluster analyses; (3) cluster analysis solutions;

(4) subtype validation.

Data Reduction

Data Set Young. The means, standard deviations, and number of nonmissing

cases for the 63 variables comprising Data Set Young (groups Young LD-ACID +
Young LD-Controi) are presented in Table 4. MNineteen factors with eigenvalues
greater than or equal to one were extracted when principal components analysis
with varimax rotation was applied to this data set. These factors accounted for
76.3% of the common variance. The eigenvalues, proportion of total variance,
and cumulative proportion of total variance for the 19 factors are presented in
Table 5. The variables with loadings greater than |.55] on the retained factors
are presented in Table 6; the only exceptions to this are the two highest load-
ings on factor 19 which did not reach this level. The varimax rotated factor
matrix (terminal solution) for Data Set Young is contained in Appendix B.

Data Set 0l1d. The means, standard deviations, and number of nonmissing

cases for the 54 variables comprising Data Set 01d {groups 01d LD-ACID + 01d
LD-C) are presented in Table 7. Sixteen factors with eigenvalues greater than
or equal to one were extracted by principal components analysis with varimax
rotation. These factors accounted for 68.1% of the common variance in Data Set
01d. Table 8 contains the eigenvalues, proportion of total variance, and cum-

ulative proportion of total variance for the 16 retained factors. The variables

42
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TABLE 4

T Score Means and Standard Deviations for Variables
Comprising Data Set Young

VARIABLE sk Al ETANCASD DEV CASES
CATTOQT 47 « i 7€ 1 11.,17€EE 1198
APHASI A 42011106 12,1232 117
TACR S1+29€14 11,6582 117
TACL EC.5606L853 13.24466 117
AUDR 43 +.151 72 14.2961 118
AUOL €EQ,C625H 12,5066 119
VISR 47 s GIN 15,4272 117
VISL 48,0769 15.52¢¢ 117
FAGR 44 , 33725 18.9217 118
FAGL 44,0718 1€6.3431 113
FTwWRR 46«35 1 16,6357 113
FTwRL 48 L 6C5H6H 12.57€5 118
ASTR €0,518"0 9.634° 113
ASTL £1.0834 6.0631 113
NAMER 4% 433343 11.2727 118
NAMEL - 455671 11,0222 . 118
MAZERT 460426 12.4082 1138
*MAZERC 46.+51£4 13,6758 118
MAZERS E9.13289 18,5552 113
MAZELT 40,4667 12.,72€4 113
MAZELC 60 279232 1€,a0¢cC 113
MAZELS 41 3654 14,611 118
HOLESRT 43452573 14,7296 11
HOLESRC £1.727¢C 18.6022 113
HIOLESLT Z8,6590 17.8027 1138
HOLESLC 27.85C¢S 19,6227 113
PEGSRT 49 .837¢ 10,8222 113
PEGSLT 49,0577 17.22¢¢< 118
TRPTODT 49.7468 G 22333 118
TPTNDT 48 .C718 22.8€1€¢ 2113
TPTBT 45,8220 12.88€E% 113
MFIGT S4,40C2 66,0403 . 118
MF IGE 48.0¢c¢€19 10.86EC 118
START 47 « 13909 12,7124 119
MATVT €Y.,1E8494 88,7371 118
MATVE 41 +6H162 13,7534 113 .
CUNSQT 49 .0612 1N, €127 118
CUNSQE S2.,7821 13.,823¢ 118
FROFIGT 455070 13.4044 117
PRAOF IGE £€8.,1823 17.07822 117
COLFRMT 39,6608 19,€184 116
COLFRME 43,7210 22.7771 116
MATPXT 46 .CS42 14.2C78 113
COMP €1 ,8E2¢4 R.€E21€ 118
SIM €4 ,1€34 9.6108 118
vOoCo €2.,CH4ET 8.592¢ 118
PICCOM £3.,13%21 9.6734 118
PI CARR €1.77C7 9,99C2 1118
BLKDES €244456 3.€£857 113
OBASS €1.,6£576 B.765¢€ 113
PPVTIO S0.,012¢ Ge746GZ 1138
AUDCLO 47 .5s83 11.5921¢ 115
SENMEM I3.006AR 13.G46€ 117
FLUENCY 29,5€13 11.15€2 117
TAPRH €2.7912 15,1662 118
TAPLH £2.51€3 15,2685 118
TAPRF 2GS .£275 8., E4GE 118
TARLF 37,5048 9,0073 118
OYNR €0.B7€85 9.54C2 119
DY NL €1 .3455 10,1221 118
TPTME 4 47,2493 9.,7213 118
TRPTLOC 43.75¢€7 G.0NG 4 118
TARGET ZR.HT727 12.417% 116
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TABLE 5

Principal Components Analysis Solution for Data Set'Young

Percent of Cumulative
Factor Eigenvalue Variance Percent
1 12.29037 19.5 19.5
2 5.76551 9.2 28,7
3 3.60126 5.7 34.4
4 3.00967 4,8 39.2 .
5 2.53773 4.0 43,2
6 2.19657 345 46.7
7 12.03189 3.2 49.9
8 1.85266 2.9 52.8
9 1.76912 2.8 55.6
10 1.71416 2.7 58.4
11 1.56594 2.5 60.8
12 1.48983 2.4 63.2
13 1.34984 2.1 65.4
14 1.30364 2.1 67.4
15 1.20635 1.9 69.3
16 1.18736 1.9 71.2
17 1.12852 1.8 73.0
18 1.05687 1.7 4.7
19 1.01370 1.6 76.3
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TABLE 6

Retained Factors with Variable Loadings:
Data Set Young

Factor 1
« 60001 Maze Test: Time - Right Hand
+64639 Maze Test: Counter - Right Hand
«62874 Maze Test: Time - Left Hand
+ 70088 Maze Test: Counter - Left Hand
+86824 Graduated Holes Test: Time - Right Hand
+ 90206 Graduated Holes Test: Counter - Right Hand¥*
+88337 Graduated Holes Test: Time - Left Hand
«88907 Graduated Holes Test: Counter - Left Hand¥
Factor 2
+69119 WISC Comprehension
+75919 WISC Similarities¥*
+ 72829 WISC Vocabulary*
Eactor 3 . )
+56066 Tactile Perception - Left Hand
« 713273 Auditory Perception - Left
+87855 Visual Perception - Right¥*
+70290 Visual Perception - Left*
Eactor 4
«84327 Grooved Pegboard Test: Time - Right Hand*
« 76037 Grooved Pegboard Test: Time -~ Left Hand*
\Factor
o 17479 Maze Test: Speed - Right Hand*
«83100 Maze Test: Speed - Left Hand*
«55255 Matching Figures - Time
factor 6
+80370 Progressive Figures Test: Time¥*
«59060 Progressive Figures Test: Errors
+62699 Matching Pictures*
FaCtor
«64997 Tactual Performance Test: Memory*
283349 Tactual Performance Test: Location¥*
Eéctor 8
+ 18694 Finger Tapping - Right Hand¥
+82784 Finger Tapping - Left Hand*
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TABLE 6 cont'd

Factor 18
«56929
Eactor 19
‘0.2338g

2

(\
Factor
+88384 Strength of Grip -~ Right Hand¥*
«87204 Strength of Grip - Left Hand¥
Factor 10 '
+55440 Halstead Category Test: Total Errors
+ 74546 WISC Block Design*
« 69201 WISC Object Assembly¥
Pactor 11
«81306 Finger-Tip Symbol Writing -~ Right Hand¥*
14727 Finger-Tip Symbol Writing -~ Left Hand¥
Factor 12
« 718424 Finger Agnosia - Right*
« 71428 Finger Agnosia - Left¥
Factor 13
+ 90662 Color Form Test - Time¥
+82196 Color Form Test - Errors¥
Factor 14
\‘—~
«84736 Writing Speed - Right Hand*
+89035 Writing Speed - Left Hand¥*
Fact
sactor 15 .
« 76350 Foot Tapping - Right*
+ 18684 Foot Tapping - Left*
Factor 16
S=SLor 15
85898 Drawing Concentric Squares: Time¥*
0.60723 Drawing Concentric Squares: ZErrors¥
Lactor 17
+59561 Auditory Perception - Right¥
+52707 WISC Picture Completion*

Matching Vs: Time¥*

Tactile Perception - Right
Drawing Star: Time

* Indicates "factor representative" variables.
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TABLE 7

I Score Means and Standard Deviatiornis for Variables
Comprising Data Set 0Old

VARIASZLE MEAN STANDARD DZEV CASES
CATTOT 45 .523¢C 13,8175 243
APHASI A 2740115 15,28€C 244
TACR 43,3834 14,70€&% 244
TACL €2.65566G 11.1721 244
V1SR 45301627 2647289 243
VisLu 40.4715 40 . 3658 243
FAGR 545402 32.3212¢2 244
FAGL 29.28C8 24,8828 244
FTwWRR S7.3160 21.€609¢€ 243
FTwRL S5.428¢5 35.6377 2423
ASTR 4341165 13.6274 243
ASTL" 43.,5€€3 13.6788 243
- NAMER 4E JH4EET7 13.0146 243
NAMEL 45 64G37 10.€702 243
MAZERT 433667 19,61¢€¢6 244 -
. MAZERC €C .8232 132.1C05 244
MA ZERS 26.7131 15.3262 243
MAZELT 377791 42,0232 244
MAZELC 43 .8409 15.,43C1 244
MA ZELS S8 +35CS 13.27€¢ 243
HOLESRT 45 . 0546 14, 126C 243
HOLESRC £2.,5€00 9.5280 243
HOLESLT 40.6024 15,0323 242
HILESLC C2.5E874 Q.28S4 243
PZ GSRT 43 « 3547 15.,€638¢C 243
PEGSLT . 41 474C9 19,2364G1 243
T2TOT €0.6279 10.0776G 243
TRPTNDT 47 .8887 14,4154 243
TPTBT 44,5273 16,4542 2493
ESPER 2 .4B8GE 15,7681 242
TRAILAT 422211 13,0694 243
TRAILAE 46,0592 171206 243
TRAILBT 26,1798 20.27C# 242
TRALILBE 43 .826G4 17,411€ 234
coMpP . £0,02810 8.,352¢€ 244
SInM €2 .8242 74195 244
vacsa E0J4C2¢€ 7.33€1 244
PI CCOM €4 .,3023 10.44S€ 244
PICARR €2.116¢ 9.,03¢81 244
BLKDES £2.8€79 9,07C2 244
0OBASS £4,4526 10.4020 244
PPVTIQ €3.1425 39,4235 243
AUDCL.O 43.8126 11,C8BE7 235
SENMEM 6,722 E 11,8744 236
FLUENCY c6.0C03 12.588¢C 236
TAPRH 48 e6791 11.648 244
TAPLH 48.388¢S 10, €3EE 244
TAPRF 42,8281 9.S734 242 .
TAPLF 41.72Cé 10.,5896C 242
DY NR €8.0219 12.280¢ 242
DYNL €6.,5166 11. 7414 242 -
TRPTMEM €0.930€ 10.C91 242
TPTLOC 47 + 6652 12, £25€ 242
TARGET 41 v9344 12.4196 243
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TABLE 8

Principal Components Analysis Solution for Data Set 0ld

Percent of , Cumulative
Factor Eigenvalue Variance Percent

7.95204 1
4.,01239
2.94804
2.49988
2.12669
1.93536
1.8523%4
1.79289
1.55826
1.50325
1.43517
1.30789
1.20742
1.17303
1.08270
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with loadings greater than|.55|on the 16 factors are presented in Table 9.

Appendix C contains the varimax rotated factor matrix (terminal solution) for

Data Set 01d.

Data Matrices

The factor score means and standard deviations for data matrices Young LD-
ACID FS and 01d LD-ACID FS are presented in Tables 10 and 11, respectively.
Inspection of these tables reveals standard deviations of approximately the
same magnitude for all variables.

With a few exceptions, the neuropsychological measures with the two high-
est loadings on each factor were chosen to be "factor representative" variables
(denoted by an asterisk in Tables 6 and 9); the values of these variables became
the columns of data matrices Young LD-ACID TS, Young LD-C TS, 01d LD-ACID TS,
and 01d LD-C TS. The exceptions to the use of the measures with the two high-
est loadings occurred when both measures represented performance with the same
extremity. In these cases, two equivalent measures representing the right and
left extremitieg were chosen to reflect performance on the two sides of the
body; it was thought that these data would be more meaningful in the search for
LD-ACID subtypes. The T score means and stand;rd deviations of the variables
comprising data matrices Young LD-ACID TS and 01d LD-ACID TS are presented in
Tables 12 and 13, respectively.

As indicated in Tables 12 and 13, the standard deviations and hence the
variances of the factor representative variables were of quite different mag-
nitudes. Since this could create potential problems for a cluster analysis
(Wishart, 1975), it was decided not to rely on the use of the T score matrices
as the sole variable manipulation procedure.

Therefore, data matrices Young LD-ACID FS and 01d LD-ACID FS were altered
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TABLE 9

Retained Factors with Variable Loadings:
Data Set 01ld

~_
Factor 1
« 77909 Maze Test: Time -~ Right Hand
« 718210 Maze Test: Counter - Right Hand¥
+65716 Maze Test: Counter - Left Hand¥
.58139 Grooved Pegboard Test: Time - Right Hand
+ 60966 Grooved Pegboard Test: Time - Left Hand
Factor 2 :
18714 Graduated Holes Test: Time - Right Hand
86284 Graduated Holes Test: Counter - Right Hand¥*
o 17343 Graduated Holes Test: Time ~ Left Hand
«84914 Graduated Holes Test: Counter - Left Hand¥
Factor 3 '
66337 Halstead-Wepman Aphasia Screening Test: Total Errors
+ 60800 WISC Similarities*
« 715507 WISC Vocabulary*
« 60607 Sentence Memory
Factor 4
+55116 Tactual Performance Test: Time - Both Hands
77278 Tactual Performance Test: Memory*
«'718188 Tactual Performance Test: Location¥*
Ractor 5
+57039 WISC Block Design¥*
713334 WISC Object Assembly¥*
Factor 6
«91801 Strength of Grip - Right Hand*
+91328 Strength of Grip - Left Hand¥*
Factor T . |
« 75795 Foot Tapping - Right#*
« 73374 Foot Tapping - Left¥*
Fact
&ctor 8
+83588 Finger-Tip Number Writing Perception - Right Hand¥
+83898 Finger-Tip Number Writing Perception - Left Hand*
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TABLE 9 contt!'d

\_~
Fictoxr 9
78149 Trail Making Test B: Time¥*
« 89032 Trail Making Test B: Errors¥
Factor 10 '
« 719712 Finger Tapping ~ Right¥*
« 79556 FPinger Tapping - Left*
Factor 11
.86045 Writing Speed - Right Hand*
«82287 Writing Speed - Left Hand¥*
Pactor 12
«66157 Finger Agnosia - Right*
«81876 Finger Agnosia - Left¥*
Factor 13
087218 Maze Test: Speed - Right Hand¥*
«87005 Maze Test: Speed - Left Hand*
Pactor 14
«55140 Tactile Perception -~ Right
« 63841 Visual Perception - Right*
.67108 Visual Perception - Left¥*
Factor 15
«82998 Coin Recognition -~ Right Hand¥*
«84151 Coin Recognition - Left Hand
Factor 16
+66460 Trail Making Test A: Time¥*
71499 Trail Making Test A: Errors®
N ——

¥ Indicates "factor representative" variables
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TABLE 10

Factor Score Means and Standard Deviations
for Data Matrix Young LD-ACID FS

: Standard
Factor Mean Deviation
1 0.0188 0.8131
2 0.1881 0.8428
3% -0.0092 0.8991
4 ~0,0196 0.7925%
5 0.0593 0.9296
6 0.0954 0.7431
7 0.0895 0.9788
8 -0,1153 - 1,0697
9 -0.1771 0.6876
10 0.2777 0.9906
13 -0.0437 0.8708
16 -0,0075 1.0498
17 -0,03%21 1.0205
18% -0.1335 . 0.8684
19% -0,2463 1.0561

* Indicates factors deleted to form matrix Young LD-ACID FS.”.
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TABLE 11

Factor Score Means and Standard Deviations
for Data Matrix 0ld LD-ACID FS

Standard
Factor Mean Deviation
—
1 -0,0830 0.7938
2 -0,.0550 0.9292
3 0.0800 0.8907
4 -0,0243 0.9714
5 0.4365 0.8512
& -0,0794 0.9687
T* 0.0003 0.9618
10 0.1103 0.8457
11% -0, 1989 0.9744
12 -0.0289 0.8424
13 -0.0871 1.0669
14% ~0,0018 0.9819
15 0.1555 0.9929
16 -0.1444 0.9176
—

¥ Indicates factors deleted to form matrix Old‘LD-ACID FST.
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TABLE 12

T Score Means and Standard Deviations
for Data Matrix Young LD-ACID TS:
"Factor Representative" Variables

Standard
Factor Variable® Mean Deviation
-~ .
1 HOLESRT 41.8797 15.7015
HOLESLT 35,8247 17.5972
2 SIM 55.6362 7.5596
YOCB 54.6665 6.,9859
3 VISR 47.4163 14,8457
VISL 47.9847 12.5046
4 PEGSRT 49,9907 8.5%42
PEGSLT 49,1325 9.4552
5 MAZERS 38,2517 17.0013
MAZELS 40,1872 14.5593
6 PROFIGT 46,3325 10.3995
MATPXT 46,4266 11.5059
7 TPTMEM 48,7876 6.3139
TPTLOC 44,4728 8.6625
8 TAPRH 52.3720 16,1593
TAPLH 50.5228 15.1447
9 DYNR 59.9192 6.0471
DYNI, 59.8784 6.5614
10 BLKDES 54,4847 8.4916
OBASS 53.7575 7.7787
11 FTWRR 43,7879 19,4171
FTWRL 47.6211 12.5914
12 FAGR 43,2000 20,1489
FAGL 42.0909 18.4011
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TABLE 12 cont'd

\
a Standard
Factor Variable Mean Deviation
\
13 COLFRMT 40.1744 16.8812
COLFRME 42,6335 20,8867
14 NAMER 46.9128 12.3643
NAMEL 44,5701 11.4559
15 TAPRT 38.0207 8.5609
TAPLF 36.0097 8.5044
16 CONSQE 33.0453 13,4126
CONSQT 47.7004 11.7342
17 AUDR 47.7814 16.6502
PICCOM 53%.9392 8.6324
. 18 MATVT 49,9904 8.0703%
————

a Abbreviations as listed in Table 2. These variables have also
been indicated in Table 7.
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TABLE 13

T Score Means and Standard Deviations
for Data Matrix 0ld LD-ACID TS:
"Factor Representative" Variables

~— .
Standard
Factor Variable2 Mean Deviation
~—

1 MAZERC 50.0548 12.8115
MAZELC 43,1282 15.5373

2 HOLESRC 52.0687 9.2640
HOLESIC 51.7967 8.5698

3 SIM 54.2367 6.4772
voeC 51.9204 6.3688

4 TPTMEM 51.5224 10,2202
TPTLOC 48,6602 13.0598

5 BLKDES 53.9826 9.0731
OBASS 56,4967 9.9768

6 DYNR 67.5502 12.7128
DYNL 66.1009 11.4076

7 TAPRF 42 .8935 9.4362
TAPLF 41,2887 10.2186

8 FTWRR 39.5811 25,6718
FTWRL 35.9876 26.4411

9 TRAILBT 34.5852 21.2198
TRAILBE 44,3292 15.4599

10 TAPRH 49,5479 11.1772
TAPLH 48.1966 8.8995

11 NAMER 44,5299 13.893%9
NAMEL 43.9571 10.9183

12 FAGR 35.8255 17.0091
FAGL 37.4079 15.2003%
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TABLE 13 cont'd

Standard
Factor Variable?® Mean Deviation
\
13 MAZERS 35.5593 32.7374
MAZELS 39.7909 22.8605
14 VISR 51.0952 18.6310
15 ASTR 44,6781 13.6089
ASTIL, 44,6145 14,6079
16 TRAILAT 46.1778 16.6354
TRAILAE 41.2994 13.6184
\

2 Avbreviations as listed in Table 3.
been indicated in Table 10.
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by reducing the number of factors they contained. Factors 3, 14, 18, and 19
were chosen to be deleted from matrix Young LD-ACID FS because, in the opinion

of the author, the variables which had high loadings on these factors (see Table

6) were of relatively 1little clinical utility; likewise factors 7, 11, and 14

were deleted from matrix 01d LD-ACID FS. The factor score means and standard

deviations of the resultant matrices (Young LD-ACID FS™ and 01d LD-ACID FS)
can be determined from Tables 10 and 11, respectively.
Four subjects in each of the two LD-ACID groups were considered to be

outliers; these subjects and their matched controls were dropped from the data

- matrices described above. The composition of the LD-ACID and LD-C groups and

revised statistics relating to sex, handedness, age, and WISC Full Scale IQ are

presented in Table 14.

The scatter plots of matrices Young LD-ACID FS and 0ld LD-ACID FS in the
space of the pairs of the first three principal components are presented in
Appendix D. Inspection of these scatter plots does not provide any clear in-
dications of the shapes or the number of clusters in the data. Therefore, as
described in the previous chapter, the clustering methods utilized in this re-

search were chosen on the basis of other considerations.

Cluster Analysis Solutions

The hierarchical trees (dendrograms) summarizing cluster solutions YOUNG
FS-AL, YOUNG FS-CS, OLD FS-AL, and OLD FS-CS are presented in Figures 4, 5, 6,
and 7, respectively; these figures demonstrate clearly that the data is struct-
ured. The corresponding plots of the clustering coefficients against the
number of clusters are presented in Figures 8, 9, 10, and 11, respectively.
Inspection of the dendrograms and the latter figures led to a decision to

utilize the four-cluster groupings at each of the two age levels as the terminal
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TABLE 74

Characteristics of the Young and 01d LD-ACID and LD-C Groups
with Outliers Removed

Young ILD-ACID Young LD-C 014 ID-ACID 0ld LD-C

SUBJECT
COMPOSITION

Males 51 51 113 113

Females 4 4 2 2

Total 55 + 55 + 118 + 118 = 346
HANDEDNESS

Right 51 51 101 101

Left 4 _4 a7 A7

Total 55 + 55 + 118 + 118 = 346
AGE

Mean. 8.26 8023 10094‘ 10-92

S.D. .52 .54 1.44 1.47

Range 6.73 - 8.98 6.84 - 8,96 9.07 - 14,88 9.04 - 14,97
W1sC
FULL SCALE 1Q® ,

Mean 49,37 49,01 49,25 49,10

S.D. 5.67 5.51 6.74 6.64

Range 38.67 - 60,00 38,00 ~ 61.33 36.67 - 66,00 36.67 - 70,00

a
T Scores.
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GROUP AVERAGE ANALYSIS OF YOUNG LD-RCID SUBJECTS.

FIGURE 4,
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Figure 8. Group average analysis applied to matrix Young

LD-ACID FS: Cluster coefficients plotted
against number of clusters.
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solutions.

The four-cluster classification arrays for the cluster solutions YOUNG FS-
AL, YOUNG FS-CS, YOUNG FS-AL-IR, YOUNG FS-CS-IR, YOUNG FS-IR(RANDOM) are pre-
sented in Appeﬁdix E. Comparisons of the classification arrays YOUNG FS-AL-
IR, YOUNG FS-CS-IR, YOUNG FS-IR(RANDOM) indicated that the closest agreement
occurred between the latter two cluster solutions (85% of the subjects were
classified into the same clusters by both methods). Since essentially the same
solution was obtained from quite different starting points, this was taken as
an indication that an acceptable solution had been reached (Wishart, 1975).
On the basis of these results, cluster solution YOUNG FS-CS-IR was chosen to
represent the underlying structure of the Young LD-ACID group; the four clusters
were arbitrarily named YAC1, YAC2, YAC3, and YAC4.

The four-cluster classification arrays for cluster so]utfons OLD FS-AL,
OLD FS-CS, OLD FS-AL-IR, OLD FS-CS-IR, OLD FS-IR(RANDOM) are presented in Ap-
pendix F. Identical groupings were produced by cluster solutions OLD FS-AL-IR
and OLD FS-CS-IR indicating that an acceptable solution had been reached. Only
57% of the subjects, however, were placed into the same grouping by cluster sol-
ution OLD FS-IR(RANDOM); evidence reviewed below indicates that this relatively
Tow concordance maybe due to the effect of one particularly unreliable grouping.
In order to maintain consistency with the Young LD-ACID solution, CS-IR c]uét-
ering was arbitrarily considered to produce the best solution for the 01d LD-
ACID group. The clusters were named OAC1, OAC2, OAC3, and OACA4.
| The four-cluster classification arrays produced by cluster solutions YOUNG
TS-CS-IR, YOUNG FS™-CS-IR, and cluster solutions OLD TS-CS-IR, OLD FS™-CS-IR
are presented in Appendices G and H respectively. Solutions YOUNG FS -CS-IR
and OLD FS -CS-IR were considerably more accurate in replicating the corres-

ponding FS-CS-IR cluster solutions thén were cluster solutions YOUNG TS-CS-IR
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and OLD TS~CS-IR (this is discussed further in the next section).

The dendrograms produced by CS analyses of the distance matrices (squared
Euclidean distance) for each of the four groupings generated by cluster solu-
tions YOUNG FS-CS-IR and OLD FS-CS-IR are presented in Figures 12 through 19.
Inspection of these hierarchical trees suggests that "chaining" has occurred
and that clusters do not contain further groupings which can be defined on the

basis of profile elevation.

Subtype Validation

Concordance over clustering procedures (input matrices: Young LD-ACID FS

and 01d LD-ACID FS). The agreement between the four-cluster solutions generated

by the five different cluster analyses, AL, CS, AL-IR, CS-IR, and IR(RANDOM),
is summarized in Table 15 for the Young LD-ACID group. The "“hits" (number of
subjects correctly classified) and percentage hits were calculated with the
four-cluster solution produced by CS-IR analysis as reference. Inspection of
Table 15 reveals different concordance rates across the Young LD-ACID clusters.
Clusters YAC2 and YAC4 were well-preserved over the CS, AL, AL-IR, and IR(RAN-
DOM) cluster analyses with mean percentage hits of 88.16 and 89.58, respect-
ively. These clusters would appear to constitute reliable subtypes. Clusters
YAC1 and YAC3, on the other hand, were considerably less stable (mean percent-
age hits of 52.78 and 58.33, respectively, over the four cluster analyses)
suggesting that these clusters may represent artificial groupings forced on the
data. |
Further evidence of the stability of clusters YACZ2 and YAC4 was obtained
from the inspection of the five- and three-cluster CS-IR solutions. The five-
cluster solution grouped together all 19 YAC2 subjects in one cluster and 11

(91.67%) of the YAC4 subjects in another cluster. Eighteen (94.73%) of the
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TABLE 15

Concordance Across Different Clustering Procedures for the Young LD-ACID
Subtypes with Cluster Solution YOUNG IS-CS-IR as Reference

Young LD-ACID Clusters

Cluster Analysis® YACH YAG2  YAC3 YAC4
Procedure Hits (%) Hits (%) Hits (%) Hits (%)
CS-IR 9 (100 ) 19 ( 100 ) 15 ( 100 ) 12 ( 100 )
AL-IR 6 (66.67) 16  (84.21) 15 ( 100 ) 11 (91.67)
IR(RANDOH) 8 (88.89) 16  (84.21) 8 (53.33) 11 (91.67)
cs 4 (44.44) 18 (94.74) 6 (40.00) 11 (91.67)
AL 1 (11.11) 17  (89.47) 6 (40,00) 10 (83.33)
Mean Percentage . | '
Hitsb 5278 88.16 584335 89.58
H
2 £s-1IR = Centroid sorting analysis with iterative relocation.
AL-IR = Group average analysis with iterative relocation.
IR(RANDOM) = Iterative relocation from an initial random classification.
Cs = Centroid sorting analysis,
AL = Group average analysis,

b Mean percentage hits over methods AL-IR, IR(RANDOM), CS, and AL.
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YAC2 subjects were grouped together with one other subject by the three-cluster
solution. Ten (83.33%) of the YAC4 subjects were grouped together with six
other subjects by the three-cluster solution.

The results for the 01d LD-ACID group are summarized in Table 16, which
shows different concordance rates across the four groupings. Clusters 0ACT,
0AC2, and OAC3 remained fairly well-preserved over the CS, AL, AL-IR, and IR
(RANDOM) cluster analyses. The mean percentage hit rates for the three clust-
ers were 83.54, 80.88, and 69.04, respectively. These clusters would appear
to constitute fairly reliable subtypes. As shown in Table 16, cluster 0AC4 was
not reliably reproduced by the four clustering methods indicating that this
cluster may represent an artificial grouping forced on the data.

Inspection of the five-cluster CS-IR solution provides another indication
of the stability of the 01d LD-ACID clusters. Twenty-nine (70.73%) of the OACI
subjects were grouped together with one other subject to form a cluster. Twenty-
seven (79.41%) of the OAC2 subjects constituted a second cluster, while 15
(71.43%) of the OAC3 subjects and one other subject constituted a third cluster.
A fourth cluster consisted of 20 (90.90%) OAC4 subjects and one other subject.
Clusters OAC1 and OACZ2 were well-preserved by the three-cluster solution: 26
0AC1 subjects were grouped together in a 38 member cluster while 34 OACZ2 sub-
jects were grouped together in a 40 member cluster. Cluster OAC4 formed the
majority of the third cluster (16 of the 36 members). The subjects in cluster
OAC3 were interspersed among the three clusters.

Alterations in the input data sets. The results of CS-IR clustering applied

to the factor score, T score, and reduced factor score matrices are summarized
in Tables 17 and 18 for the Young LD-ACID and 01d LD-ACID groups, respectively.
Inspection of Table 17 indicates that the Young LD-ACID clusters were best re-
plicated by the YOUNG FS -CS-IR cluster solution. A 54.54% concordance rate

(-
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TABLE 16

Concordance Across Different Clustering Procedures for the 0ld LD-ACID
Subtypes with Cluster Solution OLD IS-CS-IR as Reference

0ld LD-ACID Clusters

‘uolssiwiad Inoyum pangiyold uononpoidal Joyung “Joumo ybuAdoo auy Jo uoissiued yum paonpoiday

® Mean percehtage hits over methods AL-IR, IR(RANDOM), CS, and ATL.

Cluster Analysis® 0AC1 0AC2 OAC3 0AC4
Procedure Hits (%) Hits (%) Hits (%) Hits (%)
CS-1IR 41 ( 100 ) 34 ( 100 ) 21 ( 100 ) 22 ( 100 )
AL-IR 41 ( 100 ) 34 ( 100 ) 21 ( 100 ) 22 ( 100 )
IR(RANDOM) 32 (78.05) 21 (61.76) 13 (61,90) 3 (13.64)
cs 31 (75.61) 33 (97.06) 12 (57.14) 6 (27.27)
AL 33 (80.49) 22 (64.71) 12 (57.14) 17 (77.27)

Mean Percentage

2 ¢s-IR = Centroid sorting analysis with iterative relocation.

- AL-IR = Croup average analysis with iterative relocation.
IR(RANDOM) = Iterative relocation from a initial random classification.
] = Centroid sorting analysis,

AL = Group average analysis.

08
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- TABLE 17

Concordance Across Different Data Matrices for Centroid Sorting
Analysis with Iterative Relocation of the YOUNG ILD-ACID Group

(Solution for Data Matrix Young LD-ACID FS as Reference)

Young LD-ACID Clusters

YACH YAC2 YAG3 YAC4
Data Matrix® Hits (%) Hits (%) Hits (%) Hits (%)
Young ID-ACID FS 9 (100 ) 19 ( 100 ) 15 ( 100 ) 12 ( 100 )
Young ILD-ACID FS™ 1 (11.11) 14  (73%.68) 7 (46.67) 8 (66.67)
Young LD~ACID TS 2 (22.22) 8 (42.10) 0 ( 0,00) 6 (50.00)

® Young LD-ACID FS_
Young LD-ACID FS
Young LD-ACID TS

Factor score data matrix (19 factors).

Modified factor score data matrix (15 factors).
T score data matrix (35 variables).

nuu
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TABLE 18

Concordance Across Different Data Matrices for Centroid Sorting
Analysis with Iterative Relocation of the 0ld ILD-ACID Group
(Solution for Data Matrix 0ld LD-ACID FS as Reference)

01d LD-ACID Clusters

OAC1 0AC2 0AC3 OAC4
Data Matrix® Hits (%) Hits (%) Hits (%) Hits (%)
014 LD-ACID FS 41 ( 100 ) 34 (100 ) 21 ( 100 ) 22 (100 )
014 LD-ACID FS™ 22 (53.66) 27  (79.41) 5 (23.81) 13 (59.09)
014 ID-ACID TS 14 (34.15) 18  (52.94) 6 (28.57) 5 (22,73)

@ 01d ID-ACID FS
01d LD-ACID FS™
01d ID-ACID TS

Factor score data matrix (16 factors).
Modified factor score data matrix (13 factors).
T score data matrix (32 variables).
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was obtained from the YOUNG FS™-CS-IR classification, while the YOUNG TS-CS-IR
classification produced only a 29.09% concordance rate. Further inspection of
Table 17 reveals that subtypes YAC2 and YAC4 were relatively well-preserved by
both the YOUNG FS -CS-IR and YOUNG TS-CS-IR cluster solutions. Inspection of
Table 18 also indicates that the FS -CS-IR solution was more accurate than the
TS-CS-IR solution for the 01d LD-ACID subjects; a 56.78% concordance rate was
obtained for the OLD FS -CS-IR cluster solution, while the OLD TS-CS-IR solu-
tion produced only a 36.4% concordance rate. Subtypes OAC1 and OAC2 were best
preserved by both cluster solutions.

Concordance over the various cluster solutions. In tota], seven different

cluster solutions were generated for the Young LD-ACID group. The number of
subjects classified together by different combinations of these cluster solu-
tions is presented in Table 19. These data provide another indication of the
stability of the YOUNG FS-CS-IR cluster solutions; 80% of the subjects were
classified together by at least four of the seven cluster solutions. Further
evidence of the reliability of subtypes YAC2 and YAC4 vis-a-vis the other
clusters can also be gleaned from this table; 89.47%, 100%, 11.11%, and 40.00%
of the YAC2, YAC4, YAC1, and YAC3 subjects, respectively were classified to-
gether by at least five of the seven cluster solutions.

Table 20 presents similar data for the 01d LD-ACID group. A substantial
number (89.83%) of the subjects were classified together by at least four of
the seven cluster solutions, while 75.61%, 85.29%, 57.14%, and 50.00% of the
OAC1, OAC2, OAC3, and OAC4 subjects, respec£ive1y, were classified together by
at least five of the seven cluster solutions.

Inspection of the fifteen- to three-cluster solutions obtained for the
Young LD-ACID and Young LD-C samples combined revealed that the nine-cluster

solution produced a closest agreement with cluster solution YOUNG FS-CS-IR.
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TABLE 19

Number of Young LD-ACID Subjects Classified Together
by Different Combinations of Cluster Solutions

————
Young LD-ACID Clusters
Number of Cluster YACH Y402 YAC3 YAC4 Total
Solutions n=9 n=19 n=15 n=12 n=55
: ~— .
7 of 7 0 9 0 5 14
At least 6 of 7 0 14 4 8 26
At least 5 of 7 1 17 6 12 26
At least 4 of 7 4 18 10 12 A4
7 7 19 14 12 52

At least 3 of
S—
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TABLE 20

Number of 0ld LD-~ACID Subjects Classified Together

by Different Combinations of Cluster Solutions

85

01d LD-ACID Clusters

Number of Cluster OAC1 OAC2 OAC3 . OAC4 Total
Solutions n=41 n=34 n=21 n=22 n=118
T of 7 9 13 1 0 23
At least 6 of 7 19 22 11 5 57
At least 5 of 7 31 29 12 11 83
At least 4 of 7 Y 33 15 17 106
At least 3 of 7 41 34 17 22 114

72
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Appendix I contains the nine-cluster classification array for the combined
sample. The number of Young LD-ACID subjects correctly classified together
for clusters YAC1, YACZ2, YAC3, and YAC4 were as follows: 4, 9, 6, and 9, re-
spectively. The corresponding percentage hit rates were 44.44, 47.37, 40.00,
and 75.00, respectively. The number of LD-C subjects classified together with
the LD-ACID subjects were, for the most part, quite small (6, 2, 4, and 3, for
clusters YAC1, YAC2, YAC3, and YAC4, respectively) indicating that the neuro-
psychological ability profiles for at least the latter three LD-ACID clusters
differed from those of the LD-C sample.

The eleven-cluster solution obtained from the 01d LD-ACID and 01d LD-C
samples combined provided the closest agreement with cluster solution OLD FS-
CS-IR. Appendix J contains the eleven-cluster classification array for the
combined sample. The number of 01d LD-ACID subjects correctly classified to-
gether for clusters OAC1, OAC2, OAC3, and OAC4 were as follows: - 19, 11, 10,
and 8, respectively. The corresponding percentage hit rates were 46.34, 32.35,
47.61, and 36.36, respectively. The number of LD-C subjects grouped together
with the LD-ACID subjects were 5, 6, 3, and 20 for the OAC1, OAC2, OAC3, and
O0AC4 clusters, respectively. This provides some evidence that the neuropsych-
ological profiles df clusters OAC1, OAC3, and, to a lesser extent, OAC2 differed}
from those of the LD-C subjects.

External criterion procedures for cluster solution YOUNG FS-CS-IR. LD-C

subjects matched to LD-ACID subjects in clusters YAC1, YAC2, YAC3, and YAC4
were grouped into corresponding "clusters" (YCC1, YCC2, YCC3, and YCC4, re-
spectively). Multivariate analysis of variance {(MANOVA) with group (LD-ACID |
vs. LD-C) and cluster membership as independent variables andlperformance on
the Reading, Spelling, and Arithmetic subtests of the WRAT as dependent vari-

ables revealed a significant main effect of group; see Table 21. The univari-
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TABLE 21

Multivariate Analysis of Variance of the WRAT Subtests
by Group and Cluster: Young Age Group

87

Wilk's Largest root

Global Test lambda jo) criterion
Group 0.9234 0.0405 0,0829
Cluster 0.9006 0.2791 0.0913
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TABLE 22

Univariate Analysis of Variance -of the WRAT Subtests by
Group and Cluster: Young Age Group

Mean T Score

ILD-ACID Clusters®

LD-C_"Clusters"b

p
WRAT Subtest 1 2 35 4 5 6 T 8 liSe Group Cluster
Reading 36,96 40.03 40.75 37.94 38,22 42,63 44,73 -40.83 40.998 023 .039
Spelling 37.48 38,91 40,18 38,67 37.85 41.05 42.6T 39.55 32.923 .129 .160
Arithmetic 40.81 41.44 43.15 41.33 42,37 45.12 46.82 42,05 29.615 011 .091

Newman-Xeuls Tests p <.05

Reading 1 4 5 2 3 8 6 7
Spelling ) 1 5 4 2 8 3 6 7
Arithmetic 1 4 2 8 5 3 6 1
2 Cluster 1 = YAC1, Cluster 2 = YAC2, Cluster 3 = YAC3,

D Cluster S

]

YCC1, Cluster 6

YCC2, Cluster 7

fl

YCC3,

Cluster 4 = YACA4,

Cluster 8 = YCC4,
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ate tests, shown in Table 22, indicated a significant difference in favour of
the LD-C group on the Reading and Arithmetic subtests of the WRAT.

The results of the post hoc Newman-Keuls tests are also included in
Table 22. Clusters not connected by a Tine indicate a significant difference
at the .05 level; clusters are listed in order of increasing magnitude of the
corresponding WRAT subtest scores. The post hoc analyses suggest that the
Young LD-ACID and LD-C clusters did not differ significantly from one another
on any of the WRAT subtests.

External criterion procedures for cluster solution OLD FS-CS-IR. Table

23 contains the results of the multivariate analysis of variance for the 01d
LD-ACID and LD-C subjects with group (LD-ACID vs. LD-C) and cluster membership
as independent variables and performance on the WRAT subtests as dependent var-
iables; a significant main effect for group was indicated. The univariate
tests indicated a significant difference in favour of the LD-C group on the
Arithmetic subtest of the WRAT; see Table 24. The results of the post hoc
Newman-Keuls tests, included in Table 24, indicate that the 01d LD-ACID and
LD-C clusters did not differ significantly from one another on any of the WRAT

subtests.

‘Cluster descriptions. The mean factor score profiles for clusters YACI,

YAC2, YAC3, and YAC4 are presented in Figures 20 through 23; the profiles for
clusters OAC1, OAC2, OAC3, and OAC4 are presented in Figures 24 through 27.
Visual intercomparisons of these profiles for each age level indicated that the
clusters were qualitatively well differentiated by their factor score profiles.
The T score means and standard deviations of the 110 neuropsychological
measures available for the Young LD-ACID group were calculated. for the four
Young LD-ACID clusters; the majority qf these summary scores are presented in

Appendix K. Similar data were compiled for the 103 measures available for the
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TABLE 23

Multivariate Analysis of Variance of the WRAT Subtests
by Group and Cluster: O0ld Age Group

~—
Wilk's Largest root
Global Test lambda e} "~ criterion
~—
Group 0.9605 0.0269 0.0411
Cluster 0.9470 0.1891 0.0374
\
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TABLE 24

Univariate Analysis of Variance of the WRAT Subtests by

Group and Cluster:

0ld Age Group

WRAT Subtest

Mean T Score

 LD-ACID Clusters®

1D-C "Clusters"b

g 10 11 12

13 14 15 16

Reading
Spelling -

Arithmetic

41,02 39,80 42,97 38.48

36.39 36,59 37.7T 35.85
39.20 38,76 37.53 38.45

41,75 41,08 42,97 40.76
38.13 37.74 37.68 38,12
40,77 40.98 39,36 39,73

ps
MSe Group Cluster
59.248 . «329 .250
31.580 .067 .943
20.329- .003 .266

‘uoissiwuad Inoyum pauqiyosd uononpoudas Jayung ssumo WbBuAdoo ayy jo uoissiuuad Yum psonpoiday

Newman-Keuls Tests p <.05

9 14 13 15 11

15 14 1116 13

9 15 16 . 13 14

Reading 12 10
Spelling 12 9
Arithmetic 11 12
& Cluster 9 = 0AC1, Cluster 10
P sjuster 13 = 0CC1, Cluster 14

OAC2, Cluster 11

i}

0CC2, Cluster 15 = 0CC3, Cluster 16

= 0AC3, Cluster 12 = OAC4,

0CC4,

i

L6
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01d LD-ACID group; these data are presented in Appendix L. " Inspection of

Appendices K and L provided the basis for the descriptions of the cluster

profiles of neuropsychological abilities presented in the next chapter.
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CHAPTER V

DISCUSSION

The data indicate that.(1) LD children exhibiting the ACID pattern on the
WISC are not a homogeneous group with respect to their patterns of neuropsych-
ological abilities and (2) reliable subtypes of LD-ACID children can be ident-
ified. Prior to the discussion of these results, however, some methodological
limitations of this research will be considered. Then, the success with which
reliable subtypes were identified will be discussed. A description of these
subtypes and their relationships to the findings of previous investigations
will follow. Finally, the implications of this investigation'and suggestions

for further research will be presented.

Methodological Considerations

The present study employed a “"clinic" sample of LD-ACID and LD-C children.
Since all subjects were screened to fit a commonly accepted definition of
"learning disability" (see Rourke, 1978a), the use of children from a clinic
setting was not considered to be particularly prob]ématical. Nonetheless, local
subject characteristics and referral procedures are still limitations when
making generalizations. Therefore, the findings of this research can only be
viewed as suggestive and should be cross-validated in other settings.

The WISC Full Scale IQs of the LD-ACID children utilized in this investi-
gation ranged from 80 to 124. Therefore, the generalizability of the present
findings must be limited to LD-ACID children within this range of psychometric
intelligence. Additional and/or very different subtypes might eventuate from

the use of subjects within a broader range of WISC Full Scale IQs.

101
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The present study employed subjects in two separate age ranges (6 — 0 to
8 —11 and 9 — 0 to 14 — 11) that were analysed separately. This cross-section-
al design limits generalizations related to developmental trends (i.e., the
extent to which the ability profiles of LD-ACID children change with age). The
differences in the neuropsychological measures administered to the two age-based
samples further 1imits comparisons between the results generated for the two
groups.

The determination of the ACID pattern based on the relative pattern of
Wechsler subtest scores further 1limits the generalizability of the present re-
sults. A different subtype structure might eventuate if the ACID pattern were
determined on the basis of a certain minimum difference (e.g., the standard
error of measurement_qr_FheAabnormaIity of the differénce; Piotrowski, 1978)
bgtween the ACID subtests and the remaining Vechsler scales.

A number of issues related to the cluster analyses may also affect the
generalizability of the present findings. The choice of the clustering vari-
ables, similarity coefficient, clustering algorithms, and terminal cluster
solutions all involved basically a subjective decision on the part of the author.
Clearly, other choices, which may have affected the derived subtype structure,
were possible.

The clustering variables (i.e., factor scores) were derived from principal
components analyses of the combined LD-ACID and LD-C groups at each of the two
age levels. It is possible that different principal components solutions, and
hence a different subtype structure, might have resulted were principal com-
ponents analyses applied only to the LD-ACID groups. Since one of the object--
ives of this research was to determine if subtypes of LD-ACID children differed
from other LD children, it seemed reasonable to utilize the combined samples of

LD-ACID and LD-C children. In addition, it can be argued that the use of larger
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samples has the effect of providing more stable correlation coefficients and,
therefore, more stable principal components solutions (Comrey, 1978).

The choice of the variables subjected to the principal components analyses,
viz, the majority of the measures in the neuropsychological assessment battery,
was itself a subjective categorization of the data. This choice, however, re-
flects the view of the author and others (e.g., Rourke & Strang , 1981) that a
taxonomy 6f LD children should be based on a fairly comprehensive, clinical
assessment of the various abilities thought to be subserved by the cerebral
cortex. Different results may have been derived from the use of other measures
and/or a subset of the neuropsychological measures utilized in this investiga-
tion.

As has been discussed previously, the similarity measure utilized in a
cluster analysis can affect the resultant solution. The choice of the correla-
tion coefficient as the similarity measure in this research resulted in the
elucidation of a stable LD-ACID subtype structure. Post hoc analyses utilizing
squared Euclidean distance, however, resulted in the "chaining" of the LD-ACID
subjects and a very different cluster solution; dendrograms very much like
those in Figures 12 — 19 were produced when the young and old LD-ACID groups
were subjected to group average and centroid sorting analyses utilizing the
distance coefficient. N

As has been discussed in Chapter III, different clustering algorithms may
produce very different classifications of the same data set. Thereforé, a
different subtype structure might have been derived had other clustering pro-
cedures been used in the present research. The results of post hoc furthest
neighbour clustering (complete linkage) utilizing correlation as the measure of
similarity (CLUSTAN, version 1C2, procedure HIERARCHY, method FURTHEST NEIGH-
BOUR; Wishart, 1975) demonstrates thi§ point. The partitions of the LD-ACID

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



104

groups derived from this latter clustering technique were clearly different

than those derived from the group average and centroid sorting analyses utilized
in this investigation. This is not believed to be a problem vis-d-vis the find-
ings of the present research, however, because furthest neighbour clustering
does not focus on group structure (it only measures the similarity between two
individuals) and tends to produce irregular results (Wishart, 1975).

The choice of the "stopping point" in a hierarchical cluster analysis is
generally considered to be problematical (Everitt, 1974). The four-cluster ter-
minal solutions in this investfgation were chosen primarily on the basis of é
commonly accepted criterion, a "significant" drop in the clustering coefficient.
Nonetheless, this was basically a subjective decision. Clearly, a different
subtype structure;:9%2:>é féﬁér.br éreaiéf thBér o%rsubtypes,'would have even-
tuated if a different level of the hierarchical solution were chosen.

Finally, the subtype structure of the LD-ACID children derived in the pre-
sent study needs to be confirmed empirically before it can be accepted as valid.
In this regard, a number of "internal" validation prdcedures were carried out in
the present research. In general, the cluster solutions were well-preserved
across clustering methods and different sets of variables and subjects; this
will be discussed further in the next section. The LD-ACID subtypes were also
well differentiated in terms of their ability profiles (see Figures 20 — 27).
These subtypes, however, were not distinguished on the basis of level of per-
formance on the subtests of the WRAT. Since meaningful subtypes should be pre-
dictive of behaviour external to the behavioural measures utilized in the class-
ification, intercomparisons of the subjects on other criteridn measures (e.g.,
on prenatal, perinatal, or neonatal developmental histories; on parental charact-
eristics; on teacher/parent observation; on personality characteristics; on

qualitative aspects of, say, their spelling performance; on response to specific
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remedial approaches, etc.) is needed to assess the meaningfulness of the present

classification of LD-ACID children.

Identification of Reliable LD-ACID Subtypes

Four types of LD-ACID children were extracted from each of the two age-
based samples utilized in this research. Tables 15 and 16 suggest that two
subtypes at each age level (YAC2 and YAC4 for the younger group; OAC1 and OAC2
for the older group) were quite reliable in that they remained well-defined
over five different methods of clustering the data. This is supported by the
results obtained from the clustering of different sets of variables (see Tables
17 & 18) and, to a somewhat lesser extent, by the results obtained from the
clustering of the combined samples of LD-ACID children and their matched con-
trols. Tables 19 and 20 summarize this differential stability of the LD-ACID
subtypes over the different clustering methods and sets of variables.

The procedures described above indicate that the same clusters consistent-
ly appear in these data, but this only demonstrates the consensual validity of
the derived categorization (Kendell, 1975). The clinical meaningfulness of the
subtypes generated in this research, which ultimately is related to the pre-

dictive validity of the classification, is dealt with in the next section.

Description of Subtypes

In this section, the LD-ACID subtypes are described in general terms.
Table 25 contains a summary of the neuropsychological test performances of the
four Young LD-ACID subtypes; Table 26 which contains the corkesponding data for
the older subtypes is presented on pages 115 — 116.- Down the left-hand columns
of these tables are the abbreviations for the neuropsychological measures listed

on pages 23 — 28. In order to simplify intercomparisons of the subtypes, these
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TABLE 25

Summary of the Neuropsychological Performance -
of the Young LD-ACID Subtypes

Young LD-ACID Subtypes

Neuropsychological YAC4 YAC2 . YAC3 YAC1
Measures 1 (89.58)* (88.16)* (58.33)* (52.78)*

S ——

Tactile-Perceptual
- . TACR
' TACL
. FAGR
FAGL
- ASTR
: ASTL
. 7.~ FTWRR
" FTWRL

- TPTRT
. TPTLT
" TPTBT

TPTMEM
TPTLOC

t + 1 ++++++1 1+ +
1
1
!
L S B B B R L R D B B
1
1
1
1

Visual -Perceptual
WISC PICCOM + +
WISC BLKDES + ++ + +
WISC OBASS + +
COLFRMT - —— — .
PROFIGT - - : - -
STARE + _—— - +
CONSQE ——— -—— ——— caee-

Audi tory-Perceptual and Language-Related
AUDR + -
SSPER *  dmee e *
AUGCLO - - + -
SENMEM  eeeee ——— - ———
FLUENCY -- S ——— ———
PPVTIQ - + + 3
WISC INFO - - - -
WISC COMP - +
WISC SIM - + 4 4
WISC VOCB + + :

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



107

TABLE 25 cont'd

\

Neuropsych
Measures

Young LD-ACID Subtypes

ological YAC4 YAC2 YAC3 YAC1

Sequencing:

Auditory and Visual Sequential Perception, Sequential Motor Responding

TARGET
WISC PICARR
MFIGE

MATVE ——- --
WISC DSYM -- --
WISC DSPAN ——- --
WISC ARITH -- --
TAPRH -- T+
TAPLH - T+
TAPRF S --
TAPLF —_— -—-

Concept Formation, Reasoning
CATTOT -
MATPXT +

Motor

MAZERT - -
MAZERC - -
MAZERS - -
MAZELT - ———
MAZELC - ———
MAZELS -- --
HOLESRT - -
HOLESLT -—- -——-
PEGSRT + +
PEGSLT + +

Academic
WRAT READSTS -— --
WRAT SPELSTS ——— —-——
WRAT ARITHSS - -
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*Reliablity coefficient.

Note:"+" corresponds to a T score range of 50 — 55;
"+++" corresponds to a T score range of

a T score range of 56 — 60;
61 — 65, etc.
corresponds to a T score range of 44 — 40;
T score range of 39 — 35, etc
than 20.

"++" corresponds to

Ch corresponds to a T score range of 49 — 45;
"---" corresponds to a
"*" corresponds to a T score less
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measures have been grouped into 7 areas: tactile-perceptual, visual-perceptual,
auditory-perceptual and language-related, sequential perception and sequential
motor responding, concept formation and reasoning, motor, and academic.

The body of Tables 25 and 26 contain a symbolic summary of the performances
of the subtypes on the neuropsychological measures. The test scores have been
convertedvto symbols corresponding to 1/2 standard deviation units above and
below the T score mean (X = 50, SD = 10). The scores have been coded such that

| the symbol "+" corresponds to a score in the range of 50 — 55 T score points,
while the symbol "++" corresponds to a score in the range 56 — 60 T score
points. Similarly, the symbol "-" corresponds to a score in the range of 49

. =45 T score points, while the symbol "--" corresponds .to a score in the range
of 44 — 40 T score points. The symbol "*" corresponds to a score greater than
three standard deviations below the mean (i.e., a T score less than 20).

Wherever possible, the subtypes are related to relevant data from previous
investigations in this area. The Young LD-ACID subtypes will be described first
and will be presented in order of their reliability coefficients. The 01d LD-
ACID subtypes will then be described also in order of their reliability coef-
ficients. \

In order to familiarize the reader with the data presented in Tables 25
and 26, the subtypes will be described initially with reference to each of the
seven categories of neuropsychological measures. Later, however, only the dis-
tinguishing features of the subtypes will be emphasized in the verbal descrip-
tions.

Type YAC4. This type was the most reliably reproduced of any of the
Young LD-ACID subtypes and contained 12 subjects in a ratio of five males to
one female. As demonstrated in Table 25, the feature which distinguished Type

YAC4 from the other Young LD-ACID subtypes is a pattern of consistently poorer
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performances on the tests in the sequencing category. The neuropsychological
test performances of Type YAC4 on the tests in the other categories can be
characterized as follows: a) performances generally within 1/2 standard de-
viation about the mean on measures of tactile- and visual-perceptual abilities,
although performance on one measure (CONSQE) in the latter category was almost
two standard deviations below the mean; b) performances within one standard de-
viation about the mean on most auditory-perceptual and language-related measures;
performances well below the mean, however, were evident on tests involving aud-
itory-visual matching (SSPER) and sentence memory (SENMEM); c) performances
within 1/2 standard deviation about the mean on tests in the concept formation
and reasoning category; and d) performances generally within one standard de-
viation about the'mean on tests in the motor category. T
Compared to the other Young LD-ACID subtypes, type YAC4 exhibited the Tow-

. est HISC Verbal and Full Scale IQs and a Verbal IQ-Performance IQ discrepancy
of 7.24 1Q points in favour of the Performance scale. They also exhibited the
lowest Peabody Picture Vocabulary Test IQ and the poorest performance on a test
involving sustained attention and auditory sequencing (Seashore Rhythm Test).
Their WRAT Reading and Spelling subtest scores were somewhat poorer than their
Arithmetic scores.

In summary, inspection of the mean profile of type YAC4 shows deficits in
auditory, visual-spatial, and motoric sequential processing. This may be the
limiting feature responsible for the academic difficulties of this group.
Whether immediate auditory-verbal and visual-spatial memory problems per se are
also present or whether the apparent mnemonic deficiency is a reflection of a
"sequencing" deficit is moot. Qualitative analyses of the Digit Span and
Sentence Memory performance of these subjects could be expected to shed some

light on this issue. Nonetheless, various authors (reviewed by Rourke, 1978b)
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have postulated that sequencing deficits may account for reading disorders in fytb'
some children. In particular, Denckla (1977) and Mattis (1978) have described
small groups of learning disabled children with isolated sequencing deficits

who bear a striking resemblance to subtype YAC4. Petrauskas and Rourke (1979)
have described a subtype of 7- and 8-year-old retarded readers who as a group
exhibited the ACID pattern and "sequencing" difficulties. This latter group,
however, differed in a number of ways from Type YAC4. Most notably, Type YAC4
did not exhibit the tactile finger localization and concept formation (MP) de-
ficiencies exhibited by Petrauskas and Rourke's Type 2 subjects. Also, YAC4
subjects exhibited a Targer Verbal IQ-Performance IQ discrepancy and a pattern
of poorer WRAT Reading and Spelling and better WRAT Arithmetic performances than
Petrauskas and Rourke's subjects. Finally, only 7>out of the 26 subjects- in
Petrauskas and Rourke's group would seem to have actually exhibited the ACID
pattern on an individual basis.

There is a recent trend to distinguish between "simultaneous" and "succes-
sive" (sequential) processing and to relate them to right and left hemisphere
functions, respectively (Levy, 1974; Leong, 1976). In view of the sequencing
deficiences evident in Type YAC4 and the overall profile of neuropsychological
strengths and weaknesses exhibited by this group, it would seem reasonable to
hypothesize that some of the abilities thought to be subserved by the fronto-
temporal region of the left cerebral hemisphere are compromised in this LD-ACID
subtype.

Type YAC2. This type consisted of 19 males and was the second most re-
1iable Young LD-ACID subtype. Type YAC2 subjects exhibited a pattern of poorer

“performances with the right upper extremity relative to the Teft upper extrem-
ity on a number ofvmeasures in the tactile-perceptual category. Their poorest

performance in this area was on a test involving the perception of symbols

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



111

written on the fingertips (FTWRR). In comparison to the other Young LD-ACID
subtypes, Type YAC2 exhibited a pattern of outstandingly poor performances on
four tests (COLFRMT, PROFIGT, STARE, CONSQE) in the visual-perceptual category.
With the exception of performances well below the mean on tests involving aud-
jtory-visual matching (SSPER), sentence memory (SENMEM), and verbal fluency
(FLUENCY), performances on tests in the auditory-perceptual and language-re-
lated category were within one standard deviation about the méan. Likewise,
the performances of Type YAC2 subjects on the measures in the sequencing and
concept formation categories were generally within one standard deviation about
the mean. Within the motor category, Type YAC2 exhibited an outstanding de-
ficiency in kinetic steadiness ability with the left upper extremity (MAZELT,
MAZELC). - SR ' ' e T

Type YACZ exhibited the highest Full Scale and Performance IQs and the
largest Verbal IQ-Performance IQ discrepancy (10.58 I1Q points) of any of the
Young LD-ACID subtypes. Their WRAT Spelling subtest scores were somewhat
poorer than their Reading and Arithmetic scores.

In general, there is some similarity between the pattern of neuropsych-
ological strengths and weaknesses exhibited by type YAC2 and the symptoms of
lesions of the temporal and adjacent posterior regions of the left cerebral
hemisphere (Luria, 1973). With respect to the underlying neuropsychological |

deficit affecting academic performance, Type YAC2 children may be experiencing

a predominant deficiency in the "revisualization" of symbols. This would seem .r””
to be reflected in the poor performances of this type on the Fingertip Symbol @”f‘
Writing Recognition Test, the WRAT Spelling subtest, the Speéch—Sounds Percep- iﬁ;ﬁ
tion Test, the WISC Coding subtest and, possibly, the WISC Arithmetic and Q@GA

T
Digit Span subtests and the Target test. Further investigations, including a

qualitative analysis of the spelling and reading errors evidenced by Type YAC2
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children, will be necessary to test this hypothesis.

Similar problems in revisualization have been described by Johnson and
Myklebust (1967) in their discussion of disorders of written language in learn-
ing disabled children. Type YAC2 may be similar to Boder's (1971) "dyseidetic
dyslexia" group and to a subtype of reading problem children described by
Doehring and Hoshko (1977) who exhibit poor auditory-visual matching involving
syllables and words.

Type YAC3. This type did not emerge reliably from the classification pro-
cedure and contained 15 subjects in a ratio of approximately 6 males to 1 fe-
male. Compared to the other Young LD-ACID types, Type YAC3 exhibited the fewest y
deficits overall. As a group, they exhibited borderline performances on the luﬂpgwﬁ
WRAT subtests and a minimal Verbal IQ-Performance IQ discrepancy (3.14 IQ
points).

The test performance of Type YAC3 can be characterized as follows: a) per-
formances generally within 1/2 standard deviation about the mean on measures of
tactile- and visual-perceptual abilities, although performance on one measure
(CONSQE) in the latter category was almost two standard deviations below the
mean; b),perfofmances within one standard deviation about the mean on most
auditory-perceptual and language-related measures; performances greater than
one standard deviation below the mean, however, were evident on tests involving
auditory-visual matching (SSPER) and sentence memory (SENMEM); c) the majority

" of the tests in the sequencing category within one standard deviation about the
mean; d) performances on tests in the concept formation and reasoning category
within 1/2 standard deviation about the mean; and e) in comparison to the other
subtypes, outstandingly slow performances bilaterally on a measure of kinetic

steadiness ability (MAZERS, MAZELS).

Overall, the mean T score profile of this type bore the least resemblance
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of any of the four Young LD-ACID types to neuropsycho]ogicai profiles encount-
ered in clinical practice. Among other things, this suggests that this type
may be an artifact of the clustering procedure.

Type YAC1. This type was the least reliably reproduced of the Young LD-
ACID subtypes and contained 9 male subjects. Type YAC] seems to be distinguished
by a pattern of deficiencies in certain tactile- and visual-perceptual skills
(FAGR, FAGL, FTWRR, FTWRL, TPTBT, TPTLOC, CONSQE), sequencing skills (TARGET,
DSYM, TAPLH), concept formation and reasoning skills (CATTOT), and motor skills
with the left upper extremity (MAZELT, MAZELC, HOLESLT, PEGSLT). Compared to
the other Young LD-ACID types, Type YAC1 exhibited the lowest performances on
the WRAT subtests (with lower scores on Reading and Spe]]ing than on Arithmetic)
and almost equal WISC Verbal and Performance IQs (98.44 and 98.77, respectively).

The profile of strengths and weaknesses exhibited by Type YAC1 suggests
that some of the abilities normally thought to be subserved by the right frontal
and left temporoparietal cortical regions are compromised in this group of LD-
ACID children. If is clear, however, that the present study was not designed
to test this hypothesis. Although Type YAC1 was the least reliably reproduced
of the four Young LD-ACID subtypes and therefore may represent an artificial
grouping forced on the data by the classification procedure, the mean group
profile of these subjects bears considerable similarity to neuropsychological
profiles seen in clinical practice. This type would seem to exhibit a pattern
of neuropsychological strengths and weaknesses similar to one of fhe subtypes
of 7- and 8-year-old retarded readers described by Petrauskas and Rourke (1979).

Type OAC1. This type was the most reliably reproduced of the 01d LD-ACID
subtypes. it consists of 41 subjects in a ratio of approximately 20 males to 1
female. Type OAC1 was distinguished from the other 01d LD-ACID types by a pat-

tern of normal performances (within one standard deviation about the mean) on

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



114

TABLE 26

Summary of the Neuropsychological Performance
of the 01d LD-ACID Subtypes

01d LD~ACID Subtypes

Neuropsychological OAC1 0AC2 0AC3 0AC4
Measures. 1 (83.54)* (80.88)* (69.04)* (54.54)*

\

Tactile-Perceptual
TACR
TACL
FAGR
FAGL
ASTR
ASTL
FTWRR
FTWRL
TPTRT
TPTLT
TPTBT
TPTMEM
TPTLOC

Lol T B IR S N D T B S S
S
]
1
1

Visual-Perceptual
WISC PICCOM ++ - +
WISC BLKDES + +
WISC OBASS ++ ++

+ + o+
o+

Auditory-Perceptual and Language-Related
SSPER —— ———— -— emee-
AUDCLO - - — -—
SENMEM - —— ——— ———
FLUENCY - ——— —— ———
PPVTIQ +
WISC INFO -

WISC COMP + +

+
+

WISC SIM
WISC vOCB

Sequencing: Auditory and Visual Sequential Perception, Sequential Motor Responding
TARGET - - —— -
WISC PICARR + + + -
WISC DSYM - C ee —— _—
WISC DSPAN - ——— - _—
WISC ARITH - - _— -
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Neuropsychological
Measures

SN—

. 01d LD-ACID Subtypes

0AC1

OAC2

OAC3

OAC4

TRAILAT
TRAILBT
TAPRH
TAPLH
TAPRF
TAPLF

Concept Formation, Reasoning

Motor

CATTOT

MAZERT
MAZERC
MAZERS
MAZELT
MAZELC
MAZELS
HOLESRT
HOLESLT
PEGSRT
PEGSLT

Academic

WRAT READSTS
WRAT SPELSTS
WRAT ARITHSS
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1Abbreviations as per Table 3, pages 26 — 28.

*Reliability coefficient.
Note: "+" corresponds to a T score range of 50 — 55; "++" corresponds to
a T score range of 56 — 60, éetc.

"-" corresponds to a T score range of 49 — 45; "

--" corresponds to

a T score range of 44 — 40; "---" corresponds to a T score range of
39 - 35, etc.
"*!' corresponds to a T score less than 20.
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the measures in the tactile-perceptual category, deficient performances on two
symbolic sequencing and visual-spatial scanning tasks (TRAILAT, TRAILBT), and
outstandingly slow performances bilaterally on a measure of Kinetic steadiness
ability (MAZERS, MAZELS). Type OACl1 also exhibited the highest WISC Full Scale
IQ and the smallest Verbal IQ-Performance IQ discrepancy (9.22 1Q points) of
the 01d LD-ACID subtypes. Their WRAT Spelling and Arithmetic scores were some-
what poorer than their Reading scores.

In view of the average tactile- and yisuaj-perceptual skills and the cir-
cumscribed sequencing, motor and auditory-perceptual and language-related de-
ficiencies exhibited by Type OAC1, it would seem reasonable to hypothesize that
some of the abilities thought to be subserved by the frontotemporal region of
the left cerebral hemisphere are compromised in this LD-ACID subtype. As such,
this type bears some resemblance to Young LD-ACID Type YAC4. Thus, Type OACI
may represent an "older version" of Type YAC4. A longitudinal tracking of
Type YAC2 children, however, would be necessary to verify this assertion.

Type 0AC2. This type was the second most reliably reproduced 01d LD-ACID
subtype. It contained 33 males and 1 female. Type 0AC2 exhibited the largest
WISC VIQ-PIQ discrepancy (11.76 IQ points) of the four 01d LD-ACID subtypes.
They exhibited a pattern of mildly impaired performances on all three of the
WRAT subtests.

The distinguishing features of the neuropsychological test:performances of
Type OAC2 would seem to be: a) poor performances on a number of tactile-per-
ceptual measures, particularly those involving the "ménta] imaging" of numbers
(FTWRR, FTWRL) and objects (ASTR, ASTL, TPTLOC) and b) outstandingly poor kine-
tic steadiness abilities bilaterally (MAZERT, MAZELT). This pattern of tactile-
perceptual and kinetic steadiness deficiencies, together with the deficiencies

in certain auditory-perceptual (SSPER) and language-related skills (SENMEM,
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FLUENCY), is similar to neuropsychological profiles seen in clincal practice
and indicates that some of the abilities thought to bé subserved by the temp-
oral and adjacent posterior cortical regions of the left cerebral hemisphere
(Luria, 1977) are compromised. This pattern of neuropsychological strengths
and weaknesses bears some resemblance to that of Young LD-ACID Type YAC2. A
Tongitudinal tracking of Type YAC2 children, however, will be necessary to
determine whether Type OAC2 children represent an older version of the younger
ACID subtype.

Type 0AC3. This type was comprised of 19 males and 2 females and was the
oldest (X = 12.5 years) of the 01d LD-ACID subtypes; it was less reliably re-
produced than Types OAC1 and OAC2. Type OAC3 exhibited the lowest WISC Verbal,
Performance, and Full Scale IQ values and the lowest scores on the ACID sub-
tests of any of the 01d LD-ACID subtypes. Their WRAT Spelling and Arithmetic
subtest scores were somewhat poorer than their Reading scores. A pattern of
poor performances on certain tactile-perceptual measures (FAGR, FAGL, FTWRR,
FTWRL), sequencing measures (TRAILBT, TARGET, DSYM), and motor measures with
the left upper extremity (MAZELT, MAZELC, MAZELS, PEGSLT) seems to distinguish
Type 0AC3 from the other 01d LD-ACID types.

Although Type OAC3 was not highly stable over the various clustering ap-
proaches utilized in this research and therefore may represent an artificial
grouping forced on the data by the clustering algorithm, this type bears con-
siderable similarity to Young LD-ACID Type YAC1. In particular, the deficien-
cies in fingertip symbol/number writing perception, finger recognition, aud-
itory-verbal processing, and motor performance with the Teft hand are quite
similar for both groups. The pattern of neuropsychological strengths and weak-

nesses exhibited by Type OAC3 also resembles profiles encountered in clinical

practice.
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Type OAC4. This type was the least reliably reproduced of the four 01d
LD-ACID subtypes and consisted of 22 males. This group exhibited a Tower Ver-
bal 1Q than Performance IQ on the WISC and they obtained uniformly deficient
performances on all three VRAT subtests. The distinguiéhing features of the
neuropsychological test performances of this type would appear to be: a)
marked difficulty on tests for finger localization (FAGR, FAGL), b) an inferior
performance with the right upper extremity on the Tactile Performance Test
(TPTR), and c) the poorest performances overall on the measures in the auditory-
perceptual and language-related areas.

Although Type OAC4 was not reproduced reliably and, therefore, may repre-
sent an artificial classification of the data, the mean profile of this group
is similar to some neuropsychological profiles seen in clinical practice. This
type also bears some resemblance to one of the subtypes of uniformly learning
disabled children described by Fisk and Rourke (1979) and one of the subtypes
of 7- and 8-year-old retarded readers described by Petrauskas and Rourke (1979).

Evaluation of Expectations

The general expectations contained in Hypothesis (1) received clear sup-
port. Two highly reliable subtypes of LD-ACID children emerged at each of the
two age levels studied. Subhypotheses (1a) and (1b) were not supported in that
Young LD-ACID types with either outstandingly poor reading scores and low aver-
age WISC Verbal and Performance IQs or uniformly depressed reading, spelling .
and arithmetic scores, low average WISC FSIQ, and a greater Performance than
Verbal IQs did not emerge in the present investigation. Subhypothesis (1c)
received some marginal support; Young LD-ACID Type YAC1 exhibited the expected
pattern of low reading and spelling scores relative to arithmetic, average WISC

FSIQ, and no appreciable Verbal-Performance discfepancy. Type YAC1, however,
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was the least reliable of the Young LD-ACID types.

At first glance, the failure to find reliable LD-ACID subtypes similar to
groups of LD-ACID children described in the literature is perplexing. There
is at least one major difference, however, between the subjects used in the
present research and those used in previous investigations which may account
for this phenomenon. All of the LD-ACID subjects utilized in the present re-
search individually exhibited the ACID pattern. There is little evidence to
indicate that the ACID groups described in previous investigations consisted of
such well defined ACID children; in most cases, it would seem that group means
rather than individual profiles served to define the ACID groups (e.g., see
Ackerman et al., 1976, 1977; Petrauskas & Rourke, 1979).

Although there was no support for the expectations contained in Hypothesis
(2), viz. that at least one LD-ACID subtype would be characterized by poorer
reading, spelling, and arithmetic performance than a matched group of LD-C
children, there were some clear differences between the LD-ACID and LD-C groups
in their performances on the WRAT. The Young LD-ACID children as a group ob-
tained significantly poorer WRAT Reading and Arithmetic scores.than the matched
LD-C group. MWith respect to the WRAT performance of the older subjects, only
the Arithmetic subtest (favoring the controls) differentiated the two groups.

Within the constraints of this sort of cross-sectional research, Hypothe-
sis (3) obtained some support. Subtypes with some similarity to Young LD-ACID
Types YAC1, YAC2, and YAC4 emerged from the cluster analytic classification of
the 01d LD-ACID children. This would seem to indicate that the ability pro-
files of young LD-ACID children do not vary dramatica11ylas a consequence of
developmental changes. It cannot be concluded with certainty, however, that
the 01d LD-ACID subtypes represent an older version of the Young LD-ACID types;

a longitudinal investigation would be necessary to deal with this dissue.
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Finally, there was no support for the expectations contained in Hypothe-
sis (4). A subtype of young LD-ACID children with pronounced distractibility,
attentional difficulties, and pervasive neuropsychological defects did not

emerge from the present data.

Implications

Clinical experience and the available literature suggests that children
who exhibit the ACID pattern on the Wechsler scales are a heterogeneous popu-
lation with respect to their adaptive ability structure. The purpose of the
present study was to determine whether this heterogeneity could be demonstrated
objectively by an automatic multidimensional classification procedure.

On the basis of the results of this study, the following generalizations
would seem to be warranted.

(1) Children who individually demonstrate depressed scores on the WISC
Arithmetic, Coding, Information, and Digit Span subtests do not appear to con-
stitute a homogeneous group in terms of their neuropsychological, adaptive
abilities. The results of this investigation indicate that there are at least
two types of LD-ACID children at each of thé two age 1éve1s studied. The pre-
sent findings have obvious implications for school psychologists and others who
might tend to base academic recommendations on a unitary view of the ACID pat-
tern as, say, a measure of "freedom from distractibility”. Although there is
some evidence to indicate that the subtypes found in the older age group are
similar to, and therefore possibly an older version of, the Young LD-ACID sub-
types, a longitudinal study would be necessary to support this hypothesis.

(2) The identification of subtypes in this study is in line with the re-
sults of previous investigations (Doehring & Hoshko, 1977; Doehring et al.,

1979; Fisk & Rourke, 1979; Mattis, 1978; Petrauskas & Rourke, 1979; Satz et
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al., 1979) which have indicated that learning disabled children are quite a
heterogeneous group.

(3) The similarities of the LD-ACID types identified in the present study

to other specific groups of LD children described in the literature (e.g., the
similarity of Type YAC4 to groups of children described by Denckla, 1977, and
Mattis, 1978) are encouraginé vis-a-vis the consensual validity of the LD-ACID
subtypes. Further in-depth qualitative analyses of the deficiences exhibited
by these types, however, would be necessary to confirm these similarities.
Such analyses of the LD-ACID types would also help to specify more exactly the
nature of the information processing deficiences experienced by these children
(e.g;, the extent to which Type YAC4 children are experiencing mnemonic versus
"sequencing” problems).

(4) The dissimilarities between the LD-ACID Types identified in this study
and children who as a group exhibit the ACID pattern has been discussed in the
previous section of this paper. These dissimilarities would seem to highlight
the difficulties inherent in attributing clinical utility to profiles based on
mean scores which may not be representative of individual LD children consti-
tuting the group. Previous conclusions based on such group profiles, e.g.,
that the ACID pattern per se portends particularly poor prognosis for academic
performance in reading, spelling, and arithmetic, as measured by the WRAT
(Ackerman et al., 1976), must be viewed with some caution. The results of the
present cross-sectional study would not support this conclusion vis-a-vis LD
children in general; although the older LD-ACID group obtained lower WRAT Arith-
metic scores than a group of matched learning disabled controls who did not
evidence the ACID pattern, the two groups were not differentiated significantly
in terms of their reading or spelling performances. Clearly, a longitudinal

investigation is necessary to address fully this issue.
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(5) On the basis of the results of this study, children who exhibit the
ACID pattern would seem to differ in a number of ways from other children with
learning disabilities who do not exhibit the ACID pattern. The LD-ACID children
obtained poorer VRAT Reading and Arithmetic scores than the LD-C children at the
younger ages and poorer Arithmetic scores at the older ages. There was also some
evidence to suggest that the LD-ACID children exhibited qualitatively different
ability profiles than the learning disabled controls.

(6) Although samples of LD children commonly exhibit the ACID pattern as
a group (e.g., Ackerman et al., 1971, 1977; Lutey, 1977; Swartz, 1974), only a
small proportion of LD children would seem to exhibit this pattern on an individ-
ual basis. Of the large number of children contained in the data base utilized
in the present study, less than six percent exhibited the ACID pattern.

(7) As stated above in a number of places, a more detailed evaluation of
the subtypes identified in this reseérch, including qualitative analyses of their
test performances, is necessary to specify more exactly the nature of the inform-
ation processing deficiences experienced by these types and to establish the pre-
dictive validity of the taxonomy generated in this study. Related to the pre-
dictive validity of the present classification are the issues of the etiology and
the remediation of learning disabilities. With respect to the former, if the
LD-ACID subtypes should be differentiated on the basis of, say, birth-related
trauma or learning disabilities in other family members, these subtypes could be
used to evaluate those views which ascribe CNS insult or genetic factors to the
genesis of learning disabilities. The subtypes identified in the present study
could also be used to evaluate the appropriateness of specific remedial techniques
for certain "types" of learning disabilities. One might expect that Iypé YAC4
would benefit from specific training in visual and auditory sequencing while Type

YAC2 would seem to require an approach which encourages visualization through the
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use of a tactile- and kinesthetic-perceptual approach to spelling (e.g., the
multisensory methods of G. Fernald, 1943).

(8) Finally, a direct comparison of different multidimensional classifi-
cation techniques, such as the comparisons of cluster analysis and Q factor an-
alysis carried out by Doehring et al. (1979), would be helpful in assessing the
reliability and validity of the subtypes generated in the present research. Two
previous studies (Fisk & Rourke, 1979; Petrauskas & Rourke, 1979) utilizing the
same data base as the present study have demonstrated the utility of Q factor
analysis in generating classifications of "uniformly" learning disabled children
and 7- and 8-year-old retarded readers, respectively. A comparison of the Q
factor analytic and cluster analytic methodologies with the sort of extensive
neuropsychological data utilized in this and the latter two studies, however,
would help in determining which of these two approaches are most sensitive to
the differences in the neuropsychological ability profiles which define subtypes

of learning disabled children.
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REFERENCE NOTES
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ory, spelling recognition, and reading in children with qualitatively
distinct spelling errors. Pre-publication manuscript.
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APPENDIX A

Description of Tests]

1 pdapted from the description of tests distributed by the
Department of Neuropsychology, Windsor Western Hospital
Centre, Windsor, Ontario.
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TESTS ADMINISTERED TO ALL CHILDREN (AGES 5-15)

WECHSLER INTELLIGENCE SCALE FOR CHILDREN. (Wechsler, 1949)

Full Scale IQ. A composite score derived from the total scaled subtest scores.
Indicative of overall "intellectual" functioning.

Verbal IQ. A prorated score derived from the total scaled scores of six
Verbal subtests. Indicative of overall "verbal" functioning.

Performance IQ. A composite score derived from the scaled scores of the five
Performance subtests (excluding the Mazes test). Indicative of overall non-
verbal, "visual-perceptual” functioning.

Verbal Subtests

Information. 30 questions. Involves elementary factual knowledge of history,
geography, current events, literature, and general science. Score: number

of items correct. Task Requirement: retrieval of acquired verbal information.
Stimulus: spoken question of fact. Response: spoken answer.

Comprehension. 14 questions. Involves the ability to evaluate certain social
and practical situations. Score: number of items correct. Task Requirement:
evaluation of verbally formulated problem situations. Stimulus: spoken
request Tor opinion. Response: spoken answer.

Arithmetic. 16 arithmetic problems of increasing difficulty. Score: number
of problems correctly solved, within time credit. Task Requirement: arith-
metic reasoning. Stimulus: spoken (first 13 items) or printed (last 3 items)
question. Response: spoken answer.

Similarities. 16 pairs of words. The most essential semantically common
characteristic of word pairs must be stated. Score: number correct. Task
Requirement: verbal abstraction. Stimulus: spoken question. Response:
spoken answer.

Vocabulary. 40 words. Spoken definition of words. Score: number of words
correct. Task Requirement: verbal definition. Stimulus: spoken word.
Response: spoken definition.

Digit Span. Repetition in forward order of three- to nine-digit numbers and
repetition in reversed order of two- to eight-digit numbers. Score: simple
total of forward and reversed digit span. Task Requirement: short-term
memory for digits. Stimulus: spoken numbers. Response: spoken numbers.

Performance Subtests

Picture Completion. 20 pictures of familiar objects, each with a part missing.
The missing part is identified from simple 1ine drawings. Score: number of
missing parts correctly identified. Task Requirement: location of missing
part on the basis of memory of the whole object. Stimulus: picture. Response:
spoken name of missing part.
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Picture Arrangement. 11 series of picture cards. Pictures are sequentially
arranged to form a story. Score: total credits for speed and accuracy of
arrangement. Task Requirement: manipulation of the order of picture cards to
form the most probable sequence of events. Stimulus: pictures. Response:
simple motor manipulation.

Block Design. 10 designs. Arrangement of coloured blocks to form designs
which match those on printed cards. Score: total score for speed and accuracy
of block placement. Task Requirement: arrangement of blocks to matcha printed
design. Stimulus: printed geometric design. Response: manipulation and
arrangement of blocks.

Object Assembly. 4 formboards (puzzles). Parts of each formboard are to be
arranged to form a picture. Score: total score for speed and accuracy of
assembly. Task Requirement: spatial arrangement of parts to form a meaningful
whole. Stimulus: disarranged parts of picture. Response: complex manipula-
tion and arrangement of parts.

Coding. 93 digits, preceded by a code which relates digits to symbols.
Symbols are to be written below digits as rapidly as possible. Score: number
of symbols correctly written within a fixed time. Task Requirement: associa-
tion of digits and symbols by direct visual identification and/or by short-
term memorization. Stimulus: printed digits and symbols. Response: rapid
co-ordination of visual identification with a complex writing response.

PEABODY PICTURE VOCABULARY TEST FORM A. (Dunn, 1965)

Picture Vocabulary, Oral Raw Score, Oral IQ, Mental Age derived from I.Q.

150 sets of 4 line drawings, with which 150 words of increasing difficulty

are to be associated. The words are those of Form A of the Peabody Vocabulary
Test. Score: total correct picture-word associations. Task Requirement:
selection of picture most appropriately related to the spoken word. Stimulus:
4 visual pictures, 1 spoken word. Response: simple pointing or verbal
response. Oral IQ is the transformation of the oral raw score to an IQ score
on the basis of test norms.

WIDE RANGE ACHIEVEMENT TEST. (Jastak & Jastak, 1965)

Reading. Standardized test of oral word reading achievement. Score: centile
score based on total number of words correctly read aloud. Task Requirement:
association of printed letters with spoken words. Stimulus: printed word.
Response: spoken word.

.Spelling. Standardized test of written spelling achievement. Score: centile
score based on total number of words correctly spelled. Task Requirement:
written production of spoken word. Stimulus: spoken word. Response: written

word.

Arithmetic. Standardized test of written arithmetic achievement. Score:
centile score based on total number of correct solutions to progressively more
difficult arithmetic problems. Task Requirement: solution of arithmetic pro-
blems. Response: written answers.
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OLDER CHILDREN'S BATTERY (AGES 9-14)

TESTS FOR SENSORY-PERCEPTUAL DISTURBANCES. (Reitan & Davison, 1974)

Tactile Perception

The child is required to identify correctly (without vision) the hand or
face (left or right) which receives tactile stimulation. The stimulus is
produced by a 1ight touch. Following this determination of the child's ability
to perceive unilateral stimulation, simultaneous bilateral hand stimulation
and contralateral hand-face stimulation is interspersed with unilateral stimu-
lation. The score is the number of errors for each hand and each side of the
face under all conditions.

Auditory Perception

The child is required to identify correctly (without vision) the ear to
which an auditory stimulus is presented. The stimulus is produced by rubbing
the fingers together 1ightly. Following the determination of the child's
ability to perceive unilateral stimulation, bilateral stimulation is inter-
spersed with the unilateral stimulation. The score is the number of errors
for each ear under all conditions.

Visual Perception

The child is required to identify correctly slight finger movements pre-
sented in a confrontation manner to the visual fields. Stimulation is presented
initially unilaterally and then simultaneous bilateral stimulation is inter-
spersed with the unilateral trials. The score is the number of errors made
within the quadrants of the visual fields.

Finger Agnosia

The child is required to identify (without the aid of vision) the finger
which has been touched. Each of the five fingers is stimulated four times in
random order. First the right hand and then the left hand is stimulated. The
score is the number of errors made with each finger for each hand.

Finger-Tip Number-Writing Perception

The child is required to verbalize (without the aid of vision) which of
the numbers 3, 4, 5 or 6 has been written on his fingertips. A different
finger of the right hand is used for each trial until four trials had been
given for each finger. The procedure is then repeated for the left hand. The
score is the number of errors made with each finger for each hand.

Coin Recognition

The child is required to identify, by tactile perception only, 1-, 5-,
and 10-cent pieces placed in his right hand, then his left hand, and then
each coin placed simultaneously in both hands. The order of presentation is
unsystematic. The score is the number of errors made with each hand under each
condition.
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TARGET TEST. (Reitan & Davison, 1974)

The child is required to make a delayed response in reproducing visual-
spatial configurations of increasing complexity tapped out by the examiner.
The score is the number of items out of 20 correctly reproduced.

TRAIL MAKING TEST. (Reitan & Davison, 1974; Rourke & Finlayson, 1975)

The Trail Making Test consists of two parts, A and B. In Trails A, the
child is required, under time pressure, to connect the numbers 1 to 15 arranged
on a page. The requirements are essentially similar in Trails B except that
it is necessary to alternate between the numeric and the alphabetic series.

The scores recorded are the number of seconds required to finish each part
plus the number of errors made on each part.

SWEEP HEARING TEST.

The child is required to indicate whether or not he can detect a series
of pure tones, ranging from 125 hertz to 8000 hertz. Each tone is presented
unilaterally through ear phones. The decibel level of each tone is systema-
tically decreased until the minimal audible level is determined.

AUDITORY CLOSURE. (Kass, 1964)

The child is required to blend into words 23 progressively longer chains
of sound elements presented on tape. The score is the number of words correctly
identified.

SENTENCE MEMORY. (Benton, 1965)

The child is required to repeat sentences of gradually increasing length
(from 1 to 26 syllables). These are presented on a tape recorder. The score
is the number of sentences correctly repeated.

SPEECH-SOUNDS PERCEPTION TEST.  (Reitan & Davison, 1974)

The child is required to attend to 30 tape-recorded nonsense syllables
and to select the correct response alternative from among three printed choices.
The score is the number of sounds correctly identified.

VERBAL FLUENCY.

The child is required to name as many words as he can, within 60 seconds,
which begin with the sound "P", as in pig. This is repeated with the sound "C",
as in cake. The score is the mean number of correct words for the two trials.

HALSTEAD-WEPMAN APHASIA SCREENING TEST. (Reitan & Davison, 1974)

Naming (Dysnomia). Five items which require the child to name familiar objects.
Scores: number of errors.

Spelling (Spelling Dyspraxia). The child is required to spell orally three
spoken words. Score: number of errors.
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Writing (Dysgraphia). Two items. The child is required to write a word and
a sentence which are presented to him orally. Score: number of errors.

Enunciation (Dysarthria). Three items. The child is required to repeat three
increasingly complex words spoken to him by the examiner. Score: number of
errors.

Reading (Dyslexia). Six items. The child is required to read numbers, letters,
and words. Score: number of errors.

Reproduction of Geometric Forms (Constructional Dyspraxia). Four items. The
child is required to copy a square, a triangle, a Greek cross, and a key.
Score: number of errors.

Arithmetic (Dyscalculia). Two items. The subject is required to solve two
problems: one subtraction (written) and one multiplication (oral). Score:
number of errors. :

Understanding Verbal Instructions (Auditory-Verbal Agnosia). Four items.
Subject is required to demonstrate an understanding of four verbal items.
Score: number of errors.

SEASHORE RHYTHM TEST. (Reitan & Davison, 1974)

The Rhythm Test is a subtest of the Seashore Tests of Musical Talent.
The child is required to differentiate between 30 pairs of rhythmic patterns
which are sometimes the same and sometimes different. The score is the number

of errors.

HALSTEAD CATEGORY TEST. (Reitan & Davison, 1974)

This tests consists of 168 visual choice stimulus figures which are pre-
sented to the child individually on a milk-glass screen located on the front
of the apparatus. An answer panel is provided for the child. This consists
of four answer buttons whichare individually identified by the numbers 1, 2,
3, and 4. The child's task is to view the stimulus-figure and to offer his
answer by depressing one of the four answer buttons. A pleasant bell sounds
after each correct response and a harsh buzzer sounds after each incorrect
response. The bell and buzzer, therefore, provide the essential information

- necessary for determining the concept underlying the stimulus figures. In
successive sequences of trials, the abstraction of principals of numerosity,
oddity, spatial position, and relative extent is required for successful res-
ponding. The final subtest of the Category Test is sumerical in nature and
therefore does not have a principal to be discerned. The child is told that
he should try to remember the correct answer based on his previous observation
of the item and to give that same answer again. The score is the number of

errors.

TESTS FOR LATERAL DOMINANCE. (Harris, 1947; Miles, 1929)

Hand Preference. The child is required to demonstrate the hand used to throw
a ball, hammer a nail, cut with a knife, turn a doorknob, use scissors, use an
eraser, and write his name. The number of tasks performed with each hand is

recorded.
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Eye Preference. The child is required to demonstrate the manner in which he
would Took through a telescope and use a rifle. The eye used for each task is
recorded. In addition, the subject is given the Miles ABC Test for Ocular
Dominance, in which (without ordinarily realizing that he is doing so) he has
to choose one eye or the other to look through a conical apparatus to identify
a visual stimulus. The eye chosen on each of 10 trials is recorded.

Foot'Preference. The child is asked to demonstrate the manner in which he
would kick a football and step on a bug. The foot used on each trial is recorded.

STRENGTH OF GRIP. (Reitan & Davison, 1974)

The Smedley Hand Dynamometer 1is used to measure strength of grip. The
child is required to squeeze the dynamometer three times with his dominant
hand and three times with his nondominant hand, alternating between hands on
each trial. The mean pressure which he exerts on the three trials is recorded
(in kgs) for each hand.

WRITING SPEED. (Reitan & Davison, 1974)

The child is required to write his name with a pencil as rapidly as possible,
first with his preferred hand and then with his non-preferred hand. The score
is the time taken for each hand.

FINGER TAPPING. (Reitan & Davison, 1974); FOOT TAPPING. (Knights & Moule, 1967)

For finger tapping the child uses alternately the index finger of the
dominant hand and of the nondominant hand. Four trials are given of 10 seconds
each for both hands. The foot tapping test employs the same principles and
instructions, but this time the child uses his feet, alternating between the
dominant foot and the nondominant foot. Four trials of 10 seconds are given
for each foot. The score for both finger and foot tapping is the average of
the best three out of four trials.

MAZE TEST. (Klgve, 1963; Knights & Moule, 1968; Rourke & Telegdy, 1971)

The child is required to run a stylus through a maze which has the blind
alleys filled and is placed at a 70 degree angle (on the Tactual Performance
Test stand). Three scores are obtained: the number of contacts with the side
of the maze, the total amount of time during which the stylus contacts the side
of the maze, and the speed (total time from start to finish). These are elec-
trically recorded. There are two successive trials with each hand. The scores
are the totals for the two trials with the dominant hand and the two trials

with the nondominant hand.

GRADUATED HOLES TEST. (Klgve, 1963; Knights & Moule, 1968; Rourke & Teledy,1971)

The child is required to fit a stylus into a series of progressively
smaller holes. The idea is to hold the stylus in the centre of the holes for
a 10-second period without contacting the edge. Two scores are obtajned: the
number of contacts with the edge of the hole, and the duration of the contact.
These are recorded electrically. The test is performed once with the right
hand and once with the left hand.
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GROOVED PEGBOARD TEST. (Klgve, 1963; Knights & Moule, 1968; Rourke, Yanni,
MacDonald, & Young, 1973)

The child is required to fit keyhole-shaped pegs into similarly shaped
holes on a 4-in. x 4-in. board beginning at the left side with the right hand
and at the right side with the left hand. They are urged to fit all 25 pegs
in as rapidly as possible. One trial is performed with the dominant hand
followed by one trial with the nondominant hand. The scores obtained are the
length of time required to complete the task with each hand and the total
number of times the pegs are dropped with each hand.

TACTUAL PERFORMANCE TEST. (Reitan & Davison, 1974)

This test is Reitan's modification for children of the test developed by
Halstead (1947). Halstead's test was based in turn, upon a modification of
the Sequin-Goddard formboard. The child is blindfolded and not permitted to
see the formboard or blocks at any time. The formboard is placed in a vertical
disposition at an angle of 70 degrees on a stand situated on a table immediately
in front of the child. He (she) is to fit six blocks into the proper spaces
with the dominant hand, then with the non-dominant hand, and a third time using
both hands. After the board and blocks have been put out of sight, the blind-
fold is removed and the child is required to draw a diagram of the board
representing the blocks in their proper spaces. In all, six measures are
obtained. Scoring is based on the time taken with the right, left and both
hands. The Memory component of this test is the number of blocks correctly
reproduced in the drawing of the board; the Location component is the number
of blocks correctly localized in the drawing.

YOUNGER CHILDREN'S BATTERY (AGES 5-8)

(A) The following tests are the same as those administered to children 9-15
years of age:

The tactile, auditory, visual, and finger agnosia portions of sensory-
perceptual disturbances tests.

Target Test

Sweep Hearing Test

Seashore Rhythm Test
Auditory Closure Test
Sentence- Memory Test
Speech-Sounds Perception Test
Verbal Fluency Test

Lateral Dominance Examination

Strength of Grip
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Name-Writing Speed

Finger- and Foot-Tapping Speed
Mazes

Children's Word-Finding Test
Underlining Test

(B) The following tests differ somewhat from those administered to children
9-15 years of age.

Finger-Tip Symbol-Writing Recognition. The procedure is identical to that
described above, except that Xs and Os are used instead of numbers.

Tactile-Form Recognition. The child is required to identify familiar forms
placed in his hands. Four forms are used. Each of these is placed in either
hand separately. Then, different pairings of the forms are placed in both
hands simultaneously. In all, there are 8 possible correct identifications
for each hand. Task Requirement: recognition of forms by touch only.
Response: spoken name of object or pointing to a representation of it.

HALSTEAD-WEPMAN APHASIA SCREENING TEST. (Reitan & Davison, 1974)

Naming (Anomia). 4 items. Otherwise the same.

Writing (Dysgraphia). 1 item written, 1 item printed. Otherwise the
same.

Reading (Dyslexia). 3 items. Otherwise the same.

Drawing " (Constructional Dyspraxia). 3 items. Otherwise the same.

Arithmetic (Dyscalculia). 4 items. Otherwise the same.

Body Orientation 4 items. The child is required to show or point to his nose,
tongue, eyebrow, and elbow. Score: the number of errors.

Right-Left Discrimination. 2 items. The child is required to put his right
hand on his nose, and his left hand on his head. Score: number of errors.

CATEGORY TEST. The Category Test utilizes the same general apparatus and
procedure as the Halstead Category Test. However, the test consists of 80
stimulus figures divided into five subtests. The answer panel consists of
four answer buttons which are individually identified by red, blue, yellow,
and green lights. The principles involved are colour, quantity, oddity, and
colour prominance. As in the Halstead Category Test the final subtest is
sumerical in nature and therefore does not have a principle to be discerned.

GRADUATED HOLES TEST. The procedure is identical to that described above
except that only the four largest holes are used.
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GROOVED PEGBOARD TEST. The procedure is identical to that described above
except that only the first two rows (ten holes) are used.

(C) The following tests are used only with children 5-8 years of age:

COLOR FORM TEST. (Reitan & Davison, 1974)

The Color Form Test uses stimulus material of various colors and shapes.
Initially, the child is instructed that he should follow a sequence of progress
from one figure to another by shifting between shape and color as stimulus
clues. After a sample, in which careful instruction is given, the test itself
is administered. The subject moves from the initial figure to one having the
same shape even though the color is different, next proceeds to a figure that
is different in shape but has the same color, and continues to alternate in
this fashion.

PROGRESSIVE FIGURES TEST. (Reitan & Davison, 1974)

This test is presented on an 84" x 11" sheet of paper on which are printed
eight stimulus figures. Each stimulus figure consists of a large outside
figure (such as a circle) and a smaller figure of another shape inside (such
as a square). The child's task is to use the small inside figure as the clue
for progressing to the outside shape of the next stimulus figure. For example,
if the child is located at a large circle enclosing a small square, the smail
square would indicate the next move would be to a large square. If the large
square then enclosed a small triangle, the small triangle would serve as a
clue for the next move. In this way the child progresses from inside figure
to outside figure, moving from one stimulus configuration to the next.

MATCHING PICTURES. (Reitan & Davison, 1974)

The test consists of five pages, the first of which is a practice page.
The task requires the child to match pictures located at the top of the page
with their appropriate pairs shown across the bottom of the page. While the
practice items require only matching of identical figures, the test progresses
in such a way that a limited degree of generalization is required. For
example, on one page a picture of a woman must be used to match the stimulus
figure of a man, a girl to match a boy, etc. On another page a horse matches
a cow, a chicken matches a rooster, etc. The test is so organized that it .
requires the child to respond in terms of equivalent categories in order to
perform the test correctly.

MATCHING FIGURES and MATCHING Vs. (Reitan & Davison, 1974)

The child is asked to match figures printed on 1ittle blocks with the
same figures printed on a single card. These figures become progressively
more complex along the card. The 1ittle blocks are presented to each subject
in a standardized manner. Score: the time in seconds required to compliete
the task and the number of errors.

DRAWING OF STAR and CONCENTRIC SQUARES. (Reitan & Davison, 1974)

The child is required to copy the figure presented to him. The examiner
points out specifically how the figure is made up. The score is the time in
seconds required to complete the drawing, and the number of errors.
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APPENDIX B

Varimax Rotated Factor Matrix for Data Set Young
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APPENDIX E

Four-cluster classification arrays for cluster solutions
YOUNG FS-AL, YOUNG FS-AL-IR, YOUNG FS-CS
YOUNG FS-CS5-IR, and YOUNG FS-IR(RANDOMS

"uoissiwad noyum payqiyosd uononpoidas Jayung “1sumo JybuAdoo sy} o uoissiuiad yum psonpoiday

YOUNG FS-AL R
T 2 2 2 12 2 1919 212 916 9 9 2 2
g 9 2 1 216 2 2 9 9 2 2 1 1 9 116 2 2 2
31 2 1916 9 9 2 216 1 1 9 2

YOUNG FS-~-AL-IR
3 4 1 2 1 2 2 3 3 3 4 2 3 1 4 3 4 4 2 2
43 2 1.2 3 2 2 2 42 2 13 4132 2 2
4 3 2 4 4 3 3 1 3 2 3 1 1 3 4

YOUNG FS-CS
T 2 2 2 5 2 2 2 4 2 1 2 2 2 116 1 2 2 2
116 2 1 216 2 2 1 1 2 2 5 1 1 516 2 2 2
1 1 2 1 116 1 1 2 216 2 516 2

YOUNG FS-CS-IR
T 2 & 2 42 2 11152 12651455 4 2
5 1 2 4 4 4 2 2 2 5 2 2 4 15 4 1 2 2 2
512551151212 415

YOUNG FS-IR(RANDOM)
& 1 2 1 2 3 6 6 6 6 3 16 13 13 3 2 2
3 6 1.2 2 2 1 116112 6 36 11 1 1
36 13 3 66 3111126 3

Note: Each number in row 1 of each of the classifcation arrays corresponds to subjects
1 through 20; row 2 corresponds to subjects 21 through 40; row 3 corresponds to
subjects 41 through 55.

Subjects with identical numbers have been grouped into the same cluster. Thus,

- for solution YOUNG FS-AL, subjects 1, 5, 8, 10, 13, 24, 33, 34, 36, 42, 44, 52,
& 53 have beensgrouped together and are distinguished from, say, subjects 16,
26, 37, 46, & 51.
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See APPENDIX E for an explanation of the meaning of a classification array.
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APPENDIX G

Four-cluster classification arrays for cluster solutions
YOUNG PS-CS~IR and YOUNG FS -CS-~IR

YOUNG TS-CS-~IR

T 1 3 45151113113 454113
4 3 4 3 3 4 4 4 4 4 4 3 1 1 45 1 1 1 1
351 455 13 1 1 4 3 3 5 1

YOUNG PS™-CS-IR
T 17 3 351 115 11 3 1 311 31111 3 3
1111 311 3 5 3 3 3 1 3 3 1 111 1 3 3 3 3
11T 1 31111141 5 5 3% 3 3 1 111 11 g

Note: See APPENDIX E for an explanation of the meaning of a classification array.

991



APPENDIX H

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

-C5-~IR and OLD FS ~CS-~IR

Four-clusterogéagsification arrays for cluster solutions
S

0LD TS-CS-IR

™ \0 v N
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MO WO v NN
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(Ve RNo BTN i i Vo)
(TaNTaV R odh i T
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™0 v v M~
N0 v~ v+~ O \0
v OO N N
O N N
MOV = IO\ = IO
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O N =0 \D 1
—\O v~ O \O v
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\NO \O LN\ v IO\ v

0ILD FS™~CS-~IR
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O INWOW N\
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T OO v
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VO o I N

NN NONO

See APPENDIX E for an explanation of the meaning of a classification array.
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APPENDIX 1

W <y

-~ -~

<t NNON-
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Young ILD-C samples combined,

WO OV O
~
A<t~
~ ~—
AoVl aodqVAN- o
S
(NS 2138 X il o V]

Al Ny OV IMN\\O
ot

Nine~cluster cléssification array for the Young LD-ACID and
See APPENDIX E for an explanation of the meaning of a classification array.

Ll ad e SR X AV N oV
~—

Note:
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APPENDIX J

M= O NN
~— ~— «~ =

WAl OO <Ot <O
-~ ~—

~~ 5

550 <t OV 9447)6

0ld LD-C samples combined

266094506336

Dl sl 2

226361409642

246004366905

- -

302211635191

s md sl

06110952202

=y g

136203621012

Dl

Eleven-cluster classification array for the 0ld LD-ACID and
See APPENDIX E for an explanation of the meaning of a classification array.
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APPENDIX L cont'd

10443

CLUSTER TETOT TRTNCT TOTBT TRTWMEM TPTLOC TARGET TPAILAT
.0AC1

N 40 40 49 40 40 41 41

MEAN 52,5540 51,2158 48,7564 54,79 54,38 44,084 36441

) 58,2691 £.2166 17,0294 8.91 12,71 10.504 13414
CAC2

N 34 a4 34 33 33 34 34

ME AN 32.8203 51.27CE 45,6946 49,19 44,38 404362 42,67

) 10,3019 11.7235 21.3836 4,92 11,25 12,718 16,75
DAC3

N 21 21 21 21 21 21 21

ME AN 50,7766 - 41,6453 40,3918 51,23 45,90 374114 42410

) £.3230 16,4075 20,6455 13,36 14,96 13,601 10,13
GAC4

N 22 22 2¢ 22 22 22 22

ME AN 43,5848 4Y,3CE9 45,5005 49436 47433 42,402 A7.53

$J 17.32840 9.70€0 15,5332 11485 12,709 8+65
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