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N i L . i\ Abstract Rf o s
. The central problem addressed in the present study involved
A‘the interface between reading and nonreading charactertstics
fof subgroups ide:fified within a. publdc school. sample of 9-
. ;and 10+ year old children who manifested difficulty in '
- reading Both readtng ahd nonreading charactertstics were
'.'cassessed Within a-multiple syndrome paradigm The assessment
~?included quantitative and qualitative analyses of oral
llreading sensitive to strategies used in reading connected
“text, standardized tests of word identification word attack
Qand passage comprehensiqn a qualitative analysis of the ‘
,(phonetic accdracy of spelling errors measures of 1Q,
{ ,language memory. sequenCing perception visual motor and
'motor functioning. and teachers ratings of classroom
behaviour and . arithmetic achievement |
| Ubjective statistical classification procedures"'f'
'(Q factor agalysis and Ward's cluster analysis plus a .
relocation procedure) were applied to: reading data and to :
'nonreading data, respectively The results indicated that
,subgroups of disabled readers could be formed on the basis
of reading characteristics and on the basis of nonreading

characteristics Overall more satisfactory classification

solutions were obtained for reading data than for nonreading

\l

'data and cluster analysis was preferred over Q factcr
analysis. L AT L
Four su"roups were formed by Q factor analysis of :

reading measur However, cqyerage was low (33 of 49
W{ e |



. , , ' ~ . /
subjects were classified), many subjécts had high negative

factor’loadings and several subjects loaded highly on more
than'one factor. | |
" Cluster analysis of reading measures yielded"four’
_subgroups which were’ stable under relocation and which had
1nternal validity demonstnated by data manipula}ion graphic
, presentations, and’ statistical tests A11.49 subjects were
classified in four subgroups. 1) least profiCiént (n= 11)
“2l context cue users, poor comprehenders (n=12)
" 3) grapho phonic cue users (n=13); and 4) high comprehenders
. (n=13). External validity assessed by analyses of variance
of nonreading measures was. weak with only four significant
‘differences among the.subgroups, All subgroups appeared to
| have low‘level linguistic deficits but'varied in the degree
of involvement of sequencing deficits anﬁ higher level
' linguistic defiC1ts |
Statisﬂical cla551f1cation procedures were applied to §-

nonreading data with less success Q factor analysis did not
‘yield interpretable subgroups Five subgroups were - formed~by
cluster analysis of four factors from an: R factor analysis .
of nonreading measures . Internal validity was weak under _f
data manipulation but graphic presentations and st;tistical
(msts confirmed the distfnctiveness of the five subgroups

1) relatively good performance on the. four factors namely.
j fVerbal Auditory sequenc1ng, Spatial/visual motor, and _
Memory/sequencing, 2) low Memory/sequencing. 3) low Verbal
| ‘high Auditory sequencing, 4) Tow. Spatial/v1sual-motor. high

A

i



| »
Verbal; and 5) Tow Auditory sequenc1ng. Exbernal validity
) against reading measures was weak Trends indlgéted

réiationships between Juditory sEquencing skiiis and the ;

o~
\speed and accuracy of using grapho-phonic cues for word

identffication “and between higher ievel linguistic sKills

and reading comprehension .

Different subjects tended to be grouped together by the

o classification analyses of reading data compared with those
| grouped together on the basis of nonreading characteristics
,The correspondence observed among the: subgroups sugges ted
~that high- comprehension was related to relativeiy unimpaired

.nonreading test performance\and auditory sequencing skiils

were related to the grasp of speiling sound correspondence ,

rules.

it

e
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I. Introduction
Professionals from many disciplines{including
education, psychology, meuropsychology, linguistics, and
medicine have been seehing to understand the unexpected,
failure to learn to}read by'a child whose:
Intelligence isvéif“orai language development, and
| sensory capaCities appear to be fully adequate to permit -
the development of reading skills; who has had the
benefit of conventional claéSroom instruction’in
reading; and who at the beginning of schooling had
normal motivation to learn to read (Benton, 1975, p.2).
Children who encounter reading problems of the nature
describe9 above are subsumed under the label "learning
disabilities ,.a term which’ came into use in 1963. Prior to

1963, the varieties of learning disabilities were diVided

finto three categopies: disorders of spoken Tanguage,

disorders of written language, and disorders of perceptual
and motor responses The initiation of a field of learning
disabilities and the use of the term learning disabilities :
resulted in a tendency to lump tcgether children who t_- ~ »
manifested a variety of learning disorders The
heterogeneity of the children encompassed by the term is
obvious in the following excerpt from a definition put forth
by the United States Natéonal AdVisory Committee on
Handicapped Children (1967) R .
Children Wlth special learning disabilities exhibit a

disorder in one or more of the baSlC phySiological



prpcesses'inbolved in understanding or using spoken or

13r1tten language. fhese may be manifested in disorders

of listening, thinking, talking, reading, writing,
spelling, or arithmetic. ‘

The label *learning disability" has been used
synonmeusiy‘with 5 vacjegy of terms which include
pehceptual disabflﬁt , minimal brain dysfunction (MBD) ,
| hyperactivity; deve {oF ntal dyslekia. developmental
dysphas1a, and reading d1sab1lity The term tends to be
over- inclusive. Var1at1ons among learning disabled children
have been ignored and the learn1ng disabled populat1onvhas-
been treated as homogemeous. Lumping'ioge(her children with
diverse probfems led to'research'characterized byqa search
for a unita:y explanation which‘would a¢count fogqali
leérning disorders. However, ho satisfactory explanation has
been found. IncOnsi;tent-and contradictory research findings
abound in the field of learning disabilities.

'Researchers are resﬂgnding to the need fo;
clarification by showing greater awareness of the diversity
of learning disabi]itfes and of the néed'for‘horé‘complex
'ﬁodels corresbondihg~to the.compleXi;? Bf the problem (Satz
& Morris.~1981).'There is a,mOVemént towards greater °

»refihement of classificatioh systems'for identifying

'._subtypes of learning d1sab111t1es (e.g., Frith, 1980

Ingram, Mason & Blackburn, 1970 Nelson & Narrington. 1974
; Rourke. 1978 Rouke & F1nlayson 1978 Satz & Morrws, 1980 -
vSpellacy & Peter. 11978) .. |
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Similar developments may be traced with regard to
reading disorders within the broader field ofilearning
disabtlitiesi Terms used to describe’unexpected reading
failure include reading disability, specific reading
disability, dyslexia, deveiopmental‘dyslexia, specific
developmental dysleXia. add specific-reading*retardation.
Many definitions have been used without regard for the
resulting differences in the sampleS'of\disab]ed readers
.under study EAppelbee, 1971). E*clusionary criteria~
characterize the definitions and contribute toﬁvaf?ability
that is frequently ignored. Definitions vary tﬁ;the.nUmber
of‘exclusionary criteria inciuded, in the,severity of the
reading deficit, the aspect of reading assessed (e;g., .
silent reading comprehehsion vS. recognit;on of isolated
words), the IQ crtteria. the sex distribution and the
spec?thation of associated acédemic'problems,

Until recently, the heterogegeity.o{ reading disorders
was’ignored and researoh follbwed a single-syndrome paradigm
(Doehr1ng,_1978) ‘It was assumed that read1ng dlsabtl!ty was:
a homogeneous entity and that a single«underayang cause for:
the diff1culty could be d1scovered However ”ho satlsfactory

'explanatlon was found Wiener. and Cromer 119677 and Appelbeel
(1971) expressed d1ssatlsfact1on wvth the s1ﬁple models
gu1d1ng readtng d1sab1]1ty research They suggested that
more complex models were needed in récogn1t1on of the
v'd1vers1ty-of read1ng d1sorders ‘Wiener and Cromer (1967)

Sagpa

'propose a el wh1ch posited several types of read1ng



dtsability, each associated with unique antecedents.
Appelbee (1971) recommended a.model for readiﬁg disability
‘research which assumed that more than one ‘syndrome of
dieability was possible and that readingAdieability could be
caused by any of several relevant and independent patterns
of factors.;THe'cqmplex research models a1so.require‘complex
Astatistieal procedures. » |
| Doehring (1978) agreed with the above suggestions'and’
recommended a multipie-syndromevmodel in reading disabijity
reseachf.He argued that thefsingle-syndrome research
paradigm is not appropriate as it is not possible to
operationally define reading diSabfiity as a unitary
}disorder; The simple models ignore the eomplefity of the
reading process and rely on unidimensiona]'measures of 'f 8-
>read1ng ach1evement A narrow view of ,the reading .process
does not fit the complex problem of reading difficulty. A
multiple- syndrome paradigm 1ncorporates multiple measuree of
reading ach1evement. It assumes_that there may be different
subgreups of disabled readers, each as§OCiated with |
d1fferent patterns ot reading sk1lls and nonread1ng sk1]ls
fThus, the mult1ple syndrome parad1gm requ1res that research
in reading d1sab111t1es examine both the read1ng sk111
characteaieticsfaﬁd.the nonbeading»characteristies‘of.
d1sabled readers. “ | . | |
| Jhere have been attempts to class1fy d1sabled readersa
into homogeneous subgroups on the basis of shared ‘

attributes. It is hoped that the identification of
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homogeneous subgroups will ¢ontribute to improvements in
identification, remed1at1on and pred1ct1on of outcome of
reading dlsab1l1t1es (Benton, 1&78) The development of
syndrome-specific treatment programs is seen to be an
important outcome df class1f1cat1on research (Matt1s, 1981).

Although the potent1al impor tance of 1dent1fy1ng

;-subgroups of disabled readers is widely recognized, research

-

“in this area has,been'particularly limited by the failure to
adequatety evaluate classificatibn systemsf Weaknessesrare f
a55001ated wi th the ‘three classification approaches B
currently in use ‘rational def1n1taons. clinical 1nferential'
and statistical. Thus, it is important to evaluate the
coverage{ internal validity and external valtdity‘of the
subgroups formed (Morris, Blashfleld & Satz, 1981 Satz &
Morris, 1981) External va11d1ty is extreme]y 1mportant and.
vrequ1res that the subgroups be shown to differ. on var1ables
external‘to the var1ables used to fOrm the subgrOUps
“Most attempts to c1a531fy d1sabled readers in subgrou‘§

<have 1nvolved cons1deratwon of disabled readers from on1y
one perspect1ve elther réad1ng character1st1cs’or
"‘nonreadtqg characteristlcs such as psycholog1cal and 7

'neuropsycholog1cal test performance The research appears to.
- confirm thé heterogene1ty of . read1ng d1sorders and prov1des .
. some ind1cét1on of subgroups of d1sabled readers that may be
1dent1f1ed» However, the class1f1catxon stud:es wh1ch - |

J
consider nonread1ng characterlst1cs have: \gnor%d the

.\.

':complex1ty of the reading process and var1at1ons tn. readrng
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behaviour among disabled readers. Most subgroups‘formed on
the basis of nonreading characteristics have not been
evaluated against external reading criteria. Similarly, few

e

subgroups formed on the basis of reading and/or speltling
characteristics have been evalJated againsi nonreading data
to determine. the distinct{veness of tne}nonreading
characterietics'of the subgroups. | ¥

- Such research has falled to. adequately 1nterface
'dwérerences in nonread1ng test performance w1th d1fferences
in readlng behaviour. A classification system based upon
neuropsycholog1ca1 and psychological tes{ per formarice may
have greater relevance to quest1ons of et1o]ogy, .
'1dent1f1cat1on prevent1on/ prognosis and remediation of
read1ng dusab111t1es if. ch1ldren in the dlfferent
class1f1cat1ons can also be differentiated on the basis of

LN

vread1ng charact ristics. Conversely. if disabled readers

classified 1ntﬂ ubgroups on the bas1syof-differences.in |
their reading anf/or spelling_behaviourfdiffer in systematic
ways on nonreav ng measures} then'tne c1assification echema‘
will have greater relevance to the above duest1ons

A few recent studles have adopted a mu1t1ple syndrome
paradlgm and cons1dered both read1ng and;?r spellIng and |
v,nonreadung character1st1cs of subgroups f dlsabled readers=
(e.g. Aaro% 1978 Doehr1ng, Tr1tes, Patel & F1edorow1cz
' 3 ‘l981‘a Lyon & \datson, 1981) However,. in general

,cla551f1catlon research to date has been ]1m1ted by the

'class1f1cat1on approaches-used. the‘seYect1onof subJects; '
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for study, the select1on of reading and nonread1ng measures,
and particularly in the failure to adequately eva]uate the
'coverage, internal validity and external va11d¢t¥ of the
classification solut1ons - n

Within a mu]tjple-syndrome paradigm, it is assumed that
subgroups.of disabled readers‘are characterized by different~
patterns of reading and nonreading characteristics. The
interface’between reading and nonreading characteristics:
among subgroups of dtsabled readers has 1mportant

4

implications for- our understand1ng of read1ng d1sab111t1es
and was)the centrallproblem of interest in the present |
 study. | \ - |

Attempts were made to overcome lvmltat1ons of prev1ous
research Problems assoc1ated w1th subJect select1on in
previous studies 1ncluded the predom1nant use of c11n1c
.samples, the wide age range of samples and the fa11ure to
cons1der sex dlfferences For the present study, subJects
were within a narrow age range (n1ne and ten years), thus.
contro]l1ng for the effects. of‘var;?ng chronolog1ca1 ages
and developmental levels The subJects were drawn from a’
'nonc11n1c school populat1on and 1ncluded both boys and girls
| - who were exper1enc1ng d1ff1cu1ty in read1ng
| The multlple syndrome paradlgm recommended for reading
i d1sab1]1ty research was adopted in recogn1t1od of the
v:complex1ty of the read1ng process ‘and. of d1sabled readers
This parad1gm requ1red comprehens1ve assessments of;readlng

. and nonread1ng character1st1cs A maJor 1nnovat1on of the



present study was the reading assessment which consfdered
strategiés used in functional reading as well as
standardized tests of word idéntification, word attack and
passage comprghension. A wide range of nonreading
characteristics was also assessed to prevent bias towards
any one'areé of functioning.

Statistical classification procedures were selected as
the most appropriate approach to classificat{on with complex
data. However, in view of weaknesses associated with curreni
statistical classification procedures, two different methods
wérg used and the coverage, internal validity and external
yalidity of the classification solutions were evaluated.

One purpose of the present study was to determine if
internally valigxsubgroups of disabled readers could be
identified on the basis of reading characteristics using
stétistical classification procedures. A second purpose was
to determine if internally valid subgoups of disabled
readers could be identified on the basis of nonreading
characteristics using statistical classification procedures.
The primary purpose of the pre nt study was to then examine
the interface between_readi!%ﬁjid nonreading characteristics
of the various subgroups formed. The exter;al validity of
the subgroups was thus extremely important. The nonreading
characteristics of subgroups.formed on the basis of reading
‘chafacteristics and the reading characteristics of subgroups

formed on the basis of nonreading characteristics were

examined. In addition, the subjects in the subgroups formed



on the basis of the two types of data were compared to
determine if the same subjects were grouped together by
analyses of the different types of data.

The determination of the nature of the interface
between reading and nonreading characteristics of subgroups
of disabled readers was considered to be important for
understanding reading disabilities among public school
children. 1f systematic relationships could be identified,
identification and remediation procedures could be developed
to respond to the distinctive patterns of reading and
nonreading characteristics of the subgroups. If the patterns
of relationships were complex, or weak, caution woﬁld be
required in assuming simple relationships among these
variables. The characteristics of interest for
classification may differ with varying purposes for forming
subgroups of disabled readers (e.g., for remedial teaching

or for research).

~
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I11. Reading Disabilities from the Perspective of Nonreading
Characteristics

Réading disabilities have been studied extensively from the
perspective of nonréading characteristics. The focus has
been upon identifying underliying processes thought to bé
associated with reading difficulties. Such processes are the
concern of the disciplines of psychology and‘
neuropsychology, which is'the study of brain-behaviour
relations (Reitan & Davison, 1874). Prior to the 1970's,
most research followed a single-syndrome paradigm. A brief
overview of this research will be-presented. Interest in
multiple-syndrome research has increased since the 1870’ s
and this research will be reviewed in greater depth.

The research to be reviewed varies in sample selection
criteria and may not always be concerned exclusively with
disabled readers who are the focus of the present study.
Some studies do not clearly define the nature of the
learning disabilities of the subjects studied. Other studies
vary in the exclusionafy criteria used, in the sevérity of
the reading difficulty, in the aspect of reading assessed,
and in the method of assessment. There is thus little
comparability of subjects across studies and

generalizability is limited.

10



1R

A. A Selective Review of Single-syndrome Reading Disability
Research

Prior to the 1870's, reading disabiiity research tended
to follow a single-syndrome paradigm in which disabled
readers were compared with normal réaders on nonreading
abilities and statistically significant differences were
interpreted as evidence of underlying causes of reading
disability (Doehring et al., 1981). Four of the most popular
single factor explanations of reading disability based udbn
the single-syndrome paradigm are considered in the following
review: visual processing, intersensory integration,
sequential processing and memory, and 1inguistic processing.
The literatere relevant to-each of these expianations is -

vast. Thus, the following review is limited to general

conclusions and summaries of the research.

Visual Processes

Analysis of the reading process indicates that visual
processing is involved in the eariy essential skill of
differentiating and identifying letter shapes (Vernon,
1879). However, research comparing good and poor readers on
visual processing tasks has yielded inconsistent findings
across thehQarious tasks requiring visual processing. Tasks
involving visual analysis.of complex arrays, discrimination
of compliex strings of verbal and nonverbak’stimuli including
rotated stinmii\ and right-left discrimination have been
per formed poorly by disabled readers compared to good

@
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readers (Doehring, 1968; Lovell, Gfay & Oliver, 1964;
Taylor, Satz & Friel, 1978). In contrast, studies have

| reported no differences between good and poor readers on
visual-motor, and spatial orientation tasks such as S?ock
Design and visual matching of geometric forms (Levine &
Fuller, 1972; Rugel, 1974; Symmes & Rapoport, 1972;
Vellutino, Smith, Stager & Kahan. 1975).

Much of the»inconsistency in the research hay bé
attribqted to the‘prbblem of sample heterogeneity. In
addition, the construcf validity of the tasks has not been
clearly demonstrated.zFor example, controversy surrounds the
degree to which the reader group differences on some visual
perceptual tasks may be influenced byrthe seqdential and/or
verbal nature of the stimuli or, of the responsé (Vellutino,

1879).

Ihtersenéory Ihtegration

In reading, visual patterns must be integrated with
auditory temporal speech patterns. Thus, visual processing,
ahditory processing and the ‘integration of information
across the auditory and visual modalities appear to be-
involved in»readihg. Deficient performance on crossmodal, or
intersensory. ihtegration tasks requiring the matching of
auditory sequential patt;rns to visual gpatial patterns has
been fodnd among some disabled readers (éfb.. Beery, 1967;
Birch & Belmont, 1965), Auditory-visual tasks involving

verbal stimuli (e.g., matchiﬁg auditory.and visual -

i
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'syllables, naming pictures) have yielded coneistent
differences between good and poor readers (e.g., Doehring,
1968; Levine & Fuller, 1972). |

The expiahation for poor performance by disebled

readers on such tasks, however, is not clear. The construct
validity of intersensory integration tasks is questionable.
The tasks tend te involve dimensions wﬁich may .contribute to
the poof performance of disabled readers, such as sequential
prebessing. shoEt term memory, auditory processing, visual
processing, attention and verbal processing (Benton, 1975;
Vellutino, 1978). Intrasensory or within modality
differences have frequently‘been ignored (Zurif & Carson,

1970). o,

‘Sequential\Processihg and Memory

To read, childfen not only need to match visual epatial
and auditory temboral pafteres. but they need to learn that
the order of letters in printed words eorre$ponds to the
order of sounds in Spoken woeds (Vernon, .1879). Thus,
difficulties in perceiving and/or retaining the ofder~of
auditory and visual stimuli could result ﬁq reading
difficulty. |

One of the mosgqcons1stent and reliable f1nd1ngs An |
reading d1sab1l1ty research is the. significantly poor ‘
performance by disabled readers in contrast to good readers
on ‘tasks requ1r1ng the recall of sequences of verbal st1mul1
in both the auditory and visual mg¢a11t1e5‘(e.g., thch1e &

N
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Aten, 1976; Shankwei]eré Liberman, Mark, Fowler & Fischer,
1979; Symmes & Rapoport, 1872). The verbal and sequentlal A
nature of the stimuli appear to be 1mportant in -
d1fferent1at1ng between good and poor readers. Verbal and
sequential stimuli have xielded consistent differences
between these‘groups. In contrast, nonyeroal and .
nonsequential'stimuli have not yielded consistent :
differences (e.g., Blank.‘f968; Richardson et al., 1980) .
It is d{fffcult to sort out the critical aspects of:
sequential processing and memory tasks differentiating good
‘and poor readers. Thus, the poor performance by disabled |
readers has been attributed to a sequential processing‘ |
deficit or temporal order perception~deficit (Bakker, 1972),
to a general deficit in short term memory (Corkin, 1974),
and to a verbal encodwng or phonological encod1ng deficit
{Jorm, 1979; Vel]ut1no,\1979). Controversy thus surrounds
the theoretical inferpretation of serial memory deficits
~among dlsabled readers and the cr1t1ca1 d1mens1ons ‘>
influencing poor performance by d1sabled readers remain the

subject of debate.

.Linguistic Processes

_ Readwng is a language process and d1ff1cu1t1es in three
levels of l1ngu1stlc process1ng are thought to be related to
: d1ff1cult1es in read1ng At the level of phonology. which
1nvolves the sound system of a language ev1dence suggests

- that phonem1c awareness measured by-segmentat1on and
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synthesi; tasks may be an important correlate of reading
disability (e.g., Calfee, Lindamood & Lindamood, 1973}
Golinkoff, 1978; Liberman, 1973). The difficulty in rapid
naming found consistently among disabled readers in contrast
to good reagers (Denckla.& Rudel, 1876; Spring, 1976; Wiig &
Semel, 1976), and differences between good and poor readers
in the recall of phonetically similar and dissimilar letter
strimgs (Shankweiler et al., 1979) have also been put forth
as evidence of phonological difficulties among disabled
Teaders. ; ) \

éyntax is the body of Lules which governs the way words
arelggranged in sentences (Vogel, 1974). Studies of «
'syntactic processing have found that, compared with good
readers, disabled readers have difficulty applying
morphological knowledge (é.g., Fletcher; Satz & Scholes,
1981; Vogel, 1974; Wiig, Semel & Crouse, 1973), in repeating
sentences bf incréésing grammatical éomplexity (e.g.,
Dehckla. 19773 Vogel, 1975; Weihstéin & Rabinovitch, 18971),
and in forhulating sentences ingorporating stimulus words
(e.g., Doehring, 1968; Wiig & Semel, 1975).

Semantic pfocessihg involves the meaning of words and
of sentences. Studies have.rebortéd'ihconsistent results_in
‘comparing disabled readers with good readers on measures of
receptive vocabuléhy (Satz et al., 1974; Vogel, 1974).
Vocabulary and $imilarities subtests of the Wechsler
Intell igence Scfaie for Children (WISC) (Wechsler, 1849)
(Ddehring. 1968; Lovell et’al.f‘1964; Lovell, Shapton &

9
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warren, 1964; Rugel; 1974), and tests of verbal fluency
(Fletcher et al., 1981; Taylor et al., 1979; Wiig & Semel,
1975) . ‘

Close examination of specific linguistic functions
leads to the tentative conclusion that the data suggest& at
best, a relationship between the three levels of lahguaég
functioning and reading difficu1fy. The construct validity
of tasks used to assess phonological. syntactic and semantic
proéesses may be questioned. For example, rapid-naming may
involve semantic word retrieval as well as bhonolbgical
processes (Vellutino, 1978). Sentence repetition is thought
“to be influenced by seqUenfial memory and receptive language
factors, as well as syntactical comprehensiqn (Vogel, 1975).
Tests of verbal flu%ncy'require rapid production of items .in
| a specified semﬁntiz category and may be influenced by $peed
of speech motor encoding ‘as well as'éemantic production
processes. ‘
1Q and socioeconomic factors may influence performance
on language measures and were not adequately confrolled in
many studies (Satz &fFlefEher, 1880} . Sampie selection
criteria varied widely across studies of linguistic
processes and may have contributed to inconsistent findings.
For exdmple.}Wiig and Semel (1975).assessed-34 “learning
disabled" children who Qere academically retérded in two or
morexSUbjects._buf°not necessarily in reading. Vogel (1974)
défihed reading disability in'térms of_performance'on}a test

of silent reading comprehension whereas Fletcher et al.
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(1981) used a test of word recognition.

Summéry
.'The selective reviéw of single-syndrome reéearch and

the popular single factor explanatiohs of reading disability
révealedlfhe inconsistency of the research findings. No
single factor has been shown to cons{stently and reliably
account for reading difficulty in all children. The lack of
consisténcy in the research is likely influenced by the lack
of comparability of the studies. Subject selection criteria
varied;across the étudies reviewed in terms of age, sex, .1Q,
the severity‘ﬁf the reading deficit, the aspect of reading
assessed and the sdurceldf the subjects (e.g., schoo
population, clinic referrals). |

Tasks used to assess various processes differed wideiy
and the construct validity of tasks Qas a problem in all
areas reviewed. Performance on similar tasks has been
interpreted as reflectihg a variety of processes.
Considerable overlap was observed. Relationships among the
various tasks_tended to be ignored in studies adopting the
single-syndrome paradigm which typically compared groups of
good and poor readers %n one or two measures. |

Contfoversies regarding the most important correlates
of reading disability may be resolved and more parsimonious
exp]anation§ of’réading disabilities may be forthéoming jf'
compbehensivé studies of disabled readers successfully

identify homogeneous subgroups. The preceding review pointed

-
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to many processes which may be implicated in some instances
of reading difficulty. The relationships among these
processes and their relationship to reading achievemgnt may
be revealed in mu]tiple;syndrome research studies which
assess a wide range of processes among large groups of
disabled readers and seek to identify subgroups of disabled
readérs who share common attributes. Multiplefsyhdrome
research methodoiogy will be described in the next section,
followed by a review of relevant muitiple-syndrome reséarch

studies.

B. Multiple-syndrome Reading Disability Research Methodology
In the 1970's, researchers showed ‘a growing interest in
multiple-syndrome reading disability research which assumes
that there .are several types of reéding disability, each:
associated with different patterns of reading and nonreading
characteristics (Doehring et al., 1981). The majority of
- studies adopting a multiple- syndrome paradigm have attempted
to identify subgroups on the basis of nonreadtng
performance, particularly on the basis of psychological and
neuropsychologicél characteristics. Prior to the review of
these attempté to identify subgroups of disabled readers,
the research methbdolbgy of the studies ié described.
Systems for.classifying disabled readers in h0mogenebu5»
subgroups follow three general apprbaches: 1) rational

definitions; 2) clinical inferential; and 3) statistical.
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Rational Definition Approach

The rational definition approach, as described by
Torgesen (1982), involves defining reading disabled
subgroups on the basis of d{fferences observed among
disabled readers, such as’' differences in performance on
memory tasks (e.g., Torgesen, 1982);‘The subgroups thus
identified may be compared on”other.variables.of interest in
order to.fully dbtermine important differences among them.

Torgesen (1982) suggested several advantages of
rationally defined subgroups: 1) clinical utility of
findings: 2) clear definitions of samples to promote
‘replication and extension of findings; 3) greater power to
inVestigaP% subtle procéssing deficiencies; and, 4) the

poss1b1l1ty of 1nvest1gat1ng the relationship between

? re in school andefailure on the criterion task and of
Jloping relevant remed1al programs.

One disadvantage of the rational deffhitioh apprqach is
gé subjéctiye basis for deffning the subgroues. The
;efiniqg criteria will very as they are influenced by. the
;ﬁesearcher’sffnterests and a priofi assumptions. about

4 ;;eading disablities. The originai basis of the definitions

; may not, in fact, be the critical Factor separating the
subgroups Another. impoftant consideration is the relevance
;“of ihe defining characteristics among d1§abled readers.. How

many disabled readers_afe affected by the defining criteria?
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| Clinical Inferential Approach

The clinichl inferentiél approach to classificétion
involves visual inspection of data. Subgroups are identified
on the basis of subjective appraisal of scores. Such
approaches have advantages in that multidimensional data and"
clinical relevance are considered. Disadvantages inlede the
influence of the researcher’s a priori assumptions regarding
reading disabilities, difficulties in éyeballiﬁg comp lex
data sets (Satz & Morris, 1980), and difficulties
simultaneously comparing the status on a large number of

- variables (Appelbee, 1971).

Statistical Approaches

Statistical methods of classification represent an
objective approach in which claésificationg are generated
through the search for the structure of complex
multidimensional data sets (Satz & Mofris, 1880) .
Récognition of the importance of a'multidiménsional épbroach
to the study of readingAdisabilities‘has~$tiMulated the
demandkfor statisticaf procedures which can handle complex
data sets ahd errcome some of the problems aSsociatLd with
clinical inférential apprbaches;‘There is little agreement
as tb the best épproach to statistical.classifféation.
Cluster analytic téchhiqués'and/ihe thechhique of factor
‘analysis have”been used in learning diéability'and reading

disability researEh.
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Empirical methods for developing classification
typo]ogfes aim to organize individuals according té
" similarities on speéified variables (Overall & KTétt, 1972).
Profiles may be described in terms of.lével, dispersion and
shape (Nunnally, 1867). Indices of profile ;im{larity
include distance functions and vector products. .

In cluster. analysis, a search procedure identifies an
initia;ﬁclu5§er nucleus based on the two most similar
profiles using either distance function or vectPr product
matrices. Similar individuals are then added-tb the nuclear
cluster and other clusters are formed.

In the Q-technique of factor analysis,'vector product
matrices are used. The factprs'are "pure types" or_"idea].
types" and the subjects érewthen claSsifiedién the basis of
their.similarity,to'the ideal types. Factor loadings are
%hdibes of the relationship of the subjects to the ideal.
types (Overall & K]ett; 1972).

Both statistical procedures have advantages and
.disadvantages. Overall and Klett (1872) favored Q factor
amalysis over cluster analysis for two reasons. First,

Q factor analysis definés each cluster by considering
relationships amongua large number of individuals
“sihultanéously.wheréas cluster gnaleis identifies the
initfa] cluster nucleus on the gésis pf‘only two profiles
which may be simitar by chahce. Thus, the ;esults of

{Q factor analysis are pore consistent and reproducible than

‘the results of cluster analysis. Secondiy,‘the ideal types'
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defined by Q factor anélysis are more distinct from one
another than the clusters derived from cluster analysis.
Nunnally (1967) pointed out that -Q factor analysis has
the disadvantage of considering only the similarity of the
shépe of profiles. Level and dispersion are considered to be
irre&evant and are equated in Q factor analysis. Other
disadvantages include problems in handling subjects who have
high 1oadin§s on more than one factor, and problems in
meeting the assumption of linearity (Satz & Morris, 1980).
Cluster analysis includes a wide range of techniques
for‘discovering groups opreréons who are similar.
Advantages include sensitivity to the elevation of‘profiles,
flexibility in handling tests which are éorrelated, and the
number of clusters is not limited by the number of measures
(Satz & Morris, 1980). Disadvantages include deriving the
initial nucleus on the basis of only fwo profiles whicﬁ may
be similar by chance (Qverall & Klett, 1972), the methods
will identify clusters in random data (Satz & Morris, 1980),
and the various cluster analysis techniques yield varying
results (Doehring, Hoshko & Bryans,(19¥3& Satz & Morris,

ot

1980) .

Evaluation of-Classification Solutions

The rational definition, clinical {nferential and
statistical approaches to classification have weakenesses
and thus classificatioﬁ solutions must be carefully

evaluated. Satz and Morris (1981) and‘yorris, Blashfield and

b



Satz (1981) outlined several issues relevant to the
evaluation of classification systems. Coverage, internal
validity and exférna] validity are of particular importance.
Coverage refers to the "extent to which the
c]aégification schema incorporates those subjects it is
intended to represent” (Satz & Morris, 1980, p.12). Internal
validity involves the evaluatiom of the adequacy and
stability of the classification solutionl The evaluation of
the homogeneity of the sub}%ets within the‘subgroups and
cross-validation of the system using various samples are
relevant to internal validity. Satz and Morris (1980)
described the "ultimate test” of subgroup validation as
external validation in which subgroups are tested on

criterion variables external to the wvariables used in the

classification.

C. Review of Reading Disability Subgroups Based on
Nonreading Performance Variables
The ma%ority of studies attempting to classify disabled
readers in homogeneous subgroups have considered performpance
on nonreading measures. Attempts to group together disabled
readers on the basis of similar nonreading characteristics

are reviewed in this section.

Rationally Defined Subgroups
WISC Profile Subgroups. Disabied readers have been

classified in subgroups on the basis of Verbal-Performance
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1Q splits on the Wechsler Intelligence Scale for Children
(WISC) (Wechsler, 1949). A low Verbal-high Performance IQ
profile indicative of a verbal chrement has been identified
among a large proportion of disabled readers (Belmont &
Birch, 1966; Nelson & Warrington, 1974; Warrington, 1967). A
smaller proportion appear to be characterized by a
per formance decrement, possibly indicative of poeg spatial
ability (Warrjngton. 1967 ). However, the latter pattern is
less likely to be associated with severe reading deficit
(e.g., Rie & Riey 1979).

| Subgroups of learning disabled children defined on the
basis of Verbal IQ-Performance 1Q (VIQ-PIQ) patterns have
been found to differ in performance on nonreading variables.
A low VIQ-high PIQ pattern was found to be associated with
deficits on language measures whereas a high VIQ-low PIQ
pattern was found in conjunction with manifestations of
sequencing or visual perceptual difficulty (Kinsbourne &
warrington, 1963; Rourke, Young & Flewelling, 1971).

Short Term Memory Subgroups. Learning disabled children
have been divided into subgroups on thé basis of the
presence or absence of a substantial auditory short term
memory defict on the Digit Span test of the WISC (Torgesen,
1882). The subgroups differed in performancé on several
other short term memory tasks but not in visual nonverbal
sequential memory, sorting recall, recognition memory or
memory for content. The short term memory‘defic{t subgroup

also had greater difficulty in following directions,



learning to spell new words and sound blending.

Critique of Rationally Defined Subgroups

.A key difficulty in the rational definition approach is
determining how many disabled readers are affected by the
defining criteria. Short term memory subgroups have low
coverage. for eXample, Torgesen’s (1982) short term memory
probiem subgroup may represent 10% to 15% of learning
disabled children.

The coverage of classification sysfems based on VIQ-PIQ
discrepancies depends upon the magnitude of the discrepancy.
It is important to determine how relevant the criterion
difference is among disabled readers. For example, a low
VIQ-high PIQ split of 20 or more points was found among a
large proportion of disabled readers whereas a high VIQ-low
PIQ pattern was rare (Nelson & Warrington: 1965) . Thus.‘
compar isons of subgroups selected on the basis of a 20 point
split will be of little relevance because members of the
high VIQ-1éw PIQ subgroup will seldom be encountered in
clinical practice. The VlQ-PIé pattern may be of relevance
{n‘identifying subgroups if the critical magnitude and
direction of the pattern can be determined. The important
classification may be based on a low VIQ-high PIQ pattern
versus a balanced VIQ-PI1Q pattern (e.g., Cohen & Netley,
1978).

The defining criteria will vary in terms of a

researcher’s interests and a priori assumptions about



26

reading disabilities. Thus, it is important to evaluate the
internal validity of the subgroups to determine the critical
differences among them. The original basis of the
definitions 6ay not in fact be the critical factor
separating the subgroups. Torgesen (1982) found significant
differences among short term memory subgroups of disabled
readers on several memory tasks thus indicating internal
validity. |

Internal validity may alsolbe evaluated by comparing
the stability of the subgroups across various samples of
children with learning disabilities. Although a low VIQ-high
PIQ pattern was fdund to be more prevalent than a high
VIQ-Tow PIQ pattern among different samples of children with
learning disabilities, the actual percéntages differed
widely across the studies by Warrington (1967) and Nelson

and Warrington (1974).

Clinical Inferential Subgroups |
Etiology. Differences observed among disabled readers
_have been the basis for classification systems which infer
different etiological bases for the subgroups observed.
Rabinovitch (1968) classified reading disability as
"primary" or "secondary"”. Primary reading disabi]ity_was
attributed to an assumed basic disturbed pattern of
neurologic organization, in the absénéé of a history of
brain damage and positive signs on: neurological examination.

Secondary reading disability was assumed to be caused by
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exogeneous factors such as brain damage, emotional
disturbance or environmental deprivation.

Bannatyne (1971) also grouped together readihg disabled
childrén to form more homogeneous subgroups for which he
assumed differehf etiologies. The four classifications were
genetic dyslexia, minimal neuro)ogical dysfunction dyslexia,
social cultural‘educational deprivation dyslexia and
‘emotional motivational dyslexia.. ’

Neuropsychological Variables. Three studies identified
subgroups -of disabled readers by appraising
neuropsychological test data. Mattis, French and Rapin
(1975) formed three distinctive and independent patterns of
deficits which included 90% of avsample of 82 disabled
feaders: 1) language disorder (39%); 2) articulation and
graphomotor dyscoordinati;h disorder (37%); and, 3)
visuo-spatial perceptual d1sorder (16%) .

Denckla. (1977) used Mattis et al.’'s (1975)
neuropsychological test per formance criteria to classify
children with reading/spelling difficulty into the three
syndromes. Again, the language disorder'was largest (65%),
followed by the articulatory éraphomotor syndrome (12%).
However. an independent visuo-spatial perceptual syndrome
was absent and a fourth verbal memorization syndrome (10%)
was 1dent1f1ed Denckla subd1v1ded the language disorder -
into pure’ anom1a (4%), anomia plus a repetition disorder
 (27%). a dysphonemic sequencing disorder (13%) and mixed
language difficulties (17%)
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Ina cboss—validafion study, Mattis (1978) reported
that 77% of 183 culturally and economically disadvantaged
disabled readers were classified in the three syndromes
identified by Mattis et al? (1975): laﬁguage disorder (63%);
articulatory graphomotor disorder (10%); and viSuo-sbatial
péfééptﬁal disorder .(5%). Ten percent presented with
Dencbla’s (1877) dysphonemic seguencing syndrome. The
syndromes were not independentsq

The three stpdies demonstrated that subgroups of
aisabled readers could be identified on the basis of
patterns of performance on nonreading tasks. Three processes
appeared to be critical to Eeading: ianguage deveiOpmént,
motor speech blending ferncy and Visual-spatial perception.
It was suggested that disruption in any of these processés
could result in atypical reéding; although vishal perceptual

praoblems were relatively rare.

‘Critique of’C]jhica1 Inferential Classification'Systems.

y The,etiological-classification systems have not been
objectively Verified. The subjectivity of the inferénces
raises the questiqn Qf reliability; Thé utility of
etiological claséifiCation systéms fé qeestionable.

The neuropsychological syndromes must be considered
: ‘cautiously until they are validated againsf external beading
criteria. Mattis et al. (1975) bho&idedpclinical impressions

—

of the reading:érrors assoéiated»with the three

3

neuropsychological syndromes;'fdf example, the language
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disorder sydrome was CharacteriZed by neologisms (errors
that were nonsense words) and faulty letterjsound
associations. However. they cautioﬁed agafnst the use of
patterns of reading errors in classifying disabled readers
because similar errors could result from different
processing deficiencies. Howgver, this claim has not been
substantiated. Thevrelationship between reading errors, or
reading strategies, andkpatterns of performance on
neuropsychological»measures has not been adequately
investigated. |

The series of three studies of neuropsychological
syndromes‘represents an important attempt to cress-validate
the classification system.'éoverage was high in each study.
However,‘internal validity reflected in the reliability of
" the syndrome classifications .across different samples was
not convincing. The proportions‘of children in the subgroups
varied across studies and the independence of the syndromes
was not maintained. The wide age range of the children may
have‘cenfributed tQ differences among subgroups. For | :
4exemple, Denckla’'s (1977) verbal memorization.syndrome was
observed amohg oiderlchildren in her Sample._Unfortunately,
the mean age of each subgroup Qas not reported in the three
studies. The possible contﬁibutioh of sex di%ferences to
subgroup‘differences was not cohsidered.'The ;elidation
attempts were undebtakén,ﬁith special popuiations, i.e.
f elihic>referrals,‘"minima]]y brain damaged” end}:

disadvantaged. Validation with other samples of disabled

i
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readers is indicated.

/
/

Statistiéa]ly Der ived Subgroups

Q Factor Analysis. Petrauskas and Rourke (1979) used
Q factor analysis to identify subtypes of disabled readers
based on differential patterns of performance on a battery
of neuropsychological measures. Theﬂreliabi1ity of the
subgrbups was determined by dividing the subjects into two
subsamples, and analyzing each separately. Five subgroups
were identified in each subsample. Approximately 50% of the
total sample was classified in three subgroups which were
reliable across the subsamples: 1) language disturbance
subgroup (25%); 2) linguistic sequencing deficit (16%): and,
3) conceptual flexibility deficit (8%). |

v”Fisk and Rourke (1978) applied Q factor analysis to

neuropsychological test gcores-of large samples of children
‘experiencing difficulty in all academic areas. The analyses
were computed separately for three age levels (9-10, 11-12,
and-13-14 years). Three subgroups were réliable across the
three age levels. However, colérage was low: 39% were
classified in the three subgnbups at age 9-10; 65% at age
11-12; and, 59% at age 13-14. Subtypes A and C had similar
deficits in tacti]e perception. However, Subtype C was not
bbserved among 9- and‘10-year-plds. Subtype B was
characterized by deficiencies in phonemic hearing and
auditory-verbai memory. |

-



. Cluster Analysis. In an early attempt to use
statistical methods to identify subgroups of reading
problems, Naidoo (1972) used a single linkage cluster
analysis method in a study of 92 reading disabled boys. This
technique was applied to a wide variety of nonreading
measures. Naidoo's analysis did not support the existence of
clearly defined subgroups of disabled readers. Ffour
subgroups were created with 70%lof 92 subjeéts classified in
the subgroups.

;Satz and MorriS (1980) applied cluster analytic
techniques to the nonreading test performance of 89 boys
experiencing academic difficulties. Four different cluster
analytic techniques applied to.twq-language tests and two
perceptual tests each yielded five disfinct subgroups:
global landhage impairment (30%): naming impairment (16%),
mi*edhlanguage and perceptual impairment (11%), visual
perceptual motor impairment (26%), and no impairment (13%).
Coverage was high with 96% of the children classified in the
subgroups. External validity was considered and aithough
there were no signif;cant differences among the subgroups in
reading, spelling and arithmetic achievement, the subgroups
differed in neurological stafus. socioeconom{c status and
parental, reading levels. = ’

 The reliability of the subgrdup classifications W§§
investigated by carrying out data}manipulations. A S
spl:t-half design which applied the cluster énalysis to two

random subsamples of the children replicated the original
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subgroups. The addition of a language and a perceptual
variable resulted in fewer than 12% of the subjects changing

from the originafy$u69roups. Sati and Morris (1980} noted

. {
that these two varijables were highly redundant with the four

original clustering variables and thus did not decrease the
o3

stability of the original subgroups. The addition of

‘achieving children did not disturb the original subgroups of

learning disabled children.

Critique of Statisticaﬁ}y Der ived Subgroups

The statistical classification procedures represent’a

multidimensional approach to reading disability which

recognizes the.geterogeneity of reading disorders. However,

all gf the stqdies presented may be criticized for adopting
i& g ‘ .
a unidimensional_yiew of the reading process. Each study
defined disabled readers_én the basis of a limited
assessment of word recognition level and variations in the
reading characteristics of disabled readers were not
considered. Only Satz and Morris (1980) attempted to
validate the subgroups against reading criteria external to
the classification variables. In view of the disadvantages
of statistical classification techﬂdques outlined earlier,
it is extremely important ihaf‘the subgroups be validated
Y 3 . .-‘ ’
against external criteria. : .
Naidoo's (1972) work has weaknesses related to

methodological flaws in the early period of the development

of cluster analytic techniques (Satz & Morris, 1880) .
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Doehring, Hoshko and Bryans (1878) suggested that other

”ef cluster analysis now available produce more
ﬂglevclassificatipns than those produced by the
kage procedure.

f;and_Morris (1980) presented a comprehensive
éation of current cluster analytic techniques to the
;ification of subgroups of reading disabled boys drawn
i?a school population. Coverage was high. Internal
fidity was demonstrated by several data manipulations.
iéver. the subgroup classifications were based on a
?ited assessment of the processing abilities of the
.leéd readers.'On]y four tests were used to derive the
ﬁ In view of the multitude of correlates of reading
ility, it is doubtful that an assessment limited to
ests will adequately represent the distribution of
'ies and deficits in the reading disabled populat1on
Tﬁé selection of a minimum nuhber of processes to be
a;sessed is highly vulnerable to the biases of the i
researcher. The extefnal validity of the subgroups was not
supported whén evaluated against reading achievement
measured by a word recognitiqn task.

The subgroups formed on the basis of Q factor analy§és
of neuropsychological tests appear to be of limited
usefulness. PetrauskéS‘and Rourke (1979) int}oépced
important.cohtrols includingra spiit-half rejiability check,
a normal control group, and a limited age span. The

generalizability of findings was .limited by the use of

]
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clinic referrals\and the exclusion of females from the
sample. The split-half reliability technique yielded three
of five reliable subgroups. However, COVerage was low and
fifty percent of the disabled readers did not fit in the
-reliaele subgroups. Normal readers did not emerge as a
separate subgroup which may limit the validity of the;////rw\\\\\
classifications. Most importantly, the subgroups were not
validated against external reading criteria.t

Fisk and Rourke (1979) provided an interesting
cross-sectional evaluation of Q factor analys1s subgroups at
three age levels. Generalizability was ]1m1ted by the sample
of boysvand'gﬁrls referred to a clinic for evaluation of
"suspected cerebral dysfunction”. Reliabilify estiméted
across age levels was demonstrated for three ofusix
subgroups. Subtype C did not'include g- and 10-year-olds and
was very similar to Subtype A making the distinctiveness df
{he subgrodps and their internal validity questionable.
Coverage was low for the three subgroups which limits the
applicability of the f1nd1ngs The external validity of the

"\

subgroups was not addressed

Summary

The research presented confirms the heterogeneityiof'
d1sabled readers in performance on nonreadlng var1ab1es
However, none of tHZ droposed classifications is Tikely to
be adopted for wide use in the field of readwng

disabilities. All of the systems requ1re cross- va]1dat1on

Y
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with well-defined samples of disabled readers and validation'
agaipst external reading criteria.

0F~i6e three classification techniques preSented,
statistical classification procedures appear fo have the
greatest potential for identifying homogeneous subgroups on
the basis of multidimensional data. Clinical inferentiél
techniques are biased by a priori assumptions aboutvreadingA

disability and by difficulties in the visual inspection-of

| complex data séts. Rationally defined subgroups have

potential in reading disability research. However, as yet,
the basis for rational defjnitions is largely clinical
inferential and affected by a priori assumptions.

| StatisézFal classification procgdures also have

disadvantages. As with other procedures, the statistical

techniques are in?luenced by the subjects and the measures

selected. Thus, cross-validation and reliability data are .

necessary. lIssues of coverage, internal validity and

“external validity must be considered. The inclT:;on of a

st

wide range of processes is likelyito yield the n
cbmprehensive classification system.'studies which were

limited in the number of méésuhes gdentified subgroups which
were not impaired Qn'the d{méhsioﬁs qéfessed (e{g;.,Satgl& T
Morris, 1980) o -
Despite the methadological problems aNd wide variations
in the research reporbea. the results indicate that future

research may successfu]ly identify hbmogeneous subgroubs of

disabled readers. A large subgroup with linguistic
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processing deficiencies was consistently reported (Denckla,
1977, Mattis, 1978, Mattis et al., 1975; Petrauskas &
Rourke, 1879; Sztz & Morris, 1980). A small subgroup with
visual perceptual difficulties was identified less
consistently (Denckla, 1977; Mattis, 1978; Mattis et al.,
1976: Satz & Morris, 1980). Speed of processing, reasoning,
sensory skills and sequential processing also contributed to
the identification of éubgroups but variations in measures
preven; the clear observation of overlap across studies.
Tﬁe most critical limitation of all of the
“classifications presented in this chapter is the failure to
validate the subgroups against external reading criteria.
Reading and spelling characteristics which may be important
for the identification of subgroups of disabled readers are
reQiewed in the next chapter in which disabled readers are
considered from the perspective of their reading and

spelling behaviour.




III. Reading Disabilities from the Perspective of Reading
and Spelling Characteristics

The complexity of nonreading performance characteristics of
disabled readers was evident in Chapter 11. Reading
disability research must also recognize the complexity of
the actual reading behaviour of disabled readers. and the
potential importance of spelling characteristics in
advancing understanding of the processing of written
language. In the present chapter, models of the reading and
spelling processes are outlined briefly to highlight théir
complexity. Characteristics of the reading and spelling
behaviour of disabled readers are then djséussed. Finally,

attempts to form subgroups of disabled readers on the basis

of reading and/or spelling characterdstics are reviewed.

A. The Reading Process

The reading process’'consists of two main components:
word recognition and comprehension (Levin, 1970: Smith,
1971). Word recognition involves the identification of
words, usually reflected in pronouncing words in isolation
or in context. Comprehension involves understanding the
meaning of individual words, phrases, sentences or
discourse. Although it is gene%ally agreed that
comprehension is the goal of reading, there is little
agreement as to how meaning is derived from written language

or what aspect of comprehension should be considered.

37
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In reading, several types of information are available.
Individual words may be defined as a complex of features
which include graphic features (type of .print, word shape,
position of letters, letter shapes), phonological and
orthographic features (spelling-sound correspondence),
syntactic features (grammatical inflections such as tense
markers), and semantic features (meaning) (Gibson & Levin,
18975). The properties‘of connected text include visual
properties (rows of letters with spacing and punctuation),
grammatical properties (regularly recurring sequences of
words, phrases, clauses and paragraphs), and semantic
properties (word attributes, propositions and themes)
(Doehring & Aulls, 1979).

The reader brings certain skills to the reading
situation., such as visual sKills to discriminate letters and
to scan from left to right, orthographic knowledge of
associations between printed graphemes and phonemes, and
three levels of language skill, namely, phonological,
syntactic and semantic (Doehring & Aulls, 1979). The
phonological level involves information about the acoustic,
articulatory and phonemic properties of words and includes
such skills as auditory discrimination, phonemic
segmentation, and sound blending. Syntactic knowledge refers
to knowledge about the body of rules whicﬁ governs the way
words are arranged in sentences and morphological rules
governing inflections (Vogel, 1974). The semantic level is

the level of meaning.
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Models of the reading process are of three main types:
Top-down, Bottom-up and Interactive. The models differ 1in
the importance.given to the various levels of information
avai!ab]e in printed words and text, and to the reader’s
active participation in the reading process. The models also
differ in the.reader variables thought to be importan; in
successful reading and thus implicate different processes in
reading difficulty.

Top-down models emphasize the reader'; active role in
generating and testing hypotheses regarding the meaning of
the text (Rumelhart, 1977). For example, Smith (1971, 1973)
and Goodman (1968, 1970) adopt a psycholjnguistic view of
the reading process. The reader is thought to interact with
the text using strategies of sampling. predicting.
confirming and correcting to construct meaning (Goodman &
Gollasch, 1980). Comprehension is thought to precede word
recognition with the reader predicting words and then
sampling the graphic display to test hypotheses. The
reader’s use of syntactic and semantic cues in reading is
emphasized; the inpSftance of grapho-phonic cues is
minimized.

Reading difficulty, considered from a top-down
perspective. may be related to limited useiof syntactic and
semantic cues for generating hypotheses. Poor use of
contextual redundancy would result in fewer, or incorrect,
hypotheses and require greater processing of visual

information for word recognition. As a result, reading would
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be slow and laborious.

Bottom-up models of the reading process attribute a
more passive role to the reader and have been described as
"text driven"” (Carr, 1981). Gough (1972) proposed that
reading involves serial letter by letter visual analysis.
The letters are mapped onto systematic phonemes and then
matched to a lexicon toiobtain meaning. Syntactic and
semantic processes are not thought to influence the decoqing
of words. . |

Laberge and Samuels (1974) p;oposed an information
processing model of read%¥hg which posits several stages
progressing in a bottom-up direction. The process begins
with visual information which is transformed through four
ma jor processing stages: visual memory, phonological memory,
episodic memory and semantic memory. At each level, the
criteria of achievement are éccuracy and automaticity.
Contextual cues.are not given a central role in word
identification. | \

Bottom-up models posit ;evera] sources of reading \
g%fficulty.»such as the discrimination of the distinctive\
features of individual letters, the sequential processing of
]ette} clusters, the acquisition of sound-grapheme
correSpondence rules, and the semantic memory for
phonological or graphic representations‘pf words.
Inefficiency in subskill areas may interfere with fluent
reading by requiring attention and slowing the reading

process.
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Interactive hodels combine features of top-down and
bottom-up models of the reading progess. Top-down
hypothesizing reduces bottom-up letter by letter or word by
word analysis (Gibson & Levin, 1975). Interactive models of
reading presenf the reader as a flexible problem-solver who
may select different strategies in various reading
situations. Text properties will inf]uencelthe strategies
chosen. Guessing on the basis of context may be efficient in
reading highly structured familiar material whereas decoding
individual words may be more efficient when. the text is not
highly structured. The reader may also choose to rely on
lettéf tevel knowledge %f the information in the syntactic
knowledge source is limited. Reader variables, such as the
level of development of cognitive and linguistic sKills, may
also affect the choice of strategies.

Stanovitch (1980) proposed that interactive models plus
a compensatory mechanism may provide the best account of
individua]ldifferences in reading. He assomed that a process
at any level ﬁéy be used to cqmpensate for deficiencies at
any other level. For example, a reader who has poor
knowledge of spelling-sound correspondence rules may rely on
cqntextual cues to provide additional information.

The models of the reading proceéé highlight its
complexity. The need to consider how a reader uses the
var ious types of information availablé in reading is
evident. Information about the processing of written

language has also been obtained through studying the
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spelling process and its relationship to reading, which are

discussed in the next section.

B. The Spelling Process and its Relationship to the Reading‘
Process

Spelling\and reading are processes of written language
analogous to the speaking and listening processes of spoken
language. Thus, reading ana spelling have been viewed as
ceciproéal processes. The speliing strategies of individual
children were thought td mirror their reading strategies
(e.g., Boder, 1973). However, there is increasing acceptance
of the view that reading and spelling are independent and
asymmetrical processes (e.g., Barron, 1880; Bradley &
Bryant, 1979; Frith, 1978; Gibsén & Levin, 1975).

It is generally accepted that at least two strategies
may be used in spelling: a sound, or phonological, strategy
and a visua) orthographic, or visual analogy strategy (e.g.
Barron, 1980, Bradley & Bryant, 1979; Frith, 1980; Nelson,
1980). Frith (1980) developed a three stage theory of
spelling which attributes a»pfimary role to sound. First,
the target word is analyzed into speech}sounds or phonemes?“
second, the derived phonemes are coﬁverted into graphemes
following sound-to-spelliné correspondence rules or‘
analogies; and third, the conventionally correct graphemes
are selected from the alternative plausible graphemes which
produce eguivalent phonetic representations. Nelson (1980)

proposed that a semantic-graphemic route accesses specific
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information about the spelling of a word which is directly
associated with the meaning of the word and is important in
seleéting the conventional graphemic equivalents.

The phoneme-grapheme and visual or semantic-graphemic
routes-in spelling correspond léose]y to two routes thought
to be available in reading, namely, a phonological strategy
which involves applying spelling to sound correspondence
rules and a visual orthographic st}ategy which involves
direct processing from print to meaning. Despite the
apparent similarity of such strasegies, evidence supports
the independence.of reading and spelling processes. Spelling
is considered to be more difficult than reading (Bradley &
Bryant, 1979; Frith, 1980; Nelson, 1980). Cerebral lesions
can selectiQely impair reading or spelling indicating
differentiation at the anatomical level (Nelson, 1980).
Independenée is also supported by the existence of poor
spelling in association with well developed reading ;bility
(Frith, 1980; Nelson & Warrington, 1974) and by children’s
abiiity to spell words they cannot read and to read words

they cannot spell (Bradley & Bryant, 1879).

C. Characteristics of the Reading Behaviodr of Disabled
Readers ‘ /f\\v
Early.in the history of reading résearch, investigators
recognized the complexity of the reading process and of
individual differences in the reading behaviour of children .

3

who encountered difficulty in reading (e.g., Gates, 13922;
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Monroe, 1932; Robinson, 1946). Howeggr, as with research
" concerned with the nonreading characteristiés of disabled
readers, the single-syndrome paradigm has dominated stuéies
of reading charathristics. Good and poor readers have been
compared on various measures with the goal of isolating
reading charécteristics which distinguish disabled readers
from proficient readers. Word recognition in isolation and
in context, comprehension, and oral read&ng strategies have
been assessed. In this section, a selective review of the
literature comparing good and pbor redders on reading tasks
is presented. |

Several approaches to identifying the locus of reading
difficult; among disabled readers in the .intermediate grades
have yielded information” about the characteristics of their

reading behaviour. Studies of word recognition and of oral

reading of connected text will be reviewed.

Context-free WOEd Recognition

The identification of words presented in isolation
‘appears to be a source of individual differences in reading
ability. Evidence 5uggests.that slow inaccurate decoding is
characteristic of Jisabled readers in the intermediate
grades (Guthrie & Tyler;;1978).‘The speed and accuracy of
word-naming have been shown to be. associated with paragraph

reading fluency (e.g., Shankweiler & Ljberman, 1872) and

with comprehension (e.g., McCormick & Samuels, 13878}.
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Word recognition difficulty has been attri@uted to
difficulty using the phonological route in reading.
?Support1ng evidence 1ncludes slow inaccurate reading aloud
of low frequency and nonsense words by disabled readers
. compared with good readers (e.g., Barron, 1980; Perfe%ﬂj &
Hogaboam, 1975) and poor matching of pseudowords on tﬁéﬂ
basis of sound cues (Mackworth & Mackworth, 1874). However,
ycontext-free word identification limits the choice of

reading strategies.

Word Recognition in Isolafion versus Context

It is now generally accepted that contextual cues have
a facilitative effect on word recognition. Context has been
found to facilitate accuragy and speed of word recognition
for both good and poor readers when the same words are
presented in isolation and with contextual cues (e.g.,
Allington & Fleming, 1978; Allington & McGill-Franzen, 1980;
Schvaneve ldt, Ackerman & Semlear, 1977; West & Stanovitch,
1978) .

Although disabled readers are able to make use of
contextual cues, results are inconsistent in describing
disabled réaders ana proficient readers as text-driven
(1. e' grapho-phonic cue users), or concept-driven (i.e.,
contextual cue users). For example, Juel (1980) found that
poor readers in grades two and three were concept dr1ven and
good readers were text-driven. In contrast, Patberg, Dewitz

and Samuels (1981) found that poor readers in grade two were
AY
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‘text-driven but those in grade four were concépt-driven
whereas good readers were concept-driven at bog% grade
levels. Studies were limited to assessing the use of
contextual cues in single-word context and in seﬁtence
context. The gtategies used by disabled readers in reading
passages of connected text are examined next.

2

Oral Reading Analyses .

Samples of oral reading of cohnecied’text provide
information about the readefﬂs use of contextual cues as
well as graphic and phonemic cues to identify wérds and to
derive meaning from written text. Although oral reading may
not involve the same processes as silent reading. oral
_reading responses are easily obtained and have yielded
significant clues about the nature of the reading process -
(Weber, 1968). Errors may be analyzed quantitatively (i.e.,
counting error tyﬁes). or qualitatively (i.e., evaluating
thé‘cues used to produce an error and, the effect of the
error on the surrounding text). Reading speed may be
analyzed to reflect the efficiency of using reading
strategies.

Despite variations in the definition of oral read{ng
error categories across studies, there are identifiable
trends in the types of errors produced during the oral
reading of passages. Substitution of anothef word (real or

nonsense) for the target word is the most common error and

reversals of letters and words are the least common errors
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across various levels of reading proficiency (Graham, 1980; .
Hood, 1975: Leslie, 1980).

Quantitative analyses of error types indicate that poor
readers make more errors than gobd readers but they do not
differ in the types of errors made (e.g., Graham, 1980). The
quantitative analyses do not identify the strategies that a
child is using in reading a passage, ndr do they.indicate
the effect the errors have on the meaning of the passage.
Weber (1968) emphasized the importance of taking into
décount various linguistic levels in analyzing oral reading

‘ errors, including the sound-letter, syntactic and semantic
levels. Weber 11970) analyzed oral reading errors
qualitatively. The use of graphic cues was determined by
evéluating the graphic similarity of the error to the target

v

word in the text. The use of syntactic or contextual cues
was determined by evaluating grammatical acceptabi]ity,
i.e., the appropriateness of the error to the grammatical

context.
.

AR
W,

Goodman and Burke (1872) developed a qualitative
analysis of oral ré;aing errors to evaluate the use of
graphi§>/ﬁhonic, syntactfc and semantic cues and to O
determine -the effect of errors on the meaning of the
passage. Errors were referred to as "miscues” based on the
belief thét they are broduced by the same process and in
response to the same cues which produce expected responses.

_Among beginning readers, qualitative analyses'of oral

[y errors have demonstrated that the majority of errors



made by both good and poor readers are contextually
appropriate; however, the errors of the good readers share
greater graphic similarity with the text than those of poor
readers (Biemiller, 1871; Weber, 1971). These findings were
also confirmed when the difficulty level of passages was
equated for grade one good and poor readers (Biemil]ef.
1979).

- ATthough beginning poor readers make high use of
contextual cues, they appear to be less sensitive than good
readers to the effects of errors on the surrounding text.
wWeber (1970) found that good readers corrected 85% of their
grammatically unacceptable responses; poor readers éorrected
only 42% of these errors. Greater self-correction by
beginning good readers has also been reported by Clay (1968)
and Cohen (1975). |

There have been few qualitative -analyses of oral
reading errors of good and poor readers in the intermediate
grades. The available studies are methodologically weak and
lack comparability. Studies have reported that poor readerg
rely heavily on simple strategies, such as graphic ané
phonic cués and simple grammatic function cues, in contrast
to reliance on more sophisticafed synﬁqftic and semantic
cuéing systems by proficient readers (e.g., Levy, 13877).
Others failed to find differences in the strategies used by
disabled and normal‘feaders le.g., Graham, 1980) .

'Such studies frequently fail to take inte account

differences in érhor rate which may contribute to strategy

q.
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differences betweén good and poor readers. Among average

readers, there is an increased reliance on the use of

graphic and phonic cues and a decreased reliance on
contextual cues as the level of Aifficulty of the reading
material increases (Christensen, 1969; Pflaum, 1979;
Williamson & Young, 1874). Disabled readers also shéw a
decreased use of syntagtic and semantic cues as .the
difficulty level of passages increases (Kibby, 1979).
Leslie (1980) equated the error rate in comparing the
graphic and contextual appropriateness of oral reading
érrors of second grade average readers aﬁd poor readers in
grades three to sixf‘For both good and poor- readers, the
syntactic appropriateness of miscues décreasedvand errors
changing the author’'s meaning increased as fhe error rate
increased. At all levels of difficulty, the pdor readers
showed greater reliance on graphic informatidn, although
frequently unsuccessful in us{ng it, and made 'a greater
propor tion of.enrors which éhanged the author’s meaning.’
Qualitative analyses of oral reading have thus yielded
inconsistenf findings regarding the use of graphic, phonic,
syntactic aﬁd semantic cues byvdisabled readers compared:
with proficient readers. Studies of‘orhl%reading errors are
limited by methodological pﬁob]ems which include: small
sample size; failure to control age, IQ and the difficulty

level of the paSsages; failure to provide reliability data;.

vague statistical treatment of data; and, differences across

studies in the types of errors selected for qualitative

™~
§
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analysis (e.g.. all substitution errors vs. only meaningful
substitution errors) and in the criteria for defining
qualititative categories (e.g., graphic similarity based on
the first.letter alone or on all of the letters).

The possibility that there may be individua)
differences in the reading strategies of disabled readers
warrants study. The preceding review points to the following
impor tant considerations in‘examin%ng individual difterences
in the reading behaviour of disabled readers: word
recognition and comprehension levels and the speed of
reading should be compared:; the degree of reading deficit,
age and IQ of the disabled readers should be considered. the
level of difficulty of the reading material must be
controlled: repeated samples of oral reading behaviour are
recommended; and the reliapility of the qualitative analyses

of errors must be demonstrated.

D. Characteristics of the Spelling Behaviour of Disabled
Readers

The relationship between reading and spelling as
written language processes led to interest. in the spelling
behaviour of disabled readers. The level of achievement in
spelling tends to be low among\disabled readers (e.g..
‘Naidoo, 1972). '

Differences in the duality of spelling errors of
disabled readers and proficient readers have been examined.

Phonetically accurate misspellings are thought to reflect



the phonemic-graphemic route to spelling (Frith, 1980).
Phonetically inaccurate misspellings are thought to reflect
a visual strategy (Boder, 1973), or to reflect problems in
using a phonological strategy (Frith, f§80).

Phonetically inaccurate misspellings have been reported
among a large proportion of disabied reéders (63% of 107
disabled readers) while phonetically accurate misspellings
characterized a smaller number (9%) .Boder, 1973). Children
who are underachieving in both reading and spelling make
more phonetically inaccurate errors than children who have
difficulty in spelling only, or té%n children who are
achieving in both reading and spelling (fFrith, 1379; Nelson
& Warrington, 1974). Phonetically inaccurate misspelling
thus appears to be associated with reading difficulty.

However, individual differences within samples of disabled

readers have been reported (e.g., Boder, 139734.

E. Review of Reading Disability Subgroups Based on Reading
“_and/or Spelling Characteristics

Attempts to classify disabled readers into homogeneous
subgroups based on shared reading and/or spelling
characteristics using the rational definition and clinical
inferential approaches are reviewed in this section.
Statistical classification procedures have not yet been used
in studies which focus only upon the reading and spelling

characteristics of disabled readers.
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Rationally Defined Subgroups

Comprehension and Word Rebbgnition. Subgroups of
disabled readers who differ in relative levels of
functioning on tests of wordArecognition and comprehension
have been found to differ in oral reading strategies
(Kendall & Hood, 1978). When compared on passages equated
for difficulty level. children with High Comprehension-lLow
word Recognition (HiC-LoWR) used more contextual
information, read more slowly and answered more question;
correct]y than cﬁi]dren with Low Comprehension-High erd
Recognition (LoC-HiWR). However, when compared on the same
passage, which was more difficult for the HiC{LOWR children,
the HiC-LoWR subgroup made less use of contextual
information. »

Reading Words in Isolation versus Context. Resulls are
inconsistent regarding the existence of subgroups of
disabled readers characterized by relative proficiency in
reading the same words in isolation andbin context.
Allington (1978) observed two subgroups of disabled readers:
one subgroup read more words correctly in isolation than in
context: the other group read more words correctly in
context than in isolation. The disabled readers appeared to
be ineffective in using syntactic and semantic cues as only
27% of errors;in con%ext were syntactically and semantically
acceptable. However, in a similar study with less severely
disabled readers, all disabled readers read more words

correctly in;context than in isolation (Allington &
|

|

/

/
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McGill-Franzen, 1980).

Critique of Rationally Defined Subgroups

The rational definition approaches to the
identification of subgroups of disabled Eeaders had
methodological weaknesses. Sample sizes were small,
statistical comparisons were limited and some.conclusions
were based on the visual inspection of data. -

The importance of the various criteria defining the
subgroups within the total reading disability populiation has
not been established. Subgroups based on relative levels of
comprehension and word recognition comprised only 24% of a
sample of 160 disabled readers (Kendall & Hood, 1979).

The internal validity of subgroupe based on the
relative difficulty of reading words in isolation and in
context.was considered. However (CAllington and
McGill-Franzen (1980) were not able to cross-validate the
subgroups of disabled readers identified by Allington (1378)
in a sample of less severely disabled readers.

Kendall and Hood (1979) attempted to validate the
subgroups by relating the defining criteria to external
variables, specifically, to reading strategies used in the
oral reading of connected text. However, larger samples and

stronger statistical techniques are required to demonstrate

the external validity of the subgroups.
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Clinical Inferential Subgroups

Patterns of Reading Errors. The importance of observing
differences in the reading characteristics of disabled
readers has received support from neuropsychological studies
of adult alexicsswho have acquired reading problems
following brain damage. Benson {1877) described three
subtypes of alexia, each associated with distinct clinical
and anatomical charécteriétics. The individual variations in
the reading of alexics appear to be dependent on the
location of the underlying pathology in the central nervous
system. Marshall and Ne@combe (1973) proposed a taxohomy of
oral reading errors of acquired'alexics catégobizing errors
as visual, semantic or grapheme-phoneme impairméﬁt. Three
subgroups of alexics were identified on the basis of
differences in reading errors: visual dyslexia. deep
dyslexia and surface dyslexia.

There have been few in-depth studies of. patterns of
reading errors among children with reading difficulties.
Audio-phonic errors (e.g., confusion of vowel sounds. poor
blending! have been found to be more frequent among children
who are underachieving in reading and spell%ng only

("specifics") than among children who are underachieving in

. arithmetic as well as reading and spelling ("generals”)

(Ingram, Mason & Blackburn, 1970). Conversely, visud>spatial
errors (e.g., directional errors! were most frequent among
the "generals”. Thus, reading difficulty apbeared to be |
associated with auditory processing in some children and

L3 4 -
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with visual processing in other children.

Orton (1937) suggested that reverééﬁs of sequence and
reversals of orientation were characteristic of disabjed
readers. However, Liberman, Shankweiler, Orlando, Harris and
Berti (1971) found that reversals comprised a small
proportion of errors on 60 words read individually by poor
readers in grade two. Revérsals of sequence comprised 10% of
errors and reversals of orientation comprised 15% of errors.
The most frequent errors were vowel errors (43%) and
consonant errors (32%). There were large individual
differences in making reversal errors. Only some poor
readers reversed, with reversals of sequence ranging from 4%
to 19% of the errors of individual children and reversals of
orientation ranging from 3% to 32% of errors.

Patterns of Reading and Spé]]ing Errors. Boder (1973)
proposed a system for classifying disabled readers in
subgroups based on patterns of errors. Three subgroups
characterized by different patterns of'errors on reading and
‘$pelling tasks were identified in a sample of 107 disabled
r;aders: Dysphonetic (63%); Dyseidetic (9%); and Mixed
(21%) . |

The Dysphonetic dyslexic appeared to have basic
deficits in the auditory channel, read words globally‘as
.instantaneous visual gestalts, lacked word analysis skills,
could not analyze words phonetically, read Qords better in
context, made frequent semantic substitution errors (i.e.,

gave words related conceptually but.not phonetically to the
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original word), and relied on graphic cue; such as first and
last letters and length. The crucial identifying feature of
the dysphonetic subgroup was phonetically inaccurate
misspelling.

The Dyseidetic dyslexic appeared to have basic deficits
in the visual channel, read analytically through a process
of phonetic analysis and synthesis, read laboriously and had
a very limited sight vocabulary. The main feature of the
dyseidetic subgroup wa$ phonetically accurate misspelling.

The Mixed Dysphonetic-Dyseidetic dyslexic was severely
handicapped. Such children experienced difficulty in using
graphic and phonic cues in reading and were deficienf in
both gestalt and analyt;b processes. Misspellings were

bizarre.

Critique of Clinical Inferential Subgroups

The internal validity of the clinical inferential
subgroups has not been demonstrated. Attempts.to
cross-validate Boder’'s (1973} subgroups were not able to
classify all of the disabled readers sampled (Camp &
Doicourt, 1977;.Holﬁes & Peper, 1877). Ingram et alf (1?70)
and Liberman et al. (1971) did not attempt to cross-va)?idate
their findings. The patterns of. errors identifying subgroups
of adult alexia have not been investigated among digab]ed
readers.

The subgroups proposed on the basis of patterns of

reading errors were limited to errors made on word lists.
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Reading words in isolation provides a Timited number of cues
compared to reading wo;ds in context and taps only a narrow
aspect of reading. In addition, the error classifications
tended to be gross, vague and without reliability data.
Boder's (1973) claésification system is one of the most
comprehensive attempts to identify subgroups of disabled
readers on the basis of reading and spelling
characteristics. However, her original procedures were not
standardized and replication studies vary. in their
application of her criteria. Attempts to standardize the
procedures indicated that only the spelling errors could be
reliably identified (Camp & Dolcourt, 1977). Boder’s view
that spelling strategies reflect reading strategies has been
challenged (e.g., Frith, 1980). The relationship between
spelling errors and reading errors must be examined in more
depth. Boder’'s clinical observafions of the relationship
between reading and spelling strategies among disablied

readers require systematic study. -

Summary

Methodologica) problems weakenlgge usefulness of
subgroups identified on the.basis of reading and spell}ng
characteristics. In the studies reviewed, samples of
disabled readérs varied widely in age, in sex distribution
and in the severity of reading deficit. Sample sizes tended

to be small. Statistical analyses were simple or

non-existent. Reading assessments tended to be
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unidimensional, samp]ing'nagaﬁw aspects of reading. The
characteristics of reading and spelling behaviour used to
classify the disabled readers in subgroups tended to be
vague and lacked standardization. Internal validity of the
subgroups was not demonstrated. Cross-validation of the
various classification systems has néf_been successful, or
has not been attempted.

The subgroups formed were not validated convincingly
against criteria external to the classification criteria.
the rationally defined subgroup studies attempted to relate
. the classification criteria to oral reading strategies and
the subgroups appeared to differ on the external reading
criteria as well as the defining criteria. However, sample
sizes were’Sméll and statistical verification was weak.
Clinical inferential subgroups were not validated against
reading cﬁaracteristics external to the classification
variables. |

None of the studies attempted to validate the
distinctiveness of the subgroups on the basis of nonreading
variables, such as cognitive,‘perceptual and linguistic
characteristics. Thus, the extent to which the
classification criteria identify subgfoups which are in fact
distinbt and homogeneous has not been established. 1f the
subgroups differ systematically in reading strategies, in:
response to remedial strategﬁes and in performance -on
cognitive, perceptual and linguistic tasks, then the

classification system, or systems, will have greater
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releYance to questions of etiology., identification,
prevention, prognosis and intervention in reading
disabilities. The few studies considering both reading
and/or spelling and nonreading characteristics of subgroups

of disabled readers are reviewed in the next chapter.



IV. The Interface Between Reading and Spelling
Characteristics and Nonreading Characteristics of Disabled
'Readers

In the previous two chapters, attempts to identify
homogeneous subgroups of disabled readers on theﬁbasis of
per formance on a multitude of nonheading psychological and
neuropsychological tasks and on the basis of reading and/or
spelling characteristics were reviewed. It.was argued that
subgroups characterized by distinctive patterns of

‘ per formance on nonreading tasks must be validated against
external reading criteria to contribute significantly to the
identification, remediation and prognosis of reading
disabilities. Similarly, if subgroups based on reading
and/or spelling characteristics are shown to differ
systematically on nonreading correlates of reading
disability, they may then advance understanding of the
processes associated Qith readiﬁg disability in individual
children. S%Fh information will be relevant to issues of
etiology, identification, remediation and prognosis. The
limited attempts to interface the two app;oaches to reading

disabilities are reviewed in the present chapter.
A. Rationally Defined Subgroups
Visual-motor Integration and Reading Errors.

Park (1978) attempted to interface performance on tests

of visual-motor integration with reading errors involving

60
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visually similar letters presented in isolation, in words,
and in words in sentence context. Subgroups of disabled
readers were defined on the basis of high and Now scores on
the Beery Visual Motor Integration Test and the Bender
Visual Gestalt Test. Bo%h subgroups had difficully
discriminating between reversible letters and made fewer
errors when words‘were presented in context. The low group
were poorer readers, made more errors than the high group.
and made more letter sequence errors on a sentence task. Ig
was concluded that the findings suggestéd/that common errors
made by disabléd readers may be due to factors other than

)

visual confusabilily.

Reading/Spelling Patterns and Processing strategies

Subgroups based on Boder's {1973) reading and/or
spelling‘patterns have been found to diffe} on external
crjteria assessing information processing and perceptual
processing strategies (Aaron, 1978; Obrzut, 1979) .
Dysphonetic disabled readers‘were d@%%cfﬁ%t in’analytic
sequential processing (Digit Span) put normal in holistic
simultaneous processing (memofy for faces) whereas tﬁe
égzeidetics showed the opposite pattern of performance
(Aaron, 1978). | |

Nsrmal read;rs and subgroups of disabled readers wéne
compared on a dichotic listening taﬁK assumed to assess
cerebral dominance for language and auditory re¢a1Trability.

)
- . ’ Ii4
and on a bisensory memory task assumed to measure
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auditory-visual integration ability (Obrzut, 1979). The
normal and dyseidetic groups had higher levéls of

per formance than the dysphonetic anq»mixed groups on both
tasks. Dyseidetic disabled readers also had higher reading
1e§els than the dysphonetic and mixed groups. It was
suggested that dysphonetic and mixed groups of disab]éd
readefs experience difficulty in both linguistic (left
hemisphere) and spatial (right hemisphere} processing.
xzbritique of Rationally Def ined Subgroups

The significance of the criteria defininé thé above
reading disability subgroups within the populétion of
children with reading disorders h;j.not been established.
Difficulty in visual-motor integration may be important for
a few disabled readers; however, such difficulty had little
relation to reading behaviour (Park, 1978). Boder’'s (13973)
procedures have not been adequately standardized and Aaron
(1978) limited his classification criteria to spel]ingv
errors which may not reflect differences in reading
strategies (Frith, 1980).

Aaron’s (1978) sample was small and the number of
measures was limited. The observed differences in
information processing strategiés need to be cfoss—validated
with additional measures assumed to be sensitive to
proces;ing strategies.AObrzut (1979) provided evidence which
appeared to'qonfirm perceptua] processing differences

between dysphonetic and dyseidetic disabled readers. In
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support of Aaron’s findihgs, dysphonetics were deficient in
auditory recall on the dichotic listening task. However,
dysphonetics were also deficient .in visual recall on
bisensory memory tasks possibly ref]ectfng a spatial
processing difficulty. The interpretation is questionable’
because the visual presentation of digits permits verbal
labeling and may not be a specifically spatial task. The
EOnciusions of Aaron (1978) and Obrzut (1979) are weakened
by“the guestionable construct validity of the tasks used.
:whereas visual perceptual tests excludlng a motor component
may be more sensitive to decoding errors related to the
visual properties of graph]c stimuli. Park (1978) did not
control factors wh1chiﬁay have lnfluenced the types of
errors produced, such as the acoustical similarity and
pronounceability of the letters and words, nor,was the
meaningfulness of the ?responses on the sentence context task
evaluated to determine the effects of contextual
constraints. Thus, the m@ﬁerlals and analys1s may not have

‘be§n sensitive to the contr1but1ont§f visual propert1es to

read1ng errors.
B. Clinical Inferential Subgpoups

Reading Characteristics and Inferred Pro}pssing Deficiencies
Johnson and Myklebust (1967), Mykiebust' (1978) and

Vernon‘(1979) attempted to identify subgroups of disabied

3
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readers on the basis of their readupg characteristics and
psychological processes tﬁought to be associated with the
various manifestations of reading difficulty. These attempts
to interface reading behaviour and psychological processes
are based on observations of differences in reading
behaviour integrated with research ev}dence concerning the
processing abilities of disabled readers. The
classifications were not directly derived from
classification research studies.

‘Myklebust (1978) expanded the auditory and visual
dyslexia classifications of Johnson and Myklebust (1967).
Two subgroups were added and the psychological pq?césses
assumed to underlie the reading difficulties were ’
elaborated: 1) Inner language dyslexics are characterized by
good word recognition without comprehension, assumed to be
related to an inabilily to code in%éfmation at the level of
meaning; 2) Auditory dyslexics experience difficulty in
relating phogémes to graphemes, assumed to be related to
impaired auditory processes t%ought*fo be the primary area
of disturbance in most disabled readers; 3) Visual dyslexics
can usually discriminate letters but they have difficulty in
attaining meaning, being unable {o symbol%ze the visual
compbnents of words.so that they are encoded as words,;

4) Intermodal dYs]exia involves difficﬁlties‘in transforming
processes in one modglity go an equiya1ent form in the other
modality, although auditdry and visual processing abilities

are adequate.
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In Vernon's (1979)Vview, reading consists of a series
of complex skills acquired as a child progresses from the
early stages of learning to read to the final stage of
fluent reading. Thus, one may classify disabled readers on
the basis of the stage of reading in which the deve lopment
of the reading process breaks down. Vernoq listed fqur
classifications of disabled readers: 1) cannol read atl all:
2) can read a few simple words but appears io be incapable
of cowprehending phonic reading: 3) can read simple reguliar
words but does not understand how to manipulate irregular
grapheme - phoneme correspondences 4) can read single words
but cannot group words syntactically into phrases. for each
subgroup, under lying processes which may account for the
reading difficultie$ were described. These classifications
were based upon a syﬁthesis of data relevant to differences
in reading behaviour among disabled readers and to the |
inferred processes which may be implicated.
Reading/Nonreading PatterQF and Processing Strategies

Pirozzolo (1979) considered reading and nonreading
characteristics of subgroups of disabled.readers. Reading
disabled boys were classified as "audio-linguistic” or
"visual-spatial” dn the basis éf a clinical evaluation of
behavioural descriptidns, writing samples and psychological
and neuropsychological test per formance. The eye movements

and accuracy of word recognition of the subgroups were

compared during tachistoscopic tasks. The audio-linguistic,
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subgroup did not show lateral asymmetry for word recognition
suggesting less efficient linguistic processing in the left
hemisphere. Eye movements were similar to those of normal
readers. The visual-spatial subgroup showed the normal right
field superiority for word recognition but eye movements
differed from those of normal readers. It was suggested that
the visual-spatial subgroup had impaired visual-motor
processing and a matur;tional lag in control of visual-motor

spatial information processing.

Critigue of Clinical Inferentia1r§ubgroups

To the writer’s kpowledge, there have been no empirical
classification studies applying the classification schemas
of Myklebust (1978) or Vernon (1979) to samples of disabled
readers. The psychological processes thought to be related
to d;?ferences in reading behaviour have been inferred,
primarily through the integration of data from

single-syndrome research studies. The processes have not

been directly.investigated among subgroups formed on the

basis of proposed subgroup clgssification criteria. The
criteria for identifying the subgrong‘W?Factual samples of
disabled readers woulé need be dperatiohalized in more
explicit terms than the descriptions proviTed byTﬁhe
authors. | /

s

Pirozzolo (1979) based his conclusfbns'on a small

sample of 24 11-year-old readihg»disabled boys.

Generalizability of the findings was thus limited. The
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clinical inferential basis for the subgroup classifications
was not demonstrated empirica]ly; The subgroups were not
shown to differ on the classification variables using
statistical or other procedures. 0f critical importance is
the inference of hemispheric processing differences on the
basis of perceptual asymmetries. Such inferences have been

questioned (e.g., Kinsbourne & Miscock, 1978).

C. Statistically Derived Subgroups
C]usi%% nalysis

A study.by Lyon and Watson (1981) involved a limited
interface of nonreading and reading characteristics of
statistically derived subgroups of disabled readers.
Hierarchical cluster analysis was applied to a battery of
nonreading linguistic and perceptual measures similar to the
battery of Mattis et al. (1975). Six subgroups were |
identified within a sample of 100 children with reading
problems drawn from a school population. Cluster analyses of
raw scores and of standard scores based ontthe average
performance of a sample of 50 normal readers yielded fhé“
same six subgroups which had high coverage, c]assifying.94%
of the 100 disabled readers.

The %nternal validity of the subgroups was thus
demonstrated by the second_cluster analysis of standard
scores as well as by analyses of variance and a discriminant

function analysis which indicated significant differences



among the subgroups on the classification variables.
Visual-motor integration and following directions
contributed most to the subgroup differences.

Subgroup 1 had mixed deficits in language and visual

perception. Subgroup 2 had milder mixed deficits. Subgroup 3

demonstrated a language disorder with deficitls in language
comprehension and sound blending. Subgroup 4 manifested a
visuoperceptive disorder and was unexpectedly the largest
subgroup. Subgroup 5 was characterized byodifficulty.in the
retention, synthesis and expression of sound and word
sequences . Subgroup G.had a normal diagnostic profile with
reading problems possibly associated with social,
motivational or‘pedagogica].factors.

The external va]{dity of the subgrodps was evaluated
against reading meaéures. Analyses of~§ariance indicated
significani differences among the subgroups\on measures of
word recognition and reading comprehension. The normal
diagnostic profile of Subgroup 6 was associated with
significantly higher levéls of word recognition and reading
comprehension compahed witH all other subgroups. The lowest
reading.1evels were found for Subgroup 1 (mixed deffcits)
and Subgroup 5 (auditory sequencing deficits). ¢

Lyon, Reitta, Watson, Porch and Rhodes {1981) evaluated
the above subgroups against spelling and family‘history
variables. Spelling performance resembled reading
per formance with Subgroup 1 méking;the most.spel]ing errors

and Subgroup 6 making the fewesti_Subgrgups 3 and 5 madé



more spelling errors than Subgroups 2, 4 and 6. No

interpretable subgroup differences were found for family
X _

history variables. . ° . ¢

Q Factor Analysis
A series of studies conducted by.Doehring and his
associates represent an integrated approach to the
statistical classification of subgroups of disabled readers,
the assessment of the stability and internal validity of the
subgroups .- and the validation of the subgroups against
external perceptual, cognitive and linguiétic criteria.
Doehring and Hosiko (1977) used, Q»factor analysis to
identify Subgroups of disabled readers sn the basis of
(/differential patterns of berfbrmaéce on readﬁng and
"reading-related” skills which included oral reading
measures, visual matching tasks._matching of spoken and
written stimuli, and visual scfﬁning. Three subgroups were
5identified within a sample. of 3§}éa§4dren with reading
problemsf 1) Subtype 1 was characf@sized by deficit§ in the
oral reading of words ;nd syllables which were attributed to
a high-level linguistic deficit; 2) Subtype 2 was
characterized by deficits in the matching of auditory and

‘visual letters thought to be indicative of intersensory

)
-~ oo

integration problems; 3) Subtype 3 was characterized by

deficits in auditory-visual matching of words®
L , i3
in contrast to proficient performance in mat¥g

letters, possibly related to difficulty in phonélogica{

4
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pr?cessing and in the perception of temporal order. Coverage
was high with 31 of 34 children classified. Only four
children had high loadings an more than one factor 4
indicating the independence of the subgroups. &

A form of external validation of the three subgroups
was attempted. Teachers’ evaluations of the difficulties
exper ienced by the'children were related to the i
characteristics of the subgroups. Subtype 1 had
comprehension difficulties. Subtype 2 required training in
comprehension, Vvisual-auditory association and oral
expression. Subtype 3 experienced difficulty in phonetic
analysis, written,sequencingnand sound- letter blending.

Further stugges by Doeh;ing and his associates
attempted to aséégs the stability and internal validity of
the subgroups, to validate the statistical procedures used,
and to‘directly investigate the perceptual, lingUistic and
cognitive skills of tha subgroups. Doehring, Hoshko and
Bryans (1379) assessed the stability of statistical
classifications of reading probléms based upon the 31 sKills
assessed by Doehring and Hoshko (1977). When normal and
problem readers of the same age were combined, the three

, ~
reading problem subgroups identified by Doehring and Hoshko
(1877) were well-preserved and thus appeared to hay?
iﬁtecna] validity. Hoyever, the normal readers could not be
classified in consistent subgroups. ' &
" Doehring et a1.-(1979) compared the results of

different statistical classification techniques applied to
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the data of Doehring and Hoshko (1977). Three methods of
cluster analysis and a Q factor analysis yielded different
éubgroups. However, McQuitty’'s method of cluster analysis
and the Q factor analysis showed agreement with 13
misclassifications among 57 children. It was concluded thét
the results supported the stability of the Q factor analysis
classifications of reading problems. However, the
disagreement in sUbgroups-prbduced‘by some cluster analyses
underscores the need for caution in applying and
interpfqtiﬁg these procgdufes. Valid;}ionﬁof subgroups is
thus parhicularly impor tant Qhen the results appear to be
sensitive  to the techniques, sample and measures used.
The,importént issue of the external validity of the
subgroups of disabled readers was addressed in a study by
Doehring, TJ'fes, Patel and Fiedorowicz (1981) which
combined comprehensive assessments of reading-related
skills, language test performance and neuropsyého]ogiéa]
test performance of 88 disabled readers aged eight to 27
years. First, Q factor analysis identified three subgroups
of disabled readers on the basis of reading skill across
Doehrihg and Hoshko's (1977) 31 tests: Type -0, an oral
reading deficit; Type A, poor association oflspoken and
written stimuli; and Type'S, a Jetfer sequence deficit
characterized by podr matchi%g of wdhds‘and syllables
comparéd with‘the matching of individual letters. The three
ﬁsubgroups were h1gh1y s1m11ar to those identified by

v

Doehring and Hoshko (1977) support1ng the internal va]1d1ty

«
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of the classifications.

Q factor analysis applied to tests of phonological,
syntactic and semantic language abilities identified two
language subgroups. Both subgroups were poor in phonemic
segmentation and'morphophonemic know ledge. One subgroup also
demonstrated poor oral repetition and the other demonstrated
poor serial naming and comprehension. There was poor
correspondence between the two types of language disability
and the three types of reading disability. When the
reading-related and language‘data were combined in a single
anatysis, four joint reading-language classifications
emerged. s

Q factor analysis of an extensive gattéry of
- intelligence and ‘neuropsychological tests did not yield
_interbrefable subgroups. The reading skill profite subgroups
did not appear to have different distinctive patterns of
per formance on ghe neuropsychological test battery.

Critique of Statistically Derived Subgroups

| Lyon and Watson (19§1) made -an important contribution ,
to multiple-sindrgme reading disability research by
empirical]y identifying subgroups of disabled readers within
a public school sample of a narrow age range, thus |
' addressing problems associatéd with clinic referrals and the
effects of age differenges ih other studies (e.g.,
Doehring et.al., 19é1; ﬁattis et affy, 1975). In contrast to

other classification studies which reported a small subgroup

\
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with visuoperceptive difficulties (e.g., Mattis et al.,
1975), the largest subgroup identified by Lyon and Watson

(1981) was characterized by visuoperceptive deficits. This

unexpected finding points to the need to cross-validate the

findings at different age levels and with different samples
of public school children. .
Stafistica] procedures evaluating the internal validity
of the subgroups formed by cluster analysis of several
nonreading measures were also a strength of the Lyon and

Watson {1981) study. The evaluation of external validity,

«ff
however, was limited to a brief assessment of levels of word
recognition and comprehension which provided little
< .

information about differences in the reading charecteristics

of the subgroups. Lyon et al. (1981) attempted further °

evaluation of the external ve]idity of the subgfoups against

spelling measures and family histoﬁy varidbles. Although the

number of spelling errors differeﬁ%iated:fhe subgroups, no
oy :

information was provided about th types bf;spelling errors

‘made by the various subgroups.

The integrated research by Doehring and his ashociates
<>

: S
representﬁ.thb EESt‘w'1ustrat1on of the multiple- syndrOme

paradlgm applﬂed to: read1ng d1sab1lxty research to date The
subgroups\of d1§abled readers based ol the 31 reading and
reading-reﬂated measuﬁes were teent1f1ed in independent
samples of disabled readers.(Dgehring & Hoshke, 1977,
Doehring et al., 1981). The reliability and inter%‘nal

ya]idity of the subgroups and the reproducibility of results
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using Q factor analysis were thus supported.

The failure of Q factor analysis to identify a subgroup
of normal readers may reflect a‘problem in the statistical
procedure. Q factor analysis is not sensitive to differences
between disabled reéderé\and good readers who share similar
patterns of abilities but at different levels of
proficiency. Al}ernatively, it may‘be that normal readers do
not form Hdmogeneous subgroups in terms of the.part{zular
reading-related skills measured by Doehring and his
associates.

e Theﬁhpplication of different statistical classif{cation

"
technigques to the same data prqyided support for Q factor
analysis over mofe va;iable cluster ana‘lytic techniques
(Doehring et al., 1979). One may, however, question the
standard against which thé cluster analysis classifications
were compared, i.e.,»they were evaluated against the results
of a Q factor analysis. The‘choice‘of standard may be valid
in that the Q factor analysis resuk;s were replicated across
samp les of disabled readers; however, the(Q factor anal}sis
classjfications have not been adequately validated against
external criteria. - X

Doehring and Hoshko (1977) attempted to provide
external validation of the reading subgroups by oﬂtaininé
independent estimates of reading skills from teachers. The
subjective estimates provided descfiptive data which were
not evaluated statistically. The subgrddbs were compared

with subgroups identified by other re8earchers. However, in
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view of the weaknesses in studies attempting to identify
reading disability subgroups cited earlier, such comparisons
are a weak source of validation.

Doehring et al. (198j) under took to validate the
subgroups against external linguistic and neuro;sych logical
criteria. Attempts to interface the subgroups formed on the
basis of the different measures were not successful. A
complex interaction was observed between the reading-related
and language sKkill iests: Patterns of‘pérformance on the
neuropsychological tests did not appear to correspond
clearly to the reading skill subgroups. Methodological
characteristics of thé study may have contributed to the
lack of:c]arity of the findings. The sample of clinic
reférrals covered a wide age range which likely ihcreased.
the sample heterogeneity. In addition, the reading-related,
skills battery may not be sensitive to important differenc%s
in the characteristics of the reading behaviour of disaSleq
" readers. Doehring et al. (1981) recommended the use of a

reading assessment which more directly sampies the sKills \

used in functional reading.

D. Sﬁmmary | ]

The attempts to interface!the reading and sbelling
characteristics and the nonfeadfng chéracteristics of
subgroups of disabled readeqé reviewed in the_prgfent
chabteh are examples of the huftip]e-syndbomQ paradigm

recommended for reading disability research (Doehring,
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1978). The appropriateness of the multiple-syndrome paradigm
was supported by the data presented in Chapters II1 and I11]
which confirmed the heterogeneity of disabled readers in

o
terms of reading and spelling behaviour and nonreading
characterisitcs. The need to combine the two approaches to
the study of reading disabilities was highlighted in the
criticisms of classificatién sysfems which were limited to
nonreading characteristics (Chapter 1]) or to reading and
spelling characteristics (Chapter 111).

The studies reviewed in"fﬁg present chapter recognized
the need to interface actual read{ﬁg behaviour with
evalbations of the processes thoughkjto be involved in "
reading difficulty. However ,” the assessmenfé of readiréﬁ%%d
Spelling characteristics tend;d to be limited. FrequeatTy, ‘

-

the assessments of nonreading variables were narrow. The

-

-sample selection criteria have been criticized. Thus, at®

@ .

present, methodological problems 1imit the applicability of

the classification systems in research and remédiation. A

-

" current need in research in the field of reading, (9

disabilities éppears to be the application of objective -~

“statistical classification procedures to a comprehensive

assessment of reading characteristics and to a wide réngé'of' ’
‘nonreading variables to determine the most meaningful and

‘ ¥ ’ :

valid classification system for identifying homogeneous

subgroups of disabled readers within a school population.‘

o
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V. The Study .

In recent years, complex research models which accommodate

the heterogeneity of. reading disorders have been recommended

for use.in reading disability research (Apoelbee, 1967
Doehring, 1978; Wieger & Cromer, 1967). Complex models
assume that more than one sgndrome of reading disability is
possible, each associated with different pat{grns of reading
and nonreading skills. It is hoped that the identification
of subgroups of disabled readers will contribute to
improvements in identification, remed;ationé and pfediction
of outcome of reading disabilities (Benton&»1978) Important
goals of such research include improved def1n1tlons for
research and treatment (Hagin, Beecher & $1l!§r, 1982,
Rourke & Gates, 1981) and the deve]opﬁent of

syndrome spec1f1c treatment programs (Mattis, 1981) .,

Whlle the potent1al 1mportance‘o# identifying subgroups

of d1sabled readeys is widely recogn1¢ed, research in this

area has been limited by the classifitation approahhes-used,

_the selection of subjects for study, the se]ectioﬂ'oﬁ

reading measures and nonreading measures, and pa/ticularly'7

in the failure to adequately evaluate the coverage, internal

va]1d1ty and external validity f'ﬁtk: Classifi

T

solutions. Classification approa_<és‘current1 ‘

L™

ratighal definition, clinical inferential ané statistical

approaches, each'have weaknesses. Although statistical |

class1f1cat1on approaches overcome many difficulties f
I

associated with other approaches (e.g. sub3ect1v1ty, visual

77 C a

»
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inspection of complex data sets.‘a priori assumptions about
‘the number and nature of the subgroups), weaknesses
associated with current statistical classification
prbcedures require that the‘subgroups formed be carefully
evaluated iﬁ fe;ms of coverage, internal validity snd
external validity. R . .

Extsrnal validation of subgroups requires that they be
shown to differ on variables exteqnal to the variables used
to form the subgroUpy. For example, subgroubs formed on the
| basis of oral reading vériagles may be externally validated
against other standardized reading measures. o; ainst
nonreading variables Within a multiple syndrome el,
exter#al validation of these subgrou?s against nonseading
‘variables is\of partigular interest as the model assumes
that subgroups of disabled readers areléharacterized‘by
unique Faiteﬁns of both reading characteristics ghd
nonreading characteristics.

The relationships bétween,reading and;ﬁonreading )
characteristics among_subgroups of disabled readers havé
impor tant implications‘fbr our undebstanding of reading
disabilities If subgroups formed on the basis of reading |
characteristics are shown to differ on nonreading variables
~ such as cognitive, lingbistic and perceptua]}' j>
) chacacferjstics, then the classification system mhy ﬁave
greater relevance to questions of éiiology, iéentification.‘e
'pré;entiqn,-prognosis-and intervention in reading |

disabilities. Conversely, if disabled readers are classified



into subgroups on the«basis of nonreading test performance,
then external valtdatton against read1ng criteria isg
1mportant. If the nonreadtng per formance differences among
the subgroups are¢Systematically related to differences in
reading performancgﬁ the cla551flcat1ons will contribute
greatly to the understanding of readtng dlsab1l1t1es and to
questions of etiology, identification, preventlon. prognosis
and, parti?ularly, intervention. |

External, validation of subgroups of disabled readers
thus involyes the iaierface of reading and nonreading
characteristics of disabled readers. A few recent studies
have attempted the interface of‘readlng and/or spelling
characteristics with nonreading characteristics of disabled
‘readers. For example. studies reyiewed in Chapter IV
provided some indication ;hat there may be systematic
relat\onshlps between information process1ng strategles and

types of spell1ng errors (Aaron, 1878; \Dbzrut 1979), and
,between language and perceptual test performance and reading
" achievement (Lyon & Watson, 1981), and that there may be a
comp lex 1nteract1on between reading- related sk1lls. language
test performance and neuropsychological test performance
among disabled readers (Doehrtng et al., 1981).

Although these studies\ included the conSIderatton of
lboth reading/spelling and nonread1ng characterlstcs of
dxsabled readers, several problems limit the appltcabtltty
,df the cla551f1cat10n systems in research and remed1at1on

|
Problems 1ncluded sample select1on crlterla and 1imi ted

|

i

\
|



assessments of . the characteristics of the subgroups. For
example, the sample in the Doehring et al. (1981) study was
- compr ised of clinic referrals covering a wide age range.
Lyon and Uatson (1981) employed a nonclinic school sample of
'a narrow . age range but included only a limited assessment of' \
reading characteristics The studies of Aanon (1978), Obzrut
(1979) and Park (197gl\were particularly limited by narrow
assessments of nonreading characteristics. In addition ta
the problems notedﬂabove, all of the classification studies
reviewed have weaknesses associated with»the partioular
approach to classification which was emp loyed.
| A current need in research in the field of reading
disabilities appears to be a‘classification study which
examines the idterface between reading and nonreading
characteristics of subgroups identified in a nonelinlp
sample of disabled readers The disabled readers should be
. drawn from a narrow/age range to control for the effects of
varying chronological ages and developmental levels.
ComprehenSive assessments of both reading and nonreading
characteristics are required to cover the Wlde range of
. possible differences among disabled readers Statistical'
classificatiod' } res are most appropriate to handle the
complexwgata/;ets However , in view of weaknesseS‘aSSOCiated’
with sﬁbh\procedures. it must be demonstrated that the . |
clasSification~solutions have adequate coverage, internal
validity and external validity The combination of

comprehenSive reading and‘nonreading assessments within a. g\;



classification'study’provides data important for the

~external validation of the subgroups .

'A. Statement of the Problem

‘ The central pgeblem addressed in the present study

. involved the interface between reading and nonreading
characteristics of subgroups identified within a pgplic-i
school sample of 9- and 10- year old children who- manifest
difficuléy in reading Examination of the problem included
samp'ling across a\uide range of both reading and nonreading )
characteristics of the disabled readers. The use of various
‘strategies in reading connected text is currently GMPhaSlZed
in reading research Thus. the reading assessment in the-
present study included in- depth quantitative and qualitative
| 'analyses of oral reading samples. as well as standardized’

tests of word identification word attack and passage

comprehenSion In view of previous classification studies ,’

, ﬂwhich emphasized the importance of spelling characteristics

of disabled readers, a qualitative analysis of spelling was
also included to provide 1nformation about phonetic accuracy»
in spelling and its relationship to reading | |

To prevent bias towards any particular nonreading S

- characteristics of disabled readers, the assessment sampledjtf:

- across a comprehensive range of skill areas including IQ, .

'language memory, sequencing. perceptual visua] motor and,ffv*
L motor functioning Teachers ratings of classroom behaviouref =

" and arithmetic achievement provided information about
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. additional 'areas of performance

N

Objective statistical classification procedures were W'gx

-

. used to form subgroups In view of weaknesses associated

with such procedures, issues of coverage internal validity

P

. and external validity were examined Internal validation

vinvolved the use of various statistical clasSification o
procedures data manipulation. and statistical tests andwﬂii*f
graphic plots of differences among §ﬂbgroups 2
- The central interest in the interface between readiné
‘and nonreading characteristics of subgroups of d‘sabledQ‘A -m
readers involved evaluation of the - external validity of«the' -
subgroups Subgroups formed on the basis of reading x}if -~@.
characteristics were comppred with subgrbups formed on the -
.basis of nonreading characteristics. Subjects clustering
T////together on each type of data were compared to determine
- ‘whether similar subgroups were derived on the basis of the
two types of data The external validity of subgrOUps formed L
on the. basis of reading data was evaluated against -

&

~nonreading performance characteristics. and subgroupsgf‘rmed: S

‘On the basis of nonreading characteristics were evaluated'inlr
- terms of the distinctiveness of their reading B |
ifcharacteristics ”7fh*(7 o < e
"t Essentially, the present study endeavoured to useywwd; SR
| vijstatistical classification techniques to identify internally;t_f
'*h;fvaiid subgroups of disabled readers on the basis of reading L
k"de"measures and also on the basis of nonreading measures The "

: ifinterface between these characteristics was examined




sh

parti larly as it related to the issue of the external

vvalidity of the subgroups

. "'- z_,

B. Methad.

| f' 'Stbjects o
V Forty nine disabled readers.

| ’(VfVT

83

les and 16 females, ."

 were selected from 18 elementary schools in the Edmontpn .

3 ‘Public School System Forty‘five of the subjectsthad been in -

-resource rooms 29 were attending resource rooms at the timeik

fof testing 4@escriptive data are included in Table V. 1.

;Selection was made on tﬁ% basis of the following criteria

Ao Reading level below age expeétation was based on

L achievement indices of the Woodcock Reading Mastery
| Tests (Noodcock 1973) which'are defined as the |

fdifference between the child’s mastery score and the

,w_mastery score expected at his/her age For inclusion in t;'t

at”ithe study, subjects were required to haVe a negative

""?7fachievement index greater than or equal to 20 on the

rs_ﬁWord Identification test of the Wbodcock and a negative N

_.’,,..;.achievement index of one Q,t more POlnts on the Passage S
,;;fComprehension test of the Wbodbock Dn the Wbodcock

"*f‘tests 2 negative achievement index Qf '20 t° 29

f'ffft}indicates relative mastery of 26% to 30% at grade level

?577and a. percentile rank of four to eight A negative

’“ﬁf.g‘achievement index of 30 or more (ndicates 25% or less

'~;'ji'mastery and a percentile rank.of one to three

Lo
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Regular class placement, possibly with resource room

b

help 5
3. ~Age nine years to ten years and eleven months at the |
.,  time of testing . ‘
«4. Revlsed Wechsler Intelllgence Scale for Children
(WISC-R7 (Nechsler, 1974) Verbal and/or Performance 10
,,4‘greater than or équal to 90, and a score greater than or»
| equal to 70 on the lower '1Q scale, LW o
,5ii No evidence of- uncorrected vision, no history of hearing |
problems, no history of major emotional problems and no
documented history of neurological traumavor illness.
"6. English as the mother tongue |

. N \
CT.w Parents or guardians of. potential sub’ were inforined

of the study and consent for par ic1pation ‘was obtained

Measures - 3
Two - typqs of measures were obtained a reading and

‘ spelling assessment and an assessment of nonreading A

performance The”reading and spelling assessment included i

the evaluation of word identification word attacK and 4‘
’; passage comprehension skills: an analysis of oral reading of
connected text and quantitative and qualitative assesgﬁents J~'
' \~of(spelling achievement Th& nonreading assessment included

_ical and neuropsychological tests and teachers

T -

ratings The psychological and neuropsychological tests
: evaluated five main areas namely,.intellectual language. =
perception memory/sequencing, and motor functioning

R Lo



4

, ."_ h
Teachers ratings evaluated each child‘s arithﬂEtic
achievement and . classroom»behaviour ‘ f(i,
1. Réading and Spalling Aisessment L

The measures included i the réadTng and spelling

i assessment are istd in Table V.2. The measures are
) described br'efly ‘below. The details of the scoring
:procedures are presented in a later section
(a) Reading Measures. The reading measures were
selected to yield a comprehenSive evaluation of several
aspects of reading performance Standardized tests and the
"analysis of samples of oratl reading behaviour were included

Three standardized tests were selected from the

' Wbodcock Reading Maqury Tests The Word Identification test

"measured recognition of words presented in WOrd llStS,\the
' Word Attack test assessed sKill in reading nonsense words

‘}>Whlch follow the rules of English onghography, and; the

'f Passage Comprehension test evaluated comprehension of <

'phrases and sentences using a cloze procedure Achievement
index scores were used to designate the level of achievemggt
‘on each of these tests. | .

An oral reading analysis was included to prov1de .

information about each child's use of the cues available in' o

"fconnected text Samples of oral reading provide information'
pabout the strategies children use in functional reading

o Each child read two passages of connected text orally Eachh_g

'-;passage contained approximately 250 words and was followed ?;ff

by five comprehension questions The-oral reading was timed»e,,
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-nd'recorded on tape for quantjtative and qualitatiye
analyses o 1}:* E N I K
The quantltat1ve scores. )ncluded the sheed of oral
readlng. oral reaé%ng passage compsehenslon the frequency
of self- correctaons of3repet1ti8ns and of various types of
oral readlng errdrs .The types of errors yere taken from |
Hoodw(1975) and 1n\lhded om1351ons. 1nsertions word" order
reversals, letter order reversals and subst1tutlons
1nclud1ng subst1tut1ons 1nvolv1ng the same stem. the same
‘affix.ﬂanother meaningful word or a nonsense word The
Q‘operatlonal deflnltlons of these error types are lncluded in
Appendtx A. e . e "-» I - ’
o The substltutlon errors and letter reversal errors were
e aluated qualltatﬁvely in terms of their v1sual and sound

fs1M1larlty to target words in the passage. the1r contextual

aning of the passage Each letter reversal and

-

C /> approprtateness w1th1n the passage, and the1r effect on the ‘

J substltutlon error was scored on five qualitat1ve scales,
Vﬁ‘,hnamely. the Graphic similarlty scale,. the Phonlc 51m1larltyu
| scale. the Syntacttc acceptabllity scale, the Semantlc |
- acceptabllity scale. and the Mea;iﬁg scale ' ,k.
" (b) Spelling measures Spell1ng was assessed by the |
Edmonton Spelling Ability Test‘Whlch ylblds a spell1ng grade h

| h'ﬁ;;slevel As an tndlcatioh?gf the sever1ty of spelling

‘ ‘,fi dlfficultles a spelling grade level dlscrepancy score was f

L calculated The child’s grade level achleved on the spel]lnglf

; test was subtracted from the grade level eXpected on the



| L e o / 7",‘89(.
basis—of h1s/her age A qual1tative analys1s of each ch\*d’
flrst ten~m1sspell1ngs assessed the. phonetlc accuracy of . ‘
"Lspelling errors. ’\.\‘ :‘ S
II Nonread1ng Assessm;nt o o R

s
The nonreading assersment'1ncluded psycholog1cal and

-

\neuropsychoJoglcal measures and teachers ratlngs of

-

behaVﬁour The extensive battery sampled several areas of
L funct1on1ng lntellxgence. language’ aud1tory. vtsual and
tactile perceptlon, memory and - sequenc1ng, and 'v1sual motor,
and motor §k1lls Ar1thmet1c achlevement and classroom
behav1our were rated by teachers The areas of functlon1ng
| that were of 1nterest are llsted in Table V. ghalong w1th the
names of the specrf1c tests thought to 1nvolve such o /l o
vd b processes Detalled descr1pt1ons of the tests, of the scores
1L; used, and of the processes thought to be 19Nolved are
1"1ncluded in Appendix B | ' cLe |
| The processes sampled by the\nonreadwng assessment are‘j

B i i\

descr1bed here ln general tecms Ind1v1dual 1ntelllgence >>//g*
6 T

test1ng prov1ded both verbal and nonverbal measures The
d1screpancy between Verbal andeerformance IQ wasv' |
cons1dered IQ subtests Were also exam1ned in relatlon to o
Var1ous processes of 1nterest as shown in. Table V 3 | \gi
‘ Language test1ng sampled expresslve or productive and/”
receptive, or processing. sk1lls Three levels of language

j}il;' funct1on1ng were 1ncluded phonolog1cal.,syntact1c and '

| semantic‘1fdw*“'
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Several types of stimuli were‘incfuded in memory and
sequencing tasks: auditory and visuai; verbal -and nonverbal;
and, meaningful and nonmeaningful. Immediate and delayed
recall, and short term and long term‘memory.were considered.

Auditory, visuél and tactile perception were sampled.

Auditory tasks included the perception of speech sounds and

.of nonverbal sequential rhythms. Visual-spatial perception

and visual-motor integratipn were involved in several tasks
listed in Table V.3. Sensofy perception tasks also assessed
tactile recognition and discrjm}nation.

The motor performance component of the assessment
included fine motor coordination and manq;l dexterity. Speed
of gross motor movement was also assessed. ‘
Teachers completed the Conners Teacher Questionnaire

(Conners, 1969) which assesses ¥our areas of classroom

behaviour: conduct problems, inattentive-passive behaviour,

tension-anxiety and hyperactivity. Arithmetic achievement

was rated by the teachers as normal, borderline or

underachievement .

Procedure

Potential subjects were selected from resource Eooms

S

and/or regular classes on the bas1s of teachers <

recommendations and the results of standardized tests of 1Q
and achievement, where ava1lab1e. Children were‘tested
individually by the Experimenter in their own schools during

January through April. ”
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The Woodcock reading tests and the WISC-R were
administered first to determine if the child met the reading
level and 1Q criteria for inclusion in the é%udy Each child
who met all of the subject selection criteria was seen two
or three times, for approximately 75 to 90 mlnutes each
time. T ey1h1rd session was required if recent WISC- R data
were no?‘available. If the WISC-R had been administered \
within one-and-a-half years from the time of the\present
testing, the~scores on file were used. Missing sUbféSts were
administered. The Digit Span subtest was administered to all
children at the time of testing to provide a current measure
of auditory verbal sequential memory. Where possible, the
sequence of tests specified in Appendix C was“mainfained and
the two or three sessions occurred within a two week period l
for each child. Changes were made to accommodate special
circdmstancesf(e.g., absenteeism, illness, excessive |
fatigue, school functions).

Oral reading samples were obtained near the’beginning
of the Seean or fhird session. The oral reading analysis
required'that each subject read two passageS'at an error
rate of six to 11 miscues per hundredeords, i.e., a 6% to
11% error rate. To obtain the appropriate oral reading
‘samples. one of the graded reading passages (see Appendik D)'
was selected to correspond to the grade level indicated by
the Reading Grade ,score (90% mastery) of the Wbodcock Word
. Identification. test The child ‘was requ1red to read this

passage and easier or more difficult passages until s/he
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had read two passages at an error rate of 6% to 11%. Five
comprehension questions followed e;ch story. The reading
samples were timed, recorded on tape and scored as described
'in the Scoring section. | '\

Teachers were asked to complete a questionnaire which
included an evayuation of arithmetic,achievement and
classroom behayiour. The questionnaires were collected upon
completion of the assessments of children in the school.

The data were scored following the procedures described“
in the next section. Inter-rater reliability was evaluated

for the qualitative analyses of oral reading errors.

Scor ing
1. Reading and Spelling Assessment .

(a) Woodcock Reading Mastery Tests. Raw scores on the
word ldentification, Word Atteck and Passage Comprehension
tests of the Woodcock Reeding‘Mastery TestS»were.cbnverted
to grade level equivalents eod to mastery scores. A chiid’s
level of echtevement was determined by comparing his/her
mastery score to the mastery score expected of a chtld of . l!
that age, i.e., to his/her age expected grade lerel.'An
achievement index was celculated by'subtracting the mastery
score at age expected grade level from the child's mastery
score. A negat1ve ach1evement 1ndex reflected achievement [/~
‘below the grade level expected on the basis: of fhe ch1ld' ‘ﬁ

| age. An index of -20 to 29 corresponds to a percent1le rank

A
of four to etght, and -30 or more corresponds to a



. Scoring section. \\

‘eachers were asked to complete a questionnaire which
led an evayuation of arithmetic achievement and

.oom behayiour. The questionnaires were collected upon
'tion of the assessments of children in the school.

'he data were scored following the procedures described“
» next section. Inter-rater reliability was evaluated

ve qualitative analyses of oral reading errors.

L)
[. Reading and Spelling Assessment
la) Woodcock Reading Mastery Tests. Raw scores on the
[dentification, Word Atteck and Passage Comprehension
of the Woodcock Reeding‘Mastery TestS»were.cbnverted
ade level equivalents and to mastery scores. A chiid’s
of echtevement was determined by comparing his/her
ry score to the mastery score expected of a chtld of . l!
age, i.e., to his/her age expected grade level. An
vement index was celculated by'subtracting the mastery
at age expected grade level from the child's mastery
. A negative ach1evement index reflected achievement -/ g
the grade level expected on the basis: of the chtld' ﬁ |

An index of -20 to 29 corresponds to a percent1le rank

ur to eight, and -30 or more corresponds to a
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' percent of the total errors on the passage.
‘4. The total number of repetitions during the oral reading
of a passage was recorded. -
Y5, ‘The frequency of‘each type of oral readingserror_was
calculatedi The types of errors scored'were based. upon -
‘ Hood' s (1975l definitions of insertiohs. omissions, -
etter order reversals word order reversals, and
substitution categories of same stem, same affix‘ other,
| meaningful word and nonsense word (see Appendix A)
Scores were. expressed as percentages of the total errors -
"on the,passage including repeated-errorS-and errors on
%Slmp]e words . \,' . | | '
A qualitative analysis of all substitution errors and \.
letter reversal errors included five qualitative scales with

-‘tscores ranging from O to 4 The scales were derived from the

qualitative scoring systems of Goodman and Burke (1972).

- Burke (1976) and Pflaum (1979) and are described 1n S

fTable V 4. For each passage. converted scale scores were

< L

}computed The total score on each scale was. lelded by the
'7total score possible for that scale based on ‘the number of
.substitution and letter rejﬁrsal errors for. the passage The

converted scores were then expressed as. percentages Fo -
P ‘

| ‘jexample i? a subject made 20 substitution and letter o

S reversal errors on a passage. s/he could obtain a maximum

‘-score of 80 on the Graphic similarity scale (i e}. 20x4 801

‘7~”If the subject actually obtained a t tal score of 40 on the T

"frfGraphic similarity scale. summing over the score as51gned to ;

4

fﬂfiyghf
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, each'error,rthe COnverted score on thislscale would be 50%
(1. (40/80)x100:50%). N . L
‘The reliability of the oral reading analy51s was of
: concern It has been suggested that oral reading errors may
be affected by the difficulty level of the material being
read and that the reliability of oral reading analyses may.
be increased by scoring more than ane’ oral reading sample
(wixson. 1979). Thus, subJects in the present study read twp
_passag%s orally The passages wgre at a similar level of
'difficulty. i.e. they were read with a- word identification
~ error rate of 5% to 11% To ensure that the two passages :

“L“read by a subject could be combined to provide more reliabie

'r | scores,.the oral reading scores obtained on the two passages

rreaé“by a subject were compared Thus. the reliability of
the oral reading analySis across passages was examined to
determine the feas@bility of combining scores from the two ’
’~vpassages read by a subJect o

| Inter -rater reliability in scoring oral reading errors‘

fon the five qualitative scales was also calculated Five |

’--,decisions were made regarding the quality of each

| '.substitution and letter reversal error The percentage of
”;agreement by two scorers was calculated for 20 passages on
nthe basis of the number of decision points for a passage

iFor examplew if 21 substitution errors occurred during a

o passage. there were five decisions for each of 21 errors

Wryielding a total of 105 decision points in scoring the

. Lo

sﬁf errors qualitativeiy
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»
| lc) Edmonton Spelllng Abthy Test. The spelling test
yieldeéia grade score. A Spelling grade discrepancy score -
was calculated by subtracting the child's spelling grade
level from thevgrade level expected on'the basis of his/her
-age. ‘More severe spelling difficulties were reflected 'in
larger spelling grade discrepancy scores. i
| Spelling errors werecanalyzed qualitatively to assess
their phonetic accura<\4>lhe number of misspelled words
analyzed qualitatively was equated across subJects by
;choos1ng the first ten misspelled words for each child. The
words were diVided into syllables follow1ng the: Webster
cDictionary syllabication. Spache’ s . (1955) criteria were used
;to analyze,the spelling errors Each syllable was classified :
‘asnphoneticallyLaccurate}(PA) (Spache 5 categories‘j 3, 4,
"7'to.1Ql or as‘phonetically inaccurate (PI).(Spache.s
"ategories 2, li. 12, 13) Categories'5 and 6 could be
either PA or PI errors. PA errors produced a phonetic -
'equ1valent of the target siilable PI errors proddped a
. syllable which was not recognizable as the target syllable
Considering only the first ten misspelled words. the

'number of syllables scored as phonetically accurate was

e Sdivided by the total number of’ syllables that contained ?

‘spelling errors, and multiplied by 100 This percent score
ﬁ, reflected the phonetic accuracy of a subject’s spelling

errors.
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I11. Nonreading Assessment ' R

Standardized scoring procedures were followed for the
psychologlcal and neuropsychological tests The types-of :
scores used (e g .”scale scores, percents. time scores,
error scores) are noted in Appendix B.

 Teachers’ responses4toithe Conners Teachers;
Questionnaire (Conners._1969)-were scored'to yield measures
‘ of four(dimensions of classroom behaviour : Conduct Problem,
'Inattentive?passiYe, TenSion4anxiety. and_Hyperactivity.?
' , ¥

Statistical Analyses -

The statistical analyses’ used 1n the present study were
: complex ;hus, the analyses will be d1scussed in d1rect |
relation to the research questxons posed below, |

Ouestion 1. Can 1nternally valid subgroups of d1sabled
'readers be 1dent1f1ed on the bas1s of reading
characteristics uswng obJect1ve stat1st1ca1 class1f1cat1on
prooedures7 | | | .

§everal 1ssues were 1nvo]ved in answer1ng th1s

question First wh1ch of the many avaidable*ssat1st1cal |

’Wﬁ'»}.class1f1cat1on procedures W1ll y1e1d fhe besxf?esults?

’:Advantages and disadvantages are assocxafed wwth the var1ous.:'

&

stat1stlcal classiftcation procedures. and there is 11tt1e
‘»}agreement as to the preferred method of ana1ysis Thus,f:wo';t :
z statist1cal procedures were selected to represent d1verse |

'approaches to statlstical class1f1catton The Q techntque ofy

”factor analy51s ls based on vector products as the 1ndex of RN

e
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profile similarity..The shape of the profile is important,
while level and dispersion are irrelevant in this,procedure.
Subgroups are defined by considering re]ationShips among a
large number of 1nd1v1duals s1mu1taneous1y ‘In contrast,
Ward’s method of- cluster analysis is a h1erarch1cal
procedure which is based on dxstance coeff1c1ents as- the
1ndex of similarity. This: method is sens1t1ve to d1fferences'
in the elevat1on of prof1]es In Ward’s analysis, a subject
cannot move from h1s/her orig:nal cluster Thus, an
.iterative relocatton procedure was a]so used in'which a
subJect was relocated in another cluster if s/he was more
similar to it than to the orlg1na1 cluster. Q factor

-

analysxs and éluster analysts were both used and the
R preferred classrficatvon procedure was decided upon by
-‘evaluat1ng the coverage, internall validxtyland external
valid1ty of the clas51f1cat10n solut1ons o
: Evaluatlon of the 1nternal val1d1ty of the stat1st1ca1
classlf1catton solut1ons was seen as essentta] in view of
}the weaknesses of statistlcal classf1cation procedures
V(Morris et al. 1981) Internal val1d1ty may be determlned
“in several ways In thé present study. data mantpulat1on,
""graph1c presentat1ons and stat1stical measures were used |
»vwhere appropr1ate | | | | | | o

Data manipulat1on 1nvolved add1ng var1ables to an _f

. or1glna4 set of classiflcatlon var1ables and‘repeat1ng the

| “statustical class1f1cat1on procedure The adequacy of the

7;0r1g1na1 subgroups was exam1ned in terms of the stabwlwty of
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S

7the subgroups across the two sets of data.. *

Graph1c measures of 1nternal valld1ty 1nvolved visual -
presentat1ons of the prof1les of subgroups plott1ng mean
scores across ‘the class1f1cat1on variables.. V1sual
4 1nspectlon of prof1le shape and elevat1on provided
"1nformat1on relevant to the Q1st1nct1veness of the subgroups
on the claSSIficat1on var1ables Where apprOprlate, graph1c
plots from dlscr1m1nant functxbn analyses were examxned to
evaluate the 1nternal val1d1ty of the subgroups
| As ‘confirmation that the subgroups d1d in fact d1ffer
on the var1ables 1ncluded 1n the stat1st1cal class1f1cat1on
mult1var1ate and un1var1ate analyses were carrled out. A'
‘ld1scr1m1nant function analys1s was enployed where poss1ble.
S e , where the subJect var1able ratlo was acceptable rﬁ °
v1ew of the reconmended ratio of 10 1. The. d1SCr1m1nant “
‘funct1on analy51s yields an overall multlvarlate test of
| ~51gn1f1cance It also 1nd1cates the percent of subjects who
can be correctly cla551f1ed in. the1r respect1ve subgroups bﬂ@
\'d1scr1m1nant funct1ons der1ved from the var1ables(used 1n f
fpthe statlst1cal class1f1cat1on Although subgroup sxzes were /}
lsmall un1var1ate analyses of varlance were employed to{

- determlne whlch test varvables contr1buted to the -
imul11var1ate d1fferences Nhere d1scr1m1nant funct1on B
,p-analys1s was not appropr1ate: analyses of var1ance were gf;o.'7i
'"-computed to. e;am1ne subgroup d1fferences on the r-' -

.uclasslf1catlon var1ables 'ff‘p
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B Question 2: Do subgoups of disabled readers identified
" on the basis of reading characteristics have external .
| validity (a) against reading and-spelling_measures.and (b)
.aga1nst nonread1ng measures? | -
(a) The first aspect of the external val1d1ty of the
subgroups was evaluated by employ1ng analyses of variance to

' examine d1fferences among subgoups on-readwngéihd,spell1ng

~variables external to those used to derlve the

. class1f1cat1ons These data prov1ded further 1nformat1on for FREEEN

" in- -depth descr1ptlons of the subgroups %
: (b) The second aspect of external valtd1t \against \

nread1ng measures is relevant to the 1nterface between

ad1ng haracter1st1cs and ‘nreadxng character1st1cs of

rdisabledwreaders As subgro;p 51zes were small un1var1ate
.analyses of var1ance were loyed. leferences among
subgroups on psycholog1cal and neuropsycholog1cal tests and
’,teachers :ratlngs of ar1thmet1c achwevement and classroom
B behav1our were: exam1ned N - ;: |
Ouestlon 3 Can 1nternally valld subgoups of dlsabled |
o readers be Identified on the basis of nonreag1ng o
vcharacter1st1cs us1ng obJect1ve stat1st1cal class1f1cattonf'il
‘procedures’ vit lji”J 3 '.;_ ,h;‘ 1' '=..}[‘va."- .
| Steps/s?milar to those descr1bed under the/L1rst

‘nresearch question}wene followed to answer th1s questlon

| Essent@hlly. Q factor analys1s and Ward's cluster analys1s-hig'g

were appl1ed to varxous groups of nonread1ng measures Thép

'zid{1nternal valid1ty of the subgroups was evaluated by data
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. B
manipulation and graphtc and statistical tests of the
distinctiveness of the subgroups on the variables used in
the clas‘sification' | RV ) |

) The large number of nonreading measures requ1red
changes in the stat1$t1cal procedures descr1bed under the
first research question. For some analyses, reduced number s~
of variables were requlred The R technique of factor
analys1s was employed for the purpose(of data reduct1on
Varlables w1th h1gh load1ngs on varlous factors were
selected to be used in. stat1st1cal class1f1cat1on analyses

Factor ‘'scores were used to provide an even smaller
group of var1able5'for statistical classwf1cat1on analyses.
’Factor wetghts from the R factor ana}ys1s were used to
calculate factor scores on a reduced number of nonread1ng
test d1mens1ons The. factor scores 1ncreased the
’ 1nterpretab1l1ty of findings by reduc1ng a large number of
‘variables to a few dimensions. T
Ouestlon 4: Do subgroups of d1sabled readers 1dent1f1ed

on the basis of nonread1ng charact;r1s;?cs have external |
val1d1ty (a) aga1nst nonread1ng measures, ‘and (b) aga1nst
reading: and spell1ng measures° o

l (a) Evaluat1on of the f1rst aspect of the external
‘val1d1ty of the subgroups 1nvolved analyses Qf var1ance Thev
"dnonread1ng subgroups were compared on the extens1ve battery hf
;ﬂof nonread1ng measures ‘which were external to the |

[ N

”class1f1cat1on varlables;gw" SR e e
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Y
(b) The question of external validity against reading

and spelling measures has relevance to the interface between
reading and nonreading characteristics of disabled readers.
Univariate analyses of variance were used. Differences among
subgroups on reading and spelling heasures were examined.

Question 5: Are there systematic relationships between
‘réading characteristics and nonreading characteristics of
_disabled readers? ‘

One‘apbroach to answering this question involved the
relationship beiween subgroups of disabled readérs based on
reading characteristicsiand subgroups based on nonreading
characteristics. Subgroup membersh%p was compared across the

th sets of datqﬁto see if the same subjects were grouped
together by staiistical classification of each type of data.
This was a stringent test of the question. It required that
the pattern of differences on one set of data be directly
related to the pattern of différences on the other set of
data.

A less stringent apprdach to the question of the
interface between reading charsgteristics and nonreading
characteristics was addressedfﬁhder Questions 2 and 4 which
involved the external validity of the subg;oups.
‘Specifically. do reading subgroups have external validity
when evaluated against nonreading performance

characteristics? Are nonreading subgroups distinct in terms

of reading characteristics?

r



106

Supplementary Analyses: Additional‘analyses were
related to the reliability of measﬁres used and to the
characteristics of the sample of disabﬁed readers in the
present study. Sample heterogeneity, the relationships among
reading and spelling measures, and'the relationships among
nonreading measures in this sample were of interest.

Multivariate and univariate analyses of variance were
computed comparing 9- and 10-year-olds and comparing boys
and girls. The‘%urpose was to determine if test performance
differences associatéd with age or sex contraindicated
analyses collapsing acrogs age and sex.

The reliability of the\ora] reading analysis was
assessed. To ensure that the two passages read orally by
‘each subject could be combinea to provide more reliable
scores, possible differences in oral reading scores obtained
on the two passages read by a subject were investigated. The
scores on the two passages were compared in multivariate
‘Hotellings T2 analyses for dependent samples.

The‘reading and spelling characteristics and nonreading
characteristics of the disabled readers wére examined by
evaluatfng average performance levels and variability in
scores for the total sample. Relatidnships among reading and
spe]lind measures and-among nonreading measures were

examined in correlational analyses and R factor analyses.

;
7
!
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Limitations of the Present Study
The present study was limited by faciors out lined
below. |
1. Subject selection criferia contributed to limitations of
the present study.

a. The limited age span increased homogeneity while at
the same time limiting the generalizability of the
results. N |

b. The exclusion of children reading below the primary
level, i.e., nonreaders, is recognized as a
limitation. However, such children were beyond the
scope of the preseht study which included an
analysis of oral reading errors. Subjects were
.required to have some reading skill so that oral
reading samples could be obtained.

c. It is recognized that it is important to attempt to
minimize the influence of background factors in the
study. An attempt was made to keep a balance in
terms of'background factors by selecting subjects
from a large number of schools spread throughout a -
Jarge urban area. It is recognized that this does
not represent rigorous contro] and is a limitation
of the study.

9. The size of the sample contributed to limitations of the
present study. |

a. Data manipulation in the form of split-ha1f 

procedures to assess the internal validity of the
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subgroups identified was not possible.

The sample size also had limitations in that

‘subgroup sizes were small and deCreased the

sensitivity of statistical tests of differences
among the subgroups.
The stability.of statistical procedures was weakened

by the small sample size.

3.4 Limitations were associated with the oral reading

analysis.

a.

»

Passages read at a word recognition error rate of 6%
to 11% were chosen for analysis. Comprehension of
tﬁe passages was not a criterion for determining the

passages to be scored. The error rate choéen'does'*”

not ;dhere strictly to criteria for defining
instructional or frustration functional reading
levels. The error fate bonforms most closely to
frustration level. Passages at this ]eQe] of
difficulty were selected because they provided a
sufficieht number of oral reading errors for
analysis and yet were not so difficult that the

children were unable to use various strategies in

reading them. Instructional~level passages and .

,chénges in strategies from instructional to

frustration level would be of interest but were

beyond the scope of the present sgmdy
The re11ab1l1ty of the qualitative analyses of the
oral reading,passages may be an issue. The |

@



109

procedures included to ensure reliability'have'been

Y .

described. .

No information was obtained regarding teaching
strategies and the type of curriculum to which the
subjects were exposed in the classroom and in the
resource room. It is pdssible that the reading
strategies be1ng taught at the t]me of test1ng may have
7 influenced the strateg1es used by the subjects durtng
oral reading.
Vlndividual differenoes~in emotional and/or behavioural
factors mayvcontribute to the identification of
homogeneous subgroups of disabled readers. Such factors
may be evaluated using questionnaires completed‘by‘
teachers. Aslimited"neasure,of behavioural factors was.
included in the present study. It is re009n1zed that
‘ such factors may be important and the1r brief
.vcons1deratwon‘1s a limitation of the present study.
The inclusion of'avnormal comparison group would have
broadened the scope'of the'study. Statements-could.haYe
been made about differences between normal readers and:
disabled readersdtn terms of reading and spelling |
characteristics, nonreading characterjstics and the
| relat1onsh1ps among these measures - 1f normal readers
had also been assessed the un1queness of the subgroups"
| to d1sabled readers could have been evaluated However

extensive test1ng time was requ1red and the assessment

~of a normal group was beyond the scope of the present

i
I
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study.' |



V1. Results of the Analyses of Reading and Spe'l’ling‘Meas’ures

The results of the analyses of read1ng and spell1ng measures
are presented in this chapter. The results of the analyses

of nonreading measures will be'presented in the next

chapter. Relationships between.reading'and nonreading’

measures will be presented in these two chapters where

appropr1ate » v
The reading and spelling measures 1ncluded Wbodcock

'Réading Mastery Tests assess1ng word 1dent1f1cat1on word"

attack and passage comprehen51on oral read1ng samples

scored for comprehens1on. speed. self- correct1ons..'

?repet1twons and error. types and qual1tat1ve analyses of |

Graph1c 51m1lar1ty. Phonlc sqm1lar1ty, Syntactic

,acceptability; Semant1c acceptab111ty and Meanxng; and

spelling ach1evement assessed by the Edmonton Spelling v
Abillty Test scored to yleld a spell1ng grade level the_ B
percent of phonet1cally acourate spelllng errors and an
spell1ng grade dlscrepancy score. "«,.' S “ ff\kf

Analyses presented in this chapter address the

ffollow1ng the rellab1l1ty of the oral reading analySis; the

‘homogeneity of the sample in terms of age and Sex; the

'ireadlng and spelling characterxst1cs of the. total sample

: the relatlonships among these measures w1th1n the sample,

. and f1nally,‘the 1dent1f1cat1on of subgroups based on the

"stat1st1cal class1f1cat1on of reading measures

Two approaches to statlst1cal class1f1cat1on were used

':"and thetr coverage and 1nternal valld1ty were compared to -

It

e i i
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decide upon the preferred statistical classificaiton
procedure. External.validity and the lnterface between
reading and nonreading characteristics of the subgroups were
then cons1dered The two approaches to statlst1cal -
classiflcatlon were selected because they employed dlfferent
indices of s1m1:ar1ty in the-search for homogeneous
suogroups, One technique.:o_factOr analyis,.ls sensitive to
'diffgrences in the shape of the profiles. The ther
technique: Ward’' s method of cluster analysis, is sensitive
to. dlfferences in the level or elevat1on of profiles. A 5

second cluster analytlc techn:que of relocat1on was. selected

to follow the Ward's analys1s as recommended by Wishart

'(197?) B | | o

A. Reliability of the oral Reading ‘Analysis

| Two types of rel1ab111ty were 1nvestigated First, the
’rel1ab1lity of the oral read1ng analy51s scores across
. passages was of 1nterest to determvne the feasib1l1ty of
‘ combin1ng scores from ‘the two passages read by a subject
vSecond. 1nter rater relaab111ty 1n scoring oral readlng

=

errors on“the,five,qual1tat1ve scales was determ1nedt
, - e s : 1‘ . .
‘ Reliabillty of Scores across Passages

SubJects in the present study read two passages orally
'For each subJecto the passage read w1th the fewest errors o
_ was des1gnated Passage A ‘and.’ the more d1ff1cult passage.

,’Passage B.. Oral read1ng scores on Passages A and B were f-
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compared to-jnvestigate‘possible differences associated with
passage difficulty within the range of difficulty‘selected
for study, i.e. an error rate of 5% to 11%. |
The results of three multivariate Hotellings T2
analyses for dependent samples comparing Passages A and @
are presented in Table VI.1 (DERS PROGRAM MUL V06, Diviston
of [Educational Research Serv1ces. University of Alberta,
‘l977). The univariate tests for the variables in each
analysis'are listed, together with the multivariate test
-results The only significant difference between passages
- was 1n error rate. Although the two passages read by
individual subJects differed in d1ff10ulty level, there were
no differencesvacross passages in speed, cOmprehension;
'types of errors or qualltat1ve analyses of errors. Oral-
read1ng scores were thus found to be relxable across the two
passages and the passages were comblned for. further analyses

by taklng the average of the scores on the two passages.

Inter rater Reliabiliiy in Scoring Oral Readlng Errors
‘.Qualitatively | |
Inter-rater rel1abxl1ty in scoring substltutton and
' letter order‘reversal errors on the f1ve qual1tat1ve scales
was calculated The 98. passages read by the total sample of
- 48 subJects were scored by the Exper1menter. Ten subJects |
n\were selected randomly and the twenty passages read by these'
rten subJects were scored 1ndependently by a second person

'7‘The percent of agreement between the two scorers in scor1ng
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errors on the five qualitative scales ranged from 85% to 97%
per passage, with an average agreement of 91.5% across the

twenty passages.

B. Age and Sex Characteristics of the Total Sample in
Re]ation to Reading and Spelling Measures |

Pr1or to further analyses involving the total sample of
disabled readers. the factors of age and sex were exam1ned
to determine thetr contribution to the heterogeneity of the
sample&andmthe feasibility of*cotlapsing across age .and sex
in the search for hOmogeneous sobgroups Ofvdisabled readers.
‘The possibility that sex differences might contribute to
sample heterogeneity was of particular interest as the ratio
of boys to girTs in the present stddy was approximately 2:1,
whereas the majority of'studiesAof disabled readers restrict
rsamples to boys only. | .

The 24 9-year-olds were compared with the 25
10-year-olds and the 33 boys were compared with the 16 girls
in multivariate and univariatevanalyses of variance dsihg
the MANOVA program of the Statlstical Package for the Social
Sciences (SPSS) (Hu]l & Nie, 1981). The results of these
analyses are presented in Table VI. 2 Untvar1ate tests for
the vartables 1n the ana]yses are presented along w1thsthe :

s

multtvar1ate tests
| \ . .
| Age compar1sons yielded stgn1fwcant d\fferences in

- -spellung with 10- year old children ach1ev1ng h1gher spe111ng

: grade scores but scor1ng fqrther below the grade score.

Q
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expected for their ade compared with 9-year:old children. "
There were no signiftcant age differences on the reading
measures. Thus, homogeneity in terms of ‘age was indicated
for the present sample for readxng measures and the 9- and
10-year-olds were combined for further analyses.
Comparisons of boys and girls indicated that there were

no significant sex d1fferences on the reading and spelling
measures; Since sex did not affect performance on ese

N

measures, boys and‘g1rls-were comb1ned for further apalyses.
C./BeadfﬁgfCharacteristics of the Totat Sampie

7. ' i y :
Standard1zed Readlng Test Per formance

As descr1bed earlier, ach1evement 1nd1ces on the

Woodcock Readlng Mastery Tests were adJusted“such that ,
h1gher scores reflect h1gher read1ng achlevement A score of
- 100 1nd1cates ach1evement at age expected grade level The
mean ach1evement scores for the total sample on the three
‘, aspects of read1ng assessed by the Woodcock tests, name]y,
Word Ident1f1cat1on, Word Attack and Passage Comprehens1on '
were 69 2 81.9, and 83. 6, respect1~ely o
The Woodcock grades ach1evement 1nd1ces to 1nd1cate
: whether thewlevel of read1ng d\ff1culty is mlld moderate or f
| evere Based on the Wbodcock cr1terla, the adJusted |
ach1evement indices used 1n the present study reflect three
,1evels of readlng dwff1cu1ty severe d1ff1culty (1ndex of 70

~or less) moderate d1ff1culty (1ndex of 71 to 75), and m11d .
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difficulty (5ndex of 76 to 99). The numbers of subjects
”achieving scores within the mi]d; moderate and severe

' difficulty ranges on»the three Woodéoek tests are presented
in Table.VIPB._More subjects encountered moderate to severe
difficulties on the word Identification test than on the

Word Attack and Passage Comprehension tests, _ ’

Oral Reading-Characteristics : .
. Samples of oral reading_of connected text were scgréd//ﬁ\\

to provide information about the reader’s use o; conteXtuald
~cues as well as“graphjc and phonic cues in identifying:words
and derivihg meaning'from written text. In the presenf
study. when the d1ff1cu1ty level of the oral read1ng
passages was equated across subJects, the passages ranged in
readab1l1ty level from pre- pr1mer to late grade 4. One -
pre-pr1mer passage, eight primer, nine grade one, 27 grade
two, 25 grade three, 11 early gradevfour and 17 late grade
~ four 1eve],passages-were read by the 49_subjecfs; .
Each subject read two passages oraliy.»The passage with
the lowest error rate was des1gnated Passage A, for wh1ch
the average error rate was 7.6% across the 49 subJects The
passage W1th the h1gher error rate was,des1gnated Passage B
B for which the average error ratedwifjf 2% aoross alf’
isubJects SubJects read Passage A a' an average speed of A
69. 5 words per minate, and Passage B at 67 words per m1nute
;Comprehenéron of the two passages was comparable at 61 6%
’_and 59. 6%,.respect1vely
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The types of oral reading errors charécteristic of the
sample of disabled readers were examined combining the
scores on the two passages read by each subject. The mean
percentage of errors occurring in each error category for
the total sample indicated that word 6rder and letter order
reversals were negligible (1% andAQ%, respectively).
Insertions and omissions were relatively infrequent (6% and
11%, respectively). Substitutioﬁ errors were most common.
Meaningful substitutions (54%) were most frequent, followed
by substitutions which had the same stem as {he target word
(11%). Nonsense wérd substitutions (9%) and substitutions
involving the*same affix as the target word (6%) were less
frequent. On the average, 24% of errors were spontaneously
self-corrected.

Substitution and letter reversal errors were analyzed
qualitatively. The average scores on the five qualitative
scales indicated that Graphic similarity and Syntactic
acceptabi]ity%wéfe higheét (56% and 57%, respectively).

Phonic similarity and Semantic acceptability were lower (44%

V] -

and 43%, respectively). The tendency to make errors which
changed the meaning of the passage was high for the sample
as indicated by the low mean score on the Meaning scale
(30%). Thus, the disabled readers in the present sample
relied most heavily on graphic and syntactic cues in reading
connected text. Sound, or phonic, cues and semantic cuesi
were of less importance and errors tended to change the

meaning of the passage.
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D. Spelling Characteristics of the Total Sample

Spelling Achievement \

The disabled readers.experienced difficulty in
spelling, scoring.from five months to three years below
expected grade level on the Edmonton Spe{ling Ability Test
with an average discrepancy of 1.8 years (SD=0.64%. Spelling
achievement ranged from the grade 2-~-to grade 4 level
(Mean=3.2, SD=0.64).

Phonet ic Accuracy of Spelling Errors

The mean percent of phoneticalliiaccurate spelling
errors was 50% for the total sample (SD= 19.9). However,
phonetic acéuracy varied widely ranging from 7% to 92% of
the spelling errors of individual subjects. Nineteen
subjects were considered to be "PA™ spellers (phonetically
éécurgte) with at least 60% of their spelling errors
classified as phonetically accurate. Thirty subjects who had
~ fewer than 60% of spelling errors classified as phonetically
éccurate weEe considered to be QPI" spellers (phdnetically
inaccurate). |

Reading characteristics of the PA and Pl spe]lérs were
compared to investigate the relationship between phbnetic
.accuracy in spelling and reading chahaéterigtics. A
multivariate analysis of variance which included oral
reading error types and qualitative scales did not reach

significance (Hotellings T2=.401, df=10,38, p>.05) (SPSS
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MANOVA, Hull & Nie, 1981). Although PA spellers tended to
have higher spelling achievement and higher scores on the
Word Attack test, a multivariate analysis of Qariance which
included spelling scores, Woodcock teéts, and oral reading
measures of error rate, speed, comprehengion and
self-corrections was not significant (Hotellings T2=.147,

df=10,38, p>.05).

E. Correlations among Reading and Spelling Measures
Correlations among reading and §pelling measures were’
examined to determine the Pelationships among the skills
assessed. Three types of relationships were of particular
interest. Fifst, relationships among the various aspects of
lreading assessed were examined to determine the extent to
which’component skills had been tested. Second,
rélationships among oral reading measures were examined to
estimate the sensitivity of the measures to differences in
reading strategies. Third, relationships between reading and
spelling measures were examined to evaluate the
intérdépendénce of reading and spelling sKills.
| The corbélations among meésures of the reading and
spelling battefy are presented in Table VI.4. Fifty-nine of
the 171 correlations were .30'and higher and 29 were .40 and
highéb. Correlations of .40 and higher are underlined in
Table VI.4 and will be discussed as they indicate that the

two fests share 16% of common variability.
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_ Although subjects were selected primarily on the basis |
of a sing\e aspect,of'reading performance, i.e. difficulty
in word identification, the correlations indicated that word
identification was highly related to other aspects of
reading perfobhance. namely,'Passage Comprehension'and'WOrd
Attack as measured by Woodcock tests, and speed of oral
reading. |

The relaiionsh{p between word identification and
comprehension skiils‘was not confirmed by oomprehension of
the passages read orally. The lack of reiationship may be a
function of differences in the.neadabiIity'level of the
passages read orally by subjects who differed in word
1dent1f1cat1on skill. Children who scored lower on the wOrd
‘Ident1f1cat1on test reached the cr1ter1on error rate on.
~ passages of lower readab1l1ty levels than_ch11dren with 5
higher WOrd Ident1f1cat1on scores: 81% of passages read by
chwldren with, a ‘Word 1dent1f1catlon ach1evement index of -30
o> less were at the Preprwmer ‘to Grade 2 level whereas only
- 23% of,stories read.by‘children with higher‘WOrd |
1dentification scores were at these leveis‘-Comprehension of
the eas1er passages read by ch1ldren with lower Word
‘Ident1f1catlon scores could be expected to be h\gher than
COmpnehension'of the more difficult passages read by
_ ch1ldren ‘with higher Word Ident1f1cat1on scores.

| Several relat1onsh1ps were noted among scores of the
oral’ readlng analysms The Graph1c and Phonic similarity

scales were hIthy correlated Thls finding may reflect the
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high degree of correspondence between letters and sounds in
an alphabetic writing system. Thus, children}th\were
attentive to df:pho-phonic re]aticnshtps‘obtained high
eccree on both the Graphic and Phonic similarity scales. It
may not be practicatl, thereforey;to attempt to separate_the
. fuseﬂcf”these"twotypes of cues in an alphabetic writing.
system | R

The Graph1c and Phonic S1m1lar1?y scales were
'negat1ve]y-correlated with_the Semantic acceptab1l1ty,and
Meaning scales, oral reading passage comprehension and
~ frequency of meaningfut substitution‘errors. Thus.thigh
reliance on grapho-phonic cues tended 'to be associated with
Tow attendance to the meaning of material being read and
"with decreased comprehenSicn. High positive'correlaticns
between the Graphic and_Phonic simitarity ecales and the-
fredgency of ncnsense substitution errors further support
" the conclusion that high re]iance on drapno~phonic cdes was
related to read1ng as a decod1ng task thh l1ttle
cons1deratxon for the meaning of what- was bewng read. This
"1nterpretatlon was also supported by a hlgh pos1t1ve |
d corre1at1on between Semant1c acceptab1l1ty and the Mean1ng
: scale both of. whtch were negat1vely correlated W1th
nonsense word subst1tut1ons o |

Speed of oral read1ng and the frequency of
se]f correct1ons were. negatlvely correla?ed Ch1ldren who
tended to self correct tooktlonger to read passages because

‘they went,badk_to repeat words and phrasesJ_However,'

-y
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chtldren who made freqUent setf4corrections tended to hav?\
higher coﬁprehension of the passage Self—correction
1nvolves monitoring errors in relatlon to the context of the
passage and is thus related to comprehens1on

Re]at1onsh1ps among qua11tat1ve reading scales
indicated independence of strategies used in oral reading of
connected text. High Graphic and Phonic simi1afity of
substitutjon errors were associated with decreased passage
comprehension and thus w1th readlng as a decoding and
mean1ngless task. A separat1on between decodlng and reading .
_for meaning was suggested by the correlat1ons among
qualltat1ve measures of ora] read1ng~ In contrast |
1nterdependence among read1ng sk1lls measured . by Woodcock
tests was indicated by the correiations_among these Peadtngc
‘measures ‘

Spell1ng ach1evement was found to be closely related to
fread1ng ach1evement as 1nd1cated by high p051t1ve
'correlat1ons‘between Spellyngognade and scores on’ the three
Wobdcock neadtng teStS- A hfgh positive correlation between
phonetlcally accurate spe111ng errors and Woodcock Word
Attack suggests that ch1ldren who show fac1l1ty in read1ng
’nonsense ‘words have some grasp of spell1ng to sound '
correspondence rules wh1ch they also attempt to apply 1n
,sound to spell1ng tasks These correlat1ons po1nt to a
‘systemat1c re]at1onsh1p between aspects of readxng and

spelling perfonmance.
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F. R Factor Analysis of Reading Measures

The five qualitative reading scales were chosen to
assess tne types of information being used to read passages
orally, i.e. graphic, phonic, syntactic, semantic and
meaning cues. An R technique of factor analysis (principal
components w1th varimax rotation) was applied to these
scales to determine the dimensions assessed (DERS PROGRAM
FACT20 Factor AnalySis Package, 1980). Two factors had
eigenvalues of 1.0 or higher and indicated that the five
scaies reflected the QSe of two sources of‘information
available in tne oral reading of passages, namely1
contextual information and orapho-phonic information. Factor
loadings are presented in Table VI.5. A grapho phonic cue
use factor was characterized by high loadings on the Graphic
~and Phonic similarity scales. A contextual cue use factor
was characterized by high posjtive'ioadings on. the Syntactic
and Senantie acceptability scales and the Meaning scale.

The five-quaiitetiVe scaleg were inoiuded in a second
factor analysis together with the Vbodcock tests, and ora]
reading measures of. speed passage comprehenSion and ,

, self-porrections to obtain informationpabout the
_relationships among grapho-phonic cue use, contextual cue
";dse and»other aspects of reeding. A principél oomponents
anaiysislwitn varihax'rotation~yielded four‘feotors;with
:,‘eigenvalues of 1.0 or higher The factor loadings for each

. measure -are presented in Tabie VI 6.
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The first factor was characterized by high positive

- n the,Graphic and Phonic similarity scales and

| e loadings for oral reading passage

: and self- correcttons This factor may thus be
>'Ta grapho-phonic cue use factor: The second

‘Jd high loadings for Word Identification and Passage
;ension tests together with speed‘of oral reading and
éisidered to reflect reading profieiency. The third

}E reflected cdntextqal cue use with high positive
fings on the Syntactic and Semantic ecceptability scales
:Qhe Meaning scale, A fourth factor was retated to word
;K skills with a high load1ng on the Word Attack test.

7ﬁuThe high negat1ve loadings for oral. read1ng passage
highf és1t1ve Graphic and Phon1c s1m11ar1ty sca]e load1ngs

grﬁsfo phonlc cues had lower comprehen31on of the passage
and made fewer self-correct1ons Th1s finding reinforces an
interpretation of high grapho phon1c cue use 1nvolv1ng '

i decodtng on the basis of grapho phon1c 1nformat1on

associated with little attentxon to the meaning of the o

material belng readf

'G.lIdentificétion o?\Subgroups bka'Eactor Analysis of
Readlng Measures ) | - -
» The central problem addressed in the present study i

- involves: the 1nterface between read1ng and nonread1ng
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characteristics of subgroups of disabled readers. Before
this problem is addressed it is ihportant to determine if
1nterna11y valid subgroups of disabled readers can be
1den;1f1ed on the basis of reading characteristics using
ob3ect1ve statistical classification procedures. Q factor
analysis was applied to eleven reading scores which included
the three Woodcock tests of Word Identiftcation, WOrd/Z:tjc;\\\\f
- and Passage Comprehension; the five quaTitatjve oral reading
scales of Craphicrsimilarity. Phonic simiiarity; SyntactiC~'
acceptabtlitya Semantic acCeptability'and Meaning; oral |
reading speed, comprehension ahd\self;corrections. Scores-on
the eleven variabYes were transformeddto_stendardiZed |
Z-scores based.on the performance of the totalvsamp]e of 49
disabled readers}p | |

For the Q factor analysis, the matrix of z-scores was
transposed so'that.the test variables were along_the Y-éxis
and the 49 subjects were along the X-axis. The transposed
zmtrix'was submitted to a princjpalpcomponents analysis with
varimax rotation (DERS PkOGRAM FACT20 1980) . Several'

solut1ons of- the Q factor aﬁa]ys1s were cons1dered first,

\."

the nine factors w1th e1genvalues of 1. O or higher; second,
'the three four and’ flve factor solutlons were compared .
following the procedure used by Doehrlng et al. (1981)
f,th1rd a single’ solut1on was selected on the basis of a.
‘scree test (Cattel}@91966) and stab1l1ty across the three,

four and.five factor solutions.
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The results of the various solutions are 5ummarized in
Table VI.7, Positive factor loadings of .40 and higher"
define subgroup membershipf Subjects with high positive
1oadings on more than One‘factor were assigned to the
subgroup defined by the fectOr-on‘which they had the.-highest
loading. As can be seen from Table V1.7, a large number of
,subjects could not be classified by the Q factor enaIYSis.'
vDeuble positive loadings and high negative loadings uere
" frequent for all solutions. N | |
Subjects‘]bading highly on the first three[faciors ofv
the three, four and five factor solutions of the b factor
analysis weréﬂCompéred( The first two factors were stable
across the three‘solutions with ten subjeCte loading highly
on the firstv}ector and eight subjects loading high]y.on the
second factor. E]evehfof'fifteenheubjects loaded highly on
“the third and fourth factors of both‘thelfour and five~ |
factor solutione. | vﬂ.

| vThe four factor solution was selected for further
evaluation as it appeared to have stab1l1ty in compar1sons
of the th(;e, four and f1ve factor solutions and its N
.exam1natron was 1nd1catedfby a scrpe test (Cattell, 1966).
The factor 1oad1ngs of the subjecfts class1i?éﬁ\in the ?our

P
}subgroups are included 1n Appendix E. <The problem of double

'-'factor load1ngs was evident in the four ﬁa:tor solut1on If

‘a m1xed subgroup was repreSented by the doubLe pos1t1ve
”load1ngs of 10 subJects, then the m1xed subgroup was qu1te

:heterogeneous Three of these subJects had h1gh load1ngs on
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Factors 1 and 2, three on fFactors 3 and 4, two on Factors 1

and 3, and two on Factors 2 and 4.

Internal Validity of the Q Factor Analysis Subgroups

Internal validity of the Q factor analysis solution
based on 11 reading measures was examined in several ways.
Data manipulation, graph{c presentations and statistical
approaches were used. |

One approach to the internal validation of subgroups
involvesi-data manipulation in which variables are added to
the original set of classification variables and the
statistical classification procedure is repeated. The
subgroups resulting from the two analyses are compared. If
the subgroups of the first analysis are reproduced even when
variables have been added, then the reliability or stability
of théloriginal subgroups is confirmed.

Two spelling measures, i.e. spelling grade discrepancy
score and the percent of phonetically accurate spelling
errors, were added to the 11 reading variables of the first
analysis. Reading variables weré also added, including a
word identification grade discrepancy score indicating the
severity of the reading difficulty, and the percent of
repetitions and‘of five types of oral reading errors: letter
order reversals and substitutions of same stem, same\affix,k
. other meaningful word or nonsense word. Thus, a total of 20
reading and spelling z4scores were included in a second&o
factor analysis to assess the reliability of the subgroups

¢
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previously formed on the basis of 11 of these 20 variables..

The results.of various factor solutions for the
Q factor analysis of 20 reading and spelling z-scores are
preéented in Table V1.8. Eleven factors had eigenvalues of
1.0 or greater. On the basis of a scree test, the eight
factor solution was selected for examination. The three,
four and five factor solutions were also examined. The first
three factors of these thréé solutions were similar, with 16
subjects loading highly on fhe same factor across the three
solutions. Twenty-five subjects loaded highly on the same
factors across two solutions. However, only 28 subjects
(57%) were classified. |

To evaluate the internal validity of the subgroups
identified by the Q factor analysis of 11 reading measures,
the subgroups were compared with those derived from the Q
factor analysis of 20 reading and spelling variables. The
four factor solutions of the two sets of variables placed 18
subjects in similar subgroups and agreed on 13 subjects to
be left unclassified, yielding 65% agreement overall, but
only 39%'agreement for classified subjects: In view of the
lérge number of unclassified subjects contributing to
agreement across the analyses, the reliability of the
subgroups assessed by the addition of varigbles was
considered to be low for the Q factor analysis.

Internal validity of subgroups may be examined using
graphic presentations which allow visual inspection of

profiles. Profiles of the four subgroups identified by the
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Q factor analysis of 11 reading measures are presented in
Figure VI.1. Mean z-scores are plotted for each subgroup
across the 11 classification variables. The factoﬁ score
profiles representing the ideal profiles were not obtained.
The linear dependence among reading measures did not permit
the calculation of factor scores by the factor analysis
program (DERS PROGRAM FACT23 Factor Score Estimates, 1981).
The profiles presented in Figuré VI.1 are thus composites of
the profiles of the indiduals compriéing each subgroup. As
can be seen from the figﬁre. the shapes of the profiles are
distinctive. | ®

Subgroup 1, comprised of eight boys and two girls, had
low performance on the Woddcock tests and read oral passagés
of lower readability than those read by the other subgroups
Despite the iow readab1l1ty of the passages, oral reading
was very slow. Relatively h1gh scores on‘the Semantic
acceptability and Meaning scales, and in oral reading
passage comprehension indicated that context was more
important to word identification than were grapho-phonic
®les for this subgroup. Self-corrections were also high
suggesting attention to meaning. Subgroup ! was thus
character ized by stri?ing for meaning but poorly deve loped
compohent reading skills, such as word attack skills, for
automatic word recognilibn. This subgr0up appeared to be
composed of the least proficient readers. A

Subgroup 2 was comprised of five boys and three gfr1s
and had among the highest scores on the Woodcock tests. This



culation of factor scores by the factor analysis

) (DERS PROGRAM FACT23 Factor Score Estimates, 1981).
files presented in Figuré VI.1 are thus composites of
files of the indivduals comprising each subgroup. As
seen from the figﬁre. the shapes of the profiles are
tive. | *

bgroup 1, comprised of eight boys and two girls, had
formance on the Woddcock tests and read oral passagés

" readability than those read by the other subgroups
the low readab1l1ty of the passages, oral reading

vy slow. Relatively h1gh scores on‘the Semantic

>ility and Meaning scales, and in oral reading
comprehension indicated that context was more |
1t to word identification than were grapho-phonic

* this subgroup. Self-corrections were also high \
ng attention to meaning. Subgroup 1 was thus

rized by striQing for meaning but poorly deve loped \\ :
't reading skills, such as word attack skills, for

c word recognilibn. This subgr0up appeared to be

of the least proficient readers.

group 2 was comprised of five boys and three girls

among the highest scores on the Woodcock tests. This
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subgroup read passages of relatively nigh readability at a
fést rate. High scores on the Syntactic acceptability,
Semantic acceptability and Meaning scales suggested that
'éontextual cues contributed to word identification.
Grapho-phonic Cues were also used as indicated by average
scores on the Graphic and Phonic similarity scales. Relative
spéed in WQrd identification, however, was found in
conjunction with feW'se]f-corréctionS and low oral passage
compnehension. This pattern suggests that Subgroup.2 had
devéloped_component word identification skills, particularly
the use of.simple contextual cues,'to a relatively aUtdmatic
level but féiled to monitor for cdmprehension (context cue
users, .poor comprehenders).

Subgroub-B was a small subgroup comprised of four boys
and-one gir.l. Thisvsubgroup had slpw oral reaqing and low
scores on scales'reflecting the use nf grapho;phonic cues in
oral reading. In contrasi, wcodcock;scnrés and oral reading
passage comprehension were relatively high. This subgroup
appeared to have greater skill than the other subgroups in
anplying_spelling4sound correspondénce rules when reading
}wonns in isolation. However, these skills did not appear to
be applied efficiently duringtoral,read{ng. Contextna],cues\
‘appeared to,be breferred oven grapho-phonic cues.duning:oral
reading and although reading was slow.'comprehensfon was -

- relatively good. Slow oral reading and low use of |

grapho—phonic cues were the outstandingVCharacteristics of

Subgroup 3.
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Six boys and four girls comprised Subgroup 4 which had
relétively high cdmprehension, self-corrections and fast
oral reading speed, in contrast to poor Word Attack and low
Phonic similarity and SYntactic acceptability of oral
reading errors. High comprehension and fast oral reading in
contrast to poor word attack thus characterized Subgroub-4.

Statisticél approaches to internal validation of
subgroups include discriminant function analysis and
‘analysis of variance. Discriminant funciion analysis
requires a large number of _subjects in relation to the
number of variables, i.e., a ratio of 10:1 for a
conservafiVe analysis and was not appropriate to evaluate
the 33 subjects plassi?ied in four §ubgroups on the basis of
11 reading measures.

In view of the small sizeékof the subgroups, analyses

“of variance computed on the classification variableutest
scores were considered conservative tests of thé
distinctivenéss of the subgroups. Means, standard
deviations, F-ratios and the resnlts of Scheffe's multiple
compar isons bf the four subgroups are pfesehted in

Appendix F.

The analyses of variance. conf1rmed the distinctiveness .

of the subgroups on the class1f1catlon variables. On

d1fferences on the Graphic s1m1]ar1ty and Phonic s1m11ar1ty

scales d1d not reach s1gn1f1cance Scheffe compar1sons
indicated that the majority of subgroup differences involved

Subgroup 1. Subgroup 1 (least pfoficieht)*differed from

&
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Subgroup 2 (context cue users, poérigomprehenders) on
measures of Word Identification, Passagé Comprehension, the -
Syntactic acceptability scale, speed of oral reading and
self-correctiéns. ?ngroup 1 differed from Subgroup 3 (poor
grapho:phonic cue users) on measures of Word Identification,
Word Attack, Passage Comprehens{on, and Semantic
acceptability, and differed from Subgregp 4 (high
comprehenders) »in Passage Comprehensioh;‘Semantic
acceptability, the Meaning scale and speed of oral reading.
Subgroup 2 (context cue users, poor chprehenders) differed
from both Subgroups 3 (low grapho-phonic cue users) and 4
{(high comprehenders) fn Semantic acceptabilty, and from
Subgroup 3 in speed of oral reading, and from Subgroup 4 in
oral reading passagé comprehension and self-corrections.
Word ‘Attack and oral reading speed distinguished Subgroups 3

and 4. ' o~

ExternalvValidity of the Q Factor Analysis Subgroups Agaiﬁst
- Reading and Spelling Measures o
The four subgroups formed by the Q factor analysis of
" rgaﬂing'meaéures were evaluated against reading and
spelling measures extergal to the clasSifiCation. The four
sdbgroups'were comparéd in analyées 6f'Variance of the
foliowjng measures: oral‘readihg error types, speiling
grade.ispellihg grade discrepancy, and-the bercent of
phonetically aécurate’spel]ing errors. Meahs. standard

deviations and F-ratios for these analyses are presented in
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Appendix G. Significant differences were foundﬁfor’word
order reversals, spelling grade and spelling grade
discrepancy scores. Post hoc comparisons indicated that the
poor performance of Subgroup 1, ‘the least proficient
readers, contributed most to these differences.
€9

External Validity of the Q Factor Analysis Subgroups Against
Nonreading Measures

An important aspect of the external validation of the
subgroups involved comparisons on nonreading measures.
Analyses of variance were computed comparing the four
subgroups on nonreading measures of 1Q, language, memory
seouencing, perception, visual-motor functioning and motor
functioning, and behaviour ratings Means, standard
deviations end F-ratios for the comparisons are presented in
Appendgiwﬁl Onty four comparisons reached significance. w
Scheffe multipte comparisons indicated that Subgroup 1
(least proficient) was significantly below Subgroup 2
(context cue users, poor comprehenders) and Subgroup 4 (high
comprehenders) on Coding; Subgroup 3 (low grapho-phonic cue
users) was sionificantﬂy be low Subgroup 1 (least proficient)
and;Sueroup 2 (context ‘cue users, paor comprehenders) on
BVRT obpying; and Subgroup 4 (High oomprehenders) had higher |
levels ontteaohers' ratings of Ten510n and Anxiety than
Subgroup 2 (context Cue users, poor comprehenders) and

Subgroup 3 (low grapho phonic cue users) Scheffe's test was

not significant for PPVT R where Subgroup 4 (high

\ "
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2\
é0mprehenders) tended to have the best performance.

In comparison with nonreading test norms, t&e.EVerage
performance levels of the four subgroups indicatéd that all
lfour subgroups experienced difficulty in the rapid recall of
automatic sequences (Word Series), rapid naming
(Confrontation Naming) and finger localization (dominant
hand). A1l but Subgroup 4 were also impaired on Digit Span..

Subgroup 1 (least proficient) had aﬂrelatively lower'
PIQ than the.other subgrqups with a par{icuﬂarly'low score
on Coding. Performance was also relatively,poor on Grammétic
Closure, Oral Directions and Trail-making. Digit‘Span, wWord
Series, Naming and finger localization deficits were noted.
Deficits were thus foqnd on cognitive, linguistic and
perceptual tasks er the subgroup of least proficient .
readérs. |

Subgroyp 2 (context cue users, poor comprehenders) had
‘relatively high scores 6n Codiﬁg. BVRT copying and:
Traii—making indicating strength in visual-motor |
functioning. Word Series: Cbnfrontation'Namfng‘and finger
localization were below age éxpectations. Relative deficits
were noted in VIQ, Digit Span, PPVT-R, Processing
Relationships and.Ambiéuities, Word Associations, and
Audi tory Disérimination. Weaknesses thus involved both low
level and higher level linguistic skills. In reading,
Subgroup 2 appeared to.be able to use contextual cﬁes for

5

word identification and yet failed to monitor for

IS

comprehension, which may be related to the weakness in
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higher leyel linguistic skills. However, there was no
evidence of a comprehension disorder since performance was
oot impaired on WISC-R'Comprehension or on Oral Directions.

Subgroup 3 (low grapho-phonic cue users) performed
poor ly op BVRf copying, PPVT-R and Model Sentences, as well
as Digit Span, Word Series and Confrontat1on Nam1ng Knox
Cube test immediate recall, VIQ and PIQ were among the,
highest scores obtained by the four subgroups. The
preponderance of deficits appeared to involve controlled
motor movement, pqrticularly of the speech mechanism.

Subgroup 4 (high comprehenders§ was the least impaired
of the four subgroups on nonreading measures. Subgroup 4 had
among the highest scores on VIQ, PIQ, Oral Directions .and
Grammatic Closure. Relatlvely Tow scores, but not in the
1mpa1redrrange, were noted on Arithmetic, Block Des1gn,
Object Assembly, aod Finger-tapping (dominant hand).
Auditory discrimination was poor and»fhis subgroup had the
highest level of Tension and Anxiety as rated by teachers.
Good performance on a number of language and sequene}ng
measures was:thus associated with good comprehension of
passages>p?ad orally. Poop—auditOry discrimination may be
related to low word attack skills.

lsexbdid not>eppear to contribute to differences among
fhe subgroups._Girls were disfributed across the four

subgroups Teachers’ ratings of arithmetjc achievement

rrndjcated that all subgroups tended to achieve at normal or

‘{ne levels. Only two subJects. both in Subgroup 1,
b ! . -/
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were underachieving in arithmetic.

Evaluation of the Q Factor Analysis of Eleven Reading
Measures .

The utility of the overall findings of the Q factor
analysis was questionable. Coverage was low for all
solutions considered.‘Large numbers of sub jects hadvhigh
positive loadings on more than one factor.-The subjects with
double positiye.ioadings did hot form a hohogeneous "mixed"
Subgroup. Hiék neQatiVe factor ldadings were frequent.
Liﬁear dependence among reading measures Violated the ‘
assumption of linearity making the use of Q faétor»analys%s
questionable aﬁd”preventing the calculation of factor scores
to represent the ideal profiles of the subgroups.

The in-depth examination of the four factor solutgon
based on the 11 reading variables reQealed weak intérna]
va]idity.‘The subgroups were not found to be highly reliable
under data manjpulatioh-involving the addition of measures;
to the analysis. Graphic presentations confirmed the
distinctiveness of the subgroups in terms of the shape of
their profileslacroés the classification variables and
statistical measures confirmed the distinctiveness of .the
subgrouﬁs on aJ]~measures except'the\GF;;hic aﬁd Phonic
similarity scales. Howeveh, the majofity of'tests of
subgboup differences wﬁich reachéd;significance involved
SungOUp 1; the children who were-the Ieastﬁproficient_

AN

readers.

s
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Litt]é éubporting evidence fof théiexternal validity of
.the subgroups was found. It is possible that the small sizes
of the subgroups contributed to the ]éck of Significant‘
differences on nonreading measures as large differenceévwere
required to reach significance with such small nuqbers per'-
subgroup. Nonsignificant trends in the'daté provided
evidence that there are nonreading eharacteristicé which méy
be related to the differences in reading characteristics of
the subgroups.

s
H. Identification of Subgroups by Cluster Anal&sis of
Reading Measures |

The 11 reading measures used previously iﬁ‘Q factor
analysis were submitted to cluster analysis. Thé]measures
included the three Woodcock tests, the five qualitat‘ive oral
reading scales, . and oralvreading épeed, comprehension and
self-corrections. Scores were transforméd to z-scores as
before. Ward’'s method of cluster analysis was followed by a
relocatfonwprocedure. The coverage, internal validity and -
,externaT validity of the classifications were examﬁnéd.

Ward’s hier;rChical cTusteringfprocedufe}begiﬁs‘with
each subject,bepresentingva ;lusterand;then é;mbiHES
clusters until all subjects are in one c1uéter.4At;eaph
stép, the‘decision to combine glusteﬁs,is“based on the size
of the error sums’of squarés which represents the differénée
-betweeh a subject and the centroid of his/hér Clusferf

Clusters which result in the least increa%&vin the error
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sums of squares are combined. To determine the number of
clu;ters which provides a good solution, the error sums of
squares at each step in the hierarchical clustering
procedure is examined. Where the error sums of squares
"jumps” or increases such that the increase is out of
proportion to previous increases, it is an indication that
the combining of the previous two clusters created a
heterogenous cluster with extensjve‘variance (Morris et al.,
1981). Thus, one examines the cluster solution of the step
‘preceding the jump (Veldman, 1967).

When applied to the 11 reading measures, Ward's
hierarchical clustering procedure showed a jump in the error
term from four clusters (error=4.968) to three clusters
{error=7.145). Thus, the four cluster solution was selecled.
The iterative relocation procedure was applied. Only four
subjects were relocated, indicating that the clusters were
fairly stable.

‘Coverage was high with all subjects included in the
four subgroups. No outliers, or subjects resisting fusion
with other subjects, were evident. Tﬁe characteristics of

the subgroups are described later.

Internal Validity of the Clusteﬁ“Analysis Subgroups

As was done previously in the evaluation of the
Q factor analysis solution, the internal validity of the
subgroups identified by the cluster analysis of 11 reading

measures was examined. Data manipulation, graphic
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presentations and statistical procedures were included.

The stability of the four subgroups identified by the
cluster analysis of 11 reading measures was evaluated by
data manipulation involving the adgition of nine reading and
spelling variables to the analysis. The variables added were
those used previously in the Q factor aﬁalysis of 20 reading
and spelling measures and included sggl]ing scores and oral
reading error types. & |

Ward’'s hierarchical cluster analysis of 20 reading and
spelling z-scores showed a jump in the error term from three
clusters (error=5.038) to two clusters 6§Fr0r=12.155). The
three cluster solution was selected. Two subjects were
relocated by the iterative relocation procedure (Subject #16
moved from Cluster 2 to Cluster 1; Subject #4 moved from
Cluster 3 to Cluster 2). The few relocations indicated the
stability of the clusters derived from the analysis of 20
reading and spelling measures.

Three subjects were outliers in the analysis of 20
reading and spelling variables. Subjects. #10, #28 and #33
resisted fusion with other subjects up to the three cluster
solution. With the outliers omitted, coverage was 94%.

The reliability of the four subgroups identified by the
cluster analysis of 11 reading measures was evaluated by
comparing these four subgfoups with the three subgroups

based on 20 reading and spelling measures, excluding the

~ . three outliers. Thirty-two of 46 subjects were placed in

similar clusters yiélding 70% agreement. Of ‘the 14 subjects
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placed differently, 13 involved separation due to the fourth
cluster in the 11 variab}e anal£S§§. Cluster 4 was composed
of nine subjects from Cluster 2 and of four subjects from

" Cluster 1 of the 20 variable analyéis. Only one subject (#1)
moved from Cluster 1 to Cluster 3 when the number of
variables was reduced from 20 to 1. The results of the two
cluster analyses, therefore, showed considerable stability.

A discriminant function analysis yielded both
statistical and graphic information relevant to the internal
validity of the four szgroups formed by the cluster
analysis of 11 reading measures. In order to verify their
distinctiveness, the four reading subgroups from the cluster
analysis were used as the classification standard in a
discriminant function analysis of nonstangardized scores on
the 11 reading variables. The results of this analysis must
be considered with caution as a conservative use of
discriminant function analysis requires a ratio of 10
subjects to each variable. SPSS Program DISCRIMINANT (Nie,
Hull, Jenkins, Steinbrenner & Bent. 1975) computes canonical
discriminant functions which weight the test scores to
maximize the differences among the predefined groups.

Two significant canonical discriminant functions were
found. The first significant discriminant functijon (Wilks:
lambda=. 122, df=16,/g<.01) involved high positive wgight;
for the Word Identi#ication test and the Phonic similarity
-scale and a high négative weight for self-corrections. The

second discriminanf function (Wilks lambda=.418, df=7,

|

}
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p<.01) gave high positive weight to the Semantic
acceptability scale and high negativeé weight to the Phonic
similarity scale. On the basis of the derived discriminant
functions, all 49 subjects were correctly clgssified in
their re;pective subgroups.

A graphic presentation of the internal validity of the
four subgroups was also provided by the discriminant
function analysis. The centroids of the four subgroups ar;
plotted against two discriminant functions in Figure VI.2.
The widest separations were between Subgroups 4 versus 3, 1
versus 2 and 1 versus 3. There was a slight overlap of two
subjects between Subgroups 2 and 3.

The mean z-score brofiles of the four subgroups formed
by cluster analysis of 11 reading measures are presented in
Figure VI.3. As can bé seen from the figure, the four
subgroups are distinctive in tebtns of shape and elevation of
their profiles across the classification variables.

Another statistical method for evaluating the internal
validity of the four éubgroups invélved diagnostics provided
by the CLUSTAN Package (Wishart, 1978). I values involve
comparison of the subgroup hean on each variab]e with the
population sample mean. The relative sizes of the 1 values
were evaluated for descriptive purposes as Morris et al.

- (1981) suggest caution in the use of these statistics. In
Figure V1.3, mean z-scores were plotted allowing one to
compare performance of each subgroup against the total

population sampie mean of zero and standardldeviation
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Figure VI.2. Group centroids on discriminant functions I and JT
for the four subgroups formed by cluster analys:s
of eleven reading measures. Coe
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of 1.0.

qugroup 1 was composed of eight boys and three girls.
The cluster diagnostics indicated that Subgroup 1 differed
from the population sample means on the Woodcock Word |
Identification and Passage Comprehension tests and in the
speed of oral reading. Thus, the first subgroup appeared to
.be composed of the least pnoficient and slowest readers.

Subgroup 2, composed of seven boys and five girls,
diffefed from the population sample means on three
qualitative orai'reading scales, namely.‘the Meaning,
Semantic and Syntactic acceptabilty scales. Performance on
these scales was highest fonr this subgroup indicatinb that
it was characterized by higH use pof contextual cues in oral
reading. Passage comprehension and sélf-corrections were
below the sample population mean suggesting that thi;
subgroup did not mdnitor for comprehension (context cue
users, poor comprehenders).

Ten boys and three girls formed Subgroup 3 which was
characterized by relatively high'scorég on the Graphic and
Phonic similarity séales and relatively low scores on the
~Semantic acceptability and Meaning scales. Oral reading
passage compreheﬁsion was low. Subjects in Subgrbup'35were
high in the use of grapho-phonic cues.

The eight boys and five girls in Subgroup 4 differed
from the population sample means on the Graphié and Phonic
similarity scales, in Woodcock Passagé Comprehensioh'and in

comprehension of oral reading passages. Performance levels



154
were relatively low on the 8raphic and Phonic similarity
scales and relatively high on the comprehensjon measures.
Thus, Subgroup 4 appeared to be characterized by hjgh
comprehension and minimal rel iance on graphic and phonic
cues.

Cluster diagnostics evaluated z-scores whereas
nonstandardized scores were used in other statistical
analyses. The djscriminanf function analygis yielded a
multivariate test of significant differences among the four
subgroubs on the classification variables. Univariate tests
of significance from the discriminant function analysis
indicated that there were significant subgroup differences
on all 11 reading‘measures which were used in the
classification. Scheffe's multiple comparisons were computed
for eachlvariable to determine which subgroubs contributed
to the significant differences. Subgroup means, standard
Adeviations,‘£~ratios and the results of Scheffe multiple
comparisoné are presented in Appendix I:

The comparisons confirmed the distinctiveness of the
}eading behaviour of the four subgroups. Subgroup 1 was

s, as indicated by

composed of the legstkproficient read®y
significantly lowér}scores comﬁared with the other three
subgroups on the Woodcock Word Identification and Passage
Comprehension tests. Subgroup 1 alsq.read-more slowly than
the other subgroups. This sdbgrqﬁp tended tdqmake errors

which changed the meaning of what was being read and to

self-correct, indicating an attempt to monitor for
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comprehension.

Subgroup 2 (context cue users.}poor comprehenders)
differed significantly from the other three subgroups on
three measures, namely, the Syntactic acceptability,
Semantic acceptability and Meaning scales, on which it
obtained the highest scores. Thus, tn#s subgroup appeared to
attend to the meaning and syntactic and semantic cues
available in connected text. However, overall comprehension
of the passageé read orally was not high.

Subgroup 3 ‘(grapho-phonic cue users) demonstrated
suﬁeriority in word attack skills as indicated by the
highest scores compared'with the three other subgroups on .
the Word Attack test and the Graphic and Phonic similarity
scales. The' reliance on word attacklskills using gﬁaphic and
phonic cues was found in conjuction with the lowest score on
the Semantic acceptability scale, the most meaning change,
and low passage comprehensioq. ’

Subgroup 4 (high comprehenders) tended to have high
comprehension of the oral passages'and to make errors which
maintained the meaning of the passage. Scores on the Graphic

and Phonic similarity scales were low.

External Va1idity-bf the Cluster Analysis Subgroups Against
' R;;ding and Spelling Measuhes

The four subgroups formed by the cluster anélysié of 11
reading variables wefe evaluated against reading'and .

spelling measures external to the classification. Spelling
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grade, spelling grade discrepancy, the percent of
phonétically accurate spelling errors, and types of Qrﬁi
reading errors were included in univariate analyses of
variance. Means, standard deviations, F-ratios and the
results of Scheffe multiple comparisons are included in
Appendix J.

The subgroups differed on several measures external to
the classification variables. Subgroup 1 (least proficient)
made significantly more letter order reversal errors and
vmeaningful substitution errors and had a significantly lower
spelling gradé score than Subgroup 2 (context cue users,
poor comprehenders) and Subgroup 3 (grapho-phonic cue
users). Subgroup 3 (grapho-phonic cue users) madé
- significantly more nonsense word substitgtions than all
other subgroups, and also more same affix substitutions and
fewer meanfngfuL word substitutions compared with Subgroup 1
(least proficient) and Subgroup 4 (high comprehenders).
Subgrodp_d (high gompreheﬁders) omitted significantly more

words than Subgroup 1 (least proficient).

External Validity of the Cluste; Analysis Subgroups Against
Nonreadfﬁg Measures

| Comparisons of the four éubgroups on nonreading
variables was an important aspect of external Qa]idation.
Due to the smalljggies of the four gropps} one‘way ahalyses
of vafiﬁnce were éomputed for nonreading measures ovaO.

N\

language, memory, sequemcing, perctbtign,_visual-motor and

&
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motor functioning and behaviour ratings. Means and standard
deviation§ of the four subgroups on these measures and the
results of tﬁe analyses of varianée are included in
Appendix K.

Significant differences were found for four measures:
Similarities, Coding, Trail-making A and Fihger tapping\
(dominant hand). Scheffe post hoc cohparisons were not
significant for fFinger tapping. Scheffe comparisons
indicated thét Subgroup 4 (high comprehenders) had a
significantly higher score on Similarities than Subgroup 3
(grapho-phonic cue users) and Subgroup 2 (context cue users,
poor comprehenders). Although Subgroup 2 used contextual
cues in oral reading, the members of this subgroup were‘less
concerned about comprehension than Subgroup 4. Grapho-phonic
cue users (Subgroup 3) also appeared to be involved with the
mechanics of reading rather than with comprehension.
Differences on Similarities suggest that good performance on
the WISC-R subtest may be related to good oral reading
passage comprg%ension since the two lowest scores on
~Similarities were for Subgroup 2 (context cue users, poor
compréhenders) and Sﬁbgroup 3 (grapho-phonic cue users)
which also had 10W passage comprehension.

,Subgroup 3 (grapho-phon}c cue users) had a higher score
on Coding and a faster score on Trail-making A thén
Subgroup 1 (least profiéient). The differences between
Asﬁbgroups;1 and 3 on Codiég and Trail-making A may be

related to reading proficiency since these two subgroups

a
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reliance on graphic and phonic cues, had the highest score
on the Word Attack test, and made the highest percent of
phonetically accurate spelling errors. It also had the
highest scdres ou Digit Span, Coding, Trail-maKing A and
Knox immediate and delayed recall. This subgroup did not
have difficulty in finger localizatioh. Proficiéncy‘in
memory and sequencing may be related to learning and
applying spelling-sound correspondence rules.

The poorest readers were in Subgroup 1 (least
proficient). This subgroup tended to make equal use of
grapho-phonic and contextual cues but used neither well. The
members of Subgroup 1 were the slowest readers. They tended
to be low on performance IQ measures\and had the smallest
lhith;IQ-low VIQ split. Particularly poor performance was
noted on Coding, Trail-making A, Digit Span and CELF Model
Sentences. Speeded tests and sequential urocessing appeared
to be difficult for Subgroup 1. |

Subgroup 2 was composed of high context cue users who
did not appear to monitor théir oral reading for‘maximum
comprehension. Low scores were noted on Similarities,
Infofmation, Arifhmefic; ngit Span, Word Series[
Confronfation.Naming and‘Trail¥making B.‘Finger localization
errbrs were noted for both hands. Lowered compreﬁension was -
thus associated with a low score on Similarities. Re1ativeTy
low'uée of grapho-bhonic cues appeared tb be assocjated with

‘relatively low scores on memory and sequencing tasks.
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Sex did not contribute to differences among the
subgroups.'Girls?were distributed across the four subgroups.
In comparison with test norms for age nine, all four
subgroups were low on Word Series and éonfrontation naming.
Teachers’ rétings"of arithhetic achievement indicated normal
and border line achievement for all subgroups. One.eubject in
each of the first three subgroups was Underachievtng in

arithmetic.

Evaluation of the Cluster Analysis of Eteveh Reading
Measures e 2

The cluster analysis of 11 reading‘meaeures had high‘
coverage. Internal validity.of the four subgroups was
supported by data man1§§1at1on graphic presentations,
cluster diagnostics and stat1st1cal tests, particularly the
multivariate and univariate tests of significance of a
discriminant function, .analysis.

The demonstrattoﬁaof externa] validity of the subgroups
was of major concern. D1f$erences were found,among subgroups

in spelling achlevement aﬁ% types of oral readlng errors.

The interface between read1ng1§hd nonread1ng measures

~was addressed in the externalfva11dat10n_of the subgroups
vagalnst nonread1ng measures. gignificant subgroup
d1fferences wereffound on only four nonreadwng meaéures |
S1m11ar1t1es, Coding, Tra1]-makyng A and inger tapp1ng
‘(dom1nant hand). A conservatiue'tnterpretat1on of the -

results is that the data prov1de weak external va11dat1on of
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the subgroups. However, subgroup sjzes were small ‘and only
large subgroup differences would reach statistical

significance. Nonsignificant trends in the data provided

—

some indication of nonreading performance differences

associated with reading behaviour profiles.

I. Comparison of Q Factor Analysis and Cluster Analysis of
Eleven Reading Measures
The coverage and internal validity of the suﬁgroups
formed by the two types of statistical classification were
comparéd! Cluster analysis.hés high coverage since only
outliers are omitted. The cluster analysis of.fHQreading
variables identified four subgroups which included the
entire sample of 49 subjects. In contrast, coverage was low
for the Q factor analysis of these variables (63% to 67%).
If §ubjects who had high positive loadings on more., than one
factor were omitted, coverage would be further reduced.
Cluster analysis was the preferred classification procedure
in terms of coverage. i
Internal validity was examined by 'data manipdlation
involving the addition of variables to the original. 11
clas§ification'variables. The cluster anélysi§ was pbeferred
 ovef the Q factor analysis on the basis of the greater
Stability of classified subjects under. data manipufétién.
Although the Q facter analysis of the 11 reading
measures had low coverage, the correspondence betweeﬁ'the

+ classifications by\the Q factor and cluster analyses were
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compared to further evaluate the stability of the subgroups
and the correspondence among subgroup characteristics and
membership.

The descriptions of the subgroups formed by the
Q factor analysis and cluster analysis‘suggested
similarities across the procedures: Subgroup 1 ?f bo?h
analyses was described as least proficient..Subgroup 2 W|s
context cue users and poor comprehenders, and Subgroup 4 as
high cowprehenders. The descriptions of Subgroup 3 of the
two anaiyses did not correspond (low grapho-phonic cue users
versus grapho-phonic cue users). The actual subjects
classified ih the four subgroups by the two statistical
procedures showed some correspondeﬁce. The number of
subjects c]gsSified in various combinations of subgroups by
the two procedures are cross-tabulated in Table VI.9. Of the
33 subjects classified in four subgroups by the Q factor
ana]ysfs, 23 subjects (70%) were classified in similar
subgroups by thé cluster analysis. ¢Subgroup 2 (context cue
users, poor comprehenders) end Subgroup 4 (high
comprehenders) had the greatest stability across the two
procedures. Of the 16 subjects left unclassified by Q factor ’
analysis, 11 were pldaced in the third subgroup of the
cluster analysis (graphanhonic cue ;sers). There appeared
to be fairly high corresandence between the techniques in
terms of placing together similar subjects.‘However, many
subjects were not classified by Q factor analysis and the

correspondence between the results of the two -procedures was,
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only 47% if the total Sample was considered. If the 11
unclassified subjects who were placed togethef in Subgroupi3
of thé‘cluster analysis (grapho-phonic cue users) were
considered, the correspondencé increased to 69%.

The results presented in this chapter provided evidence
that statistical classification procedures will identify
internally valid subgroups of disabled readers on the basis
of reading characteristics. The nonreading characteristics
of these subgroups were considered. In the next chaptér.
subgroups formed on the basis of nonreading characteristics
will be described. The correspondence‘among subgroups based
on the two types of measures will be presented and the
interface between nonreading and reading characteristics

will be considered.
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VII. Results of the Analyses of Nonreading Measures
The majority of classification studies have attempted to
ident ify subgroups of disabled readers on the basis. of

nonreading test performance characteristics. In the present

study, the nonreading data included the assessment of sKills.

in several areas: intelligence; language; auditory, visual
and tactile perceptidh:‘m¢mory aﬁd sequencing. and
visual-motor and motor fdnctioning. Teachers also rated each
child in terms of arithmetic achievement and classroom
behaviour. ’

Prior to the central problem of the identification of
subgroupé, the characteristics of the sample of disabled
readers were examined. Possible sample heterogeneity
associated with differences among subjeéts in age and sex
was examined in relation to performance on the nonreading
.me?sures as'they had beenvexamined previously in relatiPn to
reading variables. The heterogeheity of the sample in
per formance on the battery of nonreading measures was aiso
" examined. Where appropriate, the perforﬁance leve]s of the

" disabled readers were compafed'to test norms. Relationships

among nonreading measures for the sample were examined in

-correlational and R factor énalyses. Relationships among'tﬂ%

-nonreading measures and reading and spelling measures were
also examined. in correlational analyses. Finally, two
statistical classification procedures were applied to-

¢

nonreading variables to identify ho@ogeneoui(subgroups of

disabled readers. As in the breviou%vqhapter, the coverage, .

. - 165 'g'
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internal val1d1ty and external val1d1ty of the-statistical
classification solutions were evaluatedﬁ The correspondence
among subgroups formed on the basis of read1ng measures and ¢
subgroups formed on the\besis of nonreading measures was

I 4
considered. .

A. Age and Sex Characteristics of the Totat Sample in
Relation to Nonreading Measures
The factors of age and sex were examined to determine
their contribution to sample heterogeneity in pefformance on
nonreading measures. The feasibility of collapsing across
these variables for fSﬂther analyses was evaluated
Mult1var1ate and un1var1ate tests (SPSS MANOVA, Hull &
ie, 1981) were computed compar1ng 9-year-olds and
(?O—year-olds and boys and girls. The 1arge number bf‘
nonreading measures was divided into five groups of
variables for the_multivariate nalyses 1) IQ measures
“tnc]uded VIQ PIQ FSIQ and. 11 g. R subtests; 2) language
measures included PPVT -R, Grammatld“tﬁosure, Sound Btendiné
. and nine scores from"the CELF subtests: 3) memory measures
included the Knox Cube Test and\BVRT ; 4) 12 | _
neuropsjchological test scores included motor and perceptual
tasks, Rtght-left'dischimination Trail- mak1ng andxthe‘;
%gagd

Rhythm test; 5) teachers’ ratings of c]assPOOm beha;1od

ar1thmet1c achlevement compr1sed the f1fth grofBoRi %
- 'g& ii'l *:A%a:

.var1ables The resu]ts of the overal] mu]t1va¢:dsn'x‘,

_presented in Tabfe VII.1.
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Age comparisons indicated a significapt difference
between 9- and 10-year-olds on language measures only.
Univariate teéts of the 13 language scores indicated that
10-year-olds performed at significantly higher levels than
the 9-yea#-olds on‘fiVe CELF scores: Oral Directions
(F=5.09, df=1,47, p<.05); Word Series accuracy and time
(F=12.20, df=1,47, p<.01 and F=10.01, df=1,47, p<.01,
respectively); Confrontation Naming time (£=16.41,’df=1;47,
'p<.05); and Model Sentences (F=4.33, df=1,47, p<.05).

No other multivariate test comparing 9 and
1O-year-01QS-reached sign{fiéance. The CELF test differénces
were expected as only‘raw scores were available with no
conversion to age-éorrected standard scores. It was
concluded that the overall lack of age differences indicated
that the data“or the 9- and 10-year-olds could be combined
for further analyses.

Multivariate tests of sex diffe;énces between the §3
boys and 16 girls in the present sample were significant for
1Q and behaviour ratings. The boys obtained significantly
higher Verbal 1Q scores (F=5.19, df=1,ﬁ7, p<.05) and
- Information subtest scores (F=17.33, df:1,47; g(.QJ).f.
Teachers fated boys significantly more poorly than girls on
.tHe‘Conduct Probtlem and_Hyperactivity~s¢a]es bf the‘Conhers
Teacher Questionnaire (F=7.08)) df=1,47;fg<.05 and F=12.21,
df=1,47, g<}01,qrespéctively). Few significant differences
were dEte;ted and it was concluded that séx-diffé;enceé did ..

not QOntribute substéntia]ﬂy-to sample heterégeneity. Boys.,
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and girls were combined for further analyses.

B. Nonreading Test Performance of the Total Sample

Average levels of performance and variability in
per formance on the nonreading ééasures were examined to
describe the total sample anﬁ the sample heterogeneity
expected within a multiple-syndrome paradigm. Means and
standard'déviations based on the total sample of 49 disabled
readers were calculated for the battery of nonreading
measures. Performanceflevels of individualAsubjects were
compared to test ﬁorms w;ere publishe& norms were available
« - to determine tﬁe_number of disabled readers experiencing

difficul;y in the areas assessed. The characteristics of the

sample are presenied below, dividing the measures in terms

AN

of the.areés assessed: 1Q, language, memory and

‘neuropsychological measures, and behaviour ratings.

S
/.

1Q Scores .~ ®

Me/as and standard deviations for WISC-R scores and for
the/d1screpancy between Verbal IQ and Performance IQ
//’(PIQ-VIQ)'qre presented in Table VI1.2. The percent of:
subjects scoring more than one standard deviation below
subtest'mééns‘(i.e.. scale scaores leés ihan°7) are also
‘noted in Table VII.2. As can.be seen from the mgén scores,
Athé sample of disabled readers ténded‘to perfofmvat higher

: . . ) <
levels on the performance subtests compared to the verbd]l

subtests of the WISC-R, With the lowest mean scores on Digit
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Span, Arithmetic, Information and Coding.

| A large proportion of subjects had a low VIQ-high PI1Q
split on the WISC-R. For nineteen subjects (59%), PIQ was 10
to 20 points higher than VIQ and 21 oF more points higher
for five subjectsll10%). Twenty-two subjects (45%) had a
discrepancy of less than 10 points. Oniy two subjects (6%)
had a high VIQ-low PIQ split of 10 to 20 points, and only
one subject-had a high VIQ-low PIQ split of more than 21
points.

Examinatién of the frequency of subjects experiéncing
pgrticularwdifficulty on each WISC-R subtest indicated that
a substantial number of‘subjects per formed poorly on the
Digit Span subtest. Scores on Arithmetic, Information and

~ Coding were also particularly low for some sub jects.

Languagé Tests

Means, standard deviatiéns and tﬁe percent of subjects
scoring at low levels compared to language tests.norms are
. presented‘ianable VII.3. As can beééeen fiom TableﬁVII.3.
large numbers of subjects performed poorly on several

language measures with at least one-fourth of the sample

—

with low scores on nine-of the 13 teSt55

| The language measures were selected to ;amp]eaacross
phoneTogical, syntactic and semantic‘lgvellprocess5n§ (see
Table V.3). The disébled‘readers experiehCed difficuﬁfyuat
all levels of ]inguistic‘proCesgfﬁg. impairmeﬁt:of Tower

level linguistic processes, however, gpbeared to be more

a
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widespread than impairment of higher level linguistic
processes.

The majority of the sample performéd at low levels on
Word series accuracy and Confrontation Naming, both of which
involve.priharily low level phonological processes.
Phonological processing difficulties were experienced by
some subjecfs on the Auditory Discrimination test, but by
few subjects on Séund Blending. Substantisl numbers of
subjécts perfofmed poorly on several measures of semantic
and/or syntactic processing: Grgmmatic Closure, Word and
Sentence Structure, Reiatjonshipsband Ambiguities, Oral ..
Diregtions and Model Sentenées.‘ -

‘, . . .
Although several measures which resulted-in poor .

\ ‘ ‘fﬁzﬁ
per formance by many of .the disabled readers involved
semantic processes, few subjects had difficulty on other
semantic processing measures, namely, PPVI-R receptive
. . ° v 0
vocabulary, Word Associations r@quiring'the retrieval of
semantically related items from long term memory, and WISC-R
Information, Simi1a}1ties, VocabUlahy and Comprehension .

‘ R o Sy

subtests..
T

Meméry and Neuropsychoiogica1 Tests

Many of the nonreading measures presented above are
>incjuded in neﬁ*opsychologicéj test batteries. Other tests
com&bnly used in neuropsychological assessments to measure‘
memory, tact11e and auditory perceptlon motor and | |
visual-motor funct10n1ng are descr1bed below Meﬁns and

| \

3

«?
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)lveApriharily low level phonological processes.
vological processing difficulties were experienced by
2 subjecis on the Auditory Discrimination test, but by
subjects on Séund Blending. Substantiél numbers of
jects perfofmed poorly on several measures of semantic
‘or syntactic processing: Grgmmatic Closure, Word and
tence Structure, Reiatjonshipsband Ambiguities, Oral .
2¢tions and Model Sentenées.‘ o
A1though several'meaadr?s wﬁicﬁjresulted-in‘poor?gig
F;>%ance by many ofwfhé disabled readers involved )

antic processes, few subjects had difficUlty on other

«?

antic processing measures, namely, PPVT-R receptive

. e
abulary, Word Aséocia(ions r@quiring'the retrieval of
antically related items from long term memory,.and WISC-R

srmation, Similarities, Vocabulary and Comprehension

&

tests..
T

5ry and Neuropsychoiogica] Tests

Many of the nonredding‘meaébres presented above are
Tuded in neﬁ?opéychologicéj test batteries. Other tests
ﬁbnly used in neuropsychological assessments to>meésure‘

ory, tactile and auditory perception, motér'and

ual-motor funcfioning are described below. Meﬁhsuand

N\
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and left oh'their~oﬁn body, but not on a picture of a boy
'facihg'them. The remaining 13 subjects made a variety of
'er}ors.'KﬁowledQe of left and right was not well established
for half of the (&fénple of disabled readers. | |

As can be seg§ufrom Table-Vi{.4, few subjects
exper ienced difficuity on motor and vjsualfmbtor tasks
including BVRT copying: Finger-tapping, Gro&Ved Pegboard'and
'Trail;mak}ng.‘Perceptual and motor tasks which assessed bbth
dominant and nondominant hand performance showed the
expected §uperidrity of the dominant hand over the
néndominant hand. Ohly two subjects, one boy and.one girl,
showed preference for the left handﬁbn the lateral dominance
‘examinatiqh. At least one fourth of the sample had
difficulty in'finger recognition.:

- Behaviour Ratings -

Teachers rated each subject.oﬁ items assessing
‘classroom beﬁaviour (Conners Ieéchen 0uesfionnair€) and
arithmetic achiévemenfn Meansvand étandard deviations for
the total sample on the Behaviou} scales are presented in
Table VII.5. Large Standard deViétions-indicated
considerable variabiVity in scores. On'fhe'average. Conduct
Probléms were infrequent whereas Inattentive*passive ‘};
beHaviour was qﬁ%te'prevalent.among the disabled reéders. A
score of\SO%'or hiéher on'the Hyperactfvity scale has been
considered a critical cui-off score to denote hyperaéfive

behaviour (e.g., Trites, 1979). Only six subjects obtained a

.é j
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score of 50% or higher on the Hyperactivity scale
‘ Arithmetic achievement was rated by . teachers as normal,
border 1ine, or-underachievementu‘Twenty-four subjects were
achieving normally in arithmetic, 22 had borderline -

achievement anddtnree were rated»as underachieving. -

- C. Correlations‘among Nonreading Measures v'.‘
al Pearson product moment correlations were calculated
_ among the nonreading measures for the total sample of 49
disabled readers. A correlation matrix containing tests for
: which correlation coefficients were .40 and higher is
presented in Table VII.6. The magnitude of the correlations
was’ selected as it reflected 16% of common variance
Twenty three tests are excluded from the tables as they dld
-~ hot correlate at a 40 level with any other test Few
: anter correlations were high: only 27 of approximately 1400

inter- correlations were ~40 or higher

Within‘the IQ. language and memory skill areas, few X

inter- correlations were of a substantial magnitude The few.'p

_high inter- correlations within each of these skillaareas o
o suggests that the measures tapped independent aSpects of IQ,
language and- memory functioning o ' ’
Greater dependence among measures was noted within the ,
sensory and motor skill areas Correlations were’m/" 5
particularly high between dominant and nondominant hand

scores for each testt S
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ga{ Few correlations across the various skill areas were . ig.
'high i e. I 40 or'greater gelationships were observed
‘_t;between language tests and motor and sensory measures.
"tbetween verbal subtests of the WISC-R and both recéptive i
.'vocabulary (PPVT-R&Qand CELF subtests. and between WISG/Q/
',‘performance subtests and neur

1

ff}Overall the low correlations amor measures of the e

j sychological\measures

: psychological and neuropsychological test battery hxﬁcated

- that independent skills were assessed‘by‘these tests

| *-D R Factor Analysisaff Nonreading Measures
| An R factor analysis of selected nonreading measures'”v
.~_,was computed o determine the dimé5Sions assessed and to

't.reduce the large number of variables for further analyses;“

<7§3The number of variables was reduced to 28 to achieve a

'»‘;ﬂsubject to. variable paiio more acceptable for an R factor‘

,.;analysis Variables were omitted for several reasons the,;,_ .

' f{;majority of the disabled readers did not experience

:isf;difficulty in relation to test normsi(Finger tapping. gﬁjﬂi,

'VF;CGrooved Pegboard Fingertip Number Uriting, Trail making A

ATV%fwere omitted) two parts of the test were highly cOrrelated Lrs;l7

o (Finger Recognition non-~ dominant hand score, Word Series

'fiftime score,uere omitted) little variability in test sc’restfj{gf

'f'ii(Right Teft discrimination and Auditory Discrimination were

"ff3omitted) particular interest in one of two scores availibleﬁﬂn;ﬁ

”“”}ifor a. test (Confrdntation Naming accuracy was omitted) T”e'mgé}}

‘5ti?reliability of teachers behaviour ratings was questionabllﬂ,fi"t

v-‘ N . . ‘ A
. T e



of each test on the four

o ey “ T
Tand standard deviationsrwerefvery large'for the'beﬁavioura
- scales . (teachers ’ratings were omitted) . 0
| A principal ngmponents analysis with varimax rotation
.7yielded 11 factors with\eigenvalues of 1. 0 or greater. |
accoUnting for 76% of the total variance (DERS PROGRAM
;{FACT2O 1980) A four factor solution accounting for 42% of’
the total variance was most interpretable Factor loadings
‘factors are presented in e
‘ Table VII 7. The highest loadings on each factor are
_gunderlined The first factor was considered to be a Verbal
Ffactor.,the second an Auditory sequencing factor, the third
'_a Spatial/v1sual motor factor, and the fourth a '
,fMemory/sequencing factor, mainly visual The factor load:ngs
“jof the 28 variables on the four factors were- used to compute
’:lfactor scores to be used in. statistical classification

analyses described in a later section

:;E Correlations among Reading and Nonreading Measurqs
| Reiationships among readﬁng and nonreading measures f”j"t
inere ‘explored in correlational analyses. Few high 'f'” "
;ffoorrelations were observed with six correlations of 40 or"iij

:ffhlgher and 27 correlations of 30 or higher 'i 5 T
.,' Wbodcpck tests were correlated with both word :
ifaIdentification (r- 31) and Passage Comprehension (r- 31)

{%;Picture Completion was also correlated wfth Passage

;E;Comprehension (r 42) Three measures which involved

li.seQUential processinq correlated highly with wcrd AttacK 'f’fﬂQ;t

RS v L ’\-,‘ .
(TR ST A R ST
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- namely, Digly Span (r- 38) COnfrontation Nam}ng time

-

orally was

‘l

“\\ir-- .37) and Model Sentences {r=. 33#
Comprehension of. the passages ré

correlated w1§h PicturehArrangement (r=.3 , and with verbal
;»measures 1ncluding VerbaL IQ (r=.39), Informa, on-{r=.41)
_and PPVT~R ir-\41) The correlations suggested that verbal o
'skills enhanced reading comprehenSion : ' ‘ B
Self- corrections and speed of oral reading were -
.‘,correlated with Coding (r=- 42 and r=. 47 respeagively)
" Children who self- correct frequently are slowe§>readers
Thus, the correlations suggest that speed of proce551ng,, S
.particularly in manipulating symbols may be 1nvolved in “

l

| Coding and oral reading speed
R The Graphic and Phonic Similarity scales were highly y
correlated WTth Digit Span (r- 30 and r=.36, respectively),"~l-’
Graphic similarity was negativeiékcorrelatngW1th PPVT R ‘;‘
.-(r"- 30) and with Finger recognition (dominant hand) =
(r=-‘33) Phonic similarity Las negative]y correlated w1th
n-Vocabulary (r=7~36) and Confrontation Naming time (r=f 32) e
'pThese relationships, together with the correlations between';

'jmemory¢sequencing tasKs and Uord Attack. suggest that
";children who show facility 1n remembering and applying

i;fspelling to sound correspondence rules tend to also perform ;;fﬁd?e

f;well on auditory sequential memory tasks and on a rapid

......

"‘naming task; The naming task requires rapid responses to

: ( i

';tvisual stimuli as does WOrd AttacK
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‘ » The Semant1c acceptabiflty scale was correlbted w1th

‘the Knox Cubeatest delayed recall (r:- 37) andsthe Meantng

scale with 1mmeg1ate recall (r=-, 31) The negative d1rect1on _
of the relatloqsh1ps suggeé?% ;hat ch1ldren who mahp«oral ‘

'reading errors whdcﬁ are'contextually appropriate tend to d04f

- more poorly on heasures of sequential memory P

\
\

The Meaning scale and receptive vocabulary PPVT—R were |
correlated { 30) As noted above oral passage comp ehens1on';f“

and PPVT-R Were also related Thus, h1gher receptlve

Vlvocabulary was assocuated w1th greater comprehension and

,*}'-. <.

| malntenance of passage comprehens1on SRR

F. t?entlflcation of Subgroups by Q Factor Analysis of

Nonreading Measures

f//: ‘The battery of nonread1ng measures 1ncluded a, largezy”

’/number of vartables As was done prevtously. scores were
/_transformed to z- scores and the matrix was transposed “for

urO factor analysls Three groups of varlables were included

y1n separate princ1pal component analyses w1th varimax,;f,

,lrotation 53 var1ables. 28 vartﬁ&les, and 12 variables (DERS“ﬁﬂﬂ

'*=fPROGRAM FACT20 1980) The results of- vartous factOr

‘ Te;solut1ons for the Q factor analyses ife summar1ze4 in

: ~‘Table vi1.8.

Flrst

géand neuropsychological measures and behav1our ratlngs was , ﬂj B

'f:1ncluded 1n a Q(factor analysts Posltive factor loadtngs of(

40 and h1gher define subgroup membershxp As can be seen

Do ;
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"’further

from Table VII 8 the Q factor analy51s of 53 nonread1ng

* ' - . 187 -

~‘measures had low coverage, leav1ng 47% to 61%‘of the sample -

\

‘"'of dtsabled readers’ unclass1f1ed The ut1llty of subgroups

‘ represent1ng so few d1sabled readers was questlonable H1gh,~
'ﬁnegattve factor load1ngs were noted The 1nternal and,'
‘external valtdlty of the subgroups 1dent1f1ed by th1s;f]'

'ﬂ:analy51s were not evaluated t was dec1ded that more

meantngful subgroups might be 1dent1f1ed on ‘the’ ba51s of a

. ~
freduced number of nonreadlng measures :

‘ The second group of nonreadlng var1ables submttted to
Q factor analy51$ 1ncluded the reduced battery of 28 :

’var1ables prev1ouslx descr1bed for the R factor analys1s‘of

< -

! .

- nonreadtng measures The results of varlous factor solutlons

'vtwere summarized 1n Table VII 8 The low coverage, sipll ¥

‘_ subgroup 51zes and frequent h1gh negatlve load1ngs weaKened

the ut1l1ty of the subgroups formed by the Q factor analys1s¢1‘-

-~

- of 28 nonread1ng measures These subgroups were not exam1ned

o

Further data reductton was undertaken 1n an attempt to -

,flnd a Q factor analys1s solution w1th greater coverage The,l‘

NES

- 28 nonread1ng measures used in the Q factor analy51s -

gdescrlbed above were prev1ously 1ncluded 1n an R factor';f& -j'
,f'_analySIS whtch y1elded four 1nterpretable factors The three’»":

!Tfmeasures wh1ch had the hlghest load1ngs on each factor were :Tfﬁ'“:

h,ﬂselected to represent four d1mens1ons of nonpead1ng

"tperformance a Verbal factor (Informat1on Vocabulary,

ZTEPPVT—R) an Audltory sequenc1ng factor (Model Sentences,. i



188

A

Sound.Blending, Digit Span); a Spatial/visual-motor factor
.fBlock Design, BVRT copy1ngbadm1n1strat1on Trail-making B)
‘and, a Memory/sequenc1ng‘factor (Knox Cube test delayed
recall, BVRT memory administration, Word Assop1at1ons). As
can be séeh from Table VII.8, the factor solutions had low
coverage. Double higﬁhpositive factor ldadings. smgl]
subgroup sizes, and numerous high negative factor loadings
also limited tge utility of tH; classifications.

‘The cBrrespondence among the Q_factor analyses of 53,
28 and 12,nonreading~vari961es was examined by compaéing the
six factor solutions of the three analyses. Subject
class1f1cat1ons varied acrgis all an;lyses Only 16 to 18
subjects were classified by two Q factor analyses and few of
these were placed together as similar by more than one
aqa]yéis. The low coverage and variability in résuits‘argued

against the utility of the Q factor ana]ysis”cléssifications

and they were not investigated further.

G. .Identification of SJbgroups by Cluster Analysis of
e . - ¥ A
Nonreading Measures -

glustér analysis was applied to three groups of

undhreading/yariableSa 28 measures included previously in

R factor and Q factor analyses; 12 measures which had high.

loadings on four factors from the R factor analysis of

Twey
nonread1ng measures; and factor scores representing the

four” factors from the R factor‘analys1s.

-
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>~

First, Ward’'s hierarchical cluster analysis of the
reduced set of 28 nonreading measures indicated selection of
the nine factor solution as the error term jumfed from 39.86
for nine clusters‘to 44 .10 for eight clusters. Three
clustePS'were'eliminated as they represented a total of only
five subjects (Subjects #5, #41; #12; #19, #24). Cerrage
was high with 44 subjects (90%) in the remaining six
subgroups, &ach of which consisted of five to ten §ubjects.
The error terms assoéiated with each cluster solution in the
hierarchy were high and t%e;ntérpretation of profiles
across such a large number of variables was complex. Thus,
the subgroups identified by this ana]ysss were not examined -
further. : %

Data reduction appeared to be needed to incﬁease
interpretability and to decrease the error termsl As
described previously in the O“factor analysis section, the
three measures which had the highest loadings on four
factors in an § factor analysis were selected for inclusion
in a cluster analysis. A total of 12 variables represented
the Verbal, Auditory sequencing, Spatial/visual-motor and
Memory/sequencing factors. Ward's cluster ;halysis'of
z-scores of the 12 nonreading measures indicated selection
of a six cluster solution. The error term jumped frgh six
clusters (4.219) to five clusters (5.572). Four "outliers"
were identified (Subject§ #3, #30, #38 and #19). i

The six cluster solution of the iterative belocation“

: . ) . ) » \‘\'\/"‘ -
procedure was compared to Ward’'s six cllster solution.

e ’ 7
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Again, Subjects #19 and #30 were outliers, résisting fusion
with other clusters. For the remaining 47‘§quects (96%)
comprising five élusters. {1 sub}ectS‘ﬁéégj:elocated. The
subgroups were not examined further as'ihéfability was
indicated by the high number of relocations.

'Kg'alternative method of data reduckion.involved using
factgr scores from the R factor analysis of 28 nonreadihg
measures. The factor -loadings derived from the R factor
énalysis\were apElied to the nonstandardized data of the 49
subjects to derive factor scores. The factor‘scores
5répresented a Verbal factor, an Auditory sequencing factor,
a Spatial/visual-motor factor, and a Memory/sequencing
factor. | | |

Ward’'s hierarchical cluster an;lysis of the.factor
-scores resulted in an increase in the error score from five °
clusters (error:5.452)'to four clusters (error=10.345).
Thus, the five c;uster solution was selected. The five
cluster solutidn of thg re]ocatipn brocedhre indicated that
‘six suﬁ%ects had'Qeén relocated. The cluster solution .had

stability and ihtérnal and external validity were examined.

'”’,Internal Validity of Subgroups Formed by Cluster Analysis

The internal valid1ty of the f1ve subgroups formed by

cluster analysis of fourwnonreading factor scores was

examined in several ways. Data manipulation, graphic

phesentations and statistical procedures were used.
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A form of data manipulation to evaluate internal
validify involved comparisons with cluster analysis
solutions for other groups of variab\es.~fhe factor scores
represented four factors derived from an R factor analysis
of 28 nonread1ng measures. The results were compared wlth
the resutlts o&§cluster analyses of the 28 variables from
‘which the factor scoresiwere derived, and of 12 variables
which had high loadings on the four factors. This form of
data manipulation to assess the stability of the%luster )
analysis solut1on based on factor scores may be a weak
procedure in view of the lack of stab111ty of the 28 and 12
variable solutions. Cluster analyses of the 28 nonreadlng
variables and of the four: factor scores grouped together 26
subjects (53%) in similar ways. Cluster analyses of the 12
variables and'four'factor\scores'showed little consistency
wi th only 15 subjects grouped together in similariways by
the two analyses.

Graphic procedures to evaluate internal validity
" included factor score prof1les Thé»hean factor scores

obtained by the f1ve subgroups formed by the cluster
‘ ‘analys1s of four nonread1ng factor scores are plotted in
Figure VII.1., The factor score profiles of the,five’
subgroups were d1st1nct1ve in terms. of shape and/or
‘elevat1on across the four class1fwcation factor scores/

Statistical evaluation of internal Val1d1ty lnvolved -
.cluster dtagnost1cs from the CLUSTAN Package (Wishart, " 1978)
and un1var1ate analyses of var1ance exam1ned to ver1fy the

|
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¥

distinctiveness of the five subgroups on the classification
factor scores. Cluster diagnostics provided information
about’ the characteristics of each subgroup in relation to
the average performance of the total sample Univariate
analyses of variance provided information about differences

- among the subgroups on the four factors The analyses

'1ndicated significant differences on all four factors, ite{._

on the Verbal factor (F= 12-0 df=4, 44, Q<'Ol) the Auditory
| sequencing factor (F 17. 63 df=4, 44 g< p1),

-

Spatial/visual -motor factor (E= 12. 17 df=4, 44 g( 01) and
the- Memory/sequenCing factor (F= 13 13, df= 4 44, g( 01).

Scheffe multiple comparisons with the probability level set '

at .10 were computed to determine which subgroups differed

'f‘on various factors The characteristics of” the. profile of

- each subgroup will be described followed by a. descnnption o

“of significant differences among ‘the sdbgroups on the four

claSSification factors‘

Subgroup 1 was the largest group conSisting of 14 boys a

'v_and one girl SubJects in this subgroup were characterized
‘by relatively good performance on the four nonreading )
hfactors Thus in comﬁanison with the mean performance
. levels of the sample. Subgroup 1 may be referred to as

=,laverage performers The mean factor scores for Subgroup 1

1’tended to. be above the population sample means with the ;rnd"

'1,largest deViations occurring on the Verbal and S e

-flMemory/sequencing factors f-jgl}bkwg;'

\
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L o B ST
- Subgroup 2 was composed of nine boys-and four girls
f |-
Performance far below the sample popul?tion mean on the

X
Memory/sequen01ng'factor with other scores close to the: mean
characterized this ‘subgroup (low MEmory sequenclng)

Below: average performance on the Ve bal factor and

vabove average performance on the Aud1tory\sequencing factor
»‘~characterized the two boys and six girls in Subgroup 3. The
sex ratio of this subgroup was opp331te tofthe usual ‘h w
‘hpreponderazce of boys Subgroup 3 could be descr1bed as Jow
i Verbal and hfgh Audftory sequencfng ' » S -
o Subgroup 4 was very small consistlng of three boys. and
one . g1r1 This subgroup was superior to the sample ““
.':population mean on the Verbal factor but extremely low on |

;the Spatia1/visua1-motor factor (Iow Spatial and hlgh
verbal) . L B e
| Subgroup 5 consisted of SIX boys and three g1rls and

';was characterized by poor performance on the Auditory R
v.fsequenclng factor Performance was near a@erage on. the other
fﬁﬂfactors, although the Verbal factor was relatively Tow (Iow w:
,;77Audltory sequencfng) - _J :_ | " ‘ | |
h | S1gn1f1cant d1fferences among the subgroups conftrmed
"ffthe subgroup characterlstics described above For example,lﬂn
'ﬂffSubgroup 2 (low Memory/sequencfng) was s1gn1ficantly below
‘f{Subgroups 1 3 and 5 on the Memory/sequencing factor
hf;Subgroup 5 (low Aud1tory sequencing) was signiftcantly below
-,i{alf other subgroups on the Aud1tory sequenc1ng factor, and
';QSubgroup 4 (low Spatial high Verbal) was below all other

(O
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subgroups on the Spatial/visual-motor factor. Subgr0up 3

(low Verbal high Auditory sequenctng) had. h1gher scores

than Subgroups 2 and 5'on the Audltory sequenc1ng factor and

Tower scores than Subgroups 1 and 4 on the Verbal factor.
Subgroup 1 (average performers) had a fa1rly flat prof1le
‘across all four factors, and scored 51gn1f1cantty h1gher
tthan at least One subgroup on each factor h1gher than
Subgroups 2, 3 and 5 on the Verbal factor. higher than

. B :
, Subgroup 5 in Auditory sequencing, h1gher than Subgroups 3

~and 4 on the Spat1alj¥4sual motor factor; and, hlgher than

| Subgroups 2 and 4 on the Memory/sequencing factor. |
Discr1m1nant funct1on analy51s y1elded stat1st1cal
‘flnformat1on relevant to the 1nterna1 val1dat1on of the
';subgroups Theff1ve subgroups were used as the
jclass1f1cat1on standard in the d1scr1m1nant funct10n

'analy51s of fourJfactor scores The subJect to varlable

rat1o conformed Eo the requrrements for the conservat1ve use‘;

of thws analyst 5 .
SPSS Program DISCRIMINANT (N1e et al 1975« ylelded

.:1four s1gn1f1cant canonical d1scr1m1nant funct1ons**h1ch

e weight test scores to maxim1ze the d1fferences among the

subgroups The first sign1f1cant d1scr1minant funct1on o

S.(Wilks lambda- 0134 df 16 g( 01)- was character1zed by a

i}:low loadlng on the Spat1al/v1sual motor factor and high
*fipos1tive load1ngs on the Auditory sequencing,_rj-f" ‘
‘:tMemory/sequencing and Verbal factors The second

fffd1scrim1nant function (W1lks lambda- 120 df 9 g< 01)
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»
involzéd positive loadings on/the Auditory;sequencing and
Spat1al factors. and negatt/e’load1ngs on the Verbal and

Memory/sequen01ng factors /The third discriminant function.
(Wilks lambda- 304, df=4, g( 01) gave high positive load1ngs'
to the Spatial and Memory/sequenc1ng factors and a hlgh
negatlve loading to th /Aud{tory sequenc1ng factor The
fourth d1scr1m1nant f nction (Wilks lambda' 624, df 1,
_g< 01) gave a high s 1ve we1gh¢\to the Verbal and Spat1al
factors and high negat1ve weight to the Memory/sequencing
factor. | | |

On- the bas1s of the four s1gn1f1cant functlons. all 49
subJects were correctly classif1ed in thelr respective
f’subgroups Four s1gn1ficant dlscr1m1nant funct1ons were
»requ1red to d1fferentaate among the f1ve subgroups Thus,:.
's1x graph1c plots would be requ1red to p]ot the subJects'
against each pair of d1scr1m1nant funct1ons to prov1de
graph1c 1nformat1on relative to the dist1nct1veness of the
subgroups on the class1f1é;tlon vartables Graphic data from'f
the dtsCrtmtnant funct1on analysts were- not used for the |
purpose of 1nternal validation
:External Validity of the Cluster Analysis Subgroups Against o
»v”Nonreading Measures. B .“ - o
' The subgroups were formed on The bas1s of factor scores*
s?iwhlch represented four dimensions tapped by the nonreadxng
fbattery‘~To vertfy the djstinctiveness of the subgroups on '

'fnonreadlng measures univariate ana]yses of var%ance and |
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Scheffe multiple comparisons were computed to determine
subgroup differences on the extensive battery of nonreading_
measures Means, standard deviations. and F-ratios are
included in Appendix L. The results of Scheffe post hoc
comparisons are included in Appendix M. There were many
Significant differences among the subgroups on nonreading
‘measures, thus confirming their distinctiveness in terms of
these variables.

Subgroup 1 (average performers) tended to be
significantly‘different from other-Subgroupsﬁ%n a wide range
of variables Higher 1Q scores, particularly on performance
measures. characterized Subgroup 1. ‘f

Subgroup 2 (low: Memory/sequenCing) performed at
’significantly.lower levels than ‘Subgroup 1 layerage i
‘performers)HOn Grammatic Closwre, Trail-makinng and Knox
immediate and delayed recall 'Knoi immediate recall was alsoi
low compared With Subgroup 5 (low Auditory sequenCing) and -
delayed recall was: low compared With Subgroup 3 (low

,Verbal) Although not all memory andwsequenc1ng problems of

e SubgrOup 2 were Visual (e. g i Grammasﬂc Cﬂosgre) this

subgroup showed superiority to Subgroug,s i]ow Auditory
:TsequenCing) ‘on three measures which involved auditory
o sequential processing.,namely. Dral Directions, WOrd Series
'aaccuracy and Model Sentences RN |
] | ‘_ The low Verbal factor performance of Subgroup 3 was
: -iconfirmed by significantly lower scores on PPVT~R compared

; With Subgroups 1 (average performers) and 4 (low Spatial
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high Verbal), and lower VIQ compared with Subgroup 1. Skill
in Auditory sequencing was reflected in significantly”higher
scores an ConfrontatiOn Naming compared with SUbgroups 4
{low Spat1al high Verbal) and 5 (low Aud1tory sequenc1ng)
on Trail mak1ng B compared with Subgroup 4, and on D1g1t |
Span, Sound Blending, Oral Directions and Mode Sentences.
‘compared with Subgroup 5. ' o b .
Subgroup 4 (low Spatial, high Verbal) wassignificant1y
belowqalj othér'subgroups»onvTrailemaking B. BVRT copying
,'waS'significantly lower than Subgroup 1 (average'performers).
and SubgrOUp 2 (low Memory sequenc1ng) Confrontation Naming
was slow compared with Subgroups 1 and 3 (low Verbal nigh
Auditory sequenc1ng) Knox 1mmed1ate recall*was low compared
to Subgroups 1 (average performens) and 5 (low Aud1tory
sequencing. Performance 1Q scores were low in contrast to
-Subgroup 1, High verbal funct1on1ng was 1nd1cated by \\
519n1f1cant]y hwgher scores on PPVT-R than Subgr0ups 3 and
| 5.,and~on Grammattc Closure compared w1th Subgroups 2 and 5.
The low Aud1tory sequenc1ng characterwstlcs of ‘».
'LtSubgroup 5 were ev1dent in lower scores on Model Sentences
| compared to all other subgroups. lower scores on»Dral-
fD1rect1ons than. Subgroups 2 (low Memory sequenc1ng) 3 (Tow

- Verbal) and 4 ( 1ow Spatial hlgh Verbal) and on Grammatlc

5:“Closure compared w1th Subgroups 1 Faverage performers)

E and 4, SubgrOUp 5 had the hlghest SCOre on Knox immed1ate

?recall but was lower than Subgroups 1 and 3 1n delayed

»trecall and showed the greatest decrease 1n recall under the



T : | 199
v ¢ ' ¢

delayed. condition. The possible involvement of labeling and

verbal rehearsal for delayed recalllmay have lnfluenced the

p00r per formance by Subgroup 5 which demonstrated def1c1ts

on aud1tory sequencing tasks.
N

;ﬁ | ( | 4
External Val1dity of)the Cluster Analys1s Subgroups Agalnst

;preadlng and Spelling MeaSUres |
| An 1mportant aspect*of ‘the analysis Snvolved validatidn
“of the f1ve subgpoups aga1nst external readlng and spelllng
_data Thls val\dat1on procedure examwned the 1nterface of
‘nonreading and readIng and spellIng characterlst1cs of
disabled readers in response to the research quest1on Do
subgroups of disabled readers:1dent1f1ed on thelbas1s of_
nonreadlng Variables have external validity in termsgof
readlng and spell1ng character1st1cs7 |

| Read1ng and spell1ng test scores of the flve'subgroups
were compared 1n oneway analyses of var1ance The E- ratxq*§
l'means and standard dev1ations[£or these compar1sons aré
rg1ncluded 1n Append1x N.. There’ﬁ/re no svgni?1cant |
"-d1fferences in ‘the leV‘T—oT’/ d1ng prof1c1ency,;(Wood000K

'v”tests)._spelllng pro f" ”;,or phonetlc accuracy 1n_:' -

[spell1ng The analyses of variance 1nd1cated s1gn1f1cant

fsubgroup d1fferences on three oral readlng measures Meanwng;;?

vh”scale comprehen51on of oral re&d1ng passages. and the
'Semant1c acceptabllIty scale Scheffe post hoc compar1sons
}_1nd1cated that the oral readlng errors of Subgr0up 4 (low

a5Spatlal high Verbal) resulted in less meanlng change than
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the ermors of Subgroups 1 (average performers) and 3 (low
”Verbal high Aud1tory sequencmg) Subgrgup 1 (average
performers) had s1gn1f1cantly higher passage comprehens1on
than Subgroup 3 (low Verbal, high Auditory sequenc1ng)
Schef fe post hoc ooaparisons were not significant for the
Semantfc”acoeptability-scale on whicﬁ Subgrggp 4 (low
Spatial, high Verbal)‘was highest and-Subgroup 1)(average
'perJormers) was lowest o D |

' Nonslgn1f1cant trends as well as the s1gn1f1cant

, d1fferences among. the subgroups were exan 1ned to determ1ne

the readtng and spellxng character1stlcs of the f1ve
subgroups . Subgroup 5 (low. Aud1tory sequencang) obta1ned N
among the lowest scores oh the Wbodcock tests, together with
‘low scoresafor Subgroup 4 (low Spat1al h1gh Verbal) on the _

: WOrd At tack test and for Subgroup 2 ( low Memony/sequencxng)

on the Passage’ Comprehen51on test There ‘were d1fferences 1n_'

the readab1l1ty)levels of the passages read orally by the
tf1ve subgroups Subgroup 3 (low Verbal, high Aud1tory k
sequenc1ng) read the most d1ff1cult passages, followed by
| .Subgroup 1 (average performers) Subgroup 2 (low gﬁ"‘).
'vMemory/sequenc1ng) read the eas1est passa es and Subgroups 4(
(low//pattal hxgh Verbal) and 5 (low Aud tory sequenc1ng)
also read rFlattvely easy passages | M, -
‘ -5{ ﬁJhe readabtltty levels of the passages read orally by
Subgroup 1 (average performers) were relat1vely dlfflCUJt
);S‘and yet th\s subgroup had the h1ghest cpmprehen51on of the
tvpassages lhe h1gh oral passage compreﬁen51on 1n contrast to

o . A RO
S sy i
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| low Syntactic and_Semantio acceptabtltty and-a high degree
,of meaning change may:be attributable to freguent‘nonsense '
word substitutions which were self-correoted t6 maintain
passage comprehension.bThus} Subgroup 1 appeared to use
graphic ané;phohic oues to,identify_words while atso'
attending to the‘contexfual acceptability of the errors as
indicated by frequent self-corrections and good overa]l |
”passage‘comprehens1on Use of the complex of cues ava11ab1e
in connected text was thus found for the largest subgroup of ‘

subJeots who were relatively prof1c1ent on the four

nonreadtng dx"jslons assessed.

v1ng character1st1cs of Subgroup 2 (Tow
lMemory/sequenc1ng) were somewhat srm11ar to those of |
Subgroup 1 (average performers) However, the passages read
orally by Subgroup 2 were less d1ff1cult than those read by
Subgroup 1 Subgroup 2 was thus composed of less prof1C1ent
readers than Subgroup 1. Subgroup 2: was s1m11ar to _7‘

} Subgroup 1 ih the Graphtc and Phowic s1m11ar1ty and
Syntact1c acceptab1]1ty of oral. readtng errors and in the
'”fdegree of mean1ng change Subgroup 2 made fewer nonsense '
x}word subst1tuttons and ach1eved htgher Semant1c" |

: acceptab111ty than Subgroup 1. Although self- correct1ons

'SI

’were a]so h1gh for Subgroup 2. subJects in th1s subgroup

| i'fatled to ma1nta1n the h1gh overall oral passage

.-comprehen51on of: Subgroup 1. Thus, Subgroup 2 appeared to

-_“ruse read1ng strategles 51m11ar to those of Subgroup 1 but

“;read eas1er passages at a s1m1lar speed and w1th less .
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comprehension. These differences may be related to the

differences between Subgroups 1 and 2 on the
Memory/sequencing and Verbal factors. Lowered.comprehension
of passages read orally may be associated with less verbal
facility and/or difficulties fn handling sequential memory
tasks.

Subgroup 3 (Tow Verbal, high Auditory sequencing) was
distinct from the otherAsubgroups in several ways. This
subgroﬁp read the most difficult passages orally at the
highest speed.vH6wever, passage compreﬁéns{on was lowest of
all subgroups. Subgroup 3 was charqcterized by the highest
séores on the Graphic and Phonic similarity scales, a
relatively low scere on the Semantic acceptability scale,
and the most meaﬁing change. ‘Subgroup 3 also achieved the
highest spelling grade, had a high percent of phonetically
accurate spelling errors and had the highest scores on %
Woodcock Word Attack. Thus, Subgroup 3 may be described as
relatively proficient in the use of spelling-sound |
correspondence rules, both in Qral reading and in spe]ling.

Subgroup 3 appeared to Q'gﬁgach oral reading as a

'3
- -~

decoding task with less emphasis upon mean:ng but did not
appear to differ from the othér subgroups on the Woodcock
Passage Comprehension test. It may be that because

Subgroup 3 read the most difficult passages oré]ly, these
subjects had to'rely on graphic and phonic cues rather than
contextual cues because the material was of increased
difficulty. The difficulty level of the passages read by the

¢
»
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subjects in the present study was~controlled on the basis of
error rate defined as word recognition‘errors, regardiess of
"~ the level of comprehension. Thus, squects who were better
in the ﬁechanics of word recognition read more difficult
passages to reach the required error rate.

Low use of contextual cues and disregard for ﬁeaning
were found in Subgroup 3, which was lowest on the Verbal
factor. The High scores on two factors involving memory and
sequencing dimensions suggest that skills in
memory/sequencing are associated with the grésp of
spelling-sound correspg%dence rules.

Subgroup 4 (low Spatial, high Verbal) read easy
passages and had the lowest scores on the Graphic and Phonic
similarity scales. Scores on the Syntactic and Semantic
acceptability scales were high. Oral reading passage
comprehension was high and errors resulted in the least
meaning change. Subgroup 4 made the most letter order
Areversals, word order reversals and omissions. Scorgs were
among the highest on Woodcock Passaée Comprehension but
among the lowest on Word Attack. Thds. Sibgroup 4 appeared
tb be more proficient in the use of contextual cues than in
the use-of grapho-phoni¢ cues.’Subgroup 4 was very small
with the unusual préfile of high verbal abilities and low
spatia]/visual;motor abilities. The nonreading profile
appeared to be-related to the reading characteristics of
this subgroup in that verbal abilities may encourage use of

contextual cues wHile poor spatial abilities may interfere
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with learning and d;ing grapho-phonic cues which involve
attention to the visual configuration apd speiling patterns
o} written text.

Subgroup 5 (low Auditory sequencing) tended to have low
scores on Woodcock Word Identification, Word Attack and.
Passage Comprehension and to have fewest phonetically
accurate spelling errors. Subgroup 5 read eaey paseeges
slowly, with few self—COPEections aqg poor overall
comprehension. Low WOrd Attack, low phonetic accuracy of
spelling eérrors, siow speed and low Word feentification
suggest a reiationship between auditory sequencing skills
and the speed and accuracy with thch spelling-sound
correspondence rules are applied.‘Scores‘on the qualitative
reading scales for Subgroup 5 were similar to those of
Subgroup 1 (average performers), but speed and comprehension
were lower. Nonsense word substitutione were high for this
subgroup.jOral reading errors tended to change passage
meaning, althohgh they tended to maintain Syntactic
acceptability. The members bf this subgroup appeared to use
graphic, phonic and syntactic cues in oral reading, but did

S0 slbwly aﬁd failed to monitor the contextual
appropriateness of responses. Few errors were corrected and
the uncorrected errors proEably contributed to poor passage

R coﬁprehension. Poor compnehenéion‘may‘be assoeiated with the

—~_relatively low Verbal factor score of Subgroup 5.
Lo : ,

N —
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H. Correspondence among Reading and Nonreading Subgroups

To this point, the interface between reading and
nonreading characteristics of subgroup; of disabled readers
has been_examined by determining differences among'subgroups
on variables external to the measures used to form the
subgroups. The interface between reading and nonreading
charecteristics was also evaluated by comparing the
dbrrespondence in subgroup membership across subgroups
formed by statistical analyses of the two types of measures.
“The numbers of subjects placed in various combinations of
subgroups by the analyses of the two types of date are
presented in Table VII.S.

First, the four subgroups formed by Q factor analys:r
of 11 read1ng measures were compared with the flve subgroups
formed by cluster analys1s of four nonread1ng factors Few
subjects were grouped together in s1m11ar ways by the two
ana!yses Subjects of reading Subgroup 1 (least proficient)
were most highly represented in nonEeadlng Subgroups 2 (low
Memory/sequenc1ng), 5 (low Auditory sequenc1ng) and 4 (low
Spatial, hign’Verbal). Subjects of reading Subgroup 2
(context cue users, poor comprebenders) were distributed
across nonreadlng Subgroups 1, 2, 3 and 5 and subjects of
"Subgroup 3 (low grapho phonxc cue users) were. class1f1ed in
nonreading Subgroups 1, 4 and 5. SubJects of reading '
Subgroup 4 (h1gh comprehenders) showed the’ h1ghest

correspondence to a nonread1ng subgroup with six subjects

classified in nonread1ng Subgroup 1 (average performers).

o

A p
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\

The four subgroups formed by cluster analysis’of 11
reading measures were also conpared wtth‘the five nonreading'
subgroups:. Subjects of reading Subgroup 1 (least prof1c1ent)
were classified in nonreading Subgroups 1, 2, 3 and 5, with
the greatest correspondence to Subgroup 5 (low Aud1tory
sequencing). Reading Subgroup 2 (context cue users, ‘poor
comprehenders) shared the mos t subJects w1th nonreading .
'Subgroup 2~(10w Memory/sequencing) with the remaining‘

. subjects d1str1buted across the four other subgroups
SubJects of reading Subgroup 3 (grapho phon1c cue users) ;;
were classified primarily in nonreadtng Subgroups 1 (average
performers) and 3e(low Verbal, hlgh Aud1tory sequenc1ng)
Again; reading_Subgroup 4 (high comprehenders)”showed the
greatest sinilarity to nonreading Subgroﬁb 1 (average
.perforners) with the two subgroups sharing seven subjects.\}
' Owerall, 21 subjects (43%)‘were grouped together in similar'
, ways | , - , o o e
| The compar1sons of subgroup membershlp suggested that
"the 1nterfabe of read1ng and'nonreadlng characterlst1cs of
d1sabled readers 1nvolves complex relat1onsh1ps -The most
cons1stent relat10nsh1ps appeared tq be between h1gh oral
read1ng conprehen51on and relat1ve]y good performance -on- a]la
| nonread1ng factors, and between grapho phon1c cue use and

the Aud1tory sequenc1ng factor f



VIII Sﬁmmary and Conolusions

A maJor find1ng of the present study was that d1sabled
readers drawn from a school population could be emplrtcally
classifled into subgroups on the,bas1s of readlng
' charaCteristlcs-and\on tHe basis of honreading P
charactertstlcs The results thus support the view that . the
populatton of disabled readers is. comprlsed of a number of
‘subgroups each. manlfesttng‘d1fferent deflc1enc1es in
‘read1ng and nonreadlng skills. However. -the results
1nd1cated that the subgroups into- wh1ch the d1sabled readersf
"were classified varled dependlng upon the variables and |
statistical procedure selected for the classtflcatton
‘analys1s. thus empha5121ng the 1mportance of evaluatlng the
31nternal and external val1d1ty of the subgroups

| The main purpose of - the present study was to exam1ne
the interface between reading and nonreadlng characterlstlcsd
of d1sabled readers. address1ng the 1ssue Qf external'
['val1d1ty The results 1nd1cated that the 1nterface involves
‘ complex relatlonsh1ps There appears to- be a need for \
cautlpn in inferrtng relationshtps between read1ng and
’ nonreadlng charactertst1cs of d1sabled readers ln the

r'absence of emp1r1cal measurement of both- types of p_

-wcharacter151tics

| In the preseht study, more sattsfactory classxflcatwon'
‘soluttons were obtatned on the basls of readlng measures s
.than on. the ba31s of nonread1ng mea5ures Doehrlng et al 7
o,l(1981lpa]so_used_statlstlcal class1ftcat1on with var1ous ;..»
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types of measures and found the best solution for reading
and reading-related measures, a’fairiy good solution for
1anguage measures, and an uninterpretab1e solution for a
nonreadtng battery of neuropsycholog1cal measures.

It may.be that reading measures yield better |
classification solutions than nonreading measures}because ,
there.aretsubgroups'of disabled readers which are more
homdgeneous in their reading characteristigs than_tn their
" nonreading charaoteristics. Greater-heterogeneity of |
nonreading charaoteristicstwould'make it difficult to .
identify homogeneous subgroups on‘the basis of such -
chaﬁgcter1st1cs, part1cularly for small samples In
iadd1t1on even though standardwzed. nonread1ng measures were
based on more d1verse scales of measurement than read1ng -
'measures which may have contrlbuted to the poor
Hclass1f1catlon soluttons | o
Cluster analys1s y1elded more sat1sfactory SO]UthﬂS }V

~ 'than Q factor analys1s. part1cu]arly when app11ed to

'nonread1ng'measures Small samp]e size and the nature of the N

~1‘standard1zed scores may have weakened the app11cab111ty of -

Q factor analys1s in the present study The assumpt1on of
| “ltnear1ty was questtonable L1near dependence among sub jects
- was apparent for reading measures and may have contr1buted
.to the 1nappropr1ateness of Q factor analys1s 1n the present] :
A"study <‘,,0‘ ‘-_5‘f ;e”--n | 1‘f} | R |
| However, the fa1lure ‘to 1dent1fy 1nterpretable

subgroups based on Q factor analy515 of nonread1ng measures

K
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was in agreement with the findings of Doehring et al.
(1981). A major\weakness of Q factor analysls in the present
study was low coverage, ‘which was also a problem with the

Q factor analyses of nonreading measures reported by F1sk
~and Rourke (1979) and Petrauskas'and Rourke (1979). %?“

‘ Overall, the results of the present s tudy confirmed
that statistical classification procedures will identify
subgroups of disabled readers. More satisfactbry’results
were obta1ned for cluster analysis over Q factor analy51s
and for read1ng«measures‘over nonread1ng measures. The
.subgroups formed are discussed‘ln the next two sections.
Flrst results related to 1dent1f1cat1on of subgroups based
on read1ng characterlst1cs will be presented followed by

.f1nd1ngs related to.the 1dent1f1cat1on of subgroups based on

‘nonreading characteristics.

A. Find1ngs Related to the Identificatwon of Subgroups on
the Basis of Readlng Measures | '
. The results of the present study prov1ded support for

the Utlllty of analyses of oral reading errors in assess1ng

,1nd1v1dual'd1fferences-1n the read1ng strateg1es of disabled.

readers The relat1ve frequency of error types among

d1sabled readers in the present study was s1m1lar to the.

f1nd1ngs of Graham . (1980) Hood (1979) and Leslle (1980) In

;.agreement with the f1nd1ngs of Graham (1980) Leslle (1980)
‘and Levy (1977) qual1tat1ve analyses of errors 1nd1cated o

that the d1sabled readers rel1ed most heavwly upon graph1c
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g
and syntactic cues in oral reading and that the majority of.
errors tended'to change'the meaning of the pa§Sage._

‘The quaiitative analysis of oral reading errors was
found to be reliable and sensitive to differences in the use
of grapho-phonic cues and contextua] cuei in the oral
reading o#‘connectedvtext{ High,reliance on\graphO‘phonic
cues appeared to refieot an approach to reading as a
decoding task witg.little attention to meaning.
SelF-corrections were found to_be‘related to passage
oohprehension in agreenent with the findings of Beebe
(1980) . °

The present study permitted“a'limited evatuation of the'
relationship between'reading and spel]ing,among disabled.
“readers. Speiling achievement tended to be 1ou among the.
disabled readers. Overall, half of the soe11ing errors of

the disabled readers were phonetica1ly accurate;'Although
phonetic‘accuracy in spelling was related tovword attack'
sRills, there were no differences in the reading
characteristios of phonetically accurate and phonetically.
inaocurate Spellers Tneee findings.argue against ustng
spelling errors to form subgroups of d1sabled readers wh1ch
are. assumed to differ in reading character1st1cs (e g, |
‘Boder‘ 1973). However the Spe]11ng assessment used in the .f
present study was 11m1ted items weré not seieoted on ‘the -
bas1s of the 519ht vocabulary of 1nd1v1dual subJects and the
“phonetlc regularlty and 1rregular1ty of the words ‘were not

'control]ed 'ﬂ
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Q fector analysis and cluster analysis of 11 reading
measures shared a core of subjects who were placed in ~
similar subgroups. Both statistical procedures formed a
subgroup characterized by the slowest and least proficient
word identification (Subgroup 1), a_subgroup_characterized
by'bigh use of contextual cues but low,oomprehension
(Subgroup 2), and a subgroup chéracterized by high
comprehension (Subgroup 4). A sUbgroUp characterized by low
use of grapho-phonic cues was identified by Q factor
analysis, whereasrhigh grapho-phonjc cue -use characterized
Subgroup 3 of the cluster analysis. Although three subgroups
of each analysis were similar in their maiuvidentifyfng
characteristics; subgroup membership was not identical
across the two statistical procedures and the
characteristics of the subgroups will be. d1scussed
separately The subgroups formed by Q factor analysis of 11
read1ng measures w1ll be d1scussed f1rst followed by the

cluster analysis subgroups

Reading Subgroups Formed by Q Factor Analys1s o

| \\\ubgroup 1 (least prof1c1ent) formed by Q factor.

. analys1s of reading measures was characterlzed by the lowest
’flevel of read1ng éch1evement and poorly developed component
sk1lls for automat1c word 1dent1f1catlon Extremely slow
oral read1ng. hlgh self correct1ons and strivwng for meanlng s
lgcharacter1zed th1s subgroup Nonread1ng character1st1cs
1ncluded_m1xed.def1c1ts 1nvoly1ng cogn1t1ye, l1ngu1stjc and

<
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4

perceptual sKills.

Subgroup 1 resemblied Boder’s (1973) mi xed
dysphonet1c dyseidetic subgpoup in that the readers were the
most severely disabled and had def1c1ts in both the aud1tory
and visual modalities. The bizarre spelling errors of
Boder's mixed subgroup were not characteristic of |
Subgroup 1. Anomia (poor naming) plus poor comprehens1on of
oral d1rectlonsguere characteristic of Subgroup 1 and of
Mattis et al.’s (1975) language disorder. However.

h Subgroup 1 was not a pure language disorder and had’

addttional deficits in visual-motor functioning.‘

Subgqpup,g (context cue users poor comprehenders)
formed by Q factor analys1s appeared to. be comprlsed of

'3t1vely proficient readers who used contextual cues for

,1dent1f1cat1on.;z4a fast rate on passages ofarelat1vely
5 readabiIity However thiSVSUbgroup‘had poor |
rf.rehens1on despite the deve lopment of component word
fdent1f1cat1on skills. Nonreading def1c1ts 1nvolved
{11ngu1st1c skills: whereas th1s subgroup had strength 1n
gv1sua1 motor Funct1on1ng Good performance on several

}f f;language measures 1nd10ated that this subgroup did not have.
}.5{;'an overa]l comprehens1on'dlsorder '

Anom1a plus poor aud1tory d1scr1m1n t1on were ‘

? character1st1c of Subgroup 2 and of the language d1sorder

E subgroup of Mattws et al (1975) The pattern of better uord |
'.1dent1f1cat1on and poor comprehens1on resembled MyKlebust S
:‘f1978)v1nner-]anguagewdyslex1a The global language subgroup

o
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of Satz and Morris (1980) was also low on Similarities, PPVT
and fluency (Uord Associations).

|  Subgroup 3 (low grapho-phonic cue users) was a small
subgroup'unique to the Q factor:analysis procedure and was
characterized by sIow‘oral reading and low graphic and
phonlc s1m11ar1ty of oral readlng errors. The greatest
d1ff1culty appeared to be n qupckly apply1ng c nent
sK1]ls in the oral.reading of connectedutext. Nonreading
deftcits tncluded poor performance~on‘measures of 1ower
’level linguistic skills, particularly those involving speech
production, as wellgas on a Visual-motbr copying task.

~ The poor use of grapho-phonic'cues as well as

difficulty on}tasks invoIving-Speech product ion suggested
stmi]arityvto'the artiCU1atory’and'graphomotor |
| d}scoordination disorder reported~by Mattis et al. (1975).
However,,Subgroup 3 had some phon1c attack skills as

measured by the Woodcock in- contrast to the lack of phon1c

i attack sk1lls-for the Matt1s et al subgroup Anom1a and

{rpoor sentence repet1t1on 'suggested a resemb]ance between
‘Subgroup 3 and Mattis et al.'s" (1975) language d1sord@r or
g’Matt1s (1978) 1nterpretat1on of Denckla s (1977)
dysphonemvc sequencwng d1sorder characterlzed by poor Dwg1t
;Span and sentence repet1t1on S R ‘} |

| Subgroup 4 (h1gh comprehenders) was character1zed by

‘fast oral read1ng\and h1gh comprehens1on However Knowledge

- of spelllng sound correspondence rules was not

‘ wel] developed Th1s subgroup was’ least 1mpa1red of al]
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subgroups on the nonreading measures with'evidence of
.difficuity in Auditory Discrimination in contrast to
strength on a number of language and sequencing tasks.

The overall good performance of éubgroup}4‘suggestedaa (
resemblance to Lyon and Watson’'s {1981) Subgroup 6 which had
a normal diagnostic profile, and to.the unexpected subgroup
of SatZ*ano Morris (1980). However, Word Series and
'Confronfation Naming were impaired for Subgroup 1 suggesting
greater resemblance to Dehckla’s (1977) pure anomia. The
difficulty ih.using-speTlihg‘soung correspondence rules in
‘word identification and in spelling appeared to\be similar
to the phonetically fnaccurate spe]ling which characterized
Boder's (1973) dysphonetic subgroup. | _

Correspondence between the subgroups formed by Q factor
dnalysis of reading measures and subgroups previously ’
reported in the literature was not hfgh.iThe~defiCits,in
Word Series, Confontation Naming and’finger 1oca152ation
(dom1nant hand) for all subgroups, and D1g1t Span deficits
for a]l but Subgroup 4 resulted in most subgroups resemb11ng
Mattis et al.’s (1875) language disorder subgroup in some.
way Subgroup 1 (least prof1c1ent) appeared to have m1xed

def1crts Subgroup 2,(context cue users, poor comprehenders)

-gappeared to be 1mar11y a languagevdisorder Subgroup 3.

(low grapho-pho 1C'cue users) appeared to -have more spec1f1c.
| def1c1ts in sequenc1ng and 1n motor speech movement
"Subgroup 4 (h]gh comprehenders) appeared to have mild ..

.dysphonet1c characterqstwcs

-
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Reading Subgroups Formed by Cluster Analysis

Subgroup 1 (least proficient) formed by cluster
analysis of 11 reading measures was éharacterized by the
lgast proficient and slowest word identification. This
subgroup appeared to be striving for meaning during oral
reading and attempted to use both grapho-phonic and
contextual cués, but was slow in using these cues for word
identification. Nonreading characteristiqs invo]ved.
difficulty on tasks reqﬁiring speed and/or sequential
processing. ‘;

;ubgroup 1's defic{f; on Digit SpqnésQaMing and
sentence repetition resembled Dencklaps’(J977) anomia plus
repetition disorder or Mattis et al.’s (1875) language
disorder. Deficits on Digit Span, Coding and sentence
repetition tdgether with @ minimal VIQ-PIQ split and finger

4 \
localization errors (nondominant hand) of Subgroup 1 were

similar to the de%icits of Petrausgas and Rourke’'s (1979)
Type 2 sequencing.disorder..Subgroup 1 was similar to
Doehring et al.’s (1981) Type S sequgnggng disorder in that
both subgroups had a short Digit Spénl:n& finger
?ocalization difficulties. However, Subgroup 1 é?d not
appear to have the spatial deficits of the Type S sequencing
disorder.
, Subgroup 2 (context cue users, poor comprehenders) read
relatively quickly and appeared (o rely upon contextual cues
to }dentify words during oral réading, but did not monitor

for overall comprehension:. Low scoregg ON VIQ- measures,
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particularly Similarities, appeared to be related to fhe
poor comprehension. However, absence of difficulty on
several language measures provided evidence that there was
no generalized comprehension disorder. Other low scoregl
suggested difficulty ih sequencing, although less
generalized than the sequenéing d{fficulties of Subgroup 1
(least proficient).

Relatively low phonetic accuracy of spelling errors and
the use of contextual cues suggested similarity to Boder's
(1973) dysphonetic subgroup. However, Subgroup 2 showed
greater skill in phonetic analysi; than the dysphonetic
subgroup. Subgroup 2's deficits in naming and Digit Span
resembled Denckla’s (1977) anomia plus repetition disorder.
Poor comprehension in relation to word identification skill
resemb led Myklebust’s (1978) inner language dyslexia.

Subgroup 3 (grapho-phonic cue users) showed relative
proficiency in the use of spelling-sound correspondence
rules in readihg aﬁd spelling, but had low oral passage
compreﬁension. This subgroup was cbaracterized by higher
per formance 1Q scores and lower verbal IQ scores, and had
the largest low VIQ-high PIQ split. Subgroup 3 demonstrated
relative strengths on measures of memory and‘sequenCEng-ih
both the auditory and visual modalities. |

SubgroUp 3 resembled Boder’'s (1973) dyseidetic
subgroup, sharing reliance on phonetic analysis in reading
and spelling. Relative p}oficiency in decoding over

comprehension resembled Myklebust’s (13878) {nner language -
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dyslexia. Low scores on Similarities and PPVT resembled Satz
and Morris’ (1980) global language subgroup, although.
fluency was not impaired for Subgroup 3.

Subgroup 4 (high compreﬁenders) was characterized by
relatively high comprehension and low use of grapho-phonic
cues in oral reading. This subgroup tended to be least
impaired on 1Q measures, with the exception of Amithmetic,
Digit Span and Coding. Strengths in higher level linguiStic
skills were apparent, while lower level linguistic skills
.measured by Word Series and Confrontation Naming were weak.

The low phonetic accuracy in spelling and low
graphd-phonic cue use of Subgroup 4 suggested a resemblance
to Boder’'s (1973) dysphonetic subgroup, élbhough Subgroup 4
may haQe greater sKi]l in phonetic analysis. Again, deficits
in Digit Span and naming resembled Denckla's (1977)‘anomia
plus rebetition disorder. |

The -four subgroups formed by cluster analysis of
readihg measurésJa\l‘Showéd deficits in low level 1inguistic
skills, i.e.; Word Series ahq Confrontation Naming. All but
. Subgroup 3 were impaired ogvDigit Span. Thué, several
subgroups resembled Denckla's (1977) anomia plus repetftion
"disorder. Subgroup 1 (least proficient) appeared to be
uprimgrilyvé sequencing disorder. Subgroup 2'(cbntext-cue
users, poor comprehenders) appeared to have milder |
sequencing deficits as well as linguistic deficits.

Subgroup 3 (grapho-phonic cue users!} appeared to be a mixed

linguistic disorder. Subgroup 4 (high comprehenders)
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appeared to be a low level linguistic disorder.

B. Findings Related to the Identification of Subgroups Based
on Nonreading Measures | _~
The pattern of strengths and deficits on nonreading
measures based on the average performance levels of the
total sample was consistent with previous research findings.
In summary, mbtor per formance, Performance-lo./visual |
sequencing and higher level linguistic skills were least
impaired. Verbal 1Q, lower level linguistic skills, auditory
sequencing and fingef localization wefe most impaired.
Performance IQ test scores tended to be at higher
levels tﬁan Verbal 1Q test scores, with the lowest scores on
.Infdrmation, Arithmetic, Digit Span and Coding. This pattern
has been reported frequently among learning disabled
children and has been described as the ACID pattern
(Kaufman, 1979a, 1978b, 1981; Lutey, 1977; Moore & Wielan,
1981). Exciuding Information, these tests comprise
Bannatyne’s (1974) Sequencing pattern and Kaufman’s (1975)
.Fréedom from Distréctibility pattern.
A large proportion of subjects showed a verbal
" decrement with a low VIQ-high PIQ split, while few subjects
had a high VIQ-low PIQ split. These findingé are,in |
. agrééhent with those of Warrington (1967) and Nelson and
Warrington (1974). -
§?bjects in the present study experiencedcconsiderable

difficulty on language tests. Low levellphonologfcal tasks
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requiring rapid speech production were most impaired. The
widespread difficulty in Confrontatlon Naming 1s consistent
with the f1nd1ngs of Denckla and Rudel (1976) Poor

per formance by d1sabled readers in the rapid reproduction of
series of words (e.g., naming months) has also been reported
by Doehring‘et al. (1981). The involvement of speech on the
rtasks which were most‘impaired for the present sample of
disabled readers may be of crltical importance. Rudel,
benckla and Broman (1978) suggested that there may be a

~ specific relationship of reading to speech or to the greater
mobilization of language functions which speech requires |

There was also ev1dence of 1mpa1rment on h1gher level
l1ngu1st1c SKl]lS among subJectf in the present study,
| although syntactic agd semantic processing d1ff1cult1es were
less widespread than the lower level linguistic.
difficulties.yMany subjects experienced difficulty in the
production and reception of syntactio structures, in .
agreement with the f1nd1ngs of Vogel (1974).

There was cons1derable variability in the language test -
performance of the present sample. Although l1ngu1st1c~
vdeficits were‘prevalent, generalized language impalrment did:
not characterize all disabled readers. Doehring et al. |
(1981) also reported variability in language test
per formance among d1sabled readers ’ |

The well developed v1sual attentlon span and poor
auditory sequential hemory of the present sample was s1m1lar

to the pattern of»performance of dlsabled’readers reported
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by Doehring et al. (1981)5 Verbal sequential pfbceSSing
difficulties were evident for large numbers of subjects on
several language'tests. | |

Motor per formance was average for the present‘sample..
Right-left discrimihatioh and finger localization were
per formed poorly‘by many subjects. A relationship between
'diffiCU}tyvin finger localization and reading problems has
been reported by others (e.g., Benton; 1975;'DeHirs¢h; '
. dansky & Langford, 1966; Doehring ef al., 1981; Satz,
Taylor. Frlel & Fletcher, 1978) . _ o

As a group, the subJects in the present sample could
not be descr1bed‘as a behav1our-problem or hyperactive
'.group There was consxderable var1ab1l1ty in classroom
behav1our with - Inattent1ve Pa551ve behaviour reported most
frequently by teachers. .

‘There was an overall lack of sex differences in'thé
present:stu&y. Teachers rated boys.significantly more poor ly
than girls on sca]eé'asseSSing Conduct PfoblemS'and‘
Hyperactivity;.The on]y'signifipant sex gifferenCe;in'tést
Vpérfbrmancé involved Verbal 1Q (Infbfmétion) and fdvoned the
béys This finding is in‘agreement'with'tﬁose of Cahﬁing.~'
Orr and Rourke (1980) who found only one s1gnvf1cant K ’
d1fference between read1ngﬁd1§abled boys and’ girls. Th1s
différencé alsb inQo]ved é lanQQége'measgre'(PPVT)and'
favored the boys |

The varxab1l1ty in performance among the dlsabled

._readers on the nonreadxng measures prov1ded ev1dence that

»
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disabled readers are not homogeneous tn'nonreading
characteristigp. HoWever; the jdentjficatlon of subgroups
usihg'statistical classificatlon'procedUres and nonreading
measures was not highly suc;essfulrtn the present study, as

will_be‘discussed in the next section.

o
‘ Nonreadlng Subgroups Formed by;Cluster Analysis
Five'subgroupsrwere formedfby cluster analysis of four
nonreading factors. Subgroup.1 (average performers)'was,at
or aboVe“the sample populatiOn mean on all four‘honreading ‘
factors indicating relative proficiency in linguistic,
sequencing and perceptual skills. This subgroup appeared’to
‘use the complex of cues available in readtng connected text.
' The general . absence of 1mpairment on .nonreading
measures suggested that Subgroup 1 was 51mtlar to the
unexpected subgroup of Satz and ‘Morris (1980) and the norma
pPOfl]e Subgroup 6 of Lyon and Watson (1981), both of which
- were free of 1mpa1rment on the sk1lls assessed However, as
with the other four nonreading subgroups Subgroup 1
performed at Tow levels on the‘Confrontatlon Namtng and WOrd
bASertes tests The namlng d1ff1culty 1n the absence of other
:deF1c1ts resembled Denckla s, (1977) purecanomla |
Subgroup 2 was low on the Memory/sequenc1ng factor and
'”relattvely Tow on the Verbal factor Thts subgroup appearedcg
to use the complex of cues avallable to 1dent1fy words 1n “
"connected text but read easy passages w1th poor |

comprehen510n Nonread1ng deftcits included low vIQ and
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Grammatic Closure and poor performance on aud1tory and,
part1cu1arly. visual sequen01ng tasks.
Deficits in naming and Digit Span resembled Denckla’'s

(1977) anomia plus'repetftion disorder. Tne visual memory
“and sequencing problems end specific verbal deficits
‘sUggested a mixed djsorder}-although unlike those described
previously in the ]iferature. f

| ‘Low use of COnte§tuel_cues and little,attentfon to the
Vmeaning of whéé was being read»were found for Subgroup 3,
. which was lowest on the Verbal factor and high on the |
‘Audltory sequenc1ng factor The use of contextxand
mon1tor1ng‘for mean1ng thus appeared to be related fo higher
level linguistic skills rather than to lower Tevel audﬁtoryv
‘sequencing skills. Subgroup 3,showed'the,greatesl fecjlify
-in using spelling?sound correspondence.rules in reading and
Spelling in conjuncfion with'high scores on the Auditory
'sequenc1ng and Memory/sequenc1ng factors po1nt1ng to a
relat1onsh1p between memory and sequenc:ng skills and the
-grasp of Spell1ng sound correspondence rules. Th1s subgroup
- was unusual in 1ts sex d1str1bution con31st1ng of six g1r15'
and two boys . Thus, a]though,there were fewpsex d1fferences
in the presentfsfudy3 sex may be imoortant in o “
'differentiafing:anong some subgroups of'disabjed readerSJ

The. phonet1c analys1s skills of. Subgroup 3 resembled

'LBoder s (1973) dyse1det1c dyslex1a The relatxvely hlgh
‘decod1ng skills and Tow comprehens1on skills of Subgroup 3

‘ were slmnlar\to Myklebust3s (1978) inner 1anguage}dyslex1a.

- "
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,SubgroUp 4 was small and had high verbal abilities but
low visual/spatialIebilities. The higH verbal skills may.
have contributed to the reliance on contextual cues in
: reading‘chnected.text observed for Subgroup 4.>Poor<spatial
abilities may have contributed to the low use of
grapho-phonic cues, the frequency of letter and word order
reversels and omfssions which suggested limited attention to
the visualrconfiguration and spelling patterns of written
text. | |

This small subgroup conf1rmed the ex1stence of the
unusual prof11e of v1suopercept1ve def1c1ts among a small
. number of dwsabled readers. This subgroup was comparable to
the visuospatial percepiualsdisorder (Denckla, 1977;
Mattis et al., 1975). the visual-perceptual motor subgroup
(Satz & Morris, i980) and Lyon and Watson’'s (1981)
" subgroup 4. | ' |

Low scores on measures of word attack, phonetic
accuracy of spelWing errors, oral reading speed and word
1dent1frcatlon obtalned by qugroup 5 (low Auditory
.sequenc1ng) suggested a relaﬂlonsh1p between aud1tory
sequenc1ng sk1lls and the eff1c1eht app11cat1on of
spe}l1ng‘sound correspondence rules. Poor passage
.comprehenSion together with relatively Iowuperformance on
‘Tboth?tpe‘Verba] factor and the Auditory sequencing factor
suggested that comprehension was related;to lihguistic :,J\

skills.
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Subgroup 5's deficits in naming, repetition and
comprehension of oral directions reeemb]ed-Denckla's (1977)
mixed language subgroup and Mattis et al.’s (1975) . language
disorder. Low VIQ-high PIC. poor comprehension of oral
directions and poor sentence repetition also characterized
Petrauskas and Rourke’s (1979) Type B conceptual flexibility

subgroup. : ’ |

The interface between reading and nonreading
characteristics of the five nonreading subgroups indicated
complex relationships, particularly between reading
comprehension and linguistic skills and between the grasp of
.spelling-sound correspondence rules and sequencing skills.
Although all subgroups had low 1evel ltngu15t1c deficits,
better comprehens1on \ended to be assoc1ated with h1gher
performance on the Verbal factor.’ Aud1tory sequencing skills
‘appeared to be related to the speed of oral reading and the

use of spelling-sound correspondence rules.

C. Findinge Related to the Interface of Reading and
Nonreading Characteristics |
The Tow correspondence of subjects across reading and
‘.nonread1ng subgroups 1nd1cated that the patterns of read1ng
test character1st1cs def1n1ng subgroups did not correspégd
d1rectly and simply to patterns of nonreadlng test -
,performance whlch def1ned other subgroups. The mos't

conswstent correspondence appeared to be between h1gh

_comprehenders (Readtng Subgroup 4) and average performers
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(Nonreading Subgroup 1). The Auditory sequencing factor
appeared to be related to proficiency in word
identification: the least proficient readers corresponded
most highly to Subgroup 5 (low Auditory sequencing)s while
the grapho-phonic cue users who were relatively proficieﬁt
~in using‘sbelling-sbund correspondence rules correspénded
mosthigﬁ]y to'éhbgroup 3‘(low Verbal, high Auditory
sequencing) . | L

Consistent relatioqghips among reading'and nonreading
variables across the suggroUps formed by three
classificatiéhvana1yses were examined. The four subgroubs
forméd by Q factor analysis of 11 reading measures will be
referfed to as QR, along with the number of the subgroup
(e;g&i QR1). The four subgroups fbhmed by clpsfer analysis
of reading measures will be designated CLR, and the five
nonreading subgroups formed by cluster aﬁalysis,o¥
nonreading. factors will be CLN.

Similarities were notéd amohg subgroups @R7 (least
proficient), CLRT (least proficient) and CLN5 (low
Audftory/sequencing).uThése»subgréups appeared-tO"bé .
9omprised of~fhe 1eést proficientvifaders indicated by fow‘(
levels of performance on the Woodcock tests and the low.
~read§pflit¥gof”the passages read ofa]ly; S1ow'ora?-reading

_épeed and low spe]ling}achiévemen{ also éharacterized these
subgrqups, The SeQere reading deficits were assbciated_with
Tow VIQ, ‘low Grammétic Closure, low Digit Span and slow

Confrontation Naming. Lﬁnguistic pfob}ems. including anomia .
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:,ntacttc difficulty, and auditory serial memory '

Vthus appeared to be associated w1th severe deficits
iaspects of reading, 1nclud1ng word

;tipn, word attack and speed of oral reading.
‘t(high comprehenders), CLR4 (higd.compreh nders) and
gteverage performers) shared similarittes'in eading and
5?ading characteristics. All subgroups had relatively

; comprehension of difficult oret reading passages which
{e read with relatively good speed. All three subgroups,

‘% among the highest levels of VIQ and PIQ, the highest |
;es on PPVT -R and fast performance on Trail-making B.

v strengths in cogn1t1ve 11ngu1st1c and visual
perceptual funct1on1ng appeared to contribute to the
'”upment‘of strategles for comprehend1ng written text.

‘ .remainingvsdbgroups showed fewer similarities in
thédand nonreading performapce. However , wjthin'eech

subgroup there appeared to be‘reiationships,among these

'

. 3 ) ‘
characteristics.

D. Cope1usions Related to theISpecificlOUestiens of Intereet
in the Present Study | |
Ouestton 1: Can 1nternally valfd subgroups of d1sab{ed
readers be 1dent1f1ed on the b351s of readlng
characteristics us1ng ob3ect1ve stat1st1cal c1a551f1cat10n
-procedures’ | - |

The results of the present study conf1rmed that

' d1sabled readers drawn from a school populat1on could be

A}
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“empirically classified into subgroups on the basis of

reading measures. Sixty-Seven percent of the Ag-subjects

were clas$1f1ed in four subgroups by Q factor analysis while

all subJects were classtfled in four subgroups by Ward's .
h1erarch1cal cluster analys1s followed by an iterative
relocation procedure Cluster analysis thus had hlghep/////k‘f?f\
co;erage than Q factor analysis. The subgroups formed by |
cluster analysis had greater stability~than‘the Q factor
analysis subgroups under data‘manipulation which involYed
the addltion‘of reading and spelling variables to the -
analyses. Graphic presentations demonstrated the
distinctiveness of all 5ubgrOUps across the classiftcation
variables and thhs supported their internal validity.
Stat1st1cal measures of 1nternal val1d1ty evaluat1ng the
d1st1nct1veness of the subgroups on the cla551f1cat10n
'var1ables prov1ded greater support for the 1nternal val1d1ty
®f the cluster analySJS subgroups than for the Q@ factor
analys1s subgroups . | |

| ‘The cluster analys1s sogut1on was preferred over  the

Q factor analy51s solut1on because 1t had greater coverage
' and stronger ev1dence of 1nternal val1d1ty In contrast
Doehrtng et al (1981) preferred Q factor analysis over
cluster analy51s 1n der1v1ng subgroups on the bas1s of
'readtng and read1ng§ﬁelated sktlls for a clinic sample of
disabled readers lh the preseht study, the assumpt1on of -
ltnear1ty was quest1onable and the subJect var1able rat1o

was_htgh. These factors may have - l1m1ted the appropr1ateness‘
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of Q factor analysis (Satz.& Morris,.1980) and contributed
to the better solution found uith cluster analysis which is
more robust in the presehce of departure from ]1nearity’
(Lyon. in press) |

Ouestlon 2; Do subgroups of disablied readers identified
on the basis of read1ng character1st1cs have external
validity (a) aga1nst readlng and Spelltng measures, and (b)
aga1nst nonread1ng measures° o u

(a) Cluster analysis subgroups showed greater external
.valid1ty than Q,factor analysis subgroups when evaluated
~against reading and spetting measures external to the
ctassifiCattoh measuresJ The cluster analysis subgroups
' differed signffﬁcahtly on six of 12 measures whereas the
Q factor ana]ysas subgroups d1ffered stgn1f1cantly on only
three of these measures. The smaller sizes of the Q factor ‘
analysis subbroups may "’ have contrtbuted to the few |
fs1gn1f1cant dtfferences as large d1fferences are requ1red to
reach significance w1th small subgroups

(b&,When evaluated agatnst externa] nonread1ng
measures’ the externa] va]tdtty of subgroups formed on the
‘zba51s of readtng(measures recetQZd weak stat1st1cal support

' The four subgroups formed by Q factor analysts d1ffered

s1gn1f1cantly on Codtng, BVRT copy1ng aﬂE Tens1on Anx1ety as

"4rated by teachers The four subgroups formed by cluster

analysis dtffered s1gn1f1cantly on Stmzlar1t1es._Cod1ng,ﬁ.
-Tra11 maK1ng A and Flnger tapp1ng (domlnant hand) * The sma]l

512es of the - subgroups may have contr1buted to the fallure

o
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to find strong statistical support for the external validity
of the subgroups. ¥onsignificant trends pointed to a complex
relatidhship betwgen the reading and nonreading
characteristics of these subgroups .

Ouéstion 3: Can internally valid subgroups of disabled
readers be identified on the basis of nonreading
characteristcs using objective statistical classification
procedures? “

Q factor analysis of nonreéding measures faf]ed to
identify {nterna]]y valid subgroups. Q factor analysis
§olutions had low coverage, double positive loadings, high
negative loadings and were highly variable for different
groups of nonreading measures.” These findings were in
agreement with Doehring et al. (1981) who reported that
interpretable subgroups of disabled readers were not
1dent1f1ed by Q factor analysis of a large battery of
neuropsychologlcalumeasures. Q factor analyses of nonreading
measures also had low coverage -in studies by Fisk and Rourke
{1979) and Petrauskas and qurke (1979). Q factor analysis
was limited in the present %gbdy by the small sample size,
the high subject: variable rat1o and the questionable
assumption. of linearity.

Cluster analysis is more robust than Q factor analysis
and the assumption of linearity is notsas important (Lyon,
in press) Cluster analyses of nonreading measures
" identified subgroups of disabled readers in the present

@

study. The internal validity of the subgroups was not
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strongly supported by data manipulation which indicated
considerable instability of the subgroups identified.
However, discriminant function analysis and analyses of
variance indicated that five subgroups formed by cluster
analysis of four factor scores were distinctive across the
four dimensions used in the classificaiion: Verbal, Auditory
sequencing, Visual-motor/spatial and Memory/sequencing.

Question 4: Do subgroups of disabled readers identified
on the basis of nonreading characteristics have external
validity (a) against nonreading measures external to the
classification measures, and (b) against reading and
spelling measures?

(a) The subgroups formed by clustef analysis differed
significantly on many measures of the nonreading baitery.
External validity against nonreading measures was thus
suppor ted.

(b) There was weak Statistical support for the external
validity of the‘cluster analysis subgroups evaluated against
reading and spelling measures. However, there were trends
which suggested relationships between reading and nonreading
characteristics of the subgroups. The subgroups differed
significantly on oral reading measures of comprehension and
the Meanfng scale. Post hoc comparisons did not reach
significance for the Semantic acceptability scale. The small
sizes of the subgroups may have contributed to fhe few
significént differencgs and weak support for external

validity. When nonsignificant trends were considered as
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well, differences in nonreading characteristics appeared to
be related to differences in reading and spelling
characteristics. -

Question 5: Are there systematic relationships between
reading characteristics and nonreading characteristics of
disabled readers?

The correspondence between subgroups formed on the
basis of the two kinds of data_was’low. Thus, reading
subgroups did not inter face simply with nonreading
subgroups. There was no direct association between the
patterns of reading characteristics identifying subgroups
and the patterns of nonreading charactéristics which
identified other subgfgups. These fihdings were in- agreement
with Doehring et al. (1981) who reported that the
relationship appears to be a complex interaction:

The present study provided support for the view that
there are subgroups of disabled readers which differ in
reading and nonreading characteristics. Reading subgroups
did differ on some nonreading measures which, together with
nonsignificant differences, éppeared to be related to
differences.in reading characteristics among the subgroups. |
Conversely, nonreading subgroups were found to differ on
reading measures which appeared to be related to differences

.on nonreading measures.
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E. Recommendations

The writer recommends caution in inferring patterns of
nonreading characteristics on the bas%s of observed patterns
of'reading characteristics and conversely, in inferring
reading éharacteristics based on observed patterns of
nonreading behaviour. The relationships are complex and
ill-defined at present.

The writer recommends continued research which
systematically compares and evaluates clgssifiéétion
procedures. As yet, suéh procedures cannot be applied with
confidence. Classification studies should include evaluation
of coverage, internal vé]idity and extarna] validity.

In view of the findings_of the bresent investigation,
the author would recommend a replication of the study with
several changes:

(a) Sample size should be increased to increase the
stability of statistical procedures and to4permit(
cross-validation across subsamples. |

(b) Characteristics of the sample should be changed. A
wider range of re;a%hg deficits, particularly of severe
" deficits, in word necognitién and/or reading comprehension
should be included. Large numbers of boys and girls should
be inc]udéd to permit sex comparisons. Several age ranges
should be included to allow evaluation of possible
‘deve lopmental differéﬁces in the patterns of reading and
nonreading characteristics of éubgroups. A clinic sample

“might be included to evaluate the possibility that subgroups



234

of disabled readers may be more clearly defined within a
clinic sample than within a public school sample.

(c) A large sample of normal readers should be included
so‘that test means and standard deviations of the ndrmal
sample could be used to calculate standard scores fd%}the
reading disabled sample. R factor analysis of the nonréading
test performance of the normal sample chld yield factor -
loadings to be applied te the scores of the disabled readers
to yield factor scores which reflect the nonreading |
dimensions assessed. Di‘a from the normal saﬁple could be
used to facilitate interpretation of the profiles of the
disabled readers which c9uld be combared to the average test
per formance of a sample of normal readers.

| (d) Changes in the Féading and spe1ling test battery
should be considered. More precise measures of comprehension
should be included. Inclusion of both instructional anq
frustration level passages for oral reading analysis wgyld
. permit assessment of the flexibility of reading strategjes
& among subgroups of disabled readers. A spe1ling test whigch
contains equal numbers of phonetically regular and irregdiér
words equated for 1éngth and fémi]iarity would improve thé\\
QUalitatfve'assessment'of spelling errors.

(e) Changes to the nonreading battery would include a
standardized test of arithmetic.achievement and measures
which have strong construct validity. -

(f) A questionnaire should be completed by classroom

teachers, resource room teachers and special class teachers
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to provide information about the curriculum, reading
materials, reading skills and stratggies being emphasized at
the time of testing. This information could be used to
evaluate the possible influence of classroom experience on
tﬁe strategies used in oral reading.

| It is recommended that responses to remedial strategies‘
be evaluated ‘for subgroups identified in‘cﬁassifica{ion
studies. Differential responses by the subgroups to remedial
programs would prbvide crucial support for the validity bf
the subgroups and the utility of the classification system

for research and treatment.
- ‘ C»
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APPENDIX A: Operational Definitions Of Error Categories'

OMISSION:
. An omission of one or more text words.
ENSERTION: , :
An. insertion of one or more words
. between two text words.
WORD ORDER REVERSAL: .
Word order changes (e.g., put the tent
up/put up the tent).?
LETTER ORDER REVERSAL:
Substitution of a word containing the
same letters as the text word but in a -
different order (e.g. barn/bran).
SUBSTITUTIONS:
Same Stem:
Substitution of a word containing the
same stem as the text word (e.g..
walking/walked) .
Same Affix: 7/ S
Substitution of a word containing- the
same affix as the text word (e.§.,
unk ind/unkempt , hopped/ jumped) .
Other Meaningful:
Substitution of a meaningful word if the
substitution cannot be categorized as
same stem, same aff ix or letter order
reversal . ’
Nonsense: '
Substitution of a part of a word or a
nonsense word (e.g. pra-/pride,
strampled/stumbled).

TOTAL ERROR SCORE:
Sum oft the above categories.

ADDITIONAL ERROR CATEGORIES: . .

Repetition:

Repetition of one or more words.

Self-Correction:

Spontaneous successful self-correction

of an error.
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1. The definitions are adapted'from Hood (1975).
2. The error precedes the diagonal line and

the related text is in jtalics.
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APPENDIX B: Description Of Tests

I. ACADEMIC ASSESSMENT

A. READING

Woodcock Reading Mastery Tests (Form A) {Woodcock, 1973):

Word Identification:
The child is required to identify words presented in
Ucontext—free lists. Requirement:-Sight vocabulary.
Scofe:‘Achievement Index.

Word Attack:

The child is required to pronounce nonsense words
ranging in length from one syllable to five
syllables. Requirement: Word attack sk{als, i.e.,
phonic and structural analysis skills. Score:
Achievement Index.

Pagsage'Compnehension:
A cloze procedure is used. The child is required to
silently read séntences from which a word has been
deleted.and to respond with the missing word.
Requirements: Comprehension of connected text.
Score: Achievement Index.

B. SPELLING

Edmonton Spelling Ability Test:

The child is required to spell words (written

responsﬂi of increasing difficuliy. Each word is
rgpeated\twicé and is alsq,presehted in sentence
context. Requ?rement: WPwtteﬁ'spelling of regular

and irregular words. Score: Grade level equivalent.

N .Y 253 -,
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. {Note: The phonetic acchracy of the syllables of the

words was also analyzed).

s

11. NONREADING ASSESSMENT

A. INTELLECTUAL

Wechsler Intelligence Scale for Children-Revised? (WISC-R)

(Wechsler, 1874):'
Verbal Tests:!

Information: The.child is required to answer

gquestions tapping information acquired as a result
of native ability and early cultural experience.
Requirement: Range of knowledge and long-range
memory .

Comprehension: The child is required to answer

questions dealing with situations including the
body, interpersonal relations and societal
activities. Requirement: Social judgement, social
conventionality or common senseAand the meaningful
and. emotionally relevant use of facts.

Arithmetic: The child is required to solve orally

presented problems involving the use of standard
arithmentﬁc operations - addition, subtraction,
mulfiplication and division. Requirement: Reasoning
ability, numerical accuracy in mental arithmetic, |
concentration,'attention and memory .

Similarities: The ch:ld is required to articulate

.the basis on which a pair of objects or concepts are

R et i

'The descriptions are taken from Sattler (1974) Scale
scores were used for each subtest. ‘
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related. Requirement: Verbal concept formation and:
logical thinking. '

Vocabulérx§ The child is required to articulate the
meanind\oflw$rds. Requirement: Learning ability,
fund of in%ormation, richnéss of ideas;.memory,
concept fo}mation and language development.

Digit Span: The chifd'is required to repeat series

T

of numbers of increasing length. The repetition of

Digits Forward and of Digits Backward are included.
Requirement: Attention and short term memory. ~
Performance Tests: J

Picture Completion: The child is required to

discover what is missing in each of * 20 drawings
within a 15-second time limit. Requirement: The
ability to differentiate essential from nonessential
" details. concentration, reasoning and visual
¥ organ1zat1on

Picture Arrangement: The g%gﬁdg@s requ1red to

arrange a series of pictures into a meaningful
sequence. Credit is given for speed. Requirement:
ﬁﬁ“ 'Interpretat1oq of social situations. nonverbal
reasoning ability and planning ability.

Block Design: The child js required to arrangetred

and white surfaced blocks to produce designs shown
on cards. Credit is given for speed. Requirement:
Visual-motor coordination; perceptual orgaﬁﬁzatidﬁ.

spatial visualization, abstract conceptualizing
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ability and analysis and synthesis.

Object Assembly: The child is required to complete

four jigsaw puzzles. Credit is given for speed.
Requirement: Visual-motor coordination and
perceptual organization ability. - |

Coding: In Coding B (age 8 and over), the child is
required to write symbols shown in a sample in boxes
that contain a number in the upper part and an empty
space in the logwer part. Requirement: Visua]-motdr
coordination, speed of mental operation and short

term memory.

B. LANGUAGE

Peabody Picture Vocabulary Test-Revised (PPVT-R) {(Dunn &

Dunn, 1981) (Form M):

The child is required to choose one of four line

drawings which is most appropriately related to a

. word spoken by the examiner. The tg;t booklet

co?tains 175 sets'of drawinQS'associatéd with words
of Yincreasing difficulty. Requirement: Associaiing a
visual picture with a Spoken wond;\receptive
vocabulary; semahtic Eeception. Score: Standard

score.



I11inois Test of Psycholinguistic Abilities (1TPA) (Kirk,

McCarthy & Kirk, 1968):

Grammat ic Closure:
Thirfy-three orally cresented items are_accompanied‘
by pictures which portray the content of the verbal
expreesions. The child is requ{red to finish an
incomplete statement about the picture. Requirement:
The ability to use the redendancies of oral ianguage
for handling syntax and grammar; expressive syntex.
Score: Scale score. %

Sound Blending:

| The child is requirea\{c tell what a word is when.
the sound; of ﬁﬁé word are spoken singly at |
'half-secend intervals. Requiremenf: Synthesizing .the
separate parts of a word to produce an 1ntegrated
whole: phonem}b synthesis. Score: gcale score.

& | :
Clinical Evaluation of lLanguage Functions'}CELF) (Semel & -

wiig, 1980): g -

#1: Processing Word and SefienCe Stggctupas:

| " The child is required to chccse o&e of four pictubesf
which prov1des an accurate p1ctor1a1 representatwon
of the mean1ng of a st1mulus sentence spoKen by the
examiner. Each distracto; p1cture features a minimal
gcammaticel”contrast,wﬁich }hflhe&ces the meaning.
Requirement:_Prccessing and interpreting selecfed

"wcrd’and sentence structgres;‘syntactical

processing.,Score:‘Percent correct. ¢
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#4: Processing Relationships and dmbiguit ies:

The child is required to respond "yes" if a
statement is true and "no" if it is false. The 32
statements are logico-grammatical and ambiguous
statements which contain comparative, passive,
temporal-sequential, familial and analagous
relationshiﬂs, and idioms and metaphors, and
proverbs. Requirement: Processing and interpreting
logico-grammatical and amb%guous sentenées; semantic
and syntactic processing and memory. Score: Percent

| correct .

#5: lPr‘ocessing Oral Directions: 7 \ e

The child is shown stimulus arrays of shapes varying

in colour and size and is required to point to the

stimuli executing oral commands of increasing length
and complexity. Requirement: Interpretation, recall
and execution .of oral commands of increasing length
and complexity. The aspects of language processing
assessed include thl reteﬁtion and recall of verbal
directions oftincreasinb length; the anélysis.

" synthesis and recall of édjectiye sequences of-
increasing length; the,intérpretatioﬁ and recall of
serial position; and the interpretation and recall
of left-right spatial orientation. Score: Percent
cdrrect. a

#7 : Pnoduci ng Word Series: o .

The child is required to recite the names of the
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days of the week and the names of the months of the
year as quickly as possible. Requirément: Accurate,
fluent and quick recall and producf3oﬁ of
automatic-sequential word series; semantic
production. Score: Accuracy (% correct) and speed
(number of seconds) summed over the two series.

#8: Producing Names on Confrontation:
The child is required to name as quickly as possible
three sets of items: colours, forms and colour-form
combinations. Reguirement: Accuracy, f luency and
speed in naming stimuli on confrontation;
difficulties may indicate word-finding problems
_ {dysnomia) and/or retrieval problems.and speed\may
indicate articulatory-motor functions. Score:
Accuracy (% correct) and speed (nQﬁber of seconds) .
#9: Producing Word Associations:
_The child is required toﬁﬁay gmes\of as many foods
-as possible within 60 secén S, and‘then of animals
in another 60 second period. guir t: Fluency
and flexibility in identifying and/i:ii>eving
‘memberé of a semantic class, speed of/;dentification
and retfiéval of semaﬁ£¥€a14y\gglafgd words and the
use of associative grouping strategies in wOrdl
identificafﬁon and retrieval; semantic production
and recall. Score: Total numbér correct summea over

the two categéries.



260

#10: Producing Model Sentences:
| The child is required to repeat sentences of
increasing length and complexjty. Twenty-three
sentences are structurally and semantically
acceptable:. seven sentences violate syntactic
structure or semantic consistency. Requirement:
Retention and recall of sentence structure; pfobes
adherence to word meanihg and predictability in
immediate sentence recall. Score: Percent correct.
#12: Procéssing Speech Sounds: |
The child is required tgﬂdecide if two words spoken
by the examiner are the same or different. Sixty:
word pairs are presented (29 samé; 31 differ by one
.phoneme). Initial and final consonants, consonant
- blends, vowels and dipthongs are represented.
Rquirementa Disbrimination between speech sounds
(phonemes) in minimally different word pairs;
phonological processing. Score: Percent correct.
C. MEMORY/SEQUENCING

WISC-R Digit Span; see description giveh above.

CELF #5, #7, #9, #10: see descriptions given above.

Knox Cube Test (Arthur, 1947):

The examiner touches a series -of four wooden blocks v
in a certain order and the child is required to

touch the blocks in the same order. Two
administrations are given, the second admiﬁistfation

being an adaptation from Corkin (1974). In the first
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administration, the child is required to recall the
sequence immediately. In the ‘second administration,
a ten-second delay is introduced. Requirement:
Immediate and dela;ed recall of visual nonverbal
sequénces (note: the delayed condition may involve
rehearsal strategies). Score: The number correct
under immediate recall, the number correct under
delayed recall, and a Mental Age Score conversion of

the immediate recall score.

Benton Visual Retention Test (BVRT) (Benton, 1963):

Adminiétkation C:

The «child is required to copy two single figures and
seven three figrue designs. Requirement:
Visual-motor integrétion. Score: Number correct and

the number of errors summed across the designs.

Trail-making ‘Test (Reitan, 1958):

Form A:

Form B:

The child is required to connect by a pencil line 15
.numbered circles in the correct seguence.

Requirement: Sequential identification of numbers

“and rapid coordination of visual identification with

a simple motor response; visual scanning; sequential
processing. Score: Time required to correctly

complefe the'sequence;

The child is requifed to connect by a pencil line 15

" circles containing the numbers 1 to 8 and the
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»

letters A to G, aiter%ating in a number-letter
sequence. Reqguirement: Rapid alternation of éymbolic
systems; rapid coordination of complex seduenfial
visual identification-with a simple motor response.
Score: Time required‘to correctly complete the
sequence.

Rhy thm Test"(Seashore, Lewis & Saetveit, 1960):

The child is fequired to make. a gudgement of "same”
or "different” for each of 30 pairs of rhythmically

L patterned pure.tones(presented by tape recorder.
Requirement?’ Discrimination of rhythmic similarity;
nonverbal auditory perception; retention of pairs of
sequences to make a judgement of similarity. Score:
Number correct. '

.D. PERCEPTION <

Auditory:
- CELF -#12:

Processihq Speech Sounds: see descriptions above.
Verbal auditory‘pgrbeption of speech sounds;
Rhythm Test: see descriptions above.
Nonverbal auditory pefbeptjon.
Visual: |
WISC-R Performance. Subtests: see descriptions ébovel
Trail-making Test:‘éee description above.
Benton Visual Retention Test (BVRT) (Benton, 1963) ;"

Administration A: Two si@g]e figure and seven three

figure designs are exposéd for 10 seconds and the

' ) ‘
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child is requ1red to reéall them 1mmed1ately by

drawing. Requlrement Memory for nonxerbal

meaningless visual designs; motor\dréang‘response;

visual-motor integration. Score: Numbér correct and

number of errors summed ecross the designs.
Right-left Discrimination Test: ' |

The child is required tb identify his own body parts

(eyes open, eyes closed) and those of a picture of a

boy in terms of right-left orientation. Requirement:

Spatial orientation. Score: Number of errors.
.Tactile: 5.

A

Finger Localization (Reitan, 1965): .
" The child is required to 'identify the ftnger touched
'by the examiner out of the chi]dts view. The child
designates which ftnger was. touched b; pointing,to
it with theﬂother handu,Each finger of the dominant’
hand is. touched four 1he§ f” a' specified order. The

procedure 1s then repeatedﬁ?br the nondominant hand.

Requirement ;. Tactile perpeption{ simple recognition.

Score: Number of errors with the dominant hand and

N
number of errors with the nondominant hand.

Finger-tip Number Writing (Reitan, 1965): w

The examiner draws a number on the child’s 'ﬁ%

finger-tip with a penc11 and the ch1:;ffyv;5. i

to 1dent1fy the number on the bas1s ;ﬂf_i@xy'”

)

The numbers 3, 4, 5 and 6 are drawn'1n"random order

on each f1nger of the dominant hand and then of the

R

»
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nondom%nant hand. Requirement: Tactile perception,
simple discrimination. Score: Number of errors with
the dominant hand and number of errors with fhe
non-dominant hand. .

‘E. MOTOR

Dominance Examination:

The child is required to demonstrate the hand used’
to throw a ball, etc. Requirement: Demonstration of
preferred hand. Score: Total number of acts

performed with the preferred hand.

Finger Tapping (Reitan, 1959):

The child is required to tap a mechanical counter as
rap1dly4§s possible with the index f1nger on five

tr1als OF ten seconds each. The task is penformed

_ with the dominant hand and then the nondom1nant

Grooved

hand. Requirement: Gross motor movement, rapid

repetitive movement. Score: Mean number of taps per

/
10 seconds for the dominant hand and for the’

nondominant hand.

Pegboard Test (Matthews, 1977):

The child is required to insert 25 grooved pegs into

" a pegboard by matching the groove of the peg with

- the groove in the holes in the board. The task is

completed w1th the dominant hand and then the

nondom1nant hand Requ1rement F1ne man1pu1at1ve
speed and coord1nat1on, speeded v1sua1 motor

cooordjnat1on Score Time requ1red with the
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dominant hand and time required with the nondominant
hand. |
F. BEHAVIOUR RATINGS

Conners Teaéhér Questionnaire (Conners, 1969):

‘The teacher rates the child on 39 questions related
to classroom ?ehavioﬁr.on a scale of 0 to 4: Not at ‘
all, Just a little, Pretty much, Very mucﬁ. The
ratings are then grouped to form five scales
assessing Conduct Problems,’7nat$entive-Passive

\thaviour. Tension-Anxiety and Hyperactivity. Score:

Percent on each scale.
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the passages were adapted.. .,

APPENDIX D

® . Oral Reading Passages?

&

2The subject's éopy‘bf the pagsége had the type sizé; 1ine'

length and spacing appropriate for the readability level of

the passage as found in the published materials from whic

268
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APPENDIX D: Oral Reading Passages

LEVEL: PRE-PRIMER? . -
TOTAL WORDS: 279 - 14 (Joe) = 265 _

"] see a goat!" said Joe. "Hello, Goat! How are you? 1
see you. | like you. Be my goat. Dad will like you. So will
Mom. Come with me.”

"Dad! Dad! Look! Look! See my goat! Can I keep him? Can
he stay in my room! Please!” "A goat?” asked Dad. "No! No!
Not a goat! Not in the house. Goats are not clean.” Dad
said, "No goats for pets! Not here. Not in my house.”

"Please!” said dJoe. "1 like him. I want to keep him.
Please!” "No!" said.Dad. "No! No! He is.not clean. He is
loud. He will break things. No goats!”

' “please!” said dJoe. "I will wash him. He will be guiet.
He will be careful. Please! Let him stay. Mom! Mom! Can he
stay?” "No!" said Mom. "No goats”.

Joe was not happy. He wanted a pet. He found a pet. It
was a goat. Mom said, "No.” Dad said, "No! No! No!" No goat
for Joe. ‘ .

~ Joe heard a sound. He looked around. It was a dog. A
little dog! Joe patted the dog. "Hello!" Joe said. "I like
you." "Bow-wow!" said the dog. "Nice dog!" said Joe. "Come
with me. Be my dog. Be my pet.” “Come, Dog!" said Joe. " Come
with me. 1’11 take you home, Come! Come!’ '

- Joe walked home. The dog walked with him. "Mom!" called
Joe. "Come here. | have something. Come and see. Hurry!" |

"Joe!" said Mom. "You have a dog. Who does he belong \
to?" "He was alone, Mom. Can 1 keep him? He will be a good'
pet." "Yes, Joe. You can keep him." , :

"Dog!" called Joe. "Nice dog! You are my deg." - -

]
|

COMPREHENSION QUESTIONS: o |

MALN,IDEA: What wod}d be .a good title for this story? (Joe\
Finds A Pet; A Pet For Joe.) B | !

SEQUENCE: What was-the first thing Joe fourid? (Goat.)

CAUSE-EFFECT: What did Joe say he would do because the goat
was not cleap? (He would wash him. ) " .

‘DETAIL:VWheré‘did doe‘fake‘fhe dog?'(Homé.)
INFERENCE: How did Joe feel at the end of the story? .
(Happy.) Why do you say&that? (He got to keep the dog.)

ssource: P. C. Burns and B. D. Roe, Préprimer,(A+B+C+D) in
Informal Reading Assessment. Boston: Hougbton-Miff]in.,1980.

!
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LEVEL: PRIMER*
TOTAL WORDS: 285 - 22 (Ned, Jack) = 263

"1 am happy to see you, Ned," said dJack. "l don’ t have
a th1ng to do. .

"A woman is coming,” said Ned.

"Hello, Mrs. L1ttle " said Jack. "Can 1 help you?"

"Hello, Jack," said Mrs. L1ttle "1 want to see your
mom. 1 want her to care for my dog.’ :

"We can take care of your pet," said Jack. “"Now we can
be pet sitters." "Yes," said Ned. "A11 we need are more
pets” .

"Look," said Jack. "Here is a pet now.’
A little man with a big dog wa lked up.

“That’'s a big pet dack said Ned. "Do we want a pet
that b1g7"

“Oh, yes,"said Jack. "We take care of all pets.”

'Hello." he sa1d to the.man. “Can we take care of your
pet for you? We are good” pet - sifters.

"~ "That's good," said the man. n,I have many th1ngs to do.
Yes, you can take care of my. pet.’ }
And he walked away.
Then a big man with a 11tt1e~dqg wa lked up LWill you .
take care of my dog?" he said.
?ke Jack looked at the 11ttte dog. "Oh yes " he sa1d\%§We
a

t care of all pets.’

A11 day Ned and Jack took dogs. They took big dogs. And " .

they took many little dogs. -

Ned looked at the dogs. Then he looked at Jack. “We
have many dogs," Ned said. How many -do we have?". ‘
‘ "Let’s see," said Jack. "One, two, three. .One, twoy
three...0h, Ned. 1 don’'t know. Eet 5 say we have fifteen
dogs , :

"Look, Jack," said Ned. "Here is a'man with a big cat.

We don’t want to take care of a cat do we?" "Oh, yes," said
Jack. We take care of all pets
COMPREHENSION. QUESTIONS: | | R o

- 2

MAIN IDEA: What were dack and Ned doing in the story°
' (Taking Care Of Pets.)

CAUSE-EFFECT: What Made Jack Happy? (Seeing Ned.)
DETAIL: How many dogs did they think they had? (FifteenQ)

SEQUENCE : What was the last pet that was brought to dacK and
Ned? (A big cat.)

INFERENCE : Why might Ned not want to take care of a cat7 .
(Dogs don't 1ike cats and they had many dogs. Ned thinks'
they have encugh pets to care for ' h

4Source: P. C. Burns and B. D. Roe,\Pr1mer (C+A+B) in.

Informa] Read1ng Assessment Boston: Houghton M1ff11n 1980.

-

-t

&
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1

LEVEL: PRIMERS. -
TOTAL WORDS: 267 - 7 (Tommy) = 260 ‘
’ One day Tommy saw something. He looked and looked at
it. It was a seed. But what was this seed? Tommy didn’1
know. He put the seed in a box and went home.
"Look, Mother,” he said. "I have a big seed! But what
is it? Is it from a big tree? Is it from a little plant?” &
Mother said, “Igdon’t know. But you can plant the seed.
Then you will find out.” : _ . .
Father came and looked, #oo. "Yes," he said. "You can
plant the seed. Then you can find out what it ¥s."

, - Tommy made a little hole in the earth. He put the seed
in the hole:r Then he put earth on the seed. -
"] planted the seed,” he said. Tommy asked, "Will

something grow from my seed?”

B

Father said, "Yes, something will grow from yodr seed. -

But it needs the sun and it needs to have water, too. Water
‘and sun help seeds grow." : _ o

Tommy looked up at the sky, and he saw the sun. He
said, “It's not raining. What can we do? My seed needs rain
to grow."” : ‘ : ' .

Father said, "You can water it. That will help your
seed grow." : SR

Tommy looked at the sky every day. It didg't rain. He .
 said, "l don’t .need the rain, 1 will give my seed some
water. I will water it every day." ‘ ’ :

~ One day Tommy saw something green. It was growing out

of the earth. He ran in the house. He .said, "My seed! My
seed! Something is growing from itl"\ U : .

Father laughed and said, "Good! v‘ your seed is a’
plant.” ) ' ,f

' ) L -
- MAIN IDgA:'What would Be a good title for this stoqy? ( Tommy
. And .The Seed; The Seed Grows.) | " T

COMPREHENSION QUESTIONS: =

CAUSE#EFFECT:‘What‘did Tommy do tb find out what the seed
was?- (Planted it.) ,

SEQUENCE: What did Tommy do with the seed at the/beginning

DETAIL: What did the seed need to™EIp it grow? (Sun and
, water, or rain.) S / R
Cahy i i :

INFERENCE: Did Tommy want the seed to grow? (Yes.) What ir

\"‘ of the story? (Put it in/a bOzigy took 1t ome . ) / i

_the story maKes you answer that way? (He watered it
every day. ) - R ' ‘

‘ o
sSource: L. C. Fay and'L.. A. Cooper, CUrriculum_Motivatiédq
Series. Tommy Finds Out, Primer (p. 3-15.) Chicago: Lyons
and Carnahan, 1967.. B : ; Y R -

- e o mam o e =

|

o
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LEVEL: GRADE ONE® ,
TOTAL WORDS: 273 - 13 (Andy) = 260 _
\ “Wait for me!" Andy called. "Where are you going, Dan?
Can I come, too?” )

"] am going up to the roof,” Dan said. "I have my
pigeon up there.” ,

"1 wish 1 had a pigeon!" Andy said. "Where did you get
one?" J :
"Mr. Day let me have one. He let me have the best
pigeon. My bird is called Homer , '\ Dan said. _

“Can | see your bird?" Andy asked. b

"Yes," Dan said. "You can help me feed him." They went
up to the roof. Dan let Homer out of the cage. Homer flew to
Dan. Andy looked at all the pigeons. Mr. Day saw Andy.
looking at the birds. He saw that Andy wanted a bird, too.

"Andy! Dan!" Mr. Day called. "See what I have!” Mr. Day
‘was looking down at something. ) '

Andy said, "There is a bird in the nest!”

Mr. Day asked, "See the egg? .There is an egg in the
nest, too. One day the egg will hatch” =

"Will a bird come out of the egg?" Andy asked.

"Yes,” Mr. Day said. "A little bird will come out o
the egg. 1 will give the bird to you.”

"Good!" Andy said. "Then I will have a' bird, too."

One day, Dan and Andy went up.to the roof. They looked
at the egg. They wanted the egg to hatch.

"1 wish' I had my bird,” Andy said. :

Then Mr. Day saw something. "The egg is hatching now!"
he said. A bird came out of the egg.

"Look! yook!" Aridy called. “There is. the new bird!"

COMPREHENSION QUESTIONS:

MAIN IDEA: What would be a good title for this story? (A New
_Pigeon; Pigeon Pets; A Pigeon For Andy.) .

” SEQUENCE: WhHere was Andy going at fhegbeginning of the
story? (Up to the roof.) '

DETAIL: Where did Dan get the pigeon? (From Mr. Day. )

INFERENCE: Why did Mr. Day think Andy wanted a bird? (He saw
~ Andy looking at the birds.) ,

CAUSE AND EEFECT: What happened when the egg hatche¥? |
bird came out.) : o

- e o e ah wmoYmewm e - -

§ L, C. Fay turricuium Motivation Series, "Thg New Pigeon,"
in Blue Dog and QOther Stories, Grade 1. Chicago: Lyons and
Carnahan, 1966. _ | .
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LEVEL: GRADE ONE’ '
TOTAL WORDS: 270 - 18 (Harriet, dack, David) = 252
. At last Uncle Bill and Harriet and Mom and Dad were at

home. The vacation was over. Harriet was happy to be home.

She wanted to play with her friends. Harriet said, "1'11 go
{ to see my friends.' All of them have missed me so much. I

know they all will want to see me." “That’'s a very good

idea," said Mom. "Why~d03§E you go see all of them?’

Harriet ran to Pat! ouse. She ran up to the door.
Pat’'s mom came to see her. "ls Pat home?" asked Harriet. "He
will want to see me. I have been away!” "No," said Pat's
mom. "Pat is not here. He is away right now. But he didn't
say he missed you." ’ o

Next Harriet¢went to Jack’'s house. She asked -Jack's
mom, "Are Jack and David at home? They will want to see me."
"They are out playing,” said Jack’'s mom. "I didn’t know you
had been away. They didn’t say that they missed you."

. Harriet walked away. Then she went to see her other
friends. Not one of them was home. One friend was out
playing. Another one was away oOn vacation. And one friend
had moved away. T S

There were no friends at all. Harriet began to walk
home. How sad she was. No one had missed her. She walked
slower and slower. "No friends,” said Harriet. "I don’'t have
any friends." Harriet was back home. She walked into the
house. "Surpirse! Surprise! Surprise!® And Harriet was :
surprised. There was Pat! There were Jack and David! And
there were many other boys and girls! She did have friends
after all! o ’

\

COMPREHENSION QUESTIONS: |

MAIN IDEA: When Harriet went visitihg.\how many friends did
.~ she find? (None.) ‘ ,

CAUSE-EFFECT: Why did Harriet want to sée her friends?
(Because she thought that they missed her.)

SEQUENCE: What was the last thing Harriet did in the story?
"~ (She walked into the house.) —

DETAIL: Where were Harriet’'s friends: (Out‘playing, o
'vacation, moved away - acqept\? out of 3.) ;

INFERENCE: Where had Harriet’'s friends been all the time she. -
was looking for them? (At her hquse.) '

L

§Source: P. C. Burns and B. D. Roe, Grade 1 (A+B) in

’ Igformal_ReadingvAsgessment. Boston: Houghton-Mifflin,’1980.\
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LEVEL: GRADE TWO®
TOTAC WORDS: 267 ‘ C
Peter lived in a large brick house with .his
grandfather, a cat, 2a duck, and,a bird. A1l around the house
there was a wide meadow. \ ’ .
- peter’'s grandfather had often told Peter about the
wolves that lived in the .forest. beyond the meadow. They were
large and gray and vepy, very mean. . ¢
"Don’t go into the meadow, Peter,” Grandfather would
tell him. "A wolf might come out of the forest. And then,
Snap! No more Peter.” ' ¥ _

» Even though Peter was hot very big, he wasn' t afraid of
anything. So one morning. he got up very early. Grandfather
was still asleep. Peter took his popgun and went out through

! the garden.gate. It was a very beautiful morning.
Up in a tree, peter’'s friend, the little bluebird, was
singing away. "All is well! A1l is well! All is well!” he
. -sang. - S
Peter, like all boys will do, had left the garden gate
open. Soon the fat little duck followed him through the gate
and- into the meadow. She saw the pond. “"Aha!" she thought. °
"What a fine place for a swim.” And into the pond she went.
Fhe bird had been watching the duck. When the duck
dived into the water, the bird could not believe his eyes.
He flew down for a closer 100K. . '
: "Hey, you!" he called to the duck. "What are you *
" supposed to be - some kind of a bird?"
"0f course 1'm a bird!" the duck called back.
_"You' re no bird," the bluebird answered. "Why you can’t
even fly." ) ,
o tWhat makes you think you're a bird?" the duck called.
"You can't even swim". ‘

~ COMPREHENSION OUESGIONS:

MAIN IDEA: Why wasn' t Peter supposed to go into the meadow?
(Because of the wolves.) -

CAUSE-EFFECT: Why did Peter get up very early? (So he could -
go into the meadow without grandfather knowing it.)
' t

INFERENCE: Why did Peter take his popgun? (So he could use
it as a weapon against the wolves.)

DETAIL: Why Was the duck able fo,follow Peter through the
gate? (He had left the garden gate open.) ’

.SEQUENCE: Whii did the bird do after the dhck dived into the
" water? (He flew down for a closer Jook.) '

- S EmemEm e .- - -

sSource: P. C. Burns and B. D. Roe, Grade 2 (A+B) in
Informal Reading Assessment. Boston: Houghton-Mifflin, 1980.
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LEVEL: GRADE TwQO®

TOTAL WORDS: 267 ' . o
-The ball came fast. Dan ran to catch it. He jumped for

it Swish! The ball flew past him. The game was over. Dan's

- team had lost. , S o , '

Poor Dan. He wanted so much to play well. His baseball -
team-was a good one. But they couldn’t win games if Dan .-
always missed the ball - and he had missed it again.

As Dan walked slowdy home, he saw something on the
ground. It was a baseball mitt. Dan picked -it up and put it
on. ‘He walked along thinking. Why couldn’t. he catch the -
ball? He always”tried so hard. Lost,in thought, he threw a
ball into- the air and caught it. He threw the ball agaig, .
and agajn he caught- it. .

uddenly Dan thought about what he had been doing. He
threw the ball again and again. Each time it landed in his
mitt. "The mitt!" he cried. "The mitt must be magic!”

The rest of the day he threw the ball into the air so
that he could catch it with his magic mitt. He caught ‘the
ball just about every time. L \ ' :
' The next day.Dan got up early and worked out with the
magic mitt; He couldn’t .wait until the game! :

At ‘last it was time to go to the ball park. A few boys
were warming up when Dan got there. Dan worked out with
them. He threw.the ball high in the air many times. Each
time he caught it with his magic mitt. _ ’ .

' COMPREHENSION QUESTIONS:

"MKIN.J?EAg'What was Dan’'s problem? (He couldn’t catch the
ball. » ,

SEQUENCE: What was the first thing Dan did in the story? (He

~ran to try to'catch a ball and missed it.) R
DETAIL: What did Dan do the rest of the day and the next

morning? (He practiced catching.)

'CAUSE-EFFECT: What caused Dan to be eager for ‘the game to be |
played? (He was catching the ball so well he wanted the
others to see.) ' o SR :
INFERENCE: Did Dan believe in his own ability to catch the
"bal1? (No.) Why did you answer that way? (He thought the
mitt was helping him.) . R L

. I '~////ﬂ”/;
...... ‘-f-----;‘.-,.- L o ‘ / | ; ,
ssource: P. C. Burns and B. D. Roe, Grade 2 (Example) in ..
Informal Reading Assessment. Boston: Houghtor-Mifflin, 1980.
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LEVEL: GRADE THREE'® SR N
TOTAL WORDS: 250 . o ' - o
' There once was a little gray mouse who lived with his -
mother, all secure and snhug in a haystack. As the young 3,
mouse -grew up, he became more and, more curious about the , .
‘world that.lay outside of his warm, cozy home. SR
o One day, he approached his mother and said; "Mother, - . %
... 'please.let me go out to find our food today." S
- "No, my son!" she cried. "What if you should fall into . ¥
the hands of our enemy?" 8O i LA
"“Oh, mother!" exclaimed the little mouse. "I am a G
~ grown-up mouse now, and 1 can certainly take care of myself. v -
~ Let me find our. food today," he begged. I
At last his mother let him go. But
to watch out for their enemy. | . | —
The young mouse ran out into the barnyard. How excited ¥

e’

&éhe‘made him.promiseﬁ;

- he was! o o , . E : o,
: " But then he saw something fearful! He saw a creﬁ{ur% E
. that flapped its wings and cried, "Cock-a-doodle-doo!t

‘The little mouse scurried back to his mother. “Mother! s
‘Mother!" he cried. "l've.just met our enemy. It.wasa
terrible creature with a comb as red as blood! Its legs and
féet were yellow, and it had sharp claws. It had a'great, .
~pointed beak, and it had angry red rings around its eyes. It
opened its mouth and screamed at me! It was terrible!”
.~ The mother mouse smiled at her son. "Son, that is no
~ eneny, " she said. "That is a rooster. He looks fierce, but .
he is harmless. Don’t be afraid of him." \ '

| éaugpeuensxow QUESTIONS:

MAIN IDEA: Why didn’t the mother want the little mouse to
get the food? (She.was. afraid he would fall into the
hands of the enemy.) o

INFERENCE: Why did the little mouse want: to be the one to

* find the food? (He thought he»wq§,growh“up; he was
" curious about the outside world.) e

SEQUENCE: What ATd\the
- . asked to g¢ ang /T
should fa

- mou ‘s'mothef say,first‘whenvhé
>Find) food? ("No, my son! What if you
pto the 'andkjof,OUr enemy?. ) R

| CAUSE-EFFECT: Why was the 1ittle mouse scared of the

, creaturq?f(He thought tt‘was;the,enemy,)

~ DETAILjIth did the little mouse think
o first? (A rooster.) . . -

‘the enemy was at

‘osource: P. C. Burns and B. D. Roe, Grade 3 (A+B) in = =
Informal Rgading~A§S§s§ment.fBoston:*Houghtcn-utfflin, R
1880.) . e R T a LT

e L4
PR |

N h / ..:
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LEVEL: GRADE THREE'!

L

TOTAL WORDS: 264 - 10 (Crandall Cricket) = 254

outside. He stayed out in the

A1l during the hot weather, Crandall Cricket_stayed '

fiddle, having 8 grand time. A1l the other animals were busy
setting by food for the winter and mdking warm nests for -
themse lves. But not Crandall Cricket. One day he was

'
fiddling for -the fish to dance. The next day he was teﬁéhing,

" -the young:birds how to whistle along with his fife. Day in

'_hénds in his pockets. His fingers were s0 C d that he could
_hardly play. He had to put,hfs,fiddle\under'f1s‘grm_pnd his‘

and ‘day out, he played and had fun until by and by, the

weather began to get cooler and the day. shorter. =
1t got so cold that Crandall Crickzixggi\to keep his

. fife in his pocket.

SRR
" Soon Crandall &ould hardly walk.outside unless the sun

" was shining. He began to get hungr¥;»buti of course, he had .
th

not a thing to eat. And He wished  that instead of fiddling
and fifing, prancing and dancing, he had taken time to set
by his winter food. But he hadn’t,:so.hg dchded that

.. something had to be done..

e One day Crandall came to¥h house with smoke cofing from

the chimney. It was a country house made™&f logs and red
clay. Crandall Cricket crawled under the house and close up

fo the chimney. He wanted to get warm. But the chimney was

stone cold. He set to work, gnawing and clawing, scratching

. and sawing, qnti1 hgeqou1d»fee1 the warm fifei

© COMPREHENSION QUESTIONS:

| CAUSE-EFFECT{kWhétmcauseﬂ'Crandé}l;fdﬂhavegto;kéep“hts-hﬁndé'

" 'MAIN ‘IDEA: What would be a good title for this story? (If

.You Don’ t Work, You Won't Eat: It's Smart To Plan For .

The Future) e e
DETAIL:'whét?muéiCa1,instfuments‘did‘Cranda]l»pldy? (Fife
" and fiddle.) . T e o

«

'inihi?,pocketS?‘(It'th so cold it made his fingers
R dO d' ' ,\."v',"c' . ‘:‘{‘ e o , SRR SRR )

 SEQUENCE: What did Crandall do when he came 'to the house?

~ (He crawiéd»Under’the:hOUSerandiclose,up~toﬁthe. :
,-chjmney.) 1;>.1=.‘. B I R E AT T

 INFERENGE: If Crandall had the summer to live over again,
L gwould'hewactlxhe~samesway?he’did%befone?u(No.)>Uhat~d1d.* o
" ‘the story say to cause you.to answer that way? (He -~ | =

S e e T : :

1Sources P. C. Burns and B. D. Roe, Grade 3 (CD) in

g .Inf‘rma1.Reaging-Asggggmgnt;4Bcston:;HouohtonfMiff11n;_f1'fﬁ«'
;ﬁggngT* e et AR R R

./ R

.

woods with his fife and = * -

__wished he had taken time to store some wfqter:food;) ,?l‘-.
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 LEVEL: GRADE FOUR'™2 . - . ~ « -
. JOTAL.WORDS: 268 ) .

dimrSKated‘to‘fhe‘far end of the pond. He wanted to get

away from ever . - . S
,He‘decddexg?g,try a jump. He got .up speed and_leaped.

- But when he came dowr™ he heard a cracKking sound. The ice
broke beneath him. ‘Jim fell into the jce-cold water, with

~.only his arms out of the water. His,skates touched the soft
mud on the bottom ef the pond. He tried to climb out, but.

the icé'broke away when he tried to ' hotld on to it. .

L dim cal\edtout.‘“He]p,me.»someone!”'dim‘saw the boys at

the centre of..the pond turn and look. Then they came racing ,

~ towa®d him..He felt as if he were' freezing in the cold . . = -

water. Soon everyone reached the far end of the pond. There

B

was alot .of shouting and moving about. Then Jim .saw Ted
Brooks crawling toward him. Teg had a long tree 1imb in his
hand. Behihd Ted, the other boys made a line. They tay flat
, ?n t?e ice, each one hanging to the legs of the boy in, ‘
ront. o - ' L _
" wWhen Ted was about six feet away, he .pushed the limb
toward Jim. Jim held on, and Ted began to pull. Jim's. skates ,

‘came out of the mud as he was pulled up. over the edge of the. - |

~ ice. Then the ice cracked and _broke away-again. “Hang on!" .
- Téd shouted. "Don’'t let go!" The boys, behind Ted moved back,
pulling as hard as they could. Jim came .up over the edge -~

3

again, and this time the ice held. He was out of the water|:
'COMPREHENSION QUESTIONS: - PR T |
MAIN IDEA:What would be a good title for this story?

- (Rescue;aSKating Accident.) _ ,

© SEQUENCE: What happened when Jim first tried to climb out.of
- the{wager? (The fce broke away when he: tried to hold on

to it.) : L ‘ .

CAUSE-EFFECT: What caused the -ice to break in the first
p!ace?g(dim¢triedia jump.} /. o,

- (Adong tree !jme) |

- INFERENCE: . Why did the boys need a long tree limb to help
"Jim out of the water? (Because the ice would break if

. they went close to the<hole where Jim was.)

_ DETAIL: What did the boys use to help Jim out of the water?

T~

. - . . v \
e T - I B .

;;éSQUF?éffh€ gi~F§y} éufﬁjculnguot;vé;ﬁon?Série?;4“0h,Thfh
. 1ce", in lhe,Barking Cat and. %rf»toﬁieg.lLeve_,-;~v‘ '
;AChigago:-Lyoﬁsgand'Carnqban.r1,1 L

S X
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LEVEL: GRADE FOUR' - ‘ B

TOTAL,WORDS:‘252 ' ' o .
-~ Peter was hanging on to the branch of the tree, yelling -
" at Joe to come up behind him. The bank was steep, and the
- sand was,bqginqing to slip away as they held on in the hot

n . ! - B 13
The two bays were trying to reach the top of the hill
to meet their friends on the upper Jevel. It was a good
shortcyt and 4t had been used for years. But now, there was
something wrong/l S b ' - -
-« Peter’s feet could not find a firm hold in the sand, -
and he kept slipping down, a- little farther with each step.-
'Now he was too close to Joe's spot just below him. Joe =
called to him to hang on, but-he couldn’t. Soon Pete's boot
had pushed Joe's hand from its hold on the tree branch, and
- both l4ds tumbled downward, rolling over and over, head over
heels in a cloud of dust. . _ ; z
, When the air cleared, there was no one in sight. A few
. grains of sand moved; that was all. A moment or two went by,
. before a hand pushed out from the sand and a head poked up
through the surface. It was Joe. He backed out and. shook
himself < Then he remeqbered his frie?g.~Where was Peter?
_ It only took three jabs with a Yong stick to find Pete
and even less time to pull him out. Joe rolled the silent
' boy ovér onto his side and gave his back two smart slaps.

" peter coughed and slowly opened his eyes.
COMPREHENSION QUESTIONS: o .

_ WAIN IDEA: What would be a good title for this story?
CoL (Lahdslide; Falling; The Shortcut,)
CAUSE-EFFECT: Nhﬁ*were the boys tryin? to reach the-top of
~ _the hil1? (To meet their friends.)

i : ¢

© SEQUENCE: Who came out of the sand first? (Joe.)
. DETAIL: What did Joe use to find Peter? (A stick.) -

INFERENCE: Could P§ter gét,out'of’the sahd»wifhout help?
(No.) What did the story say to cause you to say that?
(Joe had to pull,Peter out; Joé had to give Peter somem -

slag§ to wake him.) o )
EARSEE S A | g

.“‘

'“*33Sdhr$ef Tog ngth,sTime‘DdtCSerées,d”Landg1ide";digo«:
Landslide and Other Storieg: (anada: V.. . Dent an n,
1973, D ' S SR

*



» , © 280

B » . . '

LEVEL: GRADE FOUR'*  « - f o
TOTAL WORDS: 265. o "

Brent Todhill hung on to  the Cessna’'s safely harnéﬁs
and took a long look down at his target on the faikgrounds
below. The little plane banked, and Bren “Kknew he _had to
© jump. He drew a quick breath. Keeping his~gyes on the tiny

orange dot four thousand feet under him, he leaped out into
the cool, rushing air. ‘ ‘

) His arms 'stretched, and his legs spread out to their
widest. He kept his head high to balance himself as he
drifted sideways, round and round. The air streamed past his

. face, and he seemed to float in the bright sky. It was a
strange, free feeling and it made his blood tingle. N
. Time now to pull the ripcord of the parachute. Brent
counted and then pulled hard. Instead of being jerked into a
sitting position, he found himself still floating downward.
He glanced up quickly. There was no parachute swaying above
his head! A1l at once it seemed as if his heart /jammed in
his throat% He was still in a free fall! The ground was

ing up to meet, him, and he Knﬁg\he had just seconds to
o 3 i ,

7 Brent reached down with sweat§ fingers and grasped the
ring of the spare chlite, He, gave Zhe cord one good pull. It
shapped off in“-his hands! 1In a6t try, almost without
hope, he reached over his ghoulder and clawed at the back
pack with his fingers. The pilot chute suddenly found the
“air, blew open, and pulled the big chute out behind it,
slowing his fall just in time. . -

COMPREHENSION QUESTIONS:

- . Sy . ‘ * ) |
MAIN IDEA: What sould be a good title for this story? '
(Skydiver; Skyjump; Faulty Parachute.) - -

_DETAIL:%Ehere Was his target? (Fairgrouhds:) ‘
SEQUENGE: What happened when Brent first pulled the cord of
. the spare chute? (It snapped off.) PN E
CAUSESEFFECT: How did Brent ‘finally get the chute open? (He
- elawed at the back pack, pilotichute opened and pulled
_out ‘the big chute.)” - .~/ v . _
INFERENCE: Was Brent afraid?f(Yes;)ﬁWhat in the story makes
you think so? (Heart jammed in ‘throat; fingers were
_sweaty; almost without hope.) o

<« .

ffisource;'TOﬁ’Smith.'Time'Out'Series,T"Sky DiVer",'inlBi
Cat and Other Stories. Capada: J. M. Dent and Sons, 1973.
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LEVEL: GRADE FQUR'S - '
TOTAL WORDS: 260 - _ . -
<A man with a guh entered the cockpit of the plage. He
- dropped. a note into my lap. “"Cuba,” it read. o
We ight have enough fuRl, hut just enough. It would be
risky. | 'decided to talk to the hijacker and, at the same -
time, leave the radio on full. Perhaps someone on another
plane would hear us apd send help. Lo
“The plan was a llbcky one! Before half an hour had-

passed by, two jets were at our wing tips, slowing down ‘to
- match our own speed. The hijacker saw them too, but he
didn’t seem to be upset by them. ‘ - ‘ o

. Now we had ‘time to think out a.plan. Beside us;. one of
the jets cut his engine to slow speed and fell straight
down. Then he zoomed -up again. Twice he did this strange
stunt. Then we began to understand what he wanted us to do.
; Without letting the.gunman know what was happening, I
. sent out a signal to the stewardess to "belt down" all "he
‘passengers. When she signalled back "all safe and soundg, I
“slowly reached out for the throttles to cut down.our'ﬁgwer.
Quickly the levers were back, and we almost slipped out of
the sky. Our hijacker wasn’t ready. He lost his.hold on the
back of my chair, hit the ceiling, and fell back onto fhe
‘deck of the cabin. My co-pilgt picked up the gun as we
glided*upward;“Thenvhe'marched the big man back through the
" passgnger space and into the Kitchen where he could be
watched. - SR - S oo

. > . S ob‘
COMPREHENS fON QUESTIONS: o o
MAIN IDEA: What wouldﬂbeYE.QOOdAtitﬁe fgr this siory?‘u
, -(Hijackep.) . o ~j§; < ﬁ‘}
DETAIL: Where did the hijacker want to go? (Cuba.) .
CAUSE-EFFECT: What caused the jet to fall straight down? (He
~ cut the engine to slow speed.) S o
SEQUENCE:xWhat'habpened to the hijacker after they s1owed‘
their engines?'(He fe11.)-j R T

INFERENCE: Why did the pilot signal to the stewardess to
“belt-down". the passengers? (So they wouldn’t get hurt
- when the plane dropped. ) ‘ T o

R R N R

- 155ource: Tomv$mtth;-T1me<0ut‘Series;.*HijacK“4‘in Landglide A
, fggg,g}her §Lories.vCanada.-J,}Mf Dent -and Sons, 1973, R
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" APPENDIX F

_Comparisohs pf ,Fb{Jr 'Subgrou_bs Formed. By.Q Factor *alys(s '
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APPENDIX G

Comparison Of Four Subgroupsgformed By Q Factor .
Analysis Of Eleven Reading MEasures On Reading
And Spelling Measures External To The Classification
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Comparisons'Of Subgroups Formed By Q Factor
Analysis Of Reading Measures On Nonreading Measures
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Comparisons Of Subgroups Formed By Cluster:

Analysis Of Reading Measures On Reading And
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APPENDIX N

A Comparisons_Of Subgroups Formed
By Cluster Analysis Of Nonreading Factor
-~ Scores On Reading And Spelling Measures
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