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ABSTRACT

Hypotheses accounting for the pattern of deficits in
speciiic developuental dyslexia were ¢xamined. The theory postulates
that the disorder reflects 2 lag in maturation of the central nervous
system, particularly the left cecrehral hemisphere. The hypotheses in
gquestion predicted that skills develuping ontogenetically earlier
(visual-motor and auditory-visual integration) will be more delayed
in younger dyslexic children (ages 7-8 years), and that skills
developing later (language and formal operations) will be rore
delayed in older dyslexic childven (ages 11-12 years). Subjects were
20 disabled male readers and 20 control males, all of average or
above average intelligence. Each group vas subdivided by age: younger
{ages 7-8) and olde: f{ages 11-12). Three tests classified as
nonlanguage or perceptual and three classiftied as language tests were
administered. The nonianguage tests vere postulated to represent
skills developing ontogenetically earlizr. The nonlanguage tests
partially discriminated between younger dyslexics and controls, while
none of the nomlanguage tasks discriminated between the older grours.
By contrast, the language tasks revealed significant difterences
betveen older dyslexics and controls, wvhile only one language mneasure
discriminated between the younger groups, thus substantially
supporting the hypotheses under evaluation. (K¥W)
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SATZ

Abstract

The present study examined a number of hypotheses advanced by Satz and
Sparrow (1970) to account for the pattevrn of deficiter in davalopmental dyslexia.
The theory postulates that the disorder is not a unitary syadrome but rather
reflects a lag in the maturation of the CNS which delays che acquisition of
those skills which are in ascendancy at different developmant.l ages. The
hypotheses predicted that skills which develop ontogenstically earlier (e.g.,
visual-motor and auditory-visusl integration) would be mor: delayed in younger
dyslexic children {(Ages 7-8) while skills vhich develop later (e.g., language
and formal operations) vould be more delayad in older dyslexic children (Ages
11-12), The results, based vrpon dyslexic and control children matched at two

different age levels, were in substantial agrecment with the theory.
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Satz and Sperrov (1370) recently advanced a theory of specific developmental
dyslexia which: (a) conceptualizes the pattern of deficits (nature of disorder),
(b} postulates che CHS mechanisﬁs which may underlie this disorder, and (¢) senerates
a uumber of developmental hypotheses which predict differential behavioral patterns
be'meen dyuletic and control childrea at sinilar ages and between dyslexin gcoups
et different ages. The present study is addressed to a test of these hypotheses.

Neture of Disordey (Languayge and/or left hemisphere furction):

The theory, in brief, postulates that the behavior.' pattern of deficits observed in.
dyslexic children is quite similar to adults who have -ustained dauwsge to the left
cerebral hemisphere. Both clinical groups, while varying in ege and etiolopy, have
often shown a8 pattcra of right-left confusion, finger a2ynosia, calculation diffi~
culty, writing difficulty, visuo-constructioral impaitmeut znd depressed verbal in-
telliyence (Satz and Sparrow, 1970). The defect underlying tiis symptom pattern in
left hemispheric-damaged adults is sphasia, although the symptoms involve both sensori
wotor and language components,

More divect comparisons between the .attern of languege deficit iu braiin~injue
red adults and dyslexic children was reporteé recently by Luria (1970)s The author
analyzed a number of functions which underlie the reading and writing process (e.g.,
evaluation of speech sounds, word reroguition, coding of sound units, letter sequence
ing, etc.) and showed that these functions depend upun the integrity of specific
areas in the left cerebral hemisphere.

An additfonal behavioral sk{ll whiich dyslexic children have difficulty with is
the cspacity to form intermodal associations (Bixch and Belwont, 1964). According to
Butters and Brody (1368) ", , .reading and object-naming are viewed as psychological
processes which depend heavily on visusleauditory or tactile-suditory intersensory
associations. The written word and the visually or tactually presented object must
arouse their appropriate auditory associates if they are to be successfully rcad or
named (p, 328)." Using a group of left~ and right-sided adult brain-injury cases,

)
E T(:tters and Brody (1968) recently
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demonstratad that lesions restricted io the left inferior pavietal cortex differ-
entially impaired performance on a number of cross-modal tasks, particularly audi-
tory-visual, These same patients also showed impairment in reading ability
(alexia)!

Clue to CNS Mechaniem. (Maturation Lag Hypothesis):

Desrite the siuilar pattern of belzvioral deficits in dyslexic children

and brain-injured adults, studies have failed to drcument any structural altera-
tion or damsge to the left cerebral hemisphere in dyslexics. This presents a

m:. jor problem in attempts to subserve the nattern of deficits in disabled readers
and in left brain-injured adults under the rubric of a disturbance in language
and/or lef: hemisphere function. A partiasl resolution of this problem is pro-
vided by Money (196€&, p., 34}: "The greil majority of reading disability cases
will be classifiable naot on the basis of brain pathology, but simply as repre-
sentative of a lag in tl.e functionsl development of the brain and nervous system
that subserves the tearning of rcadiug." This distinction between loss of
language (structural alteration) and lack of language development (brain mavvra-
tion lag) may bDe the key to the problem., 1f a iunctional lag in development is
mesnt to imply a more Jiffuse or less complete differentiation of cerebral
organization, then motor, somatosensory and language functions shcuid be similarly
affected, Thus, a delay in the lateral development of left hemispherz functions
(sensorimotor and language) might affect the atquisftion rather than the loss

of those ekills which require concepts of right-left discrimination, calculation,
fingor differeutiation, visuval-motor {ntegration, auditory-visual integration,
and the like.

The poatulation of 1 correlation between delayed CNS maturation (left-hemi-
sphere) and behavioral immaturity still lacks complete verification. Neverthe-
less, neuroanatomic studies of the cerebral cortex have shown that the gro...ch
of tha brain undergoes enormous structural, electtophysiological and biochemical

changes during the firet two years of life snd that this growth pattern comes to
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a close around puberty (Lennebers, 1967}, MHoreover, these growth pheses tend to
correlate with developmental milestones in motor, somatosencory and language
function., A relationship between brain maturaticn and ontogenetic development
has recently been discussed by Geschwind (1968, », 183): '"The early .yelirating
zones include all of the classic motor and sensory zones, f.e., the classical
potor cortex (area 4), and the primary somesthetic, visuval and auditory cortices.”
These early myelinating or "primordial'" zones Yave the most efferent aad afferent
connections with subcortical structures and the fewest long cornections with
other cortical areas. By coutrast, those zones whick myeiinnte latest, the
verminal" zones (i.e., left angular gyrus), have prouinent intercoctical
connections which are necessary in the wediation of more complex language and
cross-nodal integration skills. The hemispheric organization of speech has
already been shown to evolve from ¢ state of diffuse and bilateral representation
in infancy to one of increused lateralization by puberty (Len-eberg, 1967).

More recantly, Semres (1968) has suggested that :his development in hemi-
spheric sprech lateralization might stem from a basic difference in sensort-
motor ovganization which tas already been ¢ifferentiated within tihe left bemi-
sphere, This hypothesis attempts to account for differences in the hemiepheric
organization of a complex function (e.g., language) ss au outgrowth or synthesis
of elementary sensorimotor funct{ons whose neural organizati. . already favors
specialization on the left.

BHypotheszes. (Developmental Predictions):

Serwes ! data suggests an alternative and more genersl formulaticn to the language
disorder previously advanced to account for the pattern of defficits in dyslexia.
It fnvolves the concept of a maturation lag in the lateralization and differentia-
tion of motor, somatosensory and language functions subserved by the dominant left
hemisphere. Thie alternative formulation presupposes, in nommal childven, an
orderly and hierarchical development of functions within the left hemisphere

te2ginning with motor, then somatosensory and finally, speech lateralization.

o



Two premises are advanced:

The first premise (Pl) postulates that hemispheric specia!ization in language
stems from 8 banic difference in sensorimotcr organizatlon in the brain which
developuentally precedes the lateral differentiation of speech and language.

The second premise (Pz) postulates that, in normal development, benhavior
proceeds frow zroscly diffuse and unmcdulated operations tuv _reater differentiation
and hiecrarchical integration of motor, somatosensory and symbolic language function.

The first premise is postulated to represent the underlying neural substrate
1ot th: behavioral counterparts in Premise 11, Further, it is assumed that this
matvratfon process, in normal children, is essentially an age-linked process, i,e,,
that raturation level is a function of chronological age (Gesell, 1945). A matura-
tional lag, therefore, is defined as slow or delayed developuent of those brain
areas (left hcmisphere) which mcitfate the acquisition of devel: pmental skills which
are fundsmentally ageelinked. Thus, the pattern of deficits observed in I, slexic
children, rather than representing a unique synd ome of disturbance, should resemble
tt.e behavioral patterns of chronologically younger norual children who have not yet
fcquired mastery of skille which develop ontogenetically later., In other words, it
is postulated that the level of brain maturatirn ia both younger normal and older
dyslexic children is less mature and differentiated. On this basis, the pattern of
deficits within dyslexic groups should vary-as a function of the age st which certain
gskillu are undergoing primary development. Because visual-motor skills are estabe
lished ontogenetically earlier (Ayes 7+8), one might expect to find this pattern of
difficulty in the younger dyslexic child (Piaget and Inhelder, 1969), Coaversely,
those functiors which develop ontogeretically later (e.g., language and foimal oper-
ations) might be expected to otcur In much older dyslexic children (Ages 11-12) who
are assumed to Le maturationally delayed (Piaget and Inhelder, 1969).

The present study represeats an attempt to examine some of the hypotheses
generated by the theory. The primary test concerns the prediction of differences

Qf‘tveen younger (Ages 7¢8) and older (Ages 11-12) dyslexic children, Lacking
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5
longitudinal data, it is not possible, within the present study, to exauine
diflerences u skills vhich are acquired much earlier in developuent (e.z.,
manual laterality). The folloving hypotheses are proposed.

Bypothesis 1, Younger dyslexic children will be more delayed in visual-
motor integration and audiitory-visual integration than older control ~hildren,

Rypothesis 2. Older dyslexic children will not be more delayed in visual-
moior intesration and auditory-visuel integration than older control children.

Bypothzsis 3, Oldev dyslexzic children will be more dlayed in language
integration skills than older control children.

Bypothesis 4. Younger dyslexic children will not be more delayed in
lauguage integration skills than younger control children.

Hethod

Subjects

Disabled readers (D). Disabled readers vere sele:ted from teacher recom-

nendations, At a meeting with the teachers it was requested that names of
children be submitted vho manifested a severe reading problem but who showed
no gross phvaical, sensory or neurological handicap, Additional criteria ter
selection were that the children be Caucasian males of normal intelligence
(teacher judgment) who were of ages 7-8 (younger) and 11-12 (older), Approxi-
mately 20 children were selected from each age group.

The Performance Scaie of the WISC (PIQ) was then administered to all 40
ch.ildren in order to select a sample of 10 children &t each age level (7-J and
11-12) who revealed average-above average intelligence. The WISC Verbal Scale
(VIQ was not administered during the pre-experimental selection phase.

Control Recacers (C). The procedure for selecting control subjects (Ss) was
exactly the same as for the disabled rcaders with the exception that each child
be reading at grade level or above. Azain, approximately 40 Caucasian male
children were selected at ages 7-0 and ages 1112, After administraticn of the

O Pertormance Scale, 20 children were selected, 10 at each age level, to macch
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the disabled readers on PIQ.
This matching procedure therefore yielded a total of 40 mal~ children

congisting of 20 digabled readers and 20 control xeaders with each group

divided into two different age groups of 10 children: Younger (Ages 7-8),
Older (Ages 11-12). All 40 children were selected from the same middle-
income class school.

After the final selection of S5 was obtained, each child was administerad
the word recognition part of the Wide Range Achievement Test (WRAT) in order
to obtain an independent measure of rveading ability. Table 1l presents the general
characteristics by group and age for each of the centrol variables. Although
the mean WRAT scores were generally high overall, the differences between dyslexic
and control groups were substantially different at both ages: Ages 7-8 (§D = 2,35,
Xg = 3.97, t = 3.88, df = 19, p < .001); Ages 11-12 (')ED = 4,80, ic = 7.51, t =
5.36, df = 19, p ¢ .001), 1In fact, there was no overlap between grcups at either
age level on this test which lends Independent support for the validity of teacher
recommendations, By coutrast, the groups revealed similar mean PIQ values at
hoth ages: Ages 7-8 (':En = 99.9, ic = 104.4, ¢t = 1.33, df = 19, p > .10); Ages
11-12 (SED e 104,4, .ch ~ 103.3, t ¢ 1.00, df = 19, p D .10).

Tests

Six different tests were administered, three of which were classified as
nonlanguage or perceptual and three of which were classified as langusge.

The three nonlanguage ueasures were postulated to represent skills which develop
untogenetically earlier.

Nonlanguage Skills. The three measures of nonlanguage skills vere the
Bender-Gestalt Test, the Recognition-Discrimination Test (Swall, 1968) and the
Auditory-Visual Test (Birch and Belmont, 1964). Scores on the Recogniction-
Discrimination (R-D) and Auditory-Visual (A-V) tests were converted into percent
correct. In order to obtain greater objectivity for the Bender-Gestalt Test

(B~-G) the protocols of each child were independently rated by four examincrs
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on the basis of poor (Score=1), medfum (Score=2) and good (S: wcu=3), The judaments
on each child were then summed acros:z the examiners yleldingy a2 base scoze of 4
(pocr} and a maximum score of 12 (good). Judzmunts were mcde separately for cach
age group of 20 childrea without knowledsze of S's name, greup classification (D or
C) or intelligence.

Lanzuage Skills. This grou)> of tests was comprised of the Verbal Scale
(VIQ) of the WISC, the Verbal Fluency Test {Spreen, 19G5) and the dichotic
Listeninz Test (Satz, 1363). The Verbal Fluency Test (V-F) assesscs the child's
ablliity to nane as many words beginning with the letters T', A, and S, 1lhe child
is given one minute for each letter. Scores on this test vere converfed into
percentile scorcs developed by Spreen (1965), The tast provides a fairly
useful and economical measure of oral language produntivity in children.

The Dichotic Listening Test (D-L) is described in detail eisevhore (Satz, 19613).
Briefly, 5s are presented with disparate pairs of numbers which arrive simul-
taneously +1ia stereo hecadphones every half-second. In the present stuay, Ss
were presented with 25 trials of threu pair digit sequences; each pair, uithin
interval
trials, vas presented at a rate of two pairs per second vith an intertrfal/ef
10 seconds for recall. StZmulus onset was synchronized becween diclotic pairs
by means of a computer prog:ram recently developed by our laboratory. Previous
studies (adults) have demonstrated superior recall for verbal stimuli presented
to the rizht ear nresumcbly because of the move direct conuections betueen the
right ecar and the speech ‘'processor’ in :he contraleterzl left temporal lobe
(Catz, 1963}, Thus, the D-L procedure vas felt to provide o falrty velid
behavioral measure of cerebral leteralization ot sneech in children. Scores
vere converted into percent of correct recall for each ear (R,L) nd for total
recall (R+L),
Results
lonlanpuage Skilts. (Hypotheses 1 ¢nd 2)

et

Bendcx-Gestalt Test. (Vieual-liotor Integration):

O
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Inspec:ion of Tsble 2 reveals a2 much lower mean value on the Bender-Gestalt Test

for the younzer dysieic thin for the younger control Zroup (?D = 5.595, EC = 3.60,
p < -001), This finding lends supnort for Hypothesis 1, Conversely, there wucs
no difference oa this test between tne older dyslexic and conciol groups (ED =
7.10; ic ~ 3.50, p > .10) vhich lends support for Hypothesis 2. With respect

to Hypothesis 1, not one of the younger experimen:zal 5s had a higher score than
their ~ge-matched conirols, vhich further {llustrates the diffenential a:tay in

the younger dyslexics on this test.

"uditory-Visual Test. (iuditory-Visual Integration):

Teble 2 clso reveals 2 lover mean correci performance on this task for tha younger
dyslexic thoen for the younger controls (ﬁD = 767, ﬁc = %1%, » Y .10), The
differerce, however, was not significant; this was lavrgely due to small N ond

to four experimental £s who obtained scores greater than .helr matched controls,
Thus, llypofhesis 1, vhile in the predicted direction, tras not¢ supporied with

this mecsure. Tbe corollary hypothesis (liypothesis 2),hovever, was confirmed

ond 25ain revealed no group difference on this tesk ot the older ages (ED =

92%, Ty = $9%, p > .10).

Recognition-Piccrimination Test. (Visual Perception):

Taspection of Table 2 reveals no diffarence in wean correct perforuecnce betuzen the
younjer experimental znd control 3rouns on this lover level discrimination task

(XD = 01,1%, ﬁc = 94.4%, »% .10}, This finding neither confirms nor rejects liyno-
thesis 1 because it represents a ckill vhich {s Ieveloped ontogenetlicnlly earlier
(i3es 5-6) than cross-modal integrative functions (Small, 1983}, There vas also

no difference between the older 3roup4 on this task (XD = 84,4, Xc = 95,3,

n 2,10} vhich cgain lerds sunport for Hypothesis 2.

Language Skills. (Hyvotheses 3 and 4):

WiSC Verbal Intelligence:

‘n order to oxamine the degree of languale delay on this test, analyses were

made o+, (1) the mean Verbal IQ scores and (2) the differecuce between Verbal and

s ] 0
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Performance 1Q scores (VIQ - PIQ). Thus, a minus score on the latter analysis
reflects a lower or depressed verbal score.

VIQ Scores:

Table 2 reveals the mean VIQ scores for the ycunger and older exrerimenial and
control groups. Inspection of thi: tzble reveals a lower mean VIQ for the older
dyslexic than for the older control groups (XD = 101.7, ;C = 117.6, » <.001).
This finding lends support for Hypnothesis 3. However, the mean VIQ scores
were also tower for the younger dyslexic than for the younger control groups
<§D = 103.4, ic = 112.6, p € .01) which contradicts HyLothesis 4. Neveriheless,
the trend was in rthe predicted direction with older 8roups showing a greater
difference on this task. The fact that the WIS( Performance IQ scores were
slightly, though non-sirmificantly, lower in the younger dyslexic group may
have produced an artificial deprecsion in Verbal IQ in these same children. For
this reason, discrepancy scores were used to obtain A more valid estimate of level

of Verbal intellazence.

VIQ - PIQ Discrepancy Scores:

she results of this analysis were slightly different. Tahie 2 indicates that
the mean discrepancy scores were much smal.er in the older dyslexic than in

the older control groups (iD =-2,7, % = 14.3, p € ,001) vhich again points

c
to cepressed verbal-integrative functioning in the older dyslexic Ss (Hypothesis
3). By contrast, the uean discrepancy serres were not different between the
younger dyslexic and control groups vhich is in direct support of Fypothesis &
(XD = 3.5, xc s 7.7, p) .10).

Verbal Fluency Test:

Mean percentile gcores for groups and ages on this test are presented in Table 2,

The mean percentflc score vas significantly loiwer fn the older dyslexic than

in the older control groups (iD s 52,8%, EC = 76.2%, p £ .Cl) which again lends

support for Rypothesis 3. By contrast, no difference in mean percentile score
I:I{j}:;s found between the younger dyslexic and control jroups on this task (ED = 21.7%,

s ]“1
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iC = 27.6%, p > .10) which again lends sunport for Hypothesis 4. With respect
to the older Ss, only one dyslexic S obtained a higher percentile score on this
task than his matched control.

Dichotic Listening Test. (Far-Speech-Brain Asymmetry):

The critical analysis on this measure was to determine whether the percent of
correct recall for dizits presented to the right channel was less in the older
dyslexic than older control zroup. This finding would suppert Kypothesis 3

which predicts a delay in left hemisphere language development in older dyslexic
children. The vorallary hypothesis (Hypothesis 4) predicts no difference on

this measure between younger dyslexic and control children. 1In order to test

the preceadiny hypothusis, an znalysis was first computed an total recall {RC + LC)
for ages and groups (Table 2). Fc difference was observed in total recall
betveen dyslexic and control groups at either the younger age (in = 47.6%, iC =
43.3%, p >.10) or the older age (X  ~ 51.7%, ':ZC = 56.4%, p ».10). Inspection
of Tible 2 also shows that significantly more digits were correctly recalted

from the right chennel in each groupaat both ages: Ages 7-3 (RCD = 57.2, LCD =
33.0, t = 4.30, df = 19, p < .001; ™ ¢ 61.6, LCC = 34.9, t = 5.20, df - 19,

p £ .001); Ages 11~-12 (RCD = 64,1, LCD = 39,2, t = 4.75, df - 19, p ¢ .COL; ¥ ¢
74.0, LC. -+ 33.3, t = 5.01, df = 19, p € .001). 1In other words, the tendency

to left cerebral domiuance for speech was evident in both the dyslexic and con-
trol groups al both ages.

The critical test, however, was whether the degree of right channel
dominance (or left speech-brain specialirzation) was siguificantly less in the
older dyslexic than in th2 older contrcl group. Table 2 indicates that the
mean pevcent recall for the right ear was significantly less in the older
dyslexic group (ED = 64.17%, EC = 74.0%, p< .01) but that no difference in
right channel recall was observed between the younger dyslexic and control
grovps (X = 5.2, '>Ec = 61.6, p >.10). These findings lend additional support

&) Hypotneses 3 and 4. An analysis of frequency data fn the older groups
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revealed that only one dyslexic S had a higher percent r»ecall score for the
right ear than his age-matched centrol.

Discussion

~he present results lend substantial support for the directional hypothests
predicted by the theory. With respect to (he nonlanguage tests, the younger
dyslexic children (Ages 7-8) produced more {mmature drawings on the Bender-
Gestalt than did their matched controls. A similar trend in the younger groups
was observed on the Auditory-Visual task, although the group difference was not
significant. Thus, Hypothesis 1 was partially confirmed. On the other hand,
no. one of the three nonlanguage tasks (Recognition-Discrimination, Bender,
Auditory Visual) discrim n¢ ted between dyslexic and ccentrol children in the
older aroupa (Ages 11-12). This finding lends substantial support for the
corollary hypothesis (Hypothesis 2%,

By contrast, the language tasks primarily discriminated between groups
in the older ch.ldren (Ages 11-12). Fach cre of the language measures (VIQ,
VIQ-PIQ, Verbal Fluency and Dichotic Listening) revesled a significant difference
between dyslexic and control groups in the older children. Thus, Hypothesis
3 was substantially confirmed. Ccnversely, only cne of the four languaze
measures discriminated between the younger dyslexic and control childrven (i.e.,
VIQ) which lends fafrly good support for the corollary hypothesis (Hypothesis 4).
This finding (liypothesis 4) 1lizits the generality of a language deficit as the
primary disturbance {n developmental dyslesia, Conaistent with thas theory,
the results tend to vestrict this type of disorder to older disabled readers.
Nevertheless, there are reports in the literature which sugzest that delays
in preschool language development may forecast later reading disability. Such
children, however, may reprasent a quitc distinct growp with varying etiologics
and environmentsl background, Only a longitudfnal study could adequately examfine
this possibility.

On the basis of those findinga certain conclusions and problems deserve

13
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mention. First, the age fector {s a critical independent variable which should
be examined in Investigations of specific reading disability. Failure to
control for this veriable could easily mask differences between ¢yslexic and
control children. The long ccntroversy concerning visual-motor disturbances
in these children is an example, Benton's review of this problem (1962) sugges-
ted that a deficit in visual-mctor performance mxy be asgociated with ycunger
dyslexic children but that the deficit tends to attenuate with age. The theory
advance:l in this paper predicts that those developmental patterns which have an
carlier ontogenetic development (e.g., visual-motor integration) are more likely
to be observed in younger children who are delayed in maturational development.,
Co..versely, those developmental patterns which have & later ontogenetic develan-
ment (e.8., language and formal operations) are nmore likely to be observed in
older children who are maturationally delayed. Thus, the nature of the disorder
varies as a function of the age of the child., This differential prediction
vas largely confirmed by the present results (Hypotheses L-4),

A gecond conclusion suggested by these findings is that an earlier delay
in maturation may forecast behavioral immaturity at each successivz stage of
hierarchical development. Thus, while a child who lags in visual-motor inte-
gration age Age 7-8 may eventually ""catch up' by Age 11-12, he may now iag in
those skills (e,g., symbolic language) which have a later ontogenetic develop-
ment. Tha present results indirectly support such a possidbility. Not one of
the nonlanguage measures differentfated between the groups at the older ages
(Hypothesis 2) whereas all of the lsnjuage measures revealed a decrement in
the clder dyslexic children (Hypothusis 3). Sparrow and Satz (1970), using
only older children (Ages 9-12), demonstrated significant differences between
dyslexic and matched control Ss on z11 measures of language skill (e.g., VIQ,
Right-Left Discrimination, Finger Differentfation, Dichotic Listening); however,
with the exception of one test of manual laterality, none of the seasorimotor

tasks revealed differences between the older groups (e.g., manual laterality,
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visual laterality). Similarly, Szba:ino ond Hayden (1970), using a factor
analysis cf psycholinzuistic and perceptual tests on older (Age 1ll-4) and younger
(Age 7-7) disabled learncrs, recently demonstrated a primary loadinz on percep-
tual deficits in the younger children and a psycholinguistic deficit in the
older chiidren. Consistent viti: the developmental hypothesis, the authors
concluded ".,.that six years to nine years is the max{'aum growth period for
perceptual functional performance. After age ten, integrated languagze skills
become of prime importance’ (p.4ll).

Although the preceding findings suggest that earlier delays ir maturation
nay forecast\a different pattern of deficits in later childhood, it sheould not
imply that all such children will be delayed at esach successive stage of hierarchi-
cal development. In order to examine this question, a longitudinal design would
be required in vhich neasures were available on the same Ss at different develop-
mental ages. Furthermore, the exploratory longitudipal study conducted by de Hirgch, ,
Jansky and Langford (1966) identified a small number of children (slow starters)
during the second longitudinal year (Grade 1) whe, while delayed maturationally
and behaviorally, managed to achieve grade equivalent reading scores at the end
of the project (Grade 2),

An additional conclusion related to the present findings i{s that the i{denti-
fication of delays in maturation at earlier ages (e.g., pre-school) may provide
valid predictors of later reading disability., The advantage of obtaining early
indices of subsequent reading disability (s that remedial programs may be frtro-
duced at a time when the chfld's central nervous system {s more plastic and
responsive to change and at a time when the child i{s wore likely to be frece of
psychological conflict over his handicap, Again, a longitudinal study would
more effectively fdentify theee possible pre-school f{ndices, The senior author
is now engaged in a Jscpe-scale longftudinal inveatigation of male kindergarten
children in order to obtain a more reliable test of the above problems,

[l{llc The present findings, in summary, lend support for the concept of a matur.-
e - . 1 5
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tion lag as a possible mechanism underlying the reading disorder in these chil-
dven. ‘7The central brain mechanism (lag in maturation of left hemisphere), vhich
was postulated to underlie the disorder, lacks direct verification at this time.
Nevertheless, it provided a frameuork in wvhich to conceptualize rhe develop-
mental-behaviorsl hypotheses. Confirmation of these hypotheses, therefore,
provided more than heuristic value for the theory. The concpet of a maturation
lag, if wvalid, coliminate: the need to involve labels such as brain damage to
describe these children; t4e label, moreover, tends to have pernicious impli-
cations for the child, The theory merely states that many of these disabled
readers are not maturationally or developmentally ready to cope with the
reading process. Interestingly, the vast majority of these children are boys.
Boys have long been known to maturate at a slower rate than girls, particularly

in perceptual-motor deselopment between four and seven years of age (Beery, 1967).
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Table 1

Subject Characteristics by Group and Age

WRAT Grade Mean Mean
Group Reading Level Age N P1Q
Dyslexic Younzy 2,35 3-2 10 99,9
Contrel Young 3.97 7-3 10 104,9
Dyslexic O1d 4,80 11-4 10 104.4
Control 014 7.51 11-7 10 103.3

Note.-All subjects were white males from the same school
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Table 2

Mean Scores and t-tests for each Variable by Age and Group (D,C)

TESTS Age 7-8 Age 11-12

Nonlanguage Tests

Xy KC t §D :C t
B-G 5.6 8.6  4.21%% 7.1 8.5  1.41
A-v® 74.0 91,0 1,10 92,0  99.0 1,00
r-p% 91.1 9.4 1.0 9.4  95.8 1,00
Language Tests
vIQ 103.4 112.6  2,74%  101.7 117.6  3,12%%
VIQ-PIQ 3.5 7.7 1.00 -2,7 14,3 3.30v
v-F? 21,7  27.6 1,00 52,8  7h.2  2.86%
rcd 57.2 61.6 1,00 646.1  74.0  2.15%
et 38.0 3%.9 1,00 39.z2  33.8  1.00
Total RCHLC® 47.6  43.3 1,00 51,7  56.4 1,00

8Scores in percent or percentile
*df=19 p.¢ .01,
*tdf=l9, p.< .001,
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