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SOME CHAIW:'ttIUSTICS OF '!'WO LEARNING DISABLED SUBGROUPS 
Cl 

IDENTIFIED noM WISC/WISC-R FACTOR SCORE PATTERNS 

Leaming disabled boya vere categorized on the basis of consistency 

of lowest WISC/WISC-R factor scores over time. The Consistent 8ubgroup 

with lawest scores on factor 3 also displayed significant factor score 

discrepancy. The Inconsistant subgroup had varying lowest factor sc~,s 

with no significant discrepancy, such variation not apparently related 

to a delay hypothes1s. Patterns in the Consistent Factor 3 group could 

be suggestive of either a delay or deficit. 

Group differences occurred frequently 1n patterns. rather than 

levels of performance, the Inconsistents display1ng patterns similar 

to able learners. Disorders of sequential processing and abnormal right 

hemisphere special1zation characterized the Consistent Factor 3 group, 

ineffic1ent selective attention the Inconsistent group. Pervasive group 

differences in holistic versus sequential processing were related to the 

hemisphere 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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Do. garçon. l.uUr ... t cie diff~cultb 'd'apprentisSage on\,té 
'\ \ 

classés selon l'uniformité des résultats minima aux telt~\WISC/WLsC-R 

sur une p6riode donnée. Le sous-groupe ayant obtenu des r~ultat~, uni­

forme. au facteur l fait égalament preuve cIe,divergenc ••• i~ifica ive. 

dans les autrès facteurs. Le sous-groupe ayant obt~nu des rhultat non­

uniformes enreJistre des divergenc'es danl les rêlUl~\ts minim~, sans que 

ces divergences soient significatives, n'étant pas associéea i une hy 0- 1 

thèse de retard.· Les résultats du groupe uni.forme au facteur 3 auggar:.mt 

aoit un retard soit un déficit. 

Les différences entre les groupe~ portent fréquemment sur ,les va-

riations plut8t que sur l~s niveaux de performance, le groupe non-uniforme 

présentant des variations Il:1m.ilaires à celles des élèves normaux. Les 

désordres portant sur le processus séquentiel et une spéciali.ation anor-

male de l'hémisphère droit sont caractéristiques du groupe ~niforme au 

facteur 3, tandis qu'une attention sélective inadéquate caractérise le 

aroupe non-uniforme. Des différences de groupes généralisée. au niveau 

du processus synthétique plut6t que séquentiel sont associés il' indice 

de spécialisation himisphéUqJ,le; tous deux étant associés aux divergences 

de" résultatl au ust WISe-R. On peut par cO)équent définir ces sOus­

group.s par l.s divergences de leurs résultats. Un modèle de fonctionne-

~nt hémisphérique est proposé pour expliquer ces risùltats. 
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CHAPTEl l 

INTBOOUCTION 

Over the p.at two decades there hAl been a growing interest in 

learn1ng disabled children, that h, chlldren who experience severe 

and prolonged problems in school achievearent in sp1te of nomal 

intelligence, adequate home env1ronment and the absence of phys1cal 

and emotiona1 handicaps (Kirk, 1963; Torgesen, 19'75), Although researeh 

. has flourished. comprehensive revieW8 of the burgeoning lite.rature J 

(Benton, 1975; Torgesen, 1975; Vellutino, 1979) have indicated that 

comparative1y litt1e ls known about which factors actually contribute 

to leaming failure in these ch1ldren. Problem.s 1n perceptual functioning, 

lntersensory 1ntegrat1on, seriaI processing, verbal encoding, selective 

attention and the establishment of hemispherlc specialization are among 

the most prominent of the variables currently hYP?thesized to account for 

their learning difficulties, 

Perhaps one of the nuons for lack of consensUs has bean the 

tendency of researchers. thus far, to treat aIl otherwise normal chlldren 

vith reading and spe11ing problems as if they were a homogeneous"group, 

Although it 18 now w1dely aclcnowledged that this learning disabled 

population 15 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 I.Q. Comparisons have been made on variables hypotheslzed 

to be related to leaming failure, the discrimination of able and disabled 

learners usuaUy having oeen based on· the amount of Academie progress 

made relative to that expected 1n terme of mental age CCruickshank, 1977). 

If distinct subtyp~s of the 1earning disab1ed exist, then research baud 
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on undifferentiated samples would be m:isleading for 11: would nO,t indicate 

whether the findings were typieal of aIl !è4rn1ng' di~&bled subjects or 

of just those fram one or more of the possible subclassific~tions. 

Conclusions reaehed eould be entirely dependent upon 'the sample used. . . 
lt would appaar ta be ,unlikely that all learning disabilities could be 

-..... 
traced ta a disorder in a s1.~le psychologieal proeess but rather, it 

would be more probable that there are subgroups which eonform ta different 

diagnoses. 

Although there is widespread recognition of the need to identify the 

possible subgroups among the leaI'ning disabled, certain methodologiesl 

problems have hin~ered progress. Usually, a task is devised whieh is 

presumed to measure the psychologieal process hypothesized to underlje 
, ,... 

learning failure and group-s are formed on the basis of similar levels of 

scores, ignoring the fact that'equal scores are not necessarily arrived 

at by the use of the same process (Eysenck, 1967), Identification of 

performante. patterns through the s1.tnultaneous apprais,l of scores on a 

variety of.aeasures (Rourke, 1975), use of"lDore than one mea.ure for a \ 

particular variable to allow for validation through ~nvergence of 

résults (Witelson, 1977), and/or repeated me4surements to de termine 

reUability and stability over time migh t help to min1mlze such eftr'or. 

The use of samples with a wide age range may also have impeded 

advances in SAbtyping since there Is ~vidence to suggest that proeesses 

which discriminate normal from retarded leamers are differen't at different 

ages' (Beery. 1967; Blank & Bridger, 1966). Yet, because cross-sectiona1 

designs are m08t frequent1y und, there Is a 9carcity of longitudinal 

data and lit:tle 18 known about whether or not it is the same chi1d who 

1 
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performs poorly on differen~ taska at different ages or if it is 

different children who fail at the various ase levels (Torgesen, 1975). 

Tbe poss1bility that some individuals May present a stable disorder 

over ttœe whil~~thers exhibit changing disab11it1es complicates any 
-------~~ \r} ... '''1 

"~classification scheme. since in addition to determining the area of 

disability. the consistency of that disabillty over time must be 

considered. 

That both stable and variable patterns of disabili~y May exist has 

J 
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important theoretical implications. Within each of the theories currently 

advanced to expla1n learning failure, two view~ as to the underlying basis 

for the particular difficulty can be discerned: the deve10pmental delay 

position, and the deficit position. The former hypothesizes that learning 

problems are a result of a lag 1n normal growth and development and 

generally assumes that the disabled child w111 eventually catch up to 

his age peers in the skills t'equired for adequate'" academie performance 

(Rourke, 1976). The defic1t model on the other hand implies that an 

underlying difference or dysfunction exists and there 18 no expectation 

that amelioration will occur. ln cases where learning problems are 

prolonged, the de1ay hypothesis would pred1et changes in apparent disorder 
, 

over the ttme 8p4n. Early disorders 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 

prediet 8tabil~ty; ft dysfunction, once manifested, would not disappear 

with maturity, a1though, of course, additional deficits could be added 

in those processes that serge at later ages. 

----_.~ ~ - ------
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Along with these theoret1cal concerns, there are iœportant practleal 

reasons for determining if consistency of a disabiltty is a relevant 

variable in s~btyping. Good .diagnosis, in education as in medic1ne, 

must enable one to predict accurately the course a disorder will take . 
so that suitable therapeutic interventions can be presc~ibed. Whether 

( 
or not a long-term learning problem represents a delay that is corrected 

over ttme, but replaced by a subsequent disorder, or is a stable deficit 

requiring compensatory educational procedures i8 often known only with 

hindsight, if at all. Frequently, there appears ta be an implicit 

assumptian that if learning failure persists, the original underlying 

disorder has also persisted, and sa in practice a permanent label is 

placed on a child after a single assessment, and?o subsequent follow-up 

assessments are made. If disabilities are consistent, permanent labelltng 

after a single assessment may be justified, and subsequent diagnostic 

assessments may not be requ1red. Yet, 1f disabilit1es change over tUne, 

then repeated evaluations are indicated. lt 1s ~vident also that the 

kind of educational interventions prescribed would vary w1th the hypo-

thesized stability or variability of the disorder. 

There 18, then, an apparent need to know if consistent and inconsistent 

patterns of disability can be identified in learning disabled children, and, 

if so, if consistency or the lack of it ia related to type of disability. , 

A retrospect1ve analysis of asses~ent data on learning disabled children 

who had received several successive evaluations over a period of time could 

provide a conven1ent 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 WISe/ 
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WISC-R assessmants had been undertaken over their school years as part 

of that diagnosts formed the initial subjects of the investigation. 

In the fir~t stage their WISC/WISC-R records vere analyted and subgroups 

were ldentified on the bas1s of a d1sabi1ity x cousistency classification 

seneme. In the second stage tne result1ng subtypes were compared on 

selected variaoles hypotnesized ta De associated with leaming failure 

to see if the formation of sueh supgroups might have diagnostic 

signifieance. The two stages of thia investigîtion are reported 

.separ,tely. 
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CHAPTER II 

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

A Review of Relevant Literature 

Clinical intuit1M and em.p1tical evidence tell us that not a11 disabled 

readers and spellers are the sam.e. Yet. to recognize each one as an 

individual requiring uniquely appropriate educational treatments is not to 

deny that some of these children are more alike than others. To see the 

siInilarities am.ong the diversities and therefore to conceptualize these 

ch il dr en' into identifiable groups on the basis of shared relevant charac-. 
teristics 15 both theoretically and practically valuable: for the practi-

tioner in justHying and delivering appropriate services and programs. and 

for the theoretician in exploring and explaining the causes of learning 

disabilities. 

Efarly attempts to categorize èhildren who experienced learning failure 

were based on techniques of exclusion. Researchers and clin1cians ruled out 

those children whose learning diff iculties could be explained by secondary 

factors such as known neurological impairment, sensory handicaps, subnormal 

intelligence, socioeconomic disadvantage and emotional disturbance, and they 

concentrated their studies on th' others. Thus, the group which has come to 
.. ~~Et~ 

be cal.led "learn1rtg disabled" was in1t1ak~ identified and defined by what 

it was ~ rather than by what it was (Chalafant & Schifflin, 1969). Having 

excluded those whose disabilities fell into the previously defined cate-

gories, it seemed'~reasonable to suppose the rem.aining group might have a 

common disorder. However. it soon became apparen( that this group 

was. itself, not hOlDogeneous and subsequently there have been various 

6 

l.J 

1 



[, 

( 

·"C" 
.. va • ., 

attempts' to discriminate subtypes within it by use of inclusionary criteria. 

Two main approaches have evolved: definition by type of ?-csdemic skil1 

failure, and definition by type of psycholaglcal process d1sorder. The 

selective revie.., which followa Is designed to examine the chief ,charac-

ter1sticS of research in these two areas. 

Identifi'ca,tion of Subg.roups in Learning Disabled Populations 

Subgroups based on type of academie skill failure: S~ researchers 

have grouped disabled learners on the basts of cheir differential compe-

tency in various broad academic areas. For example, Warr~ngton (1967), 

Urst alQne and thei\ with Nelson (Nelson & Warrington, ~74), discriminated ., 
disabled learners into two ma~ groups: those who had difficulty in read-

J{) ~ 

lng and spe1ling and those who' had difficulty in reading only. They found 

group differences ln the ,types of errors made, in IQ score patterns, and 

in verbal and performance intelligence test sCore patterns. 
<> 

Rourke and Finlayson' (1978) d1vlded chi1dren with learning disab11i-

eies :inta three groups on the basls of achlevement patterns in readlng" 

spe'll:ing. and arithmetlc. Group l was uniformly deficfent in aIl subject 

areas, Group II was stronger in ar1thmetic and relatively weak in reading 

and spel1ing, whi1e Group III was characterized by deficient arithmetic 

but average spel1ing and reading acores. In the search for" cognitive corre-

lates. they noted that Groups l and II were relat1vely competent in visuo-

spatial skills as measured by the subtests of the WIse performance scale 

and the targec test (Rettan & Davidson, 197), while Group III showed 

relative strengths, in auditory-perceptual abilities, which were assessed 

'/ 
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using the ~sc verbal seale subtésts and the Peabody Plcture Vocabulary 

Test among others. The authors polnted out that definltlon of gro~ps 

simply by levei of performance in any one of the subj ect matter areas 

aione would 'have distorted and limited findings sinee it would have com-

8 

bined Groups l and III into one single classification labelled as deficient 

in arithmetie. 

Other "researchers have sought to identify subgroups on the basis of 

error types within a single aeademic area. Boder (1970). using an informai 

word recognition inventory, c~ssified disabled readers on the basis of the 

kin4s of spelling errors they made on words in their sight vocabulary and 

on unknown words. Three subtypes were ldentified: dysphonetic (children 

who"make nonphonetic, unintelligible errors); dyseidetic (children who make 

phonetically acceptable errors but do not respond ta words as whofes); and 

aIeXi~ (children who are weàk in bott: phoQetic skills and wholistic recog-

nition). ~t was found that ,these pa terns remained stable, even when 

reading scores themselves improved, hich suggested that stable,' qualitative 
, \ 

differences ex1sted. However, Holme$ and Peper (1977), using Boder's scheme, 

found no euch quali~atlve differenees when p;roportion' of error types was 

considered. They concluded that disabled ~eaders were simp1y representa-
\ 

tive of the lower end of the continuum of a normal distribution of readera: 

Other researchers ,have proposed classification schemes similar ta 

Boder's. Ingram, Mason and Blackburn (1970) identified tWQ types of poor 

readers on the basis of their performance On standardized academic skills 

tests: those with a general deficiency in phonetic analysis and worQ 

blending ski11s (audiophonic) and those who exhibited visual discrimination 

1 
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and orientation problems ~long with poor sight word recognition (v1suo­

'" 

9 

spatial). Mattis, French and Rapin (1975), using such weIl 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. In addition, they discriminated a third group of 

'children characterized by poor speech articulation and handwr1ting 

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

tn an innovative study, Doehring and Hosko (1977) used a Q-technique 

of factor analysis in which subjects with similar test scores on thirty-

nine variables were classified together. In this way, they identified 

three.main groups of disabled readers. The first was chara-cterized by slow 
1 

oral reading, the second by slow auditory-visual letter association, and 

the third by slow auditory:visua1 assaciatijn of ~ords and syllables. They 

suggested that these groupings c?uld,be interpreted in terms of certain 

defic1ts in psyehologieal processes - group 1 seemingly ~isp1aying a linguis­

'tic deficit, group 2 displaying 1ntersensory integfatio~ problems. and 

group 3 disorders. J-n temporal and phonologieal processes. This interpreta-

tian, along with the suggestion that the subt~es be used ta guide the search 

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

groups as reflecting underlying qualitative differences. 

Subgroups based on psychologiea). process disorders: The literature is 

rieh with inv#stigat1ons eomparing normal and disabled learners in various 

psycholog:l:cal processes. Far fewer studies have tried to di'fferentiate 

subgroups within the learning disapled population itself on the basis of 

these processes. "'~ Perhaps this 18 beeause many researchers, 
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either impl1citly or explicitly. have espoused a unitary disorder hypo-

thesis to account for leaming failure. A unitary theory ASsumes that a 

single factor talderlies the learning problem and so research from this 

perspective seeks to demonstrate that dysfunction in a particular process 

such as selective attention, seria! processing or auditory-visua! integra-

tion i8 the crucial discriminator between normal and disabled leàrners. 

If dysfunction in a particular process ls characteristic of the disabled 

group. then a unitary hypoth~is assumes that this disorder ia typical 

of a11 members of the group, and so subtyping is irrelevan t. 
1 

Although a multi-process theory. which holds that more than one type 

of process disorder causes reading and leaming probleUlS, is becoming more 

widely accepted, ft has yet ta 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 weil defined subtypes an arduous, 

time consuming preoccupation, as witnessed by the lifelong work of Eysenck 

(1970) in the field of personal.ity subtyping. Nevertheless, there have" 

been some noteworthy initial efforts. t'Wa most prominent and influential 

ones being those of Birch and of Myk.lebust 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 proposed that reading diso~ders stemmed 

from failure ta undergo the necessary develapmental changes which take 

place OVer time in childhood, probably because of impairment in the nervous 

system. He hypot;:hesized that three separate subtypes would be ident1fied: 

(1) .those who failed to establish intersensory equivalences, (11) those 
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who failed to establish h erarchical dominancE' of the visual system, and 

(i ii) those in whom the Pfocess of vi qua1 analysls and synthesis was func­

tioning poorly. Of the t ree proposed subtypcs. the one that has generated 

the most resear-ch interes has been the group purl'oTtedly· manifesting prob-

lems in intersensory inte ration, a point ta be d{c,cussed in greater detail , 

in Chapter nr. t to say that, as Frcidcs 1 (1974) comprehensive 

review paper indicates, t e data are inconclusive and controversial. 

Myklebust and Johnso (Johnson & Myk1ebust, 1962; Johnson & Myklebust, 

1967) analyzed clinical c se studies and delineated three subgroups based 

on disorders within the rious sensoTy modalities. The first subgroup was 

)' a 

identified as one with v' suaI processing problems, the second and more 

numerous as those with d sturbances in auditory processing, the third group 

was described as lLaving rouble making visual-auditory associations, a 

problem akin to the inte sensory difficulties described by Birch. 

Groupings based on sensory modality have received considerable sup-

port in the literature. An earlier study of Ingram and R.eid (1956) found 

simi1ar subtypes and a etailed study by Doehring (1968) also identified 

groups based on modali y weaknesses. He used 109 non-reading measures 

obtained from the Indi na Neuropsychological Battery" the Minnesota Aphasia 

Test and tasks design to evaltiate speed (Jf sensory perception; 

reversed figure discr ination. word association, color form preferences, 
1 

right 1eft orientatio&, and visual, non-verbal memory. Three main groups 
1 

were differentiated, !the first characterized by poor visual perceptual 
1 

ski1.1s, the second b~ speech and language disorders, and a third by prob-

1 
lems in both the vis al an cl auditory-language areas. Zangwi1.l (1962), on 

the basls of observations, also found viaual and auditory subgroups, 

• 



each of which he associated with a dlfferent etiology., He suggested that 

the visual problems could be genetlcally based while the auditory language 

problems could represent maturational differences in the cerebral hemi­

spheres. 

12 

The pervasiveness of auditory versus visual subtyping i8 also reflected 

in what 18 commonly called the modality preference literature where, 1n 

order to prescribe suitable educat10nal interventions. subgroupings of 

dlsabled learners are formed on the basis of their strengths and weaknesses 

in the various sensary modalities. This practice der ives from an assump­

tion of long standing that learning fsilure can be overcome by capitalizing 

on modallty strengths. Tarver and Dawson (1978) reviewed fifteen studies 

where remediation was attempted on this basls and concluded that there 

was strikingly 11ttle support for the practice. Sim1lar conclusions have 

been drawn by Derevensky (1978). Thus, it appears that, st present, 

subaroupings based on modality processes, although supparted by the sub­

typing literature, have little therapeutic value. This inability to 

translate visual-perceptual and auditory-language subgraups into meaningful 

educational correlat eS for the purpases of developing academic sk111s has 

a1so been documented by comprehensive reviews .of such attempts by Hammill 

and Larsen (1974) and Larsen and Ha11lJlill (1975). Although many reasons 

might be offered for this failure, lt i5 commonly agreed that a major problem 

is the lack of vaUd and specifie tests ta measure the various processes on 

which the subgroupings are based in the firat place. 

From this review of the literature, it can be noted that the two main 

approaches to subtyping aTe not mutually exclusive. If classification on 

the bas1s of academic ski1! performance 18 the initial step. then the next 

r 
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step ia to identify psychologieal proeesses associated with the skill 

types. If subdivision 1s determined by performance on psychological 

process variables, then these processes must be meSningfully related ta 

relevant academic skills. As we have seen, the results of both lines of 
, C 

investigatlon often have led ta subgroupings associated with dysfunction 

in either the visual or auditory modality. Finally, a shared goal of bath 
J 

approaches is the des ire to discover the underlying determlnants of the 

subgroup differences which at this level often reduces ta a common interest 

in brain-behavior relationships. 

There are certain disadvantages associated with each of the two 
At 

classifiéation schemes. The use of broad Academie criteria often obscures 

the multifaceted nature df the se skills and so heterogeneity as ta type of 

difficulty is likely ta occur in the groupings. Moreover, by the time this 

type of diagnostic subtyping can be carried out, the disabled child must 

have already e~perienced the very failure one seeks ta avoid through the 

use of the procedure. Early identification, and perhaps prevention, i8 

not possible. Subdivisions based on specifie competencies within a subject 

area may overcome the first problem but not: the la,tter. The diff::i,.culties 

associated with subgroup definition on the ba$is of psychological process 

variables center around the questionable psychometrie properties of the 

tests designed to measure the different processes. Such tests often lack 

specificity. For example, essentially the sarne 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 aud1tory-visual integration (Birch & Belmont, 1965), 

spatial ta temporal transfer (Rudel & Denckla. 1976). and attentional 

r 
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capacity (Rosa-" 1976) . Moreover, tht:' reliab ility of these tests 18 often 

undetermined. Needless to say, few dala in the way of age,...related 

changes in test performance are a1so available. 

There i5 one test in wide general use, however, about which much 

information has accrued. The WISC/WISC-R (the Wechsler Intelligence Scale 

for Children .. Revised) ia an instrument hjghly regarded for Hs published 

re1iabi1ity and validity coefficients, the cons:lstency of i t5 factor group-

1ngs and its stable age norms (Matarazzo, 1972; Stattler, 1974). Increa",-

1ng1y, its value as a diagnostic too1, quite apart from its use as a 

qua'ttitative index of intellectual functioning, is being recognized (Glasst>r 

& Zimmerman, 1967; Lut~y, 197Î; Stattlf'r, 1974). Its usefu1ness as a devic~ 

to djfferentiate learning and readlng disab1ed subtypeq has been exp10red 

by man y researchers and it has a place within either of the foregoing 

c tegor1ps of subtyping investigations. 

?ubgroups based on WISC/WISC-R subscale scores: Early investigations 

gave promise that observed discrepancies betweeltverbal and performance IQ . 
scores could be used ta dilier iminate disabled readers or learners from the 

rest of the population. sinee low verbal IQ scores relative to performance 

IQ scores had been found to predorninate in the group (Altus, 1956; Belmont 

& Birch, 1966; Hirst,'1960; Robeck, 1964). However, Vernun (1971). reviewing 

studies that~pported the low verba1-higb performance discrepancy in the 

gr'Oup, cautione.d that the evidenee was not stroug enough for the pattern 

in itself to be used di2p;nostically, sinee other studies had indicated that 

a low performaf!, .'-high verbal pattern could also occur within the learning 

disab1ed 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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Kinsbourne and Warrington (1963). who were probahly among the first 

to study correlates of reading d1sabled subtypf:"s hased on such verbal 

and performance IQ patterns. grouped reading disahled subjects on the 

basis of 20-point or more discrepancy bet",een f>uubcales. One group had 

normal verbal and 10'" performance _scdres ",hile the other had normal per-

formance and low verhal achievement. They found that the latter group 

exhibited evidence of language diso:rder while the former had difficu1ty 

with finger differentiation. constructiona1 tasks and mechanica1 arithmetic-. 

Of central interest is a s tudy by Reed (1967) indicating that the signifi-

C<lllc..e of the verbal-performance patterns appeared ta be age related, \Vith 
~ 

lower verbal th~n performance scores differentiating poor readers only among 

the older: children. Rourke and colleagues (Rourke & Te1gedy, 1971; Rourke, 

Dietrich & Young, 1973) a1so found interefiting age differences when classi-

fying children according to subsca1e discrepancies. In the earlier study 

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

their hypothesis that the disabled groups couid be identified by differen­
f 

tiaJ aeeuracy of right and left hand performance on psychometrie taskB, 

but they did observe that the high performance-Iow verbal children performed 

significantly hetter on the psychomotor tasks than the other groups. In the 

subsequent study with younger children 5 ta 8 years of age, Rourke, Dietrich 

& Young (1973) did not find the same c1earcut differences betwêen the groups. 

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

whether individua1 children changed groups with age or whether it was 

different individuals who \Vere found within the various groups at different 

ages. 

While the foregoing studies indicated that correlates of the IQ 
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di.crepancy subaroupa uy depend on age, other studiea found that 

memingful d1.fference, between such subgroups were difficult ta demonstrate. 

Wener and Templer (1976). studying a group similar in age and IQ to that of 

Rourke and Telgedy (1971). failed ta confiI'1l1 that verbal-performance dis­

crepandes were good predictors of psychomotor skill. Neel (1976) adminis­

tered a diverse battel'Y of perceptua1 and cognitive tasks to 10'101 achievera 

who had been clusified inte the three IQ-score discrepancy groups. A 

discriminant analyais indicated that the groups sa formed wer .. just a result 

of the original classification scheme and were not due ta any signifieant 

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 disab1èd children. 

Theyi~concluded that none of the groups defined in this way performed 

si~ificantly below normal controls on a task which required retention of 

verbal material across varying time intervals, and moreovèr, that this wu 

true at bath younger and older age levele in their sSDlple. 

lnability to clearly and consistently define the characteristics of 

subgroups based on wISe subscale discrepanc1es suggests that these sub­

divisions may be tao broad for diagnostic significance. The scores derived 

frOID such -a w1.de variety of tasks cou1d mask crucial age and individual 
il 

differences in processes required ta perform those tasks. The major subgroups 

80 formed may theutee1ves be composed of subgroups. There is also the 

po"ibility that the tests which are used to produce the verbal and perform­

ance scales may not be adequate1y classified. For example. the coding 

subtest may be more of a verbal test than Wechsler originally bel1eved 

(Estas, 1974; Huelsman, 1970; Royer, 1971). In addition, there appeara 
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to be sOUle disagreement about what magnitude of discrepancy between the 

subscalel may be considered to ind~tate a true difference. (Kaufman, 1976). 

Subsroups based on WISC/WISC-R lubt_st scores: The search for a typical 

WISC/WISC-R pattern for disabled 1earners had aIs a 1ed to investigations 

into typica1 subtest profiles or patterns. Huelsman (1970), in reviewing 

23 studies, conc1uded that while 10w subtest scores in aach of information, ,,-

coding and arithmetic subtests were characteristic of the dlsabled group, 

as a whole, none of the studies had provided satisfactory evidence as to 

the appl1cability of subtest patterns ta individuals. In his own study, 

he demonstrated that none of the poor readers had low scares in a11 three 

subtes ts. only 6% had 10w s cores in two 0 f them and 64% were not weak in 

any. He attributed these startling resul ts to the presence of subclasses 

within the total disab1ed group. 

Studies to identify subgroups based on test scores. subsequent to the 

Huelsman review, have proved ta be 'similarly inconclusive. Lutey (197-'). 

analyzing some 30 studies using subjects broadly defined as learning dis-

abled and a further 60 studies wi~h subj ects more specifically defined as 

reading disabled, determined that the most; commonly observed 10w scores 

were in the arithmetic. information, digit span and coding subjects. 

However, she concluded that the use of individual subt"ests fo'r diagnostic 

purposes was not def ensib1e, 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 fai1ed to substantiate the use 

of individual WISe subtests for clinical diagnosis. Lack of specificity 

a. to what each subtest measures and the fact that two people who obtain 

the same scores may have arrived at tt by quite different processes has 
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made aubtest profiles difficult to ~rpret and use as a basis for sub­

type classification. lt is possible, however, that the recent trend 

toward uae of scores from clusters of related subtests as determined 

through factor analysis might help to overcome this problem. 

Subgroups based Qn WISC/WISC-R factor analytically derived elusters: 

Fact'or analyais 1s a mathematieal procedure by whiclr a small number of new 

variables '1s derived from the intercorrelational patterns of a larger number 

of variables. The WISC or WISC-R subtests when analyzed in this way are 

reduced to three main factors, each composed mainly of three aubtests 1n-

volving supposedly similar processes CBannatyne, 1971; Cohen, 1959; Kaufman, 

1975). The work of Bannatyne (1971, 1974), frequently cHed in the learning 

disability literature, suggested a tripartite recategorization into spatial, . . 
conceptual and sequential categories. The first factor (spatial) is com-

posed of the b10ck design, obj eet assembly and picture completion subtests; 

the second factor (conceptual) includes vocabulary, similarities and 

cOlDJ(rehension, while the third factor (sequential) was originally composed 

of the picture arrangement, digit span and coding subtests. However, Rugel 

(1974b). as a result of his own analysis, s~ggested that the picture arrange­

ment 'subtest be replaced by the arithmetic subtest, a refinement aecepted 

by Bannatyne (1974). 

A considerable number of factor analytie studies have supported the 

three factor composition of the WISC/WISC-R and the interpretation of the 

processes t'epresented by factors 1 and 2 (Baumeister & Bartlett, 1962; 

Bortner & Birch, 1969; Cohen, 1959; Kaufman, 1975; Lombard & Riedel, 1978; 

Smith, Coleman, Dokecki & Davis. 1971), but there ia a divergence of 

opinion as to what label should be assigned to the third factor. Some 
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prefer to consider it relate~ to attentionsl abilities (Cohen, 1952; 

Kaufman, 1975) while others (Ackerman" Dykman & Peters, 1976; Smith.!! al. , 

1977; Vance & Singer, 1978) support a sequentisl 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, disab1ed populations. Bannatyne (1971) reported that children 

with a diagnos1s of genetic dyslexia, that i8, with a familial history of 

reading problems, scored lowest in the factor three category. Factor one 

scores were highest and factor two intermediate. Rugel (1974a) recategor-

ized the WIse scores reported in 25 pub1ished and unpublished studies of 

disabled readers and thus extended Bannatyne's findings with genetie 

dyslexia to disabled readers fn generai. Moreover, he demonstra~ed that 

this pattern of ascending factor scor~s (Factor 3 < Factor 2 < Factor 1) 

was not typica1 of normal readers. Smith, Coleman, Dokecki and Davis 

(1977) showed that school-verified learning disabled children were also 

cha~terized by chis same pattern of abilities. They noted that 62% of 

these children scored lowest'1n the factor 3 category, 29% in the factor 2 

and 9% in the factor l, 

As yet, few studies h~ve explored the usefu1ness of these recategorized 

groupings for diagnostic and remedial purposes. Miller, Stoneburner and 

Brecht (1978) attempced to see if ,these factors significantly d~scriminated 

between 1earning disabled children who had been clin1_cally diagnosed as 

having either visual or auditory perceptua1 deficits. They hypothesized 

that visual deficits would be associated with low factor 1 scores and 

auditory with 10w factor 2 and found that 83.6% of the visual pe~teptually 

handicapped but only 39.6% of the auditorily handicapped were properly 

i 
1 

1 

·1 

1 

1 
, 
1 

.1 



, 20 

Q 

cross-class1fied. The ,inability of Bannatyne's factor 2 pattern ta 

correctly cacegorize audltory disabUities was not unique. Keough and Hall' s 

(1973) factor analysis groupings (which are similar to Bannatyne' s) and , 
verbal-performance discrepancy pattems discriminated just as poorly. 

Although this faUure was interpreted as evldence of the ineffectiveness 

of these factor techniques for diagnosis. it was also acknowledged chat 

results may have been confounded by ~av1ng a variety of perceptual dis-

orders in the so-called auditory grouping, that is, the clinical diagnosis 

against whicp the factor 2 scores were validated could have been incorrect. 

ThEl' possibility also exists that the factor 2 cluster is being mis inter-

preted when considered as an indicator of auditory perceptual processes. 

Of prime impo,rtance to the study which follows i8 the work of Ackerman, 

Dykman and Petera (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 con troIs . The learning disabled subjects 

had been originally subd,ivided on the basis of activlty level and neurological 

status but were retrospectively regroup'ed along with a control group of able 

learners in terms of type of academic skill competence or retardation. Eight 

different s~ grou~s ·were identified, such as: superior achievers, su­

perior r~l1t average arithmetic; average achievers in all skllls. 

adequate reading and arithmetic, and 80 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 ab:Ùities at a rather high leveI. Lo~ 

factor 3 scores identified those with the most persistent learning problems. 
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lt was noted that while relatively few subjects displayed reliable',dis-

crepancies between faetor l scores, which might be considered to be 

represeutative of performance scale IQ scores ," and factor 2 scores which , 
might represent the verbal scale score, the low position of factor 3, for 

the mas t part, was, maintained o~er the 4 year period from initial assess­

ment to follow up; The question 15 naturally raised whether a longer term 

follow-up would confirm or rej ect chese results. A retrospective classi:fi-

cation of older l~arning disabled <8ubjeet~ J based on th,e stability or 

otherwise of the low!...st factor score at each of several repeated testings, 

as weIl as the type of factor score disability, might provide a useful means 
4. 

of subdividing subjeets in arder ta study the cognitive correlates of 

learning difficulty and learning failure. 

Summary of Subgro~plng Based on WISC/WISC-R Patterns 

There appears to be considerable consensus regarding typfeal score 

patterns derived fram the WISC/WISC-R for heterogeneous sample~ of learning 

disabled subj ects. lt has been found that 10w sub1=est scores in arithme-

tic, digit span, coding and information characterizêd the test results of 

these ehiraren as a wha'le. Moreover, independent research employing 

factor 'analytic c.ategories also supports this pattern sinee the 10w factor 

3 scores that typify the disabled are .composed ?f the digit span, coding 

\ 

and aritl)metic subtests. Further. the earlier, somewhat inconelusive, 

studies demonstrating that low verbal IQ scores relative ta ,performance 

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

ing~ regarding factor score patterns, factor 1 is composed of performance 

subtests, while factor 3, being more eamplèx, is composed of two tests from 

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

'\ 

l' 
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scale has been questioned. lt may be that these factor scores ar~ a more 

precise and statistica1ly valid way of yielding WISC/WISC-R subtypes 

than the broader Wechsler subscales. 

At issue, then, is not whether 1o'w factor 3 scor'ee characterize the 

learning disabled as a group, ainee such a finding has been rep11cated 

many times, but whether this fact has any additional diagnostic or~ical 
significance. There 1s conjecture but no certainty as to the kind and 

nature of disability associated with low factor 3 functioning. However, it 

1a possible that a dysfunction in a single process common to the three 

subtests is responsible for one particular type of learning failure. Agaln, 

it 1a not known if a factor pattern applicable to a group of individuals can 

be equally applicable ta a single case, although this would be useful in 

cl1nical diagnosis ~nd treatment. Nor ls it known if the stability of a 
1 

pattern within a single group over time as shown by Ackerman et al. (1976) 

is stable within the single 1ndividual. One might aalt whether thë low t 
factor 3 pattern defines an important subgroup, over time, and if other 

demarcated s~bgroups can be found on the basis of other fact()r patterns. 1 
1 

lt would appear that an analysb of longitudinal test data to detennine 

consistency. or inconsistenëy of disability as indic~ed by lowest factor 

scores in individuals over time might provide some answers to the fore-

going ques t ions. 

Studles of Patterns of Disability Over Tùne 

The issue of whether or not areas of weakness remain stable or consis-

tent over time in reading or 1earning disabled children has important 

practical implications. Whether or not repeated diagnosis 1s necessary and 

what type of remedial or compensatory intervention l1l.:t.ght best be used 
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are problems that are direetly related to the variabi1ity and stabi1ity 

o-f the disorder. The assumption of consis teney in human growth and 

development 18 a fash10nably common one despite considerable counter" 

evidence. Clarke (1972), citing ùetailed reBults from longitudinal studies 

in the areas of intellj.gence, personality' and) scholastic achievement, 

demonstrated th4t -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 d~fic1t in psycholog1cal 

J 

proeesses and academic skil1s change with age, the deficlts 1dentif1ed 

varying with the age at whic~ testing 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 

& Belmont, 1978). On the other hand, in terms of WISC/WlSC-R scores, low 

factor 3 scores have been shown by Rugel (1974) and Smith et al. (1977) 

to have some stability acrOaS age ln learoing disabled children with 

Ackennan, Dykman and Petera (1976) coneurring that area of deUdt or dis-

order remained constant over time for their group of ,ehi1dren. It is 

necessary to e'xam~e further the hypothes.ized stability in terms of different 

theories of deve10pmental delay or of ~ontinuing def1eits. 

Theories of developtnenta1 delay. l t 18 an accepted deve10pmen tal 

prtncip1e that, although indiv1duals mature in accordanee w1th invariant 

patterns, they do not necessarily do so at the same rate (Cesell, 1956). 

Yet, th most edueational systems there appears to be an overriding assump-

, tien that mastery of certain tasks shou,ld take place at a certain time and 

children are eXPected to pass these academlc milestones 1n accordance with 
o 

the1r chronologieal rather than the1r maturational ages. Since lt has been 
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reasonable to suppose that chl1dren with s10wer individua1 growth rates 

are at a disadvantage relative to those with average growth rates 

because their capabilities are like those of younger children, it la not 

surprJ~1ng that a large number of theorists and practitioners attribute 

learning fa~lure in otherwise normal children to a developmental delay 
, 

in those skills necessary for the mastery of tasks the educational system 

has deemed age-appropriate. 

Studi,es of various processes hypothesized to be related to Academie 

success, such as perceptual motor functioning (Bender, 1938, 1956), selec--

tive attention (Hagen & Hale, 1973), seriaI processing (Torgesen, 1977), 

hemispheric 1~teralization (Bryden & A11ard, 1976; Satz, Bakker, Teunissen, 

Goebel & Van der Vlug, 1975) and intersensory Integration (Birch ~ Belmont. 

1965) have indicated that growt~ in these capacities is age-rélated in 

the normal population, with agreement chat visua1 motor skills develop 

rather early while others such,as selective attention mature somewhat Iater. 

Evidence that learning disabled chi1dren exhibit behavior like that of 

younger normal children in many of these areas has been provided by Sender 

(1957), Bakker (l972l Corkin (1974), Koppitz (1971) and Tarver, Ha11ahan, 

Cohen and Kauffman (1977). 

This notion that 1earning disabilities resu1t from de1ays in normal 

developmenta1 sequences i1 not new and may ~e trace~ at least to the time 

~f Orton (1925), ~ho e8P~~sed a theory of deve10pmental 1ag in hemispherlc 
. 

dominance, and Bender (1938 ~ 1957). who postu1ated immaturity in the visual 

~rception of patterns/• The developmenta1 studies of Gesell (1924, 1957), 
1 

Eustis (1947), OIson, (1949), and Ames (1969) sugges;:ed ways to gauge the 

progress of learning and development in normal and 1earning disabled chil-

dren but did not explain !ntra-individual differences in the growth rates. 
, . 

j 
f 
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More recently. Satz and colleagues (Satz & Sparrow, 1971; Satz & 

Van Nostrand. 1973) have presented a clear1y articula~ed and testable 

developmental theory of learning failure. They argued (Satz and Van 

Nostrand, 1973) that sinee neurological studies of learning disabled 

children have failed to provide conclusive evidence of structural damage 

or alterations ta the left hemisphere, the crucial problem involves not 

a structural change bùt a lag in functional tievelopment, the result of 

delayed acquisition of sk1l1s rath~r than the 10ss of them. This theory 

propojed earlier in less detailed from by qeHirsch, Jansky and Langford 

(1966), hypothesizes that disabled readers of at least normal intelligenqe -.. 

and without emotional or social handicaps have a lag ~n the maturation of 
1 

the left hemisphere, which affects skills in primary ascendancy 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 dyslexie chlldren 1n the so-called Gerstmann syndrom~ 

(left-right confusion, poor f1nger differentiation, sequencing errors, 

impaired verbal skil1s). lt 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 ànd lateralization of the language funct;Lon in the left hemisphere, 

and Semmes (1968) bas ext~nded the exPlanatio~k as to inc1ude such non-

language skl11s as finger differentiation and right-left discrimination by 

proposing that sènsory and motor capabilities are represented in the two 

hemispheres, focally in the left and more diffusely in the right. In 

accordance w1th the Satz theory, then, two main hypotheses of interest 

to this inves tiga tion could be conceived: (1) Younger, but no t 
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older~ disabled readers wouid be more deIayed in visuai motor tasks than 

normal children; (2) Oider, but not younger, disab1ed readers wou1d be 

more delayed 10 language skills than normal children. 

Cross-sectional research with disabled children of various·4ges 

(Kinsbourne, 1971; Sabbatino & Hayden, 1970; Satz, 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 !! al. (1974, 1977) has produced much 

the same evidence. However, Jansky (1979) among others (Benton & Pearl, 1979) 

has suggested that Inadequate basal tests preeluded satisfaetory eva1uation 

of language ski11s in the young subjects of Satz' sample ànd Vel1utino (1977). 

reviewing research resu1ts, has concluded that pereeptual and perceptual-

motor abilities do not discriminate good from disabled readers. 

The deficit approach. The defieit approach has eonceptualized leaming 

disabilities withln the framework of a Medical or disease model and 

suggests there la some sort of abnormality in cerebral structures or func-

tion that under1ies the failure ta acquire age-appropriate Academie skil1s. 

The responsible factor may be brain damage or aberrations in cortical organ-

ization. A long history of support for this position has stemmed fram 

observations that individuals with known brain damage frequently manifest 

specifie leaming problems. In 1896, Morgan attributed a reading disorder 

to defective development of the angular gyrus since reports had documented 

Buch problems in adults with disease in this region. Hinshel~od (1904, 

1917) modified this presumption to limit abnormalities to the left angular 

Syrus only. Today, it appears that bilateral parietal anomalies are often . 
impllcated in reading and spelling disordere (Benton, 1975; Geschwind, 
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1968; Spreen, 1976) .• 

While one 1ine of research ba~ed on the defici t hypothesis has 

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

disorders, another has sought evidence that learning disabilities are the 

resu1ts of atypical hemispheric organizational patterns (Witelson, 1976 a; 

Bryden, 1970; Zurif & Carson, 1970). Non-medical interest has been 

fostered by recent developmenta in non-invasive dichotomous stimulation 

techniques which have provided information labout right-left hellüspheric 

aberrations (reviewed Iater in greater detail) and suggested that inter-

ference of one hemisphere in the functioning of the other JIl1ght be a major 

source of protese disability. 

Yet &nother line of research within the deficit model has studied 

relationships between brain and behavior. Ln th1s approach, diagnosis 1a 

based initially on surgieal evidence of known structural damage ta certain 

areaa of the brain. The behavior of subjects with this structural damage 

1a observee! anr sa certa:n behaviors becollle aS80c1ated with certain struc­

tural abnormal~tie8. Henceforth, diagnos1s of structural damage in other 

e on the basis pf observed behav10rs on1y. Goldstein (1936) 
, . 

was, probably t e tirat to do tl\tis in studying bratn-damaged war veterans. 

1 

while Werner, a d Strauss (1940) adapted the procedure to the study of 

impaired ChiL en. J.. a result. the label MBD (minimal brain damage) came 

ta be assocJt~d with learning Impaired chi1dren, whether or not evidence 

of actual brli damage existed. 
1 

Support 1 folr the notion that neurologiea1 insu1t ie related ta 1earning . \ 
disorders a1so grew frc>m studies with other groups of children with known 

neurologieal damage. Studies of cerebral paIsy victime showed them to 
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display the perceptua1 dysfunctions which are often assoc1ated with reading 

and spelling deficiencies (Cruick.shank, Bice, Wallen & Lynch, 1965), and 

premature infants are reported to have a later high incidence of reading 

d1sorders (Balow. Rubin & Rosen. 1976; Kaw1 & Pasamanick, 1958). 

Aga1nst such eV1dence, it must be adlllitt.ed that significant differences 

in behav10r have been found between those with actual confirmed brain damage 

and those in whom brain damage was only 1nferred (Reitan & Boll, 1973). 

Gaddes (1968), too, had shown that among a heterogeneous brain-damaged 

group the only poor naders were those with damage in the 1eft parietal 

region, and that in the vast majority of poor readers no inference or 

presence of brain damage existed. 

Many of these ear11er investigations attempted to uae a eut-off point. 

on each measure sa as to discriminate between brain-damaged and normal 

individuals. A different and more promising approach came from the work 

of Reitan and his aS80eiates (Doehring, Reitan & n_ve, 1961; Matthews & 

Re it an , 1963. Re1tan, 1955, 1964, 1974; and Reitan & Davidson, 1974). 

U.ing a technique of almultaneous appraiaa1 of scores on a variety of 

meaBures, they demonstrated that verbal and performance scales of the 

WIse and related mealures are d1fferent1.ally sensitive to 1mpa1rment. of 

left and r1.ght hem.pheres in brain damaged oider children and adul cs. a 

J 

relat1.onship not found with young children. This use of verbal and ï 

performance IQ'. and their discrepancfes has proved to be a powerful tool 

in the hands of thos. who espouse a def1.cit theory. 

Perhapa the most c~prehensive Itudies of leaming dlsabled children, 

( 1 

insplred by the deficit apprQ4ch in generd, and the work of Reitan in 

partlcular, are those of Rourke and colle_gues (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) swmDar1z~d the evidence from his investigations and concluded chat, 

while older leaming disabled children confonned to the patterns of the 

brain-damaged adul ts studied by the Rei tan group, younger children 'did 

not always do sa. Interestingly; although some of the tests did not 

discriminate the neurologically impaired at a younger age, the WISe dis-

crepancy patterns did sa effectiveIy. The possibility exists, however, 

that broad W1SC subacale patterns may be insensitive to age differences. 

Since the two of the three factors used to expla1n WIse scores are 

verbal 1n nature, alternating low functioning on these two factors might 

be responsib1e for the different results obtained with younger and oider 

children. A factor score discrepancy approach might, therefore. increase 

the discriminative properties of a differential analysis. 

The consensus that younger disabled children do not show the same 

p~ttern. as oider children (or brain-damaged adults) had led Raitan 

(1974) to conclude that a fuller understanding of the relat10nship 

between brain and behavior would have to await a better understand1ng 

of the effeces of age or development which seems to imply that there 15 

'l, an interactive effect between deficit and development. Taylor (1969. 1976) 

and Buffery (1970) for their part have shawn that the differentiai 

effecta of les10na are related ta the rate of maturation of the 

heai.pheres, wlth the le ft maturlng more slowly than the right, and both 

beai.phares of boys developing more slowly than those of girls. Thus, 

they argue, the 1eft bem1sphere la more vulnerable to 1nsult than the 

riabt, particularly in boys, and this may account for the preponderance 
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of boys in leaming dis.bled populations. The evidence that deficita 

can be affected by developmental factors. a.nd thereby take on a develop-

mental gui8e, makea discrimination be~een delay and deficit patt,ms 

difficult in the extreme. One must conclude that each theory accounts 

for the existence and/or bahavior of a subgroup within the learning 

disabled population, and that some interaction between deficit and lag 
/ 

may account for a f urther proportion of this population. 

Comparisons of deficit and las pattern. 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 

learnere between the ages of 6 and 11 years. For normal readera, some 

skilla might show continuous growth over the age range from ~ to 11 years i 

others mght mature early but reach an asymptote before age 6. thus show-

ing a plateau over the age sapan; others might show late growth after a 

low initial level. and still others might show an alternating pattern of 

spurts and plateaux. GraphieaUy, these are presented in Figure 1. which 

wa. adapted for illu.trative purpos.s from Rourke (1976). and in ta~ular 

form. these paradism- might be depicted .s follows: 

( ) 
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Type 

type 1 

type 4 

type 5 

type Z 

type 7 

type 6 

Table l 

Rourke's seven deficit-lag paradigms 

Normal readers 

continuous growth 

continuous growth 

continuous growth 

early maturing with 
plateau fram age 6 
onward 

early maturing with 
plateau from age 6 
onward 

low initial level 
but a la te emerging 
skill or spurt 

Retarded readers 

initially low scores 
followed by catch-up 

no catch up but con­
tinuous grawth from 
a low level 

early growth but also 
early plateau and no 
catch up 

early low scores but 
later catch up 

plateau formed at a 
low level; no catch-

1 
up 

plateau at a low level 

WIse aubtest 
correlates 

obj ect assembly 

digit span 
cading 
arithmetic 

,32 

type 3 altemacing periods 
of plateaux and 
growt:h 

delayed altemation 
plateaux and growth 
with eventual catch 
up 

picture completion 
comprehension 

Types l, 2 and 3 were designated a8 patterns of delay since they were 

characterized by eventusl improvement in the disabled group. Types 5, 6 

and 7 were 1aballed defieit patterns sinee no such improvement occurred. 

Type 4 rem$1ned ambiguous with growth at ~ lower but parallel position 

throughout the age span from 6 ço Il years, so lt tould not be determined 

if eventual catch-up might take place. 

Information presented in Table l suggelts that factor 1 scores might 
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follow a type 1 pattern given chat the object assembly subtest ls a 

constituent. Factor 2 scores m:lght be \predicted to follow a type 5 pat- t 

tern ainee they include the similarities and vocabulary subtests. The 

digit span, coding and arithmetic subtests comprising factor 3 c'onformed 

to type 4 and sa 1t too might be predie ted to follow this growth traj ec-

tory. If SOt factor 3 disorders which have been observed in reading 

disabled populations (Rugel, 1974a) should be apparent at an early age 

and should present a consistent problem over the elementary school years. , 
Deficit-lag etiology and the consistency variable. From the fore-

. 
going (Table l and Figure 1), i t must appear that whether a learning 

disorder is a manifestation of a defieit or a lag can be determined ooly 

if longitudinal data are available f,or many individuals over an extended 

1 
age range. Equally, th,e consistency or variaoility of the disorder can be 

determineci only from repeated measurements upon the same individuals, again 

over an extended period of Ume. It is pertinent, therefore, to ask whether 

the consistency/inconsistency variable 15 related to the defieit lag nature 

of the disability. 
" 11 

, Rourke's paradigms suggest that if there was eventual catch-up, then 

the original disorder was the result of a delay; if there was no improve-

ment. or if there was further divergence, then the disorder was a deficit. 

In the case of long terro problems. a delay hypothesis would prediet that 

early emerging disorders would ameliorate w1 th time. being replaced by 

other di8orde~s in processes which occur at a later stage of development. 

In accordance with the developmental observations of Gesell (1952) and the 

( thearies Qf Piaget (1952)~ one might predict that the sequential emergence 

of d1sorders would be found first in factor l~ then factor 3, and finally 
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1n factor 2. Yet. an underlying defleit eould aIse affect a variety of 

skills, which emerge developmentally. and an inconsistent deficit pattern 

might emarge. Here, the early-to-emerge disabilities would be retained 

and later ones would be added. Thus, although consistency exhibited by 

an individual over a period of years might suggest a defieit, ineonsis-

teney would not necessarily predict delay. A f~nal discrimination among 

those exhlbiting inconsistent patterns would in the end be determined on 

the basis of whether disorders were' sequentially replaced or cumulated. 

This assumption of amelioration or cateh-up in the theory of develop-

mental delay Is contested by some. Denckla (1977) has pointed out that, 

because of their distorted educational experiences, it i8 unrealistic to 

expeet that the skills of disabled 1ndiv1duals will eventually equal 

those of the normal group. Spreen (1976) also questions Rourke' s decision 

to' decide the lag-defieit issue on the basis of outeome. asserting that a 

lag "may persist or prevent the ehild from acquiring eséential skills 

during critical periods of his deve1opment" (p. 455). Although it ie 

diff:+cult to see how a developmental ,delay theory cao be proved or dis-

proved without this crucial catch-up test. in terms of lts educational 

implications the issue of eateh-up may be relatively unimportant. If a 

lag cannot Qe overeome llecause it has persisted through a' crit1.cal period, 

then for purposes of remedial interventions it must be treated as a defiett. 

If, on the other hand, a disorder whieh ia a deficit can be adapted to and 

overcoœe, then lt has the same optimistic prognosis as a lag. For educa-

tional purposes, it la important to knaw 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 

•• 4'4+0". 
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to change additively. .. 
In summary, the foregoing review hAs suggested tha~, to date, the 

moat frùitful attempts to discriminate subtypes within the learning dis-

1 
abled eUlation have invohred the use of' verbal-performance score 

• 
discrepancies on the WIse or WISC-R subscales. Although some researchers 

(Reed, 1967; Rourke, 1975) have noted that particular disabilities are 

associated with certain of these s~bgroups, an? that the patterns of these 

disabilities vary vith age, others (Neel, 1976; Wener & Templer, 1976) 

have failed to confirm the findings, either in terms'of the assoclated 
" 

characteristics or the age variations. The use of recategorized WISe 

factor scores whlch derive from the same subscales as the v~rbal-performance 

d:l'chotomy, but which provide finer discriminations might help to refine the 

groups and èlarify results. lt ls of particular importance for educational 

practice to determine from longitudinal data the course certain disabili-

ties may take, to ex.;-mine the possibility that time patterns reflect 

etlplogy and to asseS8 the usefulneSB of WISe factor scores for the identi-

fication of types of learning disabilities in individuals over time. 

Two main questions are pertinent: 

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

subtypes? 

2. Can the patterns be interpreted in terms of defic1t-1ag paradigms? 

The availability of ~ group of school-ver1fied, learning disabled children, 

all of whom had received three successive WISC/WISC-R assessments over a 

period of severai years within a single school system catering to a 

relatively homogeneous populat,ion, made possible an attempt to answer these 

questions. 

. 
( 

# 
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Method 

~ Thé procedures used in this retrosp.ective study of children descr:iped 

as long term disabled leamers will be dfsCUBsed under severa! headings: 

the schoOl system from which the sample of students vas d'I'awn, the sampIe, 

selection! the definmg test and test procedures. the classification proce-

dures for establ1slrlng the two contrasting groups, and the methods for data 

anàlysis. 

T'fIe ~chool System 

one 

The sample <of long term learning-diSab~d students was obtained fram 

of the predominantly English language' (~hOOI systems on the Island of 

Montreal, wh1ch serves approximately 16,000 students in 23 e1ementary 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 tiae and "free flow", The full Ume ,facility has provided space for 

approxilaately 27,5 such pupils per yesr. ACCèS. to these self-contained 

c1assroODU!l vas determined, but not guaranteed, by evidence of academic 

retardation of st lesst tvo years as aasessed by standardized schievement 

" 
talta, school recOUlllendation and parental con8enC~ lt vas an impliclt goal. 

not 4lways achieved in practice, that no student spend more than two years 

',' in .uch a clas8. 'nle free flow ptogram provided part-tiae, small-group or 

.. 

one-to-one 1~truction vith special education teachers on a regular basis 

for learnilig ·d~ .. bl.d scudent.s euro lIed in regular. mainstr!_ cla8srooms. 
, ; 

Selection va. pr1aarUy tbrouah a d1.&gnos1a of le.!U'ning disabili ty by psycho-

•• U1c u.euaen.t_~cCOllpan1ed by reè~endat1on of school personnel. No 

specific achievement discrepancy was specified for adm1ss~ to this type of 
') 

proaraa. but the a_eral criteria chat ach1evement 1IlUSt be below that expected 

____ ~ __ .~ ____ ~_._.L-______ ~ ____ .~ __ _ 
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in terms of the child' s mental age and that one or other of the WlSC-R_, 

subscale IQ scores should be within the normal range were accepted. It was 

the policy of the school administration to require evaluation of aIl 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, 

superyised by the school psychologists, were done by qualified psychometricians, 
1> ' 

four of five of whom had been with the board dnce the inception of testing. 

The system itself services a 1argely middle to upper middle c1ass 

constltuency which ls considered to be highly mobile. In fact, school po pu-

lation is now declining rapidly due in part to the outfiow of parents to other 

parts of Canada. As a result, there are records of chlldren for whom severai 

diagnostic aSsessments have been made, and for whom s01Ile special interven-

tions have been carrled out~ but who have subsequently left the system, and 

tharefore were unaval1able for study. 

Sel..cUon of Subjects 

Sixty-seven s~udents for whom a third assessment had been conducted 

between September 1977 and January 1979 were identified and found to be 

present in the .chaol system. Of these, Il were girls who were exc1uded to 

avoid the possible cOllfounding .effect of sex differences associatéd ~ur:~------. .. 
learning disabilities (Witelson, 1977b). In accordance with the accepted 

definition of Iearning di.abIed, the uaua1 exclus10nary criteria were ap-

pU.ed here. Chil.dren vith diagnosed l neurological or primary emotionai 

iIlpairment, uncorrected sen.ory defects, mather, tangue other than EngIi' , 

and IQ scores that feU to reach 90 on at least one of the Wechsler ~scales 

were excl.uded from the sample. Folloving Douglas and Peters (i979), children 
". 

• 
diapo ... d •• hyperactive vere &1so eliminated. 

1 
Samp1e size was thus reduced 

to 49. 
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AlI subjects had been initially referred because of prob1ems in pre-

reading or read1ng skills, with other academic difficulties frequently 

being l;i.sted as weIl. Although standardized 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 a1.1 subjects 

fol16wing each assessment gave a general confirmation, on the basis of these 

tests,· of underachievement in reading relative to mental age, as de~ermined 

from a WISC/WISC-R assessment. Thus. since the group of 49 met the criteria 

.of unexplained academic failure, as weIl as the other usua1. exclusionary 

require.me~ts, the general term, learning disabled, rather than the more 

specifie term, reading disabled, has been used ta label them (Torgeson, 1975). 

Test Characteristics and Diagnostic Procedures 

Although va:riation existed in the instruments used for the biennial 

assessments, an evaluation with the WISe was an integral part of each 

procedure. Since 1974 this has been replaced by thE?-,WlSC-R. In the invest-

igation which follows, some assumptions about the equality of the two 

versions have been accepted. In this, the ev1dence of a number of studies 

(Berry & Sherrets, 1976; Covin, 1976; Hamm, et al., 1976; lCaufman. 1975; 
._.f 

Swerdlik, 1977; Weiner & lCaufman, \1979) has been acknow1edged, evidence 

which'suggests corre1a~10ns of about .85 between the composite scores of the 

two versions. Factor structure has also been found to be the same (Kaufman, 

1975; Lombard &.Re1del. 1978; Paal, Hesterly & Wepfer. 1979). 1t 1s true, 

there ex1sts some evidence that the WISC-R ,may yield lower scores (Covin, 

1976; Paal. et al., 1979, Schwarting, 1976; Toma. Applebaum & Bee, 1979). 

but this discrepancy is significant only when the WISC-R 18 admin1stered 

firat. Id no instance did this sequence oceur in the present,study. 
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In each version of the test. lt la possible by grouping the approprlate 

subtests to arrive st a verbal IQ, a performance IQ and through a st8O-

dardi.zed weighting procedure a full scale IQ. Additionally, in the preaen t 

investigation; the standardized subtest scores were recategorized for each 

individual on each of three successive assessments, using Bannatyne' s 3 

factors (Bannatyne, 1974). Factor l, labelled the spatial factor, was 

derived from the sum of Black Design, Object Assembly and Picture Completion 

subtest scores. FactoT 2, labe1led the coneeptual factor, was obtained from 

the sum of Vocabulary, Comprehet;lsion and S1lnllarities subtests, and factor 

3, not labelled in this study due ta lack of naming consensus. vas derived 

from the sum of the Digit Span, Coding and Arithmetic standard scores. It 

should be remembered that the standard scores for e.ach subtest are equated. 

having a mean of 10 and standard deviation of 3. and are derived from the 

raw score8 according ta procedures described in the test !I1al1ual (Wechsler, 

1974). and factor scores in a total population would have a mean of 30 and 

standard deviatipn of approximately 7.5 (Lutey, 1977, p. 234). Since the 

same items are used cumulatively in each separate subtest, there is a 

general a8sumption that raw scores will rise with increasing age. Constant 

age progress, therefare, is indicated if the standard scores of an indivi-

dual subj act remain the same over time. Merely scoring hi'gher numerically 

on a raw score may not be suff1cient to reflect expected age-related 

progres!. Similarly, an apparent dec1ine in standard scores does not 

necessarily refhet regression, but rather failure to mainta1n expected age 

increases. 

.. 
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Classification Procedures and Data Analysis 

Rec.ategorization of subtest scores for each of the asse,sments was 

made. The lowest factor score (of three) on each assessment for each 

individual was ruuned as the area of disabil.ity or weakest factor. Those 

chlldren for whom the same factor was the weakest on each of the three 

assessments were 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. 

Init.ial analyses of the defining variables across the three assess-

If ments were carried out for the total group to determine if the sample corres-

ponded to the traditional heterogeneous groups of learning disabled children 

descr1bed in the literature. Analyses of variance (BMDP-77; 1977) for 

repeated measures were 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 

procedures (Kirk, 1968)" 

Resul~s and Discussion 

Ind1vidual scores and descriptive stat1stics for the group appear in 

Appendix A. Summaries of the various analyses of variance on the data 

are con ta1ned in Appendix B. 

Total Group Mea8uremen ts 

Prel.1minary analyses for IQ and recategorized factor scores were 
.'1-' / 

• carr1ed out for the total learning disabled population to detèrmine its 

comparabilit~~th other heterogeneous learning disabled groups as reported 

in the l1terature. In addition, ft was hoped to provide information concerning 

... 

, 
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age related changes aince the measures had been obtained longitudinally. 

Average age at first assessment was 93.5 months with an average interval 

of 34 lllonths between first and second evaluations, and !.f4 months betwe'4 n .t.he 

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 
....,...... ..... ~:!'r~ 

Assessments 
-----

lst 2nd 3rd 

lt Bd x sd x sd 
----

Age (months) 93.8 11. 9 128.0 12.9 172.4 14.3 

Ig Scores 

Verbal 96.5 10.4 93.6 9.0 92.3 8.6 

Performance 100.6 11. 5 100.8 11.9 100.0 12.2 

Full Scale 98.6 9.7 97.2 8.9 95.5 8.7 

Performance lQ scores were significantly higher than verbal 1Q scores 

on each successive assessment as indicated by the significant verbal vs. 

performance effect !(1.48) = 15.62, ~ < .0003 and the non-significant verbal 

x performance x time interaction !(2,96) = 2.63, ~ < .08. That i8, the 

weIl documented low verbal-high performance discrepancy was maintained with 

increa$1ng age. Separate analyses for each suhscale 1Q score over time 

indicated that the verbal 1Q scores declined stgnificantly F(2,96) = 5.88, 

.2. < .004 while the performance 1Q scores did not !.(2,96) = 0.19. E. < .83. 

~ ...-,---~ .. -~._-_ .. ~ ..... 
____ ~_~4~~.____.~...It.........._ .. _ ~ 
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Full scale IQ score also declined signi!icantly over time. reflecttng 

the verbal score d.cline !.(2,96) • 4.12, .p- < .02. 

An analy.1s of factor score value. for che group aver ttme revealed 

hl,hly slgnificant factor score ~(2,96) • 29.70, ~ < .0001 and factor 

score x time effects .[(4,192) :II 4.56, .p.. < .002 (Table 2). Multiple com-

parisons of mean factor scores at each asseS81Dent us1ng Duncan 1 s procedure 

(Kirk, 1968) revealed that although factor 3 was the lowest factor on aIl 

three assessments, it vas significantly lower than al1 the others on only 

the first and second aSBeSements (Table 3). On the third assument, 

Table 3 

Recategorized factor scores over 3 assessments 

for the total leaming disabled population 

Assessments 

lst 2nd 3rd Grand - -Factor le ad le ad le sd mean 

1 31.2ab* 6.4 31.2ab 6.7 32.3a 7.8 31.6 

2. 30.9
ab 

5.8 28.8
bc 

5.4 21.6
cd 5.0 ~9 .1 

26.1 cd 
d 

24.6d 3 4.9 25.2 5.2 3.7 25, .' 

Grand mean 29.4 28.4 2'8.2 

* Means fo110wed _by the same letter are nctf s1gnificantly di1ferent .2.<;05. 

factor 3 was not 81gnif1cantly lower than factor 2, but it was significantly 

lorwer than factor 1. Factor 1 was significant1y higher than factor 2 on 

the final a •• el_ent only. lt cao be obsened that these effects were due 

to the d.cline vith increaatng age of the ~actor 2 score, the value on 

a ....... nt three differtna .1gnif1cantly frea that on aslesS1Ilent one as 
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well as ta tbe numer1ca.l decline ln factor 3 and numerical lncrease in 

factor 1. The decrease over ttme in factor 2 a180 contributed ta the 

previously observed decline in the verbal lubacale IQ scores. Neither 

increaaing age nor time sign:1.ftcantly affected level of performance on 

either factor l or factor 3 ('rable 3). 

The results from this particular sample of long tem leaming 

disabled subjects were generally supportive of prevlous 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 a11 3 assessments. However. the decline 

in the factor 2 scores and variations in the h:i.erarchical factor patterns 

suggest that attention must be paid to age range in research pertaining to 

factor score variables. 

Subgroup Classification 

Tbe usults of the first step in classHying the total luming 

disabled group into subtypes on the basis of area of weakness x consistency 

1 
appears in Table 4 where ares. of disability or weakness (lowest factor 

score) was dete1'lllined for each individual on each assesament. lt can be 

sun that almost two-thirds of the individuals obtained their lowest scores 

on factor J. 

Ther. was a Il1Jht tend.ncy for the number of indiv1duals with lowest ~ 

factor l scores ta decre.se and for the number with lowe.t factor 2 scoreslJ \ ; , 

to increale. This ... y be broadly interpreted &S minimal support for the 

prediction that di •• billties would be manife.ted firlt in those Ikills which 

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

later aarging .kill. (factor 2). 

\ 
.... 

" 
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Table 4 

Frequency and proportion of lowest scores 

for each factor on each of three assessments 

for the total sample 

Lawest Recategorized Factor Score 
,JI 

Factor l Factor 2 factor 3 

44 

% % % 1 
AssesllIIent n n n Total 

Q 

1 8 16.0 8 16.0 34 68.0 , 50 

2 7 13.7 Il 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 

1 
wen tvo factor scores were equally low, both vere ~ulated. 

The second step in the classification scheme vas to determ1ne consis-

tency of area of wealeness, that: is, to see if it vas the same individual 

who 
1 

received the lowest scores on a particu1ar factor on each successive 

a~s.8sment. COnS1.8tent disability pattems were maintained by N:a29 (59%) 

of the subj ecta while N-2l (41%) displayed inconsistent or changing ateas 

of disorder (Table 5). Lowest factor l scores vere obtained consistently 

by ouly one subject; three subj ects were cons1.stently lowest on factor 2; 

twenty-five were consistently lovest on factor 3. Thua, the consistent 

group was overwhel.mingly cOlllposed of individuals who obtai.ned lowest scores 

on the third factor. Moreover, three-quarters (74.5%) of those ind1.viduals 

who h4d the1.r weakllea. :ln, factor 3 on the tirst assesSlIlent maintained that 

weakne •• over the yurs of compulsory schooling. Thus , consistency and 
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2 

3 

Table 5 

Classification of conaiBtent and incoDsistent long tera learntng dlsabled subjects 

based on type of disabi1ity as measured by lovest recategori~ed factor scores on 

3 successive WISC/wrSC-K assessments. n=49 

c'dl"'!O;t~~'«i""'~lMI!I"f'I!II'l 

,..........., 

Consistent Disability Inconaistent Disability 

N = 29 (5~%) N = 20 (41%) 

Lowest Score Lavest Score 

Factor 1 Factor 2 Factor 3 Factor 1 Factor 2 Factor 3 

----------------------------- no. ot 1ndiv1dua18*~--------------------------

1 3 25 

1 3 25 

1 3 25 

7 

6 

5 

5 

8 

10 

9 

8 

5 

* Total number of ind1vidual~exceeds 49 on the firat and 2nd assessmentB, reflecting that in instances when 

2 factor scores vere equa11y lov for a partlcular individua1. both were counted. 

~ 
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factor 3 are associated. 

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

-fiiconsistent group us1ng the Chi-square statistic, it was found that the 
""tt..r 

distribution did not differ from chance on the first assessment <X2 .. 2.67, 

.e. > .30). or second assessment <X2 = 0.67 • ..E > .70), <although the distribu­

tion on the third assessment was significant <X2 = 5.56,.E > .05). The 
. 

expectation that the inconsistent group would clearly reflect a sequentially 

changing pattern of weaknesses (factor l, factor 3, factor 2) once the 

consistent group was removed is not strongly supported for the pattern is 

simllar to that found in ttlte total group. 

,Although four subgroups emerged under the disabllity x consistency 

classification scheme, only two, one with consistently lowest scores on 

factor 3 (N = 25) and one vith lowest scores changing from one occasion to 

the other (N:o 20), vere numerically important. Two groups, those consis­

tently lowest in factor 1 (N = 1) and factor 2 (N = 3) respectively, wet; 
\ 

considered to be too sma~l for subsequent analyses. Thus, the group with! 

scores consistently lowest on factor 3, hereafter called Cons,istent Fact~r 3 t 

and the group vith variable lowest scores, hereafter called Inconsistent, 

formed the subtypes for which further comparisons vere made. 

Comparison of Consistent Factor 3 and Inconsistant Subgroups 

Age and tQ scores. SUIIIIlaries of the analyses of variance for data on 

.ubaroups appear in APpend~ Age differences between groups at each of 

the three assessments tilDes 'vere minimal (Table 6). At-test comparison 

for ~a&e at initial assessment..Ë (43) = 0.78, .f < 0.44 revealed no significant 

group dUferences which suggested that the early manifestation of learning 

probl .. was not more charaeteristic of one group than the other. 
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Table 6 

Mean, Age and IQ values for Consistent Factor 3 

and Inconsistent Subgroups, over 3 aasessments 

Consistent Inconsistent 

Factor 3 

Age (months) 

.Assessment 

l 95.1 11.5 92.3 12.8 

2 128.6 13.3 127.3 12.7 

3 172.9 12.7 171.7 ro:4 

Jo 
IQ Full 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 

Cvera11 Mean 99.9 9.4 95.1 8.4 

IQ Verbà1 

1 96.6 9.1 96.8 Il. 2 

'2 95.4 8.1 92.3 9.9 

3 93.8 8.6 91.6 8.8 

Cverall Mean 95.3 8.6 93.6 9.9 

/ 
IQ Perfonaance 

l 104.4 11.9 97.S 

2 104.0 13.0 99.0 

3 103.8 11.6 96.3 
C~ 

Overa11 Mean 104.0 12.2 97.6 10.1 
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Full scale Iq scores declined over time in bath groups !(2.86) .. 3.51. 

l? < • 03 and were s1.gttificantly lower for the inconsistent grouP' r(1,43) .. 

4.213, ..2. < .05. It 18 of 1.nterest ta note, however, that had the two groups 

been compared only at the time of initial assessment, or only at the Ume 

of the second assessment, the full scale IQ differences wqu1d not have been 

judged significant. Separate t-test comparisons at the three age levela, 

! (43) '" 1.41, E,< .164;.t (43) = 1.88,.2..< .07; ,;,(43) = 2.20, E,< .03, 

respect1vely, indicated that the two groups would have bean found significantly 

different in 1Q on the final assessment only. Thus, at age 8, and at age Il, 

there would have been no s1.gnificant differences, and throughout the whole . 
J-
period from aJe 8 ta 14. aIl the children in the learni.ng d1sabled sample 

would have had IQ t s of above 90 and by the usual conven tian would have been 

seen as faUing within the normal range of one p't'obable erro't' from the mean 

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

Subscale 19 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 variance, the significant subscale IQ score effect. 

F(1.43) '" 17.75, .E. < .0001 :1nd1cated that performance scores were signifi­

csntly higher than verbal scores (Table 6). The non-significant factor x 

group effect F(1,43) ... 2.44, E, < .125 indicated t~ this was true for both 

group.. Thus, the verbal-performance discrepancy scores vary in the same 

direction in both groups. 

'!here was a t~énd !<2,86) • 2.83, .E. <: .06 for tille ta. affect the com­

bided verbal and performance scores. However, this effect wu more lIleaning-

fully interpreted,.. wett the full scale IQ score, a weighted comb1.nation of 

the subacale score., vas anal.yzed and reported in the prev10us section. 
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Assessments 

l 

2 

3 

1 

2 

3 

1 

2 

3 

Overall ~an 

1: 

Table 7 

Comparison of recategorized facto!: scores 
. on each af 3 assesaants for 

Consistent Factor 3 and Inconsistent groups 

Groul'S 

Consis tent 
Factor 3 

Incansistent 

X sd X 

Factor l (spatial)-ii 

33.6 6.2 ri: 3 

33.9 6.8 28.8 

35.7 6.1 28.5 

- Factor 2 (conceptual) 

32.5 4.6 29.8 

30.8 5.0 27.3 

28.8 4.7 26.8 

- Factor 3 (unlabelled) 

24.5 4.7 ~7.3 
23.3 4.7 7.3 

22.8 2.9 26.4 

29.53 27.91 

Table 8 

Effects of t~e'or age on factor scores. 

sd 

5.9 

5.5 

6.5 

6.7 

5.3 

4.9 

3.9 

5.4 

3.4 

Consistent Factor 3 and Inconsistent groups C01Ilbined 

Factors 

l 2 3 

uS.SRent 

1 31.6a* 31.3
a 2S.7c 

2 31.6
a 

29.2
ab 25.0c 

3 32.5- 27.9b 24.4c 

". 

49 

!fun values followed by the sam. letter are oot sian1ficantly di.fferent, 
.2. •• 05. Duncan Multi.ple Ranae procedure. 
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Although tlut verbal Bco'res declined !IIOre than performance ~core., time x 
'S: 

sublcale effects were non-lign1f1cant !.(2,86) 1. 2.14, E.. < .12 a. were the 

time le sublcale le group effects !(2,86) • 1.03, E. < .36. AU this auggests 

that on the bUis of the .. analyse., verbal. and performance score comparl-

sons were no~ particularly usefui in def:1n1.ng the group •• 
p 

Recategorized factor scores. For purposes of cOIIIparison, Consistent ....... 

Factor 3 and Inc~isteut subgroups scores for all three factors weIe ana-

lyzed tOlether using a 2 (groups) x 3 (factora,) x 3 (assesSUlent Ume or age) 
il 

repeated aeasures 'design. The group effect !(l,43) ,. 2.56, .p.. < .12 WBS not 

signiflcant, indicating Chat the overall mean of the factor scores ac.rOS8 

a11 asses .... ent. did not differ signlficantly between groups (Table 7). 

The non-signifieast time x group and time x factor x group interaction 

.1/ 
ef!~cts along with the s~gnificant time x factor effect suggests chat the 

influences of time or increasing age on the factor scores was the s&ae fÇ)r 

each group. Factor 2 declined over tiUle in both groups (Table 8). Although 

factor 1 Icores incr ... ed over tille 1.11 the Consistent Factor 3 groups and 

declined in the Inconaiatent group. the interaction wa. not signif1cant., lt 

appears. then, that the sequential changes in lowest factor acore in the 

Incl>n8i.t~t group wera of an addlt~ve nature. The factor 3 scores remained 

re,latbelY stable iD both group. over time, the decline in b'bth groups\:being 

0> non-dgnificant. Of priJUry interest, however, are. the significant group 

-- - ... ."..- .... 

interaction .ffects. The sipiticant group x factor interaction F(2,86) al 

28.28, !. < .000 vu explored us1.na tbe .. Duncan procedure, whlch demonstrated 

that the aroup. diltered I1p:lficantly as to level of performance on both 

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

Comparison of mean8 of recategorized factor scores 

for Consistent Factor 3 and Inconsistent groups 

Factors 

1 

2 

3 

* Means followed by the same 
1!fIIt. .05, D~can' 8 Multiple 

The eonsistent Factor 3 

Inconsistent group on factor 

Consistent 
Factor 3 

34.40
a* 

30.69b 

23.50
de 

Inconsistent 

28.82
bc 

î7'~93bc 

26.97
c 

letter are not significantly different, 
* Range Procedure. 

" 
group was significantly lower than the 

3 and significantly higher on factor l, while 

the numerical differences for factor 2 were not significant. These factor 

score relationships over successive assessments are depicted in Figure 2 
;/ 

where levels of performance are also shown in relation to B;verage levela 

in a total population der1ved""" from the standardization data (L':1tey, 1977, 

p. 234). These data .how, standard deviatian values of 7. S for factors 1 

aDd. 3 and 7.8 for factor 2. Ranges for average scores are indicated by the" 

.baded zones. 

lt sbould be noted that the s1~ificant gS01,lp differences in level of 
1 

fUDctioning on factor 3 were not a necessary outcome of the selection proce-

aùre aince the classification scheme vas based on lowest factor score , . .. 
rd.tive to other factor scores wtthin each individual. lt was, therefore, 

entlre1y po.sible for an individU&! to have a consistently lowest score de.o>~ 

factor 3 that vas nevertheless, higher than the incons:f.stently lov factor 3 

.eor •• of other iIldiv1dua~8, if the.. individuals displayad yet loweT scores 

~ 

'1 

1 
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on one of the other factors. 

Means of each of t~ 3 factors for the Consistent Factor 3 group 

r 
were significantly different from each other (Table 9) '" In the Inconsis-

tent group, however, none of the factor scores differed significantly from 

each other. This contrasting hierarchical factor relationship 18 elearly 

depicted in Figure 3 where it can be observed that the Consistent Factor 3 
" , 

group was characterized by' large discrepancies between factor scores but 

the Inconsistent group was not. These discrepancy patterns were eharacter-

istie of the groups on the first assessment and it should be noted that 

average discrepancy between factors 1 and 3 in the Consisterit Factor 3 group 

equalled or bettered the significant 9-point level (Wechsler, 1974) on a11 

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 possi\\1e 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 individusl factor score patterns could cancel out one another. 

Therefor~, following Ackerman et ql. (1976), disparity between factor scores 

for eac::h individual profile was examined, with caution being exercised to 

ensure that the differences from a mean clearly exceeded the stand~~o 

of the mean (S. E. ) of the three subtests comprising each factor. In this f 
111 

case, if 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 d1fference 

between factor scores must exceed nine score points. Us1ng this standard, 

65% of the protocols of the Consistent Factor 3 group showed signif1èant 

d1screpanctes while 67% of the Inconsistent group did not. It appears that. 

1 

1 

r 
1 
1 
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for the IDOst part, factor score discr'epancy or t. lack of it, which 
1 
1 

eharaeterized the Consistent and Inconsistent groups respectively was 

also reflected in the protocola of the individual.s within each group. The 

presence of these discrepancy patterns as a result of a classification 

basad on consiatency x disability 1s of particular interest sinee the sub-

gr9ups sa 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 ta compare these patterns of 

discrepancy and consistency among derived factor scores from the Wechsler 

seale 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-

trast as to general level of factor score performance is that from the 

WISC-R standardization sample. The range of average scores. that 18 scores 

±l standard de';'iat1on from the mean of 30 were dep1cted in Figure 2. AlI 

factor scores of bath groups were within normal limita, although the 

factor 3 scores of- the Cons1stent Factor 3 group approached the boundary. 

Do able laarners exhibit discrepancies in factor patterns? lt 1s not 

possible to determine this fram the standardization data. However, Ackerman 

et al. (1976) presented ev1dence to ind1cate that successful learners have 

balanced cognitive ab111ties. Although factor score data vere not directly 

presented in their paper. and can only be estimated from graphs, they 
.4 

reported that adequate 1earners who did display disparate patterns generally 

had euper10r factor l and 2 scores along with average factor 3 abilities. 

1 .. 
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Inadequate learnera with disparate factor scores tended to have below 

average factor 3 scores. Rugel (1974) sUllllllar1z1ng evidence from many 

studies &.lao indiated that low factor 3 scores dU not characterize the 

WIse protocol. of able or normal leamers. Moreover" data presented in 

chapter 3 of this 1nvest:lgation show that on a single aSlelJsment at 

age 13.7 years, able learners drawn from the same population as the 

disabled learner sample :ln this study displayed non-discrepant factor 

patterns (Table 10, Chapter III). 

On the basis of this information, perhaps one m:lght conclude chat 

signif1cant factor score discrepancies, coupled with low factor 3 scores 

uy be characteris tic of inadequate leamers. If this were 50, then, the 

Consistent Factor 3 groups would conform to the typical disabled learner 

pattern, but the Inconsistent group would not, 

Relationship of Factor Score Trajectories to Rourke' s Paradigme 

Having shown that factor score patterns over Ume can be used to 

identify learning disabled subgroups which might have potential edueational, 

theoretica!. and clinical signifieance (questions to be examined further in 

Itudy no. 2), ft ia now possible to see whether these patterns might be 

interpreted in deficit-lag terms. To do this t data provided by Weehsler 

in h:ls Manual (Wechsler, !.974) must be utllized in or der to proceed back-

warda frOID. the .tandardized equivalent SCOteS giv~n at each age from 8 to 

15 to find mean raw acores fol' the incU.vidual subtests and ,hence by summation 

for the thre. factor score.. In Figure 4, theae d.ta are provided graphi­

~ 
cally al trajactor1e. for each factor .eparate.ly and may be compared mentally 

w1th the traj ectories hypothesized by Ilourke in Figure 1. 

For the. Itandardizat1.on population, factor 1 .cores Ihow' a Iteep 

initial incline to a,. 9 followed by aaaal.l.er lcrowth 1nerementa that decruse 

.r 
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still further at a8a 13, beinS reminiacent of an early maturing skill 

iJ.J.uatraud by Rourke' a type J. paradiga. Factor 2, erree, after an 1ni­

tially gentle growth, take a apurt between ages 10 and 11 followed by a 

conttnuous but slover growth. Thia curve may be s1.Jllilar to type 3 with 

spu:ts and plateaux, '1 alternately to type 6, a 1ate emerg!ng skil!. 

Factor 3 depicts ev~growth increments over the age span. 

J The curves obtained for the C:nsistent Factor 3 and Inconsistent 

groups have a1so been p10tted on the basls of the three test assessments 

• 
over the interva1 fram approximately age 8 to 14. The 1~itat10n of only 

three fued points, campared with the seven derived from the Wechsler 

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 

pOPulafion over the early years with a lower growth rat~ over the final 

years) On factor 2, both Consistent Factor 3 and Inconsistent groups 

falled to exhibit the growth spurt apparent in the standardization pattern 

between ages 10 and 11. This failure to replieate a late growth increment 

when skills had bean initially equal, or nesrly equal, could suggest a 

deIay in the late emerging skll1, or, perhaps a defidt if there were no 

eventual apurt. Catch-up rema1ns a possibtlity that only testing at a 

still later date cou1d eub.tanttate. On the other hand, tt should be 
'",-

noted that subtee ts comprising the factor 2 cluster are considered to be 

part1cular1y susceptible ta educational infJ.uences (Glasser & Zimmerman, 

196'7) and 80 it may be that the failure to "apurt", aince tt occurred in 

both groups, is related to thei.r simUar but re1atively abnormal 8cho01ing 

. i 
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experiences. 

On factor 3, approximately equal linear curves are evident in bath 

groups vith that for the Conaistent Factor 3 group .hoving a slow but 

.teady decline in growth rate in compariaon with bath the Inconsistent 
iii 

and standardization groupa. 'rhe patterns are re.ini.cent of Rourke' s 

.59 

type 4 paradigm. and if true would extend his findings from age 11 ta age 

14. The lower ipitial 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 a11 cases, the -paucity of testing occasions and the inability 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 wh1ch might be associated with such subgroups, the results of the 

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

Summation of Resulta: Study No. 1 

A suburban school board, catering' to a large1y English-speaking t 

middle class population had maintained a system of remedial education for 

children labelled as learning-disabled, a local synonym for children who, 

despite adequate intellectual, social, emotional and medical backgrounds, 

have leaming, par~icul~rly reading, prob1ems. In the process. and as part 

of school policy, educational and psychologieal determinations of all Buch 

ch'.1.1dren were ca~ied out at intervals of not 1ess than two years. This 

madé it possible to fin~ remaining in a system with a dec1ining enrolment, 

67 ehild~en for whom three such determinations had been made by qualified 

psychOllletricians who had used either the WISe, or in later testing, tqe 

, 
! 
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WIse-R, along with standardized tests and teachers' reports in making 

ini tial and eonfirmatory diagnoses. Each child had re1l1ained 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 environmentl 

Questions have been ralsed in the literature as to underlying causes 

of long term learning retardation, in general of a lag or deficit in the 

psychologieal 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 time. Much attention has been 
J> 

pa id to the interpretation of subscale scores fram the WISe or WISC-R 

tests, in particular the verbal versus performance reporting of IQ scores. 

As a means of idencifying the are~'and disability, it had seemed dêsirable 

ta go beyond this dichotomy and to utilize instead the results of factor 

analyses of subtests incorporated in the Wechsler scales. Thus, factor 
~ ~ 

scores were derived. the consensus being that factor 1 was spatial in 

nature, factor 2 was conceptual, while factor 3, which remained unlabelled, 

loaded highest on the threé subtests of coding, arithmetic and digit span. 

lt was then found that giving factor scores for each tasting occasion for 

each child. enabled us to find a group of 29 boys who8e factor score patterns 

behaved in a consistent ~anner, that i8, they had the same lowest factor of 

the.three f~ctors on each test occasion. Of these 25 (51% of the total sample) 

were even more distinguishable inlthat each was lowest on factor 3. This 

procedure enabled a comparison .to be'made with the remafnlng boys'whose 

factor scores were such that a differe~t factor might y1eld the lowest . 

factor score fram one occas?on ta another. These were labelled as 

" 

! ! . 
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lnconsistents in contrast ta the 25 above now referred to as Consistent 

Factor 3. 

Camparisona as to age and WISe variables suggest that the two 

groups 80 deftned differed, not only as ta level and consistency of per-

formance on factor 3 over time, but also on factor 1. Moreover, it was 

observed that significant factor score discrepanc1es characterized the 

patterns of the Consistent Factor 3 group,~not of Inconsistents. 

AIthough groups did not differ as to age ~ which leaming disabi1ities 

were first identified, nor as to level of IQ on the earl1er two assessments. 

Consistent Factor 3 subjects did appear to score significantIy higher than 

the Inconsistents on the final assessment. although mean scores remained 

within that range (90-100) of IQ broadly defined as of ~taverage intelli-

gence" • 

'Contrasts over time between children classified as leaming' 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 u.ed by Wechsler in his test standardiza-

tion shou1d have enabled us to' throw some light on the deficit/lag nature of 

their learning retardation. In terms of the seven paradigms of Rourke 
o c 

(1976). one could specu1ate that the pattern of disability for the Consistent 

Factor 3 group seemed akin ta Rourke's paradigm-4, which could be indicative 

of a deficit or a lag. Only evidence from aIder ages, as weIl as at more 

frequent 1ntervals for yOlDlger ages would lead to confirmation or rej ection. 

Bath groups showed a decline in conceptual (factor 2) scores over the tests, 

and this could be reminiscent of paradigm 6, a late emerging def1cit. Con-

trary to expectations, no evident support could be marahalled for a pattern 
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of .equenti.lly .eraina disabUit1. •• in the Inconsistant group, as 

predicted by a maturational. delay. IlOr wa. there evidence of "catc:h-up" 

or sipi.ficant ilaprovement in early-to-emerge d1.sorders. Deficit diag-

no .. s on factors 2 and 3 mult awai t testi:l'I.8 at still older ages. 
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CBAPTER. III 

CBARACTElUSTICS OF CONSISTENT rAClOR 3 AND 

INCONSISTENT SUBGROUPS: STQDY NO. 2 

The second stage of this study i5 an attempt to furt:her define the 

two main subgroups differentiated on the basia of WISC/WISC-R factor 

patterns during stage l. These subgroup distinctions are of general 

interest if they cau be shown to possess diagnostic relevanee or to eon-

tribute in a more specifie way to our understanding of the nature and • 
causes of leaming disa~llities. One way to demonstrate such significance 

would be to show that: the groups differ· in terms of disorders in the 

psyehologieal proeesses eurrently hypothesiz~d to 'underlie 'leaming 
1 

failure. Moreover, ,if the differentiating psychologieal proeesses could 
" 

be shown to be related to lov level of function1ng on factor 3 or to fac-

tor score discrepanaies, then the classificatory and diagnostic value of 

the WISC/WISe-a would be conslderably enhanced. 

The Consistent Factor 3 group which ls homogeneous as to lovest fac-
. 

tor, and sa perhaps to dysfunction, forms the majority of the original pop-
J ~ 

ulation and i8 of central concerna An attempt has been made to compare 

tham with the Incon.istent group which 18 of the same ale. i8 drawn fr" 

• the lame school population, has had leaming probleIU ovar a s:1m:llar e:xten-

aed period of t'ime, and has not dUfered from them. in Any system.atic vay 

in~ofar as educational treatmeutll have beau toueern.d. There are certain 

advantages to thia use of a second learninS die.bled group for ,pomparative " 

purposea when searching for eauses of leam1ng faUure. Torse.en (1980) 
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li .. ; po1nted out that anormal .dueational expe-riencea ean create dys-

functif?l1- as well &II r.sult fr~ tha; a psycho1olical process disorder 

uy pe the produçt rather t~ the cause of fai1ure. However, if two 

JlA~~~!!t<! Jearn~r lubaroup., ca be, d:1fferçt:i~ted on the balis, Qf~a ,d~' 
order in a particular psyehologiea1 proeess, even though having had' • 

hilh1y 8uiar educatlonal historie.» ~hen that proces. disorder may more 

10liea11y be vieved .. cOIltributing. to, not resu1ting frOll, abenant 

lumina experienc... l!apbasia on su~h .ubgroup cOIIparisou. a1so al10 •• 

for the ua. of ... suring instruaents vith b •• al and ce1.1in8 1evels that 

are r •• tricted to the rang_ of perfOl:'lbance found within,. the disabled 

population. Thi_, in turn, can minimi,e the effects of boredom and fatigue 

~~ca.ioned by the nece ••• ry extension of the test range to reduce Ce11i~g 

, dfect. in, the able learners. 

An exam1 D ation of thé 1iterature regarding the re1ationshlp of .l§llrn-
" ' / . ( 

ing problems to liISC/WISC-R Factor 3 scor. indicated the direction for 

furtur Itudy. lirat, t,here vere the suuestioDs of Cohen (1952) who 

initial1y ref,_ned to factoi 3 as representing "freedom from dlstract1bll-
o 

ity". cmly 14t8r ta chanae the interpret;tion to tha~ of "memory" (Cohen, 
.,......--

1955), before retut'DinJ ta his ,0r1gin~ expl~ation (Cohen, 1959). Kauf- f 

man (1975) has al.o preferred the freedom from distractibility label, as 
J ~ _ 

have KeouSh .an4 Hall (1974). altpouah under a s11ghtly different nam.e, 
" • ... 1 

1 C 
attent1on-cOncentration. Others (Osbo$e & Lindsey, 1967) have defined it 

l , 

as nume-rical abUity; still, others have called it the anxiety triad (Lu'tey, 
, 

1977). A sequ~t1al memo~y interpretation, originally suggested by 

Bauna'tyne (1968) has reeent1y gained f'o/fJr t baving been adhered to by 

AC,ket)Dan', Dylcman, and Peters (1976?,' Stnit~ et al. (1977), and Vance and 

4 ... • ,.- .... 
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Singer (1978). Rugel (1974a). following his comprehEW-sive review, has 

" 
suggested that iow factor 3 functioning could probab1y reflect both or 

""'<1.-

either sequential me:mory and attentional problems. 

_ ~ In addition" however+- it -Dlust he aCknotodedg1 that iL- is oot only 

lov factor 3 functioning that distinguishes the Consistent Factor 3 group. , 

It is also characterized by disparity among factor scores while the 

Inconsistent group 18 note It may weIl be that the imbalance between 

fac tors l and 3 determines cons istency and is, therefore, of as grut an 
~ . 

importance as low factor 3 sco~es a10ne. Since factor 1 subtests are more 
• 

, 
like.ly to require information processing in the right hemispllere, while, 

\ 
correspondingly, 1eft hemisphere proce8sing 18 more, likely ta be involved 

in the material of the factor 3 subtests, the possibility sugg,ested its~lf 

that factor score dispa~it~pa~terns in the two gro~ps might be related to 

- different patterns of hemisphere organization. 

There 18· ample evidence from the literature comparifi'g normal and 
~ 

disabled learners to implicate poor ~e~al ~emory (Benton, 1975; Torgesen, 

1975; Vellutino, 1979), 1ack of attentional selectivity (Ross, 1976; 
1 

Vellutino. 1979), and lack of hemisph~re special1zat:j.on (c.f. Benton, 1975) 

i.n reading/learning prob1ems. Thu8, the entire Inconsistent subgroup 

between the ages of twelve and a half and fifteen and a half, and -an equal ')Il 

\ 

number randomly chosen Consistent Factor 3 subjects were compa.red with 

respect to these three var!abl~s, the performance of able learners being 

explicated in a general way by ':aàministering the same t~st measures to an 

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

tug th!. series of experimental il'lVestigations, the abundant Hteratl,tre . , 

----=:=:-::::::=:::::=.:::.. .. ~-~ - --- ...• 
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1 

conjerning the development of 

popti11ations, and the evidence 

these variables in the normal 1earner 

concerning differences between no~l 

learner~ and heterogeneous learning disabled groups will be surveyed ta 

. erovtde .8 _ rationale for measurement procedures and a context for the 

interpretation of the subgroup differences. 

Review of Re1~ant Research 

Research Pertaining ta Selective Attention. 

Attention is an inferred construct and therefore difficult to define 

and measure. There appears to be a variety of interrelated aspects and, 

as yet, no common agreement in the literature on a taxonmny for the term. 

Although it is apparent that many aqthors who use the label "attention" 

are talking about one of the severa! aspects of it. it i9 a1so true that 

st times they may be referring to the same aspect, a1though using differ-

ent tenns. ~us researchers have identified different components of 

the attenefona;'process., For example, Dykman, Ackerman, Clements and 

'),' Peters (1971) defined four aspects: a1ertness. stimulus selection, 

focusing, and vigilance. VanHover (1974), representative of the gr.pup con-

cerned with physiologieal me.asures. has proposed three relevant' components: 
tIf& ~ 

orientation, sustained attention, and internal attention, each characterized 

-~ by different patterns of eleetromyographic responses. Posner and Boies 

(1971), using an information processing model, have identified three 

empirically separable aspects: alertness, selectivity. and processing 

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

different facets. 

, . 
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An analysis of attentional model~ relat,ion to the classroom 

situation, where a child must not only effective1y direct-but also main-

67 

tain his attention to pertinent stimuli, suggeats that, from an educationaJ. 

vantage, attention may be usefully viewedàs involving the two main aspects 

proposed by Berlyne (1970), intensive and selective. Intensive attention 

has to do with how much attention a person i8 giving to the stimulus field 

as a whole. lt ulcludes the concepts' of alertness or arouaa! which is the 

readines8 to attend to stimuli from moment to moment, and of vigilance 

whtch refera to abUtty to deteet signals over an extended period of Ume. 

Selective attention on the other hand has a directional aspect and is 

concerued with how the attentional capacity 18 distributed amang various 

elements of a stitllulus field. It inc1udes the notions of achieving a 

foeu. ~ resisting _distraetÛln fram it_ PT •• umably. U is tMs ,el.eetive 

s.sp~ of attention to which the variOU8 authors (Cohen, 1959; Kaufman, 

1975; Keough & Hall, 1974) are referring when they Buggest that factor 3 

scores on the WISC-R are an index of freedom from distractib1lity, anel il 

therefore the aspect of il'lterest to this inv:est1gation. 
, 
~~ 

The nature and importaIu:.e of .e1ectivity- in attention i8 explained 

by tbeories band on fUter maclals fint explieitly propos,ed by Broadbent 

(1958). Aceord1ng to his theory, Liltering or selectivity 18 nece8~a~ 

\)ecav.e of the I1mited proees.1Q.a ç..apacity of a single chaftne~ system. 
l' 

A1t~ th1.. aocltl bas been variously ac1apted-1>y subsequent researdiera 

(TzoeiS1D4n, ~~6t; peu t,. ch & Deutsch, 1963; Norman. 19"» , the central 

not~ ha!' r8ll&!ned ~~t. '" 

~,. r~ of the 'li.te~t~:re zelatûlg.selKt,i'f.é &Ù'enUoil to Lta:nling 
~""'_.-

disab11itiQ is made' atff:1cult not only by the conf.LoD au~ the' 

... , . 
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attentfbnal labels but also by the diversity of instruments and procedures 

purporting to measuré selectivity and by the inconsistency of the termin-

ology used to refer to the children under study.' In relation to the 

latter problem, the terma brain-damaged, minimal brain dysfunction, hyper-

active,readidg retarded, underachiever, and learning d1sabled have fre-

quently been treated synonymously by researchers. However, ft 1s ,proposed 

to conf ine this summary to studies which concern children who, from the 

available descriptions, appear to conform to the usual definition of 

learning aisabled, that is, those who experience difficulty in the 

acquisiti~ of academic skills, chiefly reading, despite adequate intellec-

tuaI, emotional characteristics and social and educational advantages 

(Kirk, 1962). 

For the purposes of this review, tests which required the subject to 

seleèt: or respond to relevant stimuli 'in t;h~\ presence of irrelevant back-
:) . 

ground eues were considered to be measures of selective attention~ With1n 

this parameter, two main types of studies concerning selective attention 

can be 1dent1fied 1n the I1terature: th6se measuring differential effects 
. . 

of distraction on ,task performance, and those measuring incident&! learn-

ing. In the former group of studies, lJusceptibil:1ty to distraction has 

been assessed by relative deterioration in task performance under cond1-

tions OI' distraction, as opposed to non-distraction. -the distractors may 

be proximal to or even embedded in the main task or may be quite separate 

frOIl or distal to it. The assumpt10n is that t1)e distracting stimuli 

capture the 81.ulle attentional channel of susceptible subjects, thereby 

1nterfering with the performance of the t~k. Decrement.s in task perform­

ance are preaumed to be indirect measures of the amounts of distrac'ting 

ft ft • 
i. < 

1 
1 • 
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stimuli processed. In the 1ncident~ leaming etudies, a direct measure 
i. 

of the amount of incidental information processed or retained is 

obtained. Subjects are instructed to acquire designated information and 

to igmn::.e the lncidental or extraneous stimul1 which 15 pres.nte~~1.9!l.8 
/ 

w1th.it. Measures of retention of both the central (designated) and of 

the incidental (extraneous) information are obtained~ Selectivity, or 

resistance tO,distraction, ls presumed to exist when central retention 

is h1gh and blciderital recall 18 low. 

\ , " 
Stud1ee under cQnditions of differentiating distraction. Investiga-

'~ tiona under this rubric may w~ll be classified according ta the modality 

~ used, chiefly visual, as with the Stroop test of 8mbedded figural 

(~) 

~ material, and auditory as in the Wepman Test. Sometimes a more direct 

~h is .. de on reading itself under differing conditions of dis tract- . 

ibility. 

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

in which aubject. Dame the colors of rectangles ab~ a distraction phase 
1 

in which the colors are overprinted with othar co1or names. The aubject i8 

r.qu1re~ ta ignore the printed ward and respond by actual colora This 

test wu uaed by Sllverman, David,. and Andrews (1963), who found longer 

re.pon .. la!4lI1ciea and more enar. vith underachiever. than achiever., but 

sincs the latter vere sian1ficanUy older, r •• ults must be considerad 
1 

quaetioa.able. 

Variants of thia procedure were a180 used by Alw1tt (1966), who found 

normal ad retarded readus to be similarly ciiatracted by the tut c0s;tdi­

t1on. and by Santosteph«no, B.outledae, and Randall (1965) t who. havi11, 

el1.a1.Dated. the readiq raquir_ct by aubl-tituting the naaina of colore of 

. 
~---~-.-. - ... "":':'.;";~!. '.:'--
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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 contraIs b,Y 

the inappropriate colors. On another version where peripheral Une 

drawings were used as distractors. Santostephano et al. (1965) noted no 

J-unfavorable effects for either group. 

70 

The embedded figures component has entered in the work of Keough and 

Donlon (1972), who compared two groûps' of 1earning disabled subjects (mild 

and severe) with the age norms for Witkin's rad and frame test (Witkio, 

Dy~, Faterson, Goodenough & Karp, 1962). Bath groups of learning disabled 

were more adversely affected by irrelevant cues than normals. Sabbatino 

and Ysseldyke (1972) also differentiated learning disabled students iota 

two groups (reading disabled and others), and gave the Bender Geètalt test 

(Bender, 1938) tmder us~l procedures 4Ild again with designs embedded in 

an extraneous background. The two disablad groups did not'- differ fram one 

&nother on the .standard condition, but the poor readers were inferior ta 

the others under the di.tracting conditions. Elkind, Larsen, and van 

Doornick (1965) aIso uaed an embedded figures task and found that their 

sample of disabled eleœentary school subjects made fewer correct discriœin-

ations of the rel.evant figures than controls. No non-distraction compari-

son was usd, however. 

Other studies have reported results when distractors and t.asks are 

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

auditory linguistic messages on the ability of first grade learning 

diaabled children and normal controls to respond, orally and" in writing, ta 

verbal questions and ta make a written response to writte.n material.. They 

" 
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found no differences between groups in the white noise condition which has 

béen reputed to act 4S a buffer (Hallahan, 1975). The performance pf the 

learning disabled 8t:0uP was adversely affected by the lingulstic message 

-wiille that of the normal group vas not. 

Nober and Nober (1975) administered the Wepman Test of Auditory 

Discrimination (Wepman, 1958) to learning disabled chl1dren and their 

normal controls at the grades 4 to 6 1evel in a quiet non-distracting 

setting and in a classroom aetting where background noise was provided by 

a tape .. recorded sound. The leaming disabled group performed more poorly 

in the non-distracting setting ~ and whi1e both groups performed more poorly 

under noise conditions, the leaming disabled group vas no more affected 

by this peripheral distraction than their normal controls. 

Tvo studies have looked directly at the effects of distraction on 

reading skill.. Samuels (1967) taught a group of pre-first and first 

graders, wHo were divided into good and poor readera, to discrilninate 

words. Poor readers were more affected by descriptive pictures than gaod 

readers. Willows (1974) 7 usina a sample of good and .f0or readers at the 

sixth grade leve1 7 found that whe.n rad extraneous words were printed 'be-· 

tween the lin .. of a ',tory the oral reading performance of pOOl' readers 

wa. affected differentially by these distractors. They took lonaer to, 
... 

read the para$répha and made moJ:"e errors. 

rakan ... a whole, these .tudies .... to suga.et there 15 an increased 

diatraction effect for dis.bled as comparad vi th nonaal learners, parti-

cularly if th. atr.meoua cues are embedded wi.thin or proximal to the 

rel.vant stimuli. l"hia app.ars to be true over a broad spectrum of ta.ka. 

in both auditory and visual1bodalitiea across a ,wid~ age l'ange . 

.. _---- _ .. 
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Further support! for a deve10pmental trend in se1ectivi1:Y com.es from. 

ether etudies 'sti11 within the centra1-incidental paradlgm, but using 

varioue devices such as vieual discrimination and tljaIlsfer (Crane & Ross t 

1967; Siegal & Stevenson, 1966), reactiôn time (Plck\ Christy & Franke1, 

1972), a naturalistic film plot (Hale, Miller & Stevenson, 1968), or card 

sorting (De.ike1 & Fnedman, 1976). Simi1at'ly, when incidental learning . ,-
procedures have been carried out in the auditory modality using a dichotic 

l1sten1ng task (Maccoby, 1967; Maccoby &. Konrad, 1966, 1967; Hallahan, 
~ , 

Kauf:flll.aIi& Ba11, 1974a; Doyle, 1973), the'" developmenta1 trend in central 

versus incidentii leaming has been confirmed. 

From this background of general developmental findings, it 18 now 

possible to examine the re.u~ts of these task.s comparing normal and 

disabled populations, and to explore such ques tions as: Do learning 

disabled children have poorer selective attention than normal leamers? 

Do different strategies e~d't within these populations for dea1ing vith 

central versus incidental information? Hallahan, Kauf'.fmanAlld Ball (1973) 

studied a .man aaapl. of 10 low achiners 'and an equa1 number of ,normal 

contrôla ,at the grade 6 level. traitag a serial ~rder presenta~ion of the 
/'-l,_/~ 

Hqen task in which tlM numbei-~f it .. var:1ed- from 4 to 6, they· fOw;ld no 

aipificant ctiffereacu 111 incidental recall but they did find a signifi-

cant dUference iD. central. recal~ in fnOt of the .ctLievers. The central 

and incidenul Icore. ware na,atively and dgnificantly correlated in the 

btaher achievement sroup but vare positive!y corre!ated in the low 

athiever.. Thus, .l.though both STOUP' p%'Oce'8ed the same amaunt of irrel-

evant info:t1lllltion, t~e wtbors iAt..zpr.eteà. the:ir nlults as support for the 

4ypothed, of poorer selective attention in the underachievers on the 
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the assumption that higher cent~~l scores in the normals were the result 

of the giving up of incidental information in favor of the acquisition 

of relevant material. 

Tarvu, Hallahan, Kauf: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 firat experiment, these researehers compared a 

group of 8-year-01ds to a group of normal controls. As with the earlier 

Hallahan et al. (1973) study, incidental recall did not differ signifi-

cantly between groups but the normals recalled significantly more central 
,fi 

information. Correlations between central and ineidental recall were 

non-signifieant but were interpreted as support for the notion of 

inferior selective attention in the disabled groups sinee the two mea­

sures were negatively correlated in the normais and positively correlateti 

in the disabled. 

Is it d~f:enl1ble to eonclude that group or age differences in selec-

tive attention exist when correlations measuring the trade-off between 

central and incidental learning, although in the sama genera1 direction 

as P~ct'd. are low anol nOD~a1gnliicant1 Con we then hold that 

inef •• with as. in central. leaming scores are the resùlt of declines 

in (th living up of) incident&! learning, especially when the inereases 

are l'lot: àccOIII.panied by dUf.rance. in incidental "leaming? Douglas and 

Petera (1979)' t:hink not. +he, argue that equal scores must indicate 

aquall'~.~g in the aDeel1ce of other cvideuee sinee ~ factor Qcher 

-
t:haa. the proc ... ma of incidental iJaformatiol'l eoul.tl account for the cl1l"-

, li> ~.,. , ~ 

fer.cee in the central. lear:nina score. Baaen aad. r.au (1975), followi.1\1 
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a review of earlier studies, suggested that the increased use of active 

cognitive mnemonic strategies' could account for significant age and 

group differences in central learning. 

Tarver et al. (1976) recognized the anomalies in the results of thèir 

first experiment with 8-year-olds and suggested that central recall in the .. 
normal group could have been added by the attentton-focu'llirtg properties 

of a verbal reheareal stratelY. In a second experiment with older (13 

years) and intermed1at:e (10 years) learning disabled ehildren, they 

tested this hypothesis by inducing verbal rehearsal in half the group at 
, 

each age level. ~en results were analyzed using the selective attention 

effieiency ind~ (X central learning - % incidanta.l leaming), they eon­

cluded tha~ verbal raheareal had signtficantly increased selective 

attention efficiency. Yet, the inereasa in central 1eaming was not 

sipificant at eith.r age and the incidental reea1l did not differ 

between ales, nor vas it: affected by rehearsal conditions. As a result of 

this fallure to produce a concomittant decline in inc1dental scores, the 

authors concluded that :t'ehearsal sldlls were still developing in the' 
o . 

di.Hbled group and that stud.1es with yet an older age group would be 

naded to cOllfirm 1:'e.u1. ta. 

Subaaquently, Tarver et al. (l977), uaing the 7-1tem variat:1.on of the 

t&.k, .tudied a group of difabled boys at mean age 15 years, 8 menths. 

ID41c1ental recaU wh1ch had reained eonstant. at the younger 4.es deelined 

aip1ficantly At. dl. l5-year-old lwel, l.upport:tng the Ulual developmental 

trend, but central raea.1l which ha4 tncreued O\1er the ase range 8 to 13 

did net' ôow tbe redproca1 iDcHde at the lS-year-old level. 

, , 

, ç 
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Correlationa1 statistics a1so falled to support reciprocity. Once again, 

therefore, 1t may be hypothesized that it ls something about the central 

task itself that is particularly difficult for d1sabled learners because 

once they give up extraneous info;mation, they do not show the increases 
1" 

in central 1earning that have been reported for normal samples. The absen~' 

of a normal control sample in the above study, however, prevented d.irect 

comparisons and firm conclusions. 

A study designed to directly compare disabled and normal populations 
A 

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

used a 6-item version of the ~'hrsk presented in simultaneous or 

spatial fashion, with grou/s of children f~om grades one, three and five. 

Examiner feedback on correct positions for each animal was provided after 

each trial. Their results with young chlldren are at variance with those 

of others since they found non-significant increases with age in central 

learfling but significant declines in incidenta1 learning in both Sroups. 

Correlations tended to become negative with iocressing age as others 

m1ght have predicted, but with the so-called trade-off occurring more 

slowly in the disabled group. The authors interpreted their resul ts as 

reflectins a developmental delay in the disabled group. !hat the 

INtu1ng d:1sabled. actually recalled more information than the normals 

(eClU4l central and higher incidental scores) suggests factors other than 

the proceAing of e%traneous infomation may be having important unrecog'" 

111zad ,ff.cts. In e.xplmaUon. 1t might be note.d that the 6-item version 

of the test 1I1abr: be ._1er, peintina to the corftct items might have 

h~lped to ·d~t act:entiOl1 t and the young ages of th .. chlld.ren should alao 

be C01l81dered. 

.~ - , 
-~ 

" . 
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Studies using the eentral-incidental learning paradip. The fUter 
, 

theory (Broadbent» 1958) whieh impliea that attention can be chaoneled to 

only one stimulus at a tue has led to the notion that there 18 a nec~s­

sary "trade-off" between the acquisition of central information and 

information that has been indicated as incidentel or inelevant. Henee, 

dis tractib ilit y ean be measured by the amount of incidenta~ or irrelêvant 

recül stored during a designated learning task. In early studies. 

ineidental learning scores vere evaluated, using a repeated measures 

analysis of variance design. in relation to the proportion of central 

information retained (Hagen, 1967). More reeenUy, Hallahan, Kaufman, and 

Ba~l (1974b) proposed the use of ~ "selective attention efficiency 
( 

index" whiéh vas derived by subtracUng the proportion .of inc~dental 

, "" leaming from the proportion of centra~ 1earning. Patterns of correlation 

have also been used sinee, if the giving up of incidental information 

re.ults in higher centra~ 1earning scores, selectivity of attention would 

be denoted by negative correlations between the two measurea (Hagen & Hale, 

1973). 

Th. lDOst frequently used task in this Und of st~dy vas devised by 

Ragea (1967) bas" on earlier prototypes (AtkinSon, Hansen & Bembaeh, 1964). 

A .e:ries of carda, each one con b.lining a line drawing of an anillal as the 

c_ca-a1 Obj .. ct aDd a COtIIIDOIl houa.hold object &s the 1:ncidental object, 18 

• present" in a particu1ar sequence and th. lubj act ia told to l'emember tiie 

positions of the animals, but that ,he need-iiOt remem.bez:.. the o.ther objeets. . /' 

Wb.en the array ta COllcealed, the c.hild 18 pnMnted vith a card contail'WJ.g 

tIile pictur& of one of the. anima1s and i.a asud to d .. i.gnat;. i t~ poaiti!ll1 
. 

10. the ori,a'hlal 'sequence, the number of correct rupoa..., being the .. a.u.re 

, 
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of cen tral learning. After the central learning trials are completed» 

the aubject ia unexpectedly asked to l'_caU which df the various house-

, hold obj ects had been paired with each of the animals. The numbeJ; of 

pairs correctly recalled 1s the 1Il8&sure of incidental learning. 
1 

Using this procedul:e, relatively high incldental scores iD relation 

to central le.a.rning scores have been obeerved ~ yaUDI chUdr~' with 

central learning increasing fl'OIIl ages 6 to 14, and incip.ental learning 

rem.aining constant or registel'ing on1y sli~ declines ..\mtl1 ages j2 or 
, r, 

l ' 

! 

13, when the decrease be1:omes significant (Hagen. 1967; Hùlahan, Kaufman 

& Bal1, 1974_; Maccoby & Hagen, 1965; Weinel' & Berezonsky, 1975). Since 

capacity to procesa bo~h céntnl and incidenta1 information preaumably 

increases with age, but on1y central scores increase, it is reasoned that 

extraneous 1Ilaterial is being increasingly filtered out in favor of cendal 

stimuli. This hypothesis is supported if the correlation between the two 

• indice. becomea increasing1y negative with age, a reau1t whicn ha. reeeived 

some support in wch of the literatuTe cited above. 

A few studies have reported no signif1cant decline in incidenta1 ' 

learning at adolescence (Hagen, '1967; Hagen, Meacham' ') Mes1bov» 1970), but 

the an01llalouli findag has usually been attributed to variât·ions in materials 

and procedures. Certain1y» as in Hagen' s stud1es, added noise (Hagen, 

1961), forçed labelling (1970) or inclusion of incidental elementt rlthin 

the centl'al s~1mulua itlelf (Hagen & Hale, 1974) could have interfered with 

preferred aelectiv1ty strategie.. AllO, if the central task fails to im-. 
1 -

po ••• ufficient d-.ands t and ,both central. an4 incidental info.rmation can , , 

bè csm:fo~tab1~ proce.secbJ. tben inci.dental. learn1n1 may remaill hiah (lrasa t ... 
1973; Sleaal & Ste-..naou. 1966). 

• 
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A furtber complicating note ta entered by Swansoû's study (1979a) 

witb 9-year-old nOr1l!8l anq leaming disabled sUbj ect •• ' No significant 
/' 

78 

group differences for either central or incidental recall were found uaing 

, a o-item spatial form of the task. 
r 

Selective attention efficieocy was.not 
"'( 

computed and correlational data were not given. The method of detennin-

ing incidental 1eaming was modified by asking for the match of each inci-

dental item ta its seriaI position in the final trial of the series. This 

may have made the incidental task so difficu1t that group differences were 

masked. 

The often confusing and contradictor, findings in the foregoing 

" account m&y' first of aIl be considered in the light of the methodological 

differences in the studies. Although aIl used Hagen's t~sk. impprtant 

variations occurred in its administration. In partieular, the number of 
/ 

items and the .spatial- sequential versus temporal- sequential nature of the 

."_ seri1 :resentation varied from study to study. and cou1d. have cau~ed 

differences in central task difficu1ty (Berch, 1979). When this task fs 

too diffieult, some disabled ~hi1dren appear to engage in stimu1us-
1 

seeking behavior, thereby tnereasing extraneous processing (Douglas & 

Peters, 1979). On the other hand, if the central task ia too easy, bath 

central and incidental information can be simultaneous1y processed and 

the predicted trade-off does nat occur (Fraas, 1973), Also, opportunities 

for the usè of preferential strategies in the deployment of time and 

rehearsal are greater on the spatial array than the temporal one sinee 

in the latter, attention is specifica1ly focused on one item for a speci­

fie t±me. In those etudies where signif1cant group differences were 

found CHallahan et al •• 1973; Tarver et al., 1976), a temporal presentation 

l 
j 

: . 
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was u.sed which may Sugg8st that there ia sOIIlething about!: this presenta-

tion mode that 18 differentiating the groups. 

,1 t is necesl4t;Y» then t to re-examine the measures used and the 

rationale behind th ... 'rhe use of the selective attention efficiency 
• 

index (% central - % incidental leaming) to compare groups presents cer-

tain problems sinee it cali produce significant group d1fferences even wben 

none appear on either the central or incidental scores themselves. Fur-

ther. if central.(J.earning increases, selective attention effic..iéncy c~ 
1 • 

increa~e although the processing of incidentsl information remaws 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 lov central and lov inciden-

tal infbrmation since bath vould receive low -selective attention scores. 

lt appears, then, that the selective ~ttention efficiency index: may be mis-

leading if not con81dered in rel~tion to other méasures. In pard.cular, 
-

iu use should be restriCted to indi-catfng degre~ of discrepancy in 

instances when there are demonstrated significant differences in incidental 

leaming scotes. 

A closer look at the practic"e of using correlational coefficients to 

determine relative development of selective attentional sk111s 1s also in 

arder. lt 18 possible that the correlations in many of the studies t since 

f.ew are "ignificant, are telling us that central task performance is often 

relatively In~ependent of the amount of distraction experienced by the 

subject ... A, tenable and parsimonious hypothesis would state that, in the 

absénce of differences in incidental learning or signifieant negative 

correlations between central and incidental scores, 80y diff!!rences 1n 
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cent-ral learning 'are related to cognitive processes dire-ctiy required 

for central task performance itself t a serial Me!DOry task. 

All this seems to indicate that the ~if.terent, scores or indices 

which can be derived fraœ the central-incidental task can be considered 

as measures of selective attent'ion only under certain conditions and 

only when evaluated simultaneously rlther than individually. Patterns 

rather than individual indices would "'be more instructive. The following 

represent some of the mare common patterns and possible interpretations: 

1. Low central learning and high incid~tal learning, with a 

significant negative correlation suggests distractibility. 

2. Low central learning along with low in~idental learning with 

a non-significant correlation suggests that low central learning scores 

are related to a process required for central task pèrfo~nce. On the 

central-incidental learning task, this' would m9st probably be with a • 
,. . 

procesa rel..ated to seriaI memory functioning. 

3. High central learn1ng and low incidenta~ learniug witb a signi-

ficant negative correlation suggests good selective attention, 

4. High central and high incidental, with a high positive correla-

tion or no s,ignificant COr;re1atirn, suggests that 

task 18 too easy and that the su~ect was able to 

taxing capac ity . 

the central learning 

process both without 

Summary and research objectives. The foregoing has suggested that 

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

be indicative of poor selective attention while others lllay more properly 

" be constaered to reflect inefficlent central task perfo1'll1&nce (1. e. seriaI 
1 

order processing). Since problems in both selective attention and seriaI 

1 

'(fil 
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memory have been hypothesized to account for low factor 3 functionlng 

on the WISC/WISC-R. it appears that the Hagen Central-Incidental task • 
could provide an interesting vehicle to explore th~ distractibi1ity vs. 

\ seriaI memory contToversy in learning disabled populations differing 

slgnificantly in factor 3 scores. 

oFurther, if the Consistent Low Factor 3 subJects are characterlzed 

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

hypothesize that they would a1so perform below the Inconsistent gro~p on 

an embedded figures meaaure which required them to idehtify a figure by 

resisting the distraction of the extraneous stimuli that sur round it. 

Moreover~ if selectivity of attention ~s the central process contributing 

to performance on these indices. there should be a significant negative 

correlation between number of items correct on the embedded figurps test 

and the incidenta! learning scores from the central-incidental task. 

Accordingly, in addition to the central-incidental task, an embedded 

figures measure has been included in the expectation that results would 

converge, increasing the validity of the findings. 

Research Pertaining te Seria1 P;rocessing 

Theories of seria! functioning. Two·main approaches to the 

study of the seriaI memory process can be discerned in the literature, each 

rooted in different psychological traditions. The first, the associational 

psychology. while the second. derived fram the Gestaltists who indi-

cated th~ importance of organizational factors either in the material 

/ 
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:!tself or in the mode of its. perception. The former 1$ b&sed on the 

theories of Hull (1935). who expanded Thorndike's idea that each item had 
'# 

lame degree of association w~th every other item in the 1ist, immediate 

and remote. forward and backward. Though passing through several reformu-

lations emphasizing the role of positiona1 eues (Young, 1962; Ebenholz, 

1963), it has stres.ed contiguity as a sufficient condition for leaming 

and the notibn of the leamer as passive during the proce~, The second 

approach, 1oitial1y stimu1ated by Lash1ey (1951) and given impetus by 
~ ~ 

the famous Miller paper of 1956, has emphasized the role of the leamer. 

lt was shown that the maximum number of units that cou1d be proeessed 

was seven, plus or minus two. This limited capacity required Chat the 

subject in seriaI learning tasks must find meaos to tircumvent this 

restrictive feature of his short term memory (STM). Organization by the 

process of chùnking was hypotheslzed as the method of choiee sinee the 

chunks themselves could be recoded into a heirarchy of information whose 

recall or retrieva1*was enhanced when the same organizational cues were 
, 

used as in acquisition and storage. Free recall procedures with ~terial 
,"-

presented in seriaI order used and ,developed by Johnson (1970), Mandler 

(1967) and Tulving (1~68) have $upported this view by showing Chat 

material ls subjectively organized into clu~ters of conceptually related 

items. Jensen and Rohwer (1965) demonstrated chat by organizing around 
; 

two anchoring points (initial and final items) the subject obtained a 

spatial representation of the entire list, a theor~ akin to, but clearly 

different from. that of the positioual eue aS8ociationists where passive 

rather than actively searching subjects appeared to exist. 

! 
1 
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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 associatlonists having 

favored unr!llated item lists and multi-trial anticipation learning proce-

. dures', the organizationlsts related item strings and single trial free 

'recall technique~, there i8 one phenomenon on which there is a measure of 

agreement and that i8 the phenomenon known as the serial position effect. 

Rere the plotting of error proportions against item position has yielded a 
Il 

skewed be11-shaped curve where the firat and Iast items were indicated Jo 

be the eas iest to learn and remember.· Attempted exp1anations of this 
"") ... 

common observation, however, have differed .. 

Ass~ciationists have postu1ated.inhibition around central positions 

as a possible mechanism (Hull, 1935; Melton, 1963). Others have stressed 

the 'distinctiveness' of the initial and final list position (Murdock, 1974; 

Ebenholz, 1972). Still others (Buschke & Hinrichs, 1968; Palmer & Ornstein, 

1971) have seen conscious rehearsal strategies being applied to transfer 

ear1y list items~-long term memory (LTM) ""hile maintaining later items in 

STM. Crowder (1976) in a rappPOchement of sorts has categorized these 

hypotheses as passive (inherent in the mechanism) or active (dependent upon 

the processes undertakeg by the subject) and suggested that since seriaI 

position effects were found by both kin) of theorists any viable theory 

shou1d partake of both kinds of explanation. His own work pointed to a 

primacy effect, resulting from a cognitive strategy determined at the time 
. 

of acquisition, and a recency effect produced from positional·distinctive-

ness inherent in th~ natur~ of the serial orde"tasks themse1ves. Some 

support has been offer~d by the work of Belmont and Butterfie1d (1969) 

with mental defectives who exhibited deficits in pr1macy but not recency 

'. 

1 
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positions and by Hagen, Jongvard and Kail (1975), who showed that young 

children also f.iled to show a primaey effect but displayed a reeency 
!t-

effect. Others ('Iarver et al., 1977) have ind1cated that leaming dis-,'. 
abled chlldren also 1l.ve decreasedpr:1.macy but not reclney effect 
, ' 

relative to normal, learners their own age. 

In brie!, lt appears t6at organizational theory has augmented asso-

84 

ciationa! theory by taking into account the l~ited capacity of thé human 

information processing system and indicating ways which organizat1on by an 

active subject could overcome capadty restrictions. This e1Derging inte-

gratjon of the two schools of thought has s1gnalled the appearance of a 

number of hybr1d models of explanation. notable among them bei? that of 

Atkinson and Schiffdn (1968), which distinguished between structural and 

voluntary control features. Under the former, there were physica! attri-

butes and fixed invariant processes which facilitated memory but were not 

unqer conscious ~ontrol. 
il' 

There were also control procesaes which were 

~der the direction of the subj ect and wh1ch could be seleeted and mod1fied 

from a wide range of possible processes. Stated as a computer analogy by 

Hagen et al. (1975), "the structural features correspond ta the hardware 

and systems progrâm while the control proceS'Ses correspond to those program 

sequences that can be established" and modified at will by the programmer." 

In the model. the structural components ineluded the sensory register, short 

term store and long term store. Since the first provided for only two 

seconds or less, a rapidly decaying litera! copy of the physical stimuli. 

the short term store, had to rapidly select stimuli, w1thin its limited 

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

what vas there. Only some control process luch as rehearsal could retain 
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the information in 5TH without 108 •• Transfer to long tem store, again 

under a con trol proces8, could sub.eequently occur from lame of the inform-

ation and this could be retrieved as occa.ion demanded, given efficient 

retrieval control processe.. To date, emphasis ,appeara to have been 

placed on the study of these short term memory phenomena. For the present 

purpose, it may be possible to hypothesize that thia aspect 1s featured 

on the tasks defined by factor 3 of the Wechsler scales. More importantly, 

study of the seriaI learning curve might offer help in deciding whether 

these learning disabled chlldren are handicapped on seriaI learning tasks. 

and if ~o. whether the 1filure 18 in the use of 1nefficient active strate­

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

the li terature examining the relationship between control proceases and 

serial memory and learning disorders will throw more ligj,lt on this topic. 

Research Pert.ainin~ ta Serial Processing: the Use of Control 

Proeea.es. 

Development of strat-egic behavior. Chi (1976) has presented evidence 

to suggest that age-related changes in the use of strategies are respons-

ible for a major par~ of the observed improvements with age in children 1 s 

memory. Similarly, Brown (1975) has indicated that memory tasks which do 

not require the use of strategie behavior_ are relatively iJ;1sens1tive to 

dev-elopmental trends. This implies that the age differences in memory 

" span. previously believed to be due largely to changes in capacity. may 

actual1y be the result of changes in how that' capacity 18 used. In support 

of this developmental view. many studies have indicated that certain strat-

egies characteristiêally empIoyed by oider childres are not used by 

younger children.. Various method$ have been used to determine this trend 
î 
\ 

" 
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including: subjective reports of how chi1dren remember (Flavell, 

Fr1.dl.'icks & Hoyt. 1970; Matthews & Fozar~70) j changes in hesitation 

patterns in s}l\>ject-paced tasks which reflect chunking and cumulative 

nhearsd (Belmont & Butterfield, 1969; Torgesen, 1977a); direct observa'" 

tion of lip movementa (Flavell, Beach & ChinsKY, 1966; Keeney, Cannizo & 
, .. 

Flavell, 1967; Kingsley & Hagen, 1967); and, more recent1y, the observation 

of primacy-recency effects in seriaI learn1ng curves (Bauer, 1977; Tarver 

et al., 1976). 
\ 

Flavell, Beach and ~hlnsky (1966) found that Uve, seven and ten-
, . 

yen olda who verballzeq dllring the delay following presentation recalled 

more items. Whlle 17 of 20 ten-year dlda verba1ized, on1y 2 of 20 five-year 
l 

o1da d1d so. Subsequently, Keeney, Cannlzo and Flave11 (1967) demonstrated 

that first grade students who did not verbalize could be induced to do so 
1 

and their recall was then as good. as those who had verbalized spontaneous1y. 

However. those who had been Instructed ta verba1ize d1d (lot continue ta 

rehearae without ins truction and so their recall decl1ned . ., 
Uaing th,e famlliar serial memory task adapted trom Atkinson, Hansen 

. and Se:mbach (1964), Hagen and Kingsley (1968) studieQ rehearsal proeesses 

in children st ages four. six, seven, eight, and ten. One group at each 

age level was subjected te a forced labe11ing condition whlle the other 

served as a control. Recal1 in the control group where no instructions 

were given improved with age. 1J,1, the label condition, although reca11 was 

facilltated at ages six and eight. that of the four-year olds and the . 
lO-year olds did not show improvemept over the age-related increases in 

, .... 

. - ~ 
the control group; in fa ct • recall was significantly poorer under the label 

condition in the lO-year old"s. The authors, by analYzing the seriaI 

\ 

, 
l 
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learning curves, concluded that the four-year olds did not rehearse, 
~ 
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even, under instru~tion. The seri~l curves of the 10-year olda exhibited 
.... .I 

a diminished primacy effect relative to the controls whieh vas inter-

pret~d to mean that the requirement to label had interfered vith their 

own spontaneous rehearsal strategies which must have been more facilita-

tive than mere 1abelling. 

• 
Other studies with seriaI memory tasks have eonfirmed these findings 

by showing that ~hildren c~n be induq,ed to rehearse cumulatively and 

increase recali (Kingsley & ~agen, 1969) but that the strategies were not 

produced spontaneously at a later date (Hagen, Hargrave & Ross, 1973). 

Similarly, poorer performanc~ on a seriaI reeaIl task under imposed re-

hearsal conditions has bean replicated in adolescents and col1ege students 

(Hagen, Meacham & Mesibov, 1970). , .. 
It appears the~ that there might be developmental milestones that 

signal growth in the use of strategie controls in seriaI memory tasks. At 

the youngest ages, there seem to be no voluntary memory devices and ev en ' 

under instruction these are 'not manifest. Typically, this is followed by 

a transitional stag~ in which the child uses the strategy when trained or 

requested to do so, but may not use lt efficiently or spontaneously. That 

efficient strategies may be distupted in older subj ecta when pro'cedures 
c 

normally considered to he conducive to improving reea11 are imposed, 

suggests that over time a child gains a varied, individualized repertoire 

of strategic con trots and a1so develops skil1 in selecting and implement-

ing appropriate strategies for particular tasks. 

F1avell (1970) explained this individua1ized use of efficient strate-

gies by hypothesizing the existence of what he ca1led "meta" variables, 
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wh1ch involved being aware of one's own rote in the memory procees. In 
. 

a similar vein, Brown (1975) in a paper enti~led Knowing," Knowing About 
1 

Knowing and Knowing How to Know. defined this as having the "intention' to 
" 

be strategie" or "the plan to form a plan", (p. 111). lt was described as 

being able to assess the task of knowing one's capabilitfes and of pre-

dicting performance sa that appropriate strategies might be seleeted. 

This characteristic was assumed to develop w1th time and ta be appare~t~ 
, 

in aIder children. Kail (19'79) invest1gated the existence of such a 

generalized strategie factor in 8- ,and 11-year olds. A seriaI memory task, 
~ 

.1 a free recal1 task presénted in temporal or der , and a recency, )udgment 

task. were presented. It wa,s eonc1uded that' there was a ge~eral strategie 
i' 

factor across tasks for the ll-year olda, but not for the 8-year olds. o 

which supported the notion of an age-related trend in the development of 

"met;a-rela ted" behavior. ...., 

The literature, then, has indicated that there are three main 

developmental stages in the use of control processes on seriaI memory 
, , 

tasks in a normal population, First[is a stage in whieh no strategie 

controis are used, evert when training is given; this has been termed as 

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

, charqcterized by the use of contraIs but anly under conditions of instruc-
\ tr 

tion; this has been ~alled "produ~~n deficient" (F1avell, 1970)" Finally, 
• 

there ls a stage evidenced by the use of meta variables in that sponta~eous 4 

stra~egic behavior which is intentionsl, flexible, insightful and indivi-

dualized ls exhibited. Although the literature does not so state, failure 

st this stage mlght be label1ed "meta deficient". 

1 > 



« 

J 
( 

\ 
89 

Compari'Sons of normal and disabled learners, A developmental delay 

hypothesis implying thai Iearn1ng dis.bled children develop strategie 
') 

behavior, or go through these stages, at a slower rate than normal leax'~ers 

hà. reeeilved considerable support in ~e literature (Brown, 1975; Hag~n: 

~Jongeward & Kail, 1975; Ta~er et al., 1977). An alternate hypothesis 

that failu,re to use strategie controls may be a learned hehavior result­

lng fram adverse educational experiences has bean postulated by Torgesen 
/ 

(1980). wh il e, a defic1t hypothes1s sugge,ting that voluntary controis may ',\ . 
he indirectly inhibited by defietts 'in involuntary structural processas, 

" possibly etemming fran a neurologieal source, has also been implicated 

(Spring. -1976; Spring & Cappa. 1974). 

Evidence that leaming disabled children are !mpaired ,in the use of 

• 
cognitive controls came initially from two etudies ~hat investigsted - , 

, 
verbal labelling skills dur1ng the performance of aensory integration 

, ~ 
tasks (Blank & Bridaer. 1966; Blank. Weider & Bridger. 1968). Retarded 

readers were less successful i'o making intersensary matches and they a1so \,;, 

made more errora when instructed to label the stimuli. It was, thetefore, 

ioferred that deficient labe11ing sk:tlla were re1ated to deflcient ... 
integrative abili ties, 

, 

Two etudies (Torgesen & Goldman) 1977; Torgesen, 1977a) directly 

observed rehearsal practices in good and poor readera. In the firat 
j 

study, lip movements and whispered words werê monitored as evidence ai 

the use of rehea.rsal. l t' was concluded th.at good readers rehearsed 

more and that they -alio -re'cJled more seq~ences correctly. In the second 

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

inferred that the good readers "chunked" the stmu1i while rehearsing . 

. ' 
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Torgesen found -that d1sabled readers werl! hss able to 'make use of \. 

categoriçal structure provided by an or1enting task prior to serial 

presentation. From th~se studies, Torgesen conc1uded that reading 

90 

disabled children engaged in less efficient strategies on serial memGlTy 

tasks of unrelated items. According to the cl.assification scheme, they 

would be production deficient, or perhaps meta deficient, but not media-

tion deficient. 

Kastner and Richards (1974) compared recal.l strategies in third 

grade good and poor readers when novel and familiar stimuli were used. 

Th'ere were no between-group differences in 1evel of recall w1th familiat'~ 

eas ily coded items. "but good readers did s1AificantlY better than poor 

rt~aden w1th the novel items. The authors found that three-quarters of 

the good readellls reported us1ng a verbal strategy wh1le none of the poor 

readers dic1 80. .Moreover, good readers labelled the stimul.,i mor~' rapidly. 

The authors pointed out that there was little support for a genera! 

1abel.ling deficit in poor readers dnce they. did apply labels to familiar 

stimuli. Rather, it appeared that the learning disabled used a less 

evolved, less efficient strategy, aspecially under more diff1cult condi­

tions where labels had to be ge,nerated. Again, eViden~uggested .that 

the leaming disabled did mediate but' were less efficient and perhaps less 

skilled in choosing the best strat~gies. 

Bauer (1977) investigated rehearsal techn,iques in 9- and lO-year old 

leaming disabled and ~ormal ~:ren by camparing Immediate and delayed 

memory for serially presented eleven word strLngs under conditions of free 

recsll. Immediate f.ree-recall at the primacy position was poorer in the 

learn,ing disabled groups but recency recall was simila:r. This was 

, ' ... , 



( 

,,' 

( 

Ji 

, 91 

explained in terms of the Atkinson-Schiffrin model (Atkinson & Schiffrin, 

1968) aince items in primacy positions must have been placed in and 

• 
retrievedc from long term memory by use of côntrol process~s or they would 

have been'supers~ded by more,recent items in strings that exceed the 
, -

short term memory capacity. Rec!ency items on the other hand were con-

sidered to reflect a more passive fotm of memory, be~ng influenced by 

structural rather than control processes. The recall of these items may 

depend primaril! on the length of the echoie or iconic image (Posner & 

K~ele, 1967), B~uer (1977), therefore, suggested that learning disabled 

children had lesa efficient rehearsal strateg~es for placing items in 

long term store but did not exhibi t poorer structural attribu tes, such as 

poorer attention or presumably weaker echoic or iconic memQry traces. 
o 

This Interpretation has received further support from Bauer's find-

iugs that under. conditions of delayed: recall the disabled subj ects' 
<, 

.->' 
- scores were lower than those of the con troIs f or bath primacy an~: ,iecençy /" 

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

• must be rehearsed~o be maintained. Since free recall rather than ordered 

-recall was used, the. possibility' existed that different strategies for 

reca11 had neen used by the two groups, For example. it was possible to 

recail the ijtrings in the order presented or ta recall the mo~t recent 

items first. However, no group differences were found and, in fact, 97% 

of aIl strings were ieca11ed in the order presented. Thus, both normal 

and disabled learners had used a seriaI order reca11 strategy. 

Tarver et al. (1976) investigated the development of'verbal rehearsa1 

strategies in learning disapled children at ages eight, ten and thirteen. 
, 

In the first experiment, it was found that 1earning disab1ed eight-year 

l 
l' 
1 
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olds did not produce a primacy effect in contrast with normal con troIs who 

exhibited a pronounced one. In the second experiment labelling and 

chunking wes experimenl:ally induced in half the subject's at ages 10 and 

13. Increas'éd recall and primacy effects were observed at both ages. 

However, "it should be noted that the control group in whom rehearsa! had 

not been induced also exhibited the primacy ~ffect and the differences 

in the amount of recall between the experimehtal 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 ..... 
existe That instruction failed to increase recall, particularly at the 

lO-year-old level, i8 somewhat puzzling and difficult to interpret since 
• 

no normal controls were used to teermine if the level of recall of the 

learning disabled was actually deficieht at the older age levels. None- ' 

theless, the authors' concluded that a developmental delay ex1sted, 

presumably because of their findings at the 8-year-old level. 

Swanson (1979b) investigated-the mediation~l st~ategies of 9-year-

old learning disabled and normal children on ver9al and no~-verbal seriaI 

memory tasks. Items were "nonsense" or unfamiliar 8-sided shapes. Follow-

ing presentation, the children were asked how they remembere~ the items. 

No significant between~group differences were found in recall performance 

and the post t~t questioning revealed'that few members of either gro~p 

had labelled the shapes or as~ociated them with anything famifiar. Swan-

80n concluded that some f,orm of non-verbal rehearsal strategy had been 

used sincè,although there was no pr~y e~fect, overall short term recall 

was comparable for learning disabled and normal subjects. In the secon~ 

part of the study, both learning disab1ed and normal children~ere assigned 
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to "named" and "unnamedlf /J t:l.mulus conditions. Children in the named 

condition were pretrained ta use labels and instructed to use them on 

each trial. While pre-training and use of labels praduced significantly 

superior recall in normal children, effects were negligible for the 

learning disabled, suggesting a mediational deficiency. 

Research reviewed ta this point seems to indicate that learning 

disabled chi1dren of school age are deficient re1~t1ve to no~l learners 

in their use of strategies on seriaI memory tasks (Black & Bridger, 1966; 

Bauer, 1977; Kastner & Richards, 1974, Tarver et al., 1976; Torgesen & Go1d-

man, 1977; Torgesen, 1977), though not necessarily deficient in the use of 

all strategies ,(Kastner & Richards, 1974; Swanson, 1977) or under aIl 

conditions (Kastner & Richards, 1974). Since primacy effects were not 

always absent (Bauer, 1977; Tarver et al., 1976), and s~nce impaired 

performance was related ta specifie situations su ch as use of novel but 

not famlliar s,timuli (Kastner & Richards, 1974), it appears that they ma:y 

be sa1d ta have a production deficiency but not a mediation deficiency, at 

least at aIder ages. 

The findings of Swanson (1979b) and, to a similar but less clearcut 

extertt, of Tarver et al. (1976) that learning disab1ed children as old a~ 

13 years did not show gains over their learning disab1ed peers even when 

instructed in the use of sophisticated verbal strategies, raises the pos-

s1bility that they may be deficient in some other aspect related ta seriaI 

recall perf~rmance. While some st~dies have implicated structural control 

variables such as temporal order perception (Bakker, 1972) and slow encoding 

speed (Spring, 1976; Spring & Capps, 1974), it ls a~so possible that a 

meta-variable has affected these chi1dren's strategic~ehavior. In a 

- . 
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speculative but well-reasoned paper, Torgesen (l977b) has suggested that 

leaming disabled children are inactive leamers and s1mply fail to en-
) 

1 

gage themselves adequately in leaming taska, perhaps because they have 

learned to avoid involvement or perhaps because they are unaware of the 

degree to which such active involvement ~s necessary in certain leaming 

situations. If being an active le amer means having a r~pertoire of 

strategies and being able and villing to matcn them to the needs of the 

task as Brown (1975) suggeste. then one way of assessing the degree of 

involv~ent would be to vary a task by altering tts external organization, 

(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 & Drew, 1975; Pike, 1977) have 

studied recall on strings that varied as to linguistic structure. Their 

results might be interpreted to mean that older leaming disabled subjects 

are characterized by a relative ~nability to use appropriate strategies 

on ta.ka with varying organization. Parker et al. (1975) administered 

five-word lists with differing levels of external organizations and found 

that learning disabled subjects approached each variation in the same 

~ay. Pike administered six-wDrd serial lists to grade 5 and 6 students 

grouped as good and poor readera. These lists were presented auditorily 

without stress or intonation and were varied along semantic-syntactical 
, 

organizational lines in order to produce three versions: meaningful, 

anomalo~s sentences (which retained syntactic structUre but violated 

semantic rules) , and rando~, unrelated word lists derived by permuting 

.' 
the order of anomalou8 sentences. She found that good and paor readers 

did nct differ on recall of the random lists but did on the structured 
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lists. Poor readers showed les. variation in level of recall across 

strings. and also less variation in the type of recall strategies used. 

To determine how the groups responded to structure in their use of 

strategies, seriaI leaming curves were examined. Both able and disabled 

readera 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 accordance with 

structure, but the poor readers still produced the $er~1 curve suggest-

ing that they ~ad 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 seriaI effect was still detectable in the 

response curve of the poor readers. 

Under free retall conditions, recall in presentation order ts common 

in children as young as five with recall according to organizational 

relationsh1ps occurring later CMoely, 1968). Its use in situations where 

other organization is possible has been observed to be negat1vely corre-

lated with amount reca1led (Bauer, 1977; Pike, 1977), and so it appears . 
to be a relat1vely immature or deficient control process. lts use in the 

fa~e of more facilitative organization, especially in older childfen~ may' 

represent a failure to actively engage meta processes in order to match 

task and strategy. 

Piké interpreted her results described above to mean that the poor 

readers were unable to exploit eyntactic 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 la net clear whether fallure to respond to structure was 

due' to a part1cular problem with syntax or with a more generaIized 

failure to be meta-efficient, that is, to actively engage in an analysis 

of ta.k ne.da and to match strategies accordingly. 

Such a necessary control ia provided in a task designed by Weener1 

(1978). In addition to unorganized, $yntacticaIly-organized, and meaning-

fuI strings, lt a180 prov1des for a form of associationai organlzation. 

Using this task, Weener and Sabbatino (1974) found age ·differences in 

normal ch11dren and differences among normal, learning-disabled and 

mentaIIy retarded groups of children. 

Summary and research objectives. Theoretieal support for the notion 

that the dlfficulties in seriaI memory associated with reading fallure 

could lie 1n the use of Inadequate or inappropriate control proeesaes has 

been presented, Research has suggested that disorders in the use of such 

control strategies, if they existed in long term leaming disabled chil-

dren at oider age levels, would probably arise fram failure to be meta-

effic!~nt rather than to be production or mediation defieient. Sinee low 

factor 3 scores were obtained consistently across a variety of tasks re-

qu;l..r;1:ng some fom oI serial memory (arithmetic, digit span and coding 

aubtests of the WIse .. RI by the Consistent Factor 3 group. it fs possible 

that their poor performance was related to meta-defiefent strategies. If 

th!s were 80, and i! they vere administered Weener's task under condi-

tions of free recall, tt would be expected that their resultlng reeall 

eurves would reflect: 

1. lower levei of recall; 

2. 1e88 varlabillty in shape of curves and recall levels; 
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3. reduced prtmacy effects, if-poor rehearsal strategies were used; 

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

Add1tionally, in the quest for validity through convergence of reaults, 

aIl indices (level of recall, statistical analysis of recall curves and 

tabulations of report procedures) should he shown to confirm each other. 

Research Pertain1ng to Serial Processing: Temporal Order Functioning 

Studies of t~poral order pereeption. Dysfunction that is specifie 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 seriaI lists 

such as monthe of the year. As weIl, inferior performance of the more 

formaI psychometrie indices, such as digit span (Hue1sman, 1970; Koppitz, 

1973, 1975) or Knox cubes (Corkin, 1974) has been abundantly documented. 

Yet, few theories have been offered to explain specifie re14tionships 

between serial d1sorders and learning competence. 

Bakker (1972) has presented a theory which !mpllcates a disorder in 

temporal order perception (TOP) as a prtmary, eentrally-derived cause of 

reading and language disabilities. Based on empirical evidence (Hirsch, 

1959, 1966; Hirsch & Sherrick, 1961) that an inter-stimulus interva~ of 

20 m111iseconds 1s required to detect a succession of two stimu11, he 

hypothesized that some individuals, because of a disorder in the speed 

of processing stimuli, m1ght have difficulty distinguishing the order of 

sequences such as phonemee in varde. Since the inter-stimulus interval 

was invariant for a vide variety of sttMuli. the abillty to detect sequen-

ces va. presumed to be derived from a central processing function and 1n 

. 
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i 
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terma of the Atkinson and Schiffrin (1968) model would be said to reflect 

a structural process. 

Or1ginally. Bakker (Bakker, 1967; Groenendahl & Bakker, 1971) had 

suggested that the seriaI ordering deficiencies noted !n his investigations 

of disabled and n~rmal readers were the result of verbal labelling deficits 

sinee the poor readers were inferior to normal readers only wh en. mean1ngful, 

but not mean1ngless, stimuli were used. Subsequently, however, Bakker 

(1972) revised this interpretation and haB stated that "Reading disturbed 

children do not seem to present 80y 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 i5 disturbed and not so much the 

main hctors. 11 (1972, p. 67). lt 8e8ms clear that Bakker now sees seriaI 

ordering deficits as related to the faulty perception of successive verbal 

stimuli rather than to poor retention based on faulty labelling or some 

other control mechanisms. In support of this vlew, he offered evidenee 

that reading disabled chl1dren could label items even when they couldn't 

rec1te them in order. 

The neurological and physiologiea! .hasis for temporal order perception 

is derived from the investigations of Milner (1962,1967) and Efron (1963). 

The former, working wlth bratn-damaged subjects, noted that damage to the 

left temporal lobe ~paired sequential memory for verbal sequences, but 

not for non-verbal sequences such as those found in music. The opposite 

was 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 Indlcate which stimulus vas presented first, found temporal order 
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" perception to be mediated by the !eft hemisphere in t~e case of
o 

both 

flash •• of light and figures. Although these studies were somewhat 
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~ont .. dictory. in the O~~ion of Bakker the discrepency could b. r •• olved 

if one postulat.d ~hat identificatiOn of Efron's non-verbal stimuli 

requires verbal labels in order to be encoded and were, theref~. pre-

disposed to left hemisphere proeessing. 

Bakker's own studies (Bakker, 1967~. 1972) offer some support for his 

theory. In his first study, a random sample of. primary grade children 

was asked to recall the seriaI order of pictures presented under twa can-

dittons, visuai and visual/auditory (in the latter condition the subjects 

vere asked to name the pietures aloud). Slgnificant age differences were 

noted between the ages of six and six and a half under both conditions, but 

were greater for the visuai/auditory condition which additionally produced 

sex differences, girls performing better than,boys. Reading scores at 

olde,r ages were correlated with temporal recall meaaures. The second study 

reported by Bakker (1972} compared normal and disabled readers of bath 

sexes in the middle chl1dhood years. Visual, audit,ory and tactile serial 

'" presentation,s of letters were made and subj ects were asked te identify the 

seriaI position of designated lettera in each set. Disabled read~rs per-

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

improvements ,a normal readers. However. Bakker pointed out that, while 

temporal order perception measures discrtminated able readers fram dis-, 

abled readera 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 investlgation~ encour~sp~u-

lat10n that the Consiatent Factor 3 lubtype might manifest a temporal order 

perception dlsorder while the Inconsistent subtype would not. 
; 
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While younger girls at ages 7 to 8 years performed better than boys. 

the boys equalled the performancè of the girls at oider ages. Bakker 

noted that these relations~lps would occur If a crit1cal perlod exiated 

for the development qf temporal order perception and vas associated vith 
, 

maturation of the left hemisphere, the\earlier suceasses of the girls 

being related ta earlier neurophysical development. 

Ta check his assumptions that temporal arder perception is a 
. 

centrally-derivedprocess, ,1akker (1972) explored the relationship be-
Ir! 

tween reading and tempo~l'?rder across several madalities. Evidence of 

the generality of yemporal proeeS8 disorder has also come from the work 

of other researchers ~ho have campared learning and reading disabled 

groups using a variety of temporal arder tasks, including perception and 

retentlon of rhythmlc patterns (DeHirsch; Jansky & Langford, 1966; Keough 

& Smith, 1967, Sapir, 1966; Zurif & Carson, 1970). recall of bisensory digit 

strings (Senf & Freundl, 1971, 1972; Davis & Bray, 1975), ordering of Knox 

cubes (Corkln, 1974), and recall of dichotic stimuli (Zurif & Carson, 1970). 

These studies have consistently concluded that disabled readera perform 

more poorly than normal readers on measures of temporal arder recall which 

" would se~ to support the hypothesis of eentrally-derived temporal proces-

sing di.order. CertÀin considerations, however, mil1tate against unquali-

fied acceptance of this view. 'First, glven that most studies demanded 

recall for item as weIl as order, lt is dlff1cult to tell whether it 19 

gross memory or memQ~ for arder that i8 impaired. ~econd, if the disorder 

is in temporal order perception, the problem presumably occurs at input 

and ta.ka which measure retention do not really address the temporal order 

perceptl~n issue sinee poor p.rfo~ecould be due, among other things, 
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to poor perception; poor control processes, or poor retrieval. Tests 

which systematically vary mode of presentation and r~tention might help 
~... . 

to sort~out'these proeesses. Further, to determine if it ia the temporai 

nature of the stimuli whieh is the problem (be'it at input or output), 

studies which require simultaneous,apatial as weIl as successive temporal 

presentations, are needed ta demonstrate that the problem ls specifie to 

temporally ordered stimuli. 

To place these eon~ideration8 1n perspective, lt ia necessary to 

diseuss the item versus order controversy and review those few studies 

that compare the learning dlsabled and normal populations on memory for item 

and order. The studies which contrast spatial and temporal processing 

normal and disabled 1earners will be diseussed, and the sensory Integration 

literaturè will &lao be reviewed since 1t May be interpreted to shed light 

on the spatial versus temporal issue. Finally,'a means of separating out 

some of the confounding variables whieh impede assessment of temporal 

order functioning will be suggèsted. 

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

ory for arder and memory for item, that is, when remembering which items 

were presented ls separated from remembering what the arder of the items 

was, the imp11cit assumption is also made that the tw~ kinds of memory are 

supported by different proe.sses and are operationa1ly distinguishable. 

Brown (1958) and Crossman (1961) hypothesized the separation in memory of 

item and arder by contending that, in a limited capacity system. the recall 
~ 

of one fram short term memory requires a trade~ff with the other. Memory 
p 

for arder was judged more d1ff1cult and 1088 of order information was con-
/ 

.idered to precede 108s of item information, thus determining the span. 

"' This not10n vas consistent with Miller's findings (Miller, 1956) that 
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.--. 
length of memory span was quite invariant and independent of the natur~ 

of the items used. 

Conrad (1964, 1965), however, has presented evidence ta support 

the view that memory for item predominates and memory for arder is simply 

derivative. His.finding that more order errors occur in visua1 strings 

that contain acoustically confusable 1etter strings (bdp) than in non- , 

confusable strings (1rk) supported his view. 

Recently, other'researchers have presented evidence to suggest that 

item and order are represent~d different1y in memory. Bjork and Healy 

(1964) tested Conrad's assertion that transposition errars were a by-

product of item 10s8 and found that there was a different time course for 

retention of item and order information, a finding supported in etudies by 

Estes (1972). Further. H~a1y (1974, 1975a & b) confirmed an observation 
. 

previously reported by Aaronson (1968) that bowed serial 1earnin~ curves 

were produced when order lnfo'rmatlon was recalled, but not whe.n item infor-

mation was reca11ed. In view of these results, it doea aeem prudent to 

separate item and order variables when speeifica11y studying the relation-

ship between temporal arder processing and ac~demic skills. 

Several studies have attempted to do" th1s. Mason, ICatz 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 subjects to'reeall, without regard to order. 

a8 many of the digits or consonants as possible. Memory for order was 

tested by requiring reconstruction of aura11y presen~ed digit and let ter 

series using a set of tiles representing aIl of the items in al1 the 

series. Good readers were better than poor readers on both order and item 
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recall~ but order ~emory was more strongly related to reading ability. 

However, on the memory-for-item task, the items were presented in r1 simul-

taneous,visua1-spatial array ràther than a temporal successive one, and 

no indication was given as to w"ther consonant strings were of high, 10w 

or equal confusability undet the two conditions. Therefore, results, for 

çur purposes, must be considered inconclusive. 

Noelker and Schumsky (1973) reported results of memory for 'position' 

and 'forro' in ntne-year-old retarded and normal readers. Their memory-

for-position task required subjects to reconstruct a series i~ which black; 

circles were interspersed with white fol1owing a 10-second delay. The 

memory-for-form task involved recognition of a previously presented 

nonsense shape from among an array of four nonsense ShapeS{follOWing a 

10-second delay. Both tasks'discriminated between good ànd poor readers 

but the position task, not surprisingly, discriminated best since it 

demanded recall while the form task asked ooly for recognition. Thus, the 

tasks were not of equal d1fficulty. 

Sen! and associates (Sen!, 1969; Senf & Freundl, 1971, 1972) compared 

memory for bisensory stimuli in normal and reading, disabled children. 

Although their purpose was to invest1gate intersensory integration, the 

measures they used also relate to differences in i~ 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 suc~ pairings, 

recall was required under a pair cond~tion in whlch digits were recalled 

in the order presented, and in a modality condition in which digits pre-

sented digits. A gross memory measure (that ls, 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 reca+l conditions, the normal readers 

'performed better thatt poor readers. In the second 'study (l91~)' normal 

readers performed better than po~r readers oIl:"both item and order mea'sures, 

but in the third study (1972), the reader groups were differentiated on item 
~ 

memory only. While the aU,thors cited attentionaldifficulties as a possible 

exp1anation for these contradictory resu1ts, they a1so not~ that the 

~ 
lnconsistent findings may have been the result of different response styles 

in given samples of subjects. Once agam, the existence of subtypes in the 

disabled reader groups emerged as a possible explanat!on for discrepant 

resu1ts. In a later study, Davis and Bray (1975) used Senf's bisen:ory 
.) 

task but they modified recall procedures ~o control ror Interference from .. 
multiple recall attempts and scored order errors as a proportion of total 

items recalled correctly. In this case~ the disabled readers performed 

more poorly than controls on both the item and order indices. 0 

Taken as a whole, these studies seem to indicate that learning 

disabled chil~ren have problems with retentlon of both item and order 

information. However, it should be noted that most of these studies did 

. ' 
not tru1y separate order fram item memory. Items ~aried fram trial to 

trial. and 50, to recall the position of the item, iL was also necessary to 

remembe; the item itself. A procedure such as that of Healy (l975~ & b, 

1977), which uses grids to hold item information constant, thereby requir-

ing only the retention of order information, i8 needed to adequately ~est 

the hypothesis that low factor 3 s~bjects are charact~ized 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 simul.taneous s'patial array. 

The auditory/visual intesration literature can be interpreted as revealing 

variations Along spatial (visual) and temporal (auditory) lines to shed 

some light on this aspect of the problem. 

Spatial versus tem~oral processes. Early sensqry integration studies 

were designed to test the hypothesis that disableà readers had difficulties 

integrating or transl~ing between visual and auditoryo stimuli. Birch 

and Belmont (196~, 1965) investigated the relationship by using a task 

which required matching aurarrhythms in morse-like code with their visuai 

representations 'in the form of dot l'atterns. They found retarded readers 

were less able than normal readers to equate the two stimuli. They did " 
, 

not, however, use the intra~moda1 matching tasks as a necessary control; 

nor, ~ndeed, was the vi~ual to auditory counterpart empIoy,ed in their 

comparisons. Beery (1967) added .the visual to auditory component and found 

that retarded readers had ~ore difficu1ty on both tasks than normal readers. 

Mueh1 and Kremenak (1966) used all possible combinations of the visua1 and 

àuditory stimuli thereby providing the necessary intra~odal controls. They 

established that both visual and auditory tasks predicted first grade 

achievement, but that the visuaï ~d auditary task was easier than the 

audit ory ta visual t~sk for both able and retarded re~ders. The a~ditory 

ta auditory task, an intra~odal comparison was the most difficult of aIl. 

If the tasks in these early studies are re-interpreted as varying 
,""-

Along temporal and spatial dfmensions as well'as auditory and visual~ then , 
the results not' oo1y indicated that the ability to equate temporal and 

spatial sttmuli differentiated good fram poor readers, but also that tt 
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was moxe difficult to match from the temporal to spatial, with the 

temporal to temporal matches being the most difficult of al1. This 
1 

~supported the notion that problems could be related to perception of 

t~poral order (TOP) since greatest difficulties occurred on tasks with 

temporal input. However, sinee 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-

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

with temporal-spatial transfert Subsequent studies have systematieally 

attem~ted to,sort out the confounding modality and temporal-spatial com-

ponen~s by presenting stimuli rèquiring temporal spatial matches within the , 
same sensory modality. Among the first to do this were Blank and Bridger 

(1966) using a t~sk similar to that of Birch and Belmont (1964) exeept that 

temporally presented short flashes of 1ight were used in place of temporally 

presented sounds. They found that retarded readers were less able tha~ 

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

sion within t~e same modality. At the same time~ no significant dtfferences 

between 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 ~d dot patterns in aIl possible modality and dimensional com-

binations, Rudnick, Sterritt and Flax (~967) determined that a task 

requiring both auditorJfvisual integration simultaneously was no more 

>t:' -. difficult than a task merely involving temporal/spatial integration alone. 

Subeequently, it was determined that neither kind of Integration in 
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combination or alone was more difficult than similar ccmparisons 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 silnplest; 

tests involving both spatial and temporal were intermediate in difficulty, 

while temporal to temporal were hardest. These findlngs, supporting 

those of Blank and Bridger (1967), were aIs a corroborated in a study hy 

Goodnow (1971) and served to demonstrate the relative unimportance of 

sensory mo~ality. However, resu1ts were determined la~gely by samples of 

adequate readers, and so lt was possible that the relationships among the 

various tasks would be quite different ln a disabled group. Sugsequent 

studies have provided the necessary dia:abled and normal reader contrasts. 

B~yden (1972) compared performance of able and retarded readers at 

the grade six lever by using a11 9 possible presentation modes. In con-

trast to Rudnick and associa tes, he concluded that inter-modal matches 

were more difficult than comparable intra-modal ones, and that the spatial 

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

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

or spatial, in the intra-modal conditio~ which masked the large differences 
.. 

between the easy visual to visual spatial matches and the difficult audi-

tory to auditory temporal matches. This may have allowed the inter-modal 

condition to amerge as the mçst difficult. In agreement with the prev10us 

studies, he found that the most difficult tests vere those which presented 

temporal stimuli as the input standard while those that presented the 

vi.sual-spatial stimuli as the standard were easiest. 

Although good readers performed better than poor readers on all of 
\ 

\ 
-....' 



108 

Brydeo's tasks. ooly those which required the matchiog of a temporal 

stimulus with either another temporal stimulus' or a spatial array 

significantly dlscriminated between the reader groups. This provided 

some evidence that temporal arder processing wu 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 po~eaders. -Thus, the possibility 

of subgroups within the disabled sample was raised. The need for a study 

ta 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 visuai-spatial; visual-temporal to 

visual-temporal; auditory-temporal ta auditory-temporal; auditory-temporal 

ta 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 comparisons were not carried out, 

inspection of the means indicated that bath retarded and normal readers 

found the intra-modal visuai-spatiai task easiest. In contrast ta Bryden's 

findings. the results do not support an integration hypothesis for either 

the modality or spatial-temporal componentsj 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 the."'differentia-

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 amang 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 subgroup weak in spatial processing but Adequate in t~-

poral processing, while for other subgx:oups the opposite ma~ 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 spatfal to temporal, aIl within the visual modality. Normal and learning 

disabled subjects differed significantly on the temporal/spatial, spatial/ 
\ 

ISo 
temporal and 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/spatial~ 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 correla ted highly with each other while spatial/spatial corre-

lated only with spatial/temporal. Only the integrative temporal/spatial 

task correlated with reading sbility. 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 ooly did the disabted group not outgrow the problem, but they failed 

to keep up. This pattern would appear to conform to a defici t paradigm 

according to Rourke's (1976) scheme . 

..". .sev~ral generalizations of concern to the present study may be drawn 
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from the evidence presented in the foregoing investigations. Fir$t, there 

was common agreement that sensory modality is an irrelevant attribute 

wheo 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 
\J 

whole pattern facilitated making equivalences~ or, perhaps the flexibility 
Ar 

.' 

to 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 requirin~ matches along the spatial-temporal dimension 

have a hierarchical ~rder of difficulty and do not aIl discrûninate read-

ing ability rais es some important questions as to why these distinctions 

occur. lt is difficult to 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 that 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) 

1 

1 , 
î 
i 
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which are analagous but not equivalent st~11 demanda a form of conceptual 

integration that is in addition to equating temporal and spatial attri-

butes. Equating d1fferent stimuli, it is sugsested. requires labels be 

applied separately to each of the stimuli (lignts and do~s), and then that 

chese labels be seen as conceptually equivalent; t~ different items aa 

weIl as ~o different dimensions must be remembered and matched. In 

short, conceptual equ1valence and memory for items still confound attempts 

to aS8ess the role of temporal order processing as opposed to temporal-

spatial integration in learning d1sabled and normal subjeets. There ia a 

need to develop a task that will hold stimuli or items constant aeross 

spatial and temporal dimensions and so remove these complicating variables. 

Untii this is done, the relative roles of temporal arder processing and 

spatial-temporal integration in relation to learning failure will b&'dif-

fieult to assess. 

Suœmaryand research objectives. Evidence presented by Bryden (1972) • and Senf and Vandervoort (1973) supported the existence ~f 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 disorders in inter-modal integra-
, . 

tion and another conforming to a diagnosis of disorders in sequentiai 

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

the relative ease of spatial/spatial matches in both the normal and 

disabled samples, this i9 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 forro being held constant. It 

was, therefore, decided to devise a task that would not only minimize 
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item lcad, but would a150 hold items constant aeross spatial and 

temporal variations and tc administer aU p~Ssible forma of this task 

using temporal and spatial presentations aRd response formats within 

the visual modality to the subgroups defined 'in Chapter II. If poor 

5equential proeessing :i.s associated with con,pistently low factor 3 

functioning, then Lt migllt be expected that the consistently low factor 

3 group would perfot'Ul particularly poorly on the temporal/ tel1lporal 

variation of the task, and poorly on those forms that have temporal 

sequential components, that ls, the variations requiring the matching of 

spatial and teml>0ral stimuli. They should be distinguishable from those 

who have inter-modal illtegration 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 al90 be 

possible to determine if temporal processing problems are specifie to 

processes at either input or response and thereby in an indirect way, 
~ 

test Bakker's (1972) hypothesis that temporal processing disorders" occur 

1 

at perception. Additionally, comparisons both within ~d between groups 

on the other measures of sequential memo1:y. which requi'~e: (1) memory 

for item as weIl as order (central learning on the Hagen test); (2) free 

recall procedures (Weener Strings); (3) the use of the auditory as well 

as the visual modality ~ should help to détermine the general or specifie 

na ture of a seriaI memory disorder. if 1ndeed one is found to exis t in 

the Consistent Factor 3 group. 
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Rese_reh Pertaining to Hemispheric SpeeiaHzatian 

Early mowledge of hemisphere special1zation was based on observations 

of behavior change following surgieal intervention or inj'ury to specifie 

areas of the brain. Rowever, during the paet two or thre. decades. 9igni-

Beant advaneea have oecurred in luch direct methods of studying hemi-

sphere funetion. These include the Wada test (Wada & Rasmussen, 1960), 

vhich uses sodium amytal injected in the carotid artery to tetl1porarily 

inhibit hemisphere funetion on the side injeeted; electrieal stimul.ation 

of the cortical surface which elicits behaviors subserved by the under-
. 

lying structures, (Penfield & Roberts, 1959); and commissurotomy which, 

by severing the corpus callosum as a therapeutie measure for epilepsy, 

allows independent contact with eUher hemisphere (Gazzaniga & Sperry, 1967). 

These direct invasive lIleasures, while providing lIluch reliable information. 

have been large1y confined to use vith 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 Methode have also been used. Although formerly. 

assessment of handedness or eyedness vas often fe1ied on to determine 

dominance, more recently. encephalograms (e,g. Hughes, 1971) and evoked 

potentials (John et al., 1977} have been emp1oyed, usually for Medical 

purposes. Of particular interest for an educational setting are the 

d1chotomous stimulation techniques which present c()mpeting auditory, 

visual or haptic stimuli through the ears (Kimura, 1968), eyes (McKeever 

& Huling, 1971), 'or hands (Wite1son, 1974). In response, the subject 

ia asked to indicate what has been heard, seen, or feit. More correct 
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detections are expected to be made by the ear, eye or hand that is contra-

lateral to the dominant hemispbere, sinee each ear, eye and band is 

predominantly connected to the opposite hemisphere. Althougb subject to 

inconaistency and error. these prQcedures a~e of value because they are 

non-invasive and can be used vith nonnal subjects, 

Two collections of research papers have summarized investig,ions 

into hemisphere asymmetry based on both direct and indirect measureme~t 

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

investigations have estabUshed that in !DOst right-handed adults the 

right hemisphere subserves spatial, holistic, paral1el or, simultaneoua, 

non-linguistic processing while the 1eft hemisphere is specialized for 

ana1ytic, saquentia1 or successive, linguis tic procesaes, Summaries of 

studies with children (Dennis & Whittaker, 1977; Witelson, 1977a) have 

also indicated similar resu1ts as ear1y as the age of 2 and perhaps younger. 

which "'-gests that dominance patteTtls are present from a very early age. 

However, controversy has existed over the role development does or does 
• 

not play in hemisphere ,peciaHzation. In support of the maturation 

hypothesis, sevèral lines of evidence documented by Krashen (1972) have 

inclicated that certain clifferences in functional asymmetry of the brain 

exist between chi1dren and adults. Fint, more chi1dren' than adults with 

rtght hemisphere damage manifest languagè disorder (Zangwill, 1967); 

second, injury to the left hemisphere beiore the onset of speech does not 

resu1t in impairment of language function at maturity (Basser. 1962); 

t.hird, speech and language function in children, at least until the age of 

five and possib1y later. transfers to the right hemi,sphere when the 1eft 

(language) hemisphere is injured (Hé caen , 1976). These observations, 
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among others, have led to the assumptlon that the role of the right 

hemisphere for language processing 18 greater in children than adults. 

Lenneberg (1967), whose theoretical formulations are offered in support 

~ of this view, hypothesized that there 1a bilateral representation of 

language during the first two years of life and, henceforth, 1eft hemi-

sph~e specialization for language funetion develops du ring 'childhood, 

being completed-at about puberty. 

This maturationsl view, however, has been recent1y cha11enged on 

evidenee from neuroanatomica1 atudies (Wada, Clark & Hamm, 1975; Witelson 

& Paillie, 1973), which showed the presence of asymmetric anatomiea1 

structures in the two hemispheres, behavioral measures (CapIan & Kins-

boume, 1976; Entus, 1977; Glanville, Best & Levenson, 1977), which docu-

mented Iateralized responses in very young infants, and e1ectroencepha10-

graphie data (Gardiner & Walter, 1977), which suggested that t@ some 

extent funetionai asymmetry has occurred at or prior to birth. Kinsbourne 

(1975) has strong1y argued against the concept of progressive lateraliz~-

tion and has stated that the two lines of evidence can be reconciled by 

stmply postulating greater neural plasticity in the early years. Witel-

son (1977a), following a comprehensive review of evidence derived from 

various sources including etudies using indirect measurement techniques 

with normal subjects, conc1uded that hemispheric specialization for 

language could weIL be established or pre-programmed st birth, but that 

this did not prec1ude the possibility that further development of 

specialization eould also occur. However. it would result largely as a . 
secondary manifestation of the development of age-related cognitive 

abilities in the mode that had been pre-programmed for that particular 

i­
l 
1 

1 
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hemisphere (analytical, sequential. focal for the left; holistic, 

simultaneous, diffuse for the right), the changes being additive rather 

than qualitative. 

The issue as ta whether or to what extent h~ispheric specializa-

tian does or does not develop has important implications for cerebral 

dominance theor1es of learning disabilities. If cerebral specialization 

is progressive, then the popular maturation delay hypothesis (Satz & 

Van Nostrand, 1973) is of central importance. On the other hand, if 

~erebral lateralization 19 largely invariant from birth, both structurally 

and functionally, then it follows that learning dlsabil1ties, if they have 

such a neurological substrate. would be related to deficient or abnormal 

hem1spher1e organlzational patterns. Precedents exist for-the P?atula-

tion of differences in patterns of hemispherie organ1zation sinee it 

appears that some left-handed individuals have an atypical pattern 

(Rasmussen & Milner, 1975) and also there ia evidence tha t the sexes .. 
differ (Wi telson, 1977b). 

The issue eoneerning 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 lateral1zation for 

language as the neurologieal substrate of the various reading, spelling. 

and written language disorders. According to OTton, memory traces, 

"engrams". of perceived stimuli were formed as mirror images in both 

hemispheres but would be suppreesed in the non-dominant hemisphere by 

the clearly dominant one. If, however,' domil'l.ance was incomplete, then 

control would sqift inconsistent1y between hemispheres, causiog the orien-

tation. reversaI and sequential errora c011llllonly observed in the readlng 
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and language disabled. 

Although he saw "failure to establish the physiologieal habit of 

working exclus1vely from the engrams of one hemisphere" (Orton, 1928; 

1966, p. 96) as the central problem, he did not specify cause. but the 

assomption of abnormal bilateral representation for language was implieit. 

Subsequently, the view that- some nonspecific lack of cerebral dominance 

is responsible for learning disabilities has been mainta1ned ovel' the 

years (Cl'itchley, 1970; Zangwill, 1962). In addition, several authors 

(Satz & Van Nostrand. 1973; DeHirsch et al., 1968) have apecifieally 

hypothesized delay in maturation of the 1eft hemisphere, that ls, a.. delay 

in the unilateral representation of language as the causal, underlying 

factor in learning failure. Others have argued for a neurologieal deficit 

in the naturally dominant hemispher~ (Gesell & Armlitruda, 1940). whil~ 

st111 others suggest minimal 1njury or insult which possibly causes trans­

fer of part of the speech function to the non-dominant hemisphere, ~ 
giving abnormal bilateral language representation as the problem (Hé caen , 

1976). W1telson (1976a) has hypothes1zed that the existence of non-verbal 

perception in the dominan t hemisphere may ,aceoun t for the diffieulties. 

lt seems likely that some, any. or al! of these positions might be 

represented within the population of 1earning disabled children. 
• 

Studies of left h here function. Kimura (1961) mod!f:ied Broad-
~~~~~~~~~~~~~~~~~ 

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

of digits simultaneously. one to each esr ~ and asking for -recall. When 

correctly reported di~~\ were ana1yzed according to ear of presentation, 

it was found that those presented to the right ear were repot"ted more 

rel1ably. This right-ear-advantage (REA); subsequently replicated many 
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times, has been interpreted as indi,cating left hemisphere specialization 

for language. A~though the usual index has bean numbar of items correctly 

reporte..,d by e8ch ear subjected to a repeated measures analysis, some 

(Bryden. 1963b) have usad ear order of report (EOR) on the assumption 

that the aar Urst reported in each instance is an indicator of the most 

direct connection to the language hemisphere. Others. in attempt to 

control for different 1eveis of response between groups. have ca1cu1ated 

an error or intrusion index which 15 the dffference between ear \scores 

" as a function of the total score (Dorman & Geffner, 1974; Obrzut, 1979; 

Yeni":l(omshlan et aL, 1975). Some researchers (Bryden, 1970j LeQng, 1976) 

have used the incidence of side of greater accuracy to compare groups. 

Whatever the procedure, increasing asymmetry of ear scores have been 

taken ta ,reflect increasing unilateral language - representation. Whether 

" 

or not the dichotic test i5 sufficiently sensitive to interpret degrees 

of latelîalization, however, has been questioned (K:l.nsbourne, 1973b; 

Witelson, 1977a). 

Using these dichotic procedures) i t has been establisheci thJlt a 

-\ detectable right ear advantage exists. in th,e majority of r,ight hlmders. 
'\ 

lt is true across a wide age spectrUl\l: adults (Broadbent & Gregory, 1964; 

Bryden, 1963a; Kimura, 1961, 1963; Studdert-Ke~nedy & ShankMeiler, 1970); . 

school-age children (Berlin, Hughes, Lowe-Bell & Berlin, 1973; Goodglass. 

1973; Kimura, 1967; Knox & Kimura, 1970; Ingram, 1975a. McLean, 1979; 

Satz, Rardin & Ross, 1971); preschoo1ers (Bever, 1971; Hiscock & Kinsbourne, 
, 

1977; Ingram, 1975a) and even infants (Entus, 1977). Summarizing 36 

studies of children under the age of seven, Wite1son (1977a) commented on 

the remarkable consistency of usuIts, since over 80% of the studies found 
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REA even in their youngest groups. 

Less conclusive are the results régarding the deve10pment of age 

related changes in thé magnitude of the REA. .Most studies with normal 

.populations of ages varying from preschool to college appear to f~d no 
'0 

increase in asymmetry (Bakker. Hoepkins & Van der Vlugt. 1979; Berlin, 
, 

Hughes, Lowe-Bell & Berlin, 1973; Goodglass, 1973; KinSb~ & Hiscock. 

1977; Knox & Kimura, 1970; Hynd, Obrzut, Weed & Hynd, 1979). Some, 

however, have reported incteasing ear asymmetry (Bryden, 1970; Bryden & 

A11ard, 1976; Satz, Bakker, Teunissen. Goeoel & Van der Vlugt, 1975)~ 

Those ,finding no dev~lopmental trends bave been çritlcized by Satz (1976) 

for using dichotic tests that do not have enough cei1ing to measure 

differences at upper age levels, whi1e Satz himself has been critized for 

using tests with insufficient base to tap existing REA at lower age 

levels (Kinsbourne & Hisco~k, 1977). The use of consonant-vowel syllables 

which require simple, phonemic levels of processing rather than digits 01:: u 

words which require processing at higher semantic levels has also been 

• suggested as .a possible cause of inconsistency of resu1ts (Porter & Berlin, 

1975). lt shou1d be noted; however, that most studies have used digits, 

and a recent study by Hiscock and Kinshourne (1.980) using dichotic digits 

ranging from single pairs to strings of four pairs per trial showed that, 

while there was a devdopmental increase in overall recall, there was no 

developmental increase 1n degree of asymmetry in children from three to 

12 years of age. 
t 

In the light of the methodo1ogical problems and the 

conrlicting 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 ar comparing 

disabled with nonnal learners have also produced inconsistent findings. 

Taylor (1962) was the tirst to report results with learning disabled 

chi1dren. He found no REA for boys aged 7 ta Il, but did find an REA 

far girls. Kimura (1967) extended the 

found an REA. Al1 this was suggeJtive 

study to aider boys in whom she 

of a developmental trend since 
~ 

REA could develop later in, boys than girls. These ~arly studies, 

however, had no normal contraIs sa it could not be determined if the 

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

prob1em. Subsequen~1y, Bakker, Teunissen & Basch (1976) have shown that, 

an REA seems to he established ear1ier in girls than boys, with girIs 

exhibiting laterality by grade 3 but boys not doing 50 until grade 5 or 

6. Moreaver, they noted different reading strategiês appeared to he 

associated with different degrees of lateralization. 

In ather studies comparing normal and disabled learners, lack of 

aà REA has been reported for disabled groups (Satz & Frie1, 1974; Satz~ 

Frie1 & Rudegeait', 1976; Witelson & Rabinovitch, 1972; Zurif & Carson, 

1970) . Others have found a s,ignificant REA in the disabled (Bryden, 

1970; Leong, 1976; McKeever & Van Deventer, 1975; Satz et al., 1971; 

Wite1son, 1976a; Yeni-Komshian et al., 1975). Althaugh resu1ts 

concerning ear advantage are inconc1usive for the learning disabled, it 

has been genera11y found that, both ears considered, their level of 

t at of normal learners. This makes assessment 

regarding the relative magnitude of REA a difficult 

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

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

1975) found no differènee. Bakker, Smink & Reitsma (1973) found that 

at younger ages able readers demonstrated less asymmetry than disabled 
1 

readers which later was interpreted to mean that in early years both 

hemispheres can mediate language, but in later years only the left can 

do 50 (Bakker et al., 1976). Using visual stimuli, Tomlinson-Keasey & 

Kelly (1979) have also shown that skilled readers display less hemispheric 

spec1al1zation for words than unskilled readers. 

It is difficult to interpret these results given the possibility of 

basal and ceiling effects and the variab~lity 'bf response levels over age 

and between groups. That the majority of learning disabled children have 

an REA seems ta be supported; it is nO,t clear, however, if there 1s a 

difference in magnitude of the REA campared with normal learners or if 

REA develops later relative to normal learners. The presence of subtypes 

in the disabled group may have contributed ta this confusion. Witelson 

(1977a) noted that learning disabled children with pervasive language 

disorders had dichotie scores suggestive of abnormal hemisphere 

specialization but those with specifie reading disability did not. 

One sueh study coneerned with subtype differences was carried out 

by Obrzut (1979) who compared disabled readers grouped according to 

Boder's (1973) scheme - dyseidetic, dysphonetic and alexie. Surprising1y, 

the dysphonetic group. that is the group presumed on the basis of error 
1 

types to have difficulty with ~honetic and linguistie processing, was the 

only one to exhibit an REA. They also reea1led fewer stimuli, both 

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

temporal format. The author suggested, with reference to the attentional 

• l 

1· 
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hypothesis of Kinsbourne (1975) and the observations of Kinsbourne and 

Hiseoek (1977), that perhaps the alexie and dyseidetie readers had 

distr1buted attention between two channels in an attempt ta relieve 

boredom and that this lowered asymmetry. lt 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 dichotie listening is an attention-related task and 

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

then left ear scores may correlate with measures of extraneous processing 

on the Hagen een~ral-incidental task and thereby help ta define a 

distractible subgroup. 

In conclusion, the literature consistently reveals the prese*ce of 

a right ear advantage in normal 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 speciallzation in at least part of 

the latter population. lt appears that it would be valuable ta examine 

dichotic recall in specifie subgroups of disabled learners and to relate 

the scores to other purported measures of 1eft hemisphere function and 

attention in order to better understand the incidence and meaning of 

th1s variable in such children. The literature has also ~ested that 

length of digit strings and length of assessment itself may affect results, 

and that these factors must be taken into consideration when design~ng 

dichotic listening tests for learning disabled children. 

,Studies assessing right hemisphere function. The role of the right 

hem1sphere in reading and spelling problems 18 perhaps less obvious than 
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that of the 1eft. However, it has been demonstrated that perceptual 

ana1ysis (Gibson, 1971) as weIl as 1inguistic operations are character-

istie of the ear1y 1earning ta read process. and it has been observed 
~ 

that certain types of disabled readers and spe11ers make visual-spatia1 

errora (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 10wer verbal abi1ity, but with impaired spatial S~i11s, 
\ 

apparently because the right bemisphere ia required ta medf~~e both types 

'\ of processes. The converse may then a1so be true, and impaired verbal 

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

processing (Wite1son, 1977b). This being the case, it seems that any 

attempt to relate hemisphere specialization to learning disorders shou1d 

be concerned with the funetional specializatton of both hemispheres, not 

Just the left. 

Measures ta tap right hemisphere function typical1y employ holistie, 

spatial, non-verbal materia1 presented by eye, ear or hand in the 

familiar diehotomous stimulation format. However, unlike assessmen~ for 

left hemisphere function where diehotie digits are frequent1y used, no 

one measure has been 1argely employed, and therefore, an integrated 

review of results i8 difficult to achieve. Right hemisphere superiority 

has been found in adult males when visual and aud1tory materials such as 

human figures and env1ronmental sounda have been presented simultaneously 

to ear and eye (Bryden & Rainey, 1963; Fontenot & Benton, 1971; Geffen, 

Bradshaw & Nettleton, 1971; Kimura & Durnford, 1974). Simi1ar results 

~ave also been found in the auditory and visual mode with children 

1 
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(Knox & Kimura, 1970; Marcel & Rajao, 1975; Witelsoo, 1974, 1976a), 1 

even for those as young as l! months (Entus, 1977). Right hemisphere 

specia1ization has a1so been reported for haptic perception in adults 

(Benton, Levin & Varney, 1973; Dodds, 1978; F1anery & Bal1ing, 1979) 

and in aIder sChool-age children (F1anery & Balling, 1979; Levy & Reid, 

1976; Rudel, Denckla & Spalten, 1974; Witelson, 1974, 1976a). Consistent 

resu1ts with younger chi1dren in the haptic sensory mode await advances 

in test procedures as investigations have found that the tasks were too 

difficu1t even when one-handed stimulation was used (Flanery & Ba11ing, 

1979; Witelson, 1977a). Although a few studies using these procedures 

have reported non-significant asymmetry (Anderson & Barry, 1976; as cited 

in Wite1son, 1977a; Reitsma, 1975), evidence for right hemisphere 

superiority in spatial, holistic processing in school age and older 

children seems to be weIl documented. Strong supporting evidence cames 

also fram studies using electroencephalographiè measures (cf. Wite1son, 

1977a for a review). In contrast to studies of 1eft hemisphere asymmetry, 

sex differences have been reported (Marcel & Rajan, 1975; Knox & Kimura, 

1970; Levy & Reid, 1976; Witelson, 1977b), with girls typically not 

showing the same degree of 1ateralization as boys. 

Developmental studies are sparse in this area. Two of the most 

complete have been carried out by Witelson (1974, 1977b) who devised a 

dichotomous stimulation shape discrimination test, presented in the hapt1c 

modality. Since the discrimination of shape that is not readily coded 

verbally has beeo demonstrated to be largely a function of the right 

hemisphere (Miloer & Taylor, 1972), two meaningless, "nonsense" shapes, 

oot easi1y labe11ed, were presented simu1taoeous1y, out of view, one to 
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each hand. Competing st~uli th us 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, shouid have the 

advantage of initial direct transmission, and more correct detections should 

Dccur w1th it than vith the right hand. 

Witelson's response format required each subject to pick out the two 

palpated stimuli from a visual display of six shapes vhich had many of 

the holistic properties of the explored stimuli. Ten such trials were 

given and the number of correct responses were determined for each hand. 

lt 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). S~ilar results vere also reported vith a 

much larger sample of normal boys of ages 6 to 13 (Wltelson, 1977b). The 

author interpreted her >results ta mean that normal boys demonstrated right 

hemisphere specia1ization as early as 6 years of age. 

Flanery and Balling (1979) studied developmental changes for right 

hemisphere specialization in lst, 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 tham less amenable ta verbal 

labelling. A measure called a laterality coefficient which corrected 

for differences in level of response between groups was also used. 

Contrary ta Witelson, they found age differences in hand advantage. 

The left band (right hemisphere) vas more accurate than the right hand 

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

the greater sensitivity of their mate rials and procedures ta age 

differences. However, it 1s possible that asymmetry in young groups 

was obscured by the diff1eulty of the task and by the same-different 

format which encourages guessing. Moreover, when data were analyzed 

us1ng the same procedure as Witelson's (analysis of variance with 

repeated measures for hands), no age by hand interact~on was found. 

lt appears that further study with age appropriate materials and 

longitudinal samp:es will be needed before firm conclusions can be 

drawn regarding age trends. 
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Few studies have crnnpared normal and learning disabled populations. 

Witelson (1976a) reported that dyslexie boys of ages 6 to 13 demonstrated 

no hand asymmetry on her dichhaptic task 1n 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 1s, a 

lack of right hemisphere, special1zation for spatial processing; 

(2) dysfunction in left hemisphere processing of verbal functions. 

It was suggested that the reading difficulties in the disabled group could 
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stem from the left hem1sphere be1ng required to perform the usual 

functions of the right hemisphere as weIl as its awn. Interestingly, 

normal girls (who were good readers) also manifested bilateral spatial 

representation and 50 Witelson suggested that perhaps 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 a~d 

females. 

Some writers, for example Rourke (1918), Satz (1976), have found 

Witelson's interpretation samewhat perplexing. Objections appear to 

focus on the explanation that bilateral spatial representation can be at 

the same time indicative of enhaneed plasticity in one sex, but of 

deficient functioning in the other. Further, Rourke (1978) has commented 

that it seems inconsistent that bl1steral representation for spatial 

processing should be found in reading disab1ed boys sinee there is 

considerable evidence that they perform weIl on spatial tasks which 

demand integrity of the right hemisphere (Guyer & Friedman, 1975; Lyle 

& Goyen, 1969; Symmes & Rapaport, 1972; Vellutino, Steger & Kandel, 1972). 

Studies wh1ch have subtyped disabled read@rs according to visuospatial 

versus other competencies have f?und a low evidence of poar readers 

characterized by visuospatial problems (Boder, 1973; Mattis et al., 1975). 

Although no other known studies have compared disabled and normal 

leamers in the haptic mode, Marcel and Rajan (1975), using visual half­

field procedures found that poor readers actua11y had greater asymmetry 

than good readers. On the other hand, Yeni-Komshian, Isenberg and 

Go1dberg (1975), again in the visua1 madality, 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 1ateralization for good readers but no significant 

lateralization for poor readers. Pirozzolo (1978), reviewing these 

divergent results, suggested that subgroups may account for the contra-

dictory findings. Given these inconsistent results and the speculation 

that reading disab1ed subtypes may exist with differing patterns of 

hem.isphere specialization, it would be of considerable interest tp 

examine the performance of the two subgroups in the present study on 

tasks representing bath left and right hemisphere function. This 19 

partlcularly so since the two groups have been shawn to differ on Factor 

1 subtests derived from the WISC-R performance scale which has been 

1argely considered to reflect right ~Phere function, and on Factor 3 

which is more representative of lef~emiSPhere activities. 

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

suggested that there is considerable controversy over how much and ln 

what way cerebral dominance develops. Some evidence has been presented 

to suggest that ~isphere specialization may not develop slgnificantly 

over time, but may be relatively fixed and invariant from birth. If this 

were sa, and if learning disabilities were related to patterns of 

• hemisphere specialization, then one might hypothesize that the learning 

disab1ed 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. 
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Although results fram studies with disabled populaLions are less 

consistent than those with normal populations, there 1s some reason to 

believe that leamin, di.~l~~~ .. ~l!\I.bit a pattern of hemisphere 

organization that ls different from that of adequate male readers. The 

inconsistency of results wi,th heterogeneous groups of disabled subjects 

has encouraged speculation that different subgroups of disabled readers 

and lea~ers may have different patterns of hemisphere lateralization. 

Since the patterns of factor scores demonstrated by the Consistent 

Factor 3 and Inconsistent groups c~n he associated with WISC suhscale 

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 dichotie and 

dichhaptie stimulation tasks. 

It i8 reeognized tha~given the indirect nature of the measurement 

techniques and the questions regarding the va1idity of the instruments, 

evidence concerning hemisphere specializat10n must be interpreted 

w1th much caution. The 1iterature suggests that 3 possible relationships 

and interpretations might be hypothesized: (1). If low factor 3 scores 
1 

are associated with impaired left hemisphere function. then it m1ght 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). However, if as Witelson suggests, deficient verbal-

sequential functioning may be associated, not with abnormal left 

hemisphere specializat1on, but w1th abnonnal right hem~sphere speciali-

• 
zation for spatial processing that pos8ibly Interferes with verbal 
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processing because bath are in the left hemisphere, then it might be 

expeeted that the Consistent Factor 3 group would display a typical 

\ 
REA, along with atypical hand advantage scores on the dichhaptic 

128 

stimulation task. Further, this atypical hand advantage pattern shauld 

be negatively correlated with performance on verbal, sequential tasks 

such as right ear dichotie recall and the temporal/temporal farro af TESP. 

(3). Or, again, if as athers have suggested (Kinsbourne, 1975; Obrzut, 

1979), left ear scores (and presumably right hand scores) are intrusion 

errors reflecting failure to attend selectively ta the central stimuli, 

then tailure ~o d~splay normal patterns af 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 carrelate positively with incidental 

learning scores, since aIl would be measures of susceptibility ta intrusions. 

Re-statement of General Researeh Direction 

The foregoing review of developmental trends and differences in able 

and disabled learners in 4 main areas has pointed to the need for an 
, 

investigation of these functions in subgroups within the leaming disabled 

p~pulation. Specifie research objectives concerning possible differences 

between the subtypes identified in Study No. l were stated at the end of 

each separate literature review, and so will not be reiterated here. 

Several broad questions can be posed to present an overall foeus 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 seleetivity 

and/or sequential processing, two procesees which have been identified in 

the literature w1th factor 3 functioning? 

, 
f 

1 
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2. Can the levels of functioning in the attentiona! and sequential 

processes be understood 1n relation to the control processes 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. G~ven the observed subgroup differences in WISC-R factor score 

disparity, are there also subgroup differences in hemisphere specialization 

patterns as measured by d1chotomous stimulation tasks? 

4. ls 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 desi'gned to throw 

light on some of these questions. 

Methods and Materials 

Subjects 

Subjects were drawn from the Consistent Factor 3 and lnconsistent 

subgroups defined in Part l of this investigation. To decrease variabi1ity 

ln the age range, only those boys who were between the ages of 12 years 

6 months and 15 years 6 montha at the beginning of this test p;ogram 

were included. One individual was unavailab1e because of illness and 

sa fifteen subjects remained in the Inconslstent group. For ease of 

analyais, an equal number of subjects was drawn at randem fram 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 simi~arly tested group of able learners was avai1able for 

stud}', access was opftained to a group of boys who were from the same 
'" iC 

school jurisdictfen/as the learning disabled samples and who were béing 

studied concurrently in a developmental study of normal readers supervised 

by the Department of Educational Psychology, McGi11 University (McLean, 

197~) . This sample of able learners was originally selected by McLean 
i 

(1979) on the basis of age (mean = 164.7; months standard deviatlon = 1.4) 

and teacher opinion concerning their abilities as average readers. Details 

of selection and sample characteristics are described more fu11y in McLean 

(1979). Because this group of normal learners differed significan,tly in 

I.Q. (mean = 116.0; standard deviation = 10.5) and in age variability 

from the disab1ed learners in this study, they were not inc1uded in 

direct statistical comparisons with the disabled subtypes but rather 

were studied to provide data as a basis for general contrast and lnter-

pretation. They are ca lIed "able" learners in this investigation to 

differentiate them from the t'disabled" 1earners. 

Instruments and Procedures 

Ach1evement tests. Evidence about the ge,neral 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 LM), the Slosson Oral Reading Test, SORT, 

(Slosson, 1963) and the spelling subtest of the Wide Range Achievement 

Test ( Jastak & Jastak, 1965). These instrunents 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 m&nuals accompanying the tes'ts. 

~ests of attentional select1v1ty. A six-item version of the well-

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

'~administered in a successive tempo~al format according ta instructions 

pub11shed by Tarver et al. (1976). Materials and specifie instructions 

are in Appendix D. Each àf the six cards pictures an animal and a 

household abject 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 

and was asked ta indicate which 

Sh~ ~ ca rd with only 
.) 

of~he face~down cards 

an animal on i t 

had pictured 

that particular animal. The same animaIs and household objects appeared 

each time but the order was different (see Appendix D). The procedure 
4P 

was· repeated 12 times, each seriaI positon probed twice in an orqer 

chosen at random. The same arder was maintained for ~ll subjects, but 
. , 

to control for effects of fatigue or boredom, the starting position in 

the series was systematically rotated among subjects. The number of 

correct position detections was the measure of central learning for a 
, ~ 

maximum. total score Ibf twelve. Following the cOmpletion of the foerial 

prob~s. the subject wa. given a set of animal pictures and a set of 

bouaehold abject pictures and was unexpectedly asked ta pair or match 

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

learn:f.ng. for a maximl.lll score of six. 
1 

.Folloving the c~pletion of the test, 8ubjects~were asked ta describe 

and to demon.trate how they had remembered thr arder of the animais. 

A eecond lIlegure of attentional selectivity. 'a paper and pencil 
\ 

1 
1 -
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embedded figu~es test was also used in this study (Thu~stone, 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 note Ten minutes 

w~re allowed for complet ion of the test which contained 35 items. 

M~um score was (35 x 4) = 140. Complete instructions and smnple 

items appear in Appendix D. 

Mèasù~s of use of control processes. The Weener1 Test of Varying 

Linguistic Structure consisted of ten-word strings that varied according 

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 materia1s and 

precise instructions for its administration appear in Appendix D.' Six 

'examples of each type of structure for a total of 24 strings were given 

in an arder that was determined randomly. The strings were pre-recorded 

on tape and presented auditorily without intonation or inflection over 

headphones at the rate of approximate1y two words per second. A 

Wollensak cassette player2 with listening station outlets for bath 

expertmen~er and subject was used. Fol1owing presentation of eaeh string, 

the experimenter stopped the tape and signalled to the subject ta reeall. 

in any arder, as many of the words as possible. Score was total number 

of-words carrectly reca1led. In addition, the arder of report for each 

word was tabulated sa that recall strategies could be inferre;r:. AlI 

subject responses were recorded for verification of ~cori~ 
A furthe~measure of strategie control was obta1ned follaw1ng the 

l 
j 

j 



"''Vf;'t~~''''''''rlll\<~~.~ ~....., u.' ... ., ... ~\'i ~ ....-... " .. 
" ) ~/ 

IJJ 

( central-incidental task when the subject was asked to describe and 

demonstrate rehearsal strategies. SeriaI recall ~urves were then 

plotted to infer presence or absence of rehearsal procedures, Numbers 

of correct det-ections, corrected for response biss (Donaldson & Strang, 

1969) were plotted against seriaI position. 

Measures of temporal-spatial processing. A test ta 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 presentations and required both types of 

re~ponse modes. Thare were, therafore, four variations: spatial to 

spatial, spatial to temporal, temporal ta 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 aQ,d the confounding effect , 

of item translation was eliminated. Skill in translation between 

spatial and temporal dimensions could then be more precisely determined. 

Since the sarne novel items were used at"each level in the test and the 

, subject was supplied with the items or figure~, being required only to 

'reconstruct the spatial or temporal arder of the presentation, processing 

load for item was minimal, allowing order memory to determine the span • 
... 

Pilot testlng at grades 2. 4 and 7 indicated that aIl subjects as young 

as the grade four level could readilj label the items. Instructions 

were designed ta be intelligible to subjects as· young as seven years. 

Ta 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 arder for presentation 

of the symbols was randomly chosen from aIl possible presentation orders 

at each level with the exception of the deletion of those orders which 

were represented by a dia~onal on the spatial grid. 

Every subj ect was given aIl 4 test -;pva~iations. the order of 
'\.i 

administration being random1y determined for each ind1vidual. 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 

and sa on. An interval of 5 seconds was imposed between end 

4 positions, 

of present-

ation and response, but no time limit was placed on the response. A 

score df one pO,int 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 forro of the test appear in Appendix D. 

Measures of hemisphere specialization: Dichotic digits test. The 

dichotic digits test presents verbal stimulation (digits) ta both ears 

simultaneously so that more correct digits are presumed ~o be recalled 

from those numbers presented ta 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 pai.rs 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 result 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 UMD-200 with the earphones being counterbalanced 

bath intra-individually and inter-individually to control for possible .. 
channel effects. Recall from the right and left ears was totalled 

separately. A grand total for bath ears was also obtained. Tgtal , 

possible score for each ear vas 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 ta measure non-linguistic, spatial processing and 

to enable inferences ta be made conceming hemisphere specialization for 

such processing. lt consisted of five pairs of non-linguistic "nonsense" 
, 

shapes presented 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 ta 

ensure that the subject could not see the shapes. Two small openings we~e 

provided at the bottom of the screen through which the subject placed h~ 

hands positioned with wrists flat and index and third fingers raised. 

The examiner placed a Bristol board, with the two shapes glued 4 inch es 

apart, under thti! hands sa that when the fingers were dropped the shapes 

w~e felt. The shapes were palpated simultaneously for ten seconds with 

the~cond and third fi?gers only and arm movements were prevented so 
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that only contralateral and ipsilatera~ processing was involved. 

Following manipulation of the shapes, the subject was asked ta respond 

~ by pointing with the index finger of the left hand ta the two palpated 

shapes on a visual display of 6 shapes which contained the two palpated 

shapes. as weIl as two distractor shapes and two 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 mate rial ara presented 

by Witelson (1974)3. 

General Procedures and Data Analysis 
i 

AlI tasting was carried out during regular school hours in a private 

area made avai1able for this purpose by the home school of each subject. 

The c6mplete test program was carried out in four separate sessions ,he1d 

one week apart. Each test period 1asted approximately one hour and, 

insofar as possible, the following schedule was maintained: 

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

D~y 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 sma11 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 QÎ/the group. 

learners was done by the author. 

AlI other test1ng of the disabled 
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She 

Data for normal learners werf'ohtained jointly with McLean (1979). 

personally achnin istered the Wechsler Intellig'ence tes t (revised), the 

Dichotic digits, TESP, (which she reported on as the MacKenzie Spatial-

Temporal Test) and the academic arhif"vement tpsts. The Central-Incldental 

Test, the Dichhaptic Test. the Weener Test and the E1fIbedded Figures Test 

were administered concurrently by the author of tbis invest igalivn. 

Comparisons between learning disabled subtypes were carried out for 

a11 vari3bles using analysis of variance procedures (BMDP 77; 1977). 

Mult 1])1e mean comparisons Wf>re made using Duncan' s Nf'w Mul tiple Ranh~ 

Test with flpproptiate error terms deI ineated by Kirk (1968). Inter-

correlation':> among test scores were determined wi thin and between groups. 

StpI!wisE:' discriminant ,malysE:'':3 wen' carried out to see which tests bp<;t 

di fferentiated the groups. Finally. a11 measures which produced signi fic.1nt 

group differences were regressed against the vartous WISC-R factor score 

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

score indices were best prediLted by the differentiating measures. 

Results and Di~cussjon 

Raw scores and descriptive statistics for aIl van_ables for the 

subsamples of disah1ed and normal learners are included in computer 

print out form in Appendix E. 

The age, IQ and factor score~ of the Consistent Factor 3 and 

Inconsistent subtypes as measure.d by the WISC/WISC-R over three assess-

ments are pres~nte~ in Table 10. Because these were selected subsamples 

of the populations described in Study No. l, 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 d1sabled 

samples over 3 assessments, and for able 1earner groups 

on one assessment. NaIS each group. 

Consistent Factor 3 Inconsistent Able Learners 

Assessment Mean ad Mean sd Mean sd 

l 

Age 92.9 8.9 91.3 12. \1 

IQ .. 
Full scale 101. 7 11.5 98.3 9.7 
Verbal 97.0 10.5 98.1 12.4 
Performance 106.3 14.1 98.8 10.5 

Factors 
1. 34.5 7.1 30.5 5.9 
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 
Full scale 100.5 10.3 94.2 8.3 
Verbal 95.7 8.4 97.1 8.9 
Performance 104.6 15.1 94.3 10.4 

Facto;rs 
l. 34.6 8.1 27.5 5.2 1 
2. 30.3 5.4 27.5 5.9 . a--3. 24.1 5.0 27.0 5.8 

III 

Age 169.3 12.4 169.3 12.9 164.7 1.4 

IQ 
Full .cale 99.2 8.8 91.2 6.1 116.0 10.5 
Verbal 93.7 9.2 90.1 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 
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groups were stmilar to those for the total populations. These analyses 

(Appendix F) indicated that the subsamples reta1ned the characteristics 

of the!r total populations. That is, the groups differed over time on 

factors 1 and 3, but not on factor 2 with the Consistent Factor 3 group 

showing w1de d1sparity 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 scsle IQ scores than the Inconsistent group. 

but the groups did not significantly d1ffer on verbal IQ scores. 

Further, as before, full seale and performance 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 cause of differences in other psychologiesl proeesses, 

and since the groups were matched on the verbal score, and had been 

equated on full scale IQ scores on the first and second assessments, 

it was decided not ta covary IQ wh en carrying out subsequent comparative 

analyses. 

IQ scores for the able 1earner group. which were for one test 

occasion on1y. appeared to be considerab1y higher than those of the 

disabled groups (Table 10). Factor scores were also at a high 1evel 

and. 11ke those of the Inconsistent group, had litt1e variation or 

di.parity_ These findings are in general agreement with those of 

Ackerman et al. (1976) reported in Chapter II. A1though mean age of 

the able leamers was simllar ta that of the disabled groups, the w1de 

difference in standard deviations was a factor that precluded making 

meaningful statistical comparisons between them and the disabled groups. 

139 
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lt should be noted that the two disabled groups were remarkably similar 

as to mean age and age variability (Table 10). 

Measures of Academie Achievement 
J/ 

1 
\ 

Mean grade level scores for readiug er~) spel1ing measures were lower 

for the Consistent Factor 3 group than for the Inconsistents (Table Il) , 

although t-test comparisons indicated that none of the differences were 

statlstically slgnif1cant. 

Table 11 

Means and standard deviations of reading and spelling 

achievement variables for Consistent Factor 3. Inconsistent 

and Normal Learner groups 

Consistent Factor 3 Incons1stent 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 0. 9 10.8 2.1 

Word recognition 5.9 2.0 6.8 1.9 --* 
Spe1l1ng 4.5 1.4 5.0 1.6 9.4 1.7 

* Not administered because of insufficlent ceiling on the test. 
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There was a trend for differences between the Consistent Factor 3 

and Inconsistent subtypes to be signif1cant on the speed index of the 

Gates-McGinitie (l - 1.709. df - 8,..e. - .098) and on word recognition 

as measured by the S 10sson Oral Reading Test (t • l.801, df - 28, - -
.E." . 083). Since the latter test also required responses within a Ume 

1 

Iimit, processing or rasponse 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 

(E.= 0.73,.E. •. 002), but not in the Inconsistent group (r '" 0.27, 

.E. = .32), supported this notion. In general, it must be concluded that 

the two disabled subtypes were not readily distinguishable from one 

anether on the basis of these gross measures of achievement. 

Inspection of the scores of the able learners. who it will be 

remembered, were drawn fram the sarne school population as the disabled 

learners, and who were j udged by their teachers to be "average" readers 

and spellers. shows them ta be appraximately 4 to 5 grade leveis above 

the achievement levels of the disabled groups on al1 tested academic 

variables. Mean e"ected grade level, as determined on the basis of 

present age min~ge of entrance according to regulations for the 

schoel system, was approximately 8.6 for both the d1sabled and able 

learner groups, indlcating that both the dlsabled subtypes performed 

two or more grade levels below eocpectancy on a1l the achievement measures. 

with the able lean:~~ being two g-rades above in reading and one grade 

above in spelling. 'The disparity between actual grade lever scores of 

those reported to be average learners and the1r teachers' rating 1s of 

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

( 
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( those who would nomally achieve at grade level) may have been subsumed 

in the learning disabled population. 

Measur.es of Selective Attention 

The central-incidental task. Consistent Factor 3 subjects processed 

significantly 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 (% central learning - % incident al 1earning). 

The Consistent Factor 3 group was found to have significantly higher 

selective attention efficiency (Table 12). Therefore, contrary to 

hypotheses based on speculative commenta in the 1iterature 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 ta be as distractible as the Inconsistent group whose factor 3 

scores were significant1y higher. 

Table 12 

Comparison of incidental learningl and selective attention scores 

for Consistent Factor 3 and Inconsistent groups 

GrouEs 
Consistent Factor 3 Inconsistent 

Variable 
x sd df 1 i sJi t g , 

Incidental lenrn1ng 1.7 .38 2.1 .53 28 2.10 .04 

Selective attention 34.4 5.54 28.1 9.56 28 2.21 .04 

c' l Square root conversion 
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No significant group differences in amount of central learning 

were found when a 2 (groups) x 6 (sarial positions) analysis of variance 

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

Table 13 

Analys1,sj of variance for central leaming scores 

as a proportion of itqns correct st each seriaI positionl 
l' 

for Consistent Factor 3 and Inconsistent groups 

Source of variance df Mean square F 

) 
between groups 1 4867.20 1.24 

error 28 3914.05 

position 5 3005.06 3.70 

position x group 5 380.85 .47 

error 140 812.21 

I Corrected for response bias (Donaldson & Strang, 1969). 

'" 

.27 

.004 

.87 

The slgn1fica,nt F value for positions was exp10red using Duncan's New 

~ 
Multiple Range procedure (Kirk, 1968) 'and revea1ed 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 leaming scores were 

negative and nonsignificant in both groups (Table 14). riie r value was 
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Table 14 

Intercorrelations a.aGg aeasurea of selective attention 
(1'" 

1 ~1thin Conaiatent"actor 3, lncQnaiatent and Able Leamer groupa • 
• 

Conatatent l'actol' 3 

cntrai 
le.ruiua 

incidental aelective 
le.roina Jàttention 

Inconsistent 
~_.-

central incidental selective 
learninl leaming attention 

Able Leamer 

central incidentel selective 
learning learnina attention 

_1'" 
eabedded -0.41 0.56.:0 -o~60.. 0.47t -0.17 0.33 0.34' 0.06 0.21 
fiaures 10 

central 
leaminl 

incidental 
leaminl 

** ..2. <: .01 

t ..2. < .10 

1'> 

0 

-0.23 

"" 

.... 
( ~ 

0.79** 

-0.75** 

j 

-0.4.5 t 0.79** 0.01 0.11 

:' 

-0.90**"" O .. ~3 
" 

• 

1 

-~ 
,. 
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greater in the Inconsistent group. however, and approached signifieance 

(J!. • .10). Because of the large nlBber of max:l.mUm incidental learning 

scores in the Inconsistent group. a ceiling effect may have attenuated 

the trade-off bebWeen central and incident~l learning. It i8 therefore 

plausible that low central leaming in the Inconsistent group could be 

related ta a tendency to process incidental information, i.e., ta be 

distrac tible. 

Although the Consistent Factor 3 group proce~!ëâ fewer incidental 

stimuli, they did not perfoon sign~ficantly better on the central leaming 

task. This, the nonsignificant nature of the central-incidental 

relationship 
, 

speculation that their failure ta outperform the 

Inconsistent group in central learning was related to $ome cognitive~ 

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 ta pattern 2. The 

Inconsistent group, however, with low central lea~ing, high incidenta! 

leaming and a trend 'to significant negative correlations between the 

two scores conformed most closely to pattern 1 which has been previously 

interpreted as suggesting distractibi1ity. 

Embedded figures. Scores on the embedded figures task did not 

significantly differentiate the two groups (Table 15). Moreover~ when 
1 

the embedded figures scores were correlated with other measures of 
, ~ 

selective attention (Table 14), two very different patterns of relation-
1 

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

3 group, the embedded figures scores were sign1fic~tly correlate~~ith 

the incideutal leaming and selective attention indices, but. surprlsingly, 
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Comparison of mean values on embedded figures scores 

Consistent 
Factor 3 

Inconsistent 

for Consistent Factor 3 and Inconsistent groups 

Mean sd t df 

81.5 18.2 
1.04 28 

73.9 21.5 

in 'directions opposite to those that would be predicted if aIl were 
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.31 

measure~ of sele'ctive attention sinee scores on the embedded figures task 

were positively re1ated to sco~és çn the incidental learning task and 

negatively related to scores on t~ selective attention index. In the 

case of the !nconsistent group, tt was' found that; the embedded figures 

SC~8 were not significantly related to either incidental 1earning 

scores or the selective attention index, although the relationships 

were in the direc~ion predieted if aIl were measures of attentional 

selectivity. Given the foregoing results, it is not unexpected that 

associations between central learning and embedded figures were in 

opposite directions in the two groups (Table 14). 

These results are in agreement vith Peters (1979) who found there 

vas little relationship among the various purported tests of selective 

attention ana provide support for the contention of Douglas and Peters ' 

(1979) that studies using selective attention tests should not under-

emphasize the ~portance of the other cognitive processes meas\red by 

these tasks. 
( 

-----_."'-_ .. - -
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Self-report of rehearsal strategies. The relatively high scores 

observed in the primacy position of the seriaI curves suggested that 

both learning disabled groups used seme 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 ~ 

cumulative 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 used were similar in both 

groups. Although the elevated, somewhat flattened portion of the seriaI 
, ........... J 

curve at positions 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 subjec~s reported using this strategy, nor 

was it apparent wh en they demorrstrated how they had remembered the 

animal positions. There i8. then, no compelling evidence either from 

analysis of learning curves or from their own subjective ~counts to 

8uggest differences between these subgroups in the use of r~~. 
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 

investigati~n would be that of pattern 3 (high central scores, low 
1 

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

of correct responses on the central learning task was high, being over 

80% with several individuals achieving maximum scores, incidental learnlng 

scores we~ also high (X • 3.1), and there was a zero correlation 

(~ • -0.005; ~ • 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 sufficlent to elicit a trade-off between central and incidental 

learning in this group. 1,). 

JAn inspection of the seriaI leaming curves of the able learners 

- in relation to those of the Consistent Factor 3 and Inconsistent groups 

(Figure 5) indicated that the able learners' 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 

wére relatively less in the recency portion which is purporced 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 chunk~ng could have 'facilitated 

learn1ng sinee 1t allow8 more time to attend to each individual stimuli 

and is of particular interest because none of the learning disabled 

subjects displayed this procedure during their demonstrations of rehearsal 

procedure. 
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( Evidence Concerning the Use of Control Processes: Weener Strings 

No group differences in total recall of words across aIl 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 sign1ficant group x 1evel of structure effects 1ndicated that there 

1 were group differences in response to levels of structure (Figure 6). 

lt 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 bath 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 d1fficulty was the same for both groups with recall improving 

at each level of increased structure fram nasswo through nassw artd asswo to 
. 

assw. However, tpe differences in difficulty between the unstructured 

strings (nasswo) and strings with syntactical but no associational struc-

ture (nassw) were not significant in e1tner group. 

Correlations among the test forma were somewhat d1fferent with1n 
~ 

eaah ai 'the two groups (Table 18). In the Consistent Factor 3 group, 

relationships were high among aIL forma of the test which could suggest 

( that a cammon factor may have operated acros~ test forms to affect 
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Figure 6. Mean scores obtained by Consistent Factor 3, 
Inconsistent and Able Leamer groups on ward 
str1 ngs varyi ng aS" to leve l'of structure. 
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Table 16 

Ana1ysis of variance for recal1 of ward strings 

on 4 levels of structure for Consistent Factor 3 

and Inconsistent groups 

Source of variation \ df Mean square F 

between groups 1 21.68 .21 

error 28 ( 101.86 

leve1 of structure 3 1743.48 175.48 

leve1 x group 3 89.43 8.99 

error 84 9.95 

Table 17 

Mean values for level of structure 

for Consistent Factor 3 and Inconsistent groups ., 

Group Strings 
assw asswo nassw 

Consistent Factor 3 42.5a* 32.6b 24.3cd 

Incons~tent 38.4b 33.7
b 

26.S
c 

., 

* Scores fo11owed by the same letter are not significant1y 

.65 

< .0001 

< .0001 

nasswo 

22.0d 

26.1c 

different. 

L( 

/ 
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Table 18 

Correlations among the four forms of the Weener Test 

for recall of word strings va~ng as to structure, 

Consistent Factor 3, Inconsistant and Able Leamer groups' 

slstent Factor 3 Inconsistent Able Learner 
asevo nassw assw asswo nassw assw asswo nassw 

.'--

na8SWO .87** .86** .81** .53* .44 .27 .63* .19 .35 

ilSSW .77** .83** .89** .5.5* .54* .71** 

asswo .14** .78** .55* 

* l!. < .05 

** l!. < .01 
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(functioning in this group. In the Inconsistent group, correlations were 

) generally lover and scores on the unstructured strings were related only 

ta those on the most highly structured strings (assw). 

To determine 'if the heightened sensitivity to structure observed in 
.. i 

the Consistent Factor 3 group was equally true for the two main types of 

structure used, a 2 (groups) x 2 (associations) x 2 (syntax) analyais of 

variance was carried out (Appendix F, Table 4). Significant group 

interaction effects were found for bath association, ! (1, 28) • 14.04, 

.2. < .0008; and syntax, 1: (l" 28) = 11. 08, .2. < • 003. In both ins tances 

recall by the Consistent Factor 3 group vas numerically lower than that 

~f the Inconsistent group in the less structured conditions, but higher 

than the Inconsistant group in the more structured conditions. Thus, 

J 
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the results of both types of analyses supported the conclusion that 

the Consistent Factor 3 group exhibited greater variation in recall 

across differing levels of structure, and in accordance with inter-

pretations in the Iiterature, suggested that they were more sensitive 

than the Inconsistent group to t~e organizational levels. Therefore, 

they may also have had a greater use of facilitative control processes 
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on those strings for which there were significant d1fferences in recall 

level. 

If group differences 1n level of recall on the unstructured (nasswo) -and most structured (assw) strings 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 

supp,orted by a group x seriaI position' interaction effect when an 

analysis of variance for recall at each serial position is carried out; 

(2) recall strategies as determined by the order in which items were 

reported in a free recall procedure. Moreover, the two indices should 

confirm each other ainee 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 strings (nasswo). Serial 

recall curves for the unstructured sçrings were pl~téd for Consistent 

Factor 3 and Inconsi8tent subtypes using proportion of items correct as 

a function of seriaI position (Figure 7). The Consistent Factor 3 group 

produced a fairly typical bowed seriaI recall curve with an elevated 
. 

recency portion at items 8, 9'_and 10. The curve of the Inconsi,stent 

group appeared to be composed of two adjacent seriaI curves with elevated 

recall at items 1, 6 and la. 

---------
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1 
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~ 
Previous researeh has suggested that when free recall of serially 

presented items is required the most elementary strategy is ta rehearse 

and reea11 items in the arder of their presentation (Moely, 1978). 

This produees a typical seriaI reca11 curve (Pike. 1977). Use of more 

sophisticated rehearsa1 procedures sueh as chunking alters the shape of 

the curve vith intervening elevated plateaux (Pike, 1977) sinee chunks 

tend to be reca11ed as units (Johnson, 1970). However, a facilitative 

strategy for supra-span digit strings would be ta report the most 

reeently presented items firat (Bauer, 1977; Wilson et al., 1975) 

thereby taking advantage of the echo1c memory trace and eliminating the 

need for rehearsal of the last fev items. If this procedure were used, 

the sh~pe of the recency portion of the curve should be elevated and 

flattened. 

In accoFdance with these interpretations, then, the shape of the 

curve produced by the Consis~ent Factor 3 group would ·suggest that they 

had rehearsed the string as a seriaI unit with the elevated plateau at 

the end indicating an attempt ta recall the items in positions 8, 9 and 

10 as a chunk, perhaps fram echoic memory, if these items were recalled 

first. The observed shape ~f the curve of the Ineonsistent group would 

suggest a division of the ten items into two 5-wo'rd strings vith separate 

rehearsal and reca11~rocedures for each. The similarity of the curves 

'for the two disabled groups at the primaey portion of the string 15 

striking, suggesting that a similar use of rehearsal strategies ta retain 

initial items may have oecurred. If the statistically signifieant 

differences in recal1 level are a function of strategie control p~ocesses, 

then it follows they must have oecurred as a result of the vay the recency -

portion of the string was rehearsed and/or recalled. 
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To see if these observed differenies in shape were ref1ected'in 

statistically significant d1fferences in recall at the various seriaI 

positions, a group: by seriaI p08itio~ analyais of variance was carried 

out (Appendix F, Table 5). A significant effect for seriaI position was 

found, ! (9, 252) = 24.01, ~ < .0001, but there was only a trend for a 
t. 

group x seriaI position interaction, ! (9, 252) • 1.69, ~ < .10. Thus, 

the observed differences in shape are not substantiated statistically. 

Comparisons us1ng the combined group means for seriaI positions indicated 

that reeal! in the reeency position (10) was significantly higher than 

at aIl others, with recall at positions 8, 9, and 1 being higher than 

those st aIl other positions exeept 10. So, if aeeuracy of report and 

order of report are related, both groups could have used receney recall 
\ 

whieh i9 eonsidered to be a relatively sophistieated strategy (Wilson 

et al.. 1975). 

From a tabulation of order of recall of item within the strings for 

each individual, general types of reeal! strategies were determined on 

the basis of arder of report. Three general types of reeall strategies 

were detected (Table 19). The first, named "presentation arder" recall, 

was defined as the report of items in the ~rder Df 8er~al presentation 

with the initial report coming from .the primacy position. The second, 

labe11ed "receney" recs11, ineluded those responses with an initial 

report of items from the !ast five positions of the string •. The third 

main reeall category was named "d1sorganized" sinee it ineluded those 

responses which were ehsracterized by random recall of isolated items 

from various positions in the list. It was eons~dered that these responses 

reflected little or no discernible strategie control. No significant group 



( 

( 

Table 19 

Proportion of unstructured strings recalled usina 

Groups 

presentation arder. recency an~ disorganized 

recall strategies by Consistent Factor 3. 
"­

Inconsistent and Able Leamer groups 

Presentation Recency 
arder recall recall 

Consistent Fact.or 3 24.5 62.2 

Inconsistent 34.4 58.9 

Able Leamers 24.5 71.1 

1.58 

Disorganized 
recall 

13.3 
(1' 

6.7 

4.4 

differences occurred in the frequency of use of these strategies ,1 

(X2, (2) ~ 3.74, ~ < .15). That tS',both groups demonstrated a preference' 

ta inttiate recall fram' the recency portion of the string. -It should be noted that no in~ividual in aither group used one 

strategy ~clusively so there were large intra-individual variations in 

the strategies uaed. Thi. high tntra-individual variation could be 

interpreted as reflecting an active, strateg~-se~king prOCe6S, the tryini 

and rejecting of various procedures in order ta enhanci !=,ecall, and could 

provide some evidence that leaming disabled subjects are active, not ~ 

'passive, leamers. 

In summary, although statistical·trends for group x serial position 

effects wére found whlch might prove stanific~t if larger numbers of 

subjects were studied, lt must be concluded that the differences b~en 

Consistent Factor 3 and Inconsistent groups in level of recall on 

" 

J 

1 
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\, 
unscructured _tr1ngs vere not a function of accuracy'of recall at any 

'-
particular seriaI position, nor of variations in reeall order. Henee, 

by inference,' differences in racall eould nÔt be attributed to 

differance. ~ the use of rehearsal and "recall strategies as they vere 

measured ta this investigation. 

Uae of contIol str~esies on meaniagfully structured strinas (assw). 
f 

Association and syncax tacilitate memory by provid1ng the meaningful . .. 
structure that fosCers reeall in units or chunks (Johnson, 1970). The 

lo-item 1Ile.an1tlgful word strings (assw) were coaposed of twa S-item . . 
seneences. each of which included a eubject, verb and object vith 

adjectives modify1ng the 8ubject and obj'ect. Re,s.ponsiveness to this 

structure would be indicated by chunking the 10 items 1nto two 5-word .. 
units and by,reneareing and recal11ng thè~e units in pres~ntatio\ ~rder 

(Pike, 1977) •. The recall' eurve would be elevated and flattened over those 

items that vere chunked, but because the adjectives are less ~S&ent1al' 
( 

for meaning, they are less l~kely ~ be attended to and rehearsed as 

efficiently a~ the ocher parts of speech so that valleys vould typically 

appear at positiQus r: 4, 6 and 9 ta ~~note this. 
1 k Q \ > 

Visual comparisons of the curves producéd by the Consistent Factor 

.. 2 f 
3 and Ioconaistent aisabled groups rev~led, as·~th the unstructured 

strings, that sbailar1ties exis~ed except for posit~on ~ (Figure 7b). 

• 
This time, h~ver, it vas the' Consistent Factor 3 group that had higher 

recall at this position., The 'similarity in shape of the curves with 

valleys at positions l, 4. 6 and 9 and elevations at the positions, 
fi. «, ..... 

". oceupied by verhs and nouns wauld s~ggest, that bQth groups vere aware 

of th~ .~aningful 'structure and;" as predicted. recaLled the noun, verb 

c:':, 

i 

1 

1 

tf 
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,tr ., 
and object cambinationa more easi1y than the ad je et ives. These 

observation" were eon'firmed by an analysi. of '!fariance with repeated -
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me .. ~rès on serial positions (Appendix F. Table 6). The group x seria1 

position effec~pproaeheds but did not reach .ignificanee, F (9, 252) 
- r 

• 1. 89 li< 2. < .06. Multiple aean camparisoua of the aignificant seria1 

pos~tio~ effee~, .! (9, 252)' • 16.44, 2. < .0001, indicated the curve. of 

both groups ref1ected 1inguistic structure with adjectives being reea1~ed 

" significant1y 1es8 fr~quently than the other parts of speech. When the 
. 

strings were aualyzed and the use of meaningful structure tabulated, it 

.. 
vas found that 68.9% of the strings in the Con.istent Factor 3 group and 

67.8% of the strings-in the Inconsistent group conta1ned at.least one 

l1nguistica1.1y structured ehunk (Table 20)., Taken as a whole, it appears 

that these findings may be interpreted to mean that no, signifieant group 

differences existe~.overal1 awareness of I1nguistic struct~re itself. 

Table 20 

Proportion of assv s~rings exhibiting use .. 
of 1inguistic structure by Consistent Factor 3, 

InC9nBistent'and Able Leamer groups 

Me~ingfu1 chunks Other' 
Both s~ntet\ees One sentence. Total 

62.2 6.7 68.9 31.1 

40.0 27.-8 67.8 12.2 

Able t~r ·75.0 lS.0 87.5 12.5 

\ ' . , .... 
".: 

-' 

. -

" ' 

.~ -

~ 
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When a further analysis of protocols was carried out ~ it was found 

that 62.2% of the strings in the Consistent Factor 3 group were recalled 

using meaningful chunks from both primacy and recency p~r~ions of a 

\ 
single string, whereas in the Inconsistent group only 40% displayed 

this feature. Neither group gave ev1.dence of linguistic chunking in 
..--J 

approximately 30% of the strings. and the Inconsistent group recalled 

proportionately more strings uS,ing meaningful chunks in on1y one sentence, 

2 " usually the tirst, (X , (2) = 16.01, .E. < .003). In the latter case, recall 

was usually present fram the other sentence but did~ot ref1ect the 

inherent structure: No s1gnificant group differences were found in 

frequency to initiate recall from the recency sentence, <X2, (1) = 3.13" 
, 

.E. < .08). This is not surprising since recency recall should not be 

particularly advantageous in the presence of me'aningful linguistic 

structure. 

A1though thes~ results suggest tha't differences in leve1 of recall 

may )ê~rtly 

01 linguist1c 

due to strategy, or meta-variables, sinee under conditions 

structure there was a tendency.for the Inconsistent group 

to exhibit a greater use of recal1 chunks unre1ated to the linguistic 

structure in the strings, it coula be argued that aIl thi~ay simply -. 
suggest lower ;.nguage ability in the Inconsistent subjècts relative to 

the Consistent Factor 3 group. However. when 8Jl analysis of covariance 

using verbal IQ scox:e on the thirg. WISC-R assessment was carried out 

(Append1.x F, Table 7), results indicated that verbal IQ and presumably" 

verbal abil1ty did net s1gnificantly affect scer~s" ! (1, 27) • 1.46, 

.2. < .24. 

l, 
1 

. ' 
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A further note of caution is ln order. Because the recali of 

meaningful strings in rote ~entation or seriaI order can give the 
. ' 

appearance of report ,in meaningfui chunks when, in fact, no such meaning 

has been apprehended by the subject, it may be that incorrect inferences 

- concerning awareness -o~ -nnguni1c- struetùrë--have ôeen-arawn----rrOrii the ---- --

recall protocols of both Consistent Factor 3 and Inconsistent subjects. 

Although it appears that the Consistent Faêtor 3 groups made more use of 

meaningful Iinguistic structure, and, therefore, could be called more 

meta-efficient than the Inconsistent group, the possibility of error 

renders this evidence inconclusive and ambiguous. lt appears that more 

direct measures of control,processes are needed. 

Comparisons on naSsw and 8SSWO strings. Previously reported analyses 

indicated that no differences occurred in leve! of response between the 

two groups on the moderately struc~ured s'trings, nassw and asswo. However, , 

since it was possible that differences could still occur in the shape of 

the recall curve, and by inference in rehearsal and recall strategies, 

recall curves were plotted and the appropriate group le serial position 

analyses were carried out. Visual cOInEarisons reveal the essential 

similar.ity of the shapes of the curves of both disabled grollPs (Figure 8), 

and the analyses reported non-significant interactions (Appendix F, 

Tables 8 and 9). 

General coaear1sons,with able leamers. The recall level of able 
d' • 

le amers .erou the 4 forml of the ward strings was relatively high with 

tba order of difficulty from e~sie8t to hardast baing the same as for 

, the dis .. ble~ ~UPS (Figure 6). A sinale classifieàtion 1 (group) x 
{jj 

2 (SfUtax)' x 2 (aasociatiQ,n) an.alys1s of variance vith repeated measures 

on _yntax and .. sociation revealed signifieant effects for both 

.. 
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association, ! (1, 14) • 358.4, ~ < .0001 and syntax, ! (l, 14) - 23.51, 

~ < .0003 but nolassociation ,by syntax interaction, ! (l, 14) = 2.94, 

~ < .11 (Appendix G, Table 1). That 18, both association and syntax 

facilitated recall. 

As was the case for both the eons1stentFaetor 3 and Inconsistent 

groups, Able Learner subjects preferentially used reeency reeall on 

unstructured strings (Table 19). On the most struetured strings (assw), 
'<'1 

the use of linguist~ structure (Table 20) waS similar to that of the 

Consistent Factor 3 group. Correlational patterns of the Able Learners 

(Table 18), however, were similar to those of the Inconsistent group 

with there being little reIat10nship between reeall on the unstructured 

strings and the moderately structured strings, and correlational indices 

being, in general, IQwer than those for the Consistent Factor 3 group. 

This suggests that the cQœmon factor associated with Consi~tent Factor 3 

performance across aIL tasks ia one which is not held in common with the 

Able Learner group; chat ie, it 1s not in the use of control strategies, 

and lends weight ta the hypothesis that group differences are related to 

the involuntary structural features of the seriaI memory processes. 

Summary of findings: Weener strings. Signifieant group diffetences 

occurred in level of recali on strings varying as to levels of organization 

with the Consistent Factor 3 group performing as weIl or better than the 

Inconsistent g.roup on st-r~s vith external organbation, but poorer than 

the lnconai.tent group on strings without any inherent organizat~oa. The 

increased effect of structure on recall leve! in the Consistent 'actor 3 

Iroup wa. 1ndicated by'the greater discrepancy between recall on struetured 

and unstructured strings. This variation bas been 1nterpreted in the ., 

1 
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literature as reflective of the use of active control processes. 

However, no compelling evidence, either in level of recall at differeut 

seriaI position of in strategies as determined by order of recall, was 

presented to suggest that the diminished performance of the Consistent 

group on the unstructured strings was due to the lack of, or in appropriate 

use of, control strategies relative to the Inconsistent group. Although 

find1ngs concerning the relative use 9f control processes on the structured 

strings must be considered ~nconclusive, it does not appear that the 

Consistent Fa~tor 3 group can be charac~erized as being either significantly 
, 

less or more active and efficient in the use of appropriate control prDcesses 

than their Inconsistent counterparts. This, of course doe~ not preclude 

the possibility that both groups were deficient in the use of controis 

relative to able learners as 1nabi11ty to carry out appropr1ate statist1cal \t 

analyses between able and disabled learners prevented a clear resolution 

of this question4 

E~dence concerning Temporal versas Spatial Processins: TESP Task 

! ' No siauificant differences between Consistent Factor 3 and Inconsistent 

groups vere foùnd in total recall of item order across all 4 forms 6t the 

TESP task but there was a respou.e mode effect which varied with mode of 

pr •• entation (Table 21). The highly significattt presentation x response 
~ 

x group interaction, however, 1ndicated that multiple mean camparisous 

would be required for interpreta~iou of results. The •• comparisons 

revealed ~hat significant between-group differences in level of recall 

occurred only ou" the temporal/temporal variation of the task (Table 22), 

with the Consistent Factor 3 group fi~ding it significantly more difficult 

than the Inconsistent group. Further, a8 Figure 9 demonstrates, the 
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Table 21 .. 
, ,Analysb of varianc.e for recall of item arder 

on 4 variations of a temporal-spatial task, TESP t 

for Consistent Factor :3 and Inconsistent groups 

Source of variance df Mean square F 

between groups " 1 1.20 .03 .78 

error 28 15.12 

preaentation modes 1 16.13 2.92 .10 

presentation x group 1 16.13 2.92 .10 

error 28 5.52 

response mode 1 28.03 8.89 .006 

response x g,roup 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 

Inconsistant' group found the temporal/temporal task to be the easiest 

of the four versiolUl, while the Condsrent Factor :3 groutl. found it tO 

be aIlong the hart •• t • 

Hiahut .cores vere obtdned by the Consistent Factor J group on 

the' .pat1.al/.-patial variation (Figure 9) aupporting what has beeu cOIl'IIIlonly 

reportecl uai.Dc 8 __ b.~ .fa11ar tests vith llOre beterog~neous groupa of 

tbe learnins diaabled (Rudel' Denç.kJ.a, 1976). The Inconsistent group 
o 

fow.ct thi. variatlotl 81gûfi.eancly .. 8i .. r than only the •. padal/temporal 
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Table 22 

Comparisons of mean scores on variations of TESP 

using Dunean' s New Multiple ~ange procedure 

for Consistent Factor J and Inconsistent groups 

Task version 
Groups 

Consistent Factor 3 Inconsistenç 

( 

Presen tationl response 
it 

Spacial/spaCial 6.7ab* 6.3ab 

Spatial/temporal 4.9
c 4.0c 

Temporal/ spatial 6.3
4b 6.0b 

Temporal/temporal 5.1r c 7.2a 

1t Meana followed by the same let ter ~re not sign:lficantly ~i~ferènt 

at J! •• 05. 
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fona (Table 22). which, tt should be tioted, requi.red a translation frOID 

the input dimenaion. For this group highest scarèS were obtained on the , 
int~a-dimen.ional temporal/temporal task -and, although it was p.ot 

signif:lcantly eader than t.he intra-d1atensional spatial/8~at:lal form, 

tt was 818nif:lcantly eader 'chan both forma Qf the test that required 

a cros.-dimenaional. tuulation (spatial/temporal and taapora.l/spatial). 

Thua, tU Inc.oaaatent aroup found that wben input was aither spatial or 

temporal J the form of th~ tast which r~quina response in the same 

'.j1a~ ( ..... ùlI.patial or temporall.teaapGral) was signifieQtly , 
_"'~'tt~~~ l~~' ~-~~.~; ~ ~ "~_'~" :: ~~ 

.ealUr dia the var:La-t101l ~êh i~rd •. ~Àse 111 'ehe otMr .•••• ion. 
- .." ~ ,~_ --: >t i 

• w 

1 
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This suggested that the integration or translation of'dimensions added , 

a common, extra degree of difficulty for the Inconsi~tent group~ a 

conclusion further supported by the high correlations between the two 

inter-dimensional forms 'of the task, temporal/spatial and spatial/ 

temporal (Table 23). 

The Consistent Factor 3 group, on the other hand, found intra-, 

dimensional responses signlficantly easier than inter-dimensional ones 

only when the initial input was spatial (Table 22). When input was 
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temporal, the intra-dimensional task (temporal/tempo~al) was significantly 

more difficult than the temporal/spatial form, even though the latter 

required an additional translation process. The non-significant 

correlations be~een the two versions requiring translation or integration 

(Table 23) suggested tha~ for this group d1fferent 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 eltminate weaknesses 

held to be inherent in task variations derived from the initial work of 

Birch and Belmont (1964). The modifications made it possible ta measure 

recall for spatial snd/or temporal order without the confounding variables 

of •• uory lIlod.ality~ item equivalenee and item memory. Thus, the observed 

non-81gnificant conelations between temporalltempor&1 and spatial/spatial 

scores must indicate independence of the processes involved for the 

Conaiatent Factor 3 group and the Inconsistent group alike (Table 23). 

CODmon elements in aither presentation or response dimension could account 

for the remalnlng cor"l~tions in the Inconsistant aroup. aowever~ 14ck 

ot relationships between t8$ks. since correlations occurred on1y between 



,~ 
~.1 -

,-. ,. 

Table 23 
t 

Correlations amang the varloUB fo~ of the spatial-temporal task (TESP) 

for Consistent Factor 3, Inconsistent and Able Learner groups 

Conaiatent Factor 3 Inconsistent Able Learuer 

spatiall spatiall temporal 1 spatial! spatiall temporall spatiall spatial! temporall 

.patial temporal spatial spatial teaporal spstial spatia~ temporal spatial 

teaporal/ 
.03 -.17 .67** .38 .63** .71** .10 -.23 .37 

t .. por.l 

spatial 1 
~ .32 .54* .82** .76** .30 .44 

spatial "; 

spaUal1 
" 

te~ral' 
.02 .77** .06 

* R. < .05 , 
** l!.. < .01 

~, 
.. 

,; {~ï}t ;"., ~,~ 
" ,<1. <f ,_i.(~L,Îl,·" 

~.w;g, ~<Î' 
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the temporal/spatial version and the temporal/temporal and spatial/ 

spatial forms respectively, meant that for the Consistent Factor 3 

group, a diffetent explanation must be sought. 

Speculations in the l1terature suggested that low factor 3 functi~ning 

could be assoc1ated with a disability in temporal arder processes. The low 

temporal/temporal scores of the Consistent Factor 3 group supported this 

notion dnce this variation of t,he task was composed of a purely temporal 

input and purely temporal response. The hypothesis was furt:her supported 

by the significant differences between the, temporal/temporal and spatiall 

spatial scores since the latter requ1red purely spatial responses. 

However, the pattern of correlations between sotne of the tasks w1th 

temporal components ra1sed questions about the nature of the general 
t 

temporal order disab11ity, if indeed it did exist for this Consistent 

Factor 3 group. Although equally low scores 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 levela of recall were not related to a ComRon diff1culty 

with temporal re.ponses alone. 

lias there, then, ev:1denc.e of a cOIDmon cU.fficulty for .the Conaistent 

Jactor 3 group asaociated with t_p0l:aL iftPut? Bakker' s (1972) h.ypothesis 

that reading disabled ch1.1dren havé a disorder in temporal order perception 

(TOP) would be supported if th1s were so. The s1gn1ficat'lt co~relation 

between the acore~ pn the temporal/spatial and the teatporal/tèmporal 
, 

variatioa was verhaps 1adicat1ve that a c~ proces. vas àssoc1ated 
, 

vith the t~h1 pnientatiOn diaeuiocl- of both task fom&. H~evert .. ' 

'the acor.. on the t .... r!Ù-1 spatial fona vere .1gn1f1ealltl, hJ.aher than 
- ~ 

... 
tbcHJe ou the t-.poral/teS.poral. If tbere 'vere a c~01'1 basic d1fficultY 

, 
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with temporal order perception, then in thia cas. lt eould have been 

lIloderated by the spatial Ilature of the re.ponse format. Thb could 

be a tenable hypothea1s since the' temporal/spatial fom correlated 

s1gnificantly with the spatial/spatial variation,' and the acore. on 

the tempotal/spatial and sp'at1al/spatial vere both slpificantly hLgher 

than those on the temporal/temporal version. 
;., 

lt is of 1nt\!rest to contemplate what 1t waa about the spatial 

responee fo .. naat th.~ m:laht have enh&nC6d reeall ou the t!-poial/apatialo 

task relative to the taporal/t_poral taak for the Consistent 'actor 3 

grouP considering that an added tranalation proca •• wu involved 1n the' 

former. Perhaps the holist:Lc format of the re.ponae Ir:ld allow.~ for 
1 

visual ralther than verbal encoding with • .ubjects using :1Ju&ery to 

visually orde.r the items on an imaginary ,rld as they vere pre •• ntad 

t.po'1'&l1y; perhaps the opportunity to re..pond to the Ilost-recently 

presented positions first iucre.sed recall 8t tn. 'l'ecency politiou' and 

circumvented the ueed fol' reheu.al. Question1ng of the aubjecu 'follO'W'iq 

the final pre.entation 1ndicated that a11 hac! appl1ed verbal lü.la to th. 

novel, meaniDglesa ayaaboll. Tharefore, the sYJlbol. could have b •• u ordered 

by name rather than by pOlition or Il_ber. lt was pOI.ible that d~ffiCu1ty 
. ~ 

in in1t1ally labelling such nove1 .}'IIho1. could htlve affeetecl acores in 

a syneaatic way. Sine. th.ra 18 an apparent fteed to explore further tbe 

aeanll whereby spatial. and, teaporal order' is encod..d and recal1ec1, 1t 
• 1 

tIOuld bave be.a of vâlu. if seriaI leanina curve. ç:ould have b.-. p~otted 

for tbe lToupa ou the teaporal/tflltPOr.al àaêl teœpor41/spacù! var:1atic>lw. 
, , 

.. " . 

9, 
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readily modif~ed for use in future investigations by provid1ng for 
h 

fever levels but more trial. at eâch leve1: Presentation speed, the 
1 . . 

nature of the items ~~ respon8e delay cou1d a180 be man1pulated w1th1n 

the format ta explore further the nature of th~def1cient temporal order 

perfo~ce in the Conaistent Factor 3 group. .. 
General comparisOns w1th able leamets. Although the lèvel of recall 

,-
was considerably higher in the Able Leamer group than.in either of the 

• 
disabled groups (Figure 9), the arder of, difficulty of the test variations, 

from towest to hi8hes~ was very stmilar to·that for the Inconsistent 

group, (i.e., spatial/temporal, temporal/spatial, spatial/spatial and 

temporal/temporal]. Significant differences in level of reéall occurred 
- -

'dnly be~w~n the spatial/temporal and the two easiest forma, temporal/ 

temporal and spatial/spatial (Appendix G, Table 2). Surprisingly. 
\ 

correlations were non-signifieant among all test forms (Table 23j, 

sosgesting relative independence of functioning aeroes the variatiGns, 

perhaps·aue to ceiling effects. • 
\ 

McLean (1979) studied the responses to the TESP. variations of normàl 

male readers at ages 7.6. 10.7 and 13.7 years whose me~n IQ scores were 

~19.9. 118.4 and 121.3 réSpectively. Her samples were drawn fram 'the 

same school populations as the disabled leamers 1n this investigation, 

her oldest group $ubsuming the able leamers. She found that, while .) 

thére wàS an 1ncrease in ~verall performance witn age, the order of 

d1ff1culty of the four forms of the test remained the same, the temporal/ 

temporal being easiest and the ~patial/spat1al being hardest. Further 
\ 

analyses controlling fo~ intelligence indicated that those with IQ ~cores 

over 115 showed no significant differences ~n reeall level on the test 

l 

, 
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\ lona whil. tho •• witb IQ scor •• b.1ow Ils found th. t ... porall temporal 

variation p.ier than a11 the others. 
\ , 

Given McLean's (1979) reaults indicating IQ score effects, data 

for the Consistent Factor 3 and Inconsistant groups vere subjected to J 

analyses of covariance ~sing full scale IQ 8core~ on the third'aasess-

174 

~ent (App~dix F, Table 10). Although thère were significant lQ effects, 

! (1, 27) = 8.24, R <;" .008, when the corrected multiple means were 

cOIIlpared, gr'oup differen~es on the t'emparaI/temporal tasll remained but 

were magnified, and the order of diffièulty for aach of the task. ,in, 

each group remainèd the same. 

Summary of TESP results. The Consistent Factor '3 and Inconsistent 

subgroups' displ'ayed different patterns of recall 'on tasks that varied 
, 

as to temporal or sPiltial presentation.and responae modes. The Constatent 

Factor 3 group demonstrated a relative disorder in processing and recall-

ing temporally presenud stimuli, with the most difficu1t task being the 

intra-modal t empô ral/ temporal variation. On the bas1s of correlationa1 

evidence. their ~proved 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 Learner groups. ,they foUM the spatial/ spatial 

'iariation relatively eaay and the spatial/ temporal version relative1y bard. 

Thus, the Consistent Factor 3 group may be said to confQrm to those 

characteristlca réported for the rlearning disab1ed by Rudel and Denckla 
, , 

(1971). Further\llore, their relative diff1culty with temporal presentations 
~ 

would be consonant with a temporal order perception (TOP) deficit as 

• . " • j 

hypothesized by Bakker (1972). 

... 
1 

~ 
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The Iuconai.tent ,ub,roup fouad, the temporal/temporal vera10n 

u.ielt. and th. inter-ftlOdal condition. !n"ariably. more difflcult than 

the, intra-m.odal counterp-.rta. Thui. thair performance may be said to 

confom to re.ult. reported for dil.bled l.amera by Bryden (1972). 

In addition. their unique d1fficulties w1th cro.a-.odal translationa 
) .. \ 

suS,.st that the1 alao correapond tcY"g~oup8 of disabled leamen orlginally 
! 

Identified bY,:8irch and Belmont (1964). 

The f1nd1n'8 that the Conaistent ~d Inconaiatent lubgroups 

naponded differently to ta.k.a varie,d on spat1.d/temporal diman.10n ... may 

hall' to exp1a1n same of the ear11er contradictory resulta u.ing und1f-

ferent1ated groups of le.ming disabled chi1dren. They alao su,gest that, , . 
in future, attention should be paid ta subgrouping. when thue vari.b1es, 

1 . 
are b~1ng eljp10red in rela't ion to learn1ng problems. 

Co-ord1nation of Test ReluIts Concemin,' Group Differences in 

Attentiona1 SelecUvitz. Us. o,t CORtrol Strategfu and' Sequential 

hoc •• lins . 

Belore exaining the evidence of subgroup differences on dichotomous 
j' • 

. ItiltluIat10n ta.b', ,the data for attentional selectivi.ty. use of control 
, 

Itrategies and .e'luential Iproceaaing will be co-ordin.ted and summar1zed. 

Thil stud~ provided for mOre than one measure or index of each of the 
. "../ 

aboye variable. in expectation that re.ults would converge to help define 

the eharact.ristie8 of the subaroups, Consistent Factor 3 ana Inconsistent. 

Th. foregoing report ha. included a test-by-test account of reBults which , . 
nov must be integrated to .ee if certtin patterns emerged and if the 

re.ulte did. in fact. confirm aach other. Two main questions were asked • ... 
the •• cond in two part.: 

., 

) 

" -
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1. ra the Consistent Factor 3 group more qistractible than 

other leaming dis.bled children of the .ame *ge, same 
\ 

educational and .ocio-economic background, ~. represented 

by the Inconsi.tent group? 

2. Do.s the Consi.tent Factor 3 group exhibit di.ordera in 

sequential m~ry and proees.ing, and can this be related 

to; 

8. detietent or inco.petent use of control proc.sse • 

• s compared with the Inconsistent group; 

b: ~isorders in temporal versus spatial proces.ing 

and mamory as cQlltpared w!th the Inconsistent 

group? 

Coordination of re.ults: selective attention. With regard to the 

fir.t question, resu1ts from the Centra1-Incidental leaening task 

indlcated that the Con.i.tent Factor 3 group could be classified 4S less 

diatractible than the Inconsiatent group. le.ults from the embedded 

figures teat, which waa included as a ~onf1rmatory measure, were, if not 

contradictory, at lesat confusing. Although embedded figures scores were 

higher in the Consistent Factor 3 group than the Inconsistent group, 
( 

suggestlng greater seiectivlty, the dlfferences were not significant. and 

~~reover, correlational patterns Indicated that the embedded figures test 

probably was not lIleasuring the .. me thio.g in each of the two groups 

(Tabl •• 24, 25). Although the direction of the observed relationships 

.. ong the indic •• of attentionai .electivlty in the ~ncon8istent group 

.............. 

wou1d not conflict with the as.umption that a11 were mea.uring selective ~ 

attention in the Consi.tent Factor 3 group (Table 24), the relation.hips 

---_ .. ~ 
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Intercorrelations .-ong aeasures of selective att~ntion. 

W8ener Tese and TESP for the Consistent Factor 3 group, 11=15 

selective attention Weener Test TESP 
.' . ~ ta .... ...... .......... > 0 110 4JCIII '0 ...... .-4 ....... ........ ..... ........ .... t:: e-s .. . ..... .... ... • • .... 

4..l 4..l ...... 'O. ~ 
_ .... 

~&. ... .... tt u ~ ::e ~ e '0'" ~ :s .... 4J t,i -" " .. ., ::& ~ ~ ~ . ~I .... '" i :1 o • Allit en ~ en CIl .. g. i~ u '" c: " a~ ~ tn ~ <CI g.. g.", ...... 0.-4 ...t .... ~ <CI :z: • • .. .. 
central leaming .79** , 
incidental leaming -.75** -.23 r-

eabeddedJigures -.60* -.41 .56* 
t' 

associations/syntax 
...../ 

.45 .50 -.12 .15 

a~s~~ions/no syntax .38 .42 -.33 -.23 .77** 

no associations/syntax .45 .40 -.11 .06 .83** .74** 

no associations/no syntax .34 .70** -.14 -.16 .87** .86** .81** 

spatial/spat1al -.06 -,01 .07 .60* .49 -.03 .34 .11 

spatial/temporal .01 .13 .11 .18 .41 .25 .34 .33 .32 

1 tèmporal/spat~al .21 .JO .05 .25 .56* .19 .32 .42 .54* .02 
~ 

temporal/temporal .52* .60* -.22 -.33 .50 .5,2* .28 .61* .02 -.17 .67** 

-- ~ 

** .2 < .01; * 1!. < .05 -.l 
Q) 

---------- .-.-------_. ....... '---101~ , 
""- t 

---.... - ,. ..... ... -. . -
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between embedded figures, and the 1ncidental ta.k. SCOl'e&, while 8igni­
... 

ticant, wen actually in the direction opposite to that required if 

v 
both were measures of d1.fraetib11ity (Table 25). The significant 

politive correlation. between the embedded figures test and the spatiall 
.' 
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spatial tom of TESP (Table 24), and between embedded figuras and factor 1 

scores Cr • .76 i p •. 004) indicate that em.bedded figures may be more a 
,- -

mealure of spatial, hol1stic proces.ing than distract·ibil1ty 1n the 

Consistent Factor 3 group. That the correlations of incidental learning 

vith .pat.1all spatial (Table 25) and with factor 1 <.! • .28, 1. .37) were 

non-significant, however, would luggest that incidental scores may ~ a 

complex measure of bath extraneous and holistic processin$ in the 

Con.i.tent Factor 3 group. 

In summary. contrary to speculation, it was the Inconsistent group 

that conformed most cl08ely to the pattern of poor selective attention 

reported for dis.bled readers in the literature (see Ross. 1976, for a 

review). and as a result, 1t appears that condatently lov hctor 3 

funttioning is not al8ocia~ed with distractibility. 

Coordination of evidence: control proceeses. Evidence coneerning 

the use of control\proeesses vas obtained in several ways: 

1. By viaual examination and statistical analysis of serial reeall cuxves 

derived from the central learning task of the Hagen ust, the un-

related string. (nasswc) and the linguistically structures strings 

(a •• w),of the W •• ner test. 

2. From .elf-reports of rehearaal strategies used on the central learn1ng 

ta.k of the Hagen test. 

3. From anal)'.1s of reeall .tnteg1e. inferred from th. ord'u-'crf report· 

.... 
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0f the unrelJl,ted (Nasswo) and linguistically structured (aesw) 
, 

strings of the Weener 'test. 

4. By a repeated measures analysis of level of rccall across strings , 

of varying structure. 

When the seriaI recall curves obtained from the central-incidentai 
1 

tssk and the various versions of the Weener strings were analyzed. no 

significant differences were round between the groups ln reeaii at the 

different seriaI positions which suggested that both groups had used 

simi!ar rehearsal strategies. No significant differences were found in 

a 
the reported use of rehearsal strategies on the central-incidenta! task. 

and non-signif lcant differenccs werf' observed in the use of facilitative 

rees!1 stut(>gies on the unrelated strings of the vlcener test. 

, ~r 

The Consistent Factor 3 group, however, was found to have :t .:'sponded 

lAore' than the Inconsistent group to increasfng structure across the 

Weener strings, which could be viewed as indicative of a more active. 

meta-efficient use of strategie con troIs than the Inconsistent group. 

• 
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Although evidence from the analyses of the meaningful strings "fas' ambiguous, it 

seems reasonable to conclùde that the Cons r ":Jtent Factor 3 group used 

equally efficient, perhaps at limes better t control strategies than the 

Inconsistent group. Therefore. the deficient use of control processes 

could not account for the significant differences observed 1n the levei of 

recall on the unstructured strings (nasswo) where the Consistent group 

performed more poody than the Inconsistent group. This rafses the 

possibility tha t group differences lie in structural rather than conf\rol 

proaesses. 
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Coordination of évidance: seque.ntial memory. The temporal! 

temporal vèrsion ol'TESP wu designllted th\~hief mellSure for recall of 

aequanti.l order sin ce 1t 1. cOlllprised of purely temporal input and res-

ponses. Consistent Factor 3 subjects performed significantly worse, on 

th!s task than the Inconsistent subjects. Further evidenee of a relative 

temporal memory diaorder in the Consistent Factor 3 group was obtained 

from the1r signifieantly lower scores on the unrelated .trings (nâsfio) 
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of the Weener task. CentraJ learning Icores on the Hagen Central-Incidental 

task prov1dad fUTt.her. confirmatory ey1dence since, although the Consi.tent 

Factor 3 group d1d not significantly differ in leve! ot recall trom the 

l 
Inconsistant group, they did not, procesB as much incidental information and 

had little tude-off with incidentf scores. Therefore, it should have 

been expected that they would have bettered the performance of the 

Inconsistent group if nô other central task d1sorder had existed for them. 

r Central learoing. nas8WO, and temporal/ temporal a11 correlated highly W'ith 
III 

each otper in the Consistent Factor 3 group (Table 25) but were ÙDrelated 

in the, Inconsistent group (Table 24). 

Levels of conelation were highest between naS8WO and the other 

sequential tasks (Table 25). Although input was temporal for nasswo, 

reeall could he in any arder and inc1uded memory for item indicating that 

the difficulty 1n the Conststent Factor 3 group wu nO,t specifie to order 

memory &lone. Thus, conf1rmatory evidence from various sources 1ndicated 

that the Consil!ltent Factor 3 vsubjeets displayed sequential memory d1s­

orders t~t were found 1n bott aud1tory and visual modalities. 

\ 
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The x test a ignif ican t group Interrelat1onahip. !!Ong the ta.ka. 

J vers1~n interaction tha~ appear~or both TESP and Weener strings 

indicated that level of recall on 80y one fOral of these tasks may not 

be the best indicator of group differences. The similarity of Che 

interaction effect between the unatructured strings (nasswo) and the 

linguiltically struetured strings (assw) of the Weener test and chat be­
, \~ 

tween the temporal/temporal and temporal/spatial variations of the TESP 

1. of particular interest. Reeall was lower for the Consistent Factor 3 

. ... 
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group than the Inconsistent group on nasswo and temporal/temporal. bath of 

which, .though they èiiffered in many ways, demanded recall from a 

temporal-succes'sive input. The Consistent Factor 3 grou,\, was equal to, 

or better than, the 1nconsistent group on the assw and temporal/spatial, 

bath of which appeared to provide for some form of'holistic structure or 

organization (grids on the temporal/temporal and "meaning" on assw). A 

high correlation between the temporal/ temporal and nasswo tasks has already 

been noted in the Consistent Factor,) group; h1gh correlations also existed 

between the temporal/spatial and assw (Table 25). At the same time, 

neither temporal/tempor.1 and assw nor temporal/spatial a~d nasswo were 

correlated. What then did temporal/spatial and assw hav~.1n c~on that' 

-

was not also common to the temporal/spatial and nasswo, and which at the same 

time made temporal/temporal and assw eas1er for the Consistent Factor 3 

group than their counterpârts? Perhaps the lingu1stic structure of assw 

and the grid format of the temporal/spatial task allowed for some kind of 

holistic, stmultaneous, non-successive proces.ing that was more facilitative 

for the Consiatent than Inconsistent groups. lt 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 recUl on two different 
1 

task forma, that provides the best index of group dÜferences 0 

Therefore, a Weener discrepancy index (as8W - nasswo/ assw +' nasswo) 

and a TESP discrepancy indèx similarly derived °to express the difference 

betwe~n temporal/spatial and temporal/ temporal were- formed 0 These indices , , 
were used in analyses to be reported later. 

+n the Inconsistent group, none of the versions of the Weener task 

correlated with selective atf3.ention measures or with any of the TESP 
; ~ 

versions (Table 24). However, ~ho8e forms of TESP that have a spatial 

component (temporal/spatial, spatial/spatial, Spatial/temporal) aIl cor-

related with the selective attention efficiency index and ln,cidental 

learning while the temporal/ temporal and all the variations of the Weener 

strings did not (Table 24) 0 In view of thue relationships, i, i8 
". 

tentative1y suggested that successive input may have been relatively 

facH1t:ative for this group because it focused attention and thus allowed 
, 

skills in the other cognitive processes that ~ere required for task per-

formance to determine levei of functioningo Simultaneous presentation and 

response modes, on the other hand, may have been distracting because they 

p~ovided extraneous stimuli and, ther.fore, performance on those tasks 

could be determined by atCention~~lectivitY 0 

In conclusion, it appears that evidence from the various tests 
1 

indicated chat the two gt:oups displayed very different patterns of per-
/ \.. 

formance, well-i1lustrated by the striking group diff'erences in correlational 

patterns between the various TESP forms and the central-incidental task 
, 

scores (Tables 24 & 25). The Inconsistent group's responsès were compatible 
~ 
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vith è1isorders ~ttent1onal. selectivity wh~l~~ the Consistent Factor 3 

group appeared to exhibit relative disordera in sequentia1 processing 

and memory. From this perspective, it i8 now proposed to exàmine the 

" respon.es of the two groups to the measures of hemisph:ere speeialization 

and to relate these responses to the data just reported. 

Evidence Coneerning Hemisphere Speeialization ,. 

184 

Statist1cai· comparisons of d::(.eh'o,tic listening and dichh"pt1c ~timula-
, 

tion taska are reported for right-handed subjects ooly. Analyses carr:!ed 

out with both right and liftHlanded subjects combined pr~duced essenUaUy 

the same resul ts and are reported in Appendix H. Tables 1 & 2. 

Dichotie l1sten1ng test results. À 2 (groups) .x 2 (dght or 1eft ear 

scores) analysis of variance with repeated measures for ear scores was 
. 

carr1ed out for a11 right-handed ind,ividuals, as determined by the Harris 

Domj.nance Test (Harris, 195M. The non-significant overall group effect 
.~ 

suggested that the Consiatent Factor 3 and Inconsistent groups did not 

d;1ffer in total recall Ot digits from right and 1eft tars combined (Table 26). 

Table 26 

Analysb of variance for nuinber of digits recalled 

for dght and 1eft eus by Consistent Factor 3 

and Inconsi8t~ group. us1ng r1ght-handed subject,s on1y 

Source of variance df 

between groups 1 

error ---23+- -
\ 

ear effect 1 
ear x group 1 

enor 23+ 

Mean square 

1.56 

J 119.98 

1211.56 
16.17 
46.91 

F 

.01 

25.83 
.34 

.91 

< .0001 
.56 

/ 
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Level of recal1 was hig~er for the right .ar than the left, and this 

significlIIlt right ear advantage (REA) wu found for both groups (Table 26). 

\ 
Table 27 

Mean accuracy scores of recall for r1ght and left ears 

on a dichotic digits Ust~1ng task 

""" for Consistent Fact~r 3 and Inconsistent groups 

using right-handed subjects only 

Groups ;.. R1ght ear Aft ear Total 

Consistent Factor 3 58.2
a* 47.4

b 
105.6 

Inconsistent 56.7· 48.2
b 

104.9 

.. means followed by the SIme letter are not sign1ficantly different. 

;' 
In accordance rlth interpretations in the literature, these re~!11t.s 

indicated that the left hemisphere was, spec1al1zed ~or language in both 

group. of learning disabled subjects. When the number of :~-handed 

individuals displaying REA was calculated for each group, it was found 

thst 10 of 13' subjects in the Consistent 'Factor 3 group, and 12 of 13 sub­

jects in the rncond.tent, 'group had an RFA <x 211 1.l3, .p. = ,.25). 

Dichhaptlc stimulation test resulbl. A 2 (groupll) x 2 (dght or left 

band score) analys1s of variance w1th repeated measures on band scores 

was cu'ried out on right-handed subject, only (Table 88). Consistent 
• 

Factor 3 and Inconsistent groups of di8~bled l~rners did not differ in 
, , 

total number of correct detections (right and left hand scores combined), 

nor did they show differences between right and 1eft hapd scores. These 

.. 
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~resU'lts correspond to those of Witelson (:1976) who found that reading 
... 

disabled subjecta as an undifferentiated group did not differ in hand 

accuracyl" 

Table 28 

Analysis of variance for number of correct detections . 

by right and 1eft hands on the dichhaptic stimulation task 

for Consistent Factor 3 and Inconsistent groups 

using right-handed subjects only 

Source of variance df Mean square 

c, 

between groups l 2.77 

error 24 1.96 

haud l .. 08 

hand x group 1 15.08 

érror " 23 2.54 , 

~ 

F "2. 

1.41 .25 

.03 ' .86 

5.95 .02 
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The significant'group x hand interaction effect, however, suggeated 

that the two disabled groups in this investigation differed fram one 
\., . 

a«6ther in relative hand accuracy. It can be obsened that the Consis-

tent*Factor 3 group made more correct detections witb theoright hand than 

the left band, while the Inconsistent group made mOre correct detections , . ' 

with tne left hand than' the righthand (Table 29). llowever, multiple 

sean comparisone indicated chat only right ~nd scores between groups . , 

were significantly different, the Consistent Factor 3 group'making s1g-

nificantly more correct right hand detections than the Inconsistent 

group (Table 29) • 
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A single classification 8Dal~8is of variance was used to comp~re 

hand preference for aach group separately and he1pad to further ex-

plore the meaning of these 'tesults. ,lt wu found that the Consistent 

Factor 3 group displayed a right hand advantage, that is, ~ithin the' 

group right hand scores were significant1y greater than 1eft hand scores 
, 

, 1 

(Table 30), while the single classification ana1ysis for the Inconsistent 

group revealed no signfficant differences between band scores (Table 31). 

Table 29 

Mean accuracy scores for right and left bands 

on the d1ChbaPt1C' test ff 'Consistent Factor 3 

and Inconsistent groups 

using right-handed 'subjects on1y 

Groups Right hand Left hand 

Consistent 
,t:--{ 

Factor 3 5,Sa* 4. 6 ab' 

.. ' 
Inc6nsistent '\ 4.2

b 
5.2

ab 

Total 

10.4 

9.4 

* means fo110wed by the same 1ètter are not signifi~antly different. 

Table 30 
, "? 

Single classification analysis of variance 

for d1chhaptic scores for thè Consistent Factor '3 group 

using r1ght~handed SUbj,cts on1y 

Source of variance 

hand effect 

error 

? 
( 

df 

1 

12 

Mean square 

8.65 

1.82 

F 

4.75 .O~ 

, 
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Table 31 
Single classification analysie of variance 

for dichbaptic scores for the l!(con8istent group ua!ng 

right-handed subjects only 
' .. 

Source of variance df , Mean sq'uare F 

hand effect 1 6.50 2.00 

error 12 3.25 '4 
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Furthermore, when res'ults for individuals were examined within each 

of the group., it was ,found that eight of'13 individuals in the Consis-
1 • 

tent group had higher right than left hand scores, four of 13 individuals 

displayed equal hand scores and only one individual had a normal pattern 

of scores, that is, higher left than right hand scores. By contrast, 

in the Inconsistent group, seven of 13 had higher left than right band 

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 (X 2 • 7.48, l?. < .05). 

Taken in total, these results could reflect meaningful group dif-

ferences in patterns of abnormal hemisphere lateralization. If the 

Consistent Factor 3 group preferentHllly process spatial information in 

t~e left hemisphere, then according to accepted interpretations in the 

literature, they could be said to have their spatial processing later-

al1zed in the left hemisphere slong with their language processes.~ The 

IncODs1stent group, however, would be said to have incamplete or bilateral 

representation of spatial proces.~ng. 

.J 
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With reference to the three hyPothesized positions arising out 

of the hemisphere specialization literature to expIa in observed group 
~ 

differences in WISC factor functioning, it appears that data presented 

here do not support the firat explanation which suggested that di~fer-

ences in patterns of language lateralization as indicâted by the 

degree of right ear advant~ge (~) vere responsible for group differences. 
, 

The subgroups, though differing significantly on factor 3 scores, did 

not differ on ear mèasures. The second position held that the presence 

of spatial, holistic processing in the left hemisphere vould interfere 

with sequential language ptçcessing for which that hemisphere is 

normally specia~~~~iS the data are less clear. If this posi-

-'tian vere correct, it might be expected that an index of right hand 

preference or advantage (REA), derived by subtracting 1eft hand scores 

trom right hand scores, wou1d correlate negatively with measures of 

sequentia1 language procesaing 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 ~redicted (Table 32). In the Incon8i~tent 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 1iterature suggested that 

dichotomous stimulation scores from the hand ipsilateral ta the hemtsphere 

specialized for proeessing spatial input eould be viewed as indices of 

intrusions, reflecting poor attentional selectivity. These ipsilatera1 

hand intrusions presumably occur when, through baredom or fatigue, the 

subject 8witches attention, activating the other hemisphere, thus 



( 

( 

· 190 

Table 32 

Correlation of RHA vith level of right ear acore. 

for Consistent Factor 3 and Inconsistent group~ 

using right-handed 8ubjects ouly 

Group r ... 
Consistent Factor 3 -.51 F .08 

Inconsistent .20 .52 

reducing the degree of apparent hemisphere spec1alization (Kinsboume, 

1975). Since the Inconsistent group has been shown to have poor atten-

tional selectivity with incidental learning scores that were indicative 
i 

of high extraneOU8 proces8ing, it might have b~en expected that these 

.core. would correlate with thos. band ~cores which are ipsilateral to 

-
their spatial hemisphere. A bighly significant correlation wa. obtained 

within the Inconsistant group between incident.l leaminl scores and 

right band scores on the dichhAptic test (Table 33), indicating" that 

right band scores and incidental leaming may share common features of 

~ extraneous proces.ing. Thea. resultl are of interest for leveral 

reasons: (1) They give addition&! support for the-existence of poor 

attentiona! selectivity iD the Inconsietent group; (2) They sUllest 

that the Witelson Dichhaptic St~lation Test may be susceptible to 

attentional variables; (3) They could ÛBply that right-hand scores are 

iDflated, givin, the tapra •• 10n of bilateral spatial representation in 

a group that .. y actuelly have noraal heai.phare lateralization. a 

notion which could be tested by modification. of the dichhaptic test 



191 

( 

rable 33 

'Correlations of right hand and left hand 

d1chhapt1c scores with incidental leaming for 

Consistent Factor 3 and Incon.l.tent groups 

using right-handed subjects only 

Group Correlation , F 

Consistent Factor 3 right hand x incidental leaminl .07 .82 

1ef1: hand x incidental le.ming .53 .057 

Incon. 18 ten t right band x incidental leaming .77 .002 

left hand x incidental leaming -.35 .24 

procedures to eliminate or reduee attentional variables. In the present 
1 

investigation. training procedures, which were often quite prolonged, 

and test procedures .were nec ••• arily used in the same test period. In 

future, some aeparation of initial training procedures and actual teat 

procedure. would b. advisable. The uae of cuffs to prevent arm movements 

might alao be of help by reducing the training time. 

The data of Table 33 Are al.o of conliderable interest for the 

Consistent Factor 3 group. If. a. suagested by the single clasaification 

analYlia (Table 30), apatial proce •• ing i. lateralized in the left 

• 
hemi.phere, then the left band scorea rather than the right band scores 

would be designaced .. int~ion. and would be expected to correlate 

with the incidental l .. rning scores. Accordinaly, data in Table 33 for 

thia group indicate that the relationahip betw.en incidental learning 

and 1eft band acore. approached .ign1ticance, while the correlation 
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between incidental leaming and right hand scores showed a non-

significant relationship. This pattern would seam ta suppott an 

interpretation of preferential spatial process1ng in the le ft hemi-

sphere among Consistent Factor 3 subjects. That incidental leaming 

was associated with the left hand scores in the Inconsiscent group, 

but with right hand scores in the Cousistent group is certainly indica-

tive of an interaction between group membership and degree of hamisphere 

specialization. 

Left ear .core. which could aIs a be con.idered ta indicate 

intrusions did not correlate vith incidental leaming in either the 

"-
Consistent Factor 3 (E • -.26, g ... 40), or the Inconsistent group 

(~ • .24, ~ a .43). Perhaps this was so because care was taken ta 

minimize the effecta 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. 
1 

General compari.ons with ablé learners. A single classification 

analysis of variance (Appendix G, Table 3) with repeated measures on 

ear scores revealed that right-handed able leamers demonstrated an REA 

F(df l, 14) a 9.78; i<' 007), when administered the same dic'hotic listen-

ing under the .ame conditions a8 the disabled leamer groups ,(Table 34). 

A. vith the Inconsistant group, mean 1eft band scores vere higher 

than mean rilht hand scores. A single cla.sification ana1ysis of 

variance with repeated measures on band .cores (Appendix G, Table 4) in-

dicated that the.e hand score differencel were significant, .!(df l, 14). 
<: 

4.51, R. •• 05. Incidental learning score. vere unrelated to either 

right band .cores <.!. 0.04, .p ,. .90), or left band scores (r.. .15, .f • . 60) . 
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Table 34 

·'Mean accuracy scores on tests of haispheric specialization 

for the Able Leamer group • 
.. 

right-handed lubjects only; N-12 

Tests 

Dichotic Listening Dichhaptic Stimulation 

d,ht ear left ear riaht hand left hand 

mean ad mean ad mean ad mean sd 

64.7 4.98 59.9 6.3 5.3 1.50 6.4 ' 1.50 

Higher right than left hand acores were found in 67% of the individuals. 

20% had higher rigbt than left band scores, while 13% had equal hand 

scores. In general, then. thia. sample of able 1eamera presented a 

pattern of perform&nÉ! similar to that of Witelson's (1977) control 

group of able leamers of the s4Œe age, i.e. they had a pattern of no~l 

hemisphere .pecial1zation. 

Summary and implications of dichotie and dichhapfic test results. 
.. 

In reviéw, it must appear that. while the dichotic listening test suggested , 
language processes were appropriately latera1ized in the left hemispbere 

in both group., the dichhaptic test yielded somewhat inconelusive evidence 

coneeming group differences in hemisphere spec1a1ization for .patiai 

procasaing. That there are group differences in the level of right hand 
o 

acorea on the dichhaptie test is elear. but the within group differences 

between left and right band scores 1. uneertsin. However, lingle clasli-

1 

/ 
J 

fication analyaes for e8ch group .eparately. and the interactions 
( 
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between the band scores and incidental leaming suggested that to 

conceptualize_both group. as having bilateral spatial representation 

co~d be an oversimplification and, therefore, misleading. Some evi-

dence hal been presented to luggest that the Conlistent Factor 3 group 
~ 

may have left hemi.phere lateralization of spatial processes while the 

Inconsistent group may have nonnai hemisphere patterns. If subsequent 

investigations with larger numbers of subjects could strengthen or 

clarify these interpretations, then it might be paisible ta address the 

questions of those who, like Rourke (1978), have asked how disabled 

leamers could have a lack of hemisphere .pecialization for spatial 

functioning but enhanced spatial processes. If the Consistent Factor 3 

group with high factor 1 SCQres cao be demonstrated ta have lateralized, 

spatial processing, albeit in the left hemisphere, then strong spatial 

functioning would not be improbable. Further, if it could be confirmed 

that the right hand score. of the Inconsistent group are inflated, and 
\ 

that their hemisphere patterns are, in fact, like those of the normal 

male ~opulation, then disabled male readers, bath Consistent and Inconsi.- • 

tent, and normal female readers would be shawn ~o have three different 

pattern. of hem1.phere .pecialization,_ and it would not be nece8sary to 

assume contradlctory explanations for the etfects of bilateral represen­

tation of .p.ti~l proces.es on reading sbility in male and f~le 

population •• 
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Relation.hips Between Dichotomous Stimulation Task Scores and 

Other Differentia~1ng Variables 

In th!s section, the scores on the dichotomous stimulation taska 

will be related ta mealures that differentiated the groups. The purpose 

is ta see if,the lnterpreted hemisphere specialization patterns can con-

tribute to an understanding of the group differences that were observed 

and reported earlier, and also to see if performance on the other taaks 

provides support for the a88umptions behind the laterality indices and 

the interpreted hem1sphere patterns. An index fram each of the dichotomous 

tests has been derived ta represent the degree of hemisphere specializa-

tian that each i9 presumed ta measure. For the dichotic test, this is 

REA (right eàr,scores-Ieft ear,scores/right ear scores +left ear scores). 

For the dichhaptic test, thia i8 RRA (right hand scores-1eft hand' scores/ 

right hand scores + left band scores), an index of degree of bilateral or 

abnormal hemisphere lateralization of spatial procesaes. In addition, 

right ear (RE),left ear (LE), right hand (RH and left band (LH) re1ation-

.hips will be studied independently of the suggested hemisphere patterns. 

Right handed subjects only will be u&ed for these particular analyses. 

Corr.lation. for the combined groups appear in Table 35 and indicate 

relat10nships between band scores and the Weener Strings, between ear 

.core. and TES? and between ear scores and selective attention. 

Dicbhaptic scores and Weener strings. There was a significant, 

po.itive correlation batween RRA and Weener discrepancy scores with a 
• 

trend for a similar relat10nship with the TESP discrepancy index (Table 

35). Thus, it appeara that there was an association between degree of 
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Table 35 

Relationship of dichotOMOus stt.lliation test scores and laterality indices 

of differentiating variables in Consistent Factor 3 and Inconsistent groups 

using right-hanqed subjects only. N=26 

..... ,p/ 

Weener Strings TESP Selective Attention 
discrep. discrep. temporal! temporall index incidental central index assv nassvo 

index spatial teaporal (XC - XI) leaming leaming 
•• •• .33

t lUIA .47 -, .48 -.05 -.21 .10 -.05 .08 '.00 • • • RH • 45 .58 .11 .17 -.01 .19 .01 .14 .18 
LB _.3S t -.25 .18 -.32 .25 -.04 .03 .03 -.02 

_.36 t • REA .14 -.22 .39 -.30 -.19 -.03 -.15 -.26 

• • • RE -.02 . 06 -.06 .03 .18 .21 .39 -.12 .59 

• LE -. OS'" .22 .25 -.31 .31 .24 .23 .01 .45 
u~ "._ 

"-- \..,..,.~ 

•• .e. < .01 

• .P. < .05 

t .e. < .10 

..... 
<9. 
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abnormal right hemisphere specialization and enhancement of recall 

of sequentially presented stimuli when holistic structure was provided. 

Further, it could be observed that RRA and right hand scores were 

positively correlated with recall on the meaningful strings (assw), 

but not on the unstructured, meaningless strings (nas8Wo). The sig-

nificant RHA-assw relationshlp -1s depicted in Figure 10 where it can 

be seen that, although there i8 a continuum in the relationship across 

the groups, there is also a clear demarcation of the two groups, the 

levels of RRA and reeall on asSw both being h1gher in the Consistent 

_" y$:.tor 3 group. , 
,,~--

The correlation of right hand scores 'and meaningful sequences 

(assw) seems to suggest that the detection of spatial shapes and verbal 

meaning May be facllitated by a cOlIIJ!on process. Zaidel' s (1980) work 

with split-bratn'and half-brain subjects would support this association. 

He demonstrated that although each hemisphere proeesses bath verbal 

and spatial material, each has a characterlstic style of doing so. The 

style of the left hemisphere is analytical, sequential and logieal; the 

style of the right holistic, simultaneous~and intuitive. Phonemic seg-

mentation and syntactical aspects of language were, therefore, found to 

be handled 1n the left hemisphere, but the proce8sing of lingu1stic 

meaning was shown to. be accompl1shed in the right hem1sphere. AlI thia 

seems to indicate that reeall of meaningful verbal sequences, such as ...... ' 

aBSW, though primarl1y sequential and verbal, would opttmally require 

the use of holistic, stœultaneous, right hemisphere processes as would 

detection and recall of the haptic shape.. One would therefore expect 

an a •• ociation between hand acores contralateral to the spatial 
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right band advantage (RHA) and :-ecall of' words t'rom 

meanlngfu1 strings (ASSW), for Consistent Factor 3 

and Inconsistant groups. 
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.. 
hemisphere and assw, Yet, in this study, it wa, the right hand scores, 

that is the scores ipsilateral rather than contraiaterai to-th. right 

hem1sphere, that were aS8oeiated,with th~ sequences. Therefore, two 

possible interpretation~ might be acknowledged',' 

1. Right hand scores and meaningful sequences were associated 

beeause abnormal b!lateral representation of holistie, 
, 

simultaneou8 funct10ns allowed the proee8sing of bdth 

shapes and meaning to oceur in the 1eft h~isphere. "\...-

2. Right band scores and meaningful 8equence~ were aS80eiated 

beeause both were processed 1n the 1eft hemisphere in the , 

analyt1cal, sequential style chat 1s characterist{c of 

that hemisphere. It haB been suggested (cf. Miller, 1972) 
) 

~ -that spatial proeessing in the left hemiaphere eould be the 

result of the use~of an analytical Btyle and/or of verbal 

mediation on spatial taska. 
" 

," The first interpretation would be in aèeord with the analyses 

indi~ating that the Consistent Factor 3 group hid at least bilateral, 

and pos8ible preferential, left hemisphere proeesaing of holistic, 

spatial stimuli. lt would alao appear to support the existence of bi-
;-. 

lateral spatial representation in the Inconsistent group. However, this 

'. 
interpretation i8 somewhat in conflict with other evidence indicating 

that right hand scores in t~e Inconaistent group were highly\~ssociate~ 
// 

with incidental leaming scores and could denote poor attentional ~ 

select1vity rather than bilateral, spatial representation. If the 
c 

Inconsistent sroup procesaed right han!i shapes as intrusions in the 

atyle of the left hemisphere, while the Consistent group processed them 

holtstically in the style of the right hemiaphere, then this should be 

. • 
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apparent in group differences in the patterns of relationships between 

- right hand scores and the four versions of the Weener strings. Since 

it i5 likely'that aIl versions of the strings could require some sequen-

'. Ual l'.t'ocessing, tt would be expected that right hand scores. if pr'l­

ct!ssed 10 a sequential, analyttcal style, would cor,relate with' all the 

v-ersions, bu,~ parttcularly wlth those which have no nieaningful structure 

such as nasswo, the unstructured strings, and nassw, the strings with 
g). 

syntax ooly. Alternately, if right hand scores reflectospatial, 

holis~ic processing~ then it might be expected that they would correlate 

most strongly with those strings that had meantngful structure only, 
• 

that "ls with asswo, the ~trings w:Lth associations but no 6yn~ax. They 
, .f 

might aiso be expected to be associated with assw, the strings with 

associations and syntax, but not with the non7Meaningful strings, nassw 

and nassliO. , 

When hand score relationships with aIl versions of the Weener 
r 

strings were examined for each group separatély, lt was found that the 

oUlY,8ign ~cant relationship in the Consistent Factor 3 group was be-

twe and asswo (Table 36), a finding which coneurs 

that ~ in this group, right hand scores were 

holistically in c~on with meaning. "Addit1onal evidence ta 

suggest ~hat spatial"holistic pro cesses were used by the Consistent 

Factor 3 subjects ls foond ln the significant correlation betwéen right 

hand scores and the spat ~al factor J façtor 1 (E. = • S4;' .1:=.05). In the 

Inconsistent group, however, right hand scores correlateà signiticantly 

vith al1 versions of tne Weener strings and did Rot correlate with the . 
spatial factor <.!,.. .08; R. = .80). Sinc:e, as previously meutioned, a11 

________ ~_~ ... __ _ __ _ __ _ ........... Jo... 
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four variations of the Weener strings could be said to requir~ some 

processing in the sequential styl~ 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 ta the Consistents on the meaningless, 

unstructured strings (nasswo), could weIl have used an analytical, 

8equentia~ 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 dis~ractibility could be defined as the inappropriate, 

analytical processing of extraneous, holistic input, a notion supported 

by,the negative association between indices of selective a1ttention and J 

J ~ '" 
-the spatial, but not temporal, forma of TESP (Table 24). 

Thua, circumstantial evidence and single classification analyses 

appear to support differing interpretations for hand scores in the 

• 
Consistent and Incons1stent groups. Clearly; the ful>'meaning of right 

" '7 
hand scores, and presumed r1ght hemisphere patterns ln each group, awaits 

future 1nsights. lt 1a suggested t~at one way to gain su ch insights 

would be to monitor process1ng styles and strategies on non-verbal 
• 

spatial tasks, a proc~aure not attempted 1n this study. 
\ 

The spatial/ 

spatial form of TESP co~d be madified for this purpose. It would be 

~~ 
particularly informative to study individual and group differences in 

palpation styles on the Dichhapt1c Test. Until further studies have clari-

fied the meaning of r\ght hand scores, the interpretation of hemisphere 

.... 
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patterns in disabled readers will remal~ somewhat speculative. 

Table 36 

R.elationships between hand scores and Weener string variations 

in Consistent Factor 3 and Inconsistent groups 

using èJt-hf'ded BubJecta on1y 

Consistent Factor 3 

RH 
J 

LH 

Inconsistent 

RH 

LH 

** ~ < .Olj !If ~ < .05 

Weener Strings 

assw asswo nassw 

* .42 .57 .21 

.17 .02 .17 

* * ** .60 .63 .67 

-.39 -.31 -.25 

nasswo 

.45 

- .21 

* .54 

.09 

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 sequent1al stimuli 

Wl!n! presented success1vely (Table 25). This puzzling re-lationship was 

further explored by breaking down the REA into r1ght and le ft 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 

_.1_ ~ ___ _ 

.... 
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significant relationship betwe~n 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 ta interpret these divergent 

results 1n terms of hemisphere specializat10n patterns. However, the 

high variabil1ty of l~ft ear sc7 (3d = 13.6) in the Consistent 

Factor 3 group suggested heteroganeity within the group insofar as the 

processing of left ear signaIs is conce~ed. Variability in'left ear 

scores also has been reported by others in both the learning disabled 

population (HY11d. Obrzut, Weed & Hynd, 1979: Obrzut, 1979), and in 

young children (Hiscock & Kinsbourne, 1980). Hynd et al. (1979) and 

Obrzut (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 

20J 

here for the Consistent Factor 3 group, however, would not support this 

hypothesis Binee, 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. 

Hiseock and Kinsbourne (1980), ,following Bryden and Allard (1976), 

have used a processing capacity exp1anation to j.nterpret the meaning of 

left ear scores. They contend tha~ sinee right ear scores are usually 

reported first, Ieft ear scores could reflect individual liœitations in 

sequential processing and storage eapacity. Data appearing in Table 37 

\would seem to support this Interpretation for the Consistent Factor 3 

group sinee significant and positive correlations between leve1s of 

left ear performance and leve1s of performance on otheT sequential 

~. _____ ~ ____ ~~~.~_ ..110.....-- _______ _ 
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Table 37 

Relationships of right and 1eft ear scores to other variables 

for Consistent Factor 3 and Incon.ratent groups 

us1ng right-handed subjects only 

Consistent Factor 3 

right ear 

left ear 

Incons 18 ten t 

right ear 

1eft ear 

** a< .01 

* a<·05 

t 
E.<.10 

TESP 
index 

-.33 

* -.55 

.22 

.09 

spatiall 
temporal 

.08 

.35 

.54 t 

.06 

temporal/ 
temporal 

.19 

** .65 

.30 

-.03 

central 
leaming 

* .62 

** .68 

.53t 

.15 

nasswo 

.49 

* .57 

_.54 t 

-.28 

204 

memory taaks (nasswo and central learn~ng) a1so occurred for this group • 
. 

No auch left ear relationahips were observed for the Inconsistent group, 
t 

for whom right ear performance appeared more closely associated ~ith 

leveis of sequential processing. Further. when order of report was 

tabulated for e8ch ear for each group, remarkably simi1ar response modes 

were noted. Rlght esr signaIs were reported first on 61.5% of the 

trials ~n the Conststent Factor 3 group. and 1n 62.8% of the trials ln 

the Inconsistent group. Therefore, differences in re.ponse order itself 

... 
1 , 



/ 

( 

205 

could not account for the differences in the patterns of car score 

relationshlpso 

Able learnerti in thi g study displayed rdativc1y high left ear 

scores (Table 34) and a high overall dichotic re~all (89%). Correla-

tion betwei'n left and right t'ar SCOH'S was posi tive (E;:O .56, E =:: .03) 

which, in accordauce wiJh a protf'ssing capacity interpretation, sugg!:'st<, 

the Able Learners had an ability tü hand1e information via both ear cha! ,·1,>, 

the higher thp left ear score& the higher the capatity. Theae relati, 

ships taken in contert for the Able Learner and Consistent Factor 3 

groups would be suppürt ive' of El sC'1uential rrocessing capacHy hypo hes ts, 
At 

and would appear to augment Evidence of a dim1ni&hed sequential pror.;c,,'j-

lng cdpacity in tJ.\? Consi&tent }'actor 3 group. 

meaning of the selective ?ttention index in the Consistent Factor 3 groH,' 

became somt'IJhat c1earer when hand and ear score relationships were 

examined for each group separately, and intcrpreted in the light of the 

.-------
~~ foregoing results. Gjven the high correlations between central learning 

and Jeft ear scores (Table 38), the selectiv~ attention index appeared 

to be largply a measure of sequential processing capacity. For th~ 

Inconsibtent group. il ap,leared to reflect selectivlty. that i8. thè 

processing of extraneous hollstic stimuli when a sequential memory task 

iS central. If one wished to determine the relative roles that sequent; il 

processing capacity and distractibility play in the performance of the 

central learning task. one would need a baseline measure of c~ntral task 

performance, perhaps using stimulus cards with the central s,timuli only, 

prior to introd.ucing the experimental condition with both central an.l 

.... 

1 
1 



- - - ----- -....... .....---...... ........-----~ ........ --, .. 

206 

inc.idental stimuli. 

SU1IIIIIoIry and implications. Theae somewbat complex resulta 

indic. te that quite different proe ••• e. 1n each of the groups may be 

determining level of scores on soma of the dichotomous stimulation 

measures, thus affecting the apparent degree of hemisphere lateraliza-

tion 1n e4ch of the two groups. Possible differences in the meaning 

of left ear scores suggests that REA should not be used to indicate 

degtee of language lateralizatien sinee diminished .equential memory 

eapaeity and differing responae strategies eould artif1cially inflate 

or dimin1sh the degree of REA. Questions have a1so been raised in 

this study about the use of RRA to designste degrees of abnormal right 

hemisphere lateralization sinee right hand scores were found to he 

strongly related to intrusion measures and to selective attention in 

the lnconsistent group, and so equal hand scores could reflect atten­

tional disorders rather than btlateral spatial r'tresentation. In this 

regard, the weight of evidence in the present investigation would 

suggest that the performance of the lnconsistent group 18 better under-

stood if no assumptions of bilateral spatial representation are made, 

Bryden and Allard (1976) have offered the opinion that inconsis-

tencies 1n response strategy would probably not affect the usefulness 

of the Dichotlc Listening Test as a means for determining whet~er or 

not lateralization has oec.urred, However, the Witelson Dichhaptlc 

Test ls a relatively new researeh tool, and 80 lt i5 not clear if Its 

possible suseeptibility to distraction effects would compromise its 

val1dity for determining if lateralization of hol1etie, spatial processing 

bas taken place. Kowever, if the assumption of validity can be accepted 

~ ______ ~. _____ a.. ____ _ 
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for the Consiltent Factor 3 group, with the possible ~attentlonal 

limitations being kept in mind for the: Inconsistent group. 1t might 

be of value to se:arch for a mode! that could explain the origin, 

nature and consequences of the inferred patterns and conconnittant , 

behavioure in the two groups. 

A theoretlcal model. The very term "hemisphere specialization" 

encourages acceptance of the notion that language i8 exclusively 

controlled in the left hemisphere and spatial input i5 processed via 

the right hemisphere. Yet, as an adequate explanation of the relation-

ship between hemisphere function and learnlng disabillty, 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 Zaide! (1980) who has indicated that knowledge of the 

general proc.lsing styles of the two hemispheres i5 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. 

the.refore. presumably processes most successfully that input which i5 

8llIenable to this mode of processing, whether that input be verbal or 
1 

non-verbal, whether it be haptic, visual or auditory. The right hemisphere 

processes input in a holistic t intuitive and simultaneous way, and i8 

most facilitative for stimuli that is amenable to this particular style. 

The results from the present investigation appear ta fit quite com-

fortably into such a framework. They indicated that abnormal right 

hem1sphere specialization. as demonstrated by equal hand scores or 

po'.ibly an lUiA, was accompanied by relatively strong hol1stic functioning, 
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Table 38 

Relationships of ear and hand scores to the Selective Attention Index and Central-Incidenta1 Scores 

lUI 

'LB 

RE 

LE 

** .e. < .01 

* ~< .05 

t .E < .10 

~ ,. 

Ft ~ ... --...... ---

.. 

for Consistent Factor 3 and Inconsistent groups 

using right-handed subjects only 

Consistent Factor 3 

selective central incidental selective 
attention learning learning attention 

.07 .10 .01 _.49 t 

-.17 .31 .54
t .20 

.j2 
.. 

.62 .18 .43 

* ** .62 .68 -.26 .11 

, ~_. 

Inconsistent 

central incident.! 
learning learning 

... 
.09 .77 

-.17 -.35 

.53 t .43 

.15 .11 

.. 

-

1 

& 

1 
, J '-
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but poor sequential funct:ion!ng over a wide variety of input. These 

findingl, in turn, raised questions about whether there might be a 

reciprocal relationship between the two proeesaing styles or functions, 

l!specially when 1t appeared that hol1aUe processes could be seen as 

operating within the leit as well as the r1ght hemisphere. 

Harris (1978), drawing from the c1inical observations of Levy 

(1969) and Milnn (1969), has explicated a mode1 which assumes incom-

patability of the two types of coding operations within the same cerebral 

locus. He hypothesized that individusl, genetic blueprints may predispose ~ 

the deve10pment of sequential, analytical procesaes for one hemisphere 

and holistic, simultaneous processes for the other, with control of 

organ1zation being possible, not only for the des ignated hemisphere, 

but for the second as well. A1though Harris was 1argely concerned wi th 

1eft hemisphere processes (which he designated as verbal) gaining con-

trol of the right, and with the consequent diminution of spatial function, 

for tqe purposes of this investigation it is of interest te specu1ate 
jo 

about what could occur if holistic processes gained control of both 

hemispheres. Under the given genetie b1ueprint, the designated hemi-

sphere wou1d beeome special1Zed for holistic, simultaneou$ functions, and, 

in addition. the other hemisphere would a1so become cominitted to these 

processes and then be inappropriately designed for analytical, sequential 

funct1ons. 

With reference to the diverse performances of the two groups, 

could it then be nid that t in view of the evidence of preferential left 

hemisphere processing of spatial stimuli and high left hand detect1ons, 

spatial t holistic processes have gained control of both hemisphexes in 
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the Consistent Factor 3 group, and so these subjects are locked into 

a holistie. simultaneous style of processing for aIl sttmuli? If this 

were so, the individual would be limited to a "right hem1sphere style" 

_of funetioning. Therefore, language processing would be expected to 

rely heavl1y on the use of meanlng and contextual eues and sequential 

function might bE expected to be deficlent. 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 

hemlsphere would be done ln an analytical style, perhaps resultlng in 

somewhat diminished spatial competence. The evidence that the Consistent 

Factor 3 subjects dlsplayed enhanced performance over the Inconslstents 

on linguistic strings that contained meaning and holistic structure, but 

dimlnished performance on.meanlngless strings ls consonant with this 

interpretation. The pattern of scores on TESP could also be comprehended 

from this perspective. The suggestion that distractibllity in the 

Inconsistent group is the resule of inappropriate or deficlent spatial, 

hollstic processfng 18 also compatible wlth this model aince it would 

suggest that spatial processing in the left hemisphere would be done in 

a sequential, analytical manner, interfering with other sequenti41, 

analytical processing. 

Within this model it might also be predicted that the sequential 

disability would vary in relation to the amount of relative control 

aesumed by the spatial, holLs;ic processes in the left hemisphere. lt 

was earlier noted that in the Consistent Factor 3 groqp the correlations 

( 
between RRA and right ear scores were in the predicted direction if this 

were 80 (Table 32), although the strength of the relationship was not 

statietically significant. No significant, 
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between RHA (or right band scores) and otheT musures of verbal, 

sequentia1 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 insensitivity of the RRA index to degrees of specialization, 

it appears that there is little support in the present data for the 

existence of such a simple, direct relationship. 

Yet, before sueh an hypothesis could be eliminated, more adequate 

t~sts are needed using purer measures of the holistic and sequential 

procesees. A case in point i8 the temporal/temporal form of TESP. lt 

was designed as a measure of purely t~oral input and response and so 
'y , . 

might have been expected to correlate negativ,ely wi th right hand -sc'k0res 

in the Consistent Factor 3 group. lnstead, there was a signifieant 

positive correlation bêtween the two measures (Table 39). lt appears 

that the ability to attach ~aning to the mean~less symbols might 

have been the essential process that affected relative level of response 

within the Consistent Factor 3 group rather than level of sequential 

processing ability. Modifications of the temporal/temporal symbols, or 

, prior rehearsal of meaningful label~ could perhaps illuminate the role 

meaningful, right hemisphere processes play in such tasks. In any case, 

it would appear that further tests of this model would reqbire the use 

of tests twith known left or right hemisphere properties. S'tudies with 

half-brain and spli,t-brain subj ecte (cf. Z'aidel, 1980) provide some 

insights concerning such "hemispherically pure" measures • 
• 

( 
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Table 39 

Correlations of RUA-and right hand scores vith sequent!al tasks 

for the. Consistent Factor 3 group using right-handed subjectB on1y 

central teaporal/ temporal/ 

""~'''!''''~~ 

~~ i 

1 
1 , 

1 
1 
1 
l 

Variable learning nasswo nassw asswo assw temporal spatial right ear left ear 

RIlA -.27 :; .02 .18 .10 .23 .11 .33 _.51 t -.26 

* * RH .10 .45 .21 .51 .41 .58 .38 -.03 .43 

* .2. < .05 
t R: < .'10 

.é 

./ 

• ~ 
~ 

1\) 

. ~----------- .- ... _------
, .. _~ -..& Md =_ ~ 
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Test Scores and Academie Compet~ce in Reading' and Spel1.ing 

Measures of dichotomous stimulation. Sinee it appears that quite 

different ~ognitive proces.es could be related to level of perlonance 

on the sSIle dichotomous stimulation variables in each of the' two groups. 

it ia most instructive to examine the relationships between the dicho-

tamous teét scores and the aeademie variables for elich of the groups 

independently (Table 40). In the Consistent Factor 3 group, right ear 

scores correlated significantly witQ a11 reading mea~ures, while left 

ear scores correlat éd with spelling and with a11 of the reading measures 

except speed. These relationships appear to reflect the' role that good 

sequential processing plays in ~eading and spel1ing competence and, once 

again, demonstrate that left ear performance may be a sensitive index 

of sequential procelJsmg capacity. Right hand scores showed a trend 

re1ationship with word recognitiop. and' wer~ significantly associated 
1 

with spelling aChievement, suggesting that holistic, spatial processes 

may be important factors in the academic performance of this group, 

although, surely; both ward recognition and spelling must depend pr,imarily 

on good sequential, analytical skills. It is proposed that t~e more 

than 4-year retardatian of the Consistent Factor" 3 group may be explained, 

in part, by a dependenc,e on spatial processing. 

In the Inconsistent group, none of the ear or hand measures were 

rEüated to level of performance on any of the academie measures. Thus , 

although the' two groups did not differ in level of competence on any of 

the academie skills measured in this study, very diff,erent factors were 

associated with their faUure to achieve. 

, 
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Table 40 

Correlations between dichotomous stimulation measures 

• 
and reading and spe11ing variables for Consistent Fâctor 3 

t 

and Inconsistent groups 

using right-handed subjects only 

Reading Measures 

Word 
Accuracy Speed Recognition Spelling 

Consistent Factor 

rigllt ear 

left ear 

right hand 

left hand 

Inconsistent 

right ear 

1eft ear 

right hand 

left hand 

** .2. < .01 

Ir .2. < .05 

t .2. < .10 

3 

"'''' .69 

'" .57 

• 23 

.40 

- --" 

.38' 

.39 

-.07 

-.14 

.l'. 
,1 • 

'Ir if 
.63 .62 .39 

'lé, 

'" .41 .60 .66 

t 11 
.08 .47 . .58 

" .26 .12 .37 

.13 -.06 .16 

-.21 -.10 -.02 

-.13 -.06 -.02 

.19 -.07 -.05 
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Measures of selective attention and spatial-sequential processes. 

Theindex of selective attention, and central learoing score, a component 

of that index, were positively correlated with reading accuracy in the 

Inconsistent group (Table 41}. ThJs is in accordance with the earlier 

finding that this subgroup, unlike the Consistent Factor 3 subgroup, 

exhibited a~attern of performance that could be said to indicate poor 

attentional select1vity. Correlations between reading accuracy and assw, 

the maanin~ful strfngs, may reflect the relative difficulties the Incon-

Bistent 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 

positively 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, levei of academic 

competence in these areas was also related negatively to the discrepancy 

scores derived to express the relative advantage of holistic structure 

'on the Weener strings and TESP. The relationship between the TESP dis-

crepancy scores and spelling achiev~ent i8 of particular interest, 

suggesting again that that the preference for,holistic structure i8 

disadvantageous to spelling competence. 'These relationships would 

appear to be 1n accôrd with the interpretations from the model based on 

• the hypotheses of Zaidei (1980) and Harris (1978), suggesting that the 

Consistent Factor 3 group i8 heav1ly dependant on, 
, 

if not actually locked 

into, the use of holistic, spatial processing . 
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Table 41 
; 

Correlation~l between measures of selective attention and sequential 

processes' and academic variables for Consistent Factor 3 

and Inconsistent subgroups. uslng right-handed subjects only 

Consistent Factor 3 

Reading 

accurscy 

speed 

word recognition 

Spelling, 

Inconsistent group 

Reading 

accuracy 

speed 

word recognition 

Spelling 

cl) 

~~ te 
~ : 
Ot-l 

.53 

.... 
Ils 
4..I1lO 

~!; 
~~ e 

U III 
Q QI 

..-1 .... 

QI Q 

~~ 
4..14..1 
U r:: 
QI QI 

roi 4..1 
QI 4..1 
li) 1\1 

"CI 
QI œ 

"CI QI 
"CI H 
QI ;:i 

,.QOO 

m:: 

-.48 

.51 -.59 

.50 

1 Only those correlations of p<.lO are included. 

t • > > b". .. 

:. 
!II 

:! 

.51 

~ ...... 

> 
L 

~ 
III 
III 
1\1 

~ 
III 
Id 
r:: 

~ en 

= Q 

'. 

P­
III 
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-.48 

-.49 
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QI 
4..1 
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œ 
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III 
QI 
4..1, 

QI 
~ 
QI 
4..1 

.53 

P­
k QI 
U H 
Q U 
.. (II 
U..-I 
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-.49 
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These results not only indicate that the two subgroups differed as 

to variables assoclated with reading and spell1ng achievement, but also 

reaffirm the view that reading la a complex task and fai1ure to atta1n 

competence ia unllkely to be related to a single variable in the leaming 

disabled population. These results point to the need to explore in greater 
. , 

detail the nature of the subgroup differences in readlng and spelling 

performance. Analysis and classification of error types according to 

Boder's (1973) scheme might be a promising way to initiate such research. 

lt will be recalled that she found three types of poor readers: 1) dys-

phonetic, in which performance was characterized by diff~culties in 
1 

phonetic analysis and synthesis of words; 2) dyseidetic, in which per-

formance reflected deficiencies in the perception of letters and words 

as visual wholes, and; 3) alexie, whieh reflects both types of 

disabilities. Zaidel (1980) has presented evidence to auggest that the 

deficiencies of the dysphonetic subtype correspond to those exhibited 
~ 

by subjects with 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 confo~ to the dysphonetic type. The 

Inconsistent group, because of its observed cross-dimensional Integration 

dlfficultles and relativ~ defic1encies in hOlist1~spatial functioning 

might be said to reflect problems associated with,bilateral parietal 

abnormalit1es (Gaddes, 1980j'Geachwind, 1965). Therefore, they would 

be predicted to conform to the dyseidetic type (ZaideI, 198~ . 

1 

• 
1 
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Summation of Results: Study No. 2 

In addition to indicating that there were group differences in levels 

of functioning on measures of selective attention, sequ~ntial recaii and 

hemisphere specialization, this study has provided 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 competency 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 (RRA) and 

diminution af sequential left-hemisphere functioning, the relationships , 
between the indices derived to express holistic versus sequential proeesses, 

(Weener and TESP indices) and the ~ndex of abnormal hemisphere specialization 

(RRA) imply that different patterns of hemisphere functioning in the two 

groups couid subserve the.observed differences in cognitive function1ng. 

That the Academie méasures were related to measures of hemisphere 

functioning and sequential processing in the Consistent 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 seén if these characteristic group differences are also related 

to the WISC/W1SC-R factor score patterns that originally identified the 

two groups. 

'. 
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CHAPTER IV 

RELATIONSHIPS BETIlEEN IDENTIFYING WISC-R VARIABLES AND MEASURES 

THAT DIFFERENTIATED THE GROUPS 

In this chapter the group differences in selective attention, 

sequential processing 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 diagnosing subtypes. 
1 

It will be reca1.1ed that the two groups were originally differ-

entiated on the basls of lowest factor scores over three WISC-R 

assessments. The Consistent Factor 3 group was sa named because its 

lowest factor score was always factor 3, while the Inconsistent group 

was found to have varying lowest factor scores. Slnce the two groups 

differed significantly as to level of factor 3, and the Consistent 

Factor 3 group was always lowest on that factor, it was predicted that 

they would exhibit disorders in an ares related to factor 3 functioning. 

Yet, although the weight of evidence has po1nted to the existence of a 

sequential processing disorder in the Consistent Factor 3 group, 

surprising1y. none of the presumed measures of sequential processing 

correlated with lever of factor 3 functio'ning (Table 42). Moreover, , 

none of the other dependent measures wh1ch discrimlnated the groups 

was associated with factor 3 scores (Table 42). On the other hand, 

factor 1 scores correlated with right hand scores, RRA, 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 

COiabined 

Factot 3 

Factor 1 

Factors 1-3 discrepancy 

Consistent Factor 3 

Factor 3 

Factor 1 

Factors 1-] discrepancy 

Inconsistent 

Factor 3 

Factor 1 

Factors 1-3 dlscre~ancy 

** * 

right 
hand 

.06 

.50** 

.42* 

.23 

.51* 

.49 t 

.32 

.13 

-.07 

t 
.E < .01; .E < .05; ~ < .10 

combined and independent1y 

incidental 
1earnlng nasswo assw 

.32 

-.36 t 

-.46* 

.63** 

.21 

-.11 

-.04 

-.41 

-.36 

.26 

-.32 

.40* 

.16 

.02 

-.06 

.01 

-.16 

-.16 

.06 

.23 

.18 

.18 

.16 

.08 

.25 

-.05 

-.20 

temporall 
temporal 

.29 

-.13 

-.25 

.17 

.05 

-.05 

.11 

.28 

.20 

> .~_. 

selective Weener 
attention discrp. 

-.11 

.39* 

.40* 

-.25 

-.17 

-.05 

.25 

.55* 

.37 

-.20 

.57** 

.60** 

.01 

.33 

.40 

.35 

.06 

-.15 

-J'ESP 
discrp. 

-.21 

.47** 

-.51** 

-.23 

-.21 

-.11 

.07 

-.05 

-.09 

. -

fit 

RRA 

-.09 
.45** 

-.37* 

.10 

.53** 

.58* 

-.45 

-.11 

.17 

N 
l'V 
0 
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correlated slgnificantly with nas8WO and incidental learning. These 

provocativè findings generated questions as to which of the test 

measures, alone or together, best forecast the groups into which the 

s~bjects had been ass1gned. 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 d1scriminatory power and each subsequent one 

being selected on the basis of the additionsl 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, a'n the single, subtest measures (14) were offered 

for selection. As it can be seen, nasswo, assw, central learning and 

temporal/temporal were successively selected and added to the equation 

and, sinee these variables were those presumed to measure sequential 

processes, this discriminant analysis largely confirmed previous 

findings using analyete of variance technique$. It should be noted 

that aIl the subjects originally aS8igned to the Consistent Factor 3 

group were correctly classified and Il out of 15 of the Inconsistent 

group were correctly placed, for a total of 86.7% correct. 

The second analysis included indices derived fram test and subtest 

scores to repre~ent accepted interpretat10ns of what the various ,l': .., 
instruments were presumed to measure: REA (right ear - left ear scores; 

.... 
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Sets of Measures 

1. AlI test measures 
RE, Le. Rh. Lh, 
central learning, 
incidental learning. 
assw. asswo, nassw. 
nasswo, sp/sP. sp/te. 
te/sp, te/te. 

II. Differential Scores 
Selective attention, 
REA" LUA. Weener 
Discrepancy, TE~P 
discrepancy 

III. Factor Discrepancy 
index, and aIl 
measures in 1. 

IV. Factor Discrepancy 
index and aIl 
indices in II. 

• 1 

TABLE 43 

Suœmary table of discrtminant analyses 

for Consistent Factor 3 and Inconsistent groups 

Variables selected Correct Class~fications by group 

Steps 

1. nasswo 

2. assw 

3. \ central 
~earning 

4. t!!e/te 

Steps 

1. Weener Dise. 

2. TESP dise. 

3. Selective 
attention 

Steps 

1. Factor Index 

Steps 

1. Factor Index 

2. Weener Dise. 

Consistent Factor 3 

Ineonsistent 

Consistent Factor 3 

lnconsistent 

Consistent Factor 3 

Ineonsistent 

Consistent Factor 3 

Ineonsistent 

No. % 

),5 100 

11 73.3 

15 100 

13 86.7 

14 93.3 

'. 
'13~ 86.7 

14 93.3 

14 93.3 

* AlI % were duplicated when jacknifed. 

% Correct 
Classifications* 

86.7 

93.3 

90.0 

93.3 

-->- ~ ___ ..1010~'''' ________ ''''_----
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right ear advantage), RRA (right hand scores - left hand scores), 

selective attention index Cr. central learning - % incidental learning), 

Weener discrepancy (assw - nssswo), and TESP discrepancy (temporal! 

spatial - temporal/temporal). The Weener discrepancy scores, TESP 

discrepancy scores and the selective attention index were entered into 

the analysis in that order and correctly forecast placement of aIl the 

Consistent Factor 3 subjects and aIl but two of the Inconslstent subjects 

for a total of 93.3% correct. Thus, the second ana1Y8is indicated that 

differential indices were better predlctors of group membership than 

single, level-of-performance scores. 

For the third sna1yais, an index of discrepancy between factor l 

and factor 3 scores on the third WISC-R assessment was entered into the 

anaiyais along with eaCh~~he single test scores. lt will be recalled 

that, although the initi~roUp~ng procedure was based on consistency 

of lowest factor score only~ it was found that the two groups 90 formed 

a1so differed as to the amount of observed disparity between factor l 

and factor 3 scores, the Consistent group displaying a significant 

discrtpancy. Moreover, this disparity was maintained across the three 

sssessments. Therefore, as hinted previously, factor discrepancy May 

be Just as important, or more 50, than consistency of low factor 3 

scores. The question arises, would such a factor score discrepancy 

index alone~ or together, with any one or some of the single test 

measures discr1minate 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 couid augment its classificatory power. lt was observed that 

.... 
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the factor discrepancy index alone correctly classified 90% of the 

subjects (Table 43). 

Finally, t~ ~~ffer~~~{'1~~ices 
>----

rather than single test scares 

were entered intb the analysis along with the factor discrepancy score. 

Since i t had been speculated' that the TESP and Weener discrepancy indices 

might both be measuring temporal Csequential) versus spatial (holistic) 

abilities, an assumption whicn could also perhaps apply to the factor 

discrepancy score, it was of interest to see if the factor discrepancy 

score would subsume the classificatQry power of these indices.' This 

fourth analysis indicated that the fa tor discrepancy index was again 

the best discriminator. score added to the 

c!assificatory prediction. Once ag subj ects were 

properly classified with one subject in each group being misplaced. 
J 

Several points of interest have emerged from the results of thèse 

analyses. First, the initial analyses confirmed that, when single test 

measures indicating levei 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 

Consistent Factor 3 group had been initially identified because its 

subjects consistently exhibited lowest functioning (and presumably, 

their area of disorder) in factor 3, their observed area of weakness in 

this investigatiOh could not be understood in relation to level of factor 

3 scores alone. AH this suggests that consistency might be the meaningful 

defining character1stic, or that there may be more than one kind of low 

factor 3 funct10ning either within the Consistent group, or across the 

Consistent and Inconsistent populations. The last hypothesis seems to 

• 
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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 10). 
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The congruence betveen 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 discrep~ncies derived from 

a single, recent WISC-R assessment suggests that factor discrepancy might 

be related to consistency. Put another way, it appears that discrepancy 

on a single assessment could be a satisfactory, alternate means of 

determining consistency over time. Since it vas shown that the index 

of factor score discrepancy alane accurately classified 907. of the 

subjects, and subsumed the c14ssificatary power of all other differ­

entiat1ng variables except the Weener discrepancy index (Table 43) , 

and since the variables that discr~inated the groups correlated with 

factor score discrepancy rather than vith 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 

a single WISC-R assessment. 

To test this possibility, regression analyses were carried out to 

see if the discriminating variables explained more of the variance in 

the factor ~core 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 d1scriminated with a h1gh degree of accuracy by these 

same variab les. 

Relationship of the Factor Score Discrepancy Index to the Consistency 

x Disability Classification Scheme 

ALI measures which produced significant, between group differences 

were regressed against the relevant factor score variables ~n step-wise 

fash~on to see how much of the variance of each variable was predlcted 

by the differentiating test measures. Results indicated that the test 

scores predicted 29% of the factor 3 variance, 63~ of the factor l 

variance and 67% of the variance of the factor discrepancy index (Table 

44). Thus, the observed differences in functioning between Consistent 

Factor 3 and Inconsistent groups were related more ta the degree of 

discrepancy between factors 1 and 3 than to differences in level of 

functioning on factors l or 3 alone. Moreover, it should also be noted 

that group differences in factor score discrepancy patterns were present 

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 fram the dependent variables 

in the present investigation were reg!essed against factor discrepancy 

scores from the initial WISC assessment, 66% of the variance W4S explained 

(Appendix I, Table l). This suggests that these meaningful relationships 

may be relatively enduring. a notion that requires further investigation 

using 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 

1 , 
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TABLE 44 

Summary of Stepwise Regression Analyses 

aIl variables that differentiated the groups regressed against ."" l. _~ '" . 
WISC-R factor score indices for Consistent Factor 3 and Ineonsistent groups combined. 

R2 
Standard 

lndex Step Variable entered B-value error F P>F ... 
filliÜ eguation 

Factor 3 l incidental learning .103 1.811 .813 4.96 .036 
2 selective attention .226 .005 .003 2.65 .117 
3 TESP diserepancy score .247 .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 tempor~l/temporal .291 .UB .370 .10 .752 

Factor l 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 .457 .511 3.83 ,381 
6 Weener discrepancy .635 .122 .150 .66 .423 

Factor 1-Faetor 3 1 Weener d'iscrepancy .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 1earning .597 -1. 644 .572 8.25 .009 N ,,) 
4 nasswo , .648 - .361 .310 1.25 .256 -..J 

5 right hand advantage .661 .774 .691 1.25 .275 
6 Weener discrepancy .673 .144 .162 .79 .384 

~ --- .. _~ -... r_ ... __ "".~_, ____ v_,.......,. ,~ - ~ ~ .. ~---~~ .. -., ... rD l 't 11 t 
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could be lar~ely aynonymous; discrepancy might be an 1ndicator of 

consistency. Therefore, all suojects were reclasslfied according to 

the presence or absence of t~is ~isparitY. 

. ,or more, discrepancy between faC\OrS 1 ana 

the criterion being a 9-point, 

3 (see Chapter 2). This 

system yielded 15 subjects ln eac~ of two groups labelled Discrepant 

Factor 3 and Nondiscrepant, respective1y. The former name waS app1ied 

since it was observed that aIL members of the group, in addition ta 

having slgnificantly discrepant factor scores, also had lowest scores 

on factor 3. The ,~iscrim.inant analysy indicated that the group 
.) 

classifications were forecast by th~di~crim.inating variables with aQ 

accuracy of 90%, the selective attention index, right hand scores and 

nasswo entering the prediction equation in that arder (Table 45). From 

" 
these results it can be concluded that in the present sample 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 15 probably a 

more meaningful, or useful, way of conceptualizing the differenc~s 

between the groups. 

The results of this investigation may, therefore, be placed in the 

context of previous studies that subdivided the learning disabled 

population on the basis of discrepancies in WISe verbàl and performance 

. 1 
IQ sc~res.' These subscale diserepancy studies grew ~ut of a psycho-

/ neurologieal approach that saw perfdrmance scores (factor 1) reflecting) 

functioning of the r1ght hem1sphere and verbal sco~ (factor 3) \, 
\ 

representing the functioning of the 1eft hemisphere in)normal populations. 
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TABLE 45 

Summary of discriminant analysis using variables 

that discfiminated Consistent Factor 3 an~ Inconsistent groups 

using rec1assified Discrepant and Non-discrepant groups 

Variables 
Selected Correct Classifications by group 

AlI Discriminating variables: Group No. % 

l. selective D~screpant Factor J 14 93.3 
attention 

Non-discrepant 13 86.7 
2. right hand 

3. nasswo 

~ 
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• $ l net.. 

% Correct 
classifications 

90.0 
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This, along vith the role right hand gcores have been observed to play 

in tbe differentiation of the subgroups (Table 45), suggests that the 

differences between the groups may be usefully viewed in terms of the 

interpreted patterns of hem1sphere specialization. 

Fina11y, the foregoing evidence suggests that the WISC/WISC-R 

factor scores fram a single assesament may be a reliable means of 

classifying learning disabled subjects if patterns, rather than leveIs, 

of performance on factor scores are used. 

f' 
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CHAPTER V 

CONCLUSIONS, LIMITATIONS, IMPLICATIONS 

The foeus of most of the research done to date in the learning 

disabilities field has been to differentiate learning disabled children 

from their achieving peers. The present investigation has attempted to 

differentiate subgroups of the learning disabled from e8ch other. The 

chief findings can be summarlzed in relation to two main areas: (1) 

Those concerning the characteristics of the defined subgroups, and (2) 

those concerning the usefulness of the WISC-R factor sco{es in the 

identification of these subgroups. 

Subjeets who had been clinically diagnosed as learning disabled were 

initia11y 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 recaii of items presented. seriaIIy and 
l' 

hemisphere specialization patterns. lt is important ta nOte that these 

subgroups coula not be statistieally distinguished by their degree of 

academlc retardation on standardlzed tests of reading and spelling. Nor 

were they eas11y discriminated qlinica1ly on the basis of IQ scores. 
1 
, 

Summary 'pt Chief Findings 

Characteristics of the Defined Subgroups 

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 ta their peers in the 

Inconsistent subgroup. The latter group. so labelled bE:cause of a 

2)1 

... 



( 

-.~ -- ~.--".---- --..""'It'"" ........ --'f"""" ... _,.....~ ......... .....-. _ ...... , 

2J2 

changing pattern of lowest factor scores, processed more extraneous 

information and showed a greater trade-off between ,extraneous. incident al . .' 
learning and the central learning task. The Consistent Factor 3 subgroup, 

however, did exhibit lower levels of recall for unrelated temporal 

sequences 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 fOL position was demanded from a 

successive string of symbols presented ~ the visual mode. Thua, the 

sequential processing deficiêncy of the Consistent Factor J group was 

neither material nor modality speclfic. 

No compelling evidence was found to indicate that the lower 

performance of the Consistent Factor 3 group on these temporal sequential 

tasks cou1d be attributed to less efficient use of voluntary rehearsal and 

recall procedures as me~sured by self-report, tabu1ated order of recall 

and analysis of the shape of ser1al recall curves. Sorne indirect support 

was found for Rakker's (1972) theory that disorders in temporal order 
"'1 

perception could account for the difficulties since diminished reeall 

appeared to be associated with a temporal sequential forro of presentation. 

Although the specifie nature of the seriaI processing diffieulties 

experienced by the Consistent Factor 3 group could not be deterroined, 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 dtfferenees in patterns of performance across varying types of 

successive and spatial sequences were also noted. Although the ~onsistent 

Fac~r 3 group showed dtminished recall on unrelated strings, they actually 
~ 

recalled more items than the Inconsistent group on word strings that 

1 
1 
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conta1ned meaningful structure. Further, in the Consistent Factor 3 

group recall of a temporally presented sequence was h1gher when the 

requi~ed response was in a spatial-sequential format than when it was 

required with1n the same temporal-sequential mode. In contrast the 

Inconsistant 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 learn1ng 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 ta determine 

patterns of hemisphere specialization, indicated that both groups had 

verbal, sequential processes appropriately ~ateralized in the left 

hemisphere. but that there were group differences in patterns of hemisphere 

~~peCializotion for spatiol, boii,tic processing. 

group made significantly more correct right hand 

The Consistent Factor 3 

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 holistie processing suggesting 

they had at least bilateral representation of spatial holistic processes 

1n the left hemisphere. 

The Incon~istent group, however, was seeq to have normal hemisphere 

representation of both v~lbal-sequential and spatial holistic processes. 
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1 

This interpretation was based on evidence th't their right hand scores 

could be intrusions ref1ecting poor attentiona1 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 holistie, 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 exp1ain group differences in patterns 

of hemisphere specialization and spatial-sequential performance. This 

model assumes that processlng in the right and left hemisphere 18 

neither modality nor material specifie, but that different. incompatible 

styles of processing are genetically programmed for control of each 

hemisphere. Although spatial, holist~c 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 genetie program, 

for one proeessing style to gain control of bath hemispheres. In general, 

then, both verbal and spatial input could t>e processed in etther hemisphere, 

but ~uld be handled with varying degrees of success in the ~redominating 

mode of that hemisphere. Under certain conditions, an individual could 

be locked into one partiçular style of funetioning for aIl mate rial if both 

hemispheres were committed to the ~e processing mode. 

In terma of this model. it i8 suggested that holistic processes may be 

in control of both hemispheres of the Consistent Factor 3 subjects and 80 

they possess left hemispheres that are poorly designed for sequential, 

analytieal functions. This would account for the relatively strong 

hollst1c-sp~tlal processing and weak sequentiai-verbai fun~tioning that 

• 
( 

j 

1 

• 



( 

235 

was observed in this group. The importance of the existence of bilateral. 

holistic processing, as represented by a right hand advantage, ta 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 patterns 

could underly the observed group differences in cognitive functioning. 

Leit ear scores were found to correlate sttonglv with ather measures 

of sequential processing in the Consistent Factor 3 group and so were 

interpreted ta be sensitive indicators of sequential processing capacity. 

Thus, significant correlations between left ear scores and central learning 

as weIl as with the selective attention ~ndex 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 iound ta 

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 Fa.ctor 3 group for ear scores to correlate 

negativ.Iy "!th the d.gree of right hond ,dvantag.. Th!. would ,ugges~ 
efficient use of sequential proceasing as represented by ear scores is 

diminished relative to the level of holistic processing in the left 

hemisphere, and that functioning could be limited ta an holistic-spatial 

mode if these processes were in contro~n both hemispheres. Other ev~dence 
of a direct trade-off or interference between spatial and sequential 

processing, as would be evidenced by negative correlations between RRA 

and other measures of sequential recall, was not found. However, it ls 
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acknowledged that this- particular hypothesis requires additional testing 

and suggestions for further exploration of this question have bean made. 

Differences between the two groups were frequently found in patterns 

rather than in levela of performance. Further, on most of the tasles, 

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 f\l! general contrast purposes because 

they differed significantly in mean IQ and in age variability from the 

disabled groups. Patterns, though not levels, of perfDrmance of the 

Inconsistant group were like those of the Able Learners, while those of 

the Consistent Factor 3 group were clearly different bath as to level and 

pattern. The possibility ~hat the Inconsistent group may rep!esent, 

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 

resul t8: 

1. 
: 

Lack of discrepancy among WISC-R factor scores characterized 

bath Able and lnconsistent learners whereas disparity characterized the 

patterns of the Consistent Factor 3 group. 

2,. Order of difficulty of subtest variations on TESP differed with 

the temporal/temporal variation being the easiest for bath the Inconsistent 

and Able Lesmers, but proving to be among the most difficult for the 

Consistent Factor 3 group. 

3. Correlational patterns among the forms of the Weener strings -were highly similar for the Able Learner and Inconsistent groups whereas 

a11 fonns were highly correlated in the Consistent Factor 3 group. 

j , 
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In addition to the above observations, it should be noted that , 

the author attempted without success to obtain a sample of Able Learners 

of the same mean lQ and age from the seme school population as the learning 

disabled sample by testing two complete classes of grade 7 and 8 students 

on a shortened form of the WISC-R. This failure could suggest that at 

least a part of the lower end of a normal lQ 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 ln a population whose teachers identify as "average" those 

students who have a mean 10 of 116 and who score on 4standardized reading 

tests two grades above the published mean for their ages. 

On the other hand, strong evidence to counter the inference that the 

Inconaistent group merely represents the lower end of a distribution of 

normal learners can also be adduced. There were indications they had 

specif ic, and unique, diffictÜties with integration. More importantly, 

they displayed a disorder in selective attention which was related to 

their performance on the academic variables. Although Douglas and 

Petera (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 at tentional deficits m.ay result from, rather than cause, learning 

problems, ft would be difficult ta explain why one group of long-term 

"., 

di.abled learners, the Inconsistents, became distractible as a result 

of ad_rae educational experiences while another group, the Consistent 

Factor 3 did not. This i8 particularly true dnce both groups evidenced 
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the same degree of academic retardation, were identified as having 

1earning disabilities for an equally long time, and were not subjected 

to any systematic differences in the form of educational treatments 

withln the same school system. 

The most telling argument against defining the Inconsistent group 

as normal learners of low ahility la the evidence of their degree of 

academic retardation relative to their IQ. Expected urtderachievement, 

if calculated on the hasis of mental age derived from the mean IQ of 91,' 
, 

should not exceed one year (Cruickshank, 1977); yet, their reading 

retardation ls approximately two years and their spel1ing retardation i8 

nearly 4 years. Moreover, this underachievement has been sustained in 

spite of support ive , and presumab1y ameliorative. educationa1 interventions 

over a J)eriod of 6 to 8 years. 

In summary~ the weight of eviden~e presented her~ indicated that 

lnefflcient attentionsl selectivity and poor integration characterized the 

Inconsistent group, two characteristics that have long been associated 

with learning disabilities (Torgesen, 1975; Vellutino 1979). Since both· 
l' 

these characteristics could reflect an inability to deal with holistlc, 

spatial material separately fram sequential or analytical functioning, 

. it could be that these Inconsistents also represent those disabled 

learners that conform to Boder' s (1973) dyseidetic subtYP,e, and/or to 

those associated with bilateral-parietal tœpairment (cf. Gaddes, 1980; 

Zaidel, 1980). This dô~s not preclude the appearance among the 

Inconeistent group of some low "normal" children. Clearly, further 

etudies are needed to explore the characteristics of the Inconsistent 

group over a wider range of variables implicated in learning failure. 
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Regardless of whether some of them can be shawn to be part of a 

! 
distrihution of normal achievers or not, implications for educational 

practice exist, for Burely tne issue 18 not whether tney should receive 

appropriate interven,tlons to foster achievement commensurate with ability. 

The group labelled Consistent Factor 3 appears tD be well-represented 

in other learn1ng dlsabled populations since poor sèquential processing 

has been identified as a characteristic of the learning disabled (Torgesen, 

1-975). The group appears to correspond generally to those subtypes defined 

by high performance, low verbal 1Q scores on the WISe (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 Iearning 

disabled subjects on the basis of the usuai exclusionary criteria. Aithough 

the authors did not look at factor score patterns, the data provided in 

thelr study allow sueh calculations to be made. Their group exhibited a 

mean factor 1 - factor 3 discrepancy of 9 points in favor of factor l 

which makes them similar to the Consistent Factor 3 group in this regard. 

On the basis of famUy histories, a high incidence of familial dyslexia 

was found. and this along with the fae t that nearly all were boys led the 

authors to conclude that a genetie factor lIIight underlle the learning 

problem. 

Gordon (1980). studying a group of dyslexie chlldren and their 
€ 

fam1lies, as wdl as a control group of unrelated subjects, found that 

the dyslexies and first degree family members were conslstently better 

on tests of right hemisphere functlon (e.g. block design) than on tests 

of left hemisphere functlon (e.g. digit span). Control subjeets were 
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equally divided as to strong right or left henisphere profiles. Reading 

abllity in the dyslexies, but not in the family members or in the controls. 

was correlated with performance on tests of each hemisphere separ~tely and 

togetht>r. Gordon concluded that thls pattern of results could be explained 

if ~ single cognitive mode governed the behavior of the dyslexies, that is 

if they were limited to a right hemisphere style of processlng, whereas 

the others were able to employ multiple processing modes. Since the 

correlational patterns of hand and ear scores with the academlc variables 

in the Consistent Factor 3 group of this study also followed the pattern 

of the~relationships in Gordon'a dyslexies, it could be that the groups 

are s imilar . 

No faœily data were available for the sample in thls present study. 

However, the suggested similarlties between the Consistent Factor 3 group 

and the populations of both SJl!I1lles and Rapoport (1972) and Gordon (1980) 

raise the possibil1ty that genetic dyslexia and presumed abnormal right 

hemisphere specializatton may be related. Thus, future studies examining 

patterns of hem1sphere specfal1zation in familial dyslexies could 

contribute to a further understanding of the nature of the learning 

deficit and a180 to the etiology of abnormal Tight hemisphere specialization 
&. 

in disabled readen. 

The Use of WISC-R Factor Scores in the Identification of Subgroups 

Although the tWo subgroups were originally identified on the basls of 

the con.istency of lavest WISC-R factor score, it was found they a190 

differed as ta the amount of discrepancy bet;teen factors 1 and 3. This 

discrepancy was observed to De more meaningful ~ conceptual1zing their , 
relative performances on the vadous tub than their levels of functioning 

.... 

l' 

1 
1 , 



( 

/ 

1 

• 

241 

on a single factor. A re-classification of the subjects on the basis 

of their factor 1 - factor 3 disparity correctly re-plic ted 90% of the 

original groupin&S based on consistency of disabil ty ver time. AlI 

this suggested that discrepancy scores on a aing le assessment may be 

predictive of con,istency • However. ~onfirmation Is needed that discrepancy 

on an initial testing in a random sample is replicated on subsequent 

testing over the age span. If this were foun~}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 fiuding that learning 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 learners. 

Contrary to expeetation, howeve:r, no clear eut evidence was found that 

a COUlmon psychologic~l process such as pocr stquential memory or di~tract­

ibility could account for low functioning on factor 3 on a single assessment 

(~across the combined groups. Although poor memory for temporal-sequential 

stimuli was found in the group with low factor 3 functioning, none of the 

measures ofl this psychological process 'èorrelated with factor 3 scores. 
l \ 

The second variable hypothesized to be associated with factor 3, poor 

selective attention. was found to exist in the group with relatively 

Mgher factor 3 scores. Moreover, the relationship across the groups 

between leve! of factor 3 scores and distractibility was observed to be 

in the direction opposite to that predicted if factor 3 were associated 

with distraetibility. 
#' 

It shOuld be noted, however, that although the Consistent Factor 3 

group wu significant1y lover on factor 3 than the Inconsistent group, 
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thet\e was mueh overlap in scores on the final WISC-R assessment. It 
,1 

appear,s that 10w factor J scores ~ learning disabled populations are 
\ , 

pervasive, but non-diagnostic, because they are a result of heterogenous 

funetions, and thus, discrimination of learning disabled gTOUpS on the 

basis of level of factor 3 functioning nlone could be insufficient and 

misleading. Alternatively, the resu~ts of this investigation suggest 
--. 

that identifiea,tion Qn the hasis of 10w factor 3 functioning accompanied 

by significantly higher factor l scores may show promise. 

,1 

LimHatioas 

Caution must be exereised in the evaluation of the foregJlng results. 

Four areas in which limitations lie are indicated below. Th~se are with 

respec~to tht nature of the samplf.' of subjects, the rlack of a normal 

learner control group, the nature of the dependent measures. and -the 

intend~d scope of the research. 

The Nature of the Sample 

The population of subjects used in this school-based, retrospective 

study departed from the selective, clinically-referred samples that 80 

oft~n appear in other:~esearch of this type. However. it did not compris~ 

'â'-~andom sample cf long-tem, l~:rning djsabled st)ldf'nts widhn the 

particu1ar middle ta upper middle class seho01 system from which it was 

drawn. Rather. it was composed of the available ehildren for whom three 

", consecutive diagnoses of 1earning disability had been made over a period -of sorne six years. the Availabiltty having been reduced by the mobile 

nature of the suburban population, and perhaps other unknown factors. 
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It ia a1so recognized that poasib1e bias could have affected the samp1e 

selection since the initial referral of subjects for diagnosis was based 

on opinion of school personnel rather than on any, systeœatic, objective 

screening program for aIl children. Consequently, generalizations 

concerning incidence and prevalence of various subtypes cannot be made 

from their relative proportions within the present sample, and further 

etudies with larger samples drawn from a broader population base are 

needed before the iindings concerning the characteristics of the two 

subtypes can be accepted with confidence. , 
~he limited number of available subjects required the 1nclusion at 

final testing of subjects of a wide age range (12 and one half to 15 an~ 

on~ half years) in order to have subgroups of an acceptable size. Given 

'r 
the present knowledge of possible age effects, it would have been preferable 

• to have had a more restricted age range. lt was perhaps fortuitous that 

the disabled subgroups happened to be exceedingly weIl matched as to mean 

age and variability sinee this min:i.mized the effect of age on between group 

differences, but it did not eltmlnate the effect of age varlabillty within 

the groups. Caution, therefore, must be exercised when describing 

characteristlcs of the subtypés in relation to age. Fur~her, although 

consistency or lack of it over age, with reference to WIse factor patterns, 
1 

i9 ~own for the subtypes, it cannot be assumed that their relative 

performances on the measures of- dlstractibility, sequential memory and ,. 

hemlspheric dominance would also mirror the consistency or inconsistency 

of the WISC patterns over time. Only studies, preferably lOngitud~l, 
with subjects at approp:±ate age levels, cquld confirm if the characteristic 

dlfferences revealed in this study existed at ages prior to the present 

assesment. 

ft" • 
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The Lack of a Normal Learner Control Group 

The major purpose of the present study was to attempt to classlfy 

fram the vantage of hindsight, subgroups within a ~earning disabled 

population. and to attempt to further differentlate them on the hasls 

of specified variables which Many researchers had presumed to be associated 

with learning dlsabilltles. In such efforts It Is, of course, desirable to 

have a control sample of normal learners, matched on averall WISC-R scores. 

and of the same age variability, so that compar!sons of the level of 

performance on many measures can be made. For reasons stated previously 

this was not possible within the school system in quesUon. This lack 

means that questions remain about observed or postulated differences in 

functioning, not merely between able and disabled readers, but between 

subgroups of the disabled thems~lve~. This beeomes even more important 

because of th~ lack of standardize~, normative data on sorne of the 

de~endent measures selected for examinàtion. 
\ 

The '~lture of th. Dependent Measure. 

he laek of tests of known psychometrie eharacteristics ta measure 

distractibility. spatial-sequential processing and hemisphere specia11zatian 

must limit the confidence that can be placed in the conclusions, as it must 

sure1y limit conclusions reached by others who have used sueh tests. 

Although mo~e than one index for strategie control, spatial-sequential 

proeess1ng and selective attention was included to allow for convergence 
1 

of results and thus ta provide for some form of validation, the failure ta 

find such convergence in the attentional measures in the Consistent Factor 

3 group raises the possib111try that this variable was inadequately assessed. 

Since others (péters, 1979) have aIso noted the lack of congruity among 
".. 
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purported measures of attentional selectivity, it seems important that 

research be directed towards defining the psychometrie 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 mayyhave 

reduced the reliability of its results. lt also made it virtually 

impossible to construct meaningful seriaI memory curves to provide for 

further analysis of memory processes. Modification of these aspects of 

the task ls needed before it should be used in further investigations. 

The Scope of the Study 

The investigation of group differences was limited to those processes 

associated with selective attention, spatial-sequential functioning and 

hemisphe~ specialization. Although the limited number of variables 

enabled à more detailed analysis of patterns as weIl as Ievel of performanGe 

to be made, at the same time it reduced the breadth of information about 

characteristics associated with the subtypes. lt i5 true that group 

differences were found in these processes, but other explanations, or 

possible explanations could aiso exist. It i~ therefore, likely that 
, 

unexplored characteristics associated with the subgroups, SUCh-aS~:ling, 

verbal encoding or the development of syntactic awareness, would contribute 

to a greater understanding of the relative functioning of the identified 

subgroups. 

" 
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Implications 

Granted the limitations of this study, the possible existence of 

/. ift 
two identifrable subtypes with the learning disabled population has 

implications for the clinical-diagnostic. educational and rese'arch areas. 

Implications for the use of the WISC-R as a clinical diagnostic tool 

have emerged from this study. Should the evidence accumulate that patterns 
f,. 

of discrepancy betwee,n factor scores on a single testing are useful criteria 

for predicting consistency of performance over repeated tesUng, then the 

sübgroups 50 defined could be expected to persist over the years of 

elementary schooling. Thus, a diaghostic 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 aasociated with the equally low levels of 

academic achievement ln each of the two groups. In addition, the 

Inconsistent subjects frequently performed in patterns, if not levels, 

that were similar to those of able learners which suggests that appropriate 

educational instruction would not differ from that of able learners sa 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 levels and patterns of performance, thera may be a n~ed 

tQ develap a different kind of instructional program, once that capitalizes 

on their observed advantage in, or preference for, spatial, holistie 

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 un1ess such subgroups are differentiated sinee their scores 

on many variables tend to cancel each other out, leaving mean 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, ls of minimal value in differentiating 

subtypes. However, the results of this present investigation imply that 

patterns of performance on ho1istic. simultaneQus versus analytical, 

sequential tasks might be useful discriminators. 

There ls, further, a need to delineate the parameters of these two 

subgroups. For example, do thase categorizations and characteristics 

hold at younger age levels? In particular it seems important to see if 

the Inconsistent group dlsplays évidence 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 ~s also required. It would pe 

especially important to determine clearly and specifically the academic 

skills and sub-skills of each group for educational purposes. 

Future etudies controlling for possible attentional variables and 

using "hemispher1cally pure" tests of the two main processing styles to 

validate the interpreted hemisphere patterns are ne~ded. The findings 

presented in this study, eonfirming and elaborating Witelson's earlier 

report of abnormal h~isphere 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 dyslexies could advance knowledge 

in this regard. Such etudies may be of special interest given the , 
developing context of research and practice in the learning disabilities 

field. The advent of a more dynamic interaction between neuropsychology 

and special education has been signalled by the recent publication of 

Learning D1sabilities and Brain Functio~: A Neuropsychologiea! Approach. 

(Gaddes. 1980) in which the suthor describes how the principles of 

neuropsychology can he applied to help solve educational problems. 

He optimistically states: 

"The 1950'5. oO's and 70's have been time of exciting and 
rapidly expanding knowledge in neuropsychology and special 
education. The 1980'8 promise to bring these two disciplines 
closer together by increasing our knowledge of their relationship 
and providing new ~nd 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 study could make a valuahle contribution within 

the framework of the growing partnership that he env; sages. 

... 
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1. Weener, Paul. Personal Communication, April 5, 1978. Copies of 

Dr. Weener's test ·of Se.nsitivity to Linguistic Structure were '-

given to the author by Dr. Weener. Hence the test will be referred 
\ 

to as The Weener Strings in this investigation. 

2. Machine used was Wallensak 3M iv Cassette System. Model No. 2520. 

3. The v1sual 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, 
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VAR IMt..f ,.. HEAt-. STANO~~n KINI:.tUH Ml)t,:4ul'4 C. v. 
Oëll(AïION VALUE VALue 

J 

AGEl 49 ql.ItOlH 61Z 7 Ïl. Qzltq70qlt 61.00000000 '1;': j. 0000 0000 12.7b1 
Vl 49 q6.46Q31l1J' 10.41851459 7~.Ooggoooo 128.00000000 10.8~~ . Pl 49 100.511,.2 1!.S 04 64 1 .00 00000 12Q.oooooooo 11.5 
FSI 49 Qs.Sql"3673 .67582548 8Z.00000000 l21.00000000 9.814 
ÀFl ,.q 31.24 Rq~q6 6.446QQ740 18.00000000 47.00000000 2Q.4l4 H2 4q ]0.41811 Sl 5.ROl~5l25 14.00000000 46.00000000 18.: g AF3 49 26.0816326 4.'11 0 12 18.00000000 38. () OQO 0000 \8. 6 Ar.ez 49 12ft.Q19SqAft4 13.21534 4~ 10\.00000000 156.000008%8 0'1~6 Vt: "Cl Q3.S7142 57 Q.!2642683 77.0000000a 1 \0.000000 9. 3 P2 49 lOO.Al632653 11' c\15521>5 18.MOOOOOO 1 0.00000000 IJ' 21 FS2 49 Ql.00000000 .Ii 305281 80.00000000 l1q.00000000 .21' BFl 49 11.1632b531 6.1oQ2 8p<1' lQ .. OOOo.oooo 50.00000000 2J.52 flF2 't9 28.81632653 5.,non 62 18.00000000 3Q.OOOOOOoo l .844 RF] 49 25 221t1tllQao 5.1q12~b03 U·oooooooo :n.MOOOOoO o.6B4 Ar.E3 49 112:1t6ql811b 14.6416 56b 1 .00000000 207.00000000 8.4 9 
Vl 4Q q;>.265~0612 R.Q2142R50 n.oooooooo ll2.000oo000 9.616 '~ 

P3 49 QCi.Q7Q ~~A4 12.18176540 75.00000000 1 Q.COOOOOOO 12.184 
FS3 49 Qs.7A 4 2B 71 8.86Q423~3 79.00000000 118.00000000 9'l61 

,/' Cfl 't9 32.120-'lOR 1.415640 t. 16.00000000 1t9.0oo0oo00 23. 81 
CF2 49 27.5510204~ 4.qq1Ql52 - ,- }6.000oo000 . 4jif. 00 000 00 0 18.119 CFl 49 24.673411«)3 3.1214QOn 11.00000000 36.00000000 15.0 1 
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VAR JABl.E 

AGEl 
Vl 

nl 
AFi 
AF2 
Af] 

e~E2 
P2 
F'i2 
8H 
8F? 
SF3 
.roE3 
V3 
Pl 
F 53 
Cfl 
CF2 
CF3 

Af,fl 
VI 
~~l 
Afl 
AF2 
AF'J 
Ar.E2 
\/2 
P2 
FS2 
8Fl 
8F2 
RF3 
"fiEl 
\13 
P1 
fSl 
CH 
Cf2 
Cf3 

,. 
25 
20; 
25 
25 
25 
25 

.25 
~~ 
25 
25 
25 
25 
25 
25 
25 

• 25 
25 
25 
n 

20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 

,20 
20 
20 
20 
20 
20 

MEAN 

'15.08000000 
Q6.MOOOOOO 

1010.40000000 
100.9hOOOOOO 
33.0;6000000 
32.48000000 
24.480aoooo 
1,~:t~88888g 
104.00000000 
Q'l.Q6000000 
33.'12000000 
30.84000000 
23.28000000 

112.R8000000 
1l3.8000000a 

103.12000000 
Q8.12000000 
35.12000000 
28.16000000 
22.76000000 

q2.2~000000 
Qt..115000000 
Q7.50000000 
qt..'l.soooooo 
2Q.25000000 
2Q.75000000 
27.25000000 

127.30000000 
Q2.30000ooo 
QQ.oooooooo 
'15.05000000 
28.75000000 
21.25000000 
27.25000000 

171.10000000 
Ql.55000000 
'l6.25000000 
'13.20000000 
28.45000000 
26./10000000 
26.50000000 

> ~.. 

STANOAqO MINIMUM 
OEVIATION VALUE 

OOKSIS'l.'EliT FAC'IDR J 
11.47431Q15 76.00000000 
q.1418451A 7'l.OOOOOOOO 

Il.9Z336h4Z 76.00000000 
'l.'l76q7349 83.00000000 
6.20537402 21.00000000 
4.55631430 23.00000000 
4.66476152 18.oo000GOO 
la:~pa~~9~~ IB~:Sgggggg8 
13.00640868 78.00000000 
q.14002188 80.00000000 
6.7Q411510 21.00000000 
5.013411045 21.00000000 
4.1103'lA15 17.00000000 

12.73551465 150.00000000 
8.57121410 80.00000000 

11.64588626 81.00000000 
8.56601813 A5.00000000 
6.08632341 23.00000000 
4.65725241 20.00000000 
2.8Q018'lQ7 Il.00000000 

INOOHSISTElfT 

12.76869115 
11.2168AI08 
9.632729 30 
8.92940147 
5.qlQ414q a 
6.671811I1Q 
3.Q05124A4 

12. HH2440 
Q.Q2657253 
'1.63546082 
8-1529 1814 
1).41602430 
5.3H71133 
5.35Q44A13 

16.3870Q'H1 
8.7501B'l44 

10.'11184A51 
B.lhOBH5 
6.51311403 
4.Qn81308 
1.31Q5041'l 

b 1.00000000 
14.00000000 
83.00000000 
83.00000000 
l'l.OOOOOOOO 
14.00000000 
21.00000000 

101.00000000 
17.00000000 
85.00000000 
82.00000000 
20.00000000 
18.00000000 
1'l.OOOOOOOO 

150.00000000 
71.00000000 
Bl.00000000 
BI. MOOOOOO 
lQ.OOooOOOO 
20.00000000 
21.00000000 

!. Y STE M 

MAXIMUM 
VALUE 

123.00000000 
110.00000000 
12Q.00000000 
121.00000000 
47.00000000 
42.00000000 
'6.00000000 
1~~:gg88~ 
\ \0.00000000 
llq.oooooooo 

50.00000000 
3i1l.0oo00ooo 
31.00000000 

lql.OooOoooo 
111.00000000 

124.00000000 
11.00000000 
44.00000000 
36.00000000 
28.00000000 

12Ô.00000000 
128.00000000 
120.00000000 
116.00000000 

43.00000000 
46.00000000 
3ft .00000000 

152.00000000 
10'l.OOOOoooo 
118.00000000 
lOq.oooooooo 
1,0.00000000 
38.00000000 
31.00000000 

201.00000000 
112 .00000000 
120.00000000 
118.00000000 

43.00000000 
41.00000000 
16.00000000 

C.V. 

12.068 
9.460 

11.421 
9.882 

18.490 
14.028 
19.055 
lB:~4â 
12.5A" 
9.144 

20.030 
11>.258 
20.320 
7.367 
9 .1100 

1I.2Z8 
8.677 

\
7.039 
6.194 

12. 101 

Il.8ltl 
11.582 

9.880 
9.210 

20.231 
22.426 
14.311 
10.051 
10.755 
9.133 
8.578 

\
9.047 
9.595 

l'l.668 
9.544 
9.558 

11.406 
A.156 

22.963 
18.384 
12.153 
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Appe.ndix B 

Analyses of variance 

for 

Total Sample, N = 49 
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Table 1 

Analys1s of variance for verbal and performance IQ scores 

over 3 ... es.enta for the long tem • 

1earn1D& disabl8<l group, N la 4S 

~ 
---------------------------------------------------------/-,> 
Source of variance df Mean square F 

TilDe or .,. 2' 141.41 2.79 .07 

arror 96 50.61 /'Ii>. 

Subscale IQ score l 2967.20 15.62 .0003 

error 48 189.96 

'f;f.me x subscale score 2 95.51 2.63 .08 

, error 96 35.96 

l 
';, 

Table 2 

Analysis of variance for verbal 

IQ scores over 3 as8essm~ts 

total long tem leaming disabled eroup 

~ AI 

Source' of variance df Mean square F 
, 

Verbal score x tille 2 226.86 5.88 .004 
error 96 38.60 

( /\ 
Means: 96.5 93.6 92.3 

a 



.... 
, 

1 , 

( Table 3 

Analysis of vari~ce for performance 

IQ scores over 3 assessments 

total long term 1earning disabled group 

Source of variance df Mean ~quare F .E. 

" 
~ ,.. 

PerfoÎmance IQ score 

e x time 2 9.06 .19 .828 1 

'" error q 96 ,47.97 

. 

Means: 100.6 100.8 . 100.0 ,. 
, ,. 
1 \ 

... 
\ .... " 

. '-
.~ 

Table 4 ,.-" 
( 

.'" 
Analysis 'of variance for full scale 

,4 }Q scores over 3 assessments 

for long term ' \ 
learning, di5'abled group 

Source of variance df 
fi 

Mean square F .E." 

~ 
J 

Füll scale l.Q score ", '. 
x time 2 116.71 4.12 .02 

~ eiror 96 . 28.29 l, !l-
I 

1 

f 
Means: 98.6 97.2 95.5 

1 . 

1 

a ,. l, (1 'b 
~ t' l' 

·1 '" 

1 
" 
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\ Table 5 

Analysis of variance for factor scores 

over 3 assessments for long term 

learning disabled group 

Source of variance df Mean square F 

Time or age , 2 66.20 2.95 '.06 
\ 

e-rror 96 22.~1 

Factor scores 2 1457.88 29.70 < .0001 

error -\J 96 49.09 

Time x factor scores 4 61.29 4.56 .002 

error '-; 192 13.45 

~ ... 

·1 
t 

~- t _. 

...L! ..... _ ___ ~_~_ ... ___ _ . . 
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Appendix C 

Analy~eà of variance 

for 

Consistent Factor 3 and Inconsistent groups 

N • 45 

c 

258 

1 
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Table l 

Analyais of variance for full sca1e 

IQ scores over 3 assessments 

Consistent Factor 3 and Inconsistent groups 

Source of variance df Mean square F 

Group 1 772.27 4.28 .05 

error 43 180.43 

Age or time 2 ~9.70 3.51 ,03 

1Q score x time 
#0-

2 6.41 .23 ,,798 

error 86 28.37 

Consistent Factor 3 Inconsistent 

Mean IQ x group 95.1 b 

.. 
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Table 2 

Analysis of variance for verbal and performance 

IQ scores over 3 assessments 

Consistent Factor 3 and Inconsistent groups 

Source of variance df Mean square F 

Group 1 1112.48 3.54 .07 

error 43 314.26 

"'" 
Time 2 141.06 2.83 .06 . 1 

Time x group 2 12.77 0.26 .77 

error 86 49.78 

Subscale score 1 2720.72 17.74 .0001 

Subscale score x group 1 374.99 2.44 .125 

error 43 153.40 

Ume x subsca1e score 2 80.09 2.14 .124 

Time x subsca1e 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 

Group 1 264.97 2.56 .12 

error 43 103.40 

'time or age 2 60.42 2.89 .06 

Ume 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 

Ume 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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Appendix D 

Tests and Test Instructions 
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The C~ntral-Incldental Learnlng Test 

General Instructions 

The test was administered individually in a single session lasting 

approximately 20 minutes. The central stimuli consisted of six e À :2 cm 

Z63 

cards each of which contained a black line drawing of an animal and a cemmon 

household object. The same a.nimal and abject were a.lways paired together, 

tut Ule subjects were instructed to remember only the animals and to not 

pay attention ta the ether things. Twelve six-i tam test triaJ.s were given 
,,' 

w1 th each item being pre::ten ted for two seconds and then turned face down ta 

form a horizontal row-. Immediately following presentation of the' last item 

in each series "-n 8 x 12 cm card containing only an animal drawing was 

presented and the subject was asked ta turn over the test caro containing the 

iden ti cal animal pic ture • Only correct first responses were recorded. 

However, if the first response was incorrect the subject was allowed. to 

continue to tuxn over the cards until the correct one was chosen. 

Each of the six animals and each of the serial positions was probed. 

twice during the twelve trials. Order was randomized, rut te control for 

effects of fa tlgue and boredom the presen ta tian d'f the twel va series was 

rotated, i.e •• the f1rst child began with series #1 and continued through to 

series #14, the second ch1ld began wi th series #2 and ended wi th series Ill. 

Centra.1 recall. score was the proportion of correct first responses, correctéa 

for possible response bias. This was accompli shed using a procedure whereby 
, 

correct flrst choies frequency a t each pos! tion was expressed as a proportion 

of tot.a.l choice f'requency at that position (Donaldson and Strang, 19(8). 

Immed.ia.tely following the completion of the twelve series, the subject 

was preset,lted 'ldth s:!.x anilna.l cards and six cut-out pictures of the common 

.... 
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household objects, and was asked to match animals and objects as they had 

appeared during the test trials. Proportion of correct responses consti tuted 

th~ inciden tal recall score. 

Verbal Instructions 

Say, "We are going te play a memory ga.me. l will shoW' you SOl11e cards 

like this ri th animals and other things on them. Look carefully a t the 

animale because you 'Will he asked to rel11ember their order, but don' t look 

at the other things. l will shoW' you the cards one at a time and tl1en turn 
"<li 

.. 

them over and put them in front of.~you like this. TI1en l will shoW' you a card 

wi th only an., animal on i t and you will he asked to tu.:rn over the caro in 

front of you' that has the same animal on it. Let's do one for practice," 

A practice trial was given using 4 cards conta.ining anima.ls and 

household abjects not used in the test i tself. 

Following the pre sen ta tion of the la.st series, say l "1 know tha t you 

were told not te bother looking at the other things on the cards, rut 

let'-s just see if you carl tell which object want with each animal. Which 

object. goes wi th this animal 7"" 

4ii/fF+ -, 
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Stimuli for the Central-Inciden'ta1 Test 

~. (actual size 8 x 12 cm) 
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Code Number D 
In each of the iter.ts of this te.st you havI! a figure on the lef t, élnd 

four Drarzings on the right. You are ta decide whether or not the Figure 1s 
~~ncealed in ~ach of the Drawin~. Put a check mark (~) in the brackets 
under a Drawing if it contains the Figure. Put a zero ( 0 ) in the brackets 
under a drnwing if it does net contain the figure. 

Look at this ~am?le. 

Figure 
1 

D 
.. ( 0 ) 

Drawlngs 
2 

ô 
(0 ) 

4 

( 1) 
In the row of Drê.uings, a urt; (0) has been ,.rritte:.n in the braekets under 

D=a~ng 1. The firs: dra~ing 1s a sq~a!e, but it 15 larger than the figura. ~ 
zero (0) has been ~itten ucée~ d~a~ing 1. Although the second draw1ng contains 
a S~Ui.Ie c: exac:tly the S2.::::.e size as t::te iig'.J.re, it has been turned. Ch~ck 
t:!:..rk~ (v) have be.e::-.. written unde.!: the thirci. 2:1.d. fvurth drat.:ings sinee t:r.ey each 
ec:nt2.in a squa;:e of e:-::ac.t.ly the sa~! s:'ze as the figure, and have not be~n tl1rned 
It ~.:'~s not lt:atte:- :hat the :igi.!l'e cO::ita.!neè i~ draH~ngs three and four is or. a 
dlffer:~t lev~l frc~ the fisur~ a: the :e!t. 

~. [X ~l t--<: 
\~ , 1 

1 
. t 

,;>" 
\ ; 

~ 

( ) 1 ) . ... ( ) ( ) 1 

1~u i~o;.11d r:èJe pla:.e.:1 cba.:k ::arks (V) in the brackets under t:h~ firs: éln.d 
third ~T3v1n.;.s. an~ %e:o (:') .!.r.. th:. b:-.acb~ts t:nder the second and four:h dra':ings 

Cc, :-"J': :'UTn t\-ilo! p.se 1.:0:1: tha si;r.Ü is 2iven. 
in the.. fo:!.lo'.,"ias pa.;o!s in the S:'~ê way. 'fou '.:ill have 
as fast as ycru can.· 

Th~n do each of th~ ite~~ 
onl::; a short tirne) so ';~rk 
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WEENER STRINGS OF VARYING STRUClURE 

Items: 

1. Happy chlldren play funny games. 

2. Girls pretty good wear eoats. 

3., Walls magic kind spin ears. 

4. Li tUe deer jump high fences. 

5. Fish small ducks young like. 

6. Wet birds take special parents. 

7. Babies fast deep draw metals. 

8. Hard. cats sail sil ver legs. 

9. Big horses pull hea vy wagons. 

10: Waters dry cool sand wash. 

li. 

12. 

13. 

14. 

15. 

16. 

17. 

18. 

19. 

20. 

21. 

22. 

Ants south fact days sel1. 

Good. girls wear pretty coa ts. 

Children happy games play funny. 

Great skin drops easy shoes. 

Parrots birds wet take special. 

D,ep metals draw fast tab1es. 

Young ducks like small fish. 

Fenees julllp high. deer li tUe. 

Legs s11 ver ha.rd sail cats. 
• 

Fat days seli south ants. 

Horses heavy big pull wagons. 

Cool waters wash dry sa.'1d.· 

23. Shoes easy skin grea t drops. 

24. Kind wa.lls spin magic ears. 

Sharp tools eut frash meat. 

Climb lions trees tall stropg;' 

Spiders hot leaves wrong bulld. 

Nice people help sick boys. 

Hair long wind warm' blows. 

Quiet papers run middle bills. 

Snow eggs fla t~ glad gi ve . 

Proud œ,ske ts drive square roses. 

Brave soldiers fight ba.d' men. 

Eat apples sweet bears hungry. 

Drink tin ships flowers narrow. 

Strong lions climb taU trees. 

Tools fresh mea t sharp cu t. 

Poor forest save thin books. 

Papers middle hills quiet run. 

Fla t eggs gi ve glad sno w • 

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 'tfars eat sweet apples. 

Books th1n peor save forests. 

Hot leaves build wrong spiders. 
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Instructions for Administering the Weener Strings of Varying Structure 

General Instructions 

A tape recorder, preferably id th a pause button, and a listening station 

wi th t'lolO sets of headphones are required for administration of this test. 

Both experimenter and subject listen to pre-recorded lü-word strings over 

the headsets. At the end of each series, the experimenter stops the tape, 

. simul taneously signalling wi th an orange card for the subject te recall as 

many of the words as he can remember. Following the subject's response, the 

experimenter r~acti va tes the tape recorder. TI1e subject t s responses are 

recorded on a second tape recorder for la ter verification. The experimen ter 

records the responses by numbering the ~ord.s as they are recalled. on a response 

sheet. The test ls individually ~nistered in one session and requires 

approximately twenty minutes. 

Word strings are delivered witheut inflection or intonation at the 

:rate of one ward per second. 'fus strings vary as to organi za tian: assoc-

iaUons wi th syntax, no associations Id th syntax, syntax wi th no associations, 

and no a.ssocia tiens and no syntax. 'Ihere are six examples of each for a 

total of 24 strings in aIl. Order of strings ls randomized, but ls the 

same for ea.ch subject. 

Verbal Instr~ctions 

say, "You are going to hear a. string of woris. At the end of the 

string. .men l hold up this ora.n~ oa.rd f you are to say back as many of 

the woris as you cau remember. Say them in any order you please." 

1bree pract1ce strings are normally given. At the end of the practice 

trial the subject is asked. if there are any questions. Following any 

further explanations, say, "Let's begin." (Remember to turn on the second 

tape recorder to record responses.) 

f • 
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1ESP, A 'lEST OF 1DŒORAL-3PATIAL RECALL 

General Instructions 

The test has four variations: spa tia.l/ spa tial, spa tial/ temporal, temporaJ./ 

s~t1a.l and temporal/ temporal. 'Ihe subject Is shawn the spatial. or temporal 

presentation and 15 asked to reconstruct i t temporally or spatially. TI1ree 

practice "trials are gi ven for each candi tian. Before testing begins, the 

subject 15 shawn a sa.mple spatial presentation and 15 lnstructed as ta its 
", 

interpretation. 

Ti.me allawedt for viewing the sym~ls varies according ta the number of 

symbols in each presentation, one second being al.l.owed for each symbol. 

Therefore, the spatial and teJl1.poral pre5en ta tions range from two to six 

seconds each. An Interval of !ive seconds la lmposed between presentation 

and response, but no tlme lim1 t 15 placed on the response. Testing ceases 

when three consecutive errors are made at any one level. One point ls given 

for each correct response. Maximum score on each varia.tion 15 1.2. 

Instructions for Ini tlal Presentation of Sp!Ltial (Grid) Pattern 

Sa.y, "1'11 show you haw ta read th1s pattern of X's ( show pattern #1). 

See, we have signs here and num bers h~re (poln t appropria tely ) • The X' s 

tell about the arder the signs are in. See, this sign (point to first symbol) 
1 

is first because the X a.cross from i t 15 under number 1. This sign (poiflt 

ta second symbol) la second "because the X across from i t is under number 2." 

.. "Now look a.t this pattern (show pattern 2). Look a t the X' s. Put 

your finger on the sign tha. t the X says i s firs t" • 

If the subject cannat do this, say, "It ia this sign bece.use the X 

a.cross from i t i3 number number 1." 

"Pui. your f1nti'r on the s1gn the X says 18 second." 

Go œck to card number l and say 1 "Is this sign first or second?" "'Go to 

ca.rd #2. and say, "Pu t your finger on the firat sign. fi 

\ 

, 



l r 
h 

, 
'1 

-1 

1 

, 

( 

270 

Cont;1nue in +.hie manner until y01,l are confldent that the 'subject cléarly 

understands the ~ttem. Proceed ,toA the approprlate test variation. 

Sinee 1 t wu bel1,eved tha t forections for a.dministerlng should be 
~ , 

the same a~ss age groups, very: exp11c1 t langÙage ls used to en sure tha t 

those subjecta of younger ages' would underst&nd • 
.,' 

Dlrections for \dminlsterlng ,the Four Variations 

spatiaJ./spatialz 'lbe Expe+"lmenter d.1splays grids wi th spatial. patterns. 

'lbe Subject has em'pty g:r1ds and a pencll. 

Say, " l u going to show you some patterns. After you look a t a 
1 ~ 

];8. ttern and have wai ted for fl ve seconds, l will say 'ready' and you may begin 

to malte the pattern with your pencil on thls paper by putting the X,'s .in the 

rlght spaces". ., 
Pa,tterns III and #2 are d1spl.ayed again as practice trials. 'Present' 

each. one for 2 seconds, wa1 t f1 va seéQnds and say, "Ready, now ma.ke the pa. ttern , 

on your paper." 

:Present oa.rd #3 and say, ''Look ~at this pattern. \ See, now we Mve one 
• 

more s1gn and one more number." Dlsplay it for 3 seconds; wa.1 t 5 seconds 

and say, ":Ready, now ma.ke the pa ttem on your paper." 

.'-

f 

• i 
\ 

, ,1 

Proceed to ca.rd #4, wh1ch ls &lso a p~~tice trial, in the sa.me, J'!I&IlIler. ! , 
.... 1 

Each time a. new s1gn 1s lntroduced, show the blanlt grld f1rst oIS,lld say, 1 

"See, we have one more s1gn and one more number." Procèed wi th success1ve 
<, 

piL tterns un tU three consecutive erron axe made a t any one level. 

satia.l/temporall The Experimenter d1splay~ grids w1 th spatial patterns. 

'!he Subject 18 g1ven a set of appropria te symbols on indiv1dual cards. 

IIü t1ally, the Su bject has only two cards and, ~s gi ven an add1 tlonal carel 
. 

ea.ch t1me a new symbol 1s in'troduced. 

,~ , 

.. 
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Say. ''Now l am go1n'g tb 'g1 va you some' cards, w1 th the signs on thelll. 

! will show you à pa ttem lUl4 a.:f'te~ fi ve seeotlds l ldl1 say, 'read:y' ,and you 
'II 

, mày pu t tb~ cards down so 1;ha. t ~e signs will be in the Same order as in the 

:pa. t'tarn:" 
~ 

Cards li and #2 are uàed as pra.ctice trials. Eaeh ,15 shown' for . t'If 0 

seconds. A fter' the f1 ve second pause say, "R8ady, put down your cards so 

tha t th~ signs ~ in the S8.!Jle orQ,er a.s sho~ 1n the pattern." 

Show ca.rd If) and say, " See, now W8 have one more sign and one more 

nÙDlber." 
~I 

Show oa.rd # 4 ( also a pract1ce trial) for;ttu'ee seconds, wait 'five 

seconds and say, "Ready, plaoe your cards so tha t 'the signs are in the same 

order a.s shown in the pattern." 

Each Ume a n~w ~ig:ri" ls introduc,ed., show i;pe bla.nk grld 'fint and say, 

"See, now' We have one more sign and one "more number." Remember to 'displa.y 

ea.ch grid one second. for each symbole Proceed nth successive patterns until 

three consecutive errers are made. '. , 

Temporal! sI!-t1als Th~ EXperimenter di spla.ys, ind1 vidual cards ri th syln bols " 

on them and. the SUbj~ptr grids and a. pencil. 

- ------Say, "1 have some oa.rd& Jr1 th sie;ns o.n tbe/n. l am '~ing to show them 

to you one at a Ume in a. spe'Oia1 arder. After 1 have shoWn them to you, 
, , 

'Ife will wa! t for fi ve seconds. ~en l will say, ' ;ready' , > and you may put 

the X' s in the pa. t't.ern ,so. tl)a t they &;'e ~ the same orcier as 1 showed' you. 
,f • 

~. s1gn that you see first should have an X aeross from 1t under the number ~. 

~ iJle slgn tha. t you see second. should Mve an X a.cross from 1 t under the number 2. 

Here are the firet ones." 

Show sequenoe)- and 'then sequenç~ 2. as pract.ice' tria.ls. 
It 

Then say, 

''Now we are going to use one Diore s1sn.~' Show the new sign and' grid. ~ t tern 
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" 

l , _.ch ~e,. nev sy.mbol la introduced.'. ,~ceed. unt1l thn. ~.ouUve .rrore 

&ra made a t anr one l.velo ' 
" 

TemporaJ/ t_PPral. 'ntt Experimenter and :$ubjeot .. cil haB 1nd1v1dual 

,ea.rd_ with symboia on ·them., , lnit1ally th.- subjeot ~ only the !1rst two 

~. ana 1. given ~ :addltional card' tacn' t1me a ne .... ay1Il'bol 1a intrOd.ùceâ.. 

S&y. "I havé some oard.. for you and ,sou oards for me. Each ca.rd as a. 

d1.fferen t s:1gn on 1 t. '1 am geing to ahow you IllY .. cards ln a speCial order . 
and a.:tter f1 ve seconds. l will say, 'ready' and you may plaoe your oards on 

the table in the' same ·order. Let' s start w1 th these. Il Show sequenoes #l and 

#2 (, praotioe trtals). After e.eh one 1 s~.y i "Now plit do'Wn your cardO in the, 
, ' 

sam. order ... r showed them to you Il'' '!hen sa.y, "Now!, am going to show you , - ' 

one more s1gn." Glve the Subjec~'a oard.1O.th the nev s1gn on 1t. Dlsplay 

the t.tU.rd. sequence ( also a praot1.ce trial.). . Proeead 10. th the rem.alning 

sequences un til three eonsecu ti ve ~rrors are made a t any one level. 
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In.t;uctiomÎ for the P1chgtio L1ettiù4g Tt,t 
~ 

rwenty-'four sequence. ot three~g1 t pairs wen ildJp1n1a1;ered. 'tolloW1nC 

the presentaUon of two pra.o1;1ce' sequences. The f1rst test of tWelve àe9,uenoe. 

wa.a preaented lot the rate of' two plUr ~r ha.l.f second. 'th. seoond telJt 'was, . ~ ~ 
, "" . 

t -p:resea tec1 a t the 1:& te of t~ p&1r per one and & hall seconds. 1 Â t the l'ialf' wa.y 
r 

point, earphonea werè e1l1 tohed.1,ntr&-1nc11v1dua.J.ly to countttrbalanoe tor possible . , 
eha.nnel effe~ta. Order wa,8, counterbaJ,anced intel;'-1nd1vidua11y as well .. 

, 

~ , Instruc:t1ons vere as t'ollows 1 ft Whan you put on these el\.@lones you 

wiU heu difterent tlUJll bers oom1ng te each ear a t the lI&Die Ume. lhen ther" . - ' - . 

tdU be & pause. Wl:l~n th" ~8. ooeurs, pleaH npeat, i.n' a.ny order. &1 

" , 

.au.ny of, the numbtra 1.8 you oan ,remem'ber hear1ng." 
«i 

Digits reported.trom the,rlght and 1eft e~s were tota.ll~ .. ~te11. 

\ ' Ma.ximwn sco.ré • 72 for eacb ear. 
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Iarphone 1 on riFt ur' 
l (tII1: 1 . (1/2 uo.) , 

395 680 
750 293 • ~e4 101 

,132 584 
461 '579 
023 748 • 

'l' •• t, 2 
581' 

(1 aM 1/2 sec,) 
649,,, 

417 
069 
504 
265 
431 

832 
257, 
196 
380 
976 

J total 

~ 

, 

total 
, " oi'd.:r: --_ ~n. 1 on i~tt ea.r 

'l' •• t 1 
680, ~ 

-293 
107 
584 
5'7~ 
748 

'l'e.t 2 
649 
$32 
257 
196 
380 
976 

395 
750 
284 . 
132 
461 
023 

587 
417', 
069 

, 504 

265 j 

431 

tot.a~ 
( . ... 

.. c • 

total 
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R,.ff' Soo%'8e and De.Criptive StaUat1ce 

Dependent va.r1.able. for 
~ 

., 

Cou1ltent Faotor J, InocmI1.t.nt ~ R6i. Le&rner G;roupll 

'., 

• * :y .. ..... *' 
, 

,,. . 

• 

( 

. . 



.; 

è 

i 
l 

1 

. ! 
t 
-, 

· .. 

9 

oentot 

inoidtot 

embf1g 

assw 

asswo 

11&8I5W 

MSSWO 

8psp 
' .. 

tesp ,--: 
. : :: 

spte 

tete 

re 

le· 

rh 

lh ~ 

spollgr 

gracc ' 

8peed 

810810 

, ' 

~~~~--- -- -. ... --- ~- , 

, . 
- - --~- _.-~--- <-

OODE m 

central le~ng Score 

1nc.1dental; lea.rn1ng score 

embedded figures 

assoc1ations with synta:Jc, Weener Strings 

associations wi th ou t syn ta.x, \rIeaner Strings' 

no associations w1 th syntax, Weener Strings" 

no associations and no syntax, wee~tringS 
spa. Ual presentation and spatial response, 'IESP 

temporal. presentation and spatial response, 'I!SP 

SiB Ual presentation and te!JU)Oral- response, 1ESP 

temporal presentation and temporal response, 'IESP 

right ear score, dichotit: llstening ·6001:'8 

11ft ea.r, dichotic listen1ng-soore, 

rigl:it ~ score, diehha.ptic stimulation test 

left ha.nd score, d.1chhaptic stimuJ.ation test 

grade leve~ spelling score, Vide Range Achievement Test 

nad1ng acaura.cy, standard. scorè, Ga tes-Megini tie Test . 

read1ng sP.ed, sta.nd.ard sco~, Gates-McGinitie Test 

word recosn1t1on, score from Slosson Ora1
o
Reading Test 

Ca t =: 0& tegory 

Consistent Fa.ctor 1 == l 

Inconsistant = 2 

Able Laarner = J 

r , 
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Table l 

An.lyais of v.riance for f~ll .cal. IQ .core. 

over 3 ••••• sm.nt. for 

Con.iatent Factor 3 and Incouaiatent aub,roupa 

(N • 15, each subgroup) 

Source of variance df Mean square F 

Group 

error 

Tille 

Group x time 

errer 

Meana: 100.0 

1 

28 

1 

1 

56 

97.4 a ________________ __ 

b 

780.27 

218.29 

173.34 

41.94 

20.49 

95.2 

3.57 

8.46 

2.05 

.07 

o .0006 

.14 

..... 
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Table 2 

Analyaie of variance for verbal and pe.'ormanee IQ Icore. 

over 3 aaselsments for 
1 

Conaistent Factor 3 and Incon.istent subgroups 

CN • 15, each sub,roup) 

Souree of variance df Mean equare F 
., 

Group l 1366.76 3.58 

error 28 381.33 

Time 2 227.17 5.18 

T,ae x group l 90.54 2.30 

error 56 39.33 

Subleale tQ l 2149.36 11.40 

Subleale IQ x group l 642.22 3.41 

error 28 ---ttt:50 

Suble.l. IQ 'x time 2 61.24 1.45 

Subleale tQ x ti.e 2 30.41 .72 
x group 

error 56 42.25' 

, . 

" 

:2,' 

.07 

.005 

.11 

.oot 

.08 

.24 

.49 

( .. 
J 

, 290 
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Table 3 

. 
,J 

, 

ADaly.1. of variance for factor .core. 

over 3 a ....... nt. for 

Conat.tent Factor 3 and Incona1stent lublroup. 

(N • 15, each subi roup) 

Source of vari.nce df M.an .quare F 

Group 1 358.22 2.82 

error 28 126.97 

T~e 2 138.42 7.38 

Tille x group 2 11.39 .61 

error 56 18.76 

. 
Factor .core. 2 906.58 28.93 

Factor .cor •• x Iroup 2 562.05 17.94 

error 56 31.33 

Tim. x factor .corel 4 47.41 
, 

3.56 

Tille x factor Icorea 4 28.82 2.16 
x ,roup 

.rror 112 13.33 

'10 ... ,) 

291 

.10 

.001 

~5S 

<.001 

<.001 

.009 

.08 
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Table 4 
..... 

An.l,.u of varimee for a_ber of worda reca1~ed 
t 

by 1evel. dl a'loeiation and synta: 

for Conai1l1:ent P'a~tor 3 and lnconaistent groupe 
',' 

~ = 
Sour~e of vartance df Mean _quare F R. 
~ ;-1"' 

Il 

Between groupl 1 21.61 0.21 .65 

Arror 
' ," 

101.86 28 
.. 

Lev.la of 
.. 

f· a.sociation l 4404.41 395.35 <.0001 
t ., Level. of .Isoct.tion 1 156.41 14.04 .0008 , 

x group 

error 2.8 11.14 

Lavela of ayntaz 1 559.00 66.93 <.0001 

Lave la of 'YU,tax x group 1 91.88 11.00. .0025 

error 28 8.35 

M.od .• tion x .yntax ~ 267.01 25.80 <.0001 

Aa.oeiatiOD. x .yntax l 20.01 1.93 .1B 
x Iroup 

error 28 '10.35 .. 

• 

( 

* ------
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Tabla 5 t, 

r ADaly.~. of variance for •• rial podtion .ffee't. on nallwo strin,1 
t 

" 

* 
for Conaistant Factor 3 a~d Inco~i.tent lubaroups '. 

t 
(N • 15, each lubgroup) [ . 

" 

t = 
Source of v.ri~c. dl Mean square F '.2, 

i, 
Group l 10.83 5.69 ,.02 

etror 28 1.90 . 
J 

'" , , 

S'erial pOI,tdon 9. 37.81 24.01 < .. 0001 

Serial position x group 9 2.67 1.69 .10 

arror 252 1.57 

• i 

Po.ition: 10 ,9 1 8 6 2 7 3. 5 4 

Maana~ 4.8 3.3 3.Q 2.9 2.5 1.9 1.7 1.6 1.4 ,1.1 
,a 

b i 
1 

C 1 
~ -
1 

,~ , ! .' 

" 
1 

/ 
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Table 6 . , 
Analyaie of vari~ce for lerial, pOlition effects on .a. atrings 

for Çonaiatent Fa~to! 3 and'IncOfia1atent subsroups 
, 

(N. 15, each,subsroup) 

Source of varianC4 

, ' 

Group 

error 

Serial ,po.1.t:f.ou' 

S.~ial' poaition x âroup 

eTJ'or 

df 

l. 

28 

9 

C} 

'252 

Meatt square 

12.40 

4.54 

19.77 

2.20 

1.20 

, . 

, t 

F 

2.74 

16.44 

1'.83 

" 

.10 

.00 

.06 ' 

.%J, .. ' 'f;rc 

1· 
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Table 7 , ~ 

i, .... J,' 

Ana1y.ia of covariance of verbal IQ Icore, on r.~.11 of W.ener strin,. 

for Consistent Faetor 3 and Inconsietent subcroup. 

kourc~ of variance 

Group 

Verbal IQ , 

erJ'or 

A.aociations 

Associations 'li: group 

anor .. 
Syntax 

lit (N • 15. each subgroup) 
-\' .... y' 

c1f Mean square 

1 46.52 

1 146.65 

27 100.20 

1 4404.41 

1 156.41 
j 

28 11.14 

1 559.01, 

F 

.46 

1.46-

395.35 

14.-04 

.50 

.24 

<.001 

.0008 

. Synt~ x group 1 91.88 

66.9'3 

11.00 

<.0001 

<.003 

error 28 8.35 

ù.oc1~t:lon x .yntu: l 267.01 
".oc1ation x ayntax x group l 20.01 

, . 
Inor 28 10.35 

\ 
, AdjM!ted Heans . 

§!r!8I variations Con.istant Factor 3 

~.wo 42.38 * 
.... .,,0 32.4b 

Mu" . 24.1c 

N ... w6 
J " • n.sei 

25.80 

1.93" 

<.0001 

.18 

lncotlahtent 

38. ,. 

33.9b 

26.,c 

26.3c 

* He.au foilowed Dy th. a.e letter are not .igru.f1eautly differ.nt., 

G 
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table 8 

Analysi. ~f variance for I.~i.l po.ition effacta on n~.w .tT1n&' 
."" --

., ~" . 
, for Con.istent 'actor 3 ana Inconsi.tent lubgroup. 

\ 
(N • 15,' .ach .ubgroup) 

Source of variance 

Group 

error 

SeriaI position 

Serial position x group 

error 

.. 

df 

1 

28 

9 

9 

252 

,f \>1 

Cl 

Mean square 

3.63 

2.96' 

23.86 

2.17 

2.01 

Table 9 

F .1? 

1.23 ~28 

11. 84 < • 0'001 

1~ 08 .38 .. , 

'Ana1y8~s of variance for serial p08ition effects on~'8WO strings 

for Con.istent Factor 3 and Inconsistent subgroups 

(N • 15, .ach subgroup) 

, 
Sourc~ of variance df Mean square F ~ 

.. 
.., 

Group 1 .96 .26 .62 

arror 28 3.76 

Sarial poeit1on 9' ,25.08 16.02 '<.0001 

Serlal pOlition x group 9 .70 .45 .91 

~rror 252 1.57 

./ 

;' 
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'Table 10 

Analysia of covariance of full scale IQ scores on TESP reca11 scores , . 
for Consistent Factor 3 and Inconsistent subgroups 

(N • 1S, each subgroup) 

Source of variance / df Mean square F 

Group 1 32.72 2.7Z .11 

r IQ effect (JJ. 98.99 8.24 .0079 
f err.or 27 12.01 
~ 

~ \ . Presentation mode l 16.13 2~92 .10 t 
~: Pre8~ntation mode x groûp 1 16.13 2.92 .10 t , 
~ error 28 5.S3 

1 

of '-, 
22.03 8.89 .006 Response mode 1 

Response mode x group 1 5.63 1. 79 .19 

error 28 3.15 

Presentation mode l . 28.03 20.48 .0001 
x response mode \ 

c, 

Presentation mode x l 17.63 12.88 .0013 
response mod~ ~ group 

error 28 1.37 

.... , 
. AdjustEld Means . 

TESP variation .Consistent Factor 3 Inconsistent 

-
.f. Spatial/spatial 

. b* 
6 .• aab 

0.0 

Spatial/ t_poral. r 4.4c 4 .. Sc 

() 
Teaporal/Ipat:i&.l S.Sb 6:Sab . 

~ 

. 
4.6c a 

Temporal/temporal 7.7 , 

• * Meana followed by the sam. letter are not sign1fie~tly different. 
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Stna1e classification analYles of ~ar1ance for 

the Able Leamer group: Study NO~ 2 
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Table 1 

Single cla8.ifi~ation ana1Y8i8 of ~ariance fOT 

OÙllber o~ wo8ec'~led by level. of àa.ociotioo and oyat"" 

1 of the Weener strings 

for the Able Learner gro'up 

f 

Source of variance df Mean square F 

Leveis of associ;atton\ 1 3420.15 358.40 <.0001 

error 14 9.54 

L-evels of syntax l 
" 

340.82 23.51 .0003 

\ error 14 14.50 

'Asso,ciation x l 46.8.2 2.94 .11 syntax 

error 14 15.92 

'1 
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Table-2 

Single cla88ifléati~alYSiS of variance for 

recall by levels of pre8en~ation and response on TESP forms 

for the Able Learner group 

• 

Source of variance df Mean square F l? i 

I-
I f 

, 

Levels oe pfesentat10n l 9,6 1.45 .2.5 
error 14 6.64 

Levels of response 1 9.6 2·32 .1.5 
error 14 4.14 

Presentation x re.ponse 1 41.67 10.84 ' .005 

error 14 3.85 

Means: 

( 



( 

1 

1 

t ' 

1 (-) 
t 

Table 3 

Single cla •• ification ana1ysi. of vàriance 

of dichotic listaning scores for the 

Able,Learner group uaing right handed subjects 

Source of varian'ee df Mean square 

Ear effect 

error 

1 

14. 

Table 4 

168.03 

17.18 

9.78 

Single classification analysis of variance 

of dichhaptic test scores for the Able 
t 

Leamer group using right handed subjects only 

Source of varian~ df Mean square 

Rand effect l 8.53 4.51 

error 14 1.89 

~ 

J 

JO, 

.007 

.E. 

.05 
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Appendix H 

Analyses of variance for 

dichotomous atfmulat10n taeks , 

for Consistent Fa~tor 3 and Inconsistent groups 

(right and left handera combined) 
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Table 2 

Anslyais of variance for number of 

correGt detect10ns for rigbt and left bands 

for Consistent Factor 3 and Inconsistent groups 

rigbt and 1eft bandera combined 

Source of variance df Mean square F 

Group 1 .82 .36 .55 

ert'or 28 2.27 .. 
Ilanci effect l • 02 .01 .93 

Rand x group l 12.15 4.98 .03 

errOT 28 2.44 

., 
Means: 5.4 5.1 4.5 , 4.3. . 

( 

- _. _ ..... ~----- -
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Table l 

Ana1ysis of variance for n\&ber of 

d11its recallad for t'18ht and left eat's 

for Consistent Factor 3 and Inconsistent Iroups 

dght and left handera combined 

Source of variance df Mean square F 

• Group l 1.67 .01 .90 

error 28 111.32 

1I:ar effect 1 1382.40 29.0B < .0001 

1I:at' x ,roup 1 26.67 .56 .46 

error 28 47.53 

1 

j 
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Appendix l 

MUltiple keare.aion Analy.i. 
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Table 1 

Su.aary table of the~.ulttp1e regresslon analysis of derived indices 

on the factor discrepancy scores fro. the ftrst assess.ent 

Variable Multiple R Slaple J. B-value 

Selective attention .43 .43 .56 

R.ight: ear advant:age .60 .35 ~ .20 

Weener index .65 .38 15.02 .. 
TESP index .66 .39 - 4.35 

Ilight hand advantage .66 .08. .22 

(conatant) .19 

.' 

r' v 

'~ 

l ________________ .. ____________________________________ ___ 

,.. 

Bet. 

. 44 

. 33 

.23 

-.13 

-.05 

\N o • 

~~ ..... 

. 
~ ..... 

- •• 
1 
! 
1 
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