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SOME WEMST£C5 OF TWO LEARNING DISABLED SUBGROUPS
IDENTIF’IOED FROM WISC/WISC-R FACTOR SCORE PATTERNS

Learning disabled boys were categorized on the basis of comsistency
of lowest WISC/WISC-R factor scores over time. The Consistent subgroup
with lowest scores on factor 3 also displayed significant factor score
discrepancy. The Inconsistent subgroup had varying lowest factor scén:;s
with no significant discrepancy, such variation not apparently related
to a delay hypothesis. Patterns in the Consistent Factor 3 group could
be suggestive of either a delay or deficit.

Group differences occurred frequently in patterns, rather than
levels of performance, the Inconsistents displaying patterns similar
to able learners. Disorders of sequential processing and abnormal right
hemisphere specialization characterized the Consistent Factor 3 group,
inefficient selective attention the Inconsistent group. Pervasive group
differences in holistic versus sequential processing were related to the
hémisphere specialization index and both were related to WISC-R discrepancy

: -

scores. Thus, factor score discrepancies may usefully define these
subgroups. A model of hemisphere functioning was offered in explanation

of these results.
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RESUME \

. \

Des gargons souffrant de difficultés d'apprentissage ont é\té
classés selon l'uniformité des résultats minima aux tests. WISC/W?\)‘SSC-R
sur une p&riode donnée. Le soun—group;e ayant 'obtenu des r ultats\\‘ uni~-
formes au facteur ] fait également preuve de divergences sig ifica‘ives
dans les autres facteurs. Le sous-groupe ayant obtenu des résultats non-

uniformes enregistre des divergences dans les résult\ats minima, sansique

ces divergences solent significatives, n'étant pas associées 3 une hypo-

4 |

thése de retard.. Les résultats du groupe uniforme au facteur 3 suggirent
soit un retard soit un déficit.

Les différences entre les groupes portent fréquemment sur.les va-
riations plut8t que sur les niveaux de performance, le groupe non-uniforme
présentant des variations similaires 3 celles des &laves normaux. Les
désordres portant sur le processus s&quentiel et une spécialisation anor-
male de 1'hémisphére droit sont caracté&ristiques du groupe uniforme au
facteur 3, tandis qu'une attention sélective iuadéquat.e caractérise le
groupe non-uniforme. Des différences de groupes généralisédes au niveau
du processus synthétique plutft que séquentiel sont asgociés 3 1'indice
de spécialisation hémisphérique; tous deux &tant associés aux divergences
des résultats au test WISC-R. On peut par cow\équent définir ces sous-
groupes par les divergences de leurs ré&sultats. Un modéle de fonctiomne-

Ent hémisphérique est proposé& pour expliquer ces résultats.
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CHAPTER 1 6/‘

INTRODUCTION

Over the past two decades there has been a growing interest in
learning disabled children, that is, children who experience severe
and prolongéd problems 1in school achievement in spite of normal
intelligence, adequate home en‘viro;unent and the absence of physical
and emotional handicaps (Kirk, 1963; Torgesen, 1975). Although reéeax:ch
has flourished, comprehensive reviews of the burgeoning literature#
(Benton, 1975; Torgesen, 1975; Vellutino, 1979) have indicated that
comparatively little is known about which factors actually contribute
té learning failure in these children. Problems in perceptual functioning,
intersensory integration, serial proﬂcessing, verbal encoding, selective
attention and the establishment of hemispheric specialization are among
the most prominent of the variables currently hyp.othesizec} t.o account for
their learning difficulties.

Perhaps one of the reasons for lack of consensus has been the

_ tendency of researchers, thus far, to treat all otherwise normal children

with reading and spelling problems as if they were a ’homogeneOus 'group.
Although' it is now widely acknowledged that this learning disabled
poiaulation is a heterogeneous one, the typical research strategy has

been to compare the group as a whole to a control group of able learners

of the same mean 1.Q. Comparisons have been made on variables hypothesized
to be related to learning failure, the discrimination of able and disabled
learners usually having been based on the amount of academic progress

made relative to that expected in terme of mental age (Cruickshank, 1977).

If distinct subtypes of the learning disabled exist, then research based

D o N el e
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. problems have hindered progress. Usually, a task i{s devised which is

2

on undifferentiated samples would be misleading for it would not indicate
whether the findings were typical of all learning' disabled subjects or
of just those from one or more of the possible subclassifications.
Concluaiqns reached could be entirely depe;ilclent upon ‘the sample used .
It would appear to be\ unlikely that all learning disabilities could be
traced to a disorder in a single psychological proce?é but rather, it
would be more probable that there are subgroups which confox;m to different
diagnoses. ‘

Alti\ough there 1s widespread recognition of the need to identify ;he

possible subgroups among the learning disabled, certain methodological

presumed to measure the psychological process hypothesized to underlie
‘ o~

learning failure and groups are formed on the basis of similar levels of
scores, ignoring the fact that equal scores are not necessarily arri\;ed
at by the use of the same pro‘cess (Eysenck, 1967). Identification of
performance. patterns through the simultaneous ‘appraisgl of scores on a
variety of measures (Rourke, 1975), use of'more than one measure for a
particular variable to allow for validation through convergence of
*
results (Witelson, 1977), and/or repeated megsurements to determine
reliability and st;bility over time might help to minimize such efror.
The use of samples with a wide age range may also have impeded
advanct;s in subtyping since there is gvidence to suggest that processes
which discriminate normal from retarded learners are different at different
ages- (Beery, 1967; Blank & Bridger, 1966). Yet, because cross-sectional

designs are most frequently used, there is a scarcity of longitudinal

data and little is known about whether or not it is the same child who




performs po'orly on different tasks at different ages or if 1't is
different children who fail at the various age levels &Torgesen, 1975).
The possibility that some individuals may present a stal;le disorder
ove/r\:ime while o;hers exhibit changing disabilities complicates any
r‘ﬁ?c:].atssi}:l.cat::tou scheme, since in addition to determining the area of
disability, the consistency of that disability over time must be
considered.
That both stable and variable ;aatterns of disability may exist has
imporl:tant theoretical f‘unplications. Within each of the theories currently
" advanced to explain learning failure, two views as to the underlying basis
for the particular difficulty can be discerned: the developmental delay
position, and the deficit position. The former hypothesizes that learning
problems are a result of a lag in normal growth and development and
generélly assumes that the disabled child will eventually catch up teo
his age peers in the skills required for adequate” academic performance ’
(Rourke, 1976). Tﬁe deficit model on the other hand implies that an
underlying difference or dysfunction exists and there is no expectation
that amelioration will occur. In cases where learning problems are
prolonged, the delay hypothesis would predict changes in apparent disorder
over the time span. Early disorderé would ameliorate, but would be
replaced ‘by weaknesses in skills that appear and-mature at later ages
(Satz & Van Nostrand, 1973). Intuitively, the deficit hypothesis would
predict stabili‘ty; a dysfunction, once manifested, would not disappear

with maturity, although, of course, additiomal deficits could be added

in those processes that emerge at later ages.
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Along with these theoretical concerns, there are important practical

reasons for determining if consistency of a disability is a relevant
variable in subtyping. Good .diagnosis, in education as in medicine,
must enable one to predict accurately the course a disorder will take

so that suitablﬁ therapeutic interventions can be prescribed. Whether
or not a long—=term learning problem represents a delay(that is corrected
over time, but replaced by a subsequent disorder, or is a stable deficit
requiring compensatory educational procedures is often known only with
hindsight, if at all. Frequently, there appears to be an implicit
agsumption that if learning failure persists, the original underlying
disorder has also persisted, and so in practice a permanent label is
placed on a child after a single assessment, and no subsequent follow-up
agsessments are made. If disabilities are consistent, permanent labelling
after a single assessment may be justified, and subsequent diagnostic
assessments may not be required., Yet, if disabilities change over time,
then repeated evaluations are indicated. It is evident also that the
kind of educational interventions prescribed would vary with the hypo-
thesized stability or variability of the disorder.

There is, then, an apparent need to know if consistent and incomnsistent
patterns of disability can be identified inm learning disabled children, and,
if so, if consistency or the lack of it is related to type of disability..
A retrospective analysis of assessment data on learning disabled children
who had received several successive evaluations over a period of time could
provide a convenient and practical way of initiating research in]this area.

Accordingly, a study in two parts was carried out. Children who had

been clinically diagnosed as learning disabled, and for whom three WISC/
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WISC-R assessments had been u;dertaken over their school years as part
of that diagn;sis formed the initial subjects of the lnvestigation.

In the firat stage their WISC/WISC-R records were analyzed and subgroups
were tdentified on the basis of a disability x consistency classification
scheme. In the second stage the resulting subtypes were compared on
selected variables hypothesized to be associated with learning failure

to see if the formation of such subgroups might have diagnostic

significance. The two stages of this investiggfion are reported

.separately.




CHAPTER II
IDENTIFICATION OF SUBGROUPS IN A LEARNING DISABLED POPULATION: STUDY NO. 1

A Review of Relevant Literature

Clinical intuitid¥ and empifical evidence tell us that not all disabled
readers and spellers are the same. Yet, to recognize each one as an
individual requiring uniquely appropriate educational trez;tments is not to
deny that some of these children are more alike than others. To see the
similarities among the divergities and therefore to conceptualize these

v
children into ide“ntifiable groups on the basis of shared relevant charac~
tgristics 1s both theoretically and practically valuable: for the practi-
tioner in justifying and delivering appropriate services and programs, and
for the theoretician in exploring and explaining the causes of learning

-

disabilities.

¢

Early attémpts to categorize ¢hildren who experienced learning failure
wergﬂbased on techniques’ of exclusion. Researchers and clinicians ruled out
those children whose learning difficulties could be explained by secondary
factors such as known neurological impairment, sensory handicaps, subnormal
intelligence, soc’ioeconomic disadvantage and emptional disturbance, ar_ld they
concentrated t!’lgi:r gstudies on thﬁ'others. Thus, the group which has come to

S 0
be called "learning disabled" was initiaily identified and defined by what
it was not rather than by what it was (Chala‘fant & Schifflin, 1969). Having
excluded those whose disabiiiCieé fell into the previously defined cate-
gories, 11; seemed:'reasonable to suppose the remaining group might have z;
common disorder. However, it soon became apparenc that this group

e -

was, itself, not homogeneous and subsequently there have been various
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ai:tempts to discriminate subtypes within it by use of inclusionary criteria.
{
Two main approaches have evolved: definition by type of academic skill

failure, and definition by type of psychological process disorder. The

selective review which follows is designed to examine the chief charac- /,\j )
‘ L4
teristics of research in these two areas.

&

Identification of Subgroups in Learning Disabled Populations o

Subgroups based on type of academic skill failure: Somr researchers

have grouped disabled learners on the basis of their differential compe-
tency in various broad academic areas. For example, Warringtom (1967),
first alaone and theg with Nelson (Nelson & Warrington, l§74), discriminated
disabled learners into two maifz} groups: those who had difficulty in read-
ing and spelling and those who' had difficu}t; in reading only. They found
group dif:ferences in the .types qf errors made, in IQ score patterns, and
in verbal and performance intelligence test score patterns.

Rourke and Finlayson' (1978) divided chiidren with learning disabili-
tiﬂes into three groups on the basis of achievement patterns in feading, .
spelling, and arithmetic. Group I was uniformly defic}ent in allu’subject
areas, Group Ii was stronger iﬁ arithme‘tic and relatively weask in reading
and spelling, while Group IIT was characterizez(i by deficient arithmetic
but average spelling and reading scores. In the search for'cognitive corre-
lates, they noted that Groups I and II were relatively competent in visuo-
spatial skills as measured by the subtests of the WISC performance scale

and the target test (Reitan & Davidson, 197)), while Group LII showed

relative strengths in auditory-perceptual abilities, which were assessed
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using the VISC verbal scale subtests and the Peabody Picture Vocabuléry
Test among others. The authors pointed out that definition of gro.ixps
simply by level of performance in any one of the subject matter areas
alone would’havg distorted and limited f£indings since it would have com-
bined Groups I and III into one single classification labelled as deficient
in arithmetic. Co

Other ‘:researchers have sought to identilfy subgroups on the basis of
error ty,p/es within a single academic area. Boder (1970), using an informal
word recognition inventory, ciissified disabled readers on the basis of the _
kinds 6f spelling erroz:s they made on words in their sight vocabulary and
on unknown words. oThree subt)jpes were identified: dysphonetic (children
who'make r‘mnphonetic, unintelligible errors); dyseidetic (children who make
phonetically acceptable errors but do not respond to words as wholes) ; apd ’
alexic (children who are weak in bo'i\:h phonetic skills and wholistic recog-
nitio;x) It was found that these patiterns remained stable, even when
reading scores themselves :memved hich suggested that stable, qualitative
differences existed. However\, Holme& and Peper (1977), uéing Boder's scheme,
found no guch qualitative differences when proportion'of error types was
considered. They concluded that disabigd readers were simply rep;:esenta-
tive of the lower end of the continu@ of a normal distribution of readers.

Other researchers have propcsedlclassification schemes similar to
Boder's. Ingram, Mason and Blackburn (1970) identified two types of poor
readers on the basis of their performance on standardized academic skills
tests: those with a general deficiency in phonetic analysis and word
blending skills (audiophonic) and those who exhibited visual discrimination

. . g !
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and orientation problems dlong with poor sight word recognition (visuo-
spatial). Mattis, Freach an: Rapin (1975), using such well known measures
as the Benton Visual Retention Test, the Illinois Test of Psycholinguistic
Ability and Raven's Progressive Matrices, found two groups similar to

those mentioned above. 1In addition, they discriminated a third group of

children characterized by poor speech articulation and handwriting

deficits who were therefore seen as having an impaired motor system.

In an innovative study, Doehring and Hosko (1977) used a Q-technique
of factor analysis in which subjects with sin;ilar test scores on thirty-
nine variables were classified together. In this way, they identified
three main groups of disabled‘ readers. The first was characterized by slow
oral reading, the second by slow auditory-visual letter association, and
the third by slow auditory:visual associatign of words and syllables. They

suggested that these groupings could,be interpreted in terms of certain

deficits in psychological processes - group 1 seemingly displaying a linguis-

‘tic deficit, group 2 displaying intersensory integration problems, and

group 3 disorders jin temporal and phonological processes. This interpreta-

tion, along with the suggestion that the subtypes be used to guide the search

for neurological determinants, implies that Doehring and Hosko saw the sub-

groups as reflecting underlying qualitative differences.

Subgroups based on psychological procegs disorders: The literature is
rich with investigations comparinglnomal and disabled learners in various
psychological processes. Far fewer studies have tried tc; differentiate
subgroups within the learning disapled population itself on the basis of

el
these processes. Perhaps this is because many researchers,

ir
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either implicitly or explicitly, have espoused a unitary disorder hypo-
thesis to account Eor learning failure. A unitary theory assumes that a
single factor underlies the learning problem and s¢ research from this
perspective seeks to demonstrate that dysfunction in a particular process
such as selective attention, serlal processing or auditory-visual integra-
tion is the crucial discriminator between normal and disabled learners.

1f dysfunction in a particular process is characteristic of the disabled
group, then a unitary hypothesis assumes that this disorder is typical

of all members of the group, and so subtyping is irrelevant.

Although a multi-process ltheory, which holds that more than one type

of process disorder causesreading and learning problems, is becoming more

widely accepted, it has yet to be translated into widespread research’
efforts to identify subtypes. The complexity and degree of integration
demanded of research within the multi-factor orientation is undoubtedly
intimidating, and the identification of well defined subtypes an arduous,
time consuming preoccupation, as witnessed by the lifelong work of Eysenck
(1970) in the field of personality subtyping. Nevertheless, there have-
been some noteworthy initial efforts, two most prominent and influential
ones being those of Birch and of Myklebust and Johnson.

Birch (1962), in a theoretical paper, integrated evidence from the
comparative and developmental sectors of psychology to support a 3-factor
theory of reading disorder and propesed that reading disorders stemmed
from failure to undergo the necessary developmental changes which take
place over time in childhood, probably because of impairment in the nervous
system. He hypothesized that three separate subtypes would be identified:

(1) .those who failed to establish intersensory equivalences, (ii) those

s L ek B A




Rl e o T A v .

11

who failed to establish hierarchical dominance of the visual system, and

(iii) those in whom the process of visual analysis and synthesis was func-~
tioning poorly. Of the three proposed subtypes, the one that has generated
the most research interest has been the group purportedly manifesting prob-
lems in intersensory integ}‘ation, a point to be discussed in greater detail

in Chapter III. Sufficient to say that, as Freides' (1974) comprehensive

review paper indicates, the data are inconclusive and controversial.
Myklebust and Johnson (Johnson & Myklebust, 1962; Johnson & Myklebust,
1967) analyzed clinical cpse studies and delineated three subgroups based

on disorders within the vgrious sensory modalities. The first subgroup was

Y £
identified as one with visual processing problems, the second and more

numerous as those with disturbances in auditory processing, the third group

was described as hLaving trouble making visual-auditory associations, a
1]

problem akin to the intersensory difficulties described by Birch.

Groupings based on sensory modality have received considerable sup-
port in the literature.| An earlier study of Ingram and Reid (1956) found
similar subtypes and a detailed study by Doehring (1968) also identified
groups based on modalitly weaknesses. He \;sed 109 non-reading mez;sures
obtained from the Indiana Neuropsychological Battery, the Minnesota Aphasia
Test and tasks design to evaluate speed of sensory perceptiony
reversed figure discrimination, word association, color form preferences,

!
right left orientatio}h, and visual, non-verbal memory. Three main groups

!

were differentiated, /the first characterized by poor visual perceptual
/ N
skills, the second b)} speech and language disorders, and a third by prob-

lems in both the visual and auditory-language areas. Zangwill (1962), on

the basis of clinical observations, also found visual and auditory subgroups,

4
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each of which he associated with a different eticlogy. He suggested that
the visual problems could be genetically based while the auditory language
problems ;:ould represent maturational differences in the cerebral hemi-
spheres. .

The pervasiveness of auditory versus visual subtyping is also reflected
in what is commonly called the modality preferemce 1iterat1}re where, in
order to prescribe suitable educational interventions, subgroupings of
disabled learners are formed on the basis of their strengths and weaknesses
in the various sensory modalities. This practice derives from an assump-
tion of long standing that learning fallure can be overcome by capitalizing
on modality strengths. Tarver and Dawson (1978) reviewed fifteen studies
where remediation was attempted on this basis and concluded that there
was strikingly little support for the practice. Similar conclusions have
been drawn by Derevensky (1978). Thus, it appears that, at present,
su‘bg\roupings based on modality processes, although supported by the sub=-
typing literature, have little therapeutic value. This {nability to
translate visual-perceptual and auditory-language subgroups into meaningful
educational correlates for the purposes of developing academic skills has
also been documented by comprehensive reviews of such attempts by Hammill
and Larsen (1974) and Larsen and Hammill (1975). Although many reasons
might be offered for this failure, it is commonly agreed that a major problem
is the lack of wvalid and specific tests to measure the various processes on
which the subgroupings are based in the first place.

From this review of the literature, it can be noted that the two main
approaches to s;xbtyping are not mutually exclusive. If classification on

the basis of academic skill performance is ‘the initial step, then the next
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step 1s to identify psychological processes associateq with the skill
types. If subdivision is determined by performance on psychological
process variables, then these processes must be mesningfully related to
re;evant academic skills. As we have i?en, the results of bothalines of
investigation often have led to subgroupings associated with dysfunction
in either the visual or auditory modality. Finally, a shared goal of both
approaches is the desire to discover the underlying determinanés of the
subgroup differences which at this level often reduces to a common interest
in brain—behavior relationships.

There are certain disadvantages associated with each of the two
classifiéition schemes. The use of broad academic criteria often obscures
the multifaceted nature Jf these skiils and so heterogeneity as to type of
difficulty is likely to occur in the groupings. Moreover, by the time this
type of diagnostic subtyping can be carried out, the disabled child must
have already eXperienced the very failure one seeks to avoid through the
use of the procedure. Early identification, and perhaps prevention, is
not possible. Subdivisions based on specific competencies within a subject
area may overcome the first problem but not the latter. The difficulties
associated witﬁ subgroup definition on the basis of psychological process
variables center around the questionable psychometric properties of the
tests designed to measure the different processes. Such tests often lack
specificity. For example, essentially the same task, that of matching an
auditorily presented sequence of taps by selecting its visual counterpart
composed of black dots on paper and vice versa, has been variously inter-
preted as a measure of auditory-visual integration (Birch & Belmont, 1965),

spatial to temporal transfer (Rudel & Denckla, 1976), and attentional
[
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capacity (Ross, 1976). Moreover, the reliability of these tests is often
undetermined. Needless to say, few data In the way of age~related
changes In test performance are also available. ‘ y

There is one test in wide general use, however, about which much
information has accrued. The WISC/WISC-R (the Wechsler Intelligence Scale
for Children, Revised) is an instrument highly regarded for its published
reliability and validity coefficients, the consistency of its factor group-
ings and its stable age norms (Matarazzo, 1972; Stattler, 1974). Increas-
ingly, its value as a diagnostic tool, quite apart from its use as a
quantitative index of intellectual functioning, is being recognized (Glasser
& Zimmerman, 1967; Lutey, 197%; Stattler, 1974). 1Its usefulness as a devica
to differentlate learning and reading disabled subtypes has been explored
by many researchers and it has a place within either of the foregoing
¢ tegories of subtypiné investigations.

Subgroups based on WISC/WISC-R subscale scores: Farly investigations

gave promise that observed discrepancies betyee’\rei’bal and performance IQ
scores could be used to discriminate disabled readers or learners from the
rest of the population, since low verbal IQ scores relative to performarce
1Q scores had been found to predominate in the group (Altus, 1956; Belmont
& Birch, 1966; Hirst, 1960; Robeck, 1964), However, Vernon (1971), reviewing
studies that/gupported the low verbal-high performance discrepancy in the
group, cautioned that the evidence was not strong enough for the pattern
in itself to be used dingnostically, since other studies had indicated that
a low performan. .:-high verbal pattern could also occur within the learning
disabled group (Ingram & Reid, 1956; Kinsbourne & Warrington, 1963). The
possibility of using these two patterns to identify subtypes within the

disabled populations, however, remained a distinct possiblity.
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r Kinsbourne and Warrington (1963), who were probably among the first

to study correlates of reading disabled subtypes based on such ve:.rbal

and performance IQ patterns, grouped reading disabled subjects) on the

basis of 20-point or more discrepancy between subscales. One group had
normal verbal and low performance scdres while the other had normal per-
formance and low verbal achievement. They found that the latter group
exhibited evidence of language disorder while the formeti had difficulty
with finger differentiation, constructional tasks and mechanical arithmetic.
0f central interest is a study by Reed (1967) indicating that the signifi-
cance of the wverbal-performance pattfarns appeared to be age related, with
lower verbal than performance scores differentiating poor readers only among
the older children. Rourke and colleagues (Rourke & Telgedy, 1971; Rourke,
Dietrich & Young, 1973) also found interesting age differences vhen classi-
fying children according to subscale discrepancies. In the earlier study

with older children from 9 to 14 years of age, they found no support for

their };ypothesis that the disabled groups could be identified by digfferen—
tial accuracy of right and left hand performance on psychometric tasks,

but they did observe that the high performance-low verbal children performed ;
significantly better on the psychomotor tasks than the other groups. In the
subsequent study with younger children 5 to 8 years of age, Rourke, Dietrich
& Young (1973) did not find the same clearcut differences between the groups.

However, since these studies were cross sectional, it can not be determined -

whether individual children changed groups with age or whether it was

different individuals who were found within the various groups at different

ages.

( t . While the foregoing studies indicated that correlates of the 1Q
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discrepancy subgroups may depend on age, other studies found that

meaningful differences between such subgroups were difficult to demonstrate.
Wener and Templer (1976), studying a group similar in age and IQ to that of
Rourke and Telgedy (1971), failed to confirm that verbal-performance dis-
crepancies were good predictors of psychomotor skill. Neel' (1976) adminis-
tered a diverse battery of perceptual and cognitive tasks to low achievers ¥
who had been classified into the three IQ-score discrepancy groups. A
discriminant analysis indicated that the groups so formed verg just a result
of the original classification scheme and were not due to any significant
differences between subjects on the perceptual-cognitive tests. Cermak,
Goldberg, Cermak and Darke (1980) also used the IQ score discrepancies to
subdivide populations of both older and younger learning disabled children.
They‘"concluded that nonme of the groups defined in this way performed
sig’hificantly below normal controls on a task which required retention of
verbal material across varying time intervals, and moreover, that this was
true at both younger and older age levels in their sample.

Inability to clearly and consistently define the characteristics of
subgroups based on WISC subscale discrepancies suggests that these sub-
divisions may be too broad for diagnostic significance. The scores derived
from such a wide variety of tasks could mask crucial age and individualﬂ
differences in processes required to perform those tasks. The major subgroups
s;) formed may themselves be composed of subgroups. There is also the
possibility that the tests which are used to produce the verbal and perform-
ance scales may not be adequately classified., For example‘, the coding
subtest may be more of a verbal test than Wechsler originally believed

(Estes, 1974; Huelsman, 1970; Royer, 1971). In addition, there appears
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to be some disagreement about what magnitude of discrepancy between the

subscales may be considered to indicate a true difference.(Raufman, 1976).

Subgroups based on WISC/WISC-R subtest scores: The search for a typical

WISC/WISC-R pattern for disabled learners had also led to investigations

into typical subtest profiles or patterns. Huelsman (1970), in reviewing

23 studies, concluded that while low subtesat scores in each of informationm, N

qoding and arithmetic subtests were characteristic of the disabled group
as a whole, none of the studies had provided satisfactory evidence a's to
the applicability of subtest patterns to individuals. In his own study,
he demonstrated that none of the poor readers had low scores in all three
gubtests, only 6% had low scores i‘n two of them and 647 were not weak in
any. He attributed these startling results to the presence of subclasses
within the total disabled group.

Studies to identify subgroups based on test scores, subsequent to the
}iuelsman review, have proved to be ‘similarly inconclusive. Lutey (1977),
analyzing some 30 studies using subjects broadly defined as learning dis-
abled and a further 60 studies with subjects more specifically defined as
reading disabled, determined"that the most commonly observed low scores
were in the arithmetic, information, digit span and ;:oding subjects.
However, she concluded that the use of individual subteests for diagnostic
purposes was not defensible, largely because of lack of reliability in
subtest scores. Similar conclusions have been drawn by Matarazzo (1972)
who noted that three decades of research had failed to substantiate the use
of individual WISC subtests for clinical diagnosis. Lack of specificity
as to what each subtest measures and the fact that two people who obtain

the same scores may have arrived at it by quite different processes has
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made subtest profiles difficult to inrerpret and use as a basis for sub-
type classification. It 1is possible, however, that the recent trend
toward use of scores from clusters of related subtests as determined e

through factor analysis might help to overcome this problem.

Subgroups based an WISC/WISC-R factor analytically derived clusters:

Factor analysis is a mathematical procedure by whickt‘a small number of new
variables ts derived from the intercorrelational patterns of a larger number
of variables. The WISC or WISC-R subtests when analyzed in thisv way are
reduced to thre;a main factors, each composed mainly of three subtests in-
volving supposedly similar processes (Bannatyne, 1971; Cohen, 1959; Kaufman,
1975). The work of Bannatyne (1971, 1974), frequently cited in the learning
disability literature, suggested a tripartite recategorization into spatial,
conceptual and sequential categories. The first factor (spatial) is com-
posed of the block design, object assembly and picture completion sui:tests;
the second factor (conceptual) ,includes vocabulary, similarities and
comprehension, while the third factor (sequential) was originailly composed
of the picture arrangement, digit span and coding subtests. However, Rugel
(1974b), as a result of his own analysis, suggested that the picture arrange-
ment subtest be replaced by the arithmetic subtest, a refinement accepted

by Bannatyne (1974).

A consgiderable number of factor analytic studies have supported the
three factor composition of the WISC/WISC-R and the interpretation of the
processes represented by factors 1 and 2 (Baumeister & Bartlett, 1962;
Bortner & Birch, 1969; Cohen, 1959; Kaufman, 1975; Lombard & Riedel, 1978;
Smith, Coleman, Dokecki & Davis, 197]), but there is a divergence of

opinion as to what label should be assigned to the third factor. Some
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prefer to consider it related to attentional abilities (Cohen, 1952;
Kaufman, 1975) while others (Ackerman, Dykman & Peters, 1976; Smith et al.,
1977; Vance & Singer, 1978) support a sequential memory interpretation.

In spite of the lack of labelling consensus, reference to the factors
has been shown to be useful in the identification of learning, particularly
reading, disabled populations. Bannatyne (1971) reported that children
with a diagnosis of genetic dyslexia, that is, with a familial history of
reading problems, scored 1éw;st in the factor three category. Factor one
scores were highest and factor two intermediate. Rugel (1974a) recategor-
ized the WISC scores reported in 25 published and unpublished studies of
disabled ;eaders and thus ex%énded Bannatyne's findings with genetic
dyslexia to disabled readers in generai. Moreover, he demomstrated that
this pattern of ascending factor scorég (Factor 3 < Factor i < Factor 1)
was not typical of normal readers. Smith, Coléman, Dokecki and Davis
(1927) showed that school-verified learning disabled children were also
characterized by this same patterm of abilities. They noted that 62% of
these children scored lowest in the gactor 3 category, 297 in the factor 2
and 9% in the factor 1,

As yet, few studies have explored the usefulness of these recategorized
groupings for diagnostic and remedial purposes. Miller, Stoneburner and
Brecht (1978) attempted to see if these factors significantly discriminated
between learning disabled children who had been clinically diagnosed as
having either visual or auditory perceptual deficits. They hypothesized
that wvisual deficits wﬁhld be associated with low factor 1 scores and

auditory with low factor 2 and found that 83.6% of the visual pexteptually

handicapped but only 39.6% of the auditorily handicapped were properly
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cross-classified, The inability of Bannatyne‘"s factor 2 pattern to
correctly categorize auditory disabilities was not unique. Keough and Hali's
(1973) factor analysis groupings (which are similar to Bannatyne‘s)fand
verbal-performance‘ discrepancy patterns discriminated just as pooriy.
Although this failure was interpreted as evidence of the ineffectiveness

of these factor techniques for diagn‘;sis, it was also acknowledged that
results may have been confounded by having a var;ety of perceptual dis-
orders 1in the so-called auditory grouping, that is, the clinical diagnosis
against which th;. factor 2 scores were validated could have been incorrect.
The possibili‘ty also exists that the factor 2 cluster is being misinter-
preted when considered as an indicator of auditory per’c;ptual processes.

O.f' prime importance to the studly which follows is the work of Ackerman,
Dykman and Peters (1976) who explored the relationship between recategor-
ized WISC patterns and academic skills over time. Comparisons between
initial and 4-year follow-up assessment scores were mad&%r learning
disabled boys and their normal controls. The learning disabled s?bjects
had been originally subdivided on the basis of activity level and neurc;logical
status but were retrospectively regrouped along with a control group of able
learners in terms of type of a’ca;iemic skill competence or retardation. Eight
different skil groué:s were ildentified, 'such as: superior achievers, su-
perior readerp but average arithmetic; average achievers in all skillsg
adequate reading and arithmetic, and so on. Learning disabled groups were
characterized by rather modest overall intellectual skills in conjunction
with disparity among the three factor scores while the most successful .

students had balanced cognitive abilities at a rather high level. Low

factor 3 scores identified those with the most persistent learning problems.
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It was noted that while relatively few subje;ts displayed reliabl‘evldis—
crepancies between factor 1 scores, which might be considered to be
representative of performance scale IQ scores, and factor 2 scores which
might represent the w;erbal scale score, the low position of factor 3, for .
the most part, was maintained over the 4 year period from initial assess-
ment to follow up: The question is naturally rais;d whether a longer term
follow—up would confirm or reject these results. A retrospective classifliﬂ-

cation of older learning disabled subjects, based on the stability or

otherwise of the lowest factor score at each of several repeated testings,

" as well as the type of factor score disability, might provide a useful means

. , 4
of subdividing subjects in order to study the cognitive correlates of

learning difficulty and learming failure.

Summary of Subgrouping Based on WISC/WISC-R Patterns

There appears to be considerable consensus regarding typical score
patterns derived from'the WISC/WISC-R for heterogeneous samp1e§ of learning
disabled subjects. It has been found that low subtest scores in arithme-
tic, digit span, coding and information characterizéd the test results of
these children as a whole. Moreover, independent research employing
factor "analytic c.‘ategories also supports this patt-em since the low factor
3 scores that typify the disabled are.composed of the. digit span, coding
and arit\hmet:ic subtests. Further, the earlier, somewhat inconclusive, -
studies demonstrating that low verbal IQ scores relative to‘performance

t

IQ scores are also typical of these children are not in conflict with find-

ings regarding factor score patterns, factor 1 is composed of performance

subtests, vhile factor 3, being more compléex, is composed of two tests from

the verbal scale and the one, coding, whose placement on the performance

i

L NP




TR Ty

v

e g Y

— e

. . X - O

22

“

scale has been questioned. | It may be that these factor scores are a more
precise and statistically valid way of yielding WISC/WISC-R subtypes
than the broader Wechsler subscales.

At 1issue, then, is not whether low factor 3 scores characterize the
learning disabled as a group, since such a finding has been replicated
many times, but whether this fact has any additiomal diagnostic or clinical
significance. There is conjecture but no certainty as to the kind and
nature of disabiﬂlity assoclated wit\h low factor 3 functioning. However, it
is possible that a dysfunction in a single process \common to the three
subtests is responsible for one particular type of leafning failure. Again,
it is not known if a factor pattern applicable to a group of individuals can
be equally applicable to a single case, although this would be useful in
clinical diagnosis and treatment. Nor is it known if the stability of a
pattern within a single’group over time as shown by Ackerman et al. (1976)
i3 stable within the single individual. Ome night ask whether thé low
factor 3 pattern defines an important subgroup, over time, and if other
demarcated subgroups can be found on the basis of other factor patterms.
It would appear that an analysis of‘ longitudinal test data to determine
consistency or inconsistency of disabi.lity as indicated by lowest factor
scores in individuals over time might provide some answers to the)fore——

going questions.

Studies of Patterns of Disability Over Time

t

The issue of whether or not areas of weakness remain stable or consis-
tent over time In reading or learning disabled children has important
practical implications. Whether or not repeated diagnosis is necessary and

what type of remedial or compensatory intervention mjight best be used
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are problems that are directly related to the variability and stability

of the disorder. The assumption of consistency in human growth and
development is a fashionably common one despite considerable counter-
evidence. Clarke (1972), citing detailed results from longitudinal studies
in the areas of intelligence, personality‘ and) scholastic achievement,
demonstrated that variability with respect to an individual's position -
relative to that of his peers was the rule both in growth curves and in
patterns of change. Evidence that patterns of deficit in psychological
processes and academié skills change with age, the deficits identified
varying with the age at which testinng is conducted, has been produced by
cross-sectional (Benton, 1962; Sapir & Wilson, 1967; Reed, 1968; Rourke

et al.‘, 1971, 1973), longitudinal (deHirsch, Jansky & Langford, 1966;
Rourke & Orr, 1977; Satz & Friel, 1974) and retrospective studies (Belmont
& BeJ'.mont, 1978). On the other hand, in terms of WISC/WISC-R scores, low
factor 3 scores have been shown by Rugel (1974) and Smittll et al. (1977)

to have some stability across age in learning dis?bled children with
Ackerman, Dykman and Peters (1976) concurring that area of deficit or dis-

order remained comstant over time for their group of .children. It is

necesgary to examine further the hypothesized stability in terms of different

theories of developmental delay or of continuing deficits,

Theories of developmental delay. It is an accepted developmental

principle that, although individuals mature in accordance with invariant
patterns, they do not necessarily do so at the same rate (Gesell, 1956).

Yet, ih most educational systems there appears to be an overriding assump-

tion that mastery of certain tasks should take place at a certain time and

children are expected to pass these academicmilestones in accordance with

their chronological rather than their maturational ages. Since it has been
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reasonable to suppose that children with slower individual growth rates
are at a disadvantage relative to those with average growth rates

because their capabilities are like those of younger children, it is not
surprising that a large number of theorists and practitioners attribute
learning failure in otherwise normal children to a developmental delay

in those gkills necessary for the mastery of gasks the educational system
hashdeeﬁed age-appropriate.

Studies of v;rious processes hypothesized to be related to academic
success, such as perceptual motor functioning (Bender, 1938, 1956), selec- -
tive attention (Hagen & Hale, 1973), serial processing (Torgesen, 1977),
hemispheric lateralization (Bryden & Allard, 1976; Satz, Bakker, Teunissen,
Goebel & Van der Vlug, 1975) and intersemsory integration (Birch & Belmont,
1965) have indicated that growth in these capacities is age-related in
the normal population, with agreement that visual motor skills develop
rather early while others such\as gselective attention mature somewhat later.
Evidence that learning disabled children exhibit behavior like that of
younger normal children in many of these areas has been provided by Bender
(1957), Bakker (1972), gorkin (1974), Koppitz (1971) and Tarver, Hailahan,
Cohen and Kauffman (1977).

This notion that learning disabilities {esult from delays in normal
developmental sequences 17)not new and may Pe traced at least to the time
of Orton (1925), who esp?ésed a theory of developmental lag in hemispheric
~ dominance, and Bender (1938, 1957), who ﬁostulated.immaturity in the visual
perception of pattern?c The developmental studies of Gesell (1924, 1957),
Eustis (1947), Olson/fl949), and Ames (1969) suggesfed ways to gauge the
'prsggess of learning and development in normal and learning disabled chil-

dren but did not explain intra-individual differences in the growth rates.
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More recently, Satz and colleagues (Satz & Sparrow, 1971; Satz &
Van Nostrand, 1973) have presented a clearly articulat;ed and testable
developmental theory of learning failure. They argued (Satz and Van
Nostrand, 1973) that since neurological studies of learning disabled
children have failed to provide conclusive evidence of structural damage
or alterations to the left hemisphere, the crucial problem involves not
a structural change bit a lag in function;‘l Hevelopment, the result of
delayed acquisition of skills rather than the loss of them. This theory
propoged earlier in less detailed from by delHlirsch, Jansky and Langford
(1966), hypothesizes that disabled readers of at least normal intelligegcfe
and without emotional or social handicaps have a lag in the maturation of
the left hemisphere, which affects skills in primary aiscendancy at a given
age, the observed pattern of disorders changing with increasing maturity.
Thus, the Satz theory provides a framework to account for the diversity of
problems presented by dyslexic children in the so-called Gerstmann syndrome
(lef t-right confusion, poor finger differentiation, sequencing errors',
impaired verbal skills)., It is also consonant with what is presently known
about impaired left hemisphere function since the work of Lenneberg (1967)
and Geschwind (1968) havé supported the hypothesis of progressive different~
iation and lateralization of the language funqtj.on in the left hemigphere,
and Semmes (1968) has extended the explanation\.a, as to include such non-
language skills as finger differentiation and right-left discrimination by
proposing that sensory and motor capabilities are represented in the two)
hemispheres, focally in the left and more diffusely in the right. In
accordance with the Satz theory, then, two main hypotheses of interest

-

to this investigation could be conceived: (1) Younger, but not
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older, disabled readers would be more delayed in visual motor tasks than
normal children; (2) Older, but not younger, disabled readers would be
more delayed in language skills than normal children.

Cross-sectional research with disabled children of various'a,ges
(Kinsbourne,J 1971; Sabbatino & Hayden, 1970; Sa‘tz, Rardin & Ross, 1971;
Van Nostrand, 1972) has provided some support for these hypotheses without
clearly demonstrating that younger disabled children show more delay in
visual motor tasks than in language tasks. Additional evidence from
ongoing longitudinal studies by Satz et al. (1974, 1977) has produced much
the same evidence. However, Jansky (1979) among others (Benton & Pearl, 1979)
has suggested that inadequate basal tests precluded satisfactory evaluation
of language skills in the young subjects of Satz' sample and Vellutino (1977),
reviewing research results, has concluded that perceptual and perceptual-

motor abilities do not discriminate good from disabled readers.

The deficit approach. The deficit approach has conceptualized learning

disabilities within the framework of a medical or disease model and
suggests there is some sort of abnormality in cerebral structures or func-
tion that underlies the failure to acquire age-appropriate academic skills.
The responsible factor may be bra:-Ln damage or aberrations in cortical organ-
ization. A long history of support for this position has stemmed from
observations that individuals with known brain damage frequently manifest
specific learning problems. In 1896, Morgan attributed a reading disorder
to defective development of the angular gyrus since reports had documented
such problems in a&ults with disease in this region. Hinshelwood (1904,
1917) modified this presumption to limit abnormalities to the left angular

gyrus only. Today, it appears that bilateral parietal anomalies are often

implicated in reading and spelling disorders (Benton, ‘1975; Geschwind,
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1968; Spreen, 1975), -

While one line of research based on the deficit hypothesis has

centred on efforts to localize the focal area of the brain for reading L

disorders, another has sought evidence that learning disabilities are the
results of atypical hemispheric organizational patterns (Witelson, 1976a;
Bryden, 1970; Zurif & Carson, 1970). Non-medical interest has been
fostered by recent developments in non-invasive dichotomous stimulation
techniques which have provided information {labout right-left hemispheric
aberrations (reviewed later in greater detail) and sn;ggested that inter-
ference of one hemisphere in the functioning of the other jmight be a major
source of process disability.

Yet another line of research within the deficit model has studied
relationships between brain and behavior. Im this approach, diagnosis is
based initially on surgical evidence of known structural damage to certain
areas of the brain. The behavior of subjects with this structural damage
is observed anrj so certain behaviors become associated with certain struc-
* ‘
tural abnormalities. Henceforth, diagnosis of structural damage in other
subjects is made on the basis of observed behaviors only. Goldstein (1936)
was. probably the first to do tl(his in SCud}.'ing brain-damaged war veterans,
while Wemer!allnd Strauss (1940) adapted the proce‘dure to the study of

impaired chiLdren. As a regult, the label MBD (minimal brain damage) came

to be associated with learning impaired children, whether or not evidence

of actual brain damage existed.
|
rSupport‘fo\\r the notion that neurological insult is related to learning
disorders also grew from studies with other groups of children with known

neurological damage. Studies of cerebral palsy victims showed them to
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display the perceptual dysfunctions wi11ch are often associated with reading
and spelling deficiencies (Cruickshank, Bice, Wallen & Lynch, 1965), and
premature infants are reported to have a later high incidence of reading
disorders (Balow, Rubin & Rosen, 1976; Kawi & Pasamanick, 1958).

Against such evidence, it must be admitted that significant differences
in behavior have been found between those with actual confirmed brain damage
and those in whom brain damage was only inferred (Reitan & Boll, 1973).
Gaddes (1968), too, had shown that among a heterogenecus brain-damaged
group the only poor readers were those with damage in the left parietal
region, and that in the vast majority of poor readers nc inference or
presence of brain damage existed.

Many of these earlier investigations attempted to use a cut-off point
on each measure so as to discriminate between brain-damaged and normal
individuals. A different and more promising approach came from the work
of Reitan and his associates (Doehring, Reitan & Klgve, 1961; Matthews &
Reitan, 1963; Reitan, 1955, 1964, 1974; and Reitan & Davidson, 1974).

Using a technique of simultanecus appraisal of scores on a variety of
meagsures, they demonstrated that verbal and performance scales of the
WISC and related measures are differentially sensitive to impairment of
left and right hemispheres in brain damaged older children and adults, a
relationship not found with young children. This use of verbal and
performance IQ's and their discrepancfes has proved to be a powerful tool
in the hands of those who espouse a deficit theory.

Perhaps the most comprehensive studies of learning disabled children,
inspired by the deficit approach in general, and the work of Reitan in

particular, are those of Rourke and colleagues (Rourke, & Telgedy, 1971;
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Rourke, Young & Flewelling, 1971; Rourke, Dietrich & Young, 1973; Rourke,
Yanni, MacDonald & Young, 1974; Rourke & Finlayson, 1975, 1978). Rourke
(1975) summarized the evidence from his investigations and concluded that,
while older learning disabled children conformed to the patterns of the
brain-damaged adults studied by the Reitan group, younger children °did
not always do so. Interestingly, although some of the tests did not
discriminate the neurologically impaired at a younger age, the WISC dis-
crepancy patterns did so effectively. The possibility exists, however,
that broad WISC subscale patterns may be insensitive to age differences.
Since the two of the three factors used to explain WISC scores are
verbal in nature, alternating low functioning on these two factors might
be responsible for the different results obtained with younger and older
children. A factor score discrepancy approach might, therefore, increase
the discriminative properties of a differential analysis.

The consensua that younger disabled children do not show the same
patterns as older children (or ‘brain-damaged adults) had led Reitan
(1974) to conclude that a fuller understanding of the relationship
between brain and behavior would have to await a better understanding
of the effects of age or development which seems to imply that there is
an interactive effect between deficit and development. Taylor (1969, 1976)
and Buffery (1970) for their part have shown that the differential
effects of lesions are related to the rate of maturation of the
hemispheres, with the left maturing more slowly than the right, and both
hgmispheres of boys developing more slowly than these of girls. Thus,

they argue, the left hemisphere is more vulnerable to insult than the

right, particularly in boys, and this may account for the preponderance
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of boys in learning disabled populations. The evidence that deficits
can be affected by developmental factors, and thereby take on a develop~-
mental guise, nmakes discrimination between delay and deficit patterns
difficult in the axtreme. One must conclude that each theory accounts
for the existence and/or behavior of a subgroup within the learning
disagled population, and that some interaction between deficit and lag
may account for a further proportion of this population.

Comparisons of deficit and lag pattrern. The greatest clarification

within this cloudy area may come from the paradigms presented by Rourke
(1976), who described comparative growth patterns of normal and disabled
learners between the ages of 6 and 1l years. For normal readers, some
skills might show continuous growth over the age range from 6 to 11 years;
others might mature early but reach an asymptote before age 6, thus show-
ing a plateau over the age span; others might show late growth after a
low initial level, and still others might show an alternating pattern of
spurts and plateaux. Graphically, these are presented in Figure 1, which
was adapted for illustrative purposes from Rourke (1976), and in tabular

form, these paradigms might be depicted as follows:
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NORMAL READERS ———
RETARDED READERS ---wew—o-

TYPE 1 TYPE 2 TYPE 3

WWRHOOR

1 - -
] iV
‘.---QC" __---'.' - --\/.
4 " 1 ] i A I 4 L 1 1 4 1 1 + - A 1 1 1 i 3
6 78 9 10 1 6 7 8 9 10 11 6 7 8 9 10 11
age
0
)
f
¢ TYPE & TYPE 7
/ !
r 1 4 'y } S J---I.--T‘-l.‘.l.-: A 2 e - e r
§ 7 8 9 10 1 § 7 8 9 101 6 7 8 9% lo1n
age

FIGURE 1.

Rourke's (1976} Seven developmental lag-deficit
paradigms ?ompdtinq normal and retardsd readsrs.
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Table 1

Rourke's seven deficit-lag paradigms

WISC subtest

Type Normal readers Retarded readers correlates
type 1 continuous growth initially low scores object assembly
followed by catch-up
type 4 continuous growth no catch up but con~ digit span
tinuous growth from coding
a low level arithmetic
type 5 continuous growth early grodth but also
early plateau and no
catch up
type 2 early maturing with early low scores but
plateau from age 6 later catch up
onward
type 7 early maturing with plateau formed at a ,
. plateau from age 6 low level; no catch-
onward up ’
type 6 low initial level plateau at a low level
but a late emerging
skill or spurt
type 3 alternating periods delayed altermation picture completion
of plateaux and plateaux and growth comprehension
growth with eventual catch
up

Types 1, 2 and 3 were designated as patterns of delay since they were
characterized by eventual improvement in the disabled group. Types 5, 6
and 7 were labelled deficit patterns since no such improvement occurred.
Type 4 remained ambiguous with growth at a lower but parallel position
throughout the age span from 6 to 1l years, ao it could not be determined
if eventual catch-up m;ght take place.

Information presented in Table 1 suggests that factor 1 scores might
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follow a type 1 pattern given that the object assembly subtest is a
constituent. Factor 2 scores might be \predicted to follow a type 5 pat-t
tern since they include the similarities and vocabulary subtests. The
digit span, coding and arithmetic subtests comprising factor 3 conformed
to type 4 and so it too might be predicted to follow this growth tfajec—
tory. If so, factor 3 disorders which have been ohserved in reading
disabled populations (Rugel, 1974a) should be apparent at an early age
and should present a consistent p£ob1em over the elementary school years.

Deficit-lag etiology and the consistency variable. From the fore-

going (Table 1 and Figure 1), it must appear Ehat'whether a learning
disorder 1s a manifestation of a deficit or a lag can be determined only
if longitudinal data are available for many individuals over an extended
age range. Equally, the consistency or variability of the disorder can be
determined conly from repeated measurements upon the same individuals, again
over an extended period of time. It is pertinent, therefore, to ask whether
the consistency/inconsistency variable is related to the deficit lag nature
of the disability. - |

. Rourke's paradigms suggest ghat if there was eventual catch-up, then
the original disorder was the result of a delay; if there was nmo improve-
ment, ;r if there was further divergence, then the disorder was a deficit.
In the case of long term problems, a delay hypothesis would predict that
early emerging disorders would ameliorate with time, being replaced by
other disorders in processes which occur at a later gtage of development.
In accordance with the developmental observations of Gesell (1952) and the

theories of Piaget (1952), one might predict that the sequential emergence

of,disorders would be found first in factor 1, then factor 3, and finally
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in factor 2. Yet, an underlying deficit could also affect a variety of
skiils, which emerge developmentally, and an inconsistent deficit pattern
might emerge. Here, the early-to—emerge disabilities would be retair;ed |
and later ones would be added. Thué, although consistency (exhibited by
an individual over a period of years might suggest a deficit, inconsis-
tency would not necessarily predict delay. A final discrimination among
those exhibiting inconsistent patterhs would in the end be determined on
the basis of whether disoraers were sequentially replaced or cumulated.
This assumption of amelioration or catch~up in the theory of develop-
mental delay is contested by some. Denckla (1977) has pointed out that,
because of their distorted educational experienc?s, it is un}‘ealistic to
expect that the skills of disabled individuals will eventually equal
those of the normal group. Spreen (1976) also questio(ns Rourke's decision
to" decide the lag-deficit issue on the basis of outcome, asserting that a
lag "may persist or prevent the child fromacquiring esSentia]; skills
during critical periods of his development”" (p. 455). Although it is
diffiéult to see how a developmental delay theory cam be proved or dis-
proved without this crucial catch-up te,st, in terms of its educational '
implications the issue of catch-up may be relatively unimportant. If a
lag cannot he overcome because it he}s persisted through a critical pexl.-iod,
then for purposes of remedial interventions it must be treated as a deficit.
If, on the other hand, a disorder which is a deficit can be adapted to and
overcome, then it has the same optimistic prognosis as a lag. For educa-
tional purposes, it is important to know whether certain patterns of
disabilities may be predicted to persist over the years of compulsory

schooling, with others predicted to change sequentially, and yet others
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to change additively.
In summary, t}'ae foregoing review hids suggested that, to date, the
most fruitful attempts to discriminate subtypes within the learning dis-
abled/p@pulation have involved the use of verbal-performance score
J -
d:&screpancies on the WISC or WISC~R subscales. Although some researchers
(Reed, 1967; Rourke, 1975) have noted that particular disabilities are
associated with certain of these subgroups, and that the patterns of these
disabilities vary yith age, others (Neel, 1976; Wener & Templer, 1976)
have failed to confirm the findings, either in te"r‘:ms' of the associated
characteristics or the age variations. The use of recategorized WISC
factor gcores which derive from the same subscales as the verbal-performance
dichotomy, but which provide finer discriminations might help to refine the
groups and clarify results. It ig of particular importance for educational
practice to determine from longitudinal data the course certain disabili-
ties may take, to exynine the possibility that time patterns reflect
etiplogy and to assess the usefulness of WISC factor scores for the identi-

fication of types of learning disabilities in individuals over time,

Two main questions are pertinent:

1. Can factor score patterns over time be used to identify learning disabled

subtypes?
2. Can the patterns be interpreted in terms of deficit-lag paradigms?
The availability of & group of school~verified, learning disabled children,
all of whom had received three successive WISC/WISC-R assessments ovIer a
period of several years wittlin a single school system catering to a

relatively homogeneous population, made possible an attempt to answer these

questions.
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Method

n

~The procedures used in this retrospective st}xdy of children described
as long term disabled learners will be discussed under several headings:
the scho;il system from which the sample of studex;ts was drawn, the sample.
select‘:ion‘, the defining test and test procedures, the classification proce-
dures for estabiish*ing the two contrasting groups, and the methods for data
analysis.

THe School System

The sample of long term learn:tng-disab%gd students was obtained from
one of the predominantly English language( (chool systems on the Island of
Montreal, vhich serves appr"oximately 16,000 students in 23 elementary and
5 secondary schools. For a number of years, this system has operated two
general types of special education programs for under-achieving students,
full time and "free flow", The full ti'me facility has provided space for

approximately 275 such pupils per year, Access to these self-contained

‘ classrooms was determined, but not guaranteed, by evidence of academic

re;:ardation of at least two years as assessed by standardized achievement
tests, school recomendation“ and parental consent. It was an implicit goal,
nc;t always achieved in practice, that no student spend more than two years
in such a class. The free flow program provided part-time, small-group or
one-to~one instruction with special education teachers on a regular basis
for 1urning diubled students enrolled in regular, mainstrfam classrooms.
Selection was primarily through a diagnosis of learning disability by psycho-
metric assessment accompanied by reéongndation of school personnel. No
specific schiev;uent discrepancy was specified for adnissiQ\ to this type of

program, but the general criteria that achievement must be below that expected
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in terms of the child's mental age and that one or other of the WISC-R _
subscale IQ scores should be within the normal range were accepted. It was
the policy of the school a&ni;nistration to require evaluation of all students
after two years of intervention through the services of a special education
teacher, whether in a full time or free flow arrangement. These assessments,
supervised by the school psychologists, were done by qualified psychometricians,

four of five of whom had been Qith the board since the inception of testing.

The system itself services a largely middle to upper middle class
conatituency which is‘ considered to be highly mobile. In fact, school pc;pu-
lation is now declining rapidly due in part to the outflow of parents to other
parts of Canada. As a result, there are recordsl of children for whom several
diagnostic assessments have been made, and for whom some special (interven—
tions have been carried out, but who have subsequently left the system, and

therefore were unavailable for study.

Selection of Subijects

Sixty-seven students for whom a third assessment had been conducted
between September 1977 and January 1979 were identified and found to be
present in the school system. Of these, 11 were girls who were excluded E‘L\
avoid the’ possible confounding effect of sex differences associated v\vi*t/h/
learning disabilities (Witelson, 1977b). In accordance with the accepted
definition of learning disabled, the usual exciusionary criteria were ap-
plied here. Children with diagnosed' neurological or primary emotional
impairment, mcorrécted sensory defects, mother tongue other than English,
and IQ scores that fail to reach 90 on at 1east(‘one of the Wechsler sybscales
were excluded from the s:mple. Following Douglas and Peters (i979), children

diazno'ud as hyperactive were also eliminated. Sample size was thus reduced

to 49.
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All subjects had been initially referred because of problems in pre-
reading or reading skills, with other academic difficulties frequently
being listed as well. Although standerdized tests were used in the
appraisal of these’ skills, no one test had been used consistently at any
.given age. However, comprehensive diagnostic reports on all subje.cts
following each assessment gave a general confirmation, on the basis of these
tests, of underachievement in reading relative to mental age, as determined
from a WISC/WISC-R assessment. Thus, since the group of 49 met the criteria
of unexplained academic failure, as well as the other usual exclusionary
rec’quirgmeqts, the general term, learning disabled, rather than the more
specific term, reading disabled, has been used to label them (Torgeson, 1975).

Test Characteristics and Diagnostic Procedures

Although variation existed in the instruments used for the biemnnial
assessménts, an evaluation with the WISC was an integral part of each
procedure. Since 1974 this has been replaced by the, WISC-R. In the invest-
igation which follows, some assumptions about the equality of the two
versions have been accepted. In this, the evidence of a number of studies
(Berry & Sherrets, 1976; Covin, 1976; Hamnf,jet al., 1976; Kaufman, 1975;
Swerdlik, 1977; Weiner & Kaufman, \1979) has been acknowledged, evidence
which‘sugg;asts correlations of about .85 between the composite scores of the
two versions. Factor structure has also been found to be the same (Kaufman,
f975; Lombard & Reidel, 1978; Paal, flesterly & Wepfer, 1979) . 1t is true,
there exists some evidence that the WISC-R may yield lower scores (Covin,
1976; Paal, et al., 1979, Schwarting, 1976; Tuma, Applebaum & Bee, 1979),
but this discrepancy is significant only when the WISC-R is administered

first. Id no instance did this sequence occur in the present  study.

.




B vty -

39

In each version of the test, it is possible by grouping the appropriate
subtests to arrive at a verbal IQ, s perfomancye IQ and through a stan-
dardized weighting procedure a full scale IQ. Additionally, in the present
investigationl the standardized subtest scores were recategorized for each
individual on each of three successive assessments,using Bannatyne's 3
factors (Bannatyne, 1974). Factor 1, labelled the spatial factor, was‘
derived from the sum of Block Design, Object Assembly and Picture Completion
subtest scores. Factor 2, labelled the conceptual factor, was obtained from
the sum of Vocabulary, Comprehension and Similarities subtests, and factor
3, not labelled in this study due to lack of naming consensus, was derived
from the sum of the Digit Span, Coding and Arithmetic standard scores. It
should be remembered that the standard scores for each subteat are equated,
hévmg a mean of 10 and standard deviation of 3, and are derived from the
raw scores according to procedures described in the test manual (Wechsler,
1974), ;lnd factor scores in a total population would have a mean of 30 and
standard deviation of approximately 7.5 (Lutey, 1977, p. 234). Since the
same items are used cumulatively in each separate subtest, there is a
general assumption that raw scores will rise with increasing age. Constant
age progress, therefore, is indicated if the standard scores of an indivi-
dxial subject remain the same over time. Merely scoring higher numerically
on a raw score may not be sufficient to r;flect expected age-related
progress. Similarly, an apparent decline in standard scores does not

necessarily reflect regression, but rather failure to maintain expected age

increases.
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Classification Procedures and Data Analysis

Recategorization of subtest scores for each of the assegssments was
made. The lowest factor score (of three) on each assessment for each
individual was named as the area of disability or weakest factor. Those
children for whom the same factor was the weakest on each of the three
assegsments vere deemed to show a consistent profile. Those for whom no
single factor score was lowest on each of the three determinations were

¥
classified as inconsistent.

Initial analyses of the defining variables across the three assess-
ments were carried out for the total group to determine if the sample corfes-
ponded to the traditional heterogeneous groups of learning disasbled children
described in the literature. Analyses of variance (BMDP—??} 1977) for \
repeated meagsures wére then performed in order to compare the resulting
subgroups in terms of their IQ and recategorized factor score characteris-

&

tics. Multiple mean comparisons were made using the appropriate Duncan

[y

procedures (Kirk, 1968)

Resulés and Discussion

Individual scores and descriptive statistics for the group appear in

Appendix A. Summaries of the various analyses of variance on the data
%
are contained in Appendix B,

Total Group Measurements

Preliminary analyses for IQ and recategorized factor scores were

kS

carried out for the total learning disabled population to detérmine its
comparabilicyy\th other heterogeneous learning disabled groups as reported

in the literature. In additionm, it was hoped to provide information concerning



4

age related changes since the measures had been obtained longitudinally.
Average age at first assessment was 93.5 months with an average interval
of 34 ponths between first and second evaluations » and %4 months betwe~n the

second and the third (Table 2). Referral backlogs which accumulated with

time probably accounted for the time disparity between assessments.

Table 2
Age and IQ. scores over 3 assessments

for the total disabled population, n=49

Assessments T
ist 2nd 3rci h
’ x sd x sd x sd

Age (months) 93.8 11.9 128.0 12,9 172.4 14.3
IQ Scores

Verbal 96.5 10.4 93.6 9.0 92.3 8.6

Performance 100.6 11.5 100.8 11,9 160.0 12.2

Full Scale 98.6 9.7 97.2 " 8.9 95.5 8.7

Performance 1Q scores were significantly higher than verbal I1Q scores
on each successive assessment as indicated by the significant verbal vs.
performance effect F(1,48) = 15.62, p < .0003 and the non-significant verbal

x performance x time interaction F(2,96) = 2.63, p < .08. That is, the

well documented low verbal-high performance discrepancy was maintained with
increasing age. Separate analyses for each subscale IQ scove over time
indicated that the verbal IQ scores declined significantly F(2,96) = 5,88,

P < .004 while the performance I1Q scores did not F(2,96) = 0.19, p < .83,

R
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Full scale IQ score also declined signific;ntly over time, reflecting
the verbal score decline F(2,96) = 4,12, p < .02.
An analysis of factor score values for the group over time revealed
»
highly significant factor score 5(2,96) = 29.70, p < .0001 and factor
score x time effects F(4,192) = 4,56, p < .002 (Table 2). Multiple com-
parisons of mean factor scores at each assessment using Duncan's procedure
(Kirk, 1968) revealed that although factor 3 was the lowest factor on all
three assessments, it was significantly lower than all the others on only
the firast and second assessments (Table 3), On the third assessment,
Table 3

Recategorized factor scores over 3 assessments

for the total learning disabled population

Assessments
_ 1st _ 2nd _ 3rd Crand
Factor X sd X sd X ad mean
*
1 31.2%°%% 6.4 31.2%° 6.7 32.3% 7.8 31.6
2 30.9%% 5.8 28.8°° 5.4 27.6°9 s.0 9.1
d

3 26.1%9 4.9 25.2° 5.2 2468 3.7 25 3

Grand mean 29.4 28.4 28.2

* Means followed by the ssme letter are ncﬁt significantly different p<.,05.
1

factor 3 was not significantly lower than factor 2, but it was significantly
lower than factor 1. Factor 1 was significantly higher than factor 2 on
the final assessment only. It can be observed that these effects were due
to the decline with increasing age of the factor 2 score;, the value on

assessment three differing significantly from that on assessment one as
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well as to the numerical decline in factor 3 and numerical increase in
factor 1. The decrease over time in factor 2 also contributed to the
previously observed decline in the verbal subscale 1Q scores. Neither
increasing agenor time significantly affected level of performance om
either factor 1 or factor 3 (Table 3).

The results from this particular sample of long term learning
disabled subjects were generally supportive of previous cross-sectional
research since low factor 3 scores and the pattern of descending order
factor 3 < factor 2 < factor 1, predominated for the group as a whole when
mean scores were considered for all 3 assessments. However, the decline
in the factor 2 scores and variations in the hierarchical factor patterns
suggest that attention must be pald to age range in research pertaining to
factor score variables,

" Sub group Classification

The results of the first step in classifying the total learning
disabled group into subtypes on the basis of area of weakness x consistency
appear; in Table 4 where area of disability or weakness (iowest factor
score) was determined for each individual on each assessment. It can be
seen that almost two-thirds of the individuals obtained their lowest scores
on factor 3,

There was a slight tendency for the number of individuals with lowest
factor 1 scores to decrease and for the number with lowest factor 2 scores
to increase, This may be broadly interpreted as minimal support for the
prediction that disabilities would be manifested first in those skills which

emerge early (factor 1) with problems subsequently being found in the

later emerging skills (factor 2).
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Table 4 5
Frequency and proportion of lowest scores
for each factor on each of three agssessments

for the total sample

Lowest Recategorized Factor Score
el

Factor 1 Factor 2 Factor 3
Assessment n z n y 4 n 2 ' Totarl
1 8 16.0 8 16.0 34 68.0. 50
2 7 13.7 11 21.6 33 64.7 51
3 6 12.2 13 26.5 30 61.2 49
Mean proportion 14.0 '21.4 62.6

! when two factor scores were equally low, both were r‘ulated.

The second step in the classification scheme wag to determine consis-—
tency of area of weakness, that is, to see 1f it was the same individual
who received the lowest acores on a particular factor on each sudcessive
assessment. Consistent disability patterns were maintained by N=29 (59%)
of the subjects while N=21 (41%) displayed inconsistent or changing ateas
of disorder (Table 5). Lowest factor 1 scores were obtained consistently
by only one subject; three subjects were consistently lowest on factor 2;
tventy-five were consistently lowest on factor 3. Thus, theY consistent
group was overvhelmingly composed of individuals who obtained lowest scores
on the third factor, Moreover, threequarters (74.5%) of those individuals
who had their weakness in.factor 3 on the first assessment maintained that

( '4 weakness over the years of compulsory schooling. Thus, consistency and




Table 5
Classification of consistent and Inconsistent long term learning disabled subjects
based on type of disability as measured by lowest recategorized factor scores on
3 successive WISC/WISC-R assessments, n=49
Conaistent Disability Inconsistent Disabilitry
N = 29 (59%) N = 20 (412)
Lowest Score Lowest Score
Factor 1 Factor 2 Factor 3 Factor 1 Factor 2 Factor 3
no. ot individuajs*
Assegsment
1 _ 1 3 25 7 5 9
2 1 3 25 6 8 8
3 1 3 25 5 10 5

* Total number of individualsaexceeds 49 on the first and 2nd assessments, reflecting

2 factor scores were equally low for a particular individual, both were counted.

that in instances when
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factor 3 are associated.

When the distribution of lowest scores by factor was analyzed for the

:I‘nconsiscent group using the Chi-square statistic, it was found that the
e

distribution did not differ from chance on the first assessment (x? = 2.67,
P > .30), or second assessment (x? = 0.67, p > .70), -although the distribu-

tion on the third assessment was significant x? = 5.56, p > .05). The

expectation that the inconsistent grou;; would clearly reflect a sequentially

changing pattern of weaknesses (factor 1, factor 3, factor 2) once the
consistent group was removed is not strongly supported for the pattern is
similar to that found in the total group.

Although four subgroups emerged under the disability x consistency
classification scheme, only two, one with consistently lowest scores on
factor 3 (N = 25) and one with lowest scores changing from one occasion to
the other (N = 20), were numerically important. Two groups, those consis-
tently lowest in factor 1 (N = 1) and factor 2 (N = 3) respectively, wex(e

considered to be too small for subsequent analyses. Thus, the group with

scores consistently lowest on factor 3, hereafter called Consistent Factor 3

and the group with variable lowest scores, hereafter called Inconsistent,
formed the subtypes for which further comparisons were made.

Comgérison of Consistent Factor 3 and Inconsistent Subgroups

Age and IQ scores. Summaries of the analyses of variance for data on

subgroups appear in Appendix “B Age differences between groups at each of

the three assessments times were minimal (Table 6). A t-test comparison

for age at initial assessment t(43) = 0.78, P < 0.44 revealed no significant

group differences which suggested that the early manifestation of learning

problems was not more characteristic of one group than the other.

,5}&
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Table 6
Mean, Age and IQ values for Consistent Factor 3

and Inconsistent Subgroups, over 3 assessments

o

Consistent Inconsgistent

Factor 3

Age (months)

.Assessment
1 95.1 11.5 92.3 12.8
2 128.6 13.3 127.3 12.7
3 ’ 172.9 12.7 7.7 1074
1qQ Fuil Scale
1 101.0 10.0 97.0 9.8
2 , 100.0 9.6 95.1 8.2
3 98.7 8.6 93.2 8.2
Overall Mean | 99.9 9.4 95.1 8.4
IQ Verbal
1 96.6 9.1 96.8 11.2
2z 95.4 8.1 92,3 9.9
3 93.8 8.6 91.6 8.8
Overall Mean 95.3 8.6  93.6 9.9
- IQ Performance
1 104.4 11.9 97.5
2 104.0 13.0 . 99.0
3 103.8 11.6 96.3

Overall Mean 104.0 12.2 87.6 10.1

bor
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Full scale IQ scores declined over time in both groups F(2,86) = 3.51,

P < .03 and were significantly lower for the inconsistent gioug F(1,43) =

4.28, p < .05. It 1is of interest to note, however, that had the two groups
been compared only at the time of initial assessment, or only at the time

of the second assessment, the full scale IQ differences would not have heen
judged significant. Separate t-test comparisons at the three age levels,

£ (43) = 1,61, p < .164; £ (43) = 1.88, p < .07; t(43) = 2.20, p < .03,
respectively, indicated that the two groups would have been found significantly

different in IQ on the final assessment only. Thus, at age 8, and at age 11,

there would have been no significant differences, and throughout the whole
o

period from age 8 to 14, all the children in the learning disabled sample
would have had 1Q's of above 90 and by the usual convention would have been

seen as falling within the normal range of one probable error from the mean

(i.e. from 90 to 110 IQ).

Subscale IQ scores. When verbal and performance scores were analyzed

together in a 2 (groups) x 2 (subscale scores) x 3 (age or time) repeated
measured analysis of variancey the significant siibscale 1IQ score effect,
F(1,43) = 17.75, p < ,0001 indicated that performance scores were signifi-
cantly higher than verbal scores (Table 6). The non-significant factor x
group effect F(1,43) = 2.44, p < .125 indicated thqs this was true for both
groups. Thus, the verbal-performance discrepancy scores vary in the same
direction il;l both groups.

There was a trend F(2,86) = 2.83, p < .06 for time to_ affect the com-
bixliéd verba; and performance scores. However, this effect was more meaning-
fully interpreted when the full scale IQ score, a weighted combination of

the subscale scores, was anniyzed and reported in the previous section,

~
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Table 7

Comparison of recategorized factor scores
. on each of 3} assessments for
Consistent Factor 3 and Itdconsistent groups

Groups )
Congisgtent Inconsistent
! Factor 3 .
X sd X sd
Assessments —————Factor 1 (spatial)
‘: 33.6 6.2 2.3
33.9 6.8 28.8
35.7 6.1 28.5 6.5
Factor 2 (conceptual) ' |
32.5 4.6 . 29.8 6.7 :
30.8 5.0 27.3 5.3 :
28.8 4.7 26.8 4,9
— Factor 3 (unlabelled)
24.5 4.7 7.3 3.9
23.3° 4.7 47.3 5.4
22.8 2.9 26.4 3.4
Overall Mgan 29.53 27.91 5
Table 8 -
Effects of time ‘or age on factor scores,
Consistent Factor 3 and Inconsistent groups combined
Factors
1 T2 3
Assessment
1 31.6* 1.3* 25.7°
2 31.6° 29.2%%  25.0°
3 32,5 27.9° 24.4°

* -
Mean values followed by the same letter are not significantly differemt,
p * .05, Duncan Multiple Range procedure.
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Although the verbal scores declined more th;n pgrfomance scores, time x
subscale effects were non-significant F(2,86) * 2.14, p < .12 as were the
time x subscale x group ‘effecta F(2,86) = 1.03, p < .36. All this suggests
that on the basis of these analyses, verbal and performance score compari-
sons were not particularly useful in defining the groups.

¥-4
Recategorized factor scores. For purposes of comparison, Consistent ..

Factor 3 and Igconqistent suﬂgr;)ups scores for all three factors were ana-
lyzed together using a 2 (groups) x 3 (factotu{’) x 3 (assessment time or age)
repeated measures design. The group effect F(1,43) = 2.56, p < .12 wvas not
significant, indicating ‘that the overall mean of the factor scores across
all assessments did not differ significantly between groups (Table 7).

The non~significant time x group and time x factor x group 1ntei‘action
effects along with the é&gnificant time x factor effect suggests that the
influences of time or increasing age on the factor scores wa‘s the same for
each group. Factor 2 declined overyc‘ime in both groups (Table 8). Although
factor 1 scores increased over time in the Consistent Factor 3 éroupa and
declined in ch; Inconsistent group, the interaction was not signiéicant . It
appears, then, that the sequential changes in lowest factor score in the
Inconsistent group vere of an additdive nature. The factor 3 scores remained
rglatively stable in both groups over Cime, ‘ the decline in bbth groups'being
non-significant. Of primary interest, hoveve;, are the significant group
interaction effects. The significant group x factor interaction F(2,86) =
28.28: P < .000 was ex;:»lored using the-Duncan procedure, which demonstrated
that the groups differed significantly as to level of performance on both

factor 3 and factor 1 (Table 9).
.
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Table 9

Comparison of means of recategorized factor scores |
for Consistent Factor 3 and Inconsistent groups

Consistent Inconsistent
Factor 3
Factors
1 34, 40%" ' 28.82°°
2 , 30.69° 27,93
3 : 23.50%¢ 26.97°

* Means followed by the same letter are not significantly difﬁerent
gk .05, Duncan 8 Multiple Range Procedure.

¢
The tonsist:ent Factor 3 group was significantly lower than the
Inconsistent group on factor 3 and significantly higher on factor 1, while'
the numerical differences for factor 2 were not significant. These factor
score relationships over successive assessments are depicted in Figure 2
wvhere l.evels of performance are also shown in relation to average levis
in a total population derived“ from the standardization data (Lutey, 1977,
p. 234). These data show standard deviation values of 7.5 for factors 1
and 3 and 7.8 for factor 2. Ranges for average scores are indicated by the’
shuied zones.
It should be noted that the significant gzoup differences in level of
functioning on fact\:or 3 were not a necessary outcome of the selection ’proce-—
dure since the classification scheme was based on lowest factor score

relative to other factor scores within each individual. It was, therefore,

entirely possible for an individual to have a consistently lowest score c&y..

- factor 3 that was nevertheless higher than the inconsistently low factor 3

scores of other individuals, if these individuals displayed yet lower scores

-
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range of scores,
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nconsistent 8roups over 3 assessments with shaded areas showlng normal
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on one of the other factors.

Means of each of thép 3 factors for the Consistent Factor 3 group
were significantly different from each other (Table 9), In the Inconsfis-
tent group, however, none of the factor scores differed significantly from
each other. This contrasting hierarchical factor relatiomship 1is c:learly
depicted in Figure 3 where it can be observed that the Consistent Factor 3
group was characterized b;v large discrepancies between factor scores but
the Inconsistent group was not. These discrepancy patterns were character-
istic of the groups on the first assessment and it should be noted that
average discrepancy between factors 1 and 3 in the Consistent Factor 3 group
equalled or bettered the significant 9-point level (Wechsler, 1974) on all
assessments, being 9.1, 10.6 and 12.9 respectively. In the Inconsistent
group, the disparities (2.0, 2.5 and 2.1) were non-significant.

It was possiNe that the factor score discrepancy patterns for the
group within each group did not replicate the discrepancy patterns for the
group as a whole. This could be particularly so in the Inconsistent group
where varying individual factor score patterns could cancel out one another.

’

Therefore, following Ackerman et gl. (1976), disparity between factor scores
for each individual profile vwas examined, with caution being exercised to
ensure that the differences from a mean clearly exceeded the stand error
of the mean (S'E'm) of the three subtests comprising each factor. In this'
case, 1f the true score is to be found within a range of 4 to 5 points
from the obtained score (Wechsler, 1974, p. 29), then a reliable difference
between factor scores must exceed nine score points. Using this standard,

65% of the protocols of the Consistent Factor 3 group showed signifiéant

discrepancies while 67X of the Inconsistent group did not. It appears that,

s B e et e
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for the most part, factor score discrepancy or !&\he lack of it, which
characterized the Consistent and Inconsistent ngbups respectively was

also reflected in the protocols of the individuais within each group. The
presence of these discrepancy patterns as a result of a classification
based on consistency x disability is of particular interest since the sub-
groups so formed may be placed within the same context as subgroups defined
on the basis of Wechsler subscale IQ patterns, with factor 1 representing
the performance scale and factor 3, being largely composed of verbal

subtests, representing the verbal scale.

Comparisons with Able Learner Patterns

Although it would have been of interest to compare these patterns of
discrepancy and consistency among derived factor scores from thé Wechsler
gcale for a population at similar age levels over time, no such data were
available, and in fact, may not exist. The best available data for con- f
trast as to general level of factor score performance is that from the
WISC-R standardization sample. The range of average scores, that is scores
11 standard deviation from the mean of 30 were depicted in Figure 2. All
factor scores of both groups were within normal limits, although the
factor 3 scores of  the Comsistent Factor 3 group approached the boundary.

Do able learners exhibit discrepancies in factor patterns? It is not
possible to determine this from the standardization data. However, Ackerman
et al. (1976) presented evidence to indicate that successful learners have
balanced cognitive abilities. Although factor score datawere not directly
presented in their paper, and can only be esti:nated from graphs, they
reported that adequate learners who did display disparate patterns generally

had superior factor 1 and 2 scores along with average factor 3 abilities.

S won mernte nrrmpre 4 -
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Inadequate learners with disparate factor scores tended to have below
average factor 3 scores. Rugel (1974) summarizing evidence from many
studies also indicated that low factor 3 scores did not characterize the
WISC protocols of able or normal learners. Moreover, data presented in
chapter 3 of this investigation show that on a single assessment at
age 13.7 years, able learmers drawn from the same population as the
disabled learner sample in this study displayed non-discrepant factor
patterns (Table 10, Chapter III).

On the basis of this information, perhaps one might conclude that
significant factor score discrepancies, coupled with low factor 3 scores
may be characteristic of inadequate learmers. If this were so, then, the
Consistent Factor 3 groups would conform to the typical disabled learmer
pattern, but the Inconsistent group would not.

Relationship of Factor Score Trajectories to Rourke's Paradigms

Having shown that factor score patterns over time can be used to
identify learning disabled subgroups which might have potential educational,
theoretical and clinical significance (questions to be examined further in
study no. 2), it is now possible to see whether thgse patterns might be
interpreted in deficit-lag ten;xs. To do this, data provicied by Wechsler
in his Manual (Wec;mlet, 1974) must be utilized in order to proceed back-
wards from the standardized equivalent scores given at each age from 8 to
15 to find mean raw scores for the individual subtests and hence by summation
for the three factor scores, In Figure 4, these data are pro;rided graphi-
cally as grsjcctories for each factor separately and may be compared mentally
with the trajectories hypothesizegl by Rourke 'in Figure 1, M

For the standardization population, factor 1 scores show a steep

initial incline to age 9 followed by smaller growth increments that decrease
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Figure 4. Comparison of WISG/WISC-R raw factor score growth curves for Consistent Factor 3,

Inconsistent, and WISC/WISC-R standardization populations.
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still further at age 13, being reminiscent of an early maturing skill
illustrated by Rourke's type 1 paradigm. Factor 2 uémres, after an {ini-
tially gentle growth, take a spurt between ages 10 and 11 followed by a
continuous but slower growth. This curw:e may be similar to type 3 with
apt.uits and plateaux, on alternately to type 6, a late emerging skill,
Factor 3 depicts evey growth increments over the age span.

j'I‘he curves obtained for the C:nsistent Factor 3 and Inconsistent
groups have also been plotted on the basis of the three test assessments
over the in::erval from approximately age 8 to 14, The limitation of only
three fixed points, compared with the seven derived from the Wechgler
population makes comment on growth patterns rather speculative.

For the two disabled groups, on factor 1, the Consistent Factor 3's

&

maintained a high parallel level of performance relative to the standard-
:

ization sample. The Inconsistents were parallel to the standardization
popula :L;E over the early years with a lower growth rate over the final
years,) On factor 2, both Consistent Factor 3 and Inconsistent groups
failed to exhibit the‘ growth spurt apparent in the standardization pattern
between ages 10 and Fll.r‘ This fa'il'ure to replicate a late gzl'owth increment
when skills ha.d been ini;tially equal, or nearly equal, could sugge;t a
delay in the late emerging skill, or, perhaps a deficit if there were no
eventual spurt, Catch-up remains a possibility that only testing at a
‘atill later date could substantiate. On the other hand, it should be
r:::ted that subtests comprising the factor 2 cluster are considered to be
particularly susceptible to educational influences (Glasser & Zinmerman,

' 1967) and so it may be that the failure to "spurt", since it occurred in

both groups, is related to their similar but relatively abnormal schooling
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experiences. ,

& On factor 3, approximately equal linear curves are evident in both
groups with ’chat for the Consistent Factor 3 group showing a slow but
steady decline in growth rate in comparison with both the Inconsistent

¥
and standardization groups. The patterns are reminiscent of Rourke's

type 4 paradigm, and if true would extend his findings from age 11 to age
14. The lower initial score of the Consistent group and the slowly widen-
ing gap in comparison both with the Inconsistents and the Wechsler
populations might be more suggestive of a deficit. In all cases, the
paucity of testing occasions and the inahil‘;:y to proceed beyond age 16
prevent firmer conclusions from being reached. Thus, while the subgroups
derived from factor scores show promise for examination of psychological

processes which might be associated with such subgroups, the results of the

inquiry in terms of lags and deficits has been far from clear cut.

Summation of Results: Study No. 1

A suburban school board, catering to a largely English-speaking,
middle class population had maintained a system ‘of remedial education for
children labelled as learning—disable«i » & local synonym for children who,
despite adequate intellectual, social, emotional and medical backgrounds,
have learning, particularly reading, problems. In the process, and as part
of school policy, educational and psychological determinations of all such
children were carried out at in\tervals of not less than two years. This
madé 1;: possible to find remaining in a system with a declining enrolment,

67 children for whom three such determinations had been made by qualified

psychometricians who had used either the WISC, or in later testing, the

-
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WISC-R, along with standardized tests and teachers' reports in making
initial and confirmatory diagnoses. Each child had remained in the
school system, and by means of attendance within special classrooms or
regular classes with "free flow" help, had participated within a suppor-
tive, presumably ameliorative school environment?

Questions have been raised in the literature as to underlying causes
of long term learning retardation, in general of a lag or deficit in the
psychological processes presumed to be related to the areas of disability,
and of the possibility of shedding light on the question by looking at
the consistency of disability patterns over E}me. Much attention has been
paid to the interpretation of subscale scores from the WISC or WISC-R
tests, in particular the verbal versus performance reporting of IQ scores.
As a means of identi%ying the area-and disability, it had seemed désirable
to go‘beyond this dichotomy and to utilize instead the results of factor
analyses of subtests Incorporated in the Wechsler scales. Thus, factor

P i
scores were derived, the consensus being ggat factor 1 was spatial in
nature, factor 2 was conceptual, while factor 3, which remained unlabelled,
loaded highest on the three subtests of coding, arithmetic and digit span.
v
It was then found that giving factor scores for each testing occasion for
each child. enabled us to find a group of 29 boys whose factor score patterns
behaved in a consistent ganner, that is, they had the same lowest factor of
the three factors on each test occasion. Of these 25 (517 of the total sample)

-

were even more distinguishable in<that each was lowest on factor 3. This
procedure enabled a comparison .to be made with the remaining boys whose
factor scores were such that a different factor might yield the lowest -

factor score from one occasPon to another. These were labelled as

LI -
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A
Inconsistents in contrast to the 25 above now referred to as Consistent

LY

Factor 3.
Comparisons as to age and WISC variables suggest that the two

groups so defined differed, not only as to level and conaistency of per-
formance on factor 3 over time, but also on factor 1. Moreover, it was
observed that significant factor score discrepancies characterized the
patterns of the Consistent Factor 3 group, but not of Inconsistents.
Although groups did not differ as to age which learning disabilities

were first identified, nor as to level of IQ on the earlier two assessments,
Consistent Factor 3 subjects did appear to score significantly higher than
the Inconsistents on the final assessment, although mean scores remained
within that range (90-100) of IQ broadly defined as of Yaverage intelli-
gence' .

rContrasts over time Pe-tween children classified as 1eaming'disabled,

with the same socio-economic background, the same first language, and

the same educational treatment (insofar as schools provide such treatments) ,
and data derived from populations used by Wechsler in his test standardiza-—
tion should have enabled us to throw some light on the deficit/lag nature of
their learning retardation. In terms of the seven paradigms of Rourke
" (1976) , one could speculate that the pattern ofﬂ disability for the Consistent
Factor 3 group seemed akin to Rourke's paradigm™ 4, which could be indicative
of a deficit or a lag. Only evidence from older ages, as well as at more
frequent intervals for younger ages would lead to confirmation or rejection.
Both groups showed a decline in conceptual (factor 2) scores over the tests,
and this could be reminiscent of parad;i.gm 6, a late emerging deficit. Con-

trary to expectations, no evident support could be marshalled for a pattern
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v
of sequentially emerging disabilities in the Inconsistent group, as
predicted by a maturational delay, nor was there evidence of "catch-up”
or significant improvement in early-to-emerge disorders. Deficit diag-

noses on factors 2 and 3 must awalt testing at still older ages.
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CHAPTER III '
}
——— ]
CHARACTERISTICS OF CONSISTENT PACTOR 3 AND
INCONSISTENT SUBGROUPS: STUDY NO. 2
The second stage of this study is an attempt to further define the &

two main subgroups differentiated on the basis of WISC/WISC-R factor
patterns during stage 1. These subgroup distinctions are of general
interest if they can be shown to possess diagnostic relevance or to con-
tribute in a more specific way to our understanding of the nature gﬁnd
causes of learning disal::ilities. One way to demonstrate such significance
would be to show that the groups differ.in terms of disorders in the
psychological processes c.:\‘x;:rently hypothesized to underlie ‘learning
failure. Moreover, if the differentiating psychological processe’s .Dcould
be shown to be related to low level of functioning on factor 3 or to fac-
tor score discrepancies, then the classificatory and diagnostic value of
the WISC/WISC-R would be considerably enhanced.

The Consistent b"'actor 3 group which is homogeneous as to lowest fac-
tor, and sz; perhaps to dysfunction, forms the mijorit:y of the c;rigin_al pop-
ulation and is of central concern. An attempt has been made to compare

-+,
them with the Inconsistent group which is of the same age, is drawn frof

4
the same school population, has had learning problems over a similar exten-

ded period of time, and has not differed from them in any systematic way TN
ingofar as educational treatments have ‘been toncerned. There are certain <)

advantages to this‘ use of a second learning disabled group for comparative ~

purposes when searching for causes of learning failure. Torgesen (1980)
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has’ pointed out that abnormal educational experiences can create dys-
functions as well as result from them; a psychological process disorder
may be the product rather than the cause of failure. However, if two
disabled learner subgroups can be differentiated on the basis of ,Aald,ié’!&f
order in a particular psychological process, even though having had’ .
highly similar educational histories, then that process disorder may more

¢ »
logically be viewed as contributing to, not resulting from, aberrant

learning experiences. Emphasis on such subgroup comparisons also allows

~

for the use of measuring instruments with basal and ceiling levels that

[:4

are restricted to the range of performance found within the disabled

P T N

population. This, in turn, can minimize the effects of boredom and fatigue

AN

occasioned by the necessary extension of the test range to reduce ceilirtg
A

~

eéffects in the able learners.

{ +

An examination of the literature regarding the relationship of learn- '
ot ~

ing probim to WISC/WISC-R Factor 3 scores indicated the( direction for i
4

further study. Fiﬁt, there were the suggestions of Cohen (1952) who

ini:tially referred to factof 3 as representing "freedom from distractibil-

- 1977) . A sequential memory interpretation, originally suggested by

ity", only Ulater to change the Interpretation to that of "mm;xory" (Cohen,
1955), before returnin‘g/to his ‘origina‘l exp}g%ation (Cohen, 1959). Kauf- f
man (1975) has 3199 preferred the freedom from dis.tractibility& label, as
have Keough and Hall (1974), although under a slightly different name, : S
attention-concentration, 6thers (Osborﬁe &’ Lindsey, 1967) h;’%re defined .it

as numerical ability; still others have called it the anxiety triad (Lutey,

Bannatyne (1968) has recently gained favor, havihg been adhered to by »

Ackerman, Dykman, and Peters (1976) , Smith et al. (1977), and Vance and w
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Singer (1978;. Rugel (1974a), following hi§ comprehepsive review, has
suggested that low factor 3 functioning could probably reflect both or
either sequential memoryw;nd attentional problems.

_ ~_ _In addition, however, it must be acknowledged that it is not only
low factor 3 functioning that distinguishes the Consistent Factor 3 group.
It 1is also characterized by disparity among factor scores while the
Inconsistent group is not. It may well be that the imbalance between
factors 1 and 3 determines consistency and is, therefore, of as great an
importance as low factor 3 scores °a‘lone. Since factorkl subtests are more
_likely to require information processing in the right hemisp‘fxere, while,
corﬂrespondm'gly, left hemisphere processing is more.likely to be involved

d in the material of the factor 3 subtests, the possibility suggested itself

that factor score dispafit}'{/pattem’s in the two groups might be reldted to
- different patterns of hemisphere organization,

There 1s ample :;’ridence from the literature comparifig normal and
disabled learners to implicate poor gerial memory (Benton, 1975; Torgesen,
1975; Vellutino, 1979), lack of attemtional selectivity (Ross, 1976;
Vellutino, 1979), and lack of hémisphére specializatliion (e.f. Benton, 1975)
in reading/learning problems, Thus., the entire Incomnsistent subgroup
between the ages of t;velve and a half and fifteen and a half, and an equal

' number }andcmly chosen Consistent Factor. 3 subjects were compared with
respect to these three variables, the performance of able learners being
explicated in a general way by ’administeri{ng the same test measures to an

able learmer group drawn from the same school populatipn. Prior to report-

(_ i ing this series of experimental investigatioms, the abundant literature

N

w0
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_provide a rationale for measurement procedures and a context for the

/ : 66

con Eming the development of these variables in the normal learner
populations, and the evidence concerning differences between nohn?l
learners, and heterogeneous learning disabled groups will be surveyed to

° o
interpretation of the subgroup differences,

Y

Review of Relegvant Research

Research Pertaining to Selective Attention. e

Attention i{s an inferred construct and therefore difficult to define
and measure. There appears to be a variety of interrelated aspects and,
as yet, nc common agreement in the literature on a taxonomy for the term.
Although it is apparent that many aythors who use the label "attention"
are talking about one of the several aspects of it, it is also true that
at times they may be referring to the same aspect, although using differ-
ent temms. ous researchers have' identified different components of
the attenvzt:;zrocess.. For example, Dykman, Ackerman, Clements and
Peters (1971) defined four aspects: alertness, stimu‘lt'zs selection,
focusing, and vigilance. VanHover (1974), representative of the group con-
cerned with physiological measures, has proposed three relew'rant' components:
orientation, su:tained attention, and internal attention, each characterized
by different patterns of electromyographic responses. Posner and Boies
(1971), using an information processing model, have identified three »
empirically separable aspects: alertness, selectivity, and processing

L}

capacity. Moray (1970) has suggested that there may be as many as seven

x

diff erent facets,
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An analysis of attentional modelﬁi&n relation to the classroom
situation, where a child must not only effectively direct-but alsoc main-
tain his attention to pertinent stimuli, suggests that, from an educational
vantage, attention may be usefully viewed“ﬁs involving the two main aspects
proposed by Berlyne (1970), intensive and selective. Intensive attention
has to do with how much attention a person is giving to the stimulus field
as a whole. It includes the concepts’o% alertness or arousal which 1is the
readiness to attend to stimuli from moment to moment, and of vigilance
which refers to ability to detect signals over an extended pgrioci of time.
Selective attention on the other hand has a directional aspect am? is
concerned with how the attentional capacity is distributed among va;ious
elements of a stimulus field. It includes the nmotions of achieving a
focus d resisting distraction from it. Presumably, it is this selective
aspéct of attention to which the various authors (Cohen, 1959; Kaufman,
1975; Keough & Hall, 1974) are referring when they suggest that factor 3
scores on the WISC-R are an index of freedom from distractibility, and is

1

therefore the aspect of interest to this investigation.

3

R ) e
The nature and importance of selectivity in attention is explained

&

by theories based on filter models first explicitly proposed by Broadbent

(1958) . According to his theory, filtering or selectivity is necessary

because of the lim:l.ted proces-ing capacity of a single channel system.
Although this model has been variously adapted- by subsequent researchers
(Treisman, ],969; Peutsch & Deutsch, 1963; Norman, 1968), the central

notian has remained m{c:,

S

]

é’iny reviev of the litatatu:e relating. selective atiention to lmning

Faeh”

_disabftlities is mde‘dﬂficult not: only by the confusion surrounding the -
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attentibnal labels but also by the diversity of instruments and procedures
purporting to measuré selectivity and by the inconsistency of the termin-
ology rused to refer to the children under study. In relation to the
latter problem, the terms brain-damaged, minimal brain dysfunction, hyper-
active, reading retarded, underachiever, and learning disabled have fre-
quently been treated synonymously by researchers. However, it is proposed
to confine this summary to studies which concern children who, from the
available descriptions, ap{:ear to conform to the usual definition of
learning disabled, that is, those who experience difficulty in the
acquisition of academic skills, chiefly reading, despite adequate inteliec—-
tual, emotional characteristics and roial and educational advantages
(Kirk, 1962). ‘

For the purposes of thig review, tests which required the subject to
select or respond to relevant stimuli-in q?ﬁ%pregence of irrelevant back-
ground cues were considered to be measures" of selective attention, Within
this parameter, two main types of studies concerning selective attention
can be fidentified in the 1iten;ature: thése measuring differential effects
of distraction on task perforinanee, and 'those measuring incidental learn-
ing. 1In the former group of studies, susceptibility to distraction has
been assessed by relative deterioration in task. performance under condi-
tions of distraction, as opposed to non-distraction. The c.iistractors may
be proximal to or even embedded in the main task or may be quite separate
from or distal to it. The assumption is that the distracting stimuli
capture the single attentional channel of susceptible subjects, thereby
'int:erfering‘with the performance of the task, Decrements in task perform-

ance are presumed to be indirect measures of the amounts of distracting
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stimuli processed. In the incidental learning studies, a direct measure
of the amount of incidenéal information processed or retained is
obtained. Subjects are instructed to acquire designated infomatic;n and
to igrore the incidental or i‘ extraneous stimuli which is presented _a;pgé” )
with .it. Measures of retentio:; of both the central (design/ated) and of
the incidental (ext:rane:)us) information are obtained. Selectivity, or
reslstance to distraction, is presumed to exist when central retention
1s high and incidertal recal?L is low.

Studies under conditions of differentiating distraction. Investiga-

tions under this rubric may well be clasgified according to the modality

used, chiefly visusl, as with the Stroop test of embedded figural

\ material, and auditory as in the Wepman Test. Scmetimes a more direct

roach 1s made on reading itself under differing conditions of distract- *

-

ibility.
The Stroop Word-Color Test (Stroop, 1935) has a non-~distraction phase

in which subjects name the colors of rectangles m‘! a distraction phase

. in which the colors are overprinted with other color names. The subject 1is

required to ignore the printed word and respond by actual color. This
test was used by Silverman, David, and Andrews (1963), who found longer
response lafencies and more ervors with underachievers than achievers, but
since the latter were aignificantly !older, results must be considered
questionable, 1 |

Variants of thias grocedure were also used by Alwitt (1966), who found
normal and retarded ;'eadcrs to be similarly distracted by the test condi-

tions and by Santostephano, Routledge, and Randall (1965), who, having
‘ LS

- .

eliminated the reading requirement by subuir.utipg the naming of colors of

LA das 1 sl
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pictures and fruits in which the colors were inappropriate or contradic-
tory, found the reading disabled to be more distracted than controls by
the inappbropriate colors. On another version where peripheral line
drawings werekused as distractors, Santostephano et al. (1965) noted no
unfavorable effects for either group. i

The embedded figures component has entered in the work of Keough and
Donlon (1972), who compared two groups-of learning disabled subjects (mild
and severe) with the age norms for Witkin's rod and frame test (Witkin,
Dyk, Faterson, Goodenough & Karp, 1962). Both groups of learning disabled
were more adversely affected by irrelevant cues than normals. Sabbatino
and Ysseldyke (1972) also differentiated learning disabled students into
two groups (reading disabled and others), and gave the Bender Gestalt test
(Bender, 1938) under usual procedures and again with designs embedded in
an extraneous background. The two disabled gr.:oups did not» differ from one
another on the standard condition, but the poor readers were inferior tc;
the others under the distracting conditions, Elkind, Larsen, and van N
Doornick (1965) also used an embedded figures task and found that their
sample’ of disabled elementary school subjects made fewer correct discrimin-
ations of the relevant figures than controls. No non-distraction compari-
son was used, however.

Other studies have reported results when distractors and tasks are

auditory. Lasky and Tobin (1973) studied the effects of white noise and

auditory linguistic messages on the ability of first grade learning

'disabled children and normal controls to respond, orally and in writing, to

verbal questions and to make a written response to written material. They
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found no differences between groups in the white noise condition which has
been reputed to act as a buffer (Hallahan, 1975). The performance of the

learning disabled group was adversely affected by the linguistic message

“while that of the normal group was not.

Nober and Nober (1975) administered the Wepman Test of Audito;'y
Discrimination (Wepman, 1958) to learning disabled children and their
normél controls at the grades 4 to 6 level in a quiet non-distracting
setting and in a classroom setting where backgrou;ld noise was provided by
a tape-recorded sound. The learning disabled group performed more poorly
in the non-distracting setting,'and while both groups performed more poorly
Iunder noise conditions, the learning disabled group was no more affected

~ by this peripheral distraction than their normal controls.

Two studies have looked directly at the effects of distraction on
reading skills. Samuels (1967) taught a group of pre~first and first
graders, who were divided into good and poor readers, to discriminate
words. Poor readers were more affected by descriptive pictures than good
readers. Willows (1974), using a sample of good and poor readers at the
sixth grade level, found that when red extraneous words were 'printed ‘be- -
tween the lines of a story the oral reading performance of poor readers
was affected differentially by these distractors., They took longer t.c;,
read the paragrap?m and made more errors.

‘E ' Taken as a whole, these studies ;em to suggest there is an increased

distraction effect for disabled as cmapaied with normal learners, parti-

cularly {f the extraneous cues are embedded within or proximal to the .
( i relevant stimuli. This appears to be true over a broad spectrum of tasks,

in both guditory and visual modalities across a wide age range.

.
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Further support for a developmental trend in selectivity comes from
ether studies still within the central-incidental paradigm, but using
various devices such as visual discrimination and transfer (Crane & Ross,
1967; Siegal & Stevenson, 1966), reaction time (Pick}, Christy & Frankel,
1972), a naturalistic film pl?t (Hale, Miller & Stevenson, 1968), or card
sorting (Deikel & Freedman, 1976). Similarly, when incidental learming
procedures have been carr:ied out in the auditory modality using a dichotic
listening t:sk (Maccoby, 1967; Macc;oby & Konrad, 1966, 1967; Hallahan, )
Kauffman'é Ball, 1974a; Doyle, 1973), the developmental trend in central
versus incidental learning has been confirmed.

From this background of general developmental findings, it is now
possible to examine the results of these tasks comparing normal and
disabled populations, and to explore such questions as: Do leaming
disabled children have poorer selective attention than normal learners?
Do different strategies exist within these populations for dealing with

central versus incidental information? Hallahan, Kauffman.andBall (1973)
studied a small sample of '10 low achievers and an equal number of -normal
controls at the grade 6 level. E?h?g a serial order presentation of the
Hagen task in which the mnnbef"gf ‘,Itm varied from 4 to 6, they found no
significant differences in incidental recall but they did find s signifi-
cant difference in cential recall in favor of the achievers. The central
and incidental scores were negatively and significantly cofrelated in the
higher achievement group but were positively correlated in the low
achievers, Thus, although botl'; gTOoups procuéed the same amount of irrel-
evgnt information, the authors intsrpreted their results as support for the

hypothesis of poorer selective attention in the underachievers on the
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the assumption that higher centigl scores in the normals were the ;:esult
of the giving up of incidental information 1in favor of the acquisition
of relevant material.

Tarver, Hallahan, Rauf-fman and Ball (1976) used a similar serial order
presentation of a 7-item version of the central incidental task to study
the development of selective attention and rehearsal strategies in learn-

ing disabled boys. In the first experiment, these reséarchers compared a

]

~ group of 8-year-olds to a group of normal controls. As with the earlier

Hallahan et al. (1973) study, incidental recall did not differ signifi-
cantly bﬁetween groups but the normals recalled significantly more central
information. Correlations between central and incidental recall were
non-significant but were interpreted as support for the notion of
inferior selective attention in the disabled groups since the two mea-
Sures were negatively correlated in the normals and positively correlated
in the disabled. 4

Is it defensible to conclude that group or age differences in selec-
tive attention exist when correlations measuring the trade-off between
central and incidental learning, although in the same general direction
as predicted, are low and non-significant? Can we then hold that
increases with age in central learning scores are the result of declines
in (thq giving up of) incidental leaxning, especially when the increases -
are not accompanied by differences in Incidental 'leamin;? Douglas and
Peters (1979) think not, They argue that equal scores must indicate
equal processing in the absence 'of other cvidenée since some factor other
than the processing of incidental imformation could account for the dif-

ferences in the central learning score. Hagen and Kail (1975), following
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a review of earlier studies, suggested that the mcréased use of active
cognitive mnemonic strategies could account for significant age and
group differences in central learning.

Tarver et al. (1976) recognized the anomalies 1in the results of their
first experiment with 8-year-olds and suggested that central recall in the
normal group could have been added by the attention-foculing properties
of a verbal rehearsal strategy. In a second experiment with older (13
vears) and intermediate (10 year.s) learning disabled children, they
tested this hypothesis by inducing verbal rehearsal in half the group at
each age level, Wi;en results were analyzed using the selective attention
efficiency index (% central learning - X incidental learning), they con-
cluded that verbal rehearsal had significantly increased selective
attention efficiency. Yet, the increase in central learning was not
significant at either age and the incidental recall did not differ
between ages, nor was it affected by rehearsal conditions. As a result of
this failure to produce a concomittant decline in incidental scores, the
authors concludeg that rehearsal skills were still developing in the
disabled group and that studies with yet an older age group would be
needed to confirm results, .

Subsequently, Tarver et al. (1977), using the 7-item variatioh of the
t:uk, studied a group of disabled boys at mean age 15 years, 8 months.
Incidental recall which had remained constant at the younger ages declined
significantly at the 15~year-old lwei, fupporting the usual developmental
trend, but central recall which hndrtnciifued av;r the age range 8 to 13

did not show the reciprocal incresse at the 15-yesr-old level.
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Correlational statistics also failed to support reciprocity. Once again,
therefore, it may be hypothesized that it is something about the central
task itself that is particularly difficult for disabled learmers because
once they give up extraneous information, they do not show the increases
in central learning that have tlaeen reported for normal samples. ] The absenc;y'
of a normal control sample in the above study, however, prevented direct

comparisons and firm conclusions_.

A study designed to directl); compare disabled and normal populations

_at more than one age level was carried out by Pelham and Ross (1977) who

ugsed a 6-item version of the}aﬁn-}xsk presented in simultaneous or
spatial fashion, with grougs of children from grades one, three and five.
Examiner feedback on correct positions for each animal was provided after
each trial. Their results with young children are at variance with those
of others since they found non-significant increases with age in central
learfing but significant deciines in incidental learning in both groups.
Correlations tended to become negative with increasing age as others
might have predicted, but with the so-called trade-off occurring more
slowly in the disabled group. The authors interpreted their results as
reflecting a developmental delay in the disabled group. That th;
learning disabled actually recalled more information than the normals
(equal central and higher incidental scores) suggests factors other than
the processing of extraneous infomation may be having important unrecog-
nized effects. In explanation, it might be ‘:‘xoted that the 6-item version
of the test might be siuphx:, paint:h"tg to the corfect items might have
helped to -direct attentiom, and the young ages of the children should also

be considered.

e
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Studies using the central-incidental learning paradigm. The filter

theory (Broadbent ,4 1958) which implies that attention can be channeled to
only one stimulus at a time has led to the notion that there is a neces-
sary "trade-off" between the acquisition of central information and
information that has been indicated as incidental or irrelevant, Hence,
distractibility can be measured by the amount of i'ncident;]: or irrelevant
recall stored during a designated learning task. In early studies,
incidental learning scores were evaluated, using a repeated measures
analysis of variance design, in relstion to the proportion of central
information retained (Hagen, 1967)., More recentiy, Hallahan, Kaufman, and
Ball (1974b) proposed the use of a "selective attention efficiet;cy

index" which was derived by subtracting the proportion .of incidental
learning from the propc.»rtion of ceﬁtralwleamins. Patterns of correlation
have also been used since, if the giving up of incidental information
i'esulta in higher central learming scores, selectivity of attention would
be denoted by negative correlations between the two measures (Hagen & Hale,
1973).

The most frequently used task in this kind of study was devised by
Hagen (1967) based on earlier prototypes (Atkinson, Hansen & Bernbach, 1964).
A series of cards, each one containing ‘a line drawing of an animal as the
central object and a common household object as the incidental object, is
presented in a particular sequence and the subject :I.s~ told to remember the
positions of the animals, but that ‘he need not remember. the other objects.
When the array is concealed, the child is presented with a card cont:a'ining
the picture of ocne of the animals and is asked to ;iuigna:a its position

in the original 's.equtnce, the number of correct respofises being the measure

-
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of central learning. After the central learning trials are completed,
the subject is unexpectedly asked to recall which of the various house-
hold objects had been paired with each of the animals., The number of
pairs correctly recalled is the measure of incidental learning. /

/

Using t:hi? procedure, relatively high incidental scores in ralatim;
to central lea;ning scores have been observed in ydung chﬂ;lrgn‘with
central learning increasing from ages 6 to 14, a:{d incidental learning
remaining constant or registering only sli/g/;; declines ‘thil ages lJ:Z or
13, when the decrease becomes significan,t (Ifagen, 196§; Hallahan, Kaufman
& Ball, 1974a; Maccoby & Hagen, 1965; Weiner & Berezonsky, 1975). Since
capacity to process bo::h céntral and incidental information presumsbly
increases with age, but only central scores increase, it is reasoned that
extraneous material is being increasingly filtered out in favor of centfal
stimuli. This hypothesis is supported if the correlation between the two .
indices becomes increasingly negative with age, a r‘esult which has received
some support in much of the literature cited above. »

A few studies h.ave reported no significant decline in incidental ’
learning at adolescence (Hagen, 1967; Hagen, Meacham Y Mesgibov, 1970), but
the anomalous finding has usually been attributed to variitions in materials
and procedures. Certainly, as in Hagen's studies, added’noilse (Hagen,
1967), forced labelling (1970) or inclusion of incidental elements within
the central stimulus itself (Hagen & Hale, 1974) could have interfered with
preferred gselectivity strategies, Als?, if the central task fails to im-
pose sufficient dmndu; and ‘both central and incidenéaJ: information can
bé comfortably processedy then incidental lwni.t:g may remain high (Fraas,

=

1973; Siegal & Stevenson, 1966). .
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A further complicating note is entered by Swanson's studf (1979a)
with 9-year-old noggal and learning disabled subjects. No significant
group differences for either central or incidental recall were found using
a 6-item spatial form of tﬁe task. Seiective'attention efficiency was. not
computed and correlational data were not given. The method of determin-
ing inciderital learning was modified by asking for the match of each inci-
dental item to its serial position in the final trial of the series. This

may have made the incidental task so difficult that group differences were

masked.

~

\

The often confusing ;nd contradictory findings in the foregoing
account may firsgrof all be considered in the light of the methodological
differences in the studies. Although all us;d Hégén's task, impprtagt
variations occurred in its administration. In particular, the number of

items and theISpatial-sequentfal versus temporal- sequential nature of the

.~ serial presentation varied from study to study, and could have caused

.
differences in central task difficulty (Berch, 1979), When this task is

too difficult, some disabled children appear to engage in stimulus-
seeking behavigr, thereby increasing extraneous prﬁcessing (Dauglas &
Peters, 1979). On the Ather hand, if the central task is too easy, both
central and 1ncideﬁtal information can be simultaneously processed and

the predicged trade-off does not occur (Fraas, 1973). Also, opportunities
for the use of preferential strategies in the deployment of time and
tehearsal are greater on the spatial array than the temporal one since

in the latter, attention is specifically focused o; one item for a gpeci-

fic time. 1In those studies where significant group differences were

found (Hallahan et al., 1973; Tarver et al., 1976), a temporal presentation

. )f/‘ | -
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was used which may suggesr; that there is something about this presenta-
tion mode that is differentiating the groups. o

It is necessary, then, to re-examine the measures used and the
rationale behind them. I‘ng use of the selective attention efficiency
index (X central - 7 incidental learning) to compare groups presents cer-
tain problems since it can produce significant group differences even when
none appear on either, the central or incidental scores themselves. Fur-
ther, 1if central Jearning increases, se}ective attention efficiency can
increase although the processing of incidental information remainsg the
same or even increases somewhat (Tarver et al., 1976, expt. 2). Also,
this index does not differentiate those who process high central and high
incidental information from those who process low central and low inciden-
tal information since both would receive low selective attention scores.

It appears, then, that the selective attention efficiency index may be mis-~

leading if not congidered in relation to other measures, In particular,

3

its use should be restricted to indicating degreé of di.screpanéy in

I -
£

instances when there are demonstrated ~s:Lgn:Lficant: diffe‘rences in incidental
learning scores.

‘ A closer look at the practice oﬁ usi’ng correlational coefficients to
determine relative development of selective attentional skills is also in
order, It is possible that the correlations in many of the studies, since
few are significant, are telling us that central task performance is ofteny
relatively independent of the amount of distraction experienced by the
subject. _ A tenabfle az;ld parsimoniouAS hypot'hesis would state that, in the
absence of differences in incidental learning or significant negative

correlations between central and incidental scores, any differences in

#
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central learning are relsted to cognitiv.e processes directly required
for central task performance itself, a serial memory task.

All this seems to indicate that the }i\ifereni:,scores or indices
which can be derived from the central-incidental task can be considered
as measures of selective ‘attent‘ion oniy under certain conditions and

only when evaluated simultaneously rgu:her than individually. Patterns

80

rather than individual indices would “be more instructive. The following

represent some of the more common patterns and possible interpretations:
1. Low central learning and high incidental learning, with a
significant negative correlation suggests distractibility.
2. Low central learning along with low incidental learning with
a non—significaht correlation suggests that low central learning scores
are related to a process required for central task pérforgnance. On the

-

central-incidental learning task, this would most probab]:y be with a
process ’;e]\ated to serial memory functioning.

3. High central learning and low incidental learning with a signi-
ficant negative correlation sugge‘sts good selective attention.

4. High central and high incidental, with a high positive correla-
tion or no significant corxelati?n, suggests that the central learning
task is too easy and that the subject was able to process both without

» . -~

taxing capacity.

Summary and research objectives. The foregoing has suggested that -

certain pattefns of poor performance on the central-incidental task can

be indicative of poor selective attention while others may more properly

. . .
be considered to reflect it}efficié"nt central task performance (i.e. serial

order processing). Since problems in both selective attention and serial
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memory have been hypothesized to account for low factor 3 functioning
on the WISC/WISC-R, it appears that the Hagen Central-Incidental task
could provide an interesting vehicle to explore t'he disti‘actibility Vs,
serial memory controversy in learning disabled populations differing
significantly in factor 3 scores.

-Further, if the Consistent Low Factor 3 subjects are: characterized

by distractibility on the central-ivcidental task, then one could also

hypothesize that they would also perform below the Inconsistent group on

an embedded figures measure which required them to identify a figure by
resisting the distraction of the extraneous stimuli that surround it.
Moreover, if selectivity of attention is the central process contributing
to performance on these indices, there should be a significant negative
corllelation between number of items correct on the embedded figures test
and the incidental learning scores from the central-incidental task.
Accordingly, in addition to the central-incidental task, an embedded
figures measure has been included in the éxpectatiion that results would
converge, increasing the validity of the findings,

Regsearch Pertaining to Serilal Processing

Theories of serial functioning. Two main approaches to the

study ofl the serial memory process can be discerned in the literature, each
rooted in different psychological traditions, The first, the associational
approach, stemming from Classical Greek thought, was extended by the British
empiricists and later couched in the terminology of stimulus-response
psychology, while the second, derived from the Gestaltists who indi-

cated the importance of organizational factors either in the material
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itself orin the mode of its perception. The former is based on the
theories of Hull (1935), who expanded Thorndike's idea'thac each itgm had
some degree of association with every other item in the list, immediate
and remote, forward and backward. Though passing through several reformu-
lations emphasizing the role of positional cues'(Young, 1962; Ebenholz,
1963), it has stressed contiguity as a sufficient condition for learning
and the notion of the learner as passive during the proceés\ The second
approach, initially stimulated by Lashley (1951) and given impetus by

the famous Miller paper of l9§6, has emphasize; the role of the learner.
It was shown that the maximum number of units that could be processed

was seven, plus or minus two. This limited capacity required that the
subject in serial learning tasks must find means to éircumvent this
restricti;e feature of his short term memory (STM). Organization by the
process of chunking was hypothesized as the method of choice since the
chunks themselves could be recoded into a heirarchy of information whose
recall or retrieval;was enhanced when the same organizational cues were
used as in acquisition and sﬁorage. Free recall procedures with material
presented in serial order used and developed by Johnson (15703 Mandler
(1967) and Tulving (1968) have supported this view by showing that
material is subjectively organized into cluqters of conceptuslly related
items. Jensen and Rohwer (1965) demonstrated }hat by organizing around
two anchoring points (initial and final items) the subject obtained a
spatial representation of the entire list, a theory akin to, but clearly
different from, that of the positional cue associationists where passive

rather than actively searching'subjects appeared to exist.
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As in other areas of research, differences rather than agreements
are often magnified. Although some differences may have arisen because
of variations in their experimental procedures, the associationists having

favored unrglated item lists and multi-trial anticipation learning proce-

.dures, the organizationists related item strings and single trial free

-recall techniques, there is one phenomenon on which there is a measure of

’

agreement and that is the phenomenon known as the serial position effect.

Here the plotting of error proportions against item position has yielded a
a

skewed bell-shaped curve where the first and last items were indicated é;

be the easiest to learn and remember.” Attempted explanations of this

iy
b
common observation, however, have differed. >

Associationists have postuliated inhibition around central positioms

as a possible mechanism (Hull, 1935; Melton, 1963). Others have stressed
the 'distinctiveness' of the ini€131 and f{nal list position (Murdock, 1974;
Ebenholz, 1972). Still others (Buschke & Hinrichs, 1968; Palmer & Orunstein,

1971) have seen conscious rehearsal strategies being applied to transfer

early list items to long term memory (LTM) while maintaining later items in

STM. Crowder (1976) in a rapprochement of sorts has categorized these
hypotheses as passive (inherent in the mechanism) or active (dependent upon
the processes undertaken by the subject) and suggested that since serial
position effects were found by both kindn)of theorists any wviable theory
should partake of both kinds of explanation. His own work pointed to a
primacy effeét, resulting from a cognitive strategy determined at the time
of acquisition, and a recéncy effect produced from positional-distinctive-
ness inherent in thé nature of the serial ordedtasks themselves, Some
support has been offered by the work of Belmont and Butterfield (1969)

with mental defectives who exhibited deficits in primacy but not recency
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positions and by Hagen, Jongvfix"d and Kail (1975), who showed that young
children also failed to show a primacy effect but displayed a recency
effect, Othegs (Tarver et al., 1977) have tndicated that learning dis-
abled children also fiave decreased primacy but not recency effect
relative to normal learmers their own age. R \

In brief, it appears t%\at organizational theory has augmented asso-
ciational theory by taking into account the limited capacity of the human
information processing system and indicating ways which organization by an
active subject could overcome capacity restrictions. This emerging inte-
gration of the two schools of thought has signalled the appearance of a
number of hybrid models of explanation, notable among them bei}g that of
Atkinson and Schiffrin (1968), which distinguished between structural and
voluntary contrpl features. Under the former, there were physical attri-
butes and fixed invariant processes which facilitated memory but were not
mq:;' conscious control. There were also control processes which were

e
lﬁfdef the direction of the subject and which could be selected and modified
from a wide range of possible processes. Stated as a computer analogy by
Hagen et al. (1975), "the structural features correspond to the hardware
and systems program while the control proces'sés correspond to those prégram
sequences that can be established and modified at wiil by the programmer.’
In the model, the structural components included the sensory register, short
term store and long term store, Since the first provided for only two
seconds or less, a rapldly decaying literal copy of che!physical stimuli,
the short term store, had to rapidly select stimuli, within its limited

capacity of seven plus or minus two, before incoming information displaced

what was there. Only some control process such as rehearsal could retain
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the information in STM without loss. Transfer to long term store, again
under a control proces;, could subsequently occur from some of the inform-
ation and this could be retrieved as occasion demanded, given efficient .
retrieval control processes. To date, emphasis tappears to have been
placed on the study of these short term memory phenomena. For the pres;nt
purpose, it may be possible to hypothesize that this aspect is featured

on the tasks defined by factor 3 of the Wechsler scales. More importantly,
study of theiserial learning curve might offer help in deciding whether
these learning disabled children are handicapped on serial learning tasks,
and 1f so, wh‘ether the f(filure is in the use of inefficient active strate-

v

gles, or in the lack of certain structural features. Perhaps a review of

| the literature examining the relationship between control processes and

serial memory and learning disorders will throw more light on this topiec.

Research Pertaining to Serial Processing: the Use of Control . '

Processes.

Development of strategic behavior. Chi (1976) has presented evidence

to suggest that age-related changes in the use of strategies are respons-
ible for a major part of the observed improvements with age in children's
memory. Simiiarly, Brown (1§75) has indicated that memory tasks which do
not require the use of strategic behavior are relatively insensitive to
developmental trends. This implies that the age differences in memory
span, previously believed to be due largely to changes in capacity, may
actually be the result of changes 1in how that capacity is used. In support
of this developmental view, many studies have indicated that certain strat—
egies characteristicdally employed by older childrem are not used by

younger childrem., Various methods have been used to determine this trend

\
\
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including: subjective reports of how children remember (Flavell,

Friedricks & Hoyt, 1970; Matthews & Fozard\,“ﬁ70); changes in hesitation

patterns in subject-paced tasks which reflect chunking snd cumulative

[y

rehearsal (Belmont & Butterfield, 1969; Torgesen, 1977a); direct observa-~
tion of lip movements (Flavell, Beach & Chinsky, 1966; Keeney, Cannizo &
Flavell, 1967; Kingsley & Hagen, 1967); and, more recently, the observ;tion
of primacy-recency effects in seriai learning curves (Bauer, 1977; Tarver
et al., 1976). |

Y

Flavell, Bea'ch and ¢hinsky (1966) found that five, sevén and ten-

year olds who verbalized during the delay following presentation recalled

more items. While 17 of 20 ten-year olds verbalized, only 2 of 20 five-year

- Y
olds did so. Subsequently, Keeney, Cannizo and Flavell (1967) demonstrated

that first grade students w‘t/w did not verbalize could be Iinduced to do so
and their recall was then as good. as those who had verbalized spontaneously.
However, those who had been instructed to verbalize did r_.lot continue to
rehearse without instruction and so their recall declined.

@
Using the familiar serial memory task adapted from Atkinson, Hansen

- and Bernbach (1964), Hagen and Kingsley (1968) studied rehearsal processes

in children at ages four, six, seven, eight, and ten. One group at each
age level was subjected to a forced labelling condition while the other
gerved as a control. Recall in the control group where no instructions
were given improved with age. In the label condition, although recall was
facilitated at ages six and eight, that of the four~year olds and the
10-year olds did not show improveme,p:. over the age-related increases in
tk;e ckmtrol group; in fact, recall iras significantly poorer under the label

condition in the l0-year olds. The authors, by analyzing the serial

At
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learning curves, concluded that the four-};ear olds did not rehearse:,
even under instruction. The seri,ai curves of the lO-year olds exhibited
a dimini.;hed primacy effect relative to the controls which was inter-~
preted to mean that the requirement to label had ifxterfered with their
own spontaneous rehearsal strategies which must have been more facilita-
tive than mere labelling. ,

Other studies with serial memory ;;asks have confirmed these findi.ngs
by showing that children can be induced to rehearse cumulatively and .
increase recall (Kingsiey & Hagen, 1969) but that the strateglies were not
produced spontaneously at a later date (Hagen, Hargrave & Ross, 1973).

Similarly, poorer performance on a serial recall‘ task under imposed re-
hearsal conditions has been replicated in adolescents and college studenté
(Hagen, Meacham & Mesibov, 1970).

It appears then that there might be developmental mifestones that
signal growth in the use of strategic controls in serial memory tasks. At
the youngest ages, there seem to be no voluntary memory devices and even -
unde]r instruction these are not manifest. Typically, this is followed by
a trangitional stage¢ in which th'e child uses the strategy when trained or
requested to do so, but may not use it efficiently or spontaneously. That
efficient strategies may be disrupted in older subjects when procedures
normally considered to i:e conducive to improving ref:all are imposed,
suggests that' over time a child gains a varied, individualized repertoire
of strategic controls and also develops skill in selecting and implement-
ing appropriate strategies for particular tasks.

Flavell (1970) explained this individualized use of efficlent strate-

gies by hypothesizing the existence of what he called "meta" variables,
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which involved being aware of one's own r&lp in the memory prdéess. In

a similar vein, Browm (1973) in a paper enéitled Knowing,” Knowing About
7

Knowing and Knowing How to Know, defined this as having the "intention to
be strategic" or ''the plan to form a plan", (p. 111). It was descriBed as
being able to assess the task of knowing one's capabilities and of pre-

-

dicting performance so that appropriate strategieslg}ght be selected.
This characteristic was assumed to develop with time ana to be appareﬁt(
in older children. Kail (1979) investigated the existence of such a
generalized strategic factor in 8-rand ll-year olds. A serial memory task?
a free recall task presented in temporal order, and a recency judgment
task were presented. It waﬁ’concluded that there was a general strafegic
factor across tasks for the ll—yé;r olds, but not for the 8-year olds,.
which suppgrted the notion of an age-related trend in the development of
"meta~related' behavior. . ..

The literature, then, has indicated that there are three main
developmental stages in the use of control processes on serial mémory
tasks in a normal population. Firsf!is a stage in which no strétégic

controls are used, evern when training is given; this has been termed as

"mediation deficient" (Flavell, 1970). Second is a transitional stage

. characterized by the use of controls but only under conditions of instruc-

N 1

tion; this has been Falled "produé&éPn deficient” (Flavell, 1970). Finally,
there is a stage evidenced by the use of meta variables in that spontaneous {
s££a:egic behavior which is intentional, flexible, insightful and indivi-
dualized is exhibited. Although the literature does not so state, failure

at this stage might be labelled "meta deficient'.

]
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Comparisons of normal and disabled learmers, A developmental delay

" hypothesis implying that learning disabled children develop strategic
behavior, or go g‘/through these stages, at a slower rate than normal learners
has rece{fved considerable support in the literature (Brown, 1975; Haggn:

' ‘Jongeward & Kail, 1975; Tarver et al., 1977). An alternate hypothesis

that failure to use strategic controls may be a learned behavior ~result—

ing from adverse educational experiences has been postulated by To:;gesen
(1980), while a deficit hypothesis suggegtinng' that voluntary controls ma}:
be indirectly inhibited by deficits in involuntary structural processés,
possibly stemming from a neurological source“, has also been implicated
(Spring, 1976; Spring & Capps, 1974). '

Evidencr:e that learning disabled childrgn- are impaired in the use of
cognitive co.ntrols came in:gtially.ftom twq studies thatrinvestiga}:ed .
verbal labelling sk‘ills during the performance of sensory integration
tasks (Blank & Brid:‘:;i, 1966; Blank, Weider & Bridger, 1968). Retarded .
readers were le;s successful in making intersensory matches and they also &
nade more errors when instructed to label the stimuli. It was, therefore,
inferred that deficient labeiling skills were related to deficient
integrative gbilities.

Two studies (Torgesen & Goldman, 1977; Torgesen, 1977a) directly
observed rehearsal practices in good and poor readers. In the first
study, lip movements and whispered words were monitored as evidence of
the use of rehearsal, It was concluded that good readers rehearsed
more and that they also Tecalled more sequences correctly. In the second

study (Torgesen, 1977a), similar conclusions were drawn and it was further

inferred that the good readers 'chunked" the stimuli while rehearsing.

o
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Torgesen found that disabled readers wer¢ less able to make use of 3
categori;;al structure provided by an orienting task prior to serial
presentation. From these studies, Torgesen concluded that reading
disabled chilc;ren engaged in less efficient strategies on serial memory
tasks of unrelated items. Accoxrding to the classification scheme, they
would be production deficient, or perhaps meta deficienf:, but not media-

tion deficient. >

\ Kastner and Richa'rds (1974) compared recall strategies in third
grade good and poor readers when novel and familiar stimuli were used.
Thiereowere no between-group differences in level of recall with familiar,
easily coded items, “but good readers did aiggxificantly better than poor
readers with the m'xvel items, The authors found that three-quarters of
the good readers reported using a verbal strategy while none of the poor
readers did so. Moreover, good readers labelled the stimuli more rapidly.
The authors pointed out th;nt there was little support for a’ ggen;zral
labelling deficit in poor readers since they did apply labels to familiar
stimuli, Rather, it appeared that the learning disabled used a less
evolved, less efficient strategy, especially under more difficult condi-
tions where labels had to be generated. Again, eviden uggested that
the learning disabled did mediate but were less efficient and perhaps less
skilled in choésing the best strategies.

Bauer (1977) investigated rehears:;l techniques in 9~ and 10-vear old

learning disabled and r}ormal Ehfﬁiren by comparing immediate and delayed
memory for serially presented eleven word stri—ngé under conditions of free

recall. Immediate free-recall at the primacy p;osition was poorer in the

learning disabled groups but recency recall was similar. This was
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explained in terms of ‘the Atkinson-Schiffrin modei (Atkinson & Schiffrin,
1968) since items in primacy positions must have been placed in :md
retrieved“fron: long term memory by use of céntrol processes or they would
have be\en'superseded by more.recent itemis in strings that exceed the
shoxlt term memory capac-ity. Recency items on the other hand were con-
sidered to reflect a more passive form of memory, being influenced by
structufal rather than control processes., The re-call of these items may
depend primarily on the length of the echoic or iconic image (Posner &
Keele, 1967), Bauer (1?77), therefore, suggested that learning disabled
children had less efficient rehearsal strategies for placing items in
long term store but did not exhibit poorer strgctural attributes, such as
poorer attention or presumably v;eaker echoic orx iconig memeTry traces. .,
This interpretation has received further support from Bauer's find-
ings that -underﬂconditions of delayed recall the disabled subjects’
scores were lower than those of the controls for both primacy anq‘,zz";c;ency’/{

positiens, since under delay “conditions both primacy and recency items

.
must be rehearsed®to be maintained. Since free recall rather than ordered

recall was used, thevpossibiiity" existed that different strategies for

recall had neen used by the two groups. For example, it was possible to
recall the strings in the order presented or to recall the most recent

items first: However, no group differences were found and, in facg_, 972
of al_l strings were recalled in the order presented, Thus, both normal
énd“ disabled learners had used a serial order recall strategy. )

Tarver et al. (1976) investigated the develépment of verbal rehearsal
strategies in learning disabled children at ages eight, ten and thirteen.

In the first experiment, it was found that learning diéabled eight-year

t
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olds did not produce a primacy effect in contrast with normal controls who

exhibited a pronounced one. In the second experiment labelling and
chunking was experimentally induced in half the subjects at ages 10 and
13. Increased recall and primacy effects ;ere observed at both ages.
Howevergvit should be noted that the control group in whom rehearsal had
not been induced also exhibited the primacy effect and the differences

in the amo;nt,of Tecall between the experimental and standard conditions _
were not significant at either age. The presence of the primacy effect in
the standard condition indicates that a mediational deficiency did not
exist. That instruction failed to increase recall, particuI:;ly at the
10-year-old level, is somewhat puzzling and difficult to interpret since
no normal controls were ;sed to<§5termine if the level of recall of the
learﬁing disabled was actually deficient at the older age levels. None- °
theless, the authors concluded that a developmental delay existed,
presumably because of their findings at the 8-year-old level.

Swanson (1979b) investigated the mediational strategies of 9-year-
old learning disabled and normal children on verbal and non-verbal serial
memory tasks, Items were "monsense" or unfamiliar 8-sided shapes. Follow-
ing presentation, the children wére asked how they remembered the items.

1

No significant between—grqup differences were found in recall performance
and the post test questioning revealed 'that few memgers of either group
had lébellgd the sh;pes or associated them with anything familiar. Swan-
son concluded that some form of non~verbal rehearsal strategy ﬂad been
used since,although there was no priquy effect, overall short term recall

was comparable for learning disabled and normal subjects. In the second

part of the study, both learning disabled and normal children™Fere assigned

“~
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‘learning disabled, suggesting a mediational deficiency.
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to "named" and "unnamed" stimulus conditions. Children in the named
coﬁdition were pretrained to use labels and instructed to ugé them on
each trial. While pre-training and use of labels produced significantly
superior recall in normal children, effects were negligible for the
‘
Research reviewed to this point seems to indicate that learning
disabled children of school age are deficient relative to normal learners
in their use of strategies on serial memory tasks (Blank & Bridger, 1966;
Bauer, 1977; Kastner & Richards, 1974, Tarver et al., 1976; Torgesen & Gold-
man, 1977; Torgesen, 1977), though not necessarily deficient in the use of
all strateéiesl(Kastner & Richards, 1974; Swanson, 1977) or under all

~

conditions (Kastner & Richards, 1974). Since primacy effects were not
al;ays absent (Bauer, 1977; Tarver et al., 1976), and since impaired
performance was related to specific situations such as use of novel but
not familiar stimuli (Kastner & Richards, 1974), it appears that they may
be saidqto have a production deficiency but not a mediation deficiency, at
least at older ages.

The findings of Swanson (1979b) and, to a similar but less clearcut
extent, of Tarver et al. (1976) that learning disabled children as old a$
13 years did not show gains over their learning disabled peers even when
instructed in the use of sophisticated verbal strategies, raises the pos-
sibility that they may be deficient in some other aépect related to serial
recall performance. While some studies have implicated structural control
variables ;;ch as temporal order perception (Bakker, 1972) and slow encoding
speed (Spring, 1976; Spring & éapps, 1974), it is also possible that a

meta~variable has affected these children's strategic behavior. 1In a
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speculative but well-reasoned paper, Torgesen (1977b) has suggested that
legrning diﬁabled children are inactive learners and simply fail to en-
ga;e themselves adequately in learning tasks, perhaps because they have
learned to avoild involvement or perhaps because they are unaware of the
degree to which such active involvement is necessary in certain learning
situations. If being an active learner means having a repertoire of
strategles and being’;ble and willing to match them to the needs of the
task as Brown (1975) suggests, then one way of assessing the degree of
involvement would be to vary a task by altering its extermal organizatiom,
(and consequently the control processes required for mastery) and to
monitor performance both as to level of recall and type of strategies used.
Some researchers (Parker, Freston & Draw, 1975; Pike, 1977) have
studied recall on strings that varied as to iinguistic structure. Their
results might be interpreted to mean that older learning disabled subjects
are characterized by a relative inabillity to use appropriate strategies
on tasks with varying organization. Parker et al. (1975) administered
five-word 1lists with differing levels of external organizations and found
that learning disabled subjects approached each variation in the same
way. Pike administered six-word serial lists to grade 5 and 6 students
grouped as good and poor readers. These lists were presented auditorily
without stress or intonation and were varied along semantic-syntactical
organizational lines in order to producé three versions: meaningful,
anomalous sentences (which retained syntactic structure but violated
semantic rules), and random, unrelated word lists derived by permuting

the order of anomalous sentences. She found that good and poor readers

did not differ on recall of the random lists but did on the structured
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lists. Poor readers showed less variation in level of recall across
s;rings, and also less variation in the type of recall strategies used.

To determine how the groups responded to structure in their use of
strategles, serial learning curves were examined. Both able and disabled
readers produced the classical bowed curve on random lists. However, on
the syntactically organized lists; the good readers produced curves that
reflected that they had organized or chunked units in aézordance with '
structure, but the poor readers still produced the Serfil curve suggest-
ing that they Had not responded to list organization. Both groups
organized the meaningful sentences but the recall curve of the good
readers was flatter indicating they had responded to the meaningful string
as a unit while the bowed serial effect was still detectable in the
response curve of the poor readers.

Under free recall conditions, recall in presentation order fs common
in children as young as five with recall according to organizational
relationships occurring later (Moely, 1968). Its use in situations where
other organization is possible has been observed to be negatively corre-
lated with amount recalled (Bauer, 1977; Pike, 1977), and so it appears
. to be a relatiwvely immatu;e or déficient control process. Its use in the

“
face of more facilitative organization, especially in older childfen, may’
represent a failure to actively engage meta processes in order to match
task and strategy,

Pike interpreted her results described above to mean that the poor
readers were unable to exploit syntactic structure to reduce memory load

because of a delay or difference in the development of syntactic competence.

However, because no form of organization other than those containing syntax
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was used, it is not clear whether failure to respond to structure was
due’ to a particular problem with syntax or with a more generalized
failure to be meta-efficient, that is, to actively engage in an analysis
of task needs and to match strategies accordingly.

Such a necessary control is provided in a task designed by Weenerl
(1978). In addition to‘unorganized, syntactically-organized, and meaning-
ful strings, it also provides for a form of associational organization.
Using this task, Weener and Sabbatino (1974) found age .differences in
normal children and differences =mong normal, learning-disabled and

mentally retarded groups of children,

Summary and research objectives, Theoretical support for the notion

that the difficulties in serial memory associated with reading failure
could lie in the use of inadequate or inappropriate control processes has
been presented, Research has suggested that disorders in the use of such‘
control strategies, if they existed in long term learning disabled chil=-
dren at older age levels, would probably arise from failure to be meta-
efficient rather than to be production or mediation deficient. Since low

factor 3 scores were obtatned congsistently across a variety of tasks re-

quiring some form of serial memory (arithmetic, digit span and coding
subtests of the WISC-R) by the Consistent Factor 3 group, it 1s possible
that their poor performance was related to meta-deficient strategies. If
this were so, and 1f they were administered Weener's task under condi-
tions of free recall, it would be expected that their resulting recall
curves would reflect:

1. lower level of recall;

2, less variability in shape of curves and recall levels;
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3. reduced primacy effects, 1f.poor rehearsal strategies were used;

4., reduced recency effects, if poor recall procedures were used.

Additionally, in the quest for validity through convergence of results,
all indices (level of recall, statistical analysis of recall curves and
tabulations of report procedures) should be shown to confirm each other,

Research Pertaining to Serial Processing: Temporal Order Functioning

Studies of temporal order perception. Dysfunction that is specific to

temporal order processing has been frequently advanced as a cause of learn-
ing disorders, largely on the basis of sequential errors that many disabled
learners have been observed to make, For example, transposition errors
occur in speech articulation, spelling and the recitation of serial lists
such as months of the year. As well, inferior performance of the more
formal psychometric indices, such as digit span (Huelsman, 1970; Koppitz,
1973, 1975) or Knox cubes (Corkin, 1974) has been abundantly documented.
Yet, few theories have been offered to explain specific relationships
between serial disorders and learning competence.

Bakker (1972) has presented a theory which implicates a disorder in
temporal order perception (TOP) as a primary, centrally-derived cause of
reading and language disabilities. Based on empirical evidence (Hirsch,
1959, 1966; Hirsch & Sherrick, 1961) that an inter-stimulus interval of
20 milliseconds is required to detect a succession of two stimulil, hev
hypothesized that some individuals, because of a disorder in the speed
of processing stimuli, might have difficulty distinguishing the order of
sequences such as phonemes in words. Since the inter-stimulus interval
was invariant for a wide variety of stimuli, the ability to detect sequen-

ces was presumed to be derived from a central processing function and in
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terms of the Atkinson and Schiffrin (1968) model would be said to reflect
8 structural process.

Originally, Bakker (Bakker, 1957; Groenendahl & Bakker, 1971) had
suggested that the serial ordering deficiencies noted in his investigations
of disabled and ngfmal readers were the result of verbal labelling deficits
since the poor readers were inferior to normal readers only when meaningful,
but not meaningless, stimuli were used. Subsequently, however, Bakker
(1972) revised this interpretation and has stated that "Reading disturbed
children do not seem to present any verbal labelling problems nor any
temporal ordering problems as such, but difficulties which occur when
verbal items are presented in a time scheme . . . In other words, the
interaction between time and verbal code is disturbed and not so much the
main factors." (1972, p. 67). It seems clear that Bakker now sees serial
ordering deficits as related to the faulty perception of successive verbal
stimulil rather than to poor retention based on faulty labelling or some
other control mechanisms. In support of this view, he offered evidence
that reading disabled children could label items even when they couldn't
reciég them in order.

The neurological and physiological basis for temporal order perception
is derived from the investigations of Milner (1962,1967) and Efron (1963).
The former, working with brain-damaged subjects, noted that damage to the
left temporal lobe impaired sequential memory for verbal sequenées, th
not for non~-verbal sequences such as those found in music. The opposite
vas true for damage to the right temporal lobe, Efron, by presenting a
series of two stimuli, flashes of light and figures, and requiring subjects

to indicate which stimulus was presented first, found temporal order
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perception to be mediated by the left hemisphere in tbe case of both

flashes of light and figures. Although these studies were somewhat

M v

contradictory, in the opinion of Bakker the discrepancy could be resolved
if one postulated that & identificatitn of Efron's non-verbal stimuli
requires verbal lgbels in order to be encoded and were, therefore, pre-
disposed to left hemisphere processing.

Bakker's own studies (Bakker, 19674, 1972) offer some support for his
theory. In his first study, a random sample of. primary grade children
was asked to recall the serial order of pictures presented under two con-
ditions, visual and visual/auditory (in the latter condition the subjectsr
were asked to name the pictures aloud). Significant age differences were
noted between the ages of six and six and a half under both conditiong, but
were greater for the visual/auditory condition which additionally produced
sex differences, gifrls performing better than boys. Reading scores at
older ages were correlated with temporal recall measures. The second study
reported by Bakker (1972) compared normal and disablea readers ;f both
sexes in the middle childhood years. Visual, auditory and tactile serial
presentationp”of letters were made and subjects were asked to identify the

Fa

seriallposicion of designated letters in each set. Disabled readers per-

”~

formed more poorly on all the tasks and did not make as large age-related

improvements as normal readers. However, Bakker pointed out that, while
e, }

temporal order percepti;; measures discriminated able readers from dis-.

aﬁled readers regardless of input condition, they did not discriminate

reading ability within the disabled group. This suggested the presence

of subgroups and for the purposes of this investigation, encourages specu-

lation that the Consistent Factor 3 subtype might manifest a temporal order

perception disorder while the Inconsistent subtype would not.

4
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While younger girls at ageé 7 to 8 years performed better than boys,
the boys equalled the performance of the girls at older ages. Bakger
noted that these relationships would occur if a critical period existed
for the development of temporal order perception and was associated with
maturation of the left hemlsphere, tﬁe\?arlier successes of the girls
being related to earlier neurophysical éevelopment.

To check his assumptions that temporal oréer perception 1is a
centrally-deriveﬂprocess,‘@akker (1972) explored the relationship be-
tween reading and tempq;ilﬁyrder across several modalities. Evidence of
the generality of ;eﬁ;oral proceas disorder has also come from the work
of other researchers who have compared learning and reading disabled
groups using a variety of temporal order tasks, including perception and
retention of rhythmic patterms (DeHirsch, Jansky & Langford, 1966; Keough
& Smith, l9§7, Sapir, 1966; Zurif & Carson, 1970), recall of bisensory digit
strings (Senf & Freundl, 1971, 1972; Davis & Bray, 1975), ordering of Knox
cubes (Corkin, 1974), and recall of dichotic stimuli (Zurif & Carson, 1970).
Thease studies have consistently concluded that disabled readers perform
more poorly than normal readers on measures of temporal order recall which
would seem to support the hypothesis of centraliy—derived temporal proces-
sing disorder. Certain considerations, however, militate against unquali-
fied acceptance of this view., - First, given that most studies demanded
recall for {tem as well as order, it is difficult to tell whether it is
§r0Ss memory Or memery for order that is impaired——§econd, if the disorder
is in temporal order pefEeption, the problem presumably occurs at input
and taasks wﬁich measure retention do not really address the temporal order

perception issue since poor performame could be due, among other things,

[
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to poor perception, poor control processes, or‘poor retrieval. Tests
which syatemﬁgically vary mode of presentation and erentién might help
to sortyout-these processes. Further, to determine if }t 18 the temporal
nature of the stimuli which is the problem (be’it at input or Sutput),
studies which require sim;ltaneous,spatial as well as successive temporal
presentations, are needed to demonstrate that the problem is specific to
~ temporally ordered stimuli.

To piace these considerations in perspective, it is necessary to
discuss the item versus order contyoversy and review those few studies i
that compare the learning disabled and normal populations on memory for item ‘
and order. The studies which contrast spatial and temporal processing
normal and disabled learners will be discussed, and the sensory integration
literature will also be reviewed since it may be interpreted to shed light
on the spatial versus temporal issue., Finally, a means of separating out

&

some of the confounding variables which impede assessment of temporal

1 :

order functioning will be suggested,

Memory for item versus order. When the distinction is made between mem-

ory for order and memory for item, that is, when remembering which items
were presented is separated from remembering what the order of the items
was, the implicit assumption is also made that the two kinds of memory are
supported by different processes and are operationally distinguishable.
Brown (1958) and Crossman (1961) hypothesized the separation in memory of !
item and order by contending that, in a limited capacity system, the recall
of one from short term m:mory rquires a trade-off with the 6ther. Memory
for order was judged more difficult and loss of order information was con-
sidered to precede loss of item information, thus determining the span.

This notion was consistent with Miller's findings (Miller, 1956) that
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length of memory span was quite invariant and independent of the nature

of the {tems used.

Conrad (1964, 1965), however, has presented evidence to support
the view that memory for item predominates and memory for order is simply
derivative. Hia.findinéy that more or&er errors occur in visual strings
that contain acoustically confusable letter strings (bdp) than in non- .
confusable strings (lrk) supported his view.

Recently, other researchers have presented evidence to suggest that
item and order are represented differently in memory. Bjork and Healy
(1964) tested Conrad's assertiom that transposition errors w;re a by~
product of item loss and found that there was & different time course for
retention of item and order information, a finding supported in studies by
Estes (1972). Further, Healy (1974, 1975a & b) confirmed an observation
previously reported by Aaronson (1968) that bo@ed serial learning curves
were produced when order information was recalled, but not when item infor-
mation was recalled. In view of these results, it does seem prudent to
separate item and order variables when specifically studying the relation-
ship between temporal order processing and academic skills.

Several studies have attempted to dé this, Mason, Katz and Wicklund
(1975) tested memory for item and order in good and poor readers by
presenting strings of supra span (8 items) digits and consonants. The
memory-for-item task required ;ubjects to'recall, without regard to order,
as many of the digits or consonants as possible. Memory for order was
tested by requiring reconstruction of aurally presented digit and letter
series using a set of tiles representing 4ll of the items in all the

series., Good readers were better than poor readers on both order and item

i s i
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recall; but order memory was more strongly related to reading ability.
However, on the memory-for-item task, the items were presented in ‘a simul-
taneous visual-spatial array rather than a temporal successive one, and
no indication was given as to wlﬁther congonant strings were of high, low
or equal confusability under the two conditions. Therefore, results, for
our purposes, must be considered inconclusive.

Noelker and Schumsky (1973) reported results of memory for 'position'
and 'form' in nine-year-old retarded and normal readers. Their memory-
for-position task required subjects to reconstruct a series in which blackﬂ;
circles were interspersed with white following a l0O-second delay. The
memory~for-form task involved recognition of a previ;ausly presented
nonsense shape from among an array of four nonsense shapes/ following a
10-second delay. Both tasks-discriminated between good and poor readers
but the position task, not surprisingly, discriminated best since it
demanded recall ;.rhile the form task asked only for recognition. Thus, the
tasks were not of equal difficulty.

Senf and assoclates (Senf, 1969; Senf & Freundl, 1971, 1972) compared
memory for bisensory stimuli in normal and reading disabled children.
Although their purpose was to investigate‘ intersensory integration, the
measures they used also relate to differences in iti?m’ and order information.
In the bisensory task, two items (usually digits) were ‘presented at the
same time, one to the eye and one to the ear. After three such’ pairings,
recall was required under a pair condition in which digits were recalled
in the order presented, and in a modality condition in which digits pre-
sented digits. A gross memory measure (that is, a measure in which order

errors were ignored) and an order error measure were taken. In the first
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study, Senf (1969) found no difference between reader groups for item
retention, but under‘ordered recall condition;, the normal readers
performed better than poor readers. In the second “study (19/71), normal
readers performed better than poor readers oanoth item and order measures,
but in the third study (1972), the reader groups were differentiated on item
memory only. While the aqphors citeé,attentionaldifficulties as a possible
explanation for these contradictory results, they also not9d that the
inconsistent findings may have been the result of different response styles
in given sampies of subjects. Once again, the existence of subtypes in the
disabled reader groups emerged as a possible explanation for discrepant |
results. In a later study, Davis and Bray (1975) used Senf's bisensory
task but they modified recall procedures to control forﬁinterference ;Lom
multiple recall attempts and scored order ;rrors as a proportion of Eotal
items recalled correctly. In this case, the disabled readers performed
more poorly than controls on both the item and order inqices. o
Taken a® a whole, these studies seem to indicate that learning

disabled children have problems with retention of both item and order
information. However, it should be noted that most of these studies did
not tfﬁly sepérate order from item memory; Items varied from trial to
trial. and so, to recall the position of the item, it was also necessary to
remember the item itself. A procedure such as that of Healy (1975a & g,
1977), which uses grids to hold item information constant, thereby requir-
ing only the retention of order information, is needed to adequately test
the hypothesis that low factor 3 subjects are charactenized by poor memory

for serial order, Further, if poor memory for order is related to faulty
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temporal perception, as\Bakker (1972) has suggested, then disorders
should be more apparent when ordered stimuli are presented successively
in time than when they are presented in a simultaneous spatial array.
The auditory/visual integration literature can be interpreted as revealing
variationsaalong spatial (visual) and temporal (auditory) lines to shed
some light on this aspect of the problem.

Spatial versus temporal processes. Early sensqry intégration studies

-

were designed to test the hypothesis that disabled readers had difficulties

integrating or translaping between visual and auditory,stimuli. Birch

and Belmont (1964, 1965) investigated the relationship by using a task
which required matching aural'r;ythms in morse-like code with their visual
representations In the form of dot patterns. ;hey found retarded readers
were less able than normal readers to equate the two stimuli. They did -
not, however, use'the intra-modal matching tasks as a necessary contfol;
nor, indeed, was the visual to auditory counterpart employed in their
comparisons. Beery (1967) added .the visual to auditory component and found
that retarded readers had more difficulty on both tasks than normal readers.
Muehl and Kremenak (1966) used all possible combiﬁations of the visual and
auditory stimuli thereby providing the necessary intra-modal controls. They
established that both visual and auditory tasks predicted first grade

achievement, but that the visual and auditory task was easier than the

auditory to visual task for both able and retarded readers. The auditory

to auditory task, an intra-modal comparison was the most difficult of all.

14

If the tasks in these early studies are re—interpreted as varying
N

along temporal and spatial dimensions as well-as auditory and visual then

the results not only indicated that the ability to equate temporal and

spatial stimuli differentiated good from poor readers, but also that it
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was more difficult to match from the temporal to spatial, with the

temporal to temporai matches being the most difficult of all. This %
;supported the notion that problems could be related to perception of

temporal order (TOP) since greatest difficulties occurred on tasks with

temporal input. However, since quite different processes could be in-

volved in handling temporal-spatial dimensions as compared with modality

components, it was difficult to determine if the retarded readers had dif-

ficulty in inter-modal transfer, as suggested by the early researchers, or

with temporal-spatial transfer. Subsequent studies have systematically
attempted to.sort out the confounding modality and temporal-spatial com-
ponents by pfésenfing stimuli réquiring temporal spatial matches within the ° s
same sensory modality. Among the first to do this were Blank and Bridger
(1966) using a task similar to that of Birch and Belmont (1964) eﬁcept that
temporally presented short flashes of light were used in place of temporally

presented sounds. They found that retarded readers were less able thag

B ok e

normal readers to match stimuli differing on the temporal-spatial dimen-

S

sion within the same modality, At the same time, no significant differences
bétween reader groups were noted in matching spatial to spatial stimuli.
Rudfiick, Sterritt and associates (1967, 1971, 1972) carried out ex-
tensive studies which attempted to assess the various roles of audition, ]
. | vision, temporality and spatiality. Using flashes of light, morse-like
code taps gnd dot pat£erns in all possible modality and dimensional com-
binations, Rudnick, Sterritt and Flax (1967) de;ermined that a task -
requiring both auditorz/visual integration simul taneously was no more

e

Sl
( , difficult than a task merely involving temporal/spatial integration alone.

Subsequently, it was determined that neither kind of integration in
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combination or alone was more difficult than similar comparisons not
involving integration (Rudnick, Martin & Sterritt, 1971; Sterritt,
Martin & Rudnick, 1971). In general, however, spatial patterns were
easier to compare than temporal. Purely spatial tests were simplest;
tests involving both spatial and temporal were intermediate in difficulty,
.
while temporal to temporal were hardest. These findings, supp‘orting
those of Blank and Bridger (1967), were also corroborated in a study by
Goodnow (1971) and served to demonstrate the relative unimportance of
sensory mogality. However, results were determined largely by samples z;f
adequate readers, and so it was possible that the relationships among the
various tasks would be quite different in a disabled group. Subsequent
studies have provided the necessary dizabled and normal reader contrasts.
Bryden (1972) compared performance of able and retarded readers at .
the grade six level by using all 9 possible presentation modes. In con-
trast to Rudnick and associates, he concluded that inter-modal matches
were more difficult than comparable intra-modal ones, and that the spatial

E)

to temporal shifts were the most difficult of all. However, he combined

all the visual to visual and auditory to auditory matches, whether temporal

or spatial, in the intra-modal condition which masked the large differences

between the easy visual to visual s;atial matches and the difficult audi-
tory to auditory temporal matches, This may have allowed the inter-modal
condition to emerge as the most difficult, 1In agreet;xent with the previous
studies, he found that the most difficult tests were those which presented
temporal stimuli as the input standard while those that presented the
visual-spatial stimuli as the standard were easiest.

Although good readers performed better than poor readers on all of
Y .
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Bryden's tasks, only those which required the matching of a temporal

stimulus with either another temporal stimulus or a spatial array

significantly discriminated between the reader groups. This provided
some evidence that temporal order processingwas difficult for the re-
tarded reader group. However, there was a high degree of overlap between

the two groups which Bryden interpreted to mean that temporal ordering

difficulties were not universal among poc}z/readers. " Thus, the possdbility

of subgroups within the disai)led sample was raised. The need for a study .
to compare subtypes of the disabled on the various forms of the spatial
temporal tasks seems to be evident, '

Vandevoort and Senf (1973) compared retarded and normal readers on
four matching tasks, visual-spatial to visual-spatial; visual-temporal to
vi;ual-—temporal; auditory-temporal to auditory-temporal; auditory-temporal
to visual-spatial. Results indicated that the intra-modal visual-spatial
and- auditory-temporal tasks discriminated between the two groups while the ;
other did not. Although statistical é;mparisons were not carried out, i
inspection of the means i:ndicated that both retarded and normal rea;ders
found the intra-modal wvisual-spatial ta‘sk easiest. In contrast to Bryden's
findings, the results do not support an integration hypothesis for either
the modality or spatial-temporal components; they do support the common
finding that tasks involving temporal stimuli are most difficult.

The foregoing investigation (Vandevoort & Senf, 1973), moreover,
presented further evidence of considerable relevance to thej;';iifferentia—
tion of subgroups of retarded readers. Intercorrelations among the four

variables differed widely within and between the normal and disabled

samples, Tasks were not highly correlated among retarded readers, the

«
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only significant one being a negative one between the intra-modal visual-
spatial task and the intra-modal auditory-temporal task. This suggests
there may be a subgfoup weak in spatial processing but adequate in tem~
poral processing, while for other subgroups the opposite may be true.

The final study (Rudel & Denckla, 1976) to be reviewed compared a
sample of normal and learning disabled subjects at various ages on four
tasks: temporal to temporal, temporal to spatial, spatial to spatial,
and spat‘ial to temporal, all within the visual modality. Normal and learning
disabled subjects differed significantly on the temporal/spatial, spatial/
temporal gnd temporal/temporal forms of the task but not on the spatial/
spatial. The order of difficulty from easiest to hardest was the same for
both the normal and disabled groups§ spatial/spatial, spatial/temporal,
temporal/si)atial, temporal/temporal, with the two latter tests not differ-
ing significantly from each other. Correlations among subtests were not

-~reported for the normal group but correlations within the reading disabled
group indicated that temporal/spatial, spatial/temporal, temporal/

# temporal correlated highly with each other while spatial/spatial corre-
lated only with spatisl/temporal. Only the integrative temporal/spatial
task correlated with reading ability. Interestingly, they found that
scores of normal subjects on the temporal/spatial task increased at early
ages and reached a plateau at age nine. Scores also reached a plateau
in the disabled group but at a younger age. The leveling off implied that
not only did the disabled group not outgrow the problem, but they failed
to keep up. This pattern would appear to conform to a deficit paradigm
according to Rourke's (1976) scheme.

- Several generalizations of concern to the present study may be drawn

LR "
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from the evidence presented in the foregoing investigations. First, there
was common agreement that sensory modality is an irrelevant attribute
when differences in integrative skills are‘assessed between normal and
disabled reading groups. Contrary to conventional wisdom and early
assumptions, the integrative tasks, be they of a temporal-spatial or
visual-auditory nature, were not always the most difficult, nor were they
the best predicters of achievement. Although certain inconsistencies
existed in the reported research, for the most part matches from a spatial
standard were easiest. Apparently, the opportunity to initially view the
wBole pattern facilitated making equivalencess or, perhaps the fiéxibility
;o allot rehearsal time, which simultaneous viewing allows, was the opera-
tive variable. Temporal to temporal matches were frequently the most
difficult and were never easier than the temporal-spatial or spatial-
temporal matches. Procedures that best distinguished the able from the
disabled groups were those which required matching from a temporal standard.
That the fasks requiring natches along the spatial-temporal dimension
have a hierarchical order of difficulty and do not all discriminate read-
ing ability raises some important questioné as to why these distinctions
occur., It is difficult t; determine from these studies whether the problem
in the disabled groups is one of translation between temporal and spatial
stimuli, in temporal processing itself, or both. Although studies which
altered the visual stimuli so thét they, like the auditory taps, could be
temporally presented allowed the roles of modality and spatial—temporal
dimensions to be assessed separately, the problem of conceptual equiva-
lence for item (Blank & Bridger, 1966; Goodnow, 1971) still confounds
the integrative process, even when the stimuli are presented within the

same visual modality. The use of dots (spatial) and flashes (temporal)
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which are analagous but not equivalent stimuli demands a form of conceptual
integration that is in addition to equating temporal and spatial attri-
butes. Equating different stimuli,. it is suggested, requires labels be
applied separately to each of the stimuli (lights and dots), and then that
these labels be seen as conceptually equivalent; two different items as

well as two different dimensions must be remembered and matched. In -

short, conceptual equivalence and memory for items still confound attempts
to assess the role of temporal order processing as opposed to temporal-
spatial integration in learning disabled and normal subjects. There is a
need to develop a task that will hold stimuli or items constant across
spatial and temporal dimensions and so remove these complicating variables.
Until this 1is done, the relative roles of temporal order processing and
spatial-temporal integration in relation to learning failure will be'dif-~

ficult to assess.

Summary and research objectives. Evidence presented by’Bryden (1972)
and Senf and Vandervoort (1973) supported the existence of heterogeneity in
their disabled samples and suggest that a study with subgroups of disabled
learners is needed to determine if there are subsamples within the popula-
tion, one conforming to a diagnosis of disordexjs in inter-modal integra-
tion and another conforming to a diagnosis of disorders in sequential |

processing. Further, although there appears to be some agreement as to '

pra—

the relative ease of spatial/spatial matches in both the normal and
disabled samples, this is in conflict with Healy (1975a), who found that
temporal order was easiest to recall in normal populations when item
order was separated from item memory, item form being held constant. It

was, therefore, decided to devise a task that would not only minimize
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item load, but would also hold items constant across spatial and
temporal variations and to administer all possible forms of this task
using temporal and spatial presentations amd response formats within
the visual modality to the subgroupas defined °"in Chapter II. 1If poor
sequential processing 1is associated with congistently low factor 3
functioning, then 1t might be expected that the consistently low factor
3 group would perform part;icularly poorly on the temporal/temporal
variation of the task, and poorly on those forms that have temporal
sequential components, that is, the variations requiring the matching of
spatial and temporal stimuli. They should be distinguishable from those
who have inter-modal imtegration disorders since the latter should per-
form relatively well on the temporal/temporal version with low scores only
on those forms requiring equivalence matching. Further, it might also be
possible to determine if temporal processing problems are specific to
processes at either input or response and thereby in an indirect way,
test Bak;er's (1972) hypothesis that temporal processing disorders® occur
at perception, Additionally, comparisons both within aﬁd between groups
on the other measures of sequential memory, which requf‘re: (1) memory
for item as well as order (central learning on the Hagen test); (2) free
e
recall procedures (Weener Strings); (3) the use of the auditory as wevll
as the visual modality, should help to determine the general or specific

nature of a serial memory disorder,‘if indeed one is found to exist in

the Consistent Factor 3 group.
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Research Pertaining to Hemispheric Specialization

Early knowledge of hemisphere specialization was based on observations
of behavior change following surgical intervention or injury to specific
areas of the brain. However, during the past two or three decades, signi-
ficant advances have occurred in such direct methods of studying hemi-
sphere function. These include the Wada test (Wada & Rasmussen, 1960},
which uses sodium amytal injected in the carotid artery to temporarily
inhibit hemisphere function on the side injected; electrical stimulation
of the cortical surface which elicits behaviors subserved by the under-
lying structures, (Penfield & Robex:ts, 1959); and commissurotomy which,
by severing the corpus callosum as a therapeutic measure for epilepsy,
allows independent contact with either hemisphere (Gazzaniga & Sperry, 1967).
These direct invasive measures, while providing much reliable informatien,
have been largely confined to use with a special segment of the population,
the brain-injured or presumably brain-injured, who may, or may not, be
representative of the total population.

Indirect non-invasive methods have also been used., Although formerly;
assessment of handedness or eyedness was often relied on to determine
dominance, more recently, encephalograms (e,g, Hughes, 1971) and evoked ~
potentials (John et al,, 1977) have been employed, usually for medical
purposes, Of particular interest for an educational setting are the
dichotomous stimulation techniques which present competing auditory,
visual or haptic stimuli through the ears (Kimura, 1968), eyes (McKeever
& Huling, 1971), or hands (Witelson, 1974). In response, the subject

is asked to indicate what has been heard, seen, or felt. More correct

e

[P




. rd Al

114

detections are expected to be made by the ear, eye or hand that is contra-
lateral to the dominant hemisphere, since each ear, eye and hand is
predominantly connected to the opposite hemisphere. Although subject to
inconsistency and error, these procedures are of value because they are
non-invasive and can be used with normal subjects.

Two collections of research papers have summarized 1nvestig:a£ions

into hemisphere asymmetry based on both direct and indirect measurement

techniques (Dimond & Beaumont, 1974; Kinsbourne & Smith, 1974). These

investigations have established that irl most right-handed adults the
right hemisphere subserves spatial, holistic, parallel or simultaneous,
non-linguistic processing while the left hanispt;ere is specialized for
analytic, sequential or successive, linguistic processes. Summaries of
studies with children (Dennis & Whittaker, 1977; Witelson, 1977a) have
also indicated similar results as early as the age of 2 and perhaps younger,
which %ges:s that dominance patterms are present from a very early age.
However, controver.;sy has existed over the role development does or does
not play in hemisphere specialization. In support of the maturation
hypothesis, several lines of evidence documented by Krashen (1972) have
indicated that certain differences in functional asymmetry of the brain
exist between children and adults, First, more children than adults with
right hemisphere damage manifest language disorder (Zangwill, 1967); -
second, :iinjury to the left hemisphere before the onset of speech does not

result in impairment of language function at maturity (Basser, 1962);

third, speech and language function in children, at least until the age of

five and possibly later, transfers to the right hemisphere when the left

(language) hemisphere is injured (Hécaen, 1976). These observations,
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among others, have led to the assumption that the role of the right
hemisphere for language processing i1s 'greater in children than adults.
Lenneberg (1967), whose theoretical formulations are offered in support
of this view, hypothesized that there is bilateral representation of
languag; during the first two years of life and, henceforth, left hemi-
sphere specialization for language function develops during “‘Ehildhood,
being completed-at about puberty.

This maturational view, however, has been recently challenged on
evidence from neuroanatomical studies (Wada, Clark & Hamm, 1975; Witelson
& Paillie, 1973), which showed the presence of asymmetric anatomical
structures in the two hemispheres, behavioral measures (Caplan & Kins-
bourne, 1976; Entus, 1977; Glanville, Best & Levenson, 1977), which docu-
mented lateralized responses in vexzy young infants, and electroencephalo-
graphic data (Gardiner & Walter, 1977), which suggested that te some
extent functional asymmetry has occurred at or prior to birth. Kinsbourne
(1975) has strongly argued against the concept of progressive lateraliza-
tion and has stated that the two lines of evidence can be reconciled by
'simply postulating greater neural plasticity in the early years. Witel-
son (1977a), following a comprehengive review of evidence derived from
various sources including studies using indirect measurement techniques
with normal subjects, concluded that hemispheric specialization for
language could well be established or pre-programmed at birth, but that
this did not preclude the possibility that further development of
speci'alization could also occur. However, it would x.:esult largely as a

secondary manifestation of the development of age-related cognitive

abilities in the mode that had been pre-programmed for that particular
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hemisphez,:e (analytical, sequential, focal for the left; holistic,
simultaneous, diffuse for the right), the changes being additive rather
than qualitative.

The issue as to whether or to what extent hemispheric specializa-
tion does or does not develop has important implications for cerebral
dominance theories of learning disabilities. If cerebral specialization
is progressive, then the popular maturation delay hypothesis (Satz &

Van Nostrand, 1973) 1is of central importance. On the other hand, if
cerebral lateralization 1is largely invariant from birth, both structurally
and functionally, then it follows that learning disabilities, if they have
such a neurological substrate: would be related to deficient or abnormal
hemispheric organizational patterns. Precedents exist for-the postula-

A
tion of differences in patterns of hemispheric organization since it

" appears that some left-handed individuals have an atypical patterm

(Rasmussen & Milner, 1975) and also there is evidence that the sexes
differ (Witelson, 1977b).

The issue concéming the relationship between hemispheric speciali-
zation and learning/reading competence has been debated since the time of
Orton (1925). He hypothesized the absence of cerebral lateralization for -
language as the neurological substrate of the various reading, spelling,
and written language disorders. Accordiné to Orton, memory traces,
"engrams", of perceived stimuli were formed as mirror images in both
hemispheres but would be suppressed in the non-dominant hemisphere by
the clearly dominant one. If, however, dominance was incomplete, then

control would shift inconsistently between hemispheres, causing the orien-

tation, reversal and sequential errors commonly observed in the reading
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and language disabled.

Although he saw "failure to establish the physiological habit of
working exclusively from the engrams of omne hemisphere" (Orton, 1928;
1966, p. 96) as the central problem, he did not specify cause, but the
assumption of abnormal bilateral representation for language was implicit.
Subsequently, the view that-some nonspecific lack of cerebral dominance
is responsible for learning disabilities has been maintained over the
years (Critchley, 1970; Zangwill, 1962). In addition, several authors
(Satz & Van Nostrand, 1973; DeHirsch et al., 1968) have specifically
hypothesized delay in maturation of the left hemisphere, that is, a delay
in the unilateral representation of language as the causal, underlying
factor in learning‘ failure. Others have argued for a neurclogical deficit
in the naturally dominant hemispherg (Gesell & Armatruda, 1940), while
still others suggest minimal injury or insult which possibly causes t*ransh-’
fer of part of the spgech function to the non-~dominant hemisphere, %
giving abnormal bilateral language representation as the problem (Hécaer;,
1976) . Witelson (1976a) has hypothesized that the existence of non-verbal
perception in the dominant hemisphere may account for the difficulties.

It seems likely that some, any, or all of these positions might be
represented within the population of learning disabled children.

L]
Studies of left h sphere function. Kimura (1961) modified Broad-

bent's (1954) original selective listening task by presenting two series

of digits simultaneously, one to each ear, and asking for recall. When

- o
o

correctly reported digitp were analyzed according to ear of presentationm,

it was found that those presented to the right ear were reported more

reliably. This right-ear-advantage (REA), subsequently replicated many
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times, has been interpreted as indi‘cating left hemisphere specialization
for language. Although the usual index has been number of items correctly
reported by each ear subjeéted to a repeated measures analysis, some
(Bryden, 1963b) have used ear order of report (EOR) on the assunllption
that the ear first reported in each instance is an indicator of the most
direct connection to the language hemisphere. Others, in Attempt to
control for different levels of response between groups, have calculated
an error or intrusion index which is the di’fferencg between ear\scores

as a function of the total score (Dorman & Geffner, 1974; Obrzut, 1979;
Yeni-Komshian et al., 1975). Some researchers (Bryden, 1970; Le;;ng, 1976)
have used the ir:ciden;:e of side of greater accuracy to compare groups.
Whatever the procedure, increasing asymmetry of ear scores have been
taken to reflect increasing unilateral languagen‘representation. Whether
or not the dichotic test is sufficilently sensitive ;:o“ interpret degrees
of lateralization, however, has been questioned (Kinsbourne, 1973b;
Witelson, 1977a).

| Using these dichotic procedures, it has been established that a
detectable right ear advantage exists in the majority of right handers.

It is t'rue across a wide age spectrum: adu'lts (Broadbent & Gregory, 1964.;
Bryden, 1963a; }(imura; 1961, 1963; Studdert-Keqnedy & Shankweiler, 1970}; .
school-age children (Berlin, Hughes, Lowe-Bell & Berlin, 1973; Goodglass,

1973; Kimura, l967§ Knox & Kimura, 1970; Ingram, 1975a; MclLean, 1979;

Satz, Rardin & Ross, 1971); preschoolers (Bever, 1971; Hiscock & Kinsbourne,

1977; Ingram, 1975a) and even infants (Entus, 1977). Summariiing 36
studies of children under the age of seven, Witelson (1977a) commented on

the remarkable consistency of reaults, since over 807 of the studies found
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REA even in their youngest groups.

Less conclusive are the results regarding the development of age
related changes in the magnitude of the REA. .Mopst studies with normal
,popuiations of ages varying from I;r-eschool to college appear to find no
increase in asymmetry (Bakker, Hogpkins & Van der Vlugt, 1979; Berlin,
Hughes, Lowe-Bell & Berlin, 1973; Goodglass, 1973; KinsbglGrne & Hiscock
1977; Knox & Kimura, 1970; Hynd, Obrzut, Weed & Hynd, 1979). Some,
however, have reported mcteasing ear asymmetry (Bryden, 1970; Bryden &
Allard, 1976; Satz, Bakker, Teunissen Goebel & Van der Vlugt, 1975): ’
Those .finding no developmental trends have been c¢riticized by Satz (1976) ‘
for using dichotic tests that do not have enough ceiling to measure
diffe;'ences at upper age levels, while Satz himself has been critized for
using tests with insufficient base to tap existing REA at lower age
levels (Kinsbourne & Hiscocic, 1977). The use of consonant-vowel syllables
vhich require simple, phonemic levels of processing ’rather than digits or
words which require processing at higher semantic levels has also been
suggested as .a possible cause of inconsistency of results (Porter & Berlin,
1975). It shquld be no;ed,‘ however, that most studies have used digitd,
and a récent study by Hiscock and Kinsbournme (1980) using dichotic digits
ranging from single pairs to strings of four pairs per trial showed that,
while there‘was a developmental increase in overall recall, there was no
developmental increase in degree of asymeery in children from three to
12 years of age. 1In the light of the methodological problems and the

conflicting evidence, it must be concluded that the issue as to whether

asymmetry is progressive or invariant is far from resolved.
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Studies with learning disabled subjects alone or comparing
disabled with normal learners have also produced inconsistent findings.
Tayior fl962) was the first to report results with learning disabled
children. He found no REA for boys aged 7 to 11, but did find an REA
for girls. Kimura (1967) extended the study to older boys in whom she
found an REA. All this was suggeJtive of a developmental trend since
REA could develop later in.boys than girls. These early studiés,
however, had na normal controls so it could not be determined if the

magnitude of the REA varied as a function of the reading/learning

problem. éubsequen;ly, Bakker, Teunissen & Bosch (1976) have shown that.

an REA seems to be established earlier in girls than boys, with girls
exhibiting laterality by grade 3 but boys not doing so until grade 3 or
6. Moreover, they noted different reading strategiés appeared to be
associated with different degrees of lateralization.

In other studies comparing normal and disabled learners, lack of
ah REA has been reported for disabled groups (Satz & Friel, 1974; Satz,
Friel & Rudegeair, 1976; Witelson & Rabinovitch, 1972; Zurif & Carsom,
1970) . Others have found a significant REA in the disabled.(Bryden,
1970; Leong, 1976; McKeever & Van Deventer, 1975; Satz et al., 1971;
Witelson, i9763; Yeni-Komshian et al., 1975). Although results
concerning ear advantage are inconclusive for the learning disabled, it

has been generally found that, both ears considered, their level of

recall iIx lower than that of normal learners. This makes assessment

nces regarding the relative maynitude of REA a difficult

.

task. Of those who found a significant REA, Satz et al. (1971) and

of group

Leong (1976) reported that the magnitude of the REA was greater in the
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control group, while others (Witelson, 1976a; Yeni-Komshian et al.,

?
1975) found no difference. Bakker, Smink & Reitsma (1973) found that
at younger ages able readers demonstrated less asymmetry than disabled
reader; which later was interpreted to meaé that in early years both
hemispheres can mediate language, but in later years only the left can
do so (Bakker et al., 1976). Using visual stimuli, Tomlinson-Keasey &
Kelly (1979) have also shown that skilled readers display less hemispheric
specialization for words than unskilled readers.

It is difficult to interpret these results given the possibility of
basal and ceiling effects and the variability of response levels over age
and between groups. That the majority of learning disabled children have
an RﬁA seems to be supported; it is not clear, however, if there 1s a
difference in magnitude of the REA compared with normal learmers or if
REA develops later relative to normal learners. The presence of subtypes
in the disabled group may have contributed to this confusion. Witelson
(1977a) noted that learning disabled children with pervasive language
disorders had dichotic scores suggestive of abnormal hemisphere
specialization buf those with specific reading disability did not.

One such study concerned with subtype differences was carried out
by Obrzut (1979) who compared disabled readers grouped according to
Boder's (1973) scheme - dyseidetic, dysphonetic and alexic. Surprisingly,
the dysphonFtic group, that is the group presumed on the basis of error
types to hﬁve difficulty with phonetic and linguistic processing, was the
only one to exhibit an REA. They also recalled fewer stimuli, both

auditory and visual, on a bisensory memory task presented in a successive

temporal format. The author suggested, with reference to the attemtional
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hypothesis of Kinsbourme (1975) and the observations of Kinsbourne and
Hiscock (1977), that perhaps the alexic and dyseidetic readers had
distributed attention between two channels in an attempt to relieve . i
boredom and that this lowered asymmetry. It was noted that higher
variability occurred in left ear scores than right ear scores which
suggested that some reader groups suppressed left ear scores while others
processed them. If dichotic listeniqg is an attention-related task and

left ear scores may be copsidered to be intrusion errors as Obrzut suggests,

then left ear scores may correlate with measures of eitraneous processing
on the Hagen cenf}al-incidental task and thereby help to define a ) {
distractible subgroup. -
In conclusion, the literature consistently reveals the presepce of |
a right ear advantage in nomal learners across a wide age range, but
there are inconsistent findings regarding the REA in learning disabled
populations. This inconsistency may be reflective of heterogeneity,

and therefore, abnormal hemisphere specialization in at least part of
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the latter population. It appears that it would be valuable to examine
Qichotic recali in specific subgroups of disabled learners and to relate
the scores to other purported measures of left hemisphere function and
attention in order to bette; understand the incidence and meaning of

this variable in such children. The literature has also sﬁffested that
length of digit strings and length of assessment ifself may affect results,
and that these factors must be taken into consideration wﬁen designing

dichotic listening tests for learning disabled children.

Studies assessing right hemisphere function. The role of the right

hemisphere in reading and spelling problems is perhaps less obvious than
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that of the left. However, it has been demonstrated that perceptual
analysis (Gibson, 1971) as well as linguistic operations are character-
istic of the early learningtto read process, and it has been observed
that certain types of disabled readers and spellers ma@e visual-spatial
errors (Boder, 1973). Moreover, in studies of the brain injured (Levy,
1969; Milner, 1974), it has been found that atypical language represent-
ation in patients with early-occurring brain damage is often associated,
not with lower verbal ability, but with impaired spatial sﬁills,

N

apparently because the right hemisphere is required to medig;e both types

N\
of processes. The converse may then also be true, and impaired verbal

ability may be reflective of involvement of the left hemisphere in spatial

processing (Witelson, 1977b). This being the caée, it seems that any
attempt to relate hemisphere specialization to learning disorders should
be concerned with the functional specialization of both hemispheres, not
just the left.

Measures to tap right hemisphere function typically employ holistic,
spatial, non-verbal material presented by eye, ear or hand in the
familiar dichotomous stimulation format. However, unlike assessment for
left hemiéphere function where dichotic digits are frequently used, no
one measure has been largely employed, and therefore, an integraéed
review of results is difficult to achieve. Right hemisphere superiority
has been found in adult males when visual and auditory materials such as
human figures and envirommental sounds have been presented gimultaneously
to ear and eye (Bryden & Rainey, 1963; Fontenot & Benton, 1971; Geffen,
Bradshaw & Nettleton, 1971; Kimura & Durnford, 1974). Similar results

-have also been found in the auditory and visual mode with children
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(Knox & Kimura, 1970; Marcel & Rajan, 1975; Witelson, 1974, 1976a),
even for those as young as 1% months (Entus, 1977). Right hemisphere
specialization has also beén reported for haptic perception in adults
(Benton, Levin & Varney, 1973; Dodds, 1978; Flanery & Balling, 1979)

and in older school-age children (Flanery & Balling, 1979; Levy & Reid,
1976; Rudel, Denckla & Spalten, 1974; Witelson, 1974, 1976a). Consistent
results with younger children in the haptic sensory mode await advances
in test procedures as investigations have found that the tasks were too
difficult even when one-handed stimulation was used (Flanery §& Bélling,
1979; Witelson, 1977a). Although a few studies using these procedures
have reported non-significant asymmetry (Anderson & Barry, 1976; as cited
in Witelson, 1977a; Reitsma, 1975), evidence for right hemisphere
superiority in spatial, holistic processing in school age and older
children seems to be well documented. Strong supporting evidence comes
also from studies using electroencephalographic measures (cf. Witelson,
1977a for a review). 1In contrast to studies of left hemisphere asymmetry,
sex differences have been reported (Q;rcel & Rajan, 1975; Knox & Kimuyra,
1970; Levy & Reid, 1976; Witelson, 1977b), with girls typically not
showing the same degree of lateralization as boys.

Developmental studies are sparse in this area. Two of the most
completeghave been carried cut by Witelson (1974, 1977b) who devised a
dichotomous stimulation shape discrimination test, presented in the haptic
modality. Since the discrimination of shape that is not readily coded
verbally has been demonstrated to be largely a function of the right
hemisphere (Milner & Taylor, 1972), two meaningless, ''nonsense’ shapes,

not easily labelled, were presented simultaneously, out of view, one to
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each hand. Competing stimull thus vied for transmission to the hemisphere
specialized in processing such information. If the processing were in the
right hemisphere, then the contra-lateral, or left hand, should havé the
advantage of initial direct transmission, and more correct detections should
occur with it than with the right hand.

Witelson's response format required each subject to pick out the two
palpated stimuli from a visual display of six shapes which had many of
the holistic properties of the explored stimuli. Ten such trials were
gilven and the number of correct responses were determined for each hand.
It was found that normal boys ranging in age from 6 to 14 years had greater
left hand accuracy, indicating right hemisphere specialization for spatial
processing (Witelson, 1974) . Similar results were also reported with a
much larger sample of nomal boys of ages 6 to 13 (Witelson, 1977b). The
author interpreted her -results to mean that normal boys demonstrated right
hemigphere specialization as early as 6 years of age.

Flanery and Balling (1979) studied developmental changes for right
hemisphere specialization in 1lst, 3rd and 5th grade school children and
a group of adults. They used a variation of the Witelson task but required

a same-different response format in which the match was also to an haptic

. rather than a visual criterion. In addition, the authors reported that

they changed some of the shapes to make them less amenable to verbal
labelling. A measure called a laterality coefficient which corrected
for differences in level of response between groups was also used.
Contrary to Witelson, they found age differences in hand advantage.
The left hand (right hemisphere) was more accurate than the right hand

(left hemisphere) for fifth grade children and adults, but not for lst
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and 3rd grade children. The authors attributed these effects to

the greater sensitivity of their materials and procedures to age
differences. However, it is possible that asymmetry in young groups
was obscured by the difficulty of the task and by the same-different
format which encourages guessing. Moreover, when data were analyzed
using the same procedure as Witelson's (analysis of variance with
repeated measures for hands), no age by hand interaction was found.
It appears that further study with age appropriate materials and
longitudinal samples will be needed before firm conclusions can be
drawn regarding age trends.

Few studies have compared normal and learning disabled populations.
Witelson (1976a) reported that dyslexic boys of ages 6 to 13 demonstrated
no hand asymmetry on her dichhaptic task in contrast to normal male
readers who exhibited a left hand advantage. Although the total number
of correct detections did not differ between groups, the right hand scores
of the poor readers were significantly higher than those of the normal
group. On a task which involved letter shapes, a verbal rather than
spatial stimulus, normal readers exhibited a right hand superiority
whereas the disabled readers exhibited better left hand recognition.
Moreover, they made more correct left hand detections than normal readers
but fewer correct right hand detections. Witelson concluded that, taken
in total, these results could mean that poor readers have:

(1) bilateral representation of spatial functions, that is, a

lack of right hemisphere specialization for spatial processing;
(2) dysfunctionqin left hemisphere processing of wverbal functions.

It was suggested that the reading difficulties in the disabled group could
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stem from the left hemisphere being required to perform the usual
functions of the right hemisphere as well as its own. Interestingly,
normal girls (who were good readers) also manifested bilateral spatial
representation and so Witelson suggested that perﬁaps they might have
greater neural plasticity which would account for their lower incidence
of reading problems. She speculated that the brain may be a "sex organ"
(1976b) with somewhat different cognitive specializations in males apd
females,

Some writers, for example Rourke (1978), Satz (1976), have found
Witelson's interpretation somewhat perplexing. Objections appear to
focus on the explanation that bilateral spatial representation can be at
the same time indicative of enhanced plasticity in one sex, but of
deficient functioning in the other. Further, Rourke (1978) has commented
that it seems inconsistent that bilateral representation for spatial
processing should be found in reading disabled boys since there is
considerable evidence that they perform well on spatial tasks which
demand integrity of the right hemisphere (Guyer & Friedman, 1975; Lyle
& Goyen, 1969; Symmes & Rapoport, 1972; Vellutino, Steger & Kandel, 1972).
Studies which have subtyped disabled readers according to visuospatial
versus other competencies have found a low evidence of poor readers
characterized by wvisuospatial problems (Boder, 1973; Mattis et al., 1975).

Although no ot£er known studies have compared disabled and nommal
learners in the haptic mode, Marcel and Rajan (1975), using visual half-
field procedures found that poor readers actually had greater asymmetry
than good readers. On the other hand, Yeni-Komshian, Isenberg and

Goldbérg (1975), again in the visual modality, found poor readers to
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have less lateralization of function in that they showed deficient

right hemisphere function for spatial material. Witelson (1976a)
reported appropriate lateralization for good readers but no significant
lateralization for poor readers. Pirozzolg (1978), reviewing.these
divergent results, suggested that subgroups may account for the contra-
dictory findings. Given these inconsistent results and the speculation
that reading disabled subtypes may exist with differing patterns of
hemispheré specialization, it would be of considerable interest to
examine the performance of the two subgroups in the present study on
tasks representing both left and right hemisphere function. This is
particularly so since the two groups have been shown to differ on Factor
1 subtests derived from the WISC-R performance scale which has been
largely considered to reflect right bﬁé;sphere function, and on Factor 3
which is more representative of left Remisphere activities.

Summary and research objectives. i In conclusion, the literature has

suggested that there is considerable controversy over how much and in
what way cerebral dominance develops. Some evidence has been presented
to suggest that nfmisphere specialization may not develop significantly
over time, but may be relatively fixed and invariant from birth. If this
were 80, and if learning disabilities were related to patterns of
hemisphere specialization, then one might hypothésize that the learning
disabled would exhibit a pattern of lateralization that is different

from that of normal learners. This is in contrast to the popular
maturational delay hypothesis which sees a lag in the development of
normal hemisphere specialization patterns as the basis for reading/

learning disorders.

P
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Although results from studies with disabled populations are less
consistent than those with no;mal populations, there is some reason to
believe that learning dis b{fggboyswgaffzkhibit a pattern of hemisphere

s
organization that is different from that of adequate male readers. The
inconsistency of results with heterogeneous groups of disabled subjects
has encouraged speculation that different subgroups of disabled readers
and learners may have different patterns of hemisphere lateralization.
Since the patterns of factor scores demonstrated by the Consistent
Factor 3 and Inconsistent groups can be associated with WISC subscale
discrepancies, and thereby related to hemisphere function, it would be
of interest to determine if the Consistent Factor 3 group which exhibits
atypical WISC-R factor score discrepancies also exhibits atypical
hemisphere specialization patterns as measured by the dichotic and
dichhaptic stimulation tasks. s

It is recognized that, given the indirect nature of the measurement
techniques and the questions regarding the validity of the instruments,
evidence concerning hemisphere specialization must be interpreted
with much caution. The literature suggests that 3 possible relationships
and interpretations might be hypothesized: (1). If low factor 3 scores
are associ;ted with impaired left hemisphere function, then it might be
expected that the Consistent Factor 3 group would fail to exhibit an REA
relative to the Inconsistents who have significantly higher factor 3
scores. (2). Howev;r, if as Witelson suggests, deficient verbale
sequential functioning may be associated, not with abnormal left

hemisphere specialization, but with abnomal right hemisphere speciali-~

zation for spatial processing that possibly interferes with verbal
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processing because both are in the left hemisphere, then it might be
expected that the Consistent Factor 3 group would display a typical

REA, along with atypical hand aévantage scores on the dichhaptic
stimulation task. Further, this atypical hand advantage pattern should
be negatively correlated with performance on verbal, sequential tasks
such as right ear dichotic recall and the temporal/temporal form of TESP.
(3). Or, again, if as others have suggested (Kinsbourne, 1975; Obrzut,
1979), left ear scores (and presumably right hand scores) are intrusion
errors reflecting failure to attend selectively to the central stimuli,
then failure to d%sPlay normal patterns of lateralization (REA and LHA)
could be associated with low selective attention scores, high scores on
incidental learning and low embedded figures performance. In particular,

*

right hand and left ear scores should correlate positively with incidental

learning scores, since all would be measures of susceptibility to intrusions.

Re-statement of General Research Direction

The foregoing review of developmental trends and differences in able
and disabled learnmers in 4 main areas has pointed to the need for an
investigatipn of these functions in subgroups within the learning disabled
population. Specific research objectives concerning possible differences
between the subtypes identified im Study No. 1 were stated at the end of
e;ch separate literature review, and so will not be reiterated here.
Several broad questions can be posed to present an overall focus for the
account of Study No. 2 which follows:

1. Do the two subgroups that differed as to consistency and levels
of factor 3 functioning also differ as to levels of attentional selectivity
and/or sequential processing, two processes which have been identified in

the literature with factor 3 functioning?
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2. Can the levels of functioning in the attentional and sequential
processes be understoad in relation to the control procesgses used to
perform the tasks, or in relation to the levels of recall on tests
varying as to spatial versus sequential presentation and response modes?

3. Given the observed subgroup differences in WISC—B factor score
disparity, are there also subgroup differences in hemisphere specializatiom
patterns as measured by dichotomous stimulation tasks?

] 4. 1Is there evidence to suggest that hemisphere patterns may underlie
functioning in the other processes? Can the observed patterns of hemisphere
specialization be related to the observed functioning in the other
dependent variables and functioning on the WISC~R?

There now follows an account of the investigation designed to thrd&

:

light on some of these questions.

Methods and Materials

Subjects .

Subjects were drawn from the Consistent Factor 3 and Inconsistent
subgroups defined in Part I of this investigation. To decrease variability
in the age range, only those boys who were between the ages of lé years
6 months and 15 years 6 months at the beginning of this test program
were included. One individual was unavailable because of lllness and
so fifteen subjects remained in the Inconsistent group. For ease of
analysis, an equal number of subjects was drawn at random from the

Consistent Factor 3 population. Written consent for further testing
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was obtained from the parents and verbal consent was given by each of
the 30 subjects. . )

Since no similarly tested group of able learners was availablelfor
study, access was qyﬁained to a group of boys who were from the same
school jurisdictfgn/as the iearning disabled samples and who were being
studied concu;rently in a developmental study of nomal readers supervised
by the Department of Educational Psychology, MeGill University (McLean,
1979). This sample of able lefrners was originally selec;ed by McLean
(1979) on the basis of age (mean = 164.7; months standard deviation = 1.4)
and teacher opinion concerning their abilities as average readers. Details
of selection and sample characteristics are described more fully in McLean
(1979) . Because this group of normal learmers differed significantly in
I1.Q. (mean = 116.0; standard deviation = 10.5) and in age variability

from the disabled learmers in this study, they were not included in

direct statistical compariéons with the disabled subtypes but rather

.
Bl

were studied to provide data as a basis for general contrast and inter-
pretation. They are called "able" learners in this investigation to
differentiate them from the "disabled" learmers.

Instruments and Procedures

Achievement tests. Evidence about the general reading and spelling

competence of the three populations was obtained using the age appropriate
Speed and Accuracy subtest of the Gates-McGinitie Reading Tests (survey
D-Form 2M or Survey Form 1M), the Slosson Oral Reading Test, SORT,
(Slosson, 1963) and the spelling subteét of the Wide Range Achievement
Test ( Jastak & JastaL, 1965). These instruments are widely used

standardized measures and yield results in terms of grade level and/or
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standard scores. Reliability and validity information are contained

in the manuals accompanying the tests.

Tests of attentional selectivity. A six-item version of the well-

known Hagen Central-Incidental Learning Test (Hagen, 1967) was

"adninistered in a successive temporal format according to instructions

published by Tarver et al. (1976). Materials and specific instructions
a;e in Appendix D . Each of the six cards pictures an animal and a
household object and was displayed consecutively for 2 seconds, then
turned face down in front of the subject. After the sixth card had
been displayed, the subject was showﬁ,a card with only an animal on it
and was asked to indicate which of<fﬁ; face~down cards had pictured

that particular animal. The same animals and household objects appeared
each E}me but the order was different (see Appendix D). The procedure
was. repeated 12 times, each serial positon prerd twice in an order
chosen at random. The same order was maintained for all subjects, but
to control for effects of fatigue or boredom, tﬁé’starting position in
the series was systematically rotated among subjects. The number of
corfect position detections was the measure of central learning for a
maximum total scoré ‘of twelve. Following the co;pletion of the serial
probes, the subject wag given a set of animal pictures and a set of

household object pictures and was unexpectedly asked to pair or match

them as they had been on the cards. This was the measure of incidental

4

learning, for a maximum score of six,
Following the cémpletion of the test, subjects’ were asked to describe

and to demonstrate how they had remembered the’ order of the animals.

)

A second measure of attentional selectivity,‘a\paper and pencil \
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embedded figures test was also used in this study (Thurstone, 1944).

- This instrument presented the subject with a figure accompanied by
four drawings. The subject was asked to determine if the designated
figure was hidden in the drawings and to place a check mark beside the
drawing if it contained the figure, a zero if it did not. Ten minutes
wgre allowed for completion of th; test which contained 35 items.
Maxjimum score was (35 x 4) = 140. Complete instructions and sample
items appear in Appendix D.

Meagures of use of control processes. The Weener! Test of Varying

Linguistic Structure consisted of ten-word strings that varied acgording
to 4 levels of linguistic organization: no associations 'and no syntax
(nasswo), no associations with syntax (nassw), associations without
syntax (asswo) and associations with syntax (assw). Test materials and
precise instructions for its administration appear in Appendix D. Six
rexamples of each type of structure for a total of 24 strings were given
in an order that was determined randomly. The strings were pre-recorded
on tape and presented auditorily without intonation or inflection over
headphones at the rate of approximately two words per second. A

~ Wollensak cassette player2 with listening station outlets for both
experimenter and subj;ct was used. TFollowing presentation gf each string,
the expé}imenter stopped the tape and signalled to the subject to recall,
in any order, as many of_the words as possible. Score was tofél number
of words correctly recalled. lIn addition, the order of report for each
word was tabulated so that recall strategies could be inferred. All
subject responses were recorded for verification of scorindg.

A furthertmeasure of strategic control was obtained following the
q

s ot it s Wi A ¥




i T

-

- - - aam m .

AN
{ /’}/\\
< . 133

central-incidental task when the subject was asked to describe and
demonstrate rehearsal strategies. Serial recall curves were then
plotted to infer presence or absence of rehearsal procedures. Numbers
of correct detections, corrected for response bias (Donaldson & Strang,
1969) were plotted against serial position.

Measures of temporal-spatial processing. A test to explore spatial

versus temporal order processing (TESP) was devised for use in this
investigation (Appendix D ). TESP consisted of novel figures given in
both spatial and temporal presentatioﬂs Land required both types of
response modes. There were, therefore, four variations: spatial to
spatial, spatial to temporal, temporal to spatial and temporal to
temporal. In the temporal presentation forms, the figures or symbols
appeared on separate cards. In the spatial presentations the figures
appeared on grids. This technique allowed the same novel symbols to
be used in both temporal and spatial modes agd the confounding effect
of item translation was eliminated. Skill in translation between
spatial and temporal dimensions could then be more precisely determined.
Since the same novel ftems were used at'each level in the test and the

subject was suppliled with the items or figureﬁ, being required only to

‘ reconstruct the spatial or temporal order of the presentation, processing ’

load for item was minimal, allowing order memory to determine the span.
Pilot testing at grad;s 2, 4 and 7 indicated that all subjects as young
as the grade four level could readily label the items. Instructions
were designed to be intelligible to subjects as young a’s seven years.

To insure the test could be used with younger 'children, practice trials

with as few as 2 items were included and the test was devised in levels
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of ‘varying difficulty as represented by varying numbers of symbols.
Three test trials were given at each level. The order for presentation
of the symbols was randomly chosen from all possible presentation orders
at each level with the exception of the deletion of those orders which
were represented by a diaéonal on the spatial grid.

Every subject was given all 4 testﬁvariations, the order of
administration being randomly determin::i for each individual. Present-
ations were one week apart. Time allowed for viewing the symbols varied
according to the number of symbols in each presentation; one second was
allowed for each. Therefore, on the spatial presentations 3 seconds was
allowed for grids with 3 positions, 4 seconds for grids with 4 positions,
and so on. An interval of 5 seconds was imposed between end of present-
ation and response, but no time limit was placed om the response. A
score of one point was given for each correct response for a maximum
of 12 points on each test form. Complete instructions for practice trials
and for administering each form of the test appear in Appendix D.

Measures of hemisphere specialization: Dichotic digits test. The

dichotic digits test presents verbal stimulation (digits) to both ears
gimultaneously so that more correct digits are presumed to be recalled

-

from those numbers presented to the ear most directly connected
(contralateral) to the hemisphere with language representation. It
includes 24 three-digit pairs, twelve of which were presented on tape
at the rate of two digit pairs per half second and the other twelve at
the rate of two digit pairs per one and a half seconds. The tape, made

available through the courtesy of Mr. Laughlin Taylor of the Montreal

.Neurological Institute, was a replica of that used by Taylor (1962) and
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Kimura (1961) and was produced by the Department of Psychology, Montreal
Neurological Institute. Because evidence in the literature (Obrzut, 1979)
suggested that ear switching could occur as a res;llt of boredom during
lengthy test procedures, the number of trials was restricted to those
considered necessary for reliable results.

Digits were presented by means of a Realistic Portable Stereo
Cassette System Model #MD-200 with the earphones being counterbalanced
both intra-individually and inter-individually tg control for possible
channel effects. Recall from the right and left ears was totalled
geparately. A grand total for both ears was also obtained. Tgtal
possible score for each ear was 72 with grand total being 144. A copy’
of the test and specific instructions for administering are in Appendix D.

Measures of hemisphere specialization: Dichhaptic stimulation test.

This test was designed to measure non-linguistic, spatial processing and
to enable inferences to be made concelrning hemisphere specialization for
such processing. It consisted of five pairs of non-linguistic ''monsense"
shapes presen\ted twice, once to the right and once to the left, for a
total of ten trials each. For the test adminstration, the subject sat
facing the. examiner with a large cardboard screen placed between them to
ensure that the subject could not see the shapes. Two sm?ll openings vere
provided at the bottom of the screen th;ough which the subject placed hisg
hands positioned with wrists flat and index and third fingers raised.

The examiner placed a Bristol board, with the two shapes glued 4 inches
apart, under the hands so that when the fingers were dropped the shapes

wve felt. The shapes were palpated simultaneously for ten seconds with

:he\s“econd and third fingers only and arm movements were prevented so
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that only contralateral and ipsilateral processing was involved.
Following manipulation of the shapes, the subject was asked to respond
by pointing with the index finger of the left hand to the two palpated
shapes on a visual display of 6 shapes which contained the two palpated
shapes, as well as two distractor shapes and éwo other shapes from the
test materials. Different recognition displays were used for each trial.
This procedure was repeated 10 times. Correct detections were scored for
each hand separately and a grand total for both hands was also obtained.
Total possible score for each hand was 10, with grand total being 20.
Complete instructions and a description of test material are presented
by Witelson (1974)3.

General Procedures and Data Analysis

>

All testing was carried out during regular school hours in a private
area made available for this purpose by the home school of each subject.
The cémplete test program was carried out in four separate sessions held
one week apart. Each test period lasted approximately one hour and,
insofar as possible, the following schedule was maintained:

Day 1 TESP 1, Weener Test, Harris Test of Dominance.

Day 2 TESP 2, Dichotic digits, Central-Incidental Test.

Day 3 TESP 3, Dichhaptic Stimulation Test.

Day 4 TESP 4, Group tests: Reading, Spelling, Embedded Figures.

The standardized achievement tests for reading and spelling and the
embedded figures test were administered in small groups jointly by the
author and an assistant. The Weener Test of Varying Linguistic Structure
and the Dichotic Digits Test were recorded on tape and administered by
the assistant to part ¢of the group. All other testing of the disabled

learners was done by the author.
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'  Data for normal learners wereobtained jointly with McLean (1979).
She personally administered the Wechsler Intelligence 'Kest (revised), the
Dichotic digits, TESP, (which she reported on as the MacKenzle Spatial-
Temporal Test) and the academic achievement tests. The Central-Incidental
Test, the Dichhaptic ‘Test, the Weener Test and the Effbedded Figures Test
were administered concurrently by the author of this investigation.
Comparisons between learning disabled subtypes were carried out for
all variables using analysis of variance procedures (BMDP77; 1977).
Mult iple mean comparisons were made using Duncan's New Multiple Range
Test with appropriate error terms delineated by Kirk (1968). Inter-
correlations among test scores were determined within and between groups.
N
Stepwise discriminant analyses were carried out to see which tests best
differentiated the groups. Finally, all measures which produced significant
group differences were regressed against the various WISC-R factor score

indices in stepwis: fashion to determine which of the identifying factor

score indices were best predicted by the differentiating measures.

Results and Discussion

Raw scores and descriptive statistics for all variables for the
subsamples of disahled and normal learners are Included in computer
print out form in Appendix E.

The age, IQ and factor score§ of the Consistent lFactor 3 and
Inconsistent subtypes as measured by the WISC/WISC-R over three assess—
ments are pres-nted in Tabie 10. Because these were selected subsamples
of the populations described in Study No. 1, separate analyses of variance

were carried out to ascertain if the comparative characteristics of the
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Table 10. Means and standard deviations of defining variables for
Consistent Factor 3 and Inconsistent learning disabled
samples over 3 assessments, and for able learner groups

on one assessment. N=15 each group.

Consistent Factor 3 Inconsistent Able Learners {
Assessment Mean sd Mean sd Mean sd
I
A,ge 92,9 8.9 91.3 12.0
I1Q .
Full scale 101.7 11.5 98.3 9.7 !
Verbal $7.0 10.5 98.1 12.4
Performance 106.3 14.1 98.8 10.5 ;
i
Factors 1
1. 34.5 7.1 30.5 5.9 i
2. 33,3 5.0 30.3 7.5 - §
3. 25.0 5.3 27.5 4.0 !
II
Age 127.6 11.4 126.9 10.4 ;
IQ i
Full scale 100.5 10.3 94.2 8.3 ;
Verbal 95.7 8.4 97.1 8.9 z
Performance 104.6 15.1 94.3 10.4
Factors :
1. 34.6 8.1 27.5 5.2
2. 30.3 5.4 27.5 5.9 ’
3. 24.1 5.0 27.0 5.8 O‘/’—‘
I1I .
Age 169.3 12.4 169.3 12.9 164.7 1.4
1Q
Full scale 99.2 8.8 91.2 6.1 116.0 10.5
Verbal 93.7 9.2 30.1 8.3 113.1 10.1
Performance 107.2 11.3 97.1 8.9 115.8 12.5
Factors
1. 37.0 6.3 27.1 5.9 36.1 6.2
2. 28.1 5.4 25.7 4.0 37.1 4.7
3. 23.2 3.1 26,4 3.7 34.9 6.4




groups vere similar to those for the total populations. These analyses
(Appendix F) indicated that the subsamples retained the characteristics
of their total populations. That 1is, the groups differed over time on
factors 1 and 3, but not on factor 2 with the Consistent Factor 3 g roup
showing wide disparity and the Inconsistent group minimal variation
across mean factor values. As before, there was a trend for the
Consistent Factor 3 group to have higher performance scores, and
therefore higher full scale IQ scores than the Inconsistent group,
but the groups did not significantly differ on verbal IQ scores.
Further, as before, full scale and perfommance IQ values differed
significantly between groups only on the final assessment. Since it
appeared likely that the increasing IQ disparity could be a result
rather than a c;use of differences in other psychological processes,
and since the groups were matche;ﬂ on the verbal score, and had been
equated on full scale IQ scores on the first and second assessments,
it was decided not to covary IQ when carrying out subsequent comparative
analyses. F 4

I1Q scores for the able learmer group, which were for one test
occasion only, appeared to be considerably higher than those of the
disabled groups (Table 10). Factor scores were also at a high level
and, like those of the Inconsistent group, had little variation or
disparity. These findings are in general agreement with those of
Ackerman et al. (1976) reported in Chapter II. Although mean age of
the able learmers was similar to that of the disabled groups, the wide
diff‘erence in standard deviations was a factor that precluded making

meaningful statistical comparisons between them and the disabled groups.

139
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It should be noted that the two disabled groups were remarkably similar
as to mean age and age variability (Table 10).

Measures of Academic Achievement

-

i

!
Mean grade level scores for readfng afd spelling measures were lower
for the Consistent Factor 3 group than for the Incomsistents (Table 11),
although t-test comparisons indicated that none of the differences were

statistically significant.

Table 11
Means and standard deviations of reading and spelling
achievement variables for Consistent Factor 3, Inconsistent

and Normal Learner groups

Consistent Factor 3 Inconsistent Able Learners

Subject Mean sd Mean sd -~ Mean sd

grade levels

Reading

Speed 6.0 2.8 6.6 2.6 < 11.1 1.6
Accuracy 5.7 2.8 6.0 a9 10.8 2.1
Word recognition 5.9 2.0 6.8 " 1.9 - -
Spelling 4.5 1.4 5.0 1.6 9.4 1.7

* Not administered because of insufficient ceiling on the test.
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There was a trend for differences between the Consistent Factor 3
‘and Inconsistent subtypes to be significant on the speed index of the
Gates-McGinitie (t = 1.709, df = 8, p = .098) and on word recognition
as measured by the Slosson Oral Reading Test (t = 1.801, df a 28,
p = .083). Since the latter test also required responses within a time :
limit, processing or response speed may be a variable that if tested with

greater precision would show subtype differences. That scores on the

two variables were significantly correlated in the Consistent group

(r=0.73 , p = .002), but not in the Inconsistent group (_1: = 0.27, i

® e abnut

p = .32), supported this notion. In general, it must be concluded that
the two disabled subtypes were not readily distinguishable from one
another on the basis of these gross measures of achievement.

Inspection of the scores of the able learners, who it will be
remembered, were drawn from the same school population as the disabled

learmers, and who were judged by their teachers to be "average'" readers

i i i R

and spellers, shows them to be approximately 4 to 5 grade levels above
the achievement levels of the disabled groups on all tested academic
variables. Mean expected grade level, as determined on the basis of

present age mimﬂd:e of entrance according to regulations for the

school system, was approximately 8.6 for both the &isabled and able

learner groups, indicating that both the disabled subtypes performed

two or more grade levels below expectancy on all the achievement measures, {
with the able leamjs being two grades above in reading and one grade
above in spelling. The disparity between actual grade level scores of

those reported to be average learners and their teachers' rating 1is of

interest and could suggest that the actual average learners (that is,

{
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those who would normally achieve at grade level) may have been subsumed
in the learning disabled population.

Measures of Selective Attention

The central-incidental task. Consistent Factor 3 subjects processed

s$ignificantly less incidental information than the Inconsistent group

(Table 12). Since significant differences occurred on the incidental
scores, it was considered appropriate to compare the groups on the select-
ive attention efficiency index (I central learning - Z incidental learning).
The Consistent Factor 3 group was found to have significantly higher
selective attention efficiency (Table 12). Therefore, contrary to
hypotheses based on speculative comments in the literature that low

factor 3 scores were associated with distractibility (Kaufman, 1975;

Rugel, 1974), the Consistent Factor 3 group with low factor 3 scores did
not seem to be as distractible as the Inconsistent group whose factor 3

v

scores were significantly higher.

Table 12
Comparison of incidental leam:i.ng1 and selective attention scores

for Consistent Factor 3 and Inconsistent groups

) Groups
Consistent Factor 3 Inconsistent
Variabl
ariable % sd z sd  df ¢t p
Incidental learning 1.7 .38 2.1 .53 28 2.10 .04
Selective attention 34.4 5.54 28.1 9.56 28 2.21 .04

1 Square root conversion
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( No significant group differences in amount of central learning
" were found when a 2 (groups) x 6 (serial positioms) analysis of variance

with repeated measures for serial position was used (Table 13).

Table 13
Analysig of variance for central learning scores
as a proportion of items correct at each serial posit:i.onl
5

for Consistent Factor 3 and Inconsistent groups

Source of variance df Mean square F P
Y
7
between groups 1 4867.20 1.24 .27
error 28 3914.05
position 5 3005.06 3.70 -004
. position x group 5 380.85 47 .87

exrror 140 812.21

1 corrected for response bias (Donaldson & Strang, 1969).
LY

The significant F value for positions w.as explored using Duncan's New
Multiple Range procedure (Kirk, 1968) aned revealed that higher scores
occurred at the primacy and recency positions, but not at any other
position (Figure 5). This was‘true for both groups as indicated by
the nonsignificant group x position interaction. )

Correlations between central and incidental learning scores were

( negative and nonsignificant in Both groups (Table 14). 'I}e r value was
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Table 14
Intercorrelations among measures of selective attention
) -
7 yithin Consistent Factor 3, Inco‘nsistent and Able Learner groups.
Consistent Factor 3 Inconsistent : Able Learner
<
central incidental selective central incidental selective central incidental selective
learning learning .attemtion learning learning attention learning learning attention
embedded b * ' t ’ .
-0.41 0.56%% .0, 604% 0.47 -0.17 0.33 0.34 - 0.06 0.21
figures N .
central -0.23 0.79%* -0.45" 0.79%% 0.01  0.11
learning
incidental ~0. 75k B ;0_90**4 0. 0*3
learning L -
s
.13 P < 01
Y p<.10
}
W * );
e W
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greater in the Inconsistent group, however, and approached significance
(p = .10). Because of the large number of maximum incidental learning
scores in the Inconsistent group, a ceiling effect may have attenuated
the trade-off between central and incidental learning. It is therefore
plausible that low central learning in the IAconsistent group could be
related to a tendency to process incidental information, i.e., to be
di#tractible.

Although the Consistent Factor 3 group processéd fewer incidental

stimuli, they did not perform significantly better on the central learning

task. This, a
relationship enco\rages speculation that their failure %o outperform the
Inconsistent group in central learning was related to some coguitive .

process associated with the task itself. Thus, in terms of patterns of

performance as developed from the review of literature (page 80 ), the

Consistent Factor 3 group conformed most closely to pattern 2. The

Inconsistent group, however, with low central learning, high incidental

learning and a trend ‘to significant negative correlations between the
two scores conformed most closely to pattern 1 which has been previously
interpreted as sugéesting distractibility.

Embedded figures. Scores on the embedded figures task did not

significantly differentiate the two groups (Table 15). Moreover, when
. ’
the embedded figures scores were correlated with other measures of

gselective attention (Table 1l4), two very different patterns of relation-

ships were obtained within each of the groups. In the Consistent Factor

3 group, the embedded figures scores were significantly correlatehkuith

the incidental learning and selective attention indices, but, surprisingly,

L]

g with the nonsignificant nature of the central-incidental

¢
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Tab}e 15

Comparison of mean values on embedded figures scores |

for Consistent Factor 3 and Inconsistént groups

Mean , sd .t df P
Consistent
Factor 3 81.5 18.2
1.04 28 .31
Inconsistent 73.9 21.5

S

in directions opposite to those that would be predicted if all were
measurey of selective attention since scores on the embedded figures task
were positively related to scorés on the incidental learning task and
negatively related to scores on the selective attention index. In the

case of the Inconsistent group, it was found that the embedded figures

sci:?s were not significantly related to either incidental learning

scétes or the selective attention index, élthough the relationships
were in the direction predicted if all were measures of atFentional
sélectivity. Given the foregoing results, it is not unexpectea that
agssoclations between central learning and embedded figures were in
opposite directions in the two groups (Table 14).

These results are in agreement with Peters (1979) who found there
was little relationship among the various purported tests of selective
attention and proéide support fqr the contention of Douglas and Peters
(1979) that studies using selective attention tests should not under- )
emphasize the importance of the other cognitive processes measkred by

’ »

these tasks. 4
a/

v
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Self-report of rehearsal strategies. The relatively high scores

observed in the primacy position of the serial curves suggested that
both learning disabled groups used some form of control strategy to
maintain items in short term memory. This was confirmed by the subjective
accounts of the individuals in which 10 of 15 in the Consistent Factor 3
group and 9 of 15 in the Inconsistent group reported using some form %f
cuﬁulative rehearsal over the 12 trials with an additional two subjects
in each group indicating they had used cumulative rehearsal for at least
a portion of these trials. Other strategies such as paired association
with position tag and labelling were also used by an equal number of
subjects in each group with one subject in the Inconsistent group having
reported using a non-verbal procedure. Thus, it appeared on the basis
of self-report that the rehearsal procedures u;ed were similar in both
groups. Although the elevated, somewhat flattened portion of the serial
curve'a:\;ositions 4, 5 and 6 suggested that those in the Consistent
Factor 3 group also might have used some form of chunking of the last
three items, none of these subjecfg reported using this strategy, nor
was it apparent when they demonS8trated how they had remembered the
aﬁimal positioné. There is, then, no compelling evidence either from
analysis of learning curves or from their own subjective accounts to
suggest differences between these subgroups in the use of r;;:;;Eai.

strategies on this task.

General comparisons with able learners. The literature had indicated

that the expected response pattern of able learners at the age under

L3

investigation would be that of pattern 3 (high central scores, low

i
incidental scores with a high negative correlatiom between the two) .
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But, in the present sample of able learners, although the mean proportion
A4

of correct responses on the central learning task was high, being over
80% with several individuals achieving maximum scores, incidental learning
scores weré also high (% = 3.1), and there was a zero correlation
(E_z -0.005; p = 0.98) between the two variables. Thus, a type 4 pattern
was found, indicating that the memory load on the central task had probably
not been sufficient to elicit a trade-off between central and incidental
learning in this group. de

yAn inspection of the serial learning curves of the able learners
in relation to those of the Consistent Factor 3 and Inconsistent groups
(Figure 5) indicated that the able learmers' responses were relatively
high in that portion on the curve (primacy) which Crowder (1976) has
hypothesized to be under the influence of control processes such as
rehearsal strategies. Differences between able and disabled learners
were relatively less in the recency portion which is purported to be
influenced by structural processes.

Rehearsal strategies in the able group, according to self-report,
were characterized by cumulative rehearsal and by chunking. Demonstration
revealed that these subjects verbally rehearsed at the end of every
second or third item only. This form of chunking could have ‘facilitated
learning since it allows more time to attend to each individual stimuli
and i{s of particular interest because none of the learning disabléd

subjects displayed this procedure during their demonstrations of rehearsal

procedure.

L
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Evidence Concerning the Use of Control Processes: Weener Strings

No group differences in total recall of words across all 4 levels
of structure were revealed using a 2 (groups) x 4 (level of structure)
analysis of variance with repeated measures on structure levels (Table 16).
The significant group x level of structure effects indicated that there
were group differences in respgnse to levels of structure (Figure 6).

It can be observed that there was greater variation in level of response.
to increasing structure in the Consistent Factor 3 group. Application

of the New Duncan Multiple Range procedure (Kirk, 1968) revealed significant
between group differences on recall of unstructured strings (nasswo) and

in the recall of strings with both associations and syntax (assw) (Table 17).
The Consistent Factor 3 group performed more poorly than the Inconsistent
group on the strings without structure (nasswo) but better than the
Inconsistent group on the strings which were most highly structured (assw).
There were, however, no significant group differences on the strings with
intermediate levels of structure, associations without syntax (asswo) and
no associations with syntax (nassw). (

Order of difficulty was the same for both groups with recall improving
at each level of increased structure from nasswo through nassw and asswo to
assw. However, the differences in difficulty between the unstructured
strings (nasswo) and strings with syntactical but no associational struc-
ture (nassw) were not significant in either group.

Correlations among the test forms were somewhat different within
eaeﬂ of the two graups (Table 18). Imn the Consistent Factor 3 group,
relationships were high among all forms of the test which could suggest

that a common factor may have operated across test forms to affect

///
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50
assw - association, syntax
48 asswo - association, no syntax
nassw - no association, syntax
46 nasswo - no association,
no syntax
44
42 N,
AN
40 . Able Learner
38 \\
36 \\
\‘
34 \ 0
0\‘ \\s\
- 3 ™~
o - 0
L
g 30 \\\
28 '\\ Inconsistent
Om o
26 " S=—0
24 Consistent
' “SFactor 3
22 s}

)

assw ASSWO nassw nasswo
Levels of structure

Figure 6. Mean scores obtained by Consistent Factor 3,
Inconsistent and Able Learner groups on word
strings varying as to level of structure.
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-+ Table 16
Analysis of variance for recall of word strings
on 4 levels of atructure for Consistent Factor 3

and Inconsistent groups

T =~ e e e el

Source of variation \ df Mean square F P
i
between groups 1 21.68 .21 .65
error 28 { 101.86
level of structure 3 1743.48 175.48 < .0001
level x group 3 89.43 8.99 < .0001
error 84 9.95
Table 17

Mean values for level of structure

for Consistent Factor 3 and Inconsistent groups
«

x4

B e e e e e e e e e e

Gro Strings

up assw asswo nassw - nasswo
*

Consistent Factor 3 42.5% 32.6° 24.3%9 22.0¢

Inconsistent 38.4° 33.7° 26.5° 26.1°

* Scores followed by the same letter are not significantly different.
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Table 18
Correlations among the four forms of the Weener Test
for recall of word strings van“:ng as to structure,

Congistent Factor 3, Inconsistent and Able Learmer groups:

NN
Cohsistent Factor 3 Inconsistent Able L;amer
8V asswo nassw = assv asswo nassw assw asswo nassw
‘ -
nasswo .87%k 86Xk  glax .53% 44 .27 .63% .19 .35
assw L77%% B3Rk .89%* _55% LS4k 71N
asswo T4k . 78%% .55%
* p < .05
** p < .01 .

/‘ functioning in \this group. In the Inconsistent group,‘ correlations were

j generally lower and scores on the unstructured strings were relate;i only
to thoge on the most highly structured strings (assw).

To determine if the heightened sensitivity to structure observed in

the Consi‘sten?: Factor 3' group was equally trule for the two main types of
structure used, a 2 (groups) x 2 (associations) x 2 (syntax) analysis of
variance was carried out (Appendix F, Table 4). OSignificant gTroup
interaction effects were found for both association, F (1, 28) = 14.04,
p < .0008; and syntax, F (l,‘ 28) ; 11.08, p < .003. 1In both instances
recall ny the Consistent Factor 3 group was numerically lower than that

Hf the Inconsistent group in the less structured conditions, but higher

than the Inconsistent group in the more structured conditions. Thus,

J -
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the results of both tyﬁes of analyses supported the conclusion that

s
the Consistent Factor 3 group exhibited greater variation in recall
across differing levels of structure, and in accordance with inter-
pretations in the literature, suggested that they were more sensitive
than the Inconsistent group to the organizational levels. Therefore,
they may also have had a greater use of facilitative control processes
on those strings for which there were significant differences in recall
level.

I1f group differences in level of recall on the unstructured (nasswo)
and most structured (assw) atriu;:.were the result of differences in the
use of appropriate strategies, then this should be reflected in group
differences in (1) the shape of the recall curves (Pike, 1977) as
supported by a group x serial position' interaction effect when an
analysis of variance for recall at each serial position is carried out;
(2) recall strategies as determined by tﬁe order in which items were
reported in a free recall procedure. Moreover, theé two indices should
confirm each other since order of report and accuracy of report have been

previously demonstrated to be related (Bauer, 1977; Wilson, Witroyl &

Hust, 1975).

Use of control processes on unstructured ;trings (nasswo) . Serial
recall curves for the unstructured strings were p1&ited for Consistent
Factor 3 and Inconsistent subtypes using proportion of items correct as

)
a function of serial position (Figure 7). The Consistent Factor 3 group
produced a fairly typical bowed serial recall curve with an elevated
recency portioﬁ at items 8, 9 and iO. The curve of the Incomsistent

group appeared to be composed of two adjacent serial curves with elevated

recall at items 1, 6 and Q.

A Yo
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Figure 7.
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1 2 3456 7 89 10 12 3 4656 789 10
Serial positions
a) nasswo b)  assw

Mean proportion of correct responses at each serial position on strings without
structure (nasswo) and on strings with association and syntax (assw) for Consis-
tent Factor 3, Inconsistent and Able Learner groups.
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Previous research has suggested that when free recall of serially
presented items is required the most elementary strategy is to rehearse
and recall items in the order of their presentation (Moely, 1978).

This produces a typical serial recall curve (Pike, 1977). Use of more
sophisticated rehearsal procedures such as chunking alters the shape of
the curve with intervening elevated plateaux (Pike, 1977) since chunks
tend to be recalled as units (Johnson, 1970). However, a facilitative
strategy for supra-span digit str}ngs would be to report the most
recently presented items first (Bauer, 1977; Wilson et al., 1975)
thereby taking advantage of the echoic memory trace and eliminating the
need for rehearsal of the last few items. If this procedure were used,
the shape of the recency portion of the curve should be elevated and
flattened. ‘

In accordance with these interpretations, then, the shape of the
curve produced by the Consistent Factor 3 group would -suggest that they
had rehearsed the string as a serial unit with the elevated plateau at
the end indicating an attempt to recall the items in positions 8, 9 and
10 as a chunk, perhaps from echoic memory, if these items were recalled
first. The observed shape of the curve of the Inconsistent group would
suggest a div?sion of the ten items into two 5-word strings with separate
rehearsal and recall procedures for each. The similarity of the curves
‘for thg two disabled groups at the primacy portion of the string is
striking, suggeéting that a similar use of rehearsal s;rategies to retain
initial items may have occurred. If the statistically significant
differences in recall level are a function of strategic control prbcesses,

then it follows they must have occurred as a result of the way the recency

portion of the string was rehearsed and/or recalled.
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To see if these observed differendes in shape were reflected in
statistically significant differences in recall at the various serial
positions, a group: by serial position. analysis of variance was carried
out (Appendix F, Table 5). A significant effect for serial position was
found, F (9, 252) = 24.01, p < .0001, but there was only a trend for a
group x serial position interaction, F (9; 252) = 1.69, P < .10. Thus,
the observed differences in shape are not substantiated statistically.
Comparisons using the combined group means for serial positions indicated
that recall in the recency positi;n (10) was significantly higher than
at all others, with recall at positions 8, 9, and/i being higher than
those at all other positions except 10. So, if accuracy of report and
order of report are related, both groups could have used recency recall
which {is considered‘to be a relatively sophisticated strategy (Wilson
et al., 1975).

From a tabulation of order of recall of item within the strings for
each individual, general types of recall strategies were determined on
the basis of order of report. Three general types of recall strategies
were detected (Table 19). The first, named "presentation order" recall,
vas defined as the report of items in the order of serlal presentation
with the initial report coming from.the primacy position. The second,
labelled '"recency" recall, included those responses with an initial
report of items from the last five positions of the string. .The third
main recall category was named "disorganized" since it included those
responses which were characterized by random recall of isolated items
from various positions in the 1list. It was considered that these responses

.“

reflected little or no discernible strategic control. No significant group
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( ’ Table 19
Proport:iox.x of unstructured strings recalled using
presentation order, recency and disorganized
recall strategies by Consistent Factor 3,

Inconsistent an;i Abfe Learner ;roups

Groups Presentation Recency Disorganized
order recall recall recall

Consistent Factor 3 24.5 62.2 13.3
Inconsistent 34.4 58.9 “ 6.7
Able Learners 24.5 71.1 4.4

differences occurred in the frequency of use of these strategies ’
()(2, (2) = 3.74, p < .15). That is,lboth groups demonstrated a prefere\nce‘
to initiate recall from the recency portion of the string.

It should be noted that no individual in either group used one
strategy exclusively so there were large intra-individual variations in
the strategies used. This high intra-individual variation could be
interpreted as reflecting an active, stra.teg}:-segking proce-ss., the trying
and rejecting of various procedures in order to enhanc‘f recall, and could
provide some evidence that learning disabled subjects are active, not o,
passive, learmers.

In summary, althouéh statistical- trends for group x serial position
effects were found which might prové significant if larger numbers of

( subjects were studied, it must be concluded that the differences betfween

Consistent Factor 3 and Inconsistent groups in level of recall on
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unstructured \uitrin\gs were not a function of accuracy of recall at any
plrticuiar serial position, nor of variations in recall order. Hence,
by infetence,’differences in recall could nét be attributed to

differences in the use of rehearsal and recall strategies as they were

measured im this investigation. adl

Use of contyol strategies on meaningfully structured strings (assw).

Association anci syntax facilitate memory by providefng the meaningful
4 ~ Y

structure that fosters recall in units or chunks (Johnson, 1970). The

10-item meaningful word strings (assw) were composed of two 5-item

~

sentences, each of which included a subject, verb and object with

adjectives modifying the subject and object. Responsiveness to this
structure would be ‘indicaced by chunking the 10 {tems into two S-word*
units and by reliearsing and te;:alling these units in presgntacioti order
(Pike, 1977). - The recall; curve would be elevated and flattened ov—e’r those

f
items that were chunked, but because the adjectives are less essential

for meaning, they are less li}:ely tp be attended to and rehearsed as
efficiently as the other parts of speech so that valleys would typically
appear at p'ositiqr:s f, fb, 6 and 9 to d\gnote this.

Visual comparisons of the curves ;;;'oduced by the Consistent Factor
3 and Inconsistent ﬁsabled groups reveeled. as with the unstructure:i
strings, that ;milarities existed excaptv for posit%on 6 (Figure 7b).

L4

¥
This time, however, it was the Consistent Factor 3 group that had higher
’ i , <,

recall at this position. The similarity in shape of the curves with
valleys at posit}o‘nsnl, 4, 6 and 9 and elevations at the positions
accupied by verbs and nouns would syggest, that both groups were aware

of the meaningful structare and; as predicted, recalled the noun; verd
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and object coml;iriati.ons more legily than the adjectives. These
observations were confirmed by an u:alysis of nriance with repeated
measureés on serial positions (Appendix F, Table 65 . The group x serial
position effect™approached, but did not reach significance, ¥ (r9, 252)
®1.89, p < .06. Multiple mean comparia‘ons of the significant serial
pos:dtiot; effecé, F (9, 252)1 = 16.44, p < .0001, indicated the curves of
both groups reflected linguistic structure with adjectives being recalled
significa;xtly less frequently than the other parts of speech. When tlie
strings were a‘malyzed and the use of m;mmgful structure tabulated, it
was found that 68.9% of the strings in the Con?istent Factor 3 group and
67.8% of the strings in the Inconsistent group contained at.least one
linguistically structured chunk (Table 20). Taken as a whole, it appears
that these findings m;y be interpreted to mean that no significant group
differences exiéted—&n'overall awareness of linguistic structm:;z itself.

. B

N Table 20 w ,

Proportion of assw strings exhibiting use

of linguistic structure by Consistent Factor 3,

Inconsistent 'and Able Learner groups

Meaningful chunks i Other

. Both sentences One sentence.  Total
Consistent Factor 3 . 62.2 T 6.7 68.9 31.1
Inconsistent 40.0 . 27.8 67.8 32.2

- 25.0 87.5 12.5

Able Learter - 75.0

i
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When a further analysis of protocols was carried out, it was found
that 62.27 of the strings in the Consistent Factor 3 group were recalled
using meaningful chunks from both primacy and recency p\orgtions of a
\single string, whereas in the Inconsistent group only 40Z displayed
this feature. Neither group gave evidence of linguistic chuﬁking in
approximately 307 of the strings, and the Incomsistent group recalled
proportionately more strings using meaningful chunks in only one sentence,
usually the first, (xz, (2) = 16.01, P < ‘.003). In the latter case, recall
was usually present from the other sentence but did%ot reflect the
inherent structure. No significant group differences were found in
frequency to initiate recall from the recency sentence, ()(2, (1) = 3.13,,
P < .08). This is not surprising since recency \recall should not be
particularly advant;geous in the presence of meaningful linguistic
structure.

Although these results suggest that differences in level of recall
may ;?Eﬁrtly due to strategy, or meta-variables, since under conditic_ms
oénguistié structure there was a tendency for the Inconsistent group
to exhibit a greater use of recall chunks unrelated to the linguistic
structure in the strings, it could be argued that g]:l this\may simply
suggest lower Bnguage ability in the Incomnsistent subjects relative to
the Con‘sistent Factor 3 group. However, when an analysis of covariance
using verbal IQ score on the third WISC-R assessment was carrﬂ‘.ed out
(Appendix F, Table 7), results indicated that verbal IQ and presumably’
verbal ability did not significan;ly affect scores, F (1, 27) = 1.46,

p < .24.
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A further note of caution is in order. Because the recall of .
meaningful strings in rote %sentation or serial order can give the

appearance of report in meaningfhl chunks when, in fact, no such meaning

has been apprehended by the subject, it may be that incorrect inferences

" T concerning awareénéss of ’l‘iﬁgﬁﬁg}c“ E’tﬁ'ﬁi‘:turé“ have been drawn from the
recall protocols of both Consistent Faétor 3 and Inconsistent subjects.
Although it appears that the Consistent Fadtor 3 groups made more use of
meaningful linguiistic str\;cture, and, therefore, could be called more
meta-efficient than the Inconsistent group, the possibility of error A
renders this evidence inconclusive and ambiguous. It appears that more
direct measures of control processes are needed.

Comparisons on nassw and asswo strings. Previously reported analyses

indicated that no differences occurred in level of response between the
two groups on the moc}erately structured strings, nassw and asswo. Hdwever,
since it was possible that differences could still occur in the shape of
the recall curve, and by inference in rehearsal and recall strategies,
;°ecall curves were plotted and the appropriate group x serial position
analyses were carried out. Visual comparisons reveal the essential
similarity of the shapes of the curves of both disabled groups (Figure 8),

and the analyses reported non-significant interactions (Appendix F,

Tables 8 and 9).

General comparisons.with able learners. The recall level of able
f .

learners across the 4 forms of the word strings was relatively high with

the order of difficulty from easiest to hardest being the same as for

.the disa;blec}_ g{:oups (Figure 6). A singlg classification 1 (group) x

-

2 (syntax) ' x ‘2 (association) anslysis of variance with repeated measures

on syntax and association revealed significant effects for both
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Proportion correct

Consistent Factor 3 e
Inconsistent = = = o ca—
Able Learner

1 2 3 45 6 7 89 10 1 2 3 45 6 7 89 10
Serial positions
a) nassw ‘ b) asswo
Figure 8, Mean proportion of correct responses at each serial position on strings with no

associations and syntax { nassw) and strings with association and no syntax (asswo)
for Consistent Factor 3, Inconsistent and Able Learner groups
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association, ¥ (1, 14) = 358.4, p < .0001 and syntax, F (1, 14) = 23,51,
P < .0003 but no ,association by syntax interaction, F (1, 14) = 2.94,

P < .11 (Appendix G, Table 1). That is, both association and syntax
facilitated recall. ‘

As was the case foqr both thE‘ﬁonsistenthaetog 3 and Inconsistent
groups, Able Learner subjects preferentially used recency recall on |
unstructured strings (Table 12). On the mosg gtructured strings (assw),
the use ofrlinguistip structure (Table 20) was similar to that of the
Consistent Factor 3 group. CorFelational patterns of the Able Learners
(Table 18), however, were similar to those of the Inconsistent group
with there being little relationship between recall on the umstructured
strings and the moderately structured strings, and correlational indices
being, in general, lower than those for the Consistent Factor 3 group.
This suggests that the common factor associated with Consigtent Faétor 3
performance across all tasks is one which is not held in common with the
Able Learmer group; that is, it is not in the use of control strategies,
and lends weight to the hypothesis that group differences are related to

the involuntary structural features of the serial memory processes.

Summary of findings: Weener strings. Significant group differences
occurred in level of recall on ;trings varying as to levels of organization
with the Consi;cent Factor 3 group performing aé well or better than the
Inconsistent group ou sgf s with externaf-orgahization, but poorer than
the Inconsidtent group on strings without any inherent organization. The
increased effect of structure on recall level in the Consistent Factor 3

group was indicated by ‘the greater discrepancy between recall on structured

and unstructured strings. This variation has been interpreted in the

oo
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literature as reflective of the use of active control prbcesses.

However, no compelling evidence, either in level of recall at different
serial position oy in strategies as determined by order of recall, was
presented to suggest that the diminished performance of the Consistent

group on the unstruciured stxiings was due to the lack of, or in appropriate
use olf, control strategies relative to the Inconsistent group. Althoigh
findings concerning the relative use of control‘processes on the structured
strings must be considered inconclusive, i1t does not appear that tixe
Consistent Factor 3 group can be characterized as being either significantly
less or more active and %afficient in the use of appropriate control processes

than their Inconsistent counterparts. This, of course doeg not preclude

the possibility that both groups were deficient in the use of controls

relative to able learners as inability to carry out appropriate statistical w

analyées between able and disabled learners prevented a clear resolution
of this question.

Evidence concerning Temporal versus Spatial Processing: TESP Task

No significant differences between Consistent Factor 3 and Inconsistent
groups were found in total recall of item order across all 4 forms 3}” the
TESP task but there was a response mode effect which varied with mode of
presentation (Table 21). The highly significant presentation x response
x grm:p interaction, however, indicated that multiple mean comparisons
would be required for interpretation of results. These comparisons
revealed that ;ignificmt between~group differences in level of recall
occurred only on the temporal/temporal variation of the task (Table 22),
with the Consistent Factor 3 group finding it significantly more difficult

than the Inconsistent group. Further, as Figure 9 demonstrates, the
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Figure 9. Mean number of responses correct on each of four variations of TESP
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Table 21 .
* Analysis of variance for recall of item order
on 4 varilations of a temporal-spatial task, TESP,
for Consistent Factor 3 and Inconsistent groups
L
Source of variance df Mean square F P
between groups ‘ 1 1.20 .03 .78
error 28 15.12 3
presentation modes 1 16.13 2.92 .10
presentation x group B | 16.13 2.92 .10
error 28 5.52
response mode 1 28.03 8.8  .006
response x group 1 5.63 1.79 .19
error 28 3.16
presentation x response /1 28.03 20.48 .0001
presentation x response x group 1 17.63 12.88 .0013
error 28 1.37

f

Inconsistent group found the temporal/temporal task to be the easiest

of the four versions, while the Consistent Factor 3 grouf, found it to

be among the hardest.

Highest scores were obtained by the Cousistent Factor 3 group on

-~

the spatial/spatisl variation (Figure 9) supporting what has been commonly

reported using somewhat similar tests with more heterogeneous groups of

the learniog disabled (Rudel & Denckla, 1976). The Inconsistent group

Y

found this wariation Q}ign.i_.ficantly easier than only the spatial/ temporal
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e f
Comparisons of mean scores on wvariations of TESP
using Duncan's New Multiple Range procedure

for Consistent Factor 3 and Inconsistent groups

Task version o Groups
Consistent Factor 3 Inconsistent
Presentation/response R
?patial/spatial _ 6. 7ab* 6. 3ab
Spatial/temporal 4.9 4.0°
Temporal/spatial 6. Bab 6. Ob
Temporal/temporal S.Lc 7.2%

* Means followed by the same letter are not xsignificantly differe.mt

at p = ,05. “
foﬁn (Table 22), which,lit should be noted, required a tramslation from
the input dine;mion. For this group highest scores were obtained on the
intra-dimensional temporal/temporal task and, although it was not
significantly easier than the intra-dimensional spacial/sgatial form,
it was significantly easier than both forms qf the test that required
a cross-dimensional translation (spa:ial/temporal‘ and temporal/spatial).
Ti\us, the Inconsistent group found that when input was either spatial or

temporal, the form of the task which required response in the same

4

g RO s - o . - . "‘:T( o
easier than the variation wiyich reguired a -regpouse {u the othar.mnm.

‘ A

gmwm (gpﬁﬂlfspatill or tempordl/temperal) was significastly
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This suggested that the integration or translation of dimensions added
a common, extra degree of difficuity for the Inconsistent group, a
conclusion further supported by the high correlations between the two
inter—d‘imensional forms of the task, temporal/spatial and spatial/ .
temporal (Table 23).

The Consistent Factor 3 group, on the ‘other hand, found intra-

dimensional responses significantly easier than inter-dimensional ones

'only when the initial input was spatial (Table 22). When input was

temporal, the intra-dimensional task (temporal/temporal) was significantly
more difficult than the temporal/spatial form, even though the latter
required an additional translation process. The non-significant
correlations between the two versions requiring tramslation oraintegration
(Table 23) suggested that; for this group different processes were involved
in each task and so a generalized integration problem could not be presumed
to exist.

.It will be recalled that TESP was produced to eliminate weaknesses
held to be inherent in task variations derived from the initial work of
lBirch and Belmont (1964). The modifications made it possible to measure
recall fog spatial and/or temporal order without the confounding wvariables
of sansory modality, item equivalence and item memory. Thus, the observed
non-significant correlations between temporal/temporal and spatial/spatial
scores must indicate 1ndepgndence of the processes involved for the
Consistent Factor 3 group and the Inconsistent group alike (Table 23).

Common elements in either presentation or response dimension could account

for the remaining correlations in the Inconsisrent group. However, lack

of relationships between tasks, since correlations occurred only between




Table 23

. .
Correlations among the various forms of the spatial-temporal task (TESP)

for Consistent Factor 3, Incomsistent and Able Learner groups

Consistent Factor 3 Inconsistent

Able Learner

spatial/ spatial/ temporal/ spatial/ spatial/ temporal/

spatial temporal spatial spatial temporal spatial

spatial/ spatial/ temporal/

spatial  temporal spatial

temporal/
'telporgl

.03 -.17 Y L .38 .63%% o T1%%

spatial/ .
= .32 . 54% L82%% J76%%
spatial =

spatial/

: .02 LTTHx
temporal’

.10 T ~.23 .37

.30 44

.06

* p < .05

* p < .01
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the temporal/spatial version and the temporal/temporal and spatial/
spatial forms respectively, meant that for the Consistent Fact;)r 3
group, a diffetent explanation must be sought.

Speculations in the literature suggested that low factor 3 functipning
could be associated with a disability in temporal order processes. The lo;w ‘
temporal/temporal scores of the Consistent Factor 3 group supported this
notion since this variation of the task was composed of a {)\;rely temporal
input and purely temporal response. The hypothesis was‘further supported
by the significant differences between the temporal/temporal and spatial/
spatial scores since the latter required purely spatial responses.

However, the pattern of correlations between some of the tasks with
temporal components raised questions about the nature of‘ the general
temporal order disability,. if ind;ed it did exist ’for this Consistent
Factor 3 group. Although equally low sc¢ores were obtained by the
Consistent Factor 3 subjects on the temporal/temporal and spatial/temporal
forms, the lack of correlation between these two versions suggested that
the common, low levels of recall were not related to a common difficulty
with temporal responses alone.

Was there, then, evidence c;f a common difficulty for the Consistent
Yactor 3 group asm;:iated with tupaxgtl_in#xit? Baiker's (1972) hypothesis
that reading disabled children havé a3 di:sorder in temporal order perception
(TOP) would be supported' if this were so. The significant correlation ‘
between the scores on the temporal/spatial and the temporal/ témporal ¢
variation .was pe;:haps indicative that a commen Process was és@ciated
with the temporal ptiimtatién dimension of both task forms. However,
the ascores on ;he tmpq‘rgl!spatial form were :ignific;atl;r higher than

those on the temporal/temporal. If there were a common basic dfficulty
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with temporal order perception, then in this case it could have been
n}oderated by the spatial nature of the response format. This could
be a tenable hypot;hesis since :hc‘tempbral/spatial‘ form correlatead
significantly with the apatial/spat;al variation, and the scores on
the temporal/spatial and spatial/spatial were both significancly hiéher
than Evhose on the temporal/temporal veraion. *

It is of interest to contemplate what it was about the spatial
response format that might have enhanced recall on the :gnpor'al/ spatial
task relative to the temporal/temporal task for the Consistent Factor 3

£ . )

group considering that an added translation process was involved in the
former. Perhaps the holistic format of the response grid allowed for
visual ra\ther than verbal encoding with subjects using imagery to
visually order the items on an ma;inary grid as they were presented
tenporalluy; perhaps the opportuuiéy to respoud to the most tecently
presented positions first increased recall at the fecency positions and
circumvented the need for rehearsal. Questioning of the subjects following
the final presentation indicated that all had abpliad verbal labels to the
novel, meaningless symbols. Therefore, the symbols could have been ordexed
by name rather than by position or number. It was possible that dﬂ,fficulty

in initially labe‘llins such novel symbols could have affected scores in

a systematic way. Since there is an apparent need to explore further the

weans whereby spatial and temporal order is encoded and tee.:nllad, it

< .
would have been of value if serial learning curves could have been plotted

for the groups on the temporal/temporal an& :emporal/spatm variations.
However, the tnlti—kml £omt of TESP precluded its m for swch T

M"ﬁm@ﬂy‘3tmhﬂmultmlwmcﬁuldh A
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readily modified for use in future investigations by providing for
#
fewer levels but more trials at edch level: Presentation speed, the
1 . ’ )
nature of the items aﬁd response delay could also be manipulated within

5

the format to explore further the nature of the’ deficient temporal order
K}
performance in the Consistent Factor 3 group. .

-

Ceneral comparisons with able learnmers. Although the lével of recall

E

was considerably higher in the Able Learner group than in either of the
di;abled groups (Figure 9,, the order of difficulty of the test varia;ions,
frém }owest to highest, was very similar to”that fo; the Inconsistent
group, [i.e., spatial/temporal, temporal/spatial, spatial/spatial and

temporal/temporal]. Significant differences in level of refall occurred

‘6nly betwedn the spatial/femporal and the two easiest forms, temporal/

temporal and spatial/spatial (Appendix G, Table 2). Surprisingly,
corrglations were non-significant among all test forms (Table 23),
suggestiné relative independence of functioning across‘the variatiens,
perhaps-Que to ceiling effects. .

McLean (1979) studied the résponses to the TESP vari;tions of normal
male readers at ages 7.6, 10.7 and 13.7 years whose mean IQ scores were
119.9, 118.4 and 121.3 respectively Her samples were drawn from the
game school populations as the disabled learners in this investigatioen,

« -

her oldest group subsuming the able learners. She found that, while =
theére was an increase in overall performance with age, the order of
difficulty of the four forms of the tést remained the same, the temporal/

temporal being easiest and the gpatial/spatial being hardest. Further

" analyses controlling for intelligence indicated that those with I1Q scores

over 115 showed no significant differences in recall level on the test

—n
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variation ,easier than all the others.
\

Given McLean's (1979) results indicating IQ score effects, data

for the Consistent Factor. 3 and Inconsistent groups were subjected to ’
analyses of covariance ésing full scale IQ scoreg on the third assess-
ment (Appendix F, Table 1(;). Although there were significant IQ effects,
F (1, 27) = 8.24, P <« .008, vwhen the corrected multiple means were
compared, group differences on the t:’émporal/ temporal task remained but
vere magnified, and the order of difficulty for each of the tasks in
cach group remained the same .

Supmary of TESP results, The Consistent Factor ‘3 and Inconsistent

subgroups displayed different patterns of recall on tasks that varied
as to temporal or spatial presentation .and response modes., The Consistent
Factor 3 group demonstrated a relative disorder in processing and recall-

ing temporally presented stimuli, with the most difficult task being the

_ intra-modal tempdral/temporal variation. On the basis of correlational

evidence, their improved performance on the inter-modal, temporal/spatial
task was interpreted to mean that the provision of a spatial organization
for responses may have facilitated performance.‘ In common with the
Inconsistent and Able Learna" groups, ,Shey found the spatial/spatial
variation relatively easy and the spatial/temporal versic;n rela.tively hard.
Thus, the Consistent Factor 3 group may be said to conform to those
characteristics réported for the -learning disabled by Rudel and Denckla
(1977). surthermore, their relative di‘fficulty with témpotal presentat;:ions
would be consonant with a temporal c;rder perception (TOP) deficit as

¢ v . 4 r.
hypothesized by Bakker (1972). ‘

altmtinnh.
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The Inconsistent 'mbgroup found?:hc temporal/temporal version
- f

g

easiest, and the inter-modal conditions invariably more difficult than

] *

the intra-modal counterparts. Thus, their performance may be said to
conform to results reported for disabled learners by Bryden (1972).

In addition, their unique difficulties with cross-modal translations
. / ps
suggest that they also correspond to-groups of \disahled lresrners originally

identified by Birch and Belmont (1964).

The findings that the Consistent and Inconsistent subgroups
responded differently to tasks varied on spatigl/temporal dimensions-may
help to explain some of the earlier contradictory results using undif- |
ferentiated groups of learming disabled children. They alag suggest that,
in future, attention should be paid to subgréuping. when these variables,

P4
are being explored in relation to learning problems.

Co-ordination of Test Results Concerning’ Group Differences in

Attentional Selectivity, Use of Comtrol Scrategies and Sequential

Processing.

Before exmiging the evidence of subgroup differences on dichotomous

3

‘stimulation tasks, the data for attentional selectivity, use of control

strategies and sequential fprocessing will be co-ordinated and summarized.

This study provided for more than one measure or index of each of the

above variuble‘ﬂ in cxfi‘::tation that results would converge to heli: define
the characteristics of the subgroups, Consistent Factor 3 ;na Inconsistent,
The foregoing report has inclu?ed a test-by-test account og regults which
now must be integrated to see if certai'n patterns emerged and 1f the

results did, in fact, confirm each other. Two main questions were asked,

the second in two parts:

”

-
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1. Is the Consistent Factor 3 group mofe distractible than
other learning disabled children of the same dage, same
educational and socio-economic background, a8 represented
by the Inconsistent group?

2. Does the Consistent Factor 3 group exhibit disorders in

sequential memory and processing, and can this be related

to:
i

a. deficient or incowmpetent use of control processes
as compared with the Inconsistent group;
b. disorders in temporal versus spatial processing

and memory as compared with the Inconsistent 8

group?

Coordination of results: selective attention. With regard to the
first question, results from the Central-Incidental learning task
indicated that the Consistent Factor 3 group could be classified as less
distractible than the Inconsistent group. Results from the embedded
figures test, which was included as a cbnfirmatory measure, were, if not
contradictory, at least confusing. Although embedded figures scores were
higher 1in the Consistent Factor 3 group than the Inconsistent group,
suggesting greater selectivity, the differences were not siénificant, and
moreover, correlational patterns indicated that the embedded figures test
probably was not measuring the same thing in each of the two groups
(Tables 24, 25). Although the direction of the observed relationships
smong the indices of attentional selectivity in the Inconsistent group

y

would not conflict with the assumption that all were¢ measuring selective

attention in the Consistent Factor 3 group (Table 24), the relationships

A Ao e om — .- - X
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Iutercnrrelations‘:-ong measures of selective attention,

TABLE 74

~

Weener Test and TESP for the Inconsistent group, N=15

selective attention

. Weener Test TESP
o
. o o —t ~ -~
28 4% 3% 3 33 3% 33 3¢
u g :2 vg‘ 82 = g :n :o Frg ug
&
] Fean ¥ - ha ] = 8 7 n ] o 2 8.g
s §3 &3 43 % 0§ g 2 4% i §& @
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central learning L 79%#%
incidental learning ~.90%* - 45
embedded figures .33 .47, -.17
association/syntax -.21 -.04 .?7 .32 a
associations/no syntax -.26 -.13 .28 .43 . B8*%
no associatioans/syntax -.29 -.04 .41 .33 . 59*% . 18%
no associations/no s¥ntax -.13 .19 .31 .39 .53% 43 .27
spatial/spatial .65% L61% - 53% .03 -.38 -.53* -39 -.24
spatial/temporal .55+ .60*  -.32 21 . -.38  ~46  -.24 =24 .82%%
& - ~ ~ -~
temporal/spacial .55% .68*%x _ 29 .12 -.42 -.50 -.08 .06 YL B §. UL
L3
temporal/tenporal .25 .38 -.07 .32 -.18 -.17 .23 -.18 .38 L63%  _71%% 1.0
N . i [
*% p < ,01; *p < .05 ) 3
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TABLE 25
ot

Intercorrelations among measures of selective attention,

Weener Test and TESP for the Consistent Factor 3 group, K=15

selective attentiomn Weener Test YESP
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central learning e L
’
incidental learming -.75%% - 23 -
embedded _figures -.60* -~ 41 .56*
» ;
associations/syntax .45 .50 -.12 .15
"
assocjations/no syntax .38 .42 -.33 -.23 SDTER
A no associations/syntax .43 .40 ~.11 .06 .83%% T4k
no associations/no syantax .34 LJ0%% -~ 14 -.16 LB7kXx  _Bokk  Blixk ]
spatial/spatial -.06 -.:01 .07 .60* 49 -.03 .34 .11
spatial/temporal .01 .13 .11 .18 .41 .25 .34 .33 .32
cemporal/spatial .21 .30 .05 .25 .56% .19 .32 .42 J54% 02 ’
temporal/temporal .52% .60% - 22 -.33 .56 .52% .28 .61% .02 ~-.17 NYh i
(W]
k% p < ,01; *p < .05 = - 2
’ +
e a3 ‘(‘E\‘ - - l —
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between embedded figures and the incidental task scores, while signi-

1N

ficant, were actually in the direction opp'osite :’Z that required if

both were measures ‘Vof distractibility (Table 25). The.wsignificant
po;itive correlations between the embedded figures test and the spatial/
spatial form of TESP (Table 24), and between embedded figures and factor 1

scores (1:_ = 76, p= .004) indicate that embedded ffgures may be more a’

i

mea?ure of spatial, holistic processing than distractibility in the
Consistent Factor 3 group. That the correlations of incidental learning
with gpatial/spatial (Table 25) and with factor 1 (r= .28, p= .37) vere
non-significant, however, would suggest that incidental scores may e a
complex measure of both extraneous and holistic processing in the
Consistent Factor 3 group.

In summary, contrary to speculation, it was the Inconsistent group
éhat conformed most closely to the pattern of poor s;!leccive attention
reported for disabled reéders in the literature (see Ross, 1976, for a
review), and as a result, it appears that consistently low factor 3
functioning is not associated with distractibility.

Coordination of evidence: control processes. Evidence concerning

the use of control processes was obtained in several ways:

1. By visual examination and statistical analysis of serial recall ;:ur‘ves
derived from the central learning task of the Hagen test, the un~
related strings (nasswo) and the linguistically structures strings
(assw).of the Weener test. ‘

2. From self-reports of rehearsal strategies used on the central leamix;g

task of the Hagen test,

AN
3. From analysis of recall strategies inferred from the order-of report -

AT B Ao R S W e o

-
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of the unrelated (Nasswo) and linguisticaliy structured (assw)
strings of the Weener ‘test.
4. By a repeated measures analysis of level of recall across strings
of varying structure,
When the serial recall curves obtained from the central-incidental
task and the various versions of the Weener strings were analyzea, r:o
significant differences were found between the groups in recall at the
different serial positions which suggested that both groups had used
similar rehearsal strategies. No significant differences were found in
the reported use of rehearsal strategies on the central-incidental task,
and non-significant differences werc observed in the use of facilitative
recall strategies on the unrelated strings of the Veener test.
The Censistent Factor 3 group, howéver, was{f/ound to have 1 sponded .
wore than the Inconsistent group to increasing structure across the
Weener strings, which could be viewed as 1nd1cative: of a more active,
meta-efficient use of ;trategic controls than the Inconsistent group.
Although evidence from the analyses of the meaningful strings was' ambiguous, it
seems reasonable to conclude that the Cons'stent Factor 3‘group used
equally efficient, perhaps at times better, control strategies than the
Inconsistent group., Therefore, the deficient use of control processes
could not account for the significant differences observed in the level of
recall on the unstructured strings (nasswo) where the Consistent group
performed more poorly than the Inconsistent group, This raises the
possibility that group differences lie in structural rather than control

processes,
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Coordination of avidence: sequential memory. The temporal/

temporal version of 'TESP was designated ch%mchief measure for recall of
sequential order since it is comprised of purely temporal input and res-
ponses. Consistent Factor 3 subjects performed significantly worse. on
this task than the Inconsistent subjects. Further evidence of a relative
temporal memory disorder in the Consistent Factor 3 group was obtained
from their significantly lower scores on the unrelated strings (nasswo)
of the Weener task. Central learning scores on the Hagen Central-Incidental
ta;sk provided further confirmatory evidence since, a]:though the Consiatent
Factor 3 group did not significantly differ im level of recall from the
Inconsistent group, they did not process as much incidental i‘nformation and
had little trade—off with anidenta/l score;. Therefore, it should have

been expected that they would have bettered the performance of the

Inconsistent group if no other central task disorder had existed for them.

" Central learning, nasswo, and temi:oral/tanporal all correlated highly with

]
each other in the Consistent Factor 3 group (Table 25) but were unrelated

in the Inconsistent group (Table 24),

Levels of correlation wére highest bec;reen nasswo and the other
sequential tasks (Table 25). Although input was temporal for nasswo,
recall could be in any order and included memory for item indicating that
the difficulty in .the Congistent Factor 3 group was not specific to order
memory alone. Thus, confirmatory evidence from various sources ind{icated

that the Consistent Factor 3 subjects displayed sequential memory dis-
£

I
orders that were found in bot?auditory and visual modalities.

]

-

aftmtiinn
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3
Interrelationships among the tasks. The significant group x test

J

v

vetsién interaction that appear&for both TESP and Weener strings
indicated that level of recall on any onen form of these tasks may not
be the best indicator of group differences. The similarity of the
interaction effect between the unstructured strings (nasswo) ;nd the

ling%iuticauy structured strings (assw) of the Weener test and that be-

tween the temporal/temporal and temporal/spatial variations of the TESP

5 dudden

i3 of particular interest. Recall was lower for the Consistent Factor 3
group than the Inconsistent group on nasswo and temporal/temporal, both of
which, .though they differed in many ways, demanded recall from a
temporal-successive input. The Consistent Factor 3 group was equal to, .
or better than, the Inconsistent group on the assw and temporal/spxatial,
both of which appeared to provide ft;r some form of ‘holistic structure or
organization (grids on the temporal/temporal and "meaning" on assw). A

hgh correlation between the temporal/temporal and nasswo tasks has already
been noted in the Consistent Factor.3 group; high correlations also existed
between the temporal/spatial and assw (Table 25). At the same time,

neither temporal/tempordl and assw nor temporal/spatial apd nasswo were
correlated. What then did temporal/spatial and assw have in common that’

was not also common to the temporal/spatial and nasswo, and which at the same

¢

time made temporal/temporal and assw easier for the Consistent Factor 3

group than their counterpirts? Perhaps the linguistic structure of assw

and the grid format of the temporal/spatial task allowed for some kind of
holistic, simultaneous, non-successive processing that was more facilitative
for the Consistent than Inconsistent groups. It appears, then, that it

may not be the level of recall on any particular task variation, but rather
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it may be the discrepancy between levels of recill on two different -
task forms, that provi;'les the best index of group differenc’es.
Therefore, a Weener discrepancy index (assw. - nasswo/assvw + nasswo)

and a TESP discrepancy index similarly derived to exPressi the difference
between temporal/spatial and temporal/temporal were formed. These indices

were used in analyses to be reported later. \f

i

In the Inconsistent group, none of the versions of the Weener task
correlated with selective attention measures or with any of the TESP
versions (Table 24). ﬁﬂovever, those forms of TESP that have a ’spatial !
component (temporal/spatial, spatial/spatial, Spatial/temporal) all cor- '
related with the selective attention efficiency index and incidental . |
learning while the temporal/temporal and all the variat:h‘ms of the Weener |
strings did not (Tableé&). In view of these relationships, ic is ‘ <
tentatively suggested that successive input may have been relatively
facilitative for this group because it focused attention and thus allowed
skills in the other cognié’ive procesgses that were reciuired for task per-
formance to de'termine level of functioning. Simultaneous presentation and
response modes, on the other hand, may have been distracting because they
provided extraneous stimuli and, \thercfore, performance on those tasks
could be determined by attentionaJ\.\‘:electivity.

In conclusion, it appears that gvidenqe from the various tests
indicated tha't the two groups displayed very different patterns of per- , ;
formance, well-illustrate/d by the strikfxtg group differences in correlational

patterns between the various TESP forms and the ceptral-incidental task

scores (Tables 24 & 25), n’I\'he Inconsistent group's responses were compatible
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: with disorders in\vttentmnal selectivity while the Consistent Factor 3

group appeared to exhibit relative disorders in sequential processing
and memory. From this perspective, it is now proposed to examine the

y
responses of the two groups to the measures of hemisphere specialization
45.

and to relate these responses to the data just reported.

Evidence Conceming Hemisphere Specialization

Statucical comparisons of dichotic listening and dichhaptic stimula-

tion tasks are reported for right~handed subjects only. Analyses carried
out with both right and lef shanded subjects combined produced essentially
the game results and are reported in Appendix H, Tables 1 & 2, !

Dichotic listening test results. A 2 (groups) x 2 (right or left ear

scores) analysis of variance with repeated measures for ear scores was

.cartie.d out for all right-handed individuals, as determined by the Harris
Dominance Test (Harris, 1958). The non-significant overall group effect

suggested that the Consistent Factor 3 and Inconsistent groups did not

differ in total recall of digits from right and left ears combined (Table 26).

Table 26
"
Analysis of variance for number of digits recalled
for right and left ears by Consisteat Factor 3

and Incotisiste;tt groups using right-handed subjects only

Source of variance df Mean square F . P

between groups 1 L 1.56 .01 .91
error — . -—234— - / 119.98

ear effect 1 | 1211.56 25.83  <.0001

ear x group 1 16.17 .34 .56

error 23+ 46.91
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Level of recall was higher for the right ear than the left, and this

significant right ear advantage (RFA) was found for both groups (Table 26). ,
Table 27

Mean accuracy scores of recall for right and left ears

on a dichotic digits listening task ’

. «?
for Consistent FactQr 3 and Inconsistent groups \ \
E ]

using right-handed subjects only . 1

Groups - ' Right ear I;‘eft ear Total

OConsistent Factor 3 ) s8.2%" 47.4° 105.6 gy

Inconsistent 56.7° 48.2° 104.9 (
: - NG

* means followed by the same letter are not significantly different.

.
/7 i

In accordance with interpretations in the litera;ure, these results
indicated that the left hemisphere was specialized for language 1in both
groups of learning disabled subjects. When the number of T’ig/hf—-handed
individuéls displaying REA was calculat;d for each group, it was found
that 10 of 13° subjects in the Consistent Factor 3 group, and 12 of 13 sub-
jects in the Inconsistent. group had an REA (x%=1.13, p = ..25).

Dichhaptic stimulation tes_t results, A 2 (groups) x 2 (right or left

hand score) analysis of variance with rgpeated measures on hand scores
was car.riued out on right-handed subjects only (Table 88). Consistent
Factor 3 and Inconsistent groups of disabled learners did not differ in ;
total number of correct detections (right and left hand scores combined) ,

nor did they show dif ferences between right and left hand scores. These




o

results correspond to those of Witelson (1976) who found that reading

disabled subjects as an undifferentiated group did not differ in hand

)

¥
) - accuracy.

Table 28
Analy’sis of variance for number of 4correct detections
by right and left hands on the dichhaptic stimulation task
for Consistent Factor 3 and Inconsistent groups

using right-handed subjects only

Source of variance , df Mean square = F P
between groups 1 2.77 1.41 .25 ,
o error 24 1.96
hand 1 ..08 .03 ° .86
hand x group 1 15.08 5.95 .02
error - ® - 23 2.54
LY

The significant ‘group x ixmd iﬁteraction effect, however, suggested
that the two disgbled groups in this investigation differed from one
an'?ther \m relative hand accuracy. It cat; be observed that the Consis-
tenteFactor 3 group made more correct detections with the right hand than
the left hand, while the Inconsistent group made more correct detections
with the left hand than the right ’har;d (Table 29). H@v’vevet, multiple

mean comparisons indicated that only right fand scores between groups

>
- .

‘were significantly different, the Consistent Factor 3 group making sig-

nificantly more correct right hand detections than the Inconsistent

-

* . group (Table 29).

har o
[

-

J
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A single classification analysis of variance was used to compare
hand preference for each group sepsrately and helped to further ex-
plore the meaning of these results. .It was found that the Consistent
Factor 3 group displayed a right hand advantage, that is, within the '
group righé hand scores were significantly grfater than left hand scores
(Table 30), whilé the single classification analysis for the Incbnsistenf

group revealed no significant differences between hand scores (Table 31).

Y
Table 29
Mean accuracy scores for right and left hands
)
on the dichhaptfc test f%?\tonsistent Factor 3
and Inconsistent groups
using right-handed subjects only
Groups Right hand Left hand Total
{ * ' A -

Consistent Fact6$M3 5.8% 4.68b 10.4 :
Incdnsistent \ 6.2b 5.2ab 9.4

* means followed by the same letter dre not significantly different.

0

Table 30Q
L™ : -
Single classification analysis of variance
for dichhaptic scores for the Consistent Factor ‘3 group

using right-handed subjjcts only

Source of variance df ~ Mean square F P
hand effect 1 8.65 4.75 .05~
error i 12 1.82 \




, Table 31 * .
Single classification analysis of variance
for dichhaptic scores for the Wiconsistent group using

right-handed subjects only

"4

Source of variance df . Mean square F P
hand effect 1 6.50 ©2.00 .18
error ' 12 3.25 s

Furthermore, when results for individuals were examined within each
of the groups, it was found that eight of 13 individuals in the Consis-
tent group had higher right than left hand scores, four of 13 individﬁals
displayed equal hand scores and onlj one individual had a normal pattern
of scores, that 1s, higher left than right hand scores. By contrast,
in the Inconsistent group, seven of 13 had higher left than right hand
scores while equal hand scores and higher right than left hand scores
were each obtained by three of the 13 individuals. Chi-square analysis
indicated that these differences were significant (x2 = 7.48, p < .05).

Taken in total, these ;esulte could reflect meaningful group dif-
ferences in patterns of abnormal hemisphere lateralization. If the
Consistent Factor 3 group preferentially process spatial information in
the left hemisphere, then aécording to accepted interpretations in the
literature, they could be said to have their spatial processing later-
alized in the left hemisphere along with their language processes.- The
Inconsistent group, however, would be said to have incomplete or bilateral

%

representation of spatial processing.
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A
With reference to the three hypothesized positions arising out
of the hemisphere specialization literature to explain obser;ed group
differences in WISC factor functioning, it appears that data presented
here do not support the first explanation which suggested that diefer-

ences in patterns of language lateralization as indicdted by the

degree of right ear advantqge (REA) were responsible for group differences.

The subgroups, though differing significantiy on factor 3 scores, did
not differ on ear méasures. The second position held that the presence
of spatial, holistic processing in the left hemisphere would interfere
with sequential language pchessing for which that hemisphere is
normally speciali\éd\_,Oﬁ’E;is the data are less clear. If this posi-
"tion were correct, it might be expectgd that an index of right hand
preference or advantage (RHA), derived by subtracting left hand scores
from right hand scores, would correlate negatively with measures of
sequential language processing such as right ear scores. In the
Consistent Factor 3 group, the group with higher right than left hand
scores, the correlation though not quite statistically significant, was
in the direction predicted (Table 32). In the Inconsistent group, the
correlation coefficient was not significant though it is interesting

to note it was in the opposite direction.

The third hypothesis arising from the literature suggested that
dichotomous stimulation scores from the hand ipsilateral to the hemisph;re
specialized for processing spatial input could be viewed as indices of
intrusions, reflecting p;or attentional selectivity. These ipsilateral

hand intrusions presumably occur when, through boredom or fatigue, the

subject switches attention, activating the other hemisphere, thus

)
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Table 32
Correlation of RHA with level of right ear scores
for Consistent Factor 3 and Inconsistent groups

using right-handed subjects only

Group x , . P
Consistent Factor 3 -.51 , .08
Inconsistent .20 .52

reducing the degree of apparent hemisphere specialization (Kinsbourme,
1975). Since the Inconsistent group has been shown to have poor atten-
tional selectivity with incidental learning uc?res that were indicative
of high extraneous processing, it might have bLen expected that these
scores would correlate with those hand scores which are ipsilateral to
their sp;tial hemisphere. A highly significant correlation was obtained
within the Inconsistent group between incidental learning scores and
right hand scores on the dichhaptic test (Table 33), indicating that
right hand scores and incidental learning may share common features of
extraneous procés:ing. These results are of interest for several
reasons: (1) They give additional support for the®existence of poor
attentional selectivity in the Inconsistent group; (2) They suggest
that the Witelson Dichhaptic Stimulation Test may be susceptible to
sttentional variables; (3) They could imply that right-hand scores are
inflated, giving the impression of bilateral spatial representation in
a group that may actually have normal hemisphere lateralization, a

notion which could be tested by modifications of the dichhaptic test
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Table 33
' Correlations of right hand and left hand
dichhaptic scores with incidental learning for
Consistent Factor 3 and Inconsistent groups

using right-handed subjects only

Group . Correlation ~ F P

Consistent Factor 3 right hand x incidental learning .07 .82
left hand x incidental learning .53 .057
Incongistent right hand x incidental learning .77 .002

left hand x incidental learning =-.35 .24

procedures to eliminate or reduce attentjonal variables. In the present
investigation, training procedures, which were often quite prolonged,

and test procedures were necessarily used in the same test period. 1In
futﬁfe, some separation of initial training procedures and actual test
procedures would be advisable. The use of cuffs to prevent arm movements
might also be of help by reducing the training time.

The data of Table 33 are also of considerable interest for the
Consistent Factor 3 group. 1If, as suggested by the single classification
analysis (Table 30), spatial processing is lateralized in the left
hemisphere, then the left hand scores rather than the fight hand scores
would be designated as intrusions and would be expected to correlate
with the incidental learning scores. Accordingly, data in Table 33 for
this group indicate that the relationship between incidental learning

and left hand scores approached significance, while the correlation
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between incidental lgarning and right hand scores showed a non-
significant relationship. This pattern would seem to suppott an
interpretation of preferential spatial processing in the left hemi-
sphere among Copsintent Factor 3 subjects. That incidental learning
was associated with the left hand scores in the Inconsistent group,

but with right hand scores in the Consistent group is certain{; indica-
tive of an interaction between group membership and degree of hemisphere
specialization. ”

Left ear scores which could also be considered to indicate
intrusions did not correlate with incidental learning in either the
Consistent Factor 3 (r = -.26, p = .40), or the Inconsistent group
(r = .24, P * .43). Perhaps this was so because care was taken to
minimize the effects of boredom and fatigue on the dichotic testing by

limiting the length of the test and giving it at the beginning of the

test period.

)

. !
General comparisons with able learners. A single classification

analysis of variance (Appendix G, Table 3) with repeated measures on
ear scores revealed that right-handed able learners demonstrated an REA
F(df 1, 14) = 9.78; p<.007), when administered the same dichotic listeu-
ing under the same conditions as the disabled learner groups (Table 34).
As with the Inconsistent group, mean left hand scores were higher

than mean right hand scores. A single classification analysis of
variance with repeated measures on hand scores (Appendix G, Table 4) in-
dicated that these hfnd score differences were significant, F(df 1, 14)=

4.51, p= .05. Incidental learning scores vere unrelated to either

right hand scores (r = 0.04, p = ,90), ér left hand scores (r = .15, p = .60).
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Table 34
“Mean accuracy scores on tests of hemispheric speclalization
for the Able Learner group,

right-handed subjects only; N=12

Tests
Dichotic Listening Dichhaptic Stimulation
right ear left ear right hand left hand
mean sd mean sd mean sd mean sd I
64,7 4,98 59.9 6.3 5,3 1.50 6.4 1.50

Higher right than left hand scores were found in 67% of the individuals,
20% had higher right than left hand scores, while 13% had equal hand
scores. In general, then, this sample of able learners presented a
pattemn of performange similar to that of Witelson's (1977) control
group of able learners of the ssme age, i.e. they had a pattemn of éofmal

hemisphere specialization.

Summary and implications of dichotic and dichhaptic test results.
In review, it must appear that, while the dichotic listening test suggested
language processes were appropriately lateralized in the left hemisphere
in both groups, the dichhaptic test yielded somewhat inconclusive evidence
concerning group differences in hemisphere specialization forhupatial
processing. That there are group differences in the level of right hand
scores on the dichhaptic test is clear, but the within group differe;ces
between left and right hand scores is uncertain. However, single classi-

fication analyses for each group separately, and the interactions

R U SR
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between the hand scores and incidental learni;g suggested that to
conceptualize both groups as having bilateral spatial representations
could be an oversimplification and, therefore, misleadigg. Some evi-~
dence has been presented to suggest that the Consiateng\?actor 3 group
may have left hemisphere lateraliZation of spatial processes while the
Inconsistent group may have normal hemisphere patterns. If subsequent
investigations with larger numbers of subjects could strengthen or
clarify these in;erpretations, then it might be possible to address the
questions of those who, like Rourke (1978), have asked how disabled
learners could have a lack of hemisphere specialization for spatial
functioning but enhanced spatial processes. If the Cousisteng Factor 3
group with high factor 1 scares can be demonstrated to have lateralized
spatial processing, albeit in the left hemisphere, then strong spatial
functioning would not be improbable. AFurther, if it could be confirmed
that the‘right hand scores of the Inconsistent group are inflated, and
that their hcmin%here patterns are, in fact, like those of the normal
male population, then disabled male readerg, both Consistent and Inconsis- ,
tené, and normal female readers would be shown to have three different
patterns of hemisphere specialization,'and it would not be necessary to
assume contradictory explanations for the effects of bilateral represen-

tation of spatiil processes on reading ability in male and female

populations,
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Relationships Between Dichotomous Stimulation Task Scores and

Other Differentiating Variables

In this section, the scores on the dichotomous stimulation tasks
will be related to measures that differentiated the groups. The purpose
is to see if the interpreted hémisphere speclalization patterns can con-
tribute to an understanding of the group differences that were observed
and reported earlier, and also to see 1f performance on the other tasks
provides support for the assumptions behind the laterality indices and
the interpreted hemigphere patterns. An index from each of the dichotomous
tests has been derived to represent the degree of hemisphere specializa-
tign that each is presumed to measure. For the dichotic test, this is
REA (right ear scores-left ear.scores/right ear scores +left ear scores).
For the dichhaptic test, this is RHA (right hand scores-left hand'scores/’
right hand scores + left hand scores), an index of degree of bilateral or
abnormal hemisphere lateralization of spatial processes. In addition,
right ear (RE), left ear (LE), right hand (RH and left hand (LH) relation-
ships will be studied independently of the suggested hemisphere patterns.
Right handed subjects only will be used for these particular analyses.

Correlations for the combined groupé appear in Table 35 and indicate
relationships between hand scores and the Weener Strings, between ear
scores and TESP and between ear scores and selective attention.

Dichhaptic scores and Weener strings. There was a significant,

positive correlation between RHA and Weener discrepancy scores with a
£ 4
trend for a similar relationship with the TESP discrepancy index (Table

35). Thus, it appears that there was an association between degree of



Table 35
Relationship of dichotomous stimulation test scores and laterality indices

of differentiating variables in Consistent Factor 3 and Inconsistent groups

using right-handed subjects only, N=26

\-{'
Weener Strings TESP Selective Attention
discrep. assw  nasswo discrep. temporal/ temporal/ index incidental central
index " index spatial temporal (X%C - 1) learning learning
ik k& t
RHA 47 * .48 ~.05 .33 -.21 .10 -.05 .08 .00
* T2
RH .45 .58 .11 .17 -.01 .19 .01 .14 .18
LH -.35%  _25 .0 18 -.32 .25 -.04 .03 .03 -.02
. t *x
REA .14 -.22 -.36 .39 -.30 -.19 -.03 -.15 -.26
* %
RE -.02 .06 -.06 .03 .18 .21 .39 -.12 .59
LE  -.0§ 22 . .25 -3 .31 .24 .23 .01 45"
{ - _Y;‘, .
E 3 3 .R < .01
* p < .05
p < .10 *

%1



% ‘ 197 i

abnormal right hemisphere specialization and enhancement of recall

of sequentially presented stimuli when holistic structure was provided.

Further, it could be observed that RHA and right hand scores were

positively cotrrelated with recall on the meaningful strings (assw),

but ﬁot on the unstructured, meaningless strings (nasswo). The sig- -

nificant RHA-assw relationship is depicted in Figure 10 wheré it can

be seen that, although there is a continuum in the relationship across
the groups, there 1s alsoc a clear demarcation of the two groups, the
levels of RHA and recall on assw both being higher in the Consistent

A_Fantor 3 group.

T The correlation of right hand scores 'and meaningful sequences
(assw) seems to suggest that the detection of spatial shapes and verbal
meaning may be‘}acilitated by a common process. Zaidel's (1980) work
with split-brain and half-brain subjects'would support this association.
He demonstrated that although each hemisﬁhere processes both verbal
and spatial material, each has a characteristic style of doing so. The

style of the left hemisphere is analytical, sequential and logical; the

style of the right holistic, simultaneous and intuitive. Phonemic seg-

oy 9

mentation and syntactical aspects of language were, therefore, found to
be handled in the left hemisphere, but the processing of 1i$guistic
meaning was shown to be accomplished in the right hemisphere. All this
seems to indicate that rﬁffll of meaningful verbal sequences, such as
assw, though primarily sequential and verbal, would optimally require
the use of holistic, simultaneous, right hemisphere processes as would
detection and recall of the haptic shapes. One would therefore expect

an association between hand scores contralateral to the spatial ;
H

L
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Consistent Fagtor 3 = C , '
Inconsistent = I

ASSW

Figure 10. Scatter diagram of relations between measures -of
right hand advantage (RHA) and recall of words from

meaningful strings (ASSW), for Consistent Factor 3

and Inconsistent groups.
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hemigphere and assw, Yet, in this study, it was the right hand scores, '
that is the scores ipsilateral rath;r than contralateral to -the right
hemisphere, that were associated with the sequences. Therefore, two
possible interpretationg might be acknowledged¥ ‘

1. Right hand scores and meaningful sequences were associated
because abnormal bi;ateral representation of holistic, .
simultaneous fu?ctions allowed the processing of both
shapes and meaning to occur in the left béﬁisphere.

2. Right hand scores and meaningful sequences were associated
because both were processed in the left hemisphgre in ghe

, analytical, sequential style that is characteristfc of

that hemisphere. It has been suggested (cf. Miller, 1972)

that spatial proceasingain the left h;misphére could be the

result of the use of an analytical style and/or of verbal

mediation on spatial tasksl .

« The first interpretation would be in accord with the analyses

1ndi§ating that the Consistent Factor 3 group had at least bilateral,
and possible preferential, left hemisphere processing of holistic,
spgtial stimuli.’ It'would also appear to support the existence of bi-
lateral spatial representation in the Inconsistent group. However, this
interpretation is somewhat in conflict with other evidence in&icating

that right hand scores in the Inconsistent group were highlf\associategx”
: ~
with incidental learning scores and could denote poor attentional ./

vy
selectivity rather than bilateral, spatial representation. If the
Inconsistent group proceséed right hand shapes as intrusions in the

style of the left hemisphere, while the Consistent éroup processed them

holistically in the style of the right hemisphere, then this should be

ra



- s

200

!

apparent in group differences in the patterns of relationships between
right hand scores and the four versions of the Weener strings. Since

it is likely’that all versions of the strings could require some sequen-

, tial processing, it would be expected that right hand scores, if pro-

cessed In a sequential, analytical style, would correlate with all the
versions, but particﬁlarly with those which have no meaningful structure
such as nasswo, the unstructured strings, and nas&w, the strings with
syntax only. Alterng%ely, if right hand scores reflect.spatial,
holistic processing, then it might be expected that they would correlate
most strongly with those strings that had meaningful structure ?nly,
that is with asswo, the ;trings with associations but no syntax. They
might also be expected to be associated with assw, the strings withf
asgoclations and syntax, but not with the non-meaningful strings, nassw
and nasswo, , .

When hand score relationships with all versions of the Weener

1

strings were examined for each group separatély, it was found that the

only signjficant relationship in the Consisteni Factor 3 group was be-

holistically in compon with meaning. -Additioral evidence to
suggest that spatial, holistic processes were used by the Consistent
Factor 3 subjects is found in the significant correlation between right

hand scores and the spatial factor, factor 1 (r = ,54; p=.05). In the

Inconsistent group, however, right hand scores correlated significantly

with all versions of the Weener strings and did mot correlate with the

spatial factor (r = .08; p = .80). Since, as previously mentioned, all

prrawe
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four variations of th; Weener strings could be said to require some
processing in the sequential style of the left hemisphere, these
relationships suggest that right hand shapes, too, may have been pro-
cessed in a left-hemisphere style. Thus, the Inconsistents, with
higher scores relative to the Consistents on the meaningless,
unstructured strings (nasswo), could well have used an analytical,
sequential process that was more facilitative when holistic structure
was absent. This interpretation would suggest that the incidental
stimuli on the central-incidental task, being so strongly related to
right hand scores, were also processed analytically and sequentially to
interfere with similar processing of the central task stimuli. If this
were so, then distractibility could be defined as the inappropriate,
analytical processing of extraneous, holistic input, a notion supported
by/the negative associlation between indices of selective attention and ¢
-tﬁ; spatial, but not temporal, forms of TESfb(Table 24).

Thus, circumstantial evidence and single classification analyses
appear to support differing interpretations for hand scores in the
Consigtent and Inconsistent groups. Clearly; the fu;l’meaning‘of right
hand scores, and presumed right hemisphere pattern; in each group, awaits
future insights. It is suggested that one way to gain such insights |
would be to'monitor processing styles and strategies on non-verbal
spatial tasks, a procZdure not attempted in thisistudy. The spaéial/\
spatial form of TESP could be modified for this purpose. It would be
particularly informativeﬁif‘study individual and group differences in
palpation styles on the Dichhaptic Test. Until further studies have clari-

fied the meaning of right hand scores, the interpretation of hemisphere

s
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patterns in disabled readers will remain somewhat speculative.
Table 36

Yot g L,

Relationships between hand scores and Weener string variations

in Consistent Factor 3 and Inconsistent groups . ‘
using rig t—hinded subjects only -
Weener Strings
assw  asswo nassw nasswo
k

Consistent Factor 3

*
R}i 42 .57 .21 .45

LH .17 .02 .17 -.21 i

|

Inconsgistent ]

i

* * ko * |
RH .60 .63 .67 .54 ! j
LH -39 =31 -.25 .09 A ‘

*% p < .0l; *p < .05
REA-TESP relationships. Surprisingly, it was' the index of language ;

lateralization, REA, that was positively associated with TESP discre- :
pancy scores, the measure of the degree of advantage of a spatial

response format over a temporal response format when sequential stimuli
were pregented successively (Table 25). This puzzling relationship was

further explored by breaking down the REA into right &nd left ear

components and the association to each group separately (Table 34).

No significant TESP-ear relationships were found in the Inconsistent

group. However, in the Consistent Factor 3 group, the TESP discrepancy

! .

index was negatively related to left ear scores reflecting the
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significant relationship between left ear scores and the temporal/
temporal component of the index, :

In the absence of group differences In patterns or levels of ear
functioning (Table 26), it is difficult to interpret these divergent
results in terms of hemisphere specialization patterns. However, the
high variability of left ear scoreg ( sd = 13.6) in the Consistent
Factor 3 group Sl;ggesfed heterogeneity within the group insofar as the
processing of left ear signals is concerned., Variability in-left ear
scores also has been reported by others in both the learning disabled
population (Hynd, Obrzut, Weed & Hynd, 1979; Obrzut, 1979), and in
young children (Hiscock & Kinsbourne, 1980). Hynd et al. (1979) and
Obrz:m (1979) hypothesized that difficulties in selectively attending
to the right ear might account for observed variability and for the ‘
left ear association with other processing measures. Data presented
here for the Consistent Factor 3 group, however, would not support this
hypothesis since, although left ear scores correlated significantly with
selective attention (r = .62, p = .02), it was in the direction opposite
to that required if such an interpretation were defensible.

Hiscock and Kinsbourne (1980), following Bryden and Allard (1976),
have used a processing capacity explanation tc interpret the meaning of
left ear scores. They contend that since right ear scores are usually
reported first, left ear scores could reflect individual limitations in
sequential processing and storage capacity. Data appearing in Table 37

“muld seem to support this interpretation for the Consistent Factor 3

group since significant and positive correlations between levels of

left ear performance and levels of performance on other sequential
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Table 37
Relationshiﬁs of right and left ear scores to other variables
for Consistent Factor 3 and Inconsistent groups

using right-handed subjects only

TESP spatial/ temporal/ central

index temporal temporal learning "nasswo
Consistent Factor 3
*
Tight ear -.33 .08 .19 .62 .49
* *k *k *
left ear -.55 .35 .65 .68 .57
Inconsistent
right ear 22 54" .30 535 st
left ear .09 .06 -.03 .15 ~.28
*ok
p<-01
p<.03
t p<.10

memory tasks (nasswo and central learning) also occurred for this group.
No such left ear relationshipg were observed for the Inconsistent group,
for whom right ear performance appeared more closely associated with
levels of sequential processing. Further, when order of report was
tabulated for each ear for each group, remarkably similar response modes
were noted. Right ear signals were reported first on 61.5% of the
trials in the Coﬁsistent Factor 3 group, and in 62.87 of the trials in

the Inconsistent group. Therefore, differences in response order itself

o dme
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could not account for the differences In the patterns of ear score
relationships.
Able learners in this study displayed relatively high left ear
sc;res (Table 34) and a high overall dichotic recall (89%). Correla-
tion between left and right ear scores was positive (r = .36, p = .03)
which, in accordance with a processing capacity interpretétion, suggest<
the Able Learners had an ability to handle information via both ear cha: .-1s,
the higher the left ear scores the higher the capacity. These relati.
ships taken in concert for the Able Learner and Consistent Factor 3
groups would be supportive of a sequential processing capacity hypo hesis,

and would appear to augment evidence of a diminished sequential process-

ing capacity in the Consistent Factor 3 group.

Relationship of han' and ear scores to attentional measures. The
meaning of the selective attention index in the Consistent Factor 3 growu,.
became somewhat clearer when hand and ear score relationships were
examined for each group separately, and interpreted in the light of the
fgregoing results. Given the high correlations between central learning
and left ear scores (Table 38), the selective attention index appeared
to be largely a measure of sequential processing capacity. For the
Inconsistent group, it appeared to reflect selectivity, that is, the
processing of extraneous hollstic stimuli when a sequential memory task
is central. If one wished to determine the relative roles that sequent’ :l
processing capacity and distractibility play in the performance of the
central learning task, one would need a baseline measure of céntral task

performance, perhaps using stimulus cards with the central stimuli only,

prior to introducing the experimental condition with both central an.l

it e
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incidental stimuli,

Summary and implications. These somewhat complex results

indicate that quite different processes in each of the groups may be

determining level of scores on some of the dichotomous stimulation
measures, thus affecting the apparent degree of hemisphere lateraliza-
tion in each of the two groups. Possible differences in the meaning
of left ear scores suggests that REA should not be used to indicate
degree of language lateralization since diminished sequential memory
capacity and differing response strategles could artificially inflate
or diminish the degree of REA. Questions have also been raised in
this study about the use of RHA to designate degrees of abnormal right
hemisphere lateralization since right hand scores were found to be
strongly related to intrusion measures and to selective attention 1in
the Inconsistent group, and so equal hand scores could reflect atten-
tional disorders rather than bilateral spatial ;!%resentation. In this
regard, the weight of evidence in the present investigation would
suggest that the performance of the Inconsistent group is better under-
stood 1f no ;ssumptions of bilateral spatial representation are made,
Bryden and Allard (1976) have offered the opinion that*inconsis—
tencies in response strategy would probably not affect the usefulness
of the Dichotic Listening Test as a means for determining whether or
not lateralization has occurred, However, the Witelson Dichhaptic
Test 1s a relatively new research tool, and so it is not clear if its
possible susceptibility to distraction effects would compromise its
validity for determining if lateralization of holistic, spatial processing i

has taken place. However, if the assumption of validity can be accepted
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for the Consistent Factor 3 group, with the possible 'attentional
limitations being kept in mind for the Inconsistent group, it might
be of value to search for a model tpat could explain the origin,
nature and consequences of the inferred patterns and concommittant
behaviours in the two groups.

A theoretical model. The very term "hemisphere specialization”

encourages acceptance of the notion that language is exclusively
controlled in the left hemjsphere and spatial input 1s processed via
the right hemisphere. Yet, as an adequate explanation of the relation-
ship between hemisphere function and learning disability, this
-

generalization must be regarded as the simplified, rudimentary source
of a more complete, evolved theory. Such a theory seems to be emerging
from the work of Zaidel (1980) who has indicated that knowledge of the
general processing styles of the two hemispheres is more germane to
learning dysfunction than knowledge of hemisphere localization for
content or sensory input, Thus, he has suggested that the left hemi-
sphere functions in an analytical, logical, sequential manner and,
therefore, presumably processes most successfully that input which is
amenable to this mode of processing, whether that input be verbal or
non-verbal, whether it be haptic, visual or auditory. The right hemis;here
procesgea input in a holistic, intuitive and simultaneous way, and is
most facilitative for stimuli that is amenable to this particular style.

The results from the present investigation appear to fit quite com-
fortably into such a framework, They indicated that abnormal right
hemisphere specializdtion, as demonstrated by equal hand scores or

pogsibly an RHA, was accompanied by relatively strong holistic functioning,

PR

,..ﬁ.-




Relationships

Table 38

for Consistent Factor 3} and Inconsistent groups

using right-handed subjects only g

of ear and hand scores to the Selective Attention Index and Central-Incidental Scores

Consiastent Factor 3 Inconsisteat
selective central incidental selective central incidental
attention learning learning attention learning learning
3
RH .07 .10 .01 49" .09 .77
LH -.17 .31 .54° T .20 -.17 -.35
* t
RE .32 .62 .18 .43 .53 .43
* * R
LE .62 .68 -.26 .11 .15 .11
E 2. 2 < .01 ¢
* g¥< .05‘
t p< ‘
R . - . ' -
Atntihan), N et - . -
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but poor sequential functioning over s wide variety of input., These
findings, in turn, raised questions about whether there might be a
reciprocal relationship between the two processing styles or functions,
especially when {t appeared that holistic processes could be seen as
operating within the left as well as the right hemisphere.

Harris (1978), drawing from the clinical observations of Levy
(1969) and Milner (1969), hz-;s explicated a model which assumes incom~-
patability of the two types of coding operations within the same cerebral
locus. He hypothe;ized that individual, genetic blueprints may predispose ‘ o
the development of sequential, analy'tical processes for one hemisphere
and holistic, simultaneous processes for the other, with control of
or'ganization being possible, not only for the designated hemisphere,
but for the second as well, Although Harris was largely concermed with
left hemisphere processes (which he designated as verbal) gaining con-
trol of the right, and with the consequent diminution of spatial functionm,
for the purposes of this investigation it 1is of interest to speculate
about what could occurwif holistic processes gained control of both
hemigpheres. Under the given genetic blueprin.t, the designated hemi-
sphere would become specialized for holistic, simultaneous functions, and,
in addition, the other hemisphere would also become comimitted to these
processes and then be inappropriately designed for analytical, sequential
functions.

With reference to the diverse performances of the two groups,
could it then be said that, in view of the evidemce of preferential left

hemisphere processing of spatial stimuli and high left hand detections,

spatial, holistic processes have gained control of both hemispheres in
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the Consistent Factor 3 group, and so these subjects are locked into

a holistic, simultaneous style of processing for all stimuli? If this
were 80, the individual would be limited to a "right hemisphere style'
_of functioning. Therefore, language processing would be expected to

rely heavily on the use of meaning and contextual cues and sequential
function might beé expected to be deficient. However, in the Inconsistent
group, analytical, sequential processes would presumably still be in
control in the left hemisphere and so any spatial processing in this
hemisphere would be done in an analytical style, perhaps resultiﬁg in
somewhat diminished spatial competence. The evidence that the Consistent
Factor 3 subjects displayed enhanced performance over the Inconsistents
on linguistic strings that contained meaning and holistic structure, but
diminished performance oun.meaningless strings is consonant with this
interpretation. The pattern of scores on TESP could also be comprehended
from this perspective. The suggestion that distractibility in the
Inconsistent group is’the result of inappropriate or deficient spatial,
holistic processing is also compatible with this model since it would
suggest that spatial processing iA the left hemisphere w?uld be done in

a sequential, analytical manner, interfering with other sequential,
analytical processing. ’

Within this model it might alsc be predicted that the sequential
disability would vary in relation to the amount of relative control
assumed by the spatial, holistic processes in the left hemisphere. It
was earlier noted that in the Consistent Factor 3 groyp the correlatioms
between RHA and right ear scores were in the predicted direction 1if this
were so (Table 32), although the strength of the relatiomship was not

statistically significant. No significant, negative correlations

TN -
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between RHA (or right hand scores) and other measures of verbal,
sequential processing were found for the Consistent Factor 3 group,
however (Table 39). Although it might be argued that relationships
would be stronger were it not for the small sample size and the
possible 1nsensitivit§ of the RHA index to degrees of specializationm,
it appears that there is little support in the present data for the
existence of such a simple, direct relationship.

Yet, before such an hypothesis could be eliminated, more adequate
tests are needed using purer measures of the holistic and sequential
processes. A case in point i{ the temporal/temporal form of TESP. It
was designed as a measure of purely témefal input and response and so
might have been expected to correlate'negatively with righg hand -scpres
in the Consistent Factor 3 group. Instead, there was a significant
positive correlation between the two measures (Table 39). It appears
that the ability to attach meaning to the meanfpgless symbols might
have been the essential process that affected relative level of response
within the Consistent Factor 3 group rather than level of sequential
procegsing ability. Modifications of the temporal/temporal symbols, or
'prior rehearsal of meaningful labels could perhaps illuminate the role
meaningful, right hemispﬁere processes play in such tasks. In any case,
it would appear that further tests of this model would require the use
of tests with known left or right hemisphere properties. Studies with
half-brain and split-brain subjects (cf. Zaidel, 1980 ) provide some

insights concerning such "hemispherically pure'' measures.
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Table 3Q

Correlations of RHA -and right hand scores with sequential tasks

for the Consistent Factor 3 group using right-handed subjects only

central temporal/ temporal/
Variable learning nasswo nassw asswo assw temporal spatial 1right ear left ear
RHA -.27 = .02 .18 .10 .23 11 .33 -.51" -.26
* *
RH .10 .45 .21 .57 .41 .58 .38 ) ~.03 .43 R
* P < ,05
tp< .10
. -
1
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Test Scores and Academic Competénce in Reading and Spelling

Measures of dichotomous stimulation. Since it appears that quite .

different e\ognitiv; processes could be related to level of performance
on the same dichotomous stimulation variables i(n each of the two grc‘aups,
it is most instructive to examine the relationships between the dicho-
tomous test scores and the academic variables for each of the groups
independently (Table 40). In the Consistent Factor 3 group, riéht ear
scores correlated significantly with all reading meaéures, while left
ear ;cores correlateé with spelling and with all of the reading measures
except speed. These relationships appear to reflect the role that good
sequential processing plays in Feading and spelling competence and, once
again, demonstrate that left ear performance may be a sensitive index

of sequential processing capacity. Right hand scores showed a t:rendr
relationship with word recognitiop and were significantly associated
with spelling achievement, suggesting éhat holistic, spatial processes

may be important factors in the academic performance of this group,

although, surely, both word recognition and spelling must depend primarily

.
.

on good sequential, anmalytical skills. It is proposed that the more
than 4~year retardation of the Consistent Factor 3 group may be explained,
in part, by a dependence .on spatial processing.

In the Inconsistent group, none of the ear or hand measures were
rél;lted to level of performance on any of the academic measures. Thus,
although the two groups did not differ in level of competence on any of

the academic skills measured in this study, very different factors were

associated with their failure to achieve,

’
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Table 40 , 1
1
Correlations betveen dichotomous stimulation measures .'
and reading and spelling vuariables for Consistent F?'Ctor 3
’ and Inconsistent groups \
using right-handed subjects only K\ . -
o Reading Measures
A
. Word . |
Accuracy Speed Recognition Spelling |
t !
Consistent Factor 3 '
’ *h * * o :
right ear .69 .63 .62 .39 I
* % * 1
left ear .57 41 .60 .66 g
. £ * {
right hand .23 .08 . 47, .58 §
left hand .40 .26 12 37 ‘ ’
. - I
Inconsistent | - !
right ear 380 .13 ~.06 .16 ;
. !
left ear .39 ~-.21 -.10 -.02 !
right hand -.07 -.13 -.06 -.02 " 1
left hand -.14 .19 . =07 -.05 -
%k p< 01
* p < .05
E pe.lo
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Measﬁres of selective éttentiou and spatial-sequential processes,

Theindex of selective attention, and central learning score, a component
of that index, were positively correlated with reading accuracy in the
Inconsistent group (Table 41), Tﬁ}s is in accordance with the earlier
finding that this subgroup, unlike the Consistent Factor 3 subgroup,
exhibited a ;pattern of performance that could be satd to indicate poor
attentional selectivity. Correlations between reading accuracy and assw,
the meaningful strings, may reflect the relativé difficulties the Incon-
sistent group appeared to have in the apprehension of holistic structure
or meaning (Table 19),

In the Consistent Factor 3 group, word recognition and spelling were
positi;ely related to measures of sequential processing (ear scores,
temporal/temporal, selective attention), and were negatively related to
those measures which presumably required spatial, holistic processes
(embedded figures, spatial/spatial). Moreover, level of academic

competence in these areas was also related negatively to the discrepancy

scores derived to express the relative advantaée of holistic structure

‘on the Weener strings and TESP, The relationship between the TESP dis-

crepancy scores and spelling achievqpeut is of particular interest,
suggesting again that that the preference for holistic structure is
disadvantageous to epelling competence. These relationships would
appear to be in accérd with the interpretations from the model based on
the hypotheses of Zaidel (1980) and Harris (1978), suggesting that the
Consistent Factor 3 group is ﬁeavily dependent on, if not actually iocked

into, the use of holistic, spatial processing.
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! . ’ *
i Correlations! between measures of selective attention and sequential )
1 3
! processes and academic variables for Comsistent Factor 3 g
and Inconsistent subgroups, using right-handed subjects only 3
) i
!
- !
» S B8 3, & &
» 3 82 8% g ¢ 2 8 yg 8 ,
2 3E 8§ I8 5 8 @ & 6 ® o @ @O0 a0
§¢ 58 §i gx & o2 298 &2 2 04 8§82 de
e e 0 s gu—a < o = =} ) ) o & =9 B o
Consistent Factor 3
» ¢
Reading 3
§
accuracy ~-.48 ~-.48 ~.49 -.54
speed :
word recognition .51 -.59 ’ -.53 -.58
Spelling -.49 .53 -.80
Inconsistent group
' Reading
accuracy .53 .50
& speed -
'3 word recognition . .51
'
‘ Spelling A
]
1 J ~ P %')\
. Only those correlations of p<.10 are included. > ! *
/ ‘
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These results not only indicate that the two subgroups differed as
to variables associated with reading and spelling achievement, but also
reaffirm the view that reading is a complex task and failure to attain

competence 18 unlikely to be related to a single variable in the learning

disabled population. These results point to the need to explore in greater

detail the nature of the subgroup differences in reading and spelling
performance. Analysis and classification of error types according to
Boder's (19i3) scheme might be a promising way to initiate such research.
It will be recalled that she found three types of poor readers: 1) dys-
phonetic, in which performance was characterized by difficulties in
phonetic analysis and synthesis of words; 2) dyseidetic,‘in which per-
formance reflected deficiencies in the perception of letters and words
a8 visual wholes, and; 3) alexic, which reflects both types of
disabilities. Zaidel (1980) has presented evidence to suggest that the
deficiencies of the dysphonetic subtype correspond to those exhibited

~
by subjects witﬁ/single right hemispheres. It would be predicted, on
the basis of their performance in this investigation, that the Consistent
Factor 3 group would be found to conform to the dysphonetic type. The
Inconsistent group, becagse of its observed cross~dimensional integration
difficulties and relative deficiencies in holistié\wspatial functioning
might be said to reflect problems associated wi;hlbilateral parietal
abnormalities (Gaddes, 1980; Geschwind, 1965). Therefore, they would

be predicted to conform to the dyseidetic type (Zaidel, 1980).
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Summation of Res&lts: Study No, 2

In addition to indicating that there were group differences in levels
of functioning on measures of selective attention, sequential recall and
hemisphere specialization, this study has providgd evidence of meaningful
group differences in patterns of performance. These patterns, as expressed
by the Weener, TESP and RHA indices were interrelated and appeared to
reflect competenc} in spatial-holistic versus sequential-verbal functioning,
the Consistent Factor 3 group showing diminished skill on the sequential
tasks, but relative strength on those with holistic features. Although
there was little evidence of a direct reciprocal relationship between
amount of presumed holistic processing in the left hemisphere (RHA) and
diminution 3f sequential left-hemisphere functioning, the relationships
between the indices derived to express holistic versus sequential processes,
(Weener and TESP indices) and the index of abnormal hemisphere specialization
(RHA) imply that different patterns of hemisphere functioning in the two
groups could subserve the_observed differences in cognitive functioning.
That the academic measures were related to measures of hemisphere
functionin; and sequential précessing in the Comsistent Factor 3 group,
the group with presumed abnormal specialization patterns, but not in the
Inconsistent group, would seem to lend support to this notion. It remains
now to be seen if these characteristic group differences are also related
to the WISC/WISC-R factor score patterns that originally identified the

tWo groups.
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CHAPTER IV )

RELATIONSHIPS BETWEEN IDENTIFYING WISC-R VARIABLES AND MEASURES

THAT DIFFERENTIATED THE GROUPS L

In this chapter the group differences in selective attentiom,
sequential preocessing and hemisphere specialization as observed and
recorded in Study No. 2 will be related to the defining WISC-R

characteristics of the groups as observed and recorded in Study No. 1.

The chief purpose is to investigate the usefulness of the WISC-R for ;

predicting or diagnOﬁing subtypes.

It will be recalled that the two groups were originally differ-
entiated on the basis of lowest factor scores over three WISC-R
assessments. The Consistent Factor 3 group was so named because its
lowest factor score was always factor 3, while the Inconsistent group
was found to have varying lowest factor scores. Since the two groups

differed significantly as to level of factor 3, and the Consistent

F——"

Factor 3 group was always lowest on that factor, it was predicted that
they would exhibit disorders in an area related to factor 3 functioning.
Yet, although the weight of evidence has pointed to the existence of a
sequential processing disorder in the Consistent Factor 3 group,
surprisingly, none of the presumed measures of sequential processing
correlated with level of factor 3 funcFidning (Table 42) . Moreover,
none of the other dependent measures which discriminated the groups

was associated with gactor 3 scores (Table 42). On the other hand,
factor 1 scores correlated with right hand scores, RHA, the selective

attention index and the Weener and TESP discrepancy indices (Table 42).

Factor 1 « factor 3 discrepancy scores, in addition to the foregoing,
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TABLE 42

Correlations between variables that differentiated the groups and the

WISC-R factor score indices for Consistent Factor 3 and Inconsistent groups

combined and independently

Combined

Factor 3

Factor 1

Factors 1-3 discrepancy

Consistent Factor 3

Factor 3

Pactor 1

Factors 1-3 discrepancy

Inconsistent

Factor 3
Factor 1

Factors 1-3 discrepancy

L2

* t
p < .01; P < 055 p< .10

right incidental temporal/ selective Weenmer . JESP
hand learuing nasswo assw temporal attention discrp. discrp. RHA
.06 .32 .26 .06 .29 -.11 -.20 -.21 -.09
. 50%*% .36% ~-.32 .23 -.13 .39% L57%% ALL L45%%
L42% L46* . 40* .18  -.25 . 40% L60%%  _ S51A%x - 37
.23 BNk .16 .18 .17 -.25 .01 -.23 .10
.51* .21 .02 .16 .05 -.17 .33 -.21 .53%%
.49t .11 -.06 .08 -.05 -.05 .40 -.11 .58%
.32 04 .01 .25 11 .25 .35 .07 -.45
.13 .41 ~-.16 -.05 .28 .55% .06 -.05 -.11
-.07 .36 -.16 -.20 .20 .37 -.15 -.09 .17
)
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( correlated significantly with nasswo and incidental learning. These |
provocative findings generated questions as to which of the test

measyres, alone or together, best forecast the groups into which the

subjects had been assigned. To determine this, several discriminant ;

analyses were carried out.

{ Results of Discriminant Analyses ¢

In a step-wise discriminant analysis, variables are selected on

the basis of their —ower to discriminate the groups, with the first one

selected having the highest discriminatory power and each subsequent one
being selected on the basis of the additional power it adds to the
prediction, given the variables already selected. Four different step-
wise discriminant analyses were performed to explore the relative
usefulness for classification purposes of various predetermined
configurations of test scores. The results are summarized in Table 43.
In the first analysis, all the single, subtest measures (14) were offered j 1
for selection. As it can be seen, nasswo, assw, central learning and 1
temporal/temporal were successively selected and added to the equation

and, since these variables were those presumed to measure sequential

processes, this discriminant analysis largély confirmed previous
findings using analysis of variance techniques. It should be noted
| that all the subjects originally assigned to the Consistent Factor 3
| group were correctly classified and 11 out of 15 of the Inconsistent
- group were correctly placed, for a total of 86.7% correct.
The second analysi; included indices derived from test and subtest
scores to represent accepted interpretations of what the various

( .

instruments were presumed to measure: REA (right ear - left ear scores;
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Summary table of discriminant analyses

TABLE 43

for Cousistent Factor 3 and Inconsistent groups

I Correct
Sets of Measures Variables selected Correct Classifications by group Classifications*
Steps
All test measures 1 nasswo No. 4
| RE, Le, Rh, Lh :
j * b »
central learning, 2. assw Consistent Factor 3 15 100
; incidental learning, 86.7
' 3., central
assw, asswo, nassw, ‘ le i Inconsistent 11 73.3
nasswo, sp/sp, sp/te, wJlearning -
te/sp, te/te. 4. tefte ,
Steps
IT. Differential Scores 1. Weener Disc
Selective attention, * s¢. Consistent Factor 3 15 100
REA, LHA, Weener 2. TESP disc. 91.3
screpanc P :
Discrepancy, TES 3. Selective Inconsistent 13 86.7
discrepancy
attention
] Steps
TII. Factor Discrepancy 1. Factor Index Consistent Factor 3 14 93.3
index, and all
measures in I. ~; 90.0
Inconsistent 13t 86.7
Steps
IV. Factor Discrepancy 1. Factor Index Consistent Factor 3 14 93.3
index and all 93.3
indices in II. 2. Weener Disc. Inconsistent 14 93.3 A

" :
All X were duplicated when Jacknifed.
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right ear advantage), RHA (right hand scores ~ left hand scores),
selective attention index (% central learning -~ % incidental learning),
Weener discrepancy (assw - nasswo), and TESP discrepancy (temporal/
spatial - temporal/temporal). 'The Weener discrepaney scores, TESP
discrepancy scores and the selective attention index were entered into
the analysis in that order and correctly forecast placement of all the
Consistent Factor 3 subjects and all but two of the Inconsistent subjects
for a total of 93.3%7 correct. Thus, the second analysis indicated that
differential indices were better predictors of group membership than
single, level-of-performance scores.

For the third analysis, an index of discrepancy befween factor 1
and factor 3 scores on the‘tpird WISC-R assessment was entered into the
analysis along with each %he single test scores. It will be recalled
that, although the initial grouping procedure was based on consistency
of lowest factor score o;ly: it was found that the two groups so formed
also differed as to the amount of observed disparity between factor 1
and factor 3 scores, the Consistent group displaying a significant
discrgpancy. Moreover, this disparity was maintained across the three
assessments. Therefore, as hinted previously, factor discrepancy may
be just as important, or more so, than consistency of low factor 3
scores., The question arises, wodld such a factor score discrepancy
index alome, or together, with any one or some of the single test
measures discriminate the two groups? The third analysis indicated,
as might have been predicted, that the factor discrepancy score was
selected to enter the equation first, and none of the single test

measures could augment its classificatory power. It was observed that

et
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( the factor discrepancy index alone correctly classified 907 of the ‘
subjects (Table‘AB).
F\w
Finally, the Eiffereg;iéi indices rather than single test scores
P
were entered intb the analysis along with the factor discrepancy score.
Since it had been speculated that the TESP and Weener discrepancy indices
might both be measuring temporal (sequential) versus spatial (holistic)

abilities, an assumption which could also perhaps apply to the factor

discrepancy score, it was of interest to see if the factor discrepancy
score would subsume the classificatory power of these indices.- This

fourth analysis indicated that the fadtor discrepancy index was again

the best discriminator. Only the Weeirder discrepancy score added to the

classificatory prediction., Once agafn, 93.3%7 of the subjects were *
properly classified with one subject in each group being misplaced.

Several points of interest ha;e emerged from the results of thése

) analyses. First, the initial analyses confirmed that, when single test
lmeasures indicating level of performance were used, group membership

was best predicted by variables requiring memory for temporally presented
sequences that were unrelated to factor 3 scores., Thus, although the
Congistent Factor 3 group had been initially identified because its )
subjects consistently exhibited lowest functioning (and presumably,
their area of disorder) inm factor 3, their observed area of weakness in

this investigation could not be understood in relation to level of factor ;

. 3 scores alone. All this suggests that consistency might be the meaningful

defining characteristic, or that there may be more than one kind of low
factor 3 functioning either within the Consistent group, or across the

Consistent and Inconsistent populations. The last hypothesis seems to A

I e
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be tenable in view of the overlap in factor 3 scores between the two
groups as indicated by the mean\values and standard deviations on the
final assessment (Table 10Q0).

The congruence between the classifications based on the consistency
of low factor 3 functioning over an extended period of time; and the
classification based on factor 1 - factor 3 discrepapcies derived from
a single, recent WISC-R assessment suggesats that factor discrepancy might
be related torconsistency. Put another way, 1t appears that discrepancy
on a single assessment could be a satisfactory, alternate means of
determining consistency over time. Since it was shown that the index
of factor score discrepancy alone accurately classified 907 of the
;ubjects, and subsumed the classificatory power of all other differ-
entiating variables except the Weener discrepancy index (Table 43),
and since the variables that discriminated the groups correlated with
factor score discrepancy rather than with level of factor 3 functioning’
(Table 42), classification based on discrepancy scores could be a more
meaningful way of identifying the groups. If so, this would have
important practical implications since subtyping could be made after
a2 single WISC-R assessment.

To test this possibility, regression analyses were carried out to
see ig the discriminating variables explained more of the variance in
the factor score discrepancy index than in either the factor 1 or factor
3 scores alone. In addition, subjects were reclassified according to
their factor discrepancy scores, and a discriminant analysis was
performed using the same variables that differentiated the groups

formed on the basis of the original classification scheme. If factor
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discrepancy and factor 3 consistency are analagous, then the new groups
should also be discriminated with a high degree of accuracy by these

same variables,

Relationship of the Factor Score Discrepancy Index to the Consistency

i Disability Classification Scheme

All measures which produced significant, between group differences
were regressed against the relevant factor score variables 1n step-wise
fashion to see how much of the va;iance of each variable was predicted
by the differentiating test measures. Results indicated that the test
scores predicted 29% of the factor 3 variance, 637 of the factor 1
variance and 67% of the variance of the factor discrepancy index (Table
44) . Thus, the observed differences in functioning between Congistent
Factor 3 and Inconsistent groups were related more to the degree of
discrepancy between factors 1 and 3 than to differences in level of
functioning on factors 1 or 3 alone. Moreover, it should also be noted
that group differences in factor score discrepancy pattern; were pregent
on the first assessment (Table 9). The Consistent Factor 3 group displayed
a significant factor 1 ~ factor 3 disparity of nine points, but the '
Inconsistent group did not. When scores from the dependent variables
in the present investigation were regressed against factor discrepancy
scores from the initial WISC assessment, 667 of the variance wgs explained
(Appendix I, Table 1). This suggests that these meaningful relationships
may be relatively enduring, a notion that requires further investigation
wsing a longitudinal, rather than retrospective, research design.

Evidence from previous discriminant analyses (Table 43) suggested

that Consistent Factor 3 subjects and those with discrepant factor patterns
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TABLE 44 i
Suwmary of Stepwise Regression Analyses 1
all variables that differentiated the groups regressed against C“x
SN
WISC-R factor score indices for Consistent Factor 3 and Inconsistent groups combined.
Standard
Index Step Variable entered RZ B-value error F P>F
. final equation
Factor 3 1 incidental learning .103 1.811 .813 4.96 .036
2 selective attention .226 .005 .003 2,65 117
3 TESP discrepancy score L247 .003 .000 .40 .535
4 right hand advantage .255 - .469 470 1.23 .279
5 right hand score .288 - 687 - .687 1.08 .310
6 temporql/temporal ) .291 118 .370 .10 .752
Factor 1 1 Weener discrepancy score .330
2 right hand score 440 2.373 . 002 8.53 .008
3 selective attention .536 4.49 045
Weener discrepancy replaced
by TESP discrepancy .541 - .001 .001 3.83 .062
selective attention replaced
by incidental learning .550
4 nasswo .589 - .379 .292 1.69 .206
incidental learning replaced
by selective attention .613 .005 .292 1.69 .206
5 temporal/temporal .625 L457 .511 3.83 . 381
6 Weener discrepancy .635 .122 .150 .66 .423
Factor 1-Factor 3 1 Weener discrepancy .361
Discrepancy 2 selective attention 472 _
3 TESP discrepancy .526 - .002 .001 5.59 .027
Weener replaced by right hand .526 3.357 1.094 9.41 .006
selective attention replaced
by incidental learning . 597 -1.644 .572 8.25 .009 NS
4 nasswo . Ny .648 - .361 .310 .1.25 .256 ~
5 right hand advantage .661 774 .691 1.25 275
6 Weener discrepancy .673 144 .162 .79 . 384
o~ e e I - e taa e T R T o T s
- o o o rJ
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could be largely synonymous; discrepancy might be an indiﬁator of

consistency. Therefére, all subjects were reclassified according to

the presence or absence of this disparity, the criterion being a 9-point,‘

‘or more, discrepancy between factors 1 and 3 (see Chapter 2). This

system yielded 15 subjects in eacb of two groups labelled Discrepant
Féctor 3 and Nondiscrepant, respectively. The former name was applied
since it was observed that all mem;ers of the group, in addition to
having significantly discrepant factor scores, also had lowest scores

on factor 3. Thelﬁiscrhninant analysﬁf indicated that the group
classifications were forecast by thg/&iscriminating varijables with ag
accuracy of 907, the selective atteniion index, right hand scores and
nasswo entering the prediction equation in that order (Table 45). From
these results it can be concluded that in the present saﬁple of subjects,
the classifications based on the disability x consistency criteria were -

largely duplicated by the classification based on factor score

discrepancies. Moreover, the step-wise regression and correlational

findings suggested that the discrepancy classification is probably a

more meaningful, or useful, way of conceptualizing the differences
between the groups.

The results of rhis investigation may, thérefore, be placed in the
context of previous studies that subdivided the learning disabled
population on the basis of discrepancies in WISC verbal and performance
1Q scofes.' These subscale discrepancy studies grew/gut of a psycho-
neurological approach that saw performance scores (factor 1) reflecting

functioning of the right hemisphere and verbal scorqf (factor 3) .

representing the functioning of the left hemisphere in\normal populationms.




TABLE 45
Summary of discriminant analysis using variables
that disc;iminated Consistent Factor 3 and Inconsistent groups

using reclassified Discrepant and Non-discrepant groups

-

622

Variables % Correct
Sets of Measures Selected Correct Classifications by group classifications
All Discriminating variables: Group No. b4
1. selective Discrepant Factor 3 14 93.3
attention Non-discrepant 13 86.7 30.0

f right hand
3. nasswo
! . .
e; \
%
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This, along with the role right hand scores have been observed to play
in the differentiation of the subgroups (Table 45), suggests that the
differences between the groups may be usefully viewed in terms of the
interpreted patterns of hemisphere specialization.

Finally, the foregoing evidence suggests that the WISC/WISC-R
factor scores from a single assessment may be a reliable means of
classifying learning disabled subjects if patterns, rather than levels,

of performance on factor scores are used.
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CHAPTER V

CONCLUSIONS, LIMITATIONS, IMPLICATIONS

The focus of most of the research done to date in the learning
disabilities fiéld has been to differentiate learning disabled children
from their achieving peers. The present in;estigation has attempted to
differentiate subgroups of the learning disabled from each other. The
chief findings can be summarized in relation to two main areas: (L)
Those concerning the characteristics of the defined subgroups, and (2)
those concerning the usefulness of the WISC-R factor scores in the
identification of these subgroups.

Subjects who had been clinically diagnosed as learning disabled were
initially classified into two subgroups on the basis of the consistency of
their lowest WISC-R factor score over time and were compared on measures
of selective attention, the voluntary use of control processes, spatial-

-

temporal recall for position, free recall of items presented. serially and
B

hemisphere specialization patterms. It is important to note that these
subgroups could not be statistically distinguished by their degree of

academic retardation on standardized tests of reading and spelling. Nor

were they easily discriminated glinically on the basis of IQ scores.
f

Summary of Chief Findings

Chafécteristics of the Defined Subgroups kﬁ@

Contrary to predictions, the Consistent Factor 3 subgroup, so labelled
because of a stable pattern of low factor 3 scores, did not exhibit
deficiencies in selective attention relative to their peers in the

Inconsistent subgroup. The latter group, so labelled because of a
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changing pattern of lowest factor scores, processed more extraneous

information and showed a greater trade-off between extraneous, incidental

R

learning and the central lé;rning task. The Consistent Factor 3 subgroup,
however, did exhibit lower levels of recall for unrelated temporal
gsequences than the Inconsistent group. This was true whether free recall
of items was required from word strings presented in an auditory temporal
fashion, or whether ordered recall for position was demanded from a
successive string of symbols presentéd #n the visual mode. Thus, the

-

sequerntial processing defiéiéﬂcy of the Consistent Factor 3 group was
neither material nor modality specific. g
No compelling evidence was found to indicate that the lower
performance of the Consistent Factor 3 group on these temporal sequential
tasks could be attributed to less efficient use of voluntary rehearsal and
recall procedures as megsured by self-report, tabulated order of recall
and analysis of the shape of serial recall curves. Some indirect support
was found for stker's (1972) theory that disorders in temporal order
perception could account for the difficulties since diminished recall
appeared to be associated with a temporal sequential form of presentation.
Although the specific nature of the serial processing difficulties
experienced by the Consistent Factor 3 group could not be determined, it
was suggested that TESP, a spatial-temporal memory task designed for this
study could be modified and improved to further investigate this matter.
Group differences in patterns of performance across varying types of
successive and spatial sequences were also noted. Although the Consistent

Fackgr 3 group showed diminished recall on unrelated strings, they actually
S~

recalled more items than the Inconsistent group on word strings that .

. a B B a s - j
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contained meaningful structure. Purther, in the Consistent Factor 3

group recall of a temporally presented sequence was higher when the

: 3
i

requigﬁd response was in a spatial-sequential format than when 1t was
required within the same temporal-sequential mode. In contrast the
Inconsistent group demonstrated a relative decrease in recall when the
response required translation to the spatial-sequential format. This

suggested that the Inconsistent group might represent that portion of

.

the learning disabled population reported to have difficulties with
integration. On the other hand, the improved performance of the Consistent
Factor 3 group suggested that the processing and recall of verbal sequences
may have been assisted by structure in the form of meaning (syntax and
associations) or grids (spatial format).

The results of dichotomous stimulation tasks administered to determine
patterns of hemisphere specialization, indicated that both groups had
verbal, sequential processes appropriately Jateralized in the left
hemisphere, but that there were group differences in patterns of hemisphere
specialization for spatial, holistic processing. The Consistent Factor 3
group made significantly more correct right hand detections than the
Inconsistent group and a single classification analysis of variance
indicated that their right hand detections were significantly higher
than their left hand detections. Moreover, their right hand scores
correlated with other presumed measures of holistic processing suggesting
they had at least bilateral representation of spatial holistic processes
in the left hemisphere.

The Inconsistent group, however, was seen to have normal hemisphere

representation of both veZbal—sequential and spatial holistic processes.

1
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This interpretation was based on evidence th{t their right hand scores
could be intrusions reflecting poor attentional selectivity rather than
bilateral spatial representation. It was further supported by evidence
that their right hand scores correlated with measures of sequential,
verbal processing rather than measures of holistic, spatial processing
such as WISC-R factor 1.

A model derived from the work of Zaidel (1980) and the hypotheses
of Harris (1978) was offered to explain group differences in patterns
of hemisphere specialization and spatial-sequential performance. This
model assumes that processing in the right and left hemisphere 1is
neither modality nor material specific, but that different, incompatible
styles of processing are genetically programmed for control qf each
hemisphere. Although spatial, holistic processes typically gain control
of the right hemisphere and sequential, analytical processes usually gain
control of the left, it is also possible, under a given genetic program,
for one processing style to gain control of both hemispheres. In general,
then, both verbal and spatial input could be processed in either hemisgphere,
but weuld be handled with varying degrees of success in the ~redominating
mode of that hemisphere. Under certain conditions, an individual could
be locked into one particular style of functioning for all material if both
hemispheres were committed to the ﬁﬁme processing mode.

In terms of this model, it is suggested that holistic processes may be
in control of both hemispheres of the Consistent Factor 3 subjects and so
they possess left hemispheres that are poorly designed for sequential, “
analytical functions. This would account for the relatively stro;g

holistic-spatial processing and weak sequential-verbal funetioning that

*
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was observed in this group. The importance of the existence of bilateral,
holistic processing, as represented by a right hand advantage, to the
understanding of the cognitive performances of the two groups is seen
in the relationships between RHA and the Weener and TESP indices of
spatial versus sequential functioning, as well as in the relationship of
RHA to the WISC-R factor discrepancy scores., These associations would
seem to suggest that differences in hemisphere specialization pattermns
could underly the observed group differences in cognitive functioning.
Left ear scores were found to correlate sttonglv with other measures
of sequential processing in the Consistent Factor 3 group and so were

interpreted to be sensitive indicators of sequential processing capacity.

Thus, significant correlations between left ear scores and central learning

as well as with the selective attention index suggested that the Hagen
Central-Incidental learning task was measuring sequential processing
capacity rather than selective attention in the Consistent Factor 3 group.
Interestingly, ear scores and right hand scores were both found to
be positively related to measures of reading and spelling, which one must
suppose to be essentially sequential and verbal in nature. Further, there

was a trend in the Consistent Factor 3 group for ear scores to correlate

negatively with the degree of right hand advantage. This would sugges’f
efficient use of sequential processing as represented by ear scores is
diminished relative to the level of holistie processing in the left

t
hemisphere, and that functioning could be limited to an holistic-spatial

mode if these processes were in controﬂ’gn both hemispheres. Other evidence

of a direct trade-off or interference between gpatial and sequential

v

processing, as would be evidenced by negative correlations between RHA

and other measures of sequential recall, was not found. However, it is
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acknowledged that this particular hypotheasis requires additional testing
and suggestions for further exploration of this question have been made.

Differences between the two groups were frequently found in patterns
rather than in levels of performance. Further, on most of the tasks,
both of the groups performed at a level numerically below that of a group
of able learners who were drawn from the same population. However, the
able learners could only be used for general contrast purposes because
they differed significantly in mean IQ and in age variability from the
disabled groups. Patterns, thoggh not levels, of perfarmance of the
Inconsistent group were like those of the Able Learnmers, while those of
the Consistent Factor 3 group were clearly different both as to level and
pattern. The possibility Jhat the Inconsistent group may represent,
in part, the lower end of a normal IQ distribution of readers and spellers,
therefore must be entertained. |

Evidence for this inference can be derived from the following test
results:

1. Lack of discrepancy among WISC—R factor scores characterize’fd
both Able and Inconsistent learners whereas disparity characterized the
patterns of the Comsistent Factor 3 group.

2. Order of difficulty of' subtest variations on TESP differed with
the ténporal/temporal variation being the easiest for both the Inconsistent
and Able Learners, but proving to be among the most difficult for the

Consistent Factor 3 group.

3. Correlational patterns among the forms of the Weener strings
oy <

were highly similar for the Able Learner and Inconsistent groups whereas
L3

all forms were highly correlated in the Consistent Factor 3 group.
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In addition to the above gbservacions, it should be noted that
the author attempted withput success to obtain a sample of Able Learners
of the same mean IQ and age from the same school population as the learmning
disabled sample by testing two complete classes of grade 7 and 8 students
on a shortened form of the WISC-R. This faillure could suggest that at
least a part of the lower end of a normal 1Q distribution may be subsumed
in the Inconsistent learning disabled group. It would, indeed, not be
difficult to understand how subjects with a low normal IQ, who are reading
below average levels on standardized tests, might be seen as disabled when
they exist in a population whose teachers identify as 'average" those
students who have a mean IQ of 116 and who score on%tandardized reading
tests two grades above the published mean for their ages.

On the other hand, strong evidence to counter the inference that the
Inconsistent group merely represents the lower end of a distribution of
normal learners can also be adduced. There were indications they had
specific, and unique, difficulties with integration. More importantly,
they displayed a disorder in selective attention which was related to
their performance on the academic variables. Although Douglas and
Peters (1979), noted that children with a history @ failure may be
susceptible to the effects of extraneous stimuli as a means to relieve
boredom and discomfort in learning situations, and thus have suggested
that attentional deficits may result from, rather than cause, learning
problems, it would be difficult to explain why one group of long-term
disabled learners, the Inconsis?ents, became distractible as a result
of adwerse educational experiences while another group, the Consistent

Factor 3 did not. This is particularly true since both groups evidenced
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the same degree of academic retardation, were identified as ha;ing
learning disabilities for an equally long time, and were not subjected
to any systematic differences in the form of educational treatments
within the same school system.

The most telling argument against defining the Inconsistent group
as normal learners of low ability is the evidence of their degree of
academic retardation relative to their IQ. Expected underachievement,
if calculated on the basis of mental age derived from the mean 1Q of 91,
should not exceed one year (Cruickshank, 1977); yet, their reading
retardation is approximately two years ;nd their spelling retardation is
nearly 4 years. Moreover, this underachievement has been sustained in
spite of supportive, and presumably ameliorative, edugational interventions
over a period of 6 to 8 years.

In summary, the weight of evidence pre;ented here indicated that
inefficient attentional selecti€it¥ and poor integration characterized the
Inconsistent group, two characteristics that have long been associated
with learning disabilities (Torgesen, 1975; Vellutino 1979). Since both
these characteristics could reflect an inability to deal yith holgstic,
spatial material separately from sequential or analytical functioning,
it could be that these Inconsistents also represent thosé disabled
learners that conform to Boder's (1973) dyseidékic subtype, and/or to
those associated with bilateral-parietal impairment (cf. Gaddes, 1980;
Zaidel, 1980). This Egég not preclude the appearance among the
Inconsistent group of some low ''normal" children. Clearly, further
studies are needed to explore the characteristics of the Inconsistent

r

group over a wider range of variables implicated in learniﬁg failure.
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Regardless of whether some of them can be shown to be part of a
distribution of nomalg achievers or not, implications for educational
practice exist, for surely the issue is not whether they should receive
appropriate interventions to foster achievement commensurate with ability.

The group labelled Consistent Factor 3 appears to be‘well-represented
in other ieaming disabled populations since poor sequential processing
has been identified as a characteristic of the learning disabled (Torgesen,
1975). The group appears to correspond generally to those subtypes defined
by high perfomance, low verbal IQ scores on the WISC (Rourke, 1975) and
display behaviors analagous to those in the classification known as
"familial dyslexia'. Two studies can be cited to support this view.

Symmes and Rapoport (1972) carefully defined a group of learning
disabled subjects on the basis of the usual exclusionary criteria. Although
the authors did not look at factor score patterns, the data provided in
their study allow such calculations to be made. Their group exhibited a
mean factor 1 - factor 3 discrepancy of 9 points in favor of factor 1
vhich makes them similar to the Consistent\ Factor 3 group in this regard.
On the basis of family histories, a high incidence of familial dyslexia
was found, and this along with the fact that nearly all were boys led the
authors to conclude that a genetic factor might underlie the learning
problenm. |

Gordon (1980), studying a group of dyslexic children and their
families, as well as a control group of untelateed subjects, found that
the dyslexics and first degree family members were consistently better
on tests of right hemisphere function (e.g. block design) than on tests

of left hemisphere function (e.g. digit span). Control subjects were
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equally divided as to strong right or left hemisphere profiles. Reading
ability in the dyslexics, but not in the family members or in the controls,
was correlated with performance on tests of each hemisphere separately and
together. Gordon concluded that this pattern of results could be explained
1f a single cognitive mode governmed the behavior of the dyslexics, that is
1f they were limited to a right hemisphere style of processing, whereas

the others were able to employ multiple processing modes. Since the
correlational patterns of hand and ear scores with the academic variables
in the Consistent Factor 3 group of this study also followed the pattern

of che.\‘relationships in Gordon's dyslexics, it could be that the groups

are sin;ilar.

No family data were available éor the sample in this present study.
However, the suggested similarities between the Consistent Factor 3 group
and the populations of both Symmes and Rapoport (1972) and Gordon (1980)
raise the possibility that genetic dyslexia and presumed abnormal right
hemisphere specializatton may be relsted. Thus, future studies examining
patterns of hemisphere specialization in familial dyslexics could
contribute to a further understanding of the nature of the learning
deficit and also to the etiology of abnormal right hemisphere specialization

& .

in disabled readers.

The Use of WISC-R Factor Scores in the Identification of Subgroups

Although the two subgroups were originally identified on the basis of
the consistency of lowest WISC-R factor score, it was found they also
differed as to the amount of discrepancy between factors 1 and 3. This
discrepancy was observed to be more meaningful m\conceptualizing their

relative performances on the various tasks than their levels of functioning
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on a single factor. A re-classification of the subjects|on the basis

of their fe_lctor 1 - factor 3 disparity correctly replicgted 90% of the
original groupings based on congistency of disability Over time. All

this suggested that discrepancy scores on a single assessment may be
predictive of con%istency. However, confirmation is needed that discrepancy
on an initial testing in a random sample is replicated on subsequent
testing over the age span. If this were founq/‘}”to be true, the probability.
would be increased that a diagnostic tlassification could be made on a
single WISC-R assessment.

The previously well-documented finding that leaming disabled groups
are characterized by low performance on factor 3 of the WISC-R was
replicated in this study over the total group of disabled 1eamer§.
Contrary to expectation, however, no clear cut evidence was found that
a common psychological process such as poor quuential memory or distract-
ibility could account for low functioning on factor 3 on a single assessment

. <:’?ac:ross the combined groups. Although poor memory for temporal-sequential
stimuli was found in the group with low factor -3 functioning, none of the
measures of% this psychological process torrelated with factor 3 scores.

‘%The second variable hypothesized to be associated with factor 3, poor
selective attention, was found to exist in the group with relatively
}/;J higher factor 3 scores. Moreover, the relationship across the groups
betweet; level of factor 3 scores and distractibility was observed to be
in the direction opposite to that predicted if factor 3 were assoclated
with distractibility.

It should be noted, however, that although the Consistent Factor 3

group was significantly lower on factor 3 than the Inconsistent group,

&
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thete was much overiap in scores on the final WISC-R assessment, It

appears that low factor 3 scores dﬁl\igaming disabled populations are

pervasive, but non-diagnostic, because they are a result of heterogenous

functions, and thus, discrimination of learning disabled groups on the

basis of level of factor 3 functioning alone could be insufficient and

misleadi‘ng., Alternatively, the results of this investigation suggest
-~

that identificagtion an the basis of low factor 3 functioning accompanied

by significanvtly higher factor 1 scores may show promise,

A z q

)

Caution must be exercised in the evaluation of the foregcing results.
Four areas in which limitations lie are indicated below. These are with
~ f Ny
respect to the nature of the sample of subjects, the:lack of a normal

learner control group, the nature of the dependent measures, and sthe

i\f’w
intended scope of the research. g‘{-‘@‘ 3
The Nature‘ of tl\me Sample . ‘ ) ;
’The population of subjects used in this school-based, retrospective i
study departed from the selective, clinically-referred samples that so -

often appear in other research of this type. However, it did not comprise
Ve
‘& xandom sample cf long-term, learning disabled stpdents within the

particular middle to upper middle class school system from which it was

drawn. Rather, it was composed of the available children for whom three

consecutive diagnosés of leayning disability had been made over a period
— .

of some six years, the availability having been reduced by the mobile

nature of the suburban population, and perhaps other unknown factors.
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It is also recognized that possible bias Eould have affected the sample
selection since the initial referral of subjects for diagnosis was based
on opinion of school personnel rather than on any, systematic, objective
screening program for all children. Consequently, generalizations
concerning incidence and prevalence of various subtypes cannot be made
from their relative proportions within the present sample, and further
studies with larger samples drawn from a broader popul;tion base are
needed b;fore the findings concerning the characteristics of the two
subtypes can be accepted with confidence.
4.’¢he limited number of available subjects required the,lnclusion at

final testing of subjects of a wide age range (12 and one half to 15 ande
oné half years) in order to have subgroups of an acceptable size. Given
the present knowledge of possible age effects, it would have been preferable
v to have had a more restricted age range. It was perhaps fortuitous that

the disabled subgroups happened to be exceedingly well matched as to mean

age and variability sin;;this minimized the effect of age on between group

differences, but it did not eliminate the effect of age variability within

the groups. Caution, therefore, must be exercised when describing

characteristics of the subfypés in relation to age. Further, although
consistencf or lack of it over age, with reference to WISC factos patterus,
is known for the subtypes, it cannot be assumed that their relative
performances on the measures of- distractibility, sequential memory and
hemispheric dominance would also mirror the consistency or inconsistency

of the WISC patterns over time. Only studies, preferably longitudiia%,

with subjects at appropfiate age levels, could confirm if the characteristic
differences revealed in this study existed at ages prior to the present

4 assessment.
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The Lack of a Normal Learner Control Group

-4

The major purpose of the present study was to attempt to classify
N

from the vantage of hindsight, subgroups within a learning disabled
population, and to attempt to further differentiate them on the basis
of specified variables which many’researchers had presumed to be smsociated
with learning disabilities. In such efforts it is, of course, desirable to
have a control sample of nommal learners, matched on overall WISC~R scores,
and of the same age variability, so that comparisons of the level of
performance on many measures can be made., For reasons stated previcusly
this was not possible within the school system in question. This lack
means that questions remain about observed or pogtulated differences in
functioning, not merely between able and disabled readers, but between
subgroups of the disabled themselves. This becomes even more important
because of the lack of standardized, normative data on some of the

deﬁgndent measures selected for examinatiom.

The Nature of the Dependent Measures

?he lack of tests of knowm psychometric characteristics to measure
distractibility, spatial—seqhential processiﬂg and hemisphere Epecialization
must limit the confidence that can be placed in the conclusioné; as it must
surely limit conclusions reached by others who have used such tests.
Although more than one index for strategic control, spatial-sequential
processing and selective attention was included to al}ow for convergence
of results and thus to provide for some form of validatiom, the failuré to
find such convergence in the attentional measures in the Consistent Factor
3 group raises the pogsibiliwy that this variable was inadequately assessedt

Since others (Péters, 1979) have also noted the lack of congruity among
f
%
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purported measures of attentional selectivity, it seems important that
research be directed towards defining the psychometric properties of
these tasks.

The use of a multi-level format to adapt the TESP test to varying
age levels was restricted, for practical reasons of time and subject

>
fatigue, to the inclusion of only 3 trials at each level which may{have

v

reduced the reliability of its results. It also made it virtually
impossible to construct meaningful serial memory curves to provide for
further analysis of memory processes. Modification of these aspects of
the task is needed before it should be used in further investigations.

The Scope of the Study

The investigation of group differences was limited to those processes
asgociated with selective attention, spatial-sequential functioming and
hemispheg}g specialization. Although the limited number of variables
enabled 4 more detailed analysis of patterns as well as level of performance
to be made, at the same time it reduced the breadth of information about
characteristics associated with the subtypes. It is true that group

r
differences were found in these processes, but other explanations, or

posaible explanations could also exist. It is, therefore, likely that

unexplored characteristics associated with the subgroups, such as belling,

verbal encoding or the development of syntactic awareness, would contribute

to a greater understanding of the relative functioning of the identified
S subgroups.

. o

>




246

Implications

&

Granted the limitations of this study, the posgible existence of
two identiffggle subtypes with"the learning disabled population has

implications for the clinical-diagnostic, educational and research areas.

- . [ - *(m‘fﬂ

Implications for the use of the WISC-R as a clinical diagnostic tool

have emerged from this study. Should theievidence accumulate that patterns

>
of discrepancy between factor scores on a single testing are useful criteria

for predicting consistency of performance over repeated testing, then the
subgroups so defined could be expected to persist over the years of
elementary schooling. Thus, a diag%ostic subtyping could be made on the
basis of a single WISC~R assessment, and early, suitable educational
interventions could be initiated.

Educational implications derive from the finding that different
variables appeared to be asmsociated with the equally low levels of
academic achievement in each of the two groups. In addition, the
Inconsistent subjects frequently performed in patterns, if not levels,
that were gimilar to those of able learners which suggests that appropriate
educatlonal instruction would not differ from that of able learners so much
in kind as perhaps in pace or amount of repetition. Apparent disorders
in selective attention, however, would appear to require remediation.
For the Consistent Factor 3 group, which differed from the able learners
group both as to 1eve1; and patterns of perfo;&ance, there may be a need
to develop a different kind of instructional program, once that capitalizes
on thelr observed advantage in, or preference for, spatial, holistic
processing or, perhaps, one that attempts to induce efficient sequential

'

processing may be needed.
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Implications for future research are numerous. This investigation
would suggest that research with learning disabled populations will be
misleading unless such subgroups are differentiated since their scores
on many variables tend to cancel each other out, leaving méan values

that misrepresent both groups. Further, data presented here appear to

support Rourke's (1975) conclusion that level of performance on a single

variable at a single assessment, is of minimal value in differentiating
subtypes. However, the results of this present investigation imply that
patterns of performance on holistic, simultaneous versus analytical,
sequential tasks might be useful discriminators.

There is, further, a need to delineate the parameters of these two,
subgroups. For example, do these categorizations and characteristics
hold at younger age levels? In particular it seems Important to see if
the Inconsistent group displays evidence of disorders in selective
attention prior to prolonged exposure to adverse learning experiences,
and to see if the Consistent Factor 3 group exhibits sequential versus
spatial processing discrepancies at an early age. A more detailed
identification of the characteristics of the subgroups in terms of
variables not explored in this study 15 also required. It would be
especially important to determine clearly and specifically the academic
skills and sub-skills of each group for educational purposes.

Future studies controlling for possible attentional variables and
using '"hemispherically pure" tests of the two main processing styles to
vali&ate the interpreted hemisphere patterns are needed. The findings
presented in this study, tonfirming and elaborating Witelson's earlier

report of abnormal hemisphere specialization patterns in the reading
{
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disabled, require further exploration. There is a need to determine if
and how these patterns develop over the age span, and what they may mean
in relation to academic competence. An investigation of hemisphere
specialization patterns in familial dyslexics could advance knowledge

in this regard. Such studies may b% of special interest given the
developing context of research and practice in the learn;ng disabilities
field. The advent of a more dynamic interaction between neurcpsychology
and special education has been signalled by the recent publication of

Learning Disabilities and Brain Functioh: A Neuropsychological Approach,

{Gaddes, 1980) in which the author describes how the principles of
neuropsychology can be applied to help solve educational problems.
He optimistically states:

"The 1950's, 60's and 70's have been time of exciting and
rapidly expanding knowledge in neuropsychology and special
education. The 1980's promise to brimg these two disciplines
closer together by increasing our knowledge of their relatiouship
and providing new and better forms of remediation for the
children who need them."

(Gaddes, 1980, p. 323)

Further exploration of the several promising areas of research that have

‘ emerged from this present étudy could make a valuable contribution within

the framework of the growing partnership that he env:sages.

e e e, S B AR Pl W e b




2.

. 77w"“2

A 249

Weener, Paul. Personal Communication, April 5, 1978. Coples of

Dr. Weener's Test of Semsitivity to Linguistic Structure were .

given to the author by Dr. Weener. Hence the teat will be referred
{
to as The Weener Strings in this {nvestigation.

|

Machine used was Wallensak 3M AV Cassette System, Model No., 2520.

The visual displays which were not included in the article were
made available through the courtesy of Dr. Sandra F. Witelson,
Dept. of Psychiatry, Chedoke Hospitals, McMaster University,

Hamilton, Ontario.
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' Appendix A

Raw scores and descriptive statistics

for age, IQ and Factor Scores Total Sample,

N=49 .
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Table 1

Analysis of variance for verbal and performance IQ scores

over 3 assessments for the long tem

learning disabled group, N = 45

Source of variance df Mean square F P
Time or age 2" 141.41 2.79 .07
error 96 50.61 WS
Subscale 1Q score 1 2967.20 15.62 .0003
error 48 189.96
" Time x subscale score 2 95.51 2.63 .08
. error 96 35.96
!
Table 2
Analysis of variance for verbal
1Q scores over 3 assessments
total long term learning disabled group -
N 4
A T RN o ]
Source of variance df Mean square F )]
Verbal score x time 2 226.86 . 5.88 .004
error 96 38.60
& 2\
Means: 96.5 93.6 92.3
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Analysis of variance for performance

Table 3

I1Q scores over ] assessments

3

total long term learning disabled group

Source of variance df Mean Wquare F P
% N > .
Performance IQ score
& x time 2 . - 9.06 .19 .828 , \
" error 96 47.97 i
Means: 100.6 100.8 - 100.0
- 1y
I
_ ‘ \
- 1
¥ ! \',. ‘
"N Table 4 -~ ‘ |
Analysis of variance for full scale 3
' -+ JQ scores over 3 assessments : ;
for long term learﬁing\digabled group‘ f
LN
B
Source of variance df Meanlsquare F B
' Full scale 1Q score o ‘
- x time 2 116.71 4,12 .02 .
3
error 96 ©28.29 f
L ; * & s ¢ ¢ :
o Means: 98.6 ~ 97.2 95.5
' ' a Y
b .
} ( &\ ) Ll . w
a . i
3
i ' .
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c\; Table 5
Analysis of variance for factor scores
over 3 assessments for long temrm
learning disabled group
Source of variance p df Mean square F P
Time or age ’ \ 2 66.20 2.95 .06
8
error ) 96 22.41
Factor scores 2 1457.88 29.70 <.0001
error -\ 96 ¢ 49.09
Time x factor scoreg 4 61.29 4.56 .002
error 192 13.45
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Table 1
Analysis of varlance for full scale
IQ scores over 3 assessments

Consistent Factor 3 and Inconsistent groups

259

Source of variance df Mean square F P
Group 1 772.27 4.28 .05
| /
| // error 43 180.43
4
7 Age or time 99.70 3.51 .03
. IQ score x time 6.41 .23 798
' error 86 28.37
Consistent Factor 3 Inconsistent
i Mean IQ x group 99.92 95.1°
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Table 2 -
. *  Analysis of variance for verbal and perfo;ménce H
. IQ scores over 3 assessments
Consistent Factor 3 and Inconsistent groups ' '
Source of variance df Mean square ¥ P |
Group 1 1112.48 3.54 .07 )
error 43 314.26 j
| e , ‘
| {
Time 2 141.06 2.83 .06 | |
Time x group 2 12.77 0.26 .77 S
error 86 . 49.78 ' § |
H
Subscale score 1 2720.72 17.74 .0001 |
Subscale score x group 1 374.99 2.44 .125 :
error 43 153.40
Time x subscale score 2 80.09 2.14 .124
Time x subscale score )
X group , 2 38.65 1.03 .361
error 86 37.47 . ”
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Table 3 ,
Analysis of variance for factor scores over
3 assessments for Consistent Factor 3

- and Inconsistent groups

Source of variance df Mean square F P

Group 1 264.97 2.56 .12
error 43 103.40

Time or age 2 60.42 2.89 .06

Time x group 2 1.64 .08 .925
error 86 20.93

Factor scores 2 1388.54 55.04 .000

Factor score x group 2 713.56 28.28 . 000
error 86 25.23

Time x factor score 4 45.78 3.36 .01

" Time x factor x group 4 17.89 " 1.31 .266

error 172 13.61 ‘
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The Central-Incidental Learning Test

General Instructions

The test was administered individually in a single seasion lasting
approximately 20 minutes. The central stimull consisted of six g i 12 cm
cards each of which contalned a black 1.*Lne drawing of ; animal and a common
hougsehold object. The same animal and object were always paired together,
Wt the subjects were instructed to remember only the animals and to not
pay attention to the other ﬁ}j.ngs. Twelve six-item test trlals were glven
with each ltem being presented for two seconds and then turned face down to
form a horizontal row. Immediately following presentation of the last 1tem
in each series an 8 x 12 cm card containing only an animal drawing was
presented and the subject was asked to tuxrn over the test card containing the
identical animal plcture. Only correct first responses were recorded.
However, if the first response was incorrect the subject was allowed to
continue to turm over the cards until the correct one was chosen.

Each of the six animals and each of the serial positlons was probed
twice during the twelve trials. Order was randomized, but to control for
effects of fatlgue and boredom the presentation df the twelve serles was
rotated, L.e., the first ‘child began with series #1 and continued through to
series #14, the second child began with series #2 and ended with serles #l.
Central recall score was the proportion of correct first responses, correctéd
for possible response *bias. This was accomplished dsing a procedure whereby
correct first cholce frequency at ’each position was expressed as a proportion
of ntota.l choice frequency at that position (Donaldson and Strang, 1968).

Immediately following the completion of the twelve series, the subject

was presepted with six animal cards and six cut-out pictures cof the common

—adl e
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household objects, and was asked to match animals and objects as they\ha.d

appeared during the test trials. Proporition of correct responses constituted

the incidental recall score,

Verbal Instructions

Say, "We? are golng to play a memory game. I will show you some cards
like this with animals al.nd other things on them. Look carefully at the
animals because yox; ﬂll be asked to remember thelr order, but don't look
at the other things. 1 will show you the cards one at a‘ time and then turm
them gver and put them in front of you like this. Then I will show you a card
with only an, animal on it and you will be asked to turn over the card in
front of you' that has the same animal on it. I;et's do one for practice,”

A practlce trial was given using 4 cards containing animals and
household objects not used in the test itself.

Following the presentation of the last series, say, "I know that you ’
were told not to bother looking at the other things on the cards, tut
let's just see 1f you can tell which cbject went with each animal. Which
objects goes with this animal?" .

R
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Stimull for the Central-Incidental Test

7" (actual size 8 x 12 cnm)




EMBESBED FIGVRES -

In each of the items of this test
four Drawings on the right. You are to
concealed in each of the Drawings. Put
under a Drawing if it contains the Figu
under a drawing if it does not contain

Look at this example.

N\

Figure

. L0)

‘\\
O

Code Number

you have a Figure on the left, and
decide whether or not the Figure is
a check mark (¥°) in the brackets
re. Put a zero ( 0 ) in the brackets
the figure.

Drawvings .
2 3 4
(o} (V) W)

In the row of Drawings, a zerc (0) has been written in the brackets under

Drzwing 1.
zaro (D) h2s been written urnder drawin

z square ¢ exactly th2 same sizs as the

mzrks (V') have besen written under ths

centain a square of ewxactly the szmz2 sZze as the figure,
figuye contalined in drawings three and four is on a

ol
It 20235 not mztter that the
figure z: tha

The first drawing is a square,

but it is larger than the figure. 4
2. Although the second drawing contains
figure, it has been turned. Check

third and fourth drawvings since chey each
and have not bean turnad

ditferznt lavsl frem the left.
Harez is zncthar example Zor przzcize.  Iry it
NN
r i /‘\/—\
“""7’\‘! \/ \l 4 (
* AL Y
s
‘\* \\ \\ /? g
“‘—*"j N //\\\J/j
b -
) () ¢ ) ¢ )
You should have placed check mzrks (V) in the brackets under the first and
third drawings. end zero (J) in thsz brzckets updar the second and four:th dravings

Le oot turn the page until the sizr

n2l is 2iven. Then do each of the irens

in ghe £ollowiag pzzes in ths szme way.
as fast as you can.-

You will have only a short time, so werk
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WEENER STRINGS OF VARYING STRUCTURE

Items:
Happy children play funny games.
Girls pretty good wear coats.
Walls magic kind spin ears.
Little deer jump high fences.
Fish small ducks young like.
Wet birds take special parents.
Bables fast deep draw metals.
Hard cats sall silver legs.
Big horses pull heavy wagons.
Waters dry coo‘l sand wash,
Ants south fact days sell.
Good girls wear pretty coats.
Children happy games play funny.
Great skin drops easy shoes,
Parrots bilrds wet take special.
D?ep metals draw fast babies.
Young ducks like small fish,
Fences jump high deer little.
Legs sllver hard sall cats.
Fat days sell south ants.
Horses heavy big pull wagons.
Cool waters wash dry sand..
Shoes easy skin great drops.

Kind walls spin magic ears.

Sharp tools cut fresh meat.
Climb lions trees tall stropg:
Spiders hot leaves wrong tuild.
Nice people help sicI;: boys.
Hair long wind warm blows.
Quiet papers run middle hills.
Snow eggs flat glad give.

Proud baskets drive square roses.
Brave soldiers fight bad men.
Eat apples sweet bears hungry.
Drink tin ships flowers narrow.
Strong lions climb tall trees.
Tools fresh meat sharp cut.
Poor forest save thin books,
Papers middle hills quiet run.
Flat eggs give glad snow.

Warm wind blows long hair,

Nice help boys people sick.
Baskets square proud drive roses.
Narrow flowers drink tin ships.
Soldiers bad brave men fight.
Hungry bgars eat sweet arpples.
p

Books thin poor save forests.

Hot leaves bulld wrong spiders.
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Instructions for Administering the Weener Strings of Varying Structure

General Instructions

A tape recorder, preferably with a pause button, and a listening station
with two sets of headphones'are required for administration of this test,
Both experimenter and subject listen to pre-recorde& 10~word strings over

the headsets. At the end of each serles, the experimenter stops the tape,

. slmultaneously signalling with an orange card for the subject to recall as

-

many of the words as he can remember. Following the subject's response, the
experimenter reactlvates the tape recorder. The subject's responses are
recorded on a second tape recorder for later verification. The experimenter
records the responses by numbering the words as they are recalled on a response
sheet. The test is individually administered in one session and requires
approximately twenty minutes.

Word strings are delivered without inflection or intonation at the
rate of one word per second. The strings vary as to organization: assoc-
iations with syntax, no assoclations with syntax, syntax with no associations,
and no associations and no syntax. There are six examples of each for a
total of 24 strings in all. Order of strings is randomized, but is the
same for each subject.

Verbal Instructions

say,"You are going to hear a string of words. At the end of the
string, when I hold up this orange card, you are to say back as many of
the words as you can remember. Say them in any order ycu please.:'

Three practice strings are normally given. A1: the end of the practice
trial the subject 1s asked 1f there are any questions. Following any

further explanations, say, "Let's begin.” (Remember to turm on the second

tape recorder to record responses.)

N
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TESP: A TEST OF TEMPORAL-SPATTAL RECALL

General Instructions

>

The test has four variations: spatial/ spatial, spatial/temporal, tempoxal/ ‘
spatial and temporal/temporal. The subject is shown the spatial or temporal
presentation and 1s asked to reconstruct 1t temporally or spatially, Three
practice trials are given for each condition. Before testing begins, the
subject 1s shown a sample spatial presentatlon and is instructed as to its
interpret;’éion.

Time a.llowed{ for viewing the symbqls varies according to the number of
symbols 1n each presentation, one second being allowed for each symbol.
Therefore, the spatial and temporal presentations range from two to six
seconds each. An interval of five seconds is imposed between presentation
and response, but no time limit is placed on the response. Testing ceases
when three consecutive errors are made at any one level. One point is given
for each correct response. Maximum score on each variation is 12.

Instructions for Initial Presentation of Spatial (Grid) Pattern

Say, "I'11l show you how to read this pattern of X's ( show pattern #1).
See, we have signs here and numbers here (point appropriately). "I'he X's
tell about the order the signs are in. See, this sign (po,int to first symbol)
is ﬁs;st because the X across from it is under numbezz' 1. This sign (pcint
to second symbol) is second because the X across from it is under number 2."
" "Now look at this pattern (show pattern 2), Look at the X's. Put .
your finger on the sign that the X says is first”.

If the subjecff cannot do this, say, "It is this sign because the X
across from it 1s number number 1,"

"Put your fingdér on the sign the X says is second.”

Go btack to card number 1 and say, "Is; this siagn filrst or-secpnd?“ Go to

card #2 and say, "Put your finger on the first sign."
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( RN " Continue in this manner until you are confident that the subject clearly -

\v
PR A e

understands the pattern. Proceed .to the approprlate test variation.
Since 1t was believed that directions for administering should be
. 0 :
the same across age groups, very explicit language is used to ensure that

those subjects of younger ages would understand.

-

Directions for wistering the Four Variations

Spatial/spatial: The Experimenter displays grids with spatial patterns.
The Subject has empty grids and a pencil.

Say, " I am going to show you some patterns. After you lock at a

T pettern and have walted for five seconds, I will say 'ready’ and you may begin

, to make the pattern with your pencil on this paper by putting the X's in the
right spaces"”. »
Patterns #1 and #2 are displayed agaln as practice trials. Present’

each one for 2 seconds, walt five seconds and say, "Ready, now make the pattern .

on your paper.”

/

Present cadxd #3 and say, "Look at this pattern. 'See, now we have one
% ) . more sign and one e;wre number.”"” Display it for 3 seconds; wait 5 seconds
and sey, "Ready, now make the pattern on your pé.per."
Proceed to card #4, which is aleo a practice trial, in the same mé.nne;. :
Each time a new sign is introduced, show the bla.nlf grid first<and say,
"See, we have one more sign and one more number." Procéed' with successive
‘ patterns until three consecutive errors are made at any one level.
o, .— . ‘ Spatial/temporal: The Experimenter displays grids with spatial pattemé.
| The Subject is given a set of appropriate symbols on individual cards.
Initially, the Subjeéct has only two cards and is given an addii;icma.l card

( . each time a new symbol is introduced.

P,
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. may put the cards down so that the signs will be in the same order as in the
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Say. "Now I am going to 'give you some cardss with the signs on then. -

I will show you & pattern and after five seconds T will say, 'ready’ and you

-~
»

pattern.” -
Cards ﬁla.nd 4;2 are used as practice trials. Each .is shown for .two
sec;onds. After the five second pause say, "Ready; put dz;wn your cards 80
that the signs are in the same order as shoyn in the pattern.” . |
Show card #3 aﬁd say, " See, now v}e have one more sign and one mdore
number," ¢
Show card # 4 ( also a practice 'trial) for /three seconds, walt flve
seconds and say, "Ready, place your cards so that the signs are in the same
order as shown in the pattern."
. Each time a new slgn 1s Introduced, show the blank grid first amd say,
"See, now we hav'e one more sign and ane ‘more number." Remember to display
each grid one sec;:nd for each symbol. Pi'o_'ceed with successive'pattems until
three consecutive qmré a.re nade .
Tampgra.l[ spatial: The Fbtp;ﬁmenter displays individual cards with symbois .
oen them and the Subjwpty grids and a pencil. B
Say, "I have some cards: wlth slgns on them. 1T am going to show them

to you one at a time in a speclal order. After I have shown them to you,

we will walt for five seconds. 'I‘heri I will say, 'ready’, and you may put

the X s In the pattern so that they are 1n the same order as I showed you.

. /"*Tho sign that you see first should have an X across from it under the num'ber 1

}}m sign that you see second should hé_,ve an X across from it under the number 2.
Here are the first ones.” - ] \ \ .

Show sequence ] and then sequence 2 as practice trials., Then say,

"Now we are going to use one more sign.' Show the new sign and'grid»ga.ttem

i
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each ‘time a new symbol 1s mtro&ucod Eroc«d until three conﬁocntive srrors

are ma.do at my one level. -

W: The Experimenter and Subject each has ind.ividual
éwdﬁ with symbols on “them. . Initially the zubject has only the first two

: cards and 1s given an addftional card each’ time a new symbol is introduced.

Sa.y. "I have some cards for you and some cards for me. Each card as a

different sign on 1t. ‘I am going to show you my,.cards in a speciai order

“and after five seconds, I will say, 'ready' and you may place your cards on

the table in the same ‘order. Llet's start with these.” Show sequences #1 and

#2 (_j:ra.ctico trials). After each one say, "Now put down your cardg in the

same order as I showed them to you." Then say, "Now I am goinglto show &ou

one more sign."” Give the Subject a card with the new sign on 1it. Display

the third sequence ( also a practice trial). Proceed with the remaining

sequences until three consecutive errors are made at any one lavel.
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Instructions for the Dichotio Listenifg T
'manty-four sequences of thr«—digit pa.d.rs were adminiaLred ‘follawing
the preseritation of two pra.ctice sequences, The first tost of twelve ssquences
was presented at the rate of two pair per half second. Tho second test-was
‘presemted at tha rate of two pa.iz- per one a,nd a half sccond.s. 1At the half wa.y

point, ea.rphonos werse switched. inm-individua.uy to counturha.lanoe for possible

vr

 channel effects. Order was counterbalanced inter-individually as well.

! _ Inatruqtions were as follows: " When you put on these earphones you

will hear different numbers coming to each ear at the same time. Then thers

will ‘ue a pa;uso. H‘hqn the pauge ocours, pleue repea.'t, in a.ny order.

‘many o£ the numbars as you ean remembcr hea.ring.

Digits reported from the right and left ears were tota.lled sepa.rately

Miximum score = 72 for each ear.
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Dichotic Test .
( Order —_— ) ,
Earpbona 1 on right ear ~Left Both
tost 1 . (1/2 sec.) . .
- 395 680 y - ‘
750 293 . |
284 ' 107
.132 584
- 461 '579
) 023 748 -
/ ~total test 1
P Test 2 (1 and 1/2 uc.)
587 649
, 417 832 ’
’ 069 257. ‘
. 504 196
) 265 380
431 976
. total test 2
Order L
) Ea.rpt\one 1 on 'laft -
Test 1 - -
680 . 395 -
-293 750
107 284
584 132
579, 461
748 023 ‘ -
o __total test 1
Test 2 . . A
- 649 587
832 417 .
257 069
196 504
, 380 265
~ 976 . 431 . '
- ‘ _total test 2 1
: Grand Total

o s
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Appendix E
’/" ‘
} . Raw Scores and Descriptive Statistics
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. . . J |

Dependent variables for . . [ <1

* 5 . - —
. Consistent Factor 3, Inconsistent and AMle Learner Groups \_J
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central learning score
incidental learning score
" embedded figures
associations with syntax, Weenér Strings
assoclations without syﬁta.x, Weener Strings
no associations with syntax, Weener Strings’
no assoclations and no syntax, Weener Strings
spatial presentation and spatial response, TESP
temporal presentation and spatial response, TESP
spatial presentation and temporal response, TESP
temporal presentation and temporal response, TESP
right ear score, dichotic listening -score ,
left ear, dichotic listening-score. .
right hand score, dichhaptic stimulation test
left hand scors, dichhap:tic stimulation test
grade level spelling score, Wide Range Achievement Test
reading accuracy, standard score, Gates-Meginitie Test
reading speed, standard score, Gates-HcGinitle Test

word recognition, score from Slosson Oral Reading Test

e
Cat = category
Consistent Factor 3 =1 ” .
Inconsistent = 2 : ‘
Able Learner = 3 o . "
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Appendix F

Analyses of Variance

Not included in text: Study No. 2
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Table 1
R ¢
Analysis of variance for full scale IQ scores
over 3 assessments for
Consistent Factor 3 and Inconsistent subgroups
(N = 15, each subgroup)
LY
IR
Source of variance df Mean square F P
Group 1 780.27 3.57 .07
error . 28 218.29
Time 1 173.34 8.46 - ,0006
Group x time 1 41.94 2.05 .14
error 56 20.49
Means: 100.0 97.4 95.2
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Table 2
Analysis bf variance for verbal and perxformance IQ scores
' over 3 assessments for
!

Consistent Factor 3 and Incomsistent subgroups

(N = 15, each subgroup)

Source of variance df Mean square F P
Group ‘ 1 1366.76 3.58 .07
error 28 381,33
Time ’ - 2 227.17 5.78 .005
Time x group 2 90.54 2.30 .1
error 56 39,33
C l
Subscale 1Q 1 2149.36 11.40 - .007
Subscale IQ x group 1 642,22 3.41 .08
error 28 188350 ,
Subscale IQ x time 2 61.24 T1.45 7 24
Subscale IQ x time 2 30.41 .72 .49
X group
error 56 42.25
( -
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Table 3
Analysis of variance for factor scores
~ over 3 assessments for ™

Consistent Factor 3 and Inconsistent subgroups

(N = 15, each subgroup)

' Source of variance df Mean square T F P
Group 1 358,22 2.82 .10
error 28 126.97 .
Time 2 138.42 7.38 .001
Time x group °~ 2 o 11.39 Bl e 55
error 56 18.76
Factor scores ‘ 2 906.58 28.53 <.001
‘ Factor scores x group 2 562.05 17.94 <.001
error 56 31.33
Time x factor scores 4 47.41 . 3,56 .009
- Time x factor scores 4 ) 28.82 2.16 .08
x group )
srror 112 13.33
\’Y‘\ 2
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Table 4

for number of words recalled

by levels of association and syntax

for Consistent Fagtor 3 and Inconaistent groups

-

s p—
Source of variance . daf Mean square F P
LN '
Between groups 1 21.67 : 0.21 .65
rror 28 101.86
Levels of association 1 4404 .41 395,35  <.0001
Levels of association 1 156.41 14.04 .0008
X group
error - 28 11.14
Levels of syntax ’ 1 559.00 66.93 <,.0001
Levels of syntax x group 1 91.88 11.00. .0025
error ) 28 8.35
Association x syntax 1 1267.01 25.80  <.0001
Association x syntax 1 20.01 1.93 .18
x group : .
error 28

-

'10.35

-
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Table 5
Analysis of variance for serial position effects on nasswo string-'
for Conaistent Factor 3 and Inconsistent subgroups

(W = 15, each subgroup)

e — e ]

Source of variance af Mean sguare F R
Growp o 1 10.83 5.69 .02
error . 28 ‘ 1.90 - )
’ 4 . ' - ,
Serial posttion - 9 . 37.81 24.01  <.0001
" Serial position x group 9 2.67 1.69 . .10

|rYor , 252 ' 1.57

Position: 10 9 1 8 6 2 7 3 .5 4

!

Means: 4.8 3.3 3.0 2.9 2.5 1.9 1.7 1.6 1.4 1.1
. i 3 \

—
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Table 6
Anaiysic of variance for serial position effects on assw strings
for Consistent Factor 3 and Inconsistent subgroups

(N = 15, each subgroup)

Source of variance df ‘ Mean square F P
Growp - 1 12440 2.7 .10 ’
error 28 , 4.54 L
B | Serial position 9 19.77 © 16.44 .00 . '
| Serial position x group 9 ', 2.20 T 1.83 .06
error . . 252 1.20
Position: 100 8 2 7 9 -3 5 1 "4 .6 -

 Means: 5.5 4.8 4.6 4.4 41 41 3.7 3.4 3.2 2.8

8 eren———

b

BT e e i o — . e n By e et g



TEARATTT WE 3 PTG T T

298

Table 7 / o
Analysis of covariance of verbal IQ scores on ra‘c,ail' of'We'enver s,é'ringn
for Cousistent Factor 3 and Inconsistent subgroups

~¢

ag (N = 15, each subgroup)

A‘outce of variance df Mean square F P
Group 1 46.52 .46 .50
Verbal 1Q° 1 146.65 1.46 .24
error ' 27 100.20
Associations o 1 4404.41 395.35 <,001
Associations x group 1 156.41 14.04 .0008
error 28 11.14 ' /
Syntax . : 1 559.01 66.93  <.0001
. Syntax x group 1 91.88 11.00 <,003
error ) 28 - 8.35
Association x syntax 1 267.01 25.80  <.0001
Association x syntax x group 1 20.01 1.93- .18

eTYOY ;8 10.35

' Adjusted Means -

String varistions Consistent, Factor 3 Inconsistent |,
Asww - c L 423 3.t
Asavo a4 d 33.9°
Nassw . 241 ‘ 26.7°
Nasswo o asd ‘ 26.3°
* Means followed by the sahe 1et’ter are not significantly different. '
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Table 8 g
Analysis of variance for serial position effacts on nassv strings

+ for Comsistent Pactor ) and Inconsistent subgroups

(N = 15, each subgroup)

- N ‘Xa}
Source of variance df Mean square F . P
Group C 3.63 ©1.23 3,28 /
error 28 2.96"
Serial position 9 23.86 11.84 <.0001
Serial position x group 9 2.17 1.08 .38
error 252 2.01 g '
/ . -
g @
/
Table 9

LN

‘Analysis of variance for serial position effects on @asswo strings

¥ for Comsistent Factor 3 and Incongistent subgroups
. (N = 15, each subgroup)
Source of variance df Mean square F P
Group ‘ , 1 T .96 .26 .62
error 28 3.76
Serial position - 9 .25.08 16.02 ~<,0001

Serial position x group S .70 45 .91
error o © 252 . 1.57
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Table 10

A}

Analysié of covariance of full sqale I1Q scores on TESP recall scores

for Consistent Factor 3 and Incomsistent subgroups

)

(N = 15, each subgroup)

Source of variance / df Mean square F ) i
Group 1 32.72 2,72 Jdl
IQ effect i & 98.99 8.24 .0079
error 27 12.01
Presentation mode 1 © 16.13 2.92 .10
Presentation mode x group 1 16.13 2.92 .10
error 28 5.53 .
Response mode 1l 28.03 8.89 .006
Response mode x group 1 5.63 1.79 .19
error ’ 28 3.15 ’
Presentation maode . 1 + 28.03 20.48 .0001
x response mode o
Presentation mode x 1 17.63  12.88 .0013
response mode X group ’ .
error - ' 28 1.37

ce?

Adjusted Means

TESP variation Consistent Factor 3 Inconsistent
Spatial/spatial A ”6 . Qb* . 6. §ab
Spatial/temporal. - A » ) 4.5
Temporal/ spacial ‘ - S. 8b ) 6 .'Sab !
Temporal/temporal - 4.6° . 7.78

* Means followed by the same letter are not significantly different.
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"Appendix G ’ . \ :

Single classification analyses of variance for ’

the Able Learner group: Study No. 2
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Table 1

Single classification analysis of variance for

K g TS, oA O MBSO 1
~

number of words fecalled by levels of association and s'yntax -
‘ of the Weener strings
|

for the Able Learner group

»
’

e

A S b AN, A o e A P LA Y
’

|
]
| ) -
Source of variance | af Mean square F B
’ |

b Levels of association 1 ©3420.15 358.40  <.0001
error 14 9.54
3 'x
; \ Levels of syntax \ 1 340.82 23.51  .0003
i ‘ .
. error / 14 14.50 ‘

.. Association x syntax 1 46.82 C2.94 .11

error 14 15.92

e g et 8 e o ot
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Table-2

Single classificatiymalysis of variance for

recall by levels of presentation and response on TESP forms

for the Able Learner group

p— - -

Source of variance df ' Mean square F 2

Levels of pfesentation 1 9,6 1.45 .25
erxor 14 6.64

. Levels of response 1 9.6 2.32 15

error 14 L.lb '

Presentation x response 1 41,67 10.84 .005
error 14 3.85
Means: 9.9 9.9 9.1 7.5

.
F e e See———— ey 8

P
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Table 3
Single classification analysis of variance
¥ of dichotic listening scores for the

Able Learner group using right handed subjects

301

NI
R . \
Source of variance df Mean square F, P
Ear effect 1 . 168.03 9.78 .007
error 14, 17.18
Table &4
Single classification analysis of variance
of dichhaptic test scores for the Able
X
Learner group using right handed subjects only
Source of varianiiig// df Mean square F ﬁ:
Hand effect 1 8.53 4.51 .05
error 14 1.89
a 5

()
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Appendix H

EFS

7 -6 1

Analyses of variance for
,dichotomous stimulation tasks
for Consistent Factor 3 and Inconsistent groups

(right and left handers combined)
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Table 2

¢ Analysis of variance for number of

correct detections for right and left hands
for Consistent Factor 3 and Inconsistent groups

right and left handers combined

Source of variance df Mean square F ) P
Group ) 1 .82 .36 .55
‘ |
error 28 2.27 * 3
Hand effect | .02 .01 .93 ' i
Hand x group 1 12.15 4.98 .03 i
i
error 28 2.44 '
Means: 5.4 5.1 4.5 %4.3{
- (
\
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Table 1 ’
Analysis of variance for number of
digits recalled for right and left ears
for Consistent Factor 3 and Inconsistent groups
right and left handers combined
e
L ]
Source of variance df Mean square F P
Group 1 1.67 .01 .90
error 28 111.32
Ear effect 1 1382.40 29.08 <.0001
Ear x group 1 26.67 .56 .46
error 28 47.53
"\
/
I
: ) /
._\\\
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Appendix I

Multiple Regression Analysis
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Table 1
Summary table of the-multiple regression analysis of derived indices
‘ on the factor discrepancy scores from the first assessment
Variable Multiple R Simple R B-value Beta
Selective attention .43 .43 .56 .44
Right ear advantage .60 T3 L .20 .33
Weener index .65 .38 15.02 .23
TESP index T .66 .39 - 4.35 -.13
Right hand advantage - .66 .08. - .22 _=.05
(Conatant) ’ .19
y -
¢ . \\\!
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