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VAR ABSTRACT : ‘
, J .
The present research ;tﬁéy was conducted to compare electroph
logical recordings of the left and right cerebral hemispheres of

tary school children who received lower scbres on a reading ach Y

I

test with those who received higher scores on the same test.

ings of the human cerebral cortex and proficiency in reading f. .
aged 9 an years old. The major focus of the study was on -
and not on either etiolcqy;ar remediation. Accordingly, the

was used to desermine if children haviag difficulty in learn:

"would display a different!'pattern of eledtrophysiological act

cognitive tasks as compared to normal readers.

The final sampie was :apgas;é of 14 Grade 3 and 14 Grade . students
. £r8m two Edmonton Public schools. In order to include some students who
had reading problems, only classes which provided remedial sreading for a
-portion of the students (resource room progrpm) were éangiégfaé; “The s
sample included 9 males and 5 females in Grade 3 (average age of 9.1 years
old) and 11 males and 3 females in Grage 6 (average age of 12.0 years

old). For each grade level, the sample was d&v;éed into two equal groups
on the basis of Edmonton Public School District Reading Achievement Test
scores. 'Students who received a score below the median score on the
reading test were defined as "low readers” and students who received a
reading test score above the median score were defined as high readers.
Thus, there were 7 low and 7 high rkaders for each grade level. In addi-
tion, the Slosson Intelligence Test was administered to the 28 subjects

to determine the ability level of each group.

The expirimental apparatus was an EEG measuring device connected to
an Apple II microcomputer (Biocomp 2001). Electrodes filled with conduc-
tive p‘ltolw.tc placed cver the left ;ﬂéiiigﬁt cerabral hiﬁ;;phgrnsbaﬁ
the skull of each subject. Subjects were then asked to orally read a
passage, copy nonmeaningful dasigns,xind rest during which time their
EEGs were recorded and stored by the computer. EEG epochs lasting 90

v
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' seconds each were record;d twice for each task over each cerebral hemi-
sphere. Hence, four recordings were collected for each task.Z- two oyer
each hemisphere. The experimental procedures for each subject lasted .
about 60 minutes.

- N )

The statistical ANOVA technlque was used to analyze the data. Accord-
Lﬂ.ly, group (low and high readers) by hemisphere (left and right) by task
(reading, drawing, restan) ANOVA's with repeated measures on hemispheres
and tasks were calculated for the stu In additfon, the Scheffe' mul-
tiple comparlson technique was used for making a posteriori tests on the
- individual means. ¢ ‘

Results were discussed in terms-of the cerebral asymmetry displayed '
by each reading group at each grade level. In general, it was found that
_there was no difference between the low and high reading groups with
respect to cerebral asymmetry. This was found at both grade levels.

. Thérafore, results from the study do not support the notion that poor
readers suffer from a lack of hemispheric specialization. However, it

was found that Grade 3 children engaged or activated their left hemispheres
more than their 'right hemispheres. This finding was attributed to the
over-emphasis on analytic-sequential tasks in the elementary school set-
‘ting. Also, it was found_that poor readers at the Grade 6 level acti- _—
vated their cerebral hemispheres more than good readers in Grade 6. It

was suggested that this latter finding was a result of the greater, diffi-
culty podr readers may have had in conpletinq the cognxtive tasks.

. . . - -
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INTRODUCTION

An eminent topic in the research literature on reading problems is
that of cerebral function and dysfunction. Téivit, a number of recent
publications specifically examine the relationship between neuropsyéhol-
ogy and learning or reading disorders (Benton and Pearl, 1978; Gaddes,
1980; Knights ané Bakker, 1976; Pirozzolo, 1979; Tarnopol and Tarnopol,
1977). A motivating force behind investigations on the neuropsychology of

learning/reading disorders is the hope that a clear understanding of cere
bral function/dysfunction will lead to useful remedial methods. Although
such an undertaking has begun, it is still in its infancy. Spreen (1976)
states the following on this matter:

I think we should be modest in our attempt at building a neuropsychol-
ogy of learning disorders. We are. building a theoretical model of
brain functioning that tries to eéncompass the normal and the abnormal
learner. The model should contibute to our understanding of the nor-
mal learning process and it should have pragmatic value, eventually
resulting in proven remedies based on that theory (p. 44?3.

: A‘yery strong contention proposed here is simple but appropriate -- a clear

understanding of brain structure and function is a necessary prerequisite to
and corequisite of remedial strategies based on psychophysiological/neuro-
psychological prépgrtiesi The modest proposal suggested here is that a
clear understanding of brain structure and function has not yet been
achieved and, therefore, physiologically based remedial strategies for
reading problems are more agpragrigtgiy situated in the research labora-
tory than inithg reading clinic. Justification for the above statement

will become obvious throughout the present study.

" The purpose of the present study is to compare the cerebral organiza-
tion of younger and older children at two levels of reading achievement
during Enqn;;i.ﬂ <hallenges. A number of Eimi'gné in the above state-
ment of purpose need to be operationally defined. Cerebral organization
is defined as differential involvement of the two cerebral hemispheres

during higher mentation. For the purpose of the present study, cerebral



organization is ascertained by electrophysiological recordings (EEG)

measured in amplitude from the posterior regions of each cerebral hemis-
phere. Younger children are aged 8 to 10 years old and.older children

are 11 EQILE yé;;s cld. The two levels of reading achievement (low and
high) are determined on the basis of a group reading achievement

test (decoding and comprehension). Low readers are those achieving below
the median on such a test and high readers are those achieving above the
median; relative to children of the same age. Finally, cognitive chal-
lenges are reading orally and drawing nonmeamingful designs. In short’, the
mAjOr purpose hefg is to determine if the differential pattern of EEG

ing and drawing tasks. The differential pattern of EEC smplitude is an

asymmetry of function (i.e. greater activation during one task than another

on the same hemisphere). Hemispheric specialization will be exﬁlainéd later.

ol
Prior to presenting a rationale for the study, it is important to note

what is not being proposed. The pgfpgse of the forthcoming research study
is not to: )

1 define reading disability,

2. propose an etioclogy of reading disability,

3. suggest a unitary remedy for reading disability on the basis of

known psychophysiclogical properties, and
4. generalize findings to populations of good and poor readers.

Clearly, the above proposals are beyond the scope of the present purpose.
A single definition, etioclogy, and remedy are probably inappropriate re-
gardless of the study.

The rationale for the stu lies iﬂ-ﬁﬁi area of ;iscssﬁnnF,a Qn:-:§n¥g
tribution of medidal and computer sciences to the field of &duézatiﬁh s a
new t-chgal@gy for ass:isiné children with reading problems. As will be
' number of
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medical researchers are combining their knowledge of brain structure/
function with computer technologists and using computerized EEG devices
to assess the cerebral organizatibn of children with reading problems,
The reason for conducting the present study then rests on éﬁg balief that
suchk contributions are valuable for the field of eﬂu;gtian. that existing
research on brain-behavior relationships of poor readers rests on empiri-
cal knowledge about human neuropsychology, and that more research is
required in this field. At bottom, education and, in particular, special
education can be greatly enhanced by seriously considering research in
the fields of heuroanatomy, neuropsychology, neurophysiology, psycho-
physiology, ané electrophysiclogy. Suffice it to say that the present
study is an attempt to learn from some of the disciplines mentioned above.

Herein lies its ratiocnale.
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The:general problem ofwizggrgst here is that there are children who
despite normal ability, quuatE instruction, intact senses, and nguro-
logical integrity have dffficulty in learning to read. In addition, new
approaches to assessment seem to be warranted (see Coles, 1978). The
. present study will attempt to address these problems by considering an
area which may be thought of as the‘intgrsectién between the resesarch
areas of special education, neurcpsychology and reading. In sc déiﬂé; it
is necessary to briefly summarize some information in the fields of neuro-

psychology and reading.
:

Neuropsychology and the Processing of Language

The following publications provide the “ﬁeviée“ with excellent intro-
ductions to brain structure and function: Dimond, 1972: Gaddes, 19B0;
éecaen and Albert, 1978; Luria, 1973; Scientific American, 1979: Tarropol
and Tarnopol, 1977 (Chapter 1); Walsh, 1978; Whitaker, 1971; and Wittrock,
1977. The intention here is not to ééﬁﬂg:ige the information presented in
the abowve publications but r*ther to hlghllﬁhﬁ just a few areas which per-
tain t¢ the forthcoming study. First a numbe: of terms will be de-
fined and then some comments on’ the structure and function of the human
brain will foilow. Finally, three conclusions about the "double brainf

made by Dimond (1972) will conclude this section of the introduction.

Talbot (1977) compiled a glossary of termséwhiéﬂ appear at the end
of Wittrock's book, The Human Brain (pp. 185 =~ 2G7)§ Pertinent defini-

tions are as follows:
.
Broca's area. An area in the human frontal cortex of the left hemis-

phere that has been closely relgt-d to bath :yntacti: ;hd phanimic
aspects of language function.

Corpus Callosum. A massive compact bundle of axons connecting the
right and left cerebral cortices. ... The carpus callosum thus allows
the two halves of the cerebral cortex tc communicate directly with
one another.




* : .
F:@ntélh;gbé. The most anterior lobe of the cerebral cortex encased
in large part by the forehead and temples. This region contains the
motor area of the cerebral cortex.

Neuron. The nerve cell; the basic funqtional unit of the nervous
system. '

Occipital lobe. The lobe of the cerebral cortex directly behind the
parietal and temporal lcbes and adjacent to the skull along the low-
er, back position of the head. This region consists largely of the
arss of the cerebral cortex most directly in receipt of visual
(l1ight) information.

Parietal lobe. The cerebral cortical lobe directly behind the fron-
tal lobe and immediately above the posterior end of the temporal
lobe. This region contains the area of the cerebral cortex most di-
rectly in receipt of sensory information from the skin and muscles:
touch, pressure, position sense, etc.

Splenium. K The large posterior expansion of the corpus callosum
through which the visual and auditory areas in one-half of the cer-
ebral cortex communicate directly with the visual and auditory  -areas
in the other half of the cerebral cortex, respectiyely.

Temporal lobe. The lowest lying lobe of the cerebral cortex, loca-

tion of the skull just above the ears. This region contains the
‘area of the cerebral cortex that receives auditory information most
directly.

Wernicke's area. An area in the left cerebral hemisphere near the
_border between the temporal and parietal lobes, critical to language
comprehension. '

]
The diagrams by Whitaker (Figure 1 and 2) display some of the areas de-

£ .

fined above. \ . . d



-_ Figure 1 Left Hemisphere Language Areas

(From Whitaker, 1971)
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The'relqtionship between cerebral structure (neurcanatomy) and func-
tion (neurophysioclogy) has been a controversial issue throughout the his-
tory of neuropsychology. Historically, two extreme positions have ‘been
proposed (Becaen and Albert, 1978):

-

1. Localization: there exists an isomorphic relationship betwa;n
a particular cerebral structural area and a pa:tléular mantal
activity.

2. ‘Wholistic: there is no specific structure which can account
for a particular mental function; rather, various cerebral
areas work together.

AzR Luria, a Russian n.uroptycholoqiit offers one solution to this con-

nceptualizes brain functiomas ... organized j;%systgms of concertedly
working zones, each of which performs its role in)a comp lex functional
system....(p. 31). BHe does suggest that the 'rain functions a:sarding

—

to the law of diminished specificity. To

:;oversy on the basis of his work with brain-injured patients. Luria (1973)

Plain, according to Lur;a

there are three functional units of the brain:: 1) the unit for regqulat-
ing tone or arousal (subcortex and brain stem):; 2) the unit for receiv-
ing, analyzing, and storing information (ccecipital, temporal, and parietal
lobes)i and 3) the unit for programming, regulating, and verifying men-
tal activity (frontal and pre-frontal lobes). Moreover, as conceptualized
by Luria, each unit is organiéed Or arranged in a higrarehiéal structure,
depending on the engaged cognitive activity, from primary (information _
reception) to secondary (information processing and retrieval) to tertiary
or overlapping zones (information association and integration). The law
of diminished specificity posits that the greatest structural specificity
is present for Primary zoh;s and the least specificity is present for the
cortiary zones. Therefére, both of the two axtrsme positions may

bo correct depending on the zone and/or level of cognitive activity. On
this ‘matter, aecaen and Albert (1978) would add that the "... cComplax -
interrelations among cortical neurons dg not negate the concept of func-
tffnnl localization. ... Each cerebral zone may contain diverse function-
al potentialities while remaining primarily responsible for certain specific

.

7
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behavioral skills (p. 404)." This short discussion of a very Qﬂ?@li;!tid

issue does npt solye the problem but, hopefully, will permit one to con-
ider cerebral correlates of linguistic activity which is the next taﬁie

In discussing the processing of linguistic stimuli, cerebral struc-
ture and function come together. Geschwind (1979) clearly explains this
process: : '

Linguistic competence requires the cooperation of several areas of
the cortex. When a word is heard, the sensation from the ears is
received by the primary auditory cortex, but the word cannot be
understood until the signal has been processed in Wernicke's area
nearby. If the word is to be spoken, some representation of it is
thought to be transmitted from Wernicke's area to Broca's area,
through a bundle of nerve fibers called the arcuate fasciculus.

In Broca's area the word evokes a detailed program for articylation,
which is supplied to the face area of the motor cortex. The motor
cortex-in turn drives the muscles of the lips, the tongue, the

larynx and so on. When a written word is read, the sensation is
first registered by the primary visual cortex. It is then thought to
be relayed to the angular gyrus, which associates the visual form of
the word with the corresponding auditory pattern in Wernicke's area.
Speaking the word then draws on the same systems of neurons as before
(p. 190).

‘5 &
See figures 3 and 4 for Geschwind's diagrams of the neural structures
involved in processing language. Of course, the entire process is far
more complicated than that presented here since subcortical areas (e.g.

thalamus) are also involved.

10



Figure 3 Neural Structures
{(From Geschwind, 1979)

Involved in Speaking a Heard Word

-



Figure 4 bHeural Structures Involved in Speaking a Written Word
(From Geschwind, 1979) ' ’ '
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A Finally, three conclusions by Dimond (1972) about the "double brain"®
will serve as an introduction to the topic of hemispheric specialization
. ~@r cerebral asymmetry which is a major topic of the present study. 1In
Ris book, The Double Brain, Dimond reviews and discusses gtudies of

brain lesions in humans and animals, studies of hemispherectomies and
sections of the corpus callosum, and studies of normal human behavior.

On the basis of this evidence, Dimond suggests the following:

From these sources it is possible to draw three overall conclusions.
The first is that the two~brain interpretation is valid both for
the nervous system of man and for that of lower animals. Secondly,
the bilateral arrangement allows the total productive capacity
:htain to be increasad. Thirdly, that the hemispheres do not
work in an all or none fashion, but take part in a highly integrated
fusion of functions which is mediated largely by the transporting
action of the corpus callosum (p. 193). ’

These conclusions are crucial to the forthcoming study. The final section
of the ihtroductory chapter will overview some preliminary information on

reading.

The Reading Process

* The purpose here is not to propose a precise model for the a;qui:ié
tion of reading but rather to suggest a possible perspective anaﬁh& learn-
idq to read process. The perspective suggested here is developmental -
reading is a process. According to Smith (1978), "reading is less a matter
of extfacting sound from print than of bringing meaning to print (pfli)“i

The view taken here is that bringing meaning to print is a goal or aim of

stages of reading. That is, the task of comprehending written script is
certainly germane to the entire learning to read process but it is more
active duringlﬁhe "fluent"” rggéing stage. Reading then is cqnsagtualised_:
as being an aspect of cogﬁitiveggravth;whiéh parallels, and may contribute
to, cognitive developmcnt.. Such ideas are generated by Pguliséts‘s theory
on developmental dyslexia {(discussed in Chapter II).

I~
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In learning to read then,various skills and cognitive processes are
required. Calfee (1977) suggests that the range of skills directly relat-
ed to the acquisition of reading are (pp. 295 - 296):

1. visual perception of letter strings,

2. auditory-phonetic analysis of 5poken words,

3 lettar-sound correspondences,

4. association of a letter string with a lexical mode in semory, and

5. a variety of comprehension skills.

Perhaps these subskills follow a developmental sequence as reading is aga'
quired. According té6 Gibson (1970): '

Once a child begins his progression from spoken -danguage to written
language, there are, I think, three Phases of learning to be consid-
ered. They present three different kinds of learning tasks, and

they are roughly sequential, though there must be considerable over-
lapping. These threé phases are: learning to differentiate graphic
symbols; learning to decode letters to sounds ("map"” the letter into
sounds); and using progressively high-order units of structure (p. 317).

The sequence in learning to read may follow the sequence in language acqui-
sition -- phonology, morphology, syntax (see McLean and Snyder-MclLean,
1978). Or it may parallel overall cognitive development -- enactive,
iconic, and symbolic representation (see Bruner, 1968). If stage theories
of cognitive development (Piaget, Bruner) are accepted then it may make
gense to consider lsarning to read as a development process, This

is the perspective proposed here.

14
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HEMISPHERIQ IZATION OF THE HUMAN CEREBRAL CORTEX

The first section of the present review is largely devoted to empirical
studies of normal human subjects. First, morphological or structural prop-
erties of the cerebral cortex will be reviewed. Next, functional préperties
on information processing of the brain will be discussed. Accordingly, a
model of hemispheric Specialization will be presented. Finally, various
theories regarding the age of onset of hcnispheric specialization will be
presented. The purpose of this section of the review will be to examine
hemispheric specialization of normal subjects in order to set the ground-~
work or background for information pertaining to subjects'having difficultyv

in learning to read.

The next section will be largely devoted to dcscrtﬁinq deficits associ-
ated with reading difficulty And the final section of the review will deal
with the relationship between reading difficulty and hemispheric spe:ial§
ization. The review is to provide a rationhale for conducting neurophysio-
lggical research on children who have dlfflculty in learning to read. A
presentation of hypotheses which are to be empirxcally tested for the

present stu&y will conclude the review of literature and research,

16
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Structural Asymmetry of the Humap Brain

Two questions regarding structural asymnetry of the human brain are:

1. 1Is the left hemisphere morphologically different from the
right? and, ‘

2. ~ Bow should this possible structural difference be interp-
reted or understood? '

The major reason for investigating structural cerebral asymmetry is to
propose a basis for differentiation. That is, if the two hemispheres are
shown to be structurally different then one might infer that they function

differently, as well.

Several researchers have concluded on the basis of their studies
tﬁat'thg two cerebral hemispheres are structurally different. Geschwind
and Levitsky (1968) performed postmortem examinations on 100 adult human
brains which were free of significant pathology. They found that the
planum temporale (the area behind Heschl's gyrus in the temporal lobe)
was larger on the left hemisphere in 65% of the brains and it was larger
on the right hemisphere in only 11w, ;u:thég. the left planum was, on
" the average, one-third longer than the right planum. Geschwind and
Levitsky (1973) state that "... the planum temporale contains auditory
~association cortex which extends on to the lateral surface of the poster-
ior portion of the first temporal gyrus. These regions of auditery
association cortex on the left constitute the classical Wernicke's area,
‘a region known from anatomical findings in:gphgsiag'patiinﬁs and from
stimulation studies during neurosurgical procddures to be of major impor=

tance in language functions (p. 187)."

Postmortem examinations of 16 adult and 14 infant Brains were con-
ducted by Witelsen and Pallie (1973). The left planum temporale was
found to be larger in both neonate and adult brains. Thev conclude

that "... since the asymmetry occurs in an area of relevance to language
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function and in the direction compatible with known functional asymmetry
for language, the anatomical data have considerable behavioral implica-
tions (p. 644)." Regarding planum asymmetry, similar results were ob-
tained by Wada, Clarke, and Bamm (1975) who examihed the brains of 100
adults and 100 infants. Galaburda et al. (1978) report about a study.

that found the volume of the left temporoparietal cortex to be seven times
larger than the tiqht. They also report on studies which found the follow-
ing morpholoqicil asymmetries: | } |

[

1. the left occipital lobe is wider than the right,

2. the left Sylvian fissure is longer than the right, and

3. the r:thtb frqaii lobe is wider thln the .lafti
Moreover, these findings were more striking for right-handed subjects.

Ratcliff et al. (1980) conducted an experiment in which they selected
.files of patients "... who had had bilateral angiograms and whose speech
representation had been clearly established as lgft, right, or bilateral
on the basis of sodium amytal tests ... (p. 90)." In total, their sample
congisted of 59 patients (39 with left-hemisphere speech, 11 with bilateral
speech, and 9 with rightihgmiséhe:e speech). Ratcliff and his collesagues
found greater asymmetry in the posterior sylvian region of patisnts with .
- left-hemispheric speech repressentation than in patients with atypical !
| cerebral dominance for speech. However, they suggest that there are thres

problems with equating morphological asymmetry with functional ESﬁ!hétryz

1. structural asymmetry has been found in areas outside the poster-
ior Sylvian region where functiocnal significance of the asymmetry
is less clear. v

2. the percentage of brains showing typical posterior Sylvian
asymmetry, averaged across studies, is about 73% which is lower
than one would expect for left-hemisphere dominance for speech, and
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3. only 308 of left-handed subjects show typical asymmetry (i.e.
similar to right-handed subjects with left-hemispheric speech
representation) and this figure should be closer to 60% (p. 89).

Rubens (1977) reports on a study conducted by himself and others which
found that the retrosylvian parietal region including the angular gyrus
is smaller on the left side. He states: '

%
i

... the smalleér left angular gyrus goes against the theory that
language dominance of the left hemisphere is based on its superior-
ity to make cross-modal associations and that this superiority
occurs by virtue of the greater development of the left angular
gyrus (p. 513). )

According to Rubens, more definitive cytoarchitectural and gross morpho-
logical studies which correlate with EUﬂ:tiaggl studies are n:e:s:afy.:
Whitaker and Ojemann (1977) highlight studies which found that Heschel's
gyrus, Broca's area, and the superior temporal gyrus are longer in the
right hemisphere than in the left. These areas are alsc involved in the
processing of linguistic information. ‘In addition, the right hiﬂisphgrgi
has been found to be hi;vig; than the left. Concerning findings on the
morphological asymmetry of the planum temporale, Whitaker and Ojemann
stéﬁe Ehgﬁ it segmé unwise to associate language per se with consistent
leftﬁgfgg;er—thgn-rigﬁt'digferenées of only one portion of the cortical

language areas (p. 460)."

The first of the tﬂg‘guiitiani stated at the beginning of this sac-
tion (Are there morphological differences betwsen the two hemispheres?)
has been answered in the affirmative. The problem relates to the question
ﬁﬁ’iﬂﬁlfpfﬂtlﬁiﬁn_ EQH_IhQ&lﬂ these differences be interpreted? First,
structure and function are not necessarily isomorphic. Morsover, since
various areas invQlved in language have been found to be both Lérgg: and
smaller in the left hemisphere as compared to the right, morphological -
differences need to be interpreted with a great deal of caution. Finally,

functional asyﬁmgtry can be assessed by using other methods of investigation.



Rather than inferring functional asysmetry from morphological studies or



Functional Asymmetry of the Human Brain

A number of methods have been used to determine if the left and
right cerebral hemispheres function differently. Among t?os& methods
are dichotic listening, tachistoscopic presentation, electroencephalog-
raphy, evoked potential, and regional cerebral blood flow. Findings
from each of these -.thqga will be reviewed.

Prior to discussing experimental findings, the concept of hemi-
spheric specialization will be explained. Dimond and Beaumont (1974)
propose the following model of the association of different functions

with hemispheric locus (p. 83):

- -
Left Hemisphere -4 Right Bemisphere
Channel Channel
Speech and ' Spatial
language Both Hemisbheres Integration
Complex motor Simple motor responses Calculation
function Incidental learning Creative =~
Vigilance Fatigu; processes Associative
Paired - . — Thinking
Associate '
Learmring

Dimond ;ﬁd Beaumont posit that the hemispheres work together and that
each hemisphere has a capacity to perform similar tasks but that one
hemisphere exceeds the other in proficiency with respect to its special-
ized task. This model portrays the meaning of the term "hemispheric

Pd
P 4

specialization” as it will be used here.
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Divhotic Listening Studies

The dichotic listening technique has been used to sﬁudyucerebral
dominance. In 1961, Kimura discovered that when verbal stimuli were
simultaneocusly presented to the two ears,-the stimuli presenped to the
right ear were more accurately reported than those presented to the left
. ear (Krashen, 1976, p. 158 - 159). This right-ear advantage (REA) has
been interpreted as evidence for the proposition that the left hemisphere
of right-handers is specialized to process verbal iﬁformation. Krashen

(1976) describes mechanisms involved in producing the REA:

Under normal conditions, auditory stimuli arriving at ¢the ears
travel along contralateral (crossed) and ipsilateral (uncrossed)
pathways to bilaterally situated primary auditory receiving areas
(Heschl's gyri) in each temporal lobe. The primary auditory receiv-
ing areas in each cortex receive input from both ears; for example,
the contralateral pathway from the right ear and the ipsilateral
pathWay from the left ear both input the left primary auditory
receiving area. The primary auditory receiving areas 'hear’ sounds
but intelligent recognition is the function of higher cortical areas.

In the case of language, higher analysis is performed by several
areas in the left hemisphere. The left primary auditory receiving
area has a more direct pathway to the language areas than the right
primary auditory receiving area. Stimuli arriving at the right
receiving area must cross frog the right to the left hemisphere
before they can be processed by the language areas. ‘

There is convincing evidence that under dichotic listening condi-
tions the ipsilateral pathways are suppressed or inhibited. This
evidence comes from several dichotic listening experiments using
split-brain and hemispherictomized subjects (p. 159).

'
In short, stimuli presented simultaneously to both ears are more effec-
tively processed and analyzed by the contralateral hemisphere since
contralateral pathways are presumably predominent over ipsilateral path-
ways. If this information is verbal, then a right-ear advantage will be
expected since the theory postulates that the left-hemisphere is special-
ized to process li.nguj‘tic information. Thus, a right-ear advantage for

speech stimuli implies a left-hemisphere dominance, and a left-ear

.
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§ﬂ§§ﬂt£§i for nonspeech sounds implies right-hemisphere dominance. An
important point to remember is that dichotic listening experiments inves-
tigate verbal production (expression) and not just verbal rggggéiaﬂi
Findings from some dichotic listening studies using normal subjects will
now be discussed.

Using the dichotic listening procedure in combination with the non-
nutritive High Amplitude Sﬁékiﬂg (HAS) paradigm, Entus (1977) found that
infants (age 22 to 140 days) displayed a right-ear advantage to speech
sounds (consonant - vowel Syllables) and a left-ear advantage to music
stimuli ("A" note on the bgijaaﬁ, cello, piano, and vicla). Upon presen-
tation of speech stimuli, 71% of the infants showed a right-ear superior-
ity and upon presentation of music stimuli, 79% showed a left-ear Supﬁr-tj}f*\
iérity_ Entus concludes that her findings ".., agree with the available 7
neurcanatomical and physiological evidence in suggesting that hgmispﬁgriz
agymmetry is part of man's biological endowment and that it is functional
by 3 weeks of age (p. 72)."

The age of onset of hemispheric specialization (inferred from dichotic

listening experiments) is a controversial issue in the research literature.

):

The following results were found from an experiment conducted by Satz et al.

[T ]
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1. significant ear asymmetry was not found in children younger
than nine years of age:;

. ) , L] ,
2.  the magnitude of the difference between ears, while not signif-
icant until age nine, continued to increase with age until
eleven at which time the slope functions for each plateaued;

3. ear asymmetry was independent of sex (abstract, p. 171).

Dutch-spoken digit-pairs were presented to approximately 20 boys and 20

e
girls at each of five ages (5, 6, 7, 9, 11). sSatz et al. state: "...one
r

might conclude, on the basis of the present results, that the ear asymmetry,




regardless of its age of onset, does undergo major changes after five
years of age (p. 184)." Moreover, they suggest that an increase in the
magnitude of the ear asymmetry is compatible with the proceass of speech-

brain laterlaization.

Silglirlyfgbaviéaffi Cone, and Scully (1978) conducted a study in
which 120 children at age 6, 8, and 10 listened to a dichotic stop con-
sonant tape (e.g. pa, ga). They £auﬁé that the 6-year-old group showed
less right-ear advantage but the lower S.E.S. 6-year-olds were mainly v
responsible for this effect. After age 6, it was found that the right-
ear advantage increased with age. Davidoff et al. conclude that ", ..
there is an effect of learning to read that is associated with an in-
creasing left-hemisphere advantage for linguistic tasks (p. 226)."

.
. " The characteristic right-ear advantage for linguistic information has
been found in a number of experiments (Krashen, 1976, pp. 162 - 167). The
intriguing question regarding the onset of cerdbral specialization and its
meaning will be addressed throughout the present review. It is important
-to note here that certain problems are associated with dichotic listening

‘studies. First, as pointed out by Springer (1977), "intensity, spectral

(p. 333)." secondly, dichotic listening techniques may not yield a “pﬁre‘
measure Of hemispheric asymmetry. Springer (1977) states:

With the dichotic procedure, two inputs are presanteg simultaneocusly
to a subject, one to sach ear. Although each ear sends projections
both contralaterally and ipsilaterally from the superior clivary
complex upward, simultaneous presentation seems to be effective in
suppressing the ipsilateral inputs. Split-brain subjects are able
to report some left-ear material presented dichotically, however,
suggesting that suppression is not complete .and hence that the
dichotic paradigm may in some instances not satisfy the initial
requirement of lateralized input (p. 332).

Finally, Satz (1977) cautions against inferring hemispheric asymmetry on
the basis of findings from dichotic listening experiments. He states that
"the problem ... concerns the assumption that because a relationship exists

between two variables (e.g. ear asymmetry and speech-brain lateralization)
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then inductive inferences can then be made on 1;61§idu;1 Ss to classify
them into respective hemispheric dominant groups (p. 208)." Using a

Baysean analysis, Satz shows that this agssumption may be unwarranted.

T;;h;st;sﬁap;é Studies

Tachistoscopic igudiis have alsc been used to answer Qﬁciéiaﬂ: on
anisphgric specialization. The prdsedure usually involves flashing
linguistic and g%néliﬁguistié informakion to the left and/or right visual
fields for a short period of time (less than 200 milliseconds). The sub-
Ject is then asked to recall or recognize the information presented. A
left visual field advantage is obtained if the subject recalls or recog-
nizes more information presented to the left visual field than the right
visual field and a right visual field advantage is obtained if the sub-
ject recalls or recognizes more information presented to the right visual
field. Information presented to each field (left or right) is primarily
processed by the contralateral hemisphere (Beatty 1975). Mechanisms under-
lying wisual information processing are highlighted by Whitaker (1971):

The principal optie characteristics are well known: the right half
of the visual field is focused on the left half of each retina, and
'vice versa. - Each optic nerve carries a right and a left half-field
(divijed vertically) to the optic chiasma where the pathways carry-
ing Lth visual field information (from the right retinas) converge
in the optic tract of the right hemisphere; right visual field in-
formation proceeds in the optic tract of the left hemisphere (p. 68).

In short, the left hemiretina of each eye receives information from the
right visual field and this information is then sent to the left cerebral
hemisphere; likewise, the right hemiretina of each eye receive information
from the left visual field and this information is sent to the right cereb-
ral hemisphere. Therefore, if the left hemisphere surpasses the right in
processing verbal information then one could expect to find a right visual
field advantage upon tachistoscopic presentation of verbal information.
formation then one would expect a left visual field advantage when nonver-

bal stimuli are presented. Some experimental findings on tachistoscopic
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presentation of verbal and nonverbal information to normal subjects will
be reviewed.

Mckeever and Eulingf}l971§) conducted an experiment in which 20 nor-
mal right-handed adult subjects performed a monocular ta;h‘!tés¢apie word
recognition task. Ten of these subjects éaﬁstitutad the left-eye viewing
group and the remaining 10 iubjiEES ware the right-eye viewing group.

Four letter nouns were flashed two at a time (one word to the left and

one to the right of fixation) for a period of 20 milliseconds. Right
subjects and for both left and right eye viewing groups. On the basis of
this study, McKeever and Huling proposed the right visual field superior-
ity is a result of a shorter neural pathway between the right visual field
and the left hemisphere language centers as compared to the neural pathway
between the left visual fiéid and the left hemispheric lahgugge denter.
However, this proposal was not confirmed by another experimental procedure
(McKeever and Huling, 1971b). The method used was to "lead” or "lag" one
or the other visual half-field word presentations. The experimenters
found that "... allowing earlier left-field word presentation failed to
increase left-field recognitions and the typical :ightffield%recégniﬁign
superiority obtained in all conditions (abstract, 1971b)." DE::fvté right
field superiority for verbal stimuli appears to be a result of factors
other than those related to transmission time between the left cerebral
language centers and the left and right visual fields. ’

\ . o
Other studies confirm that right visual field superiority is obtained
when llnguliéic ;nféfmati@n is presented with a tachistoscope. Rosen et al.
(1975) flashed four letters in each field {100 millis:eands) to 20 right-
handed adults. They conclude that the right field superiority is a
result of left cerebral dominance for Lénguaggi Mackavey, Curcio, and
Rosen (1975) found right visual field superiority using bilateral presen-
Eaﬁisn of word pairs in four tachistoscopic exge;;mentsi For these four
‘axp;:imgnts; MacKavey et al. varied the exposure time (20 millisgéanési
70 milliseconds, or 100 milliseconds) and the placement of words (verti-

cal or horizontal). Also, in two of the experiments they asked the




subjects to f;x;EG on a digit prior to presenting esach word pair.
Mackavey et ii- (1975) conclude that "...the right visual field super-
iority for bilaterally presented word pairs is extremely robust (p. 31)."
Viftieai presentation of words was used to minimize (left and :ightf
directional scanning. Hines (1975) presented the following pairs (one

in the left and one in the right visual field) with a tachistoscopic to
a total of 63 adult subjeéts; words with words, words with shapes,

words with faces, shapes with shapes, and faces with faces: Hines found

for faces (photographs). Hines suggests that "... the large right visual.
half field superiority with bilat;;;l presentation reflects the superior
éerbal racognition ability of the left hemisphere (pp. 140 - 141)."
Similarly, Leehy and Cahn (1979) fdund a right visual field;superiéfs
‘i;y for word recognition and a left visual field superiority for recogni-
tion of both familiar and unfamiliar faces. Th§§ presented the stimuli
bilaterally with various exposure durations to :igﬁtghandéd adults.

Words were exposed for a duration of 80, 100, or 120 miilise:énds; familiar

‘faces for 60 milliseconds and uﬂfgmiliar‘fasgs for 120 milliseconds. On

the experimenters propose right field superiority is a result of the
sé@eial;;;é capacity the left hemisphere has in processing verbal infor-

mation.

-normal subjects addresses the issue of development and hemispheric special-
ization. This study was conducted by Carmon, Nachshow, and Stafinsky
(1976) . Four groups, each composed of 48 Hebrew speaking children were
selected to participate -~ 24 boys and 24 girls aged 6, 8, 10, and lzi’

‘years old.  The stimuli presented were single éabfgv';ettar:, two-letter
and four-letter Hebrew words, and two-digit and four-digit rumbers. Note
that the Hsbrew letters and words are read from right to left and the

numbers are read from left to right. This is a strength of the
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experiment since it controls for the plausible confound of directional
reading habits (usually left to right in English speaking subjects)
which could bias the results in faver of the right visual field. Carmon
et al. tachistoscopically presented the stimuli for e:pasure durat;ans
of 12.5 to 100 millis;:anﬂ:, both unilaterally (one stimulus at a time
in either the left or right visual field) and bilaterally (stimuli pairs

== one in each visual field). Carmon et al. (1976) state:

The present study demonstrated that acquisition of directional
reading habits does not influence visual hemifield asymmetries in
perception of verbal material. Both Hebrew words and Arabic num-
bers, though scanned in opposite direction, were perceived gener- -
ally better in the right hemifield. This finding suggests that
hemispheric specializatien in verbal perception is the underlying
source of laterality differences (p. 467).

n addition, they found that a;thnugh the right visual field superiarity

[l

did not interact significantly wlth age, a trend of developmental strength-
ening in the perceptual asymmetry was noted (p. 467). This latter find-
ing would tend to concur with that found by Satz et al. (1975) and Davidoff
et al. (1978) who used the dichotic listening Ea:hni%ueg

Various problems analveé.wiﬁh the use of a tachistoscope as a
measure of hemispheric specialization have been suggested. The short
exposure time (usually less than 200 milliseconds) limits the complexity
of the stimuli (Springer 1977). A;ga;ding to White (1972), tachistoscopic
expgriments typically :equlre subjects to report e;ther verﬁal Or give
- written responses but such a procedure does not invgstigatg verbal en=-
coding or analysis. He states that "... because the left hemisphere is
usually prepotent for language and speech pfc&esses and initiation of
vocal motor responses, it does not necessarily follow the same hemisphere
as §:e§atent or 'dominant' for stimulus analysis (p- 504)". Finally,
White (1973) suggests a number of task-sg&éifiz factors which might
affect the degree or direction of jateralization: numbéf of léttarsl'

spacing o etters, retinal locus, exposure duration, report instructions,

and direg nal stimulus characteristics.

%



Electroencephalographic (EEG) Studies

The electroencephalogram is a record of electrical activity in the
brain. According to Marshall (1967), "alagtrggn:ephalagrgghy; by defi-
nition, is the recording and evaluation of the Glgctrieal'patgntinls
goﬁerat&d’by the brain and sampled at the scalp surface (p. 221)."
Basically, the EEG consists of two measures of spontaneous electrical
rhythms recorded from the surface of the scalp: 1) frequency (measured’
in cycles per second or Hertz) and 2) amplitude (measured in microvolts).
¥ ler and Glass (1976) describe the ongoing EEG as follows:

By "ongoing" EEG. is meant the continuously varying valt;gi record=-
able between pairs of electrodes on the head in the frequency band
0=30 Hz. For deszript;ve purposes the ongoing EEG is usually sub-
divided into a number of smaller frequency bands, each encompassing
rhythms characteristic of different behavioral states. Thus delta
rhythm (1-3 Hz) typically occurs during sleep, alpha rhythm (8-13
Bz) during relaxed wakefulness, beta rhythm (frequencies greater
than 13 Hz) during periods of interise mental activity, while E§eta
rhythm (3-7 Hz) is often found when the brain is developing. Ac-
tivity in the alpha frequencies has so far provided the most inter-
esting information in connection with asymmetries of cerebral func-
tion (pp. 220 = 221). .

The EEG has been used to infer the differential involvement of esach
cerebral hemisphere during various cognitive activities. Accordingly, |
the usual experimental procedure for inferring differential involvement
of each hemisphere from EEG data recorded during sgni tive ;ctivitini
is to place electrddes on various sites of each hemisphere and then ask
the subject to perform verbal and nonverbal tasks while the EEG is
recorded. ponchin et a1.(1977) state: -

One pram;sinq pa;gdigm‘inVﬁlv:! the :;mparisan af the distributian

tiaﬂs whlle subja:ts are angaged Ln tasks p:esun:d §g é;ffgr;ntially
engage the hemispheres. This interest derives from the earliast
studies of the EEG by Bergep (1930) and Adrian and Matthews (1934)
which indicated an inverse relationship between alpha presence and
'mental effort'. The assumption is made that hemispheric involve-
ment is indexed by differential suppression of alpha. The hemi-
sphere more engaged in the task would exhibit less alpha activity
than the idle hemisphere (p. 214).
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Thetefore, if the left hemisphere is specialized to process linqu;stic'
information, at least in right-handers, then one would expect to record
less alpha during verbal tasks from the left hemisphere than from the

right hemisphere. One would also expect to record less alpha from the
right hemisphere than from the left during nonverbal activities; that

is, if the right hemisphere is specialized to process nonverbal infor-
mation. Some findings from a number of EEG experiments on normal sub-

jects will be presented

Expcrin‘ntal research using the EEG has been done on infants, chil-
dren, and adults to investigate hemispheric specialization. Gardiner
and Waliter (1977) presented verbal and ﬁg;ical sti;uli to four infants
aged 6 months. They placed electrodes over the left and right parietal
(93, P4) and temporal-(wl, WZ) areas on the surface of each infant's
skull to record EEG power distributions during the presentation of ver-
bal and musical stimuli. Analysis of EEG activity was done on frequency
bands in the vicinity of 4 Hz. Gardiner and Walter found that "in all
4 infants, parietal and Wernicke pairs (where available) exhibited reduc-
tion in the proportion of ieft hemisphere to total bihchispheric power
for speech relative to music, in the activity near 4 Hz (p.\492)."

They conclude that their results "... fail to support Lenneberg's (1967)
theory of gradual development of lateralization of function but iristead
give added support to recent findings, both from patients and aormal
subjects, that suggest that.some functional asymmetries may already be>
present in the normal human brain at, or soon after birth (p. 495).

This conclusion is similar to that made by Entus (1977) who fOund a

Ariqht-oar advantage to speech (dichotic listening) in infants aqed 3

months >

An excellent summary on the relationship betwecn Alpha waves and

;coqnitive activity is stated in the introduction to a study conducted

by - Cole and Cummings (1977) . They state the following:

Wheﬁ/humans are relaxed, drowsy, or in meditative states, the EEG
typically reveals a predominance of alpha waves having a frequency
between 8 and 12 Hz. If a subject in this state is given a problem
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to solve, the alpha waves are replaced by asynchronous beta wavas
having a frequency greater than 12 Hz. The percentage of alpha
rhythm may thus be used as a rough measure of the amount of ongoing
information processing at a particular cortical location. The

more alpha rhythm that is present, the less ongoing information
processing is assumed to be occurring. Based on our present know-
ledge of cerebral specialization of function, we should expect to
find less alpha rhythm in the left hemisphere during linguistic
tasks than during spatial tasks, while the opposite pattern should
occur in the right hemisphere (p. 37). '

of 35 normal right-handed children (aged 3 - 6 years old) during the
presentation of verbal (stories) and nonverbal (cartoon movie) informa-
tion. They found that children produced more alpha in the left hemi-
sphere while watching a cartoon than when listening to-a story —- an
effect which was as strong for the 4 year olds as it was for the 6 year
olds (p. 41). The experimenters conclude that their results "... suggest
that there is an increase in‘Left hemisphere alpha rhythm -- presumably
indicating a decrease in information processing in that hemisphere --
when 4- to 6-year-old children cbserve a cartoon, as compared to their
left hemisphere alpha rhythm when listening to a story (p. 45)." A
similar pattern of results was not obtained from the right hemisphere.
One difficulty with this stu&y is the nature of information processing
associated with the cartoon. That is, children may covertly associate
verbal labels with the visual presentation of thé cartoon. Hence, the
difference between the two stimuli may hg-si:ply’g difference between
auditory (story) and visual (cartoon) sensory stimulation.

Morgan et al. (1971) compared the alphé activity in the left and
right occipital lobes of 20 right-handed adults during analytic and
spatial activities. The analytic condition consisted of 9 tasks (e.g.
add 16 and 18, recite a few lines of a poem) and the spatial condition
’égn;istéd of 5 tasks (picture a child swinging on a swing, imagine you
" are watching a ballet). Morgan et al. found that, compared to the left

hemisphere 19 of the 20 subjects dfsplayed more alpha activity in the
rJ
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right hemisphcrifduging the analytic condition and 16 of the 20 Subjiéti
displayed.lc!s alpha in ths right hemisphere during the spatial condi~
tions. That .is, the right hemisphere was less active than the left dur-
’—ihg the analytic condition and more active than the left during the
spatial condition. Using different tasks and recordihg from different
locations (left and right parietal and temporal), McKee et al. (1973)
found similar results. McKee and his associates used three linguistic
tasks of varying difficulty and a musical task in an experiment with four
right-handed subjects. They found the largest L/R (left divided by right)

for increasingly difficult linguistic tasks. Interestingly,both of the
above studies found mors alpha activity over the right than over the left

hemisphere regardless of task.

The hypochgsized relationship between alpha production and task
asymmetry (i.e_ less alpha in the left hemisphere during verbal tasks
and less alpha in the right hemisphere during ségﬁigl tésks) has beén
found in studies conducted by Galin and Ornstein (1572): Doyle, Ornstein,
and Galih (1974); and Furst (1976). These studies used normal right-
handed adults as subjects. 1In additi@ﬁ. Galin and Ornstein (i972) and
Doyle et al. (1974) discovered that lateral asymmetry was strgngest in

. the alpha band and for verbal and spatial tasks involving mﬂﬁéz activity.
Furst (1976) found that subjects with lower R/L alpha ratios (less alpha
in the right hemisphere) solved visuospatial problems more efficiently.
That is, subjects who activate the right hemisphere to a greater extent
than the left perform better on a right hemispheric task. Amochaev and
Salamy (1979) and Erlichman and Wiener (1979) did not find conclusive
results regarding proposed hemispheric asymmetry but both experiments
444 shéw a moderate ;méunﬁ of reliability in task-related EEG asymmetries
over time. Fingily, in an experiment conducted by Gevin et al. (1979),
subjects (right-handed adults) displayed EEG asymmwtry to verbal and
spatial tasks but the experimenters suggest that cbserved EPFC asymmetry
re&ults from inter-task differences in efferent activity, stimulus charac-

teristics, and performance-related factors rathar than from true differenceas



;ﬂA:aqaitive processing. In order to determine EEG asymmetry of verbal
and nonverbal tasks, such confounds as pointed out by Gevins and his
associates must be controlled. Other confounds could be instrumental or
physiological (Sﬁaqa:s. 1972). Thus, EEG frequency analysis is an infor-
mative/exciting technique but it does have limitations, as well.

Ev@kgdeggggg;al Studies .

Evoked potentials, another slectrical msasurement of the brain,
have besen used in a number of sxparimsnts to aAssess hemispleric asymmetry.
Tygigglly. evoked potential (EP) or event-related potential (ERP) studies
record the amplitude (power) and latency (time) of the brain's electrical

activity in response to a repeated stimulus (visual, auditory, or som-

/f:;psenla:y). According to Marsh (1978): o

Another electrophysiclogical phenomenon that can demonstrate hemi-
sphere asymmetry is the electrical activity elicited by presentation
of stimuli. This activity is generally of smaller magnitude than
the ongoing EEG activity and must be extracted from the scalp-
recorded EEG by summing together several short portions (e.g. 500
milliseconds) of the EEG record following several stimulus presen-
tations. Random portions of a normal, unstimulated EEG record tend
to sum to zero because the varying electrical activity is not tied
to any one specific external or internal event. However, when just
the portions of the EEG time-locked tc the repeated presentation of
a stimulus are summed, the electrophysiological responses elicited
by the stimulus are accumulated, and the electrical events not tied
to the stimulus tend to cancel toward zero (pp. 300 - 301).

With fE;pﬁEE'Eﬁ hemispheric specialization, attempts have been made to
determine whether verbal and nonverbal stimuli evoke different responses
in the left and right hemispheres (Butler and Glass, 1976) .

Again, evoked potential studies on normal infants, children, and
adults have attempted to detirmina if and how the two cearabral hemispheres
are specialized to process information. in.ginergl, several stggigs have
found that evoked potentials from the left hemisphere are higher in amp-
litude during verbal tasks and that evoked potentials from the right
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hiiisi?éfi are higher in amplitude during nonverbal tasks (Butler and
Gl;::?h1§76; Neville, 1978). The inference made is that there is a
“direct relationship between the amplitude of evoked potentials and cere-
bral activation. If such a fgliﬁién;hip exists betwssn verbal tasks

and the left hemisphere and betweep™ nverbal tasks and the right hemi-
sphere, these results are Fikinﬁgjrv

tion. Some specific studies will now

ce of hemispheric specializa-

reviewad.

Molfese (1977), presented verbal (syllables -- ba, da; words =-- bys,
dog) and nonverbal (musical chord, burst of noise) stimuli to 10 infants
aged 1 wesk to 10 iﬂﬂﬁh?; 1l children aged 4 to 1l vears, and 10 adults
aged 23 to 29 years. Evoked potentials were recorded from the left and
right temporal regions of the brain. Du;;nq-spiich sounds, greater
amplitude of auditory evoked potentials (AEP) was found in thwe left hem-
isphere of 27 of the 31 subjects. During the presentation of the musical
chord, the AEP was greater in amplitude for the right hemisphere in 30
of the 31 subjects. Molfese found that "... the degree of litir;l;ty
in the infants was actually greater than that of adults for both the
speech and nonspeech stimuli (p. 23)." He concludes that, at least,

"... some degree of hemispheric specialization appears to be present in
human infants long before the age of 2 years suggested by Lenneberg

(P. 25)." Such a conclusion is shared by others (Entus, 1977; Gardiner
and Walter, 1977). :

Switching to EP studies on adults, Matsumiya et al. (1972) found’
that the propossd higiséhafic asymmatry may relate more to the meaning-
fulness of the stimuli than to verbal versus nonverbal aLEEQZlﬂEii.

They found the 1g:g-§€ asymmetry when the subjects (9 right-handed adults)
mjximally attended to meaning. Meaningfulness is an important matter to
consider since many so called right hemispheric tasks are nonmeaningful.
Galin and Ellis 11975, 1977) compared results from evoked potential
analyses with those from EEG alpha analyses. They found that "... overall
power and peak amplitude characteristics of evoked potential asymmetry

reflect the lateralization of cognitive processes; but not as consistently
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as the concomitant asymmetry in EEG alpha power (Galin and Ellis, 1975,

p- 48)." Pinally, Kutas and Hillyard (1980) presented seven word sen-
tences, one word at a time (flashed for 100 milliseconds), to nine right*'
handed adults. All but the first word in thes sentence elicited ap event
related potential (ERP) with a significant leftggfeiig:ithaﬂ!fight ASSym=
metry in the late positivity (400 to 700 milliseconds after stimulus
onset) over temporo-parietal (Wernicke's area) regions (p. 354). How=.
ever, according to Kutas and Hillyard, it lstpert;n; to m:ltg that such
results may be a "... reflection of the :pieific sngagemeant of language
systems in the left hemisphere... [or] ... it may be the extraction of

meaning rather than the linguistic analysis per se ... (p. 365)."

The evoked potential procedure is not without limitations. First,
since eyoked responses are highly subject to habituation, repeated pre-
sentation of stimuli may result in a considerable attenuation of the
response (Shagass, 1972). Of course, this problem can be overcome by
presenting novel stimuli. Secondly, various bioelectric sources af-
artifact can influence asymmetrically speach-related electrical potsn-
tials -- eye movements, GSR, head movements, muscle tension, respiratory
waves, and lip and tohgue movements (Donchin et al. 1977). And thirdly,
as with EEG frequency studies, meaningfulness of the stimuli may obscure
the asymmetry presumed to result from verbal and nonverbal tasks.

Regional Cerebral Blood Flow (rCBF) Studies

Another technique that has been used to measure the differential
involvement of each cerebral hemisphere during information processing
is the regional cerebral blood flow (rCBF) technique. Briefly, the
physiological basis of the rCBF teschnique is that increased neuronal
activity requires an increase in oxygen which is supplied to cortical
areas by blood. Hence, more blood is required by a particular corti-
cal area that is relatively more active than another area (Ingvar, 1978:

Lassen et al., 1978). The procedure involves a number of steps:
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1. a radioactive isotope (e.g. 133 Xenon) is injected or inhaled
by the subject,

2. the subject is engaged in a neural act (speech, reading, listen
to noises),

th-y t:anl:;t iﬁfarnaﬁian to a gsg;n-ray can-r;.

4. cerebral activity (various colors depict varying levels of s
blood flow) is diaplayed on a color television screen.

Hence, the dependent variable is the relative amount of blood flow in a
particular cortical area. On the basis of prior knowledge from studies
of hemispheric speciglisatian, one would expect to monitor greater levels

of blood flow in the left hemispheric lgngu;ga areas (Broca and Wernicke's

f!oa.;n the riqht=hii;§§h§:§ duriﬂq spatial or nonverbal information

,\

processing. This expectation has been tested in a number éf studies
using normal right-handed adults as subjects.

In an experiment conducted by Risberg et al. (1975), 24 right-handed
normal adults participated in the rCBF Qfﬂc&ﬂure. All 24 subjects were
paid $20.00 for participating but 12 of the subjects (Reward group) ware
. promised additional money based on their pe:farianca on verbal and sp

tests. Regional cerebral blood flow was measured during three conditidgs
-- resting, Verbal test (Miller's Analagies), and a spatial test (Steet
Test -- parceptual closure). The recorded blood flow to each hemisphere
was similar during the resting condition. During the vsrbal task blood
flow increased by 16% in the left hemisphere and 13% in tha right. And
during the spatial task blood flow increased by 7% in the left hamlspharg
and 10% in the right. These figures pertain to the Reward group only.
The other 12 subjects showed a similar pattern but not to the same degree
‘as the reward group. In addition, Risberg et al. found that "... the
largest inter-hemispheric differences (ﬂbﬂﬁt.S!) ware seen in occipital
and parietal rggian:'during the verbal test and in frontal and parietal




hemispheres show that the left hemisphere is more actively involved in
‘Processing verbal information and the right hemisphere is.-ﬁfg actively

involved in processing spatial information.

Gur and Reivich (1980) used the same tasks as Risberg et al. (1975)
in a rCBF g:ggfiignt on 36 normal right-handed adults. They found a -
significant increase in left relative to right hemisphere flow during
the performance of the verbal task and an increase in right relative to
left hemisphere flow during the performance of the spatial task (p. 86).
Gur and Reivich found that qrngtgrinerease in hlood flow to the right
hémisphgre was associated with better performance.

In a study by Knopman et al. (1980) it was found that "an increase
in rCBF in the posterior perisylvian area on the left occurred with
both verbal and nonverbal activation (p. 103)." But this experiment
required subjecty to use a motor response (push a buttén with the right
forefinger) to both verbal and nonverbal tasks. The verbal condition
required the subject to pick out words that meant "something to eat”
from a list of nouns. For the nonverbal condition, subjects had to
distinguish the softer sound from two noise bursts. Since all subjects
were right-handed, ;?: motor act of using the right hand to signal an-
swers to both conditions may be a confound énd, thus, explain incrsased

blood flow to the contralateral (left) hemisphere.

Notwithstanding, the rCBF technique appears to be a valuable tool
in investigating hemispheric specialization of normal and clinical pop-
ulations. Ingvar (1978) states that "the EEG technique, and toc some

extent also evoked potentials methods, as well as rCBF measurement,

represent different ways of recording mass activity distribution in
the brain. Combined, such studies may, it seems, help us to understand
the global functions of the brain, including those which relate to men-

tation {(p. 79)."

-
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The studies on cerebral functional asymmetry reviewed above (di-
chotic listening, tachistoscopic pressntation, EEG frequancy agglys;si
evoked potential, and rCBF) tend to suggest that, at least in right-
handed adults, the left hcﬁi;phirﬁ is more specialized to process verbal
infarngtiagrthan the right and the right hen;séhare is msrerspgeiéliged
to process nonverbal information than the deft. In addition, some studies
were reviewed that show the left and right hemispheres to be morpholog-
ically dissimilar, especially in regions believed to subserve verbal
information processing. Hence, it is proposed that a model of hemi-
spheric specialisation seems to be substantiated by empirical research
on normal right-handed adults. Controversy with respect to the onset
of hemispheric specialization exists in theé research literature and

merits further discussion.
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The Onset of Hemispheric Specialization

The two extreme positions on the onset of hemispheric specializa-
tion are:: -
' ’

1. the two hcmispheres are completely. specialized at or prior
. to birth, and

2. hemispheric specialization is a continuous process throuqh—
out the life span.

Intuitively, the former position seems less tenable. To explain, well-
known theories in developmental psychology (e.g. Piaget, Bruner) buq—

. gest that a child's cognitive development progresses ﬁhrouqh a number
of stages -- each stage more complex than the former. Also, it seems
illoqical.to assume that an infant's brain is completely specializéd to
subserve tasks that it cannot yet perform. And 'since an infant is not
capable of performing complex cognitive tasks, the first poéition can
probably not be empiricallyltested.

It is known, however, that the two hemispheres of the infant brain
are dissimilar in structure (Wada et al, 1975; Witelson and Pallie, 1973)
" and in function (Entus, 1977; Gardiner and Walter, 1977; Molfese, 1977).
Perhaps these staydies show that hemispheric specialization is present ’
at birth but they do not show that hemispheric specialxzation is complete

.

at birth. Moscovitch (1977) states the following:

"... although the evidence presented in this chapter favors the .
notion that hemispheric differences in structure and function are
apparent very early in development, it does not follow that the
process of lateralization is complete at this early stage (p. 206).

Moscowvitch (1977) then presents two alternatives regarding the deveiop—

ment of language lateralization:
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1. a pr rocess of gr:dual lat;:al;;;tian in which low-level ling-
uistic functions (phonetic or phonological) are lateralized
by the first year of life and as a child's linguistic and cog=-
nitive skills develop, language biga:g; more strongly lateral-
ized to the left hemisphere, or -

2. syntactic arnd semantic functions are completely lateralized by
the time a child utters his first words and expearience/matur-

atien gffaéﬁ anly thn dévelap-gnt of langgaq: Ln tha 1lft

According to Moscovitch, the answer to this dilemma has not yet been
. P . . , _ .
found although Moscovitch, himself, seems to prefer the former explana-

Another view is proposéd by Kinsbourne (1975) who states that "cere-
bral dominapre does not develop; it is there from the start. Thus, one .
could hardly relate the ‘excellence of language behavior to such a devel-
opment nor sensibly seek for measures which would accelerate that non-
existent pr@cess:(pgi 248 - 249)." He reviews literature on this subject-
and further develops his rationale in later works (Kinsbourne, 1978;
Kinsbourne and Hiscock, 1977). Kinsbourne is not convinced that there
is ﬂaurapsyahalagiﬁal evidence or evidénce Eran the antégeﬁy of asym-
metry in nafﬁgl behavior that validates the concept af develaping later-
a;i:atian. Dn the other hand, Brown and Jaffe (1975) cite clinical and
experimental evidence that, they think, suppgrts the developmental view
of hemispheric specialization. They state: that “th: svidence cited is
in support of the hypothesis that cerebral aamin;ngg is not a state but
a process, and one that continues through life (p, 108)." These are the
two extreme positions mentioned earlier. Is there a resolution to this

issue?

Perhaps, at this time, there is not a final resclution but certain
questions are nearer an answer. For example, the equipotential hypaﬁ &8
(both hemispheres are likely candidates to develop language spegiglgggs
tion) Seems to be in disfavor. According to Dennis and whitaker (1977):
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Hemispheric equipotentiality does gpgég: to make an untenable sup-
position about the brain betause it neither explains nor predicts
at least two facts about language -- that the two perinatal hemi-
spheres are not equally at risk for language delay or disorder and
that' they are not equiivalent substrates for language acquisition
(p- 183).

Also, the two hgmigphEEES of infants are dissimilar regarding structure

and function. Or, as stated by Joynt (1975), "it does seem that there

zation is part of our heritage (p. 52)." Equipotentiality would argue
strongly for the development of hemispheric specialization after infancy.

In addition, one must be cautious in interpreting perceptual asym-

metry studies (e.g. dichotic listening) which show an increasing later-

alization with age. Certain other factors may be confounds -- attention,

Hh

type of stimuli (ph@ngmié, gyntactic, semantic), memory, or levels o
processing (Bryden & Allard, 1978; Porter & Berlin, 1975). The dichotic
studies- that found increasing asymmetry with increasing age (ngidﬂff:
et al., 1978; Satz et al., 1975) presented in the pfesgnt review used
either two dichotic consonants or digit pairs as stimuli. One would
expect such tasks to be specialized at a very early age (Bryden & Allard,
1978). Other studies discussed here failed to show a significant .in-
crease af asymmetry with increasing age (Cole & Cummings, 1977; Molfese,

1977[, The main point here if that there may not exist strong evidence

in favor of the extreme developmental lateralization point of view.
i
knowledge.

As a result, it may be wiger to lock for @tﬁgr aiéﬂ:ﬂlti?ﬁﬁ and
continue to, if posaible, gmgiriégily test each possibility. A final
point-of-view is proposed by Witelson (1977a). Her proposal llgs some=
where between the two extremes. Briefly, she suggests that both func-
tional spa:ialisatigﬂ and hemispheric plasticity coexist at birth. But
she does state that biological pre-programming for language may limit
plasticity to some degres. Witelson (1977a) summarizes her view as
£

ollows:
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Left hemisphere specialization may be functional at birth, similar
to Kinsbourne's (1975) suggestion, but this does not necessarily
mean that it remains unchanged from infancy to senescence. The
present view is that as a cagnitive function develops which requires
the type of processing for which the left hemisphere is specialized,
then that cognitive function and any tasks dependent on such func-
tions will be processed more by the left than the richt hemisphere.
In this view what develops primarily is the extent of the child's
cognitive repertoire, and as more functions are available to be
processed predominantly by the left hemisphere, they are. Thus,
with devalﬂpﬁent left hemisphere specialization comes to encompass
a broader acope of skills for which its particular cognitive mode
of sequential, analytic, linguistic processing is particularly
suited. In some sense, then, left hemisphere specialization does
increase, but only indirectly, as a secondary manifestation of
cognitive development (p. 269).

Such a moderate theory is attractive but it also requires empirical
validation. The stance taken for the present review is that hemispheric
specialization is probably present at birth but further research is
needed to suggest either that hemispheric specialization is complete

at birth or that it develops according to cognitive development. This

issue will again be discussed in later sections of the present review.
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DESCRIPTIVE FEATURES OF CHILDREN HAVING
DIFFICULTY LEARNING TO READ

The focus of the present section of the literature review is on des-
criptive features of children who have diffic ulty learning to read as
compared tp those who do not encounter difficulty in learﬂigg to read.
The Eisenberqg (1966) Aefinition generally characterires the research pop~
ulation considered here -- "Specific reading disability éay be defined
as the failure to learn to read with normal proficiericy despite conven-
tional instrﬂctianfra culturally gdequate home, proper motivation, intact
senses, normal intelligence, and ffeeégn from gross neu:aiaq1eal defect
(p- 360)." 1In general, a similar population has been variocusly referred
to as learning disabled” (Gaddes, 1980), learning disordered (Knights and
Bakker, '1976) , dyslexic (Benton- and Pearl, 1978; Vellutino, 1979), read-
ing disabled (iarngpai and Tarnopol, 1977), reading disordered (Pir%iialg,
1979) and specific gmading retardation (Rutter, 1976). For the pu§§é53§
of the present review, a preferred label would be "reading difficulty.”

The.fallaving description of children with reading diffiéuity will
begin with a discussion on models of reading digabilityib Next, some gen-
.eral features of reading difficulty will be -examined. Some researchers
propose that it is important.to consider neuiclaqicai aspects of reading
disability, at 1east for some types of problem readers. This ciaim and
other issues related ta neurological aspects of reading diffizulty will
be reviewed.  Finally, developmental aspects of reading difficulty will
be considered.
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Models of Reading Disability

Two conceptualizations regarding models of reading éisabilitg will
be reviewed -- Guthrie (1973) and Applebee (1971) -- as a context for
forthcoming information. Gutﬂ:ie (1973) proposes two models of reading
that are implicit in reading research and then he presents empirical
information which confirms one of the two models. Guthrie describes
" the two models as follows:

The first model proposes ading to be an assembly of independent
components (assembly-model). The compenents are independent since
they may exist imrhigh or low degrees of strength f6r a given indi-
vidual. The only relationship among the components is that they
must occur or be capable of occurring in close succession during
the act of reading ... According to this model, children develop
the abilities of auditory discrimination, visual discrimination,
auditory memory, visual memory, and word meaning imdependently.

In poor readers, one of these abilities fails to develop normally,
and the child's reading is impaired as a consequence of the one
specific deficit, although the other abilities may develop to
normal levels of strength ... The second model views reading as

a system of associated components (system model). This model sug-
gests that the reading process requires the presence of components
that are not identical in function or strength but that are inter-
dependent. For a given individual, these components may have dif-
ferent degrees of strength but do not increase in strength more
rapidly than the component with the slowest growth rate (p. 10).

¥

Hence, a low intercorrelation of subskills in normal readers would con-

firm the ;ssaﬁbiy model while a high correlation of subskills in normal
readers would confirm the system model. As a result, one would expect

disabled readers to be deficient on a small minority of subskills accord-
ing to the assembly madg} and‘ disabled readers would exhibit deficiency
in a large majority of subskills according to the system model (pp. 11 = 12).

Guthrie (1973) found that disabled readers and normal readers matched
on i!Qi%and reading level were similar in the ‘strength of subskills but
both groups were inferior to the normal readers who were matched on I.Q.
and age with the reading disabled group. In addition, the intercorrela-
tions of subskills were high positive for both normal reading groups and
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largely insignificant for the reading disabled group. As a rasult,.
Guthrie concludes that the system model is confirmed and, further, that

) "one .source of disability ¥or poor readers is lack of integration and

interfacilitatjon among subskills (abstract, p. 9)."

Another conceptualization on models of reading disability is proposed
s

by Applebee (1971).
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ty. Briefly, the models are as follows (Applebee, 1971 pp. 99 - 110):

MODEL 1:

MODEL 2:

MODEL 4:

MODEL 5:

. A single causal defect -- poor readers represent a homogen-

ous population deficient in a single ability essential in
learning to read. No one has been able to produce data
which conform to this model.

Several independent causal effects -- this is similar to
Model 1, but it allows for the possibility of a. number of
“critical®™ abilities necessary for reading, the lack of
any one of which would be sufficient to cause the disorder.
This model comes closer to explaining research results
than Model 1.

Multiple regression with ona functional relationship =-
reading achievement, according to this model, is a simple
additive function of the level of each of the factors in-
volved, described by a multiple regression equation. One
assumption of this model is that the same set of variables

- will distinguish between good, average, and poor readers.

Multiple regression with seve:é! functional relationships
-- reading disability can be explained in terms of addi-
tive functions of the factors inveolved, but there are two
or more regression equations functioning within the same
sample. For example, regression parameters would be dif-
ferent for boys and girls, for different age groups, or
for different social classes. In general, regression
models better explain the relative position of individuals
within the middle range of achievement than that of severe
reading disabled individuals.

bility is a homogencus disorder and depends on an inter-
action of relative status on various factors. For example,
a reading disabled individual might be poorer in auditory
memory than visual memory rather than have an absoclute
deficit. This model provides no expectation about differ-
ences between good and poor readers regarding the absolute
levels of various abilities: .



MODEL 6: Several independent disorders dependent on patterns of
efactors -- reading disability can be caused by any of sev-
eral relevant and independent patterns of factors.

According to Applebee (1971), soms retarded readers may best be explained
by Model 4, for example, while other problem readers might be explained
by Model 2 or 6. It might be best to start with the simplest explanation
and move towards more complex models, if necessary (p. 11l1). However,

it is necessary to concentrate on new models which correspond more close-
ly to the heterogeneity of reading disability. In order to do this,
sophisticated methods of data analysis (e.g. cluster analysis, profile
;ﬂ;ly:ii) Are required. Finally, Applebes suggests that pg;t research
has shown that the simpleat models do not fit tHe problem of reading dis-
ability. :

Both Guthrie and Applebee propose possible models of reading disabil-
ity. Guthrie prefers a model which emphasizes a system approach with
respect to reading ability and disability. That is, according to Guthrie,
it is igégft;nt to look at how reading subskills interact in understand-
ing reading disability. For Applebee, it is important to view reading
disability as a heterogenecus disé:dar and to, perhaps, reject models
which do not fit the population uﬁdar study. The complexity of the dis-
order may require a number of models which ABsume hitgrageneity in a:dgr
to di!erih- the pepulgziaﬂ under ituﬂy '

3

U D LY O e SRR SO

46



Geaneral Features agﬂngg;;ggég;ff;culgy

To further the description of children with reading difficulty,
various perspectives on the disorder will be presented. First, the ver-

bal deficit hypothesis (F.R. Vellutinc) deserves mention. Secondly, accord-

ing to M.D. Vernon, there is variability in reading retardation. Such a

claim will be examined next. Thirdly, a discussion on some of the various
subgroups of reading difficulty will follow. After discussing these gen-
eral features of reading difficulty, some more specific aspects (i.e.
neurclogical and developmental) will be reviewed.

E =

The Verbal - Deficit Hypothesis

Vellutino (1977, 1978, 1979) argues in favor of a verbal-deficit
hypothesis in characterizing reading disability. In the introdtction

to his recent book, Dyslexia: Theory and Research, Vellutino (1979) states
the following: ' . ]

... my own laboratory studies and practical experience, the research
of independent investigators studying fiormal and abnormal reading
and language abjilities, and some degree of intuition strongly sug-
gest that a most promising but relatively unexplored avenue for add-
itional study inheres in the possibility that specific reading dis-
a specific deficit in visual-verbal integration. I am inclined to
agree with those who contend that reading is primarily a language-
based skill, as illustrated in the fact that three of the five types
of featural information contained in a printed word (graphic, ortho-
graphic, semantic, syntactic, and phonological) correspond with the
major components of language. Thus the ability to learn to read
would appear to be especially vulnerable to deficiencies ih one or
more of these linguistic functions, though perhaps not in equal
measure (p. 4). ’

An sxamination of Vellutino's arguments which lead him to propose the
verbal-deficit hypothesis will clarify his position,

Vellutino (1977) pressnts an overview of the literature on reading

disability. In this article, he critically examines four explanations
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for reading failure in children: 1) deficiency in visual processing,
2) deficiency in inter-sensory integration, 3) dysfunction in temporal-
order perception, and 4) deficiencies in verbal processing. Briefly,
Vellutino's arguments against the first three explanations are as follows:

1. Visual processing deficiency: the orientation and sequencing

fusion in poor readers can be more plausibly interpreted as
secondary manifestations of verbal-mediation difficulties
(p. 347),

2. Inter-sensory integration deficiemty: there is persuasive evi-

‘dence that the deficiencies observed in poor readers on tasks
thought to be measuring cross-modal transfer may have been due

to difficulties in verbal encoding (pp. 347 - 348), and

3. Temporal-order perception dysfunction: a plausible alternative
explanation of reader-group differences in ordered recall is
dysfunction in verbal processing (p. 341).

of problems in one or more aspects of language (p. 341)." According to
Vellutino (1977, p. 348), the aspects of lanquage which may be deficient

.iﬂ poor readers are semantic (linguistic coding and retrisval of informa-
tion), syntactic (qggielgnzia; in grammatical competence), and phonologi-
cal (grapheme-phoneme correspondence). This then is Vellutiro.'s explana-

tion of reading disability.

Variability in Reading Difficulty

In & review of recent research on reading disability, Torgesen (1975)

discusses studies on deficiencies related to visual-perceptual functioning,

' perceptual motor functioning, memory functions, verbal abilities, inter-
'Qﬁdil integration, learning ability and attention. .He then states that
“perhaps the strongest conclusion from the preceding review is that the
reading-disabled é@@ulatiéﬂ of children may be differentiated from those

who learn normally on a broad variety of performance measures (p. 412)."
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Vernon (1977, 1979) would agree since she suggests that reading disabili-
ty is not a unitary phenomenon.

As proposed by Vernon (1977, 1979), good research in grouping poor
readers according to deficiencies would take into account the various
steps toquirid in learning to read. In her 1979 article she suggests that
(,'teading involves the acquisition of a succession of skills and that dif-
ferent types of retarded readers may De classified according to deficien-
cies displayed at different stages in the acquisition of reading skills
as outlined below:

1. analysis of complex visual shapes,

2. analysis of whole-word sounds into phonemes,

3. makiﬁq simple regular g,gpﬁeme—phgnﬁma assaciggians,

4. grasping irregularities in grapheme-phoneme associations, and

5. grouping single words into phrases and sentences.

This conceptualization of reading disability is in accardan:; with clin-
icai and experimental work that delineates various subtypes of problem
readers. Empirical research on subgroups of reading difficulty is the
next topic for discussion and will conclude the section on general
features. Three of these studies will be rnvigyad;

Subgroups of Problem Readers

According to Boder (1971), "... developmental dysleffja is diagnosed
in one or more of the following ways: (1) by a process of exclusion,
(2) indirectly, on the basis of its neurological or psychometric concom-
itants, (3) directly, on the basis of the frequency and persistence of

_certain types of errors in reading and spelling (p. 294 - 295)." The
| diagnostic approach Boder uses is an extension of direct approaches and

an approach which demonstrates that children with developmental dyslexia
are heterogeneous, etiologica:ly and clinically. On the basis of



diagnostic reading-spelling patterns, Boder classified children with
developmental dyslexia into the following three subgroups (p. 299) :

GROUP 1. Dysphonetic Dyslezia - ngdingfspalling pattern reflects
primary deficit in symbol-sound (grapheme-phonema) inte-
gration and in the ability to develop skills in phonetic
word analysis-synthesis.

GROUP 2. Dyseidetic-Dyslexia (Gestalt-blind) -- Reading-spelling
pattern reflects primary deficit in the ability to per-
ceive letters and whole words as configurations, or vis-
ual Gestalts.

GROUP 3. Mixed Dysphonetic-Dyseidetic ﬁyllaxia (Alexia) ) ‘
spelling pattern raeflects primary deficit both in abiliﬁy
to develop phonetic word-analysis skills and ability to_
perceive letters and whole words as visual Gestalts.

by Boder (1971, pp. 301 - 308).

For example, dysphonetic dyslexic children read words globally
rather than analytically and when they confront words that are not in
their sight vocabulary they may guess the word from contextual cues but
do not sound auﬁ or blend letters and syllables of a word. Dysphonetic
dyslexic children spell by sight alone and not by ear. Typical reading-
spelling errors may be termed semantjc-substitution errors: “funny“ for
"laugh”, "home” for "house”, or "human” for "parson”. Dyseidetic ch;1¥;
dren read analytically and by ear sounding out combinations of letters. .
Their reading can be laborious and choppy. Dyseidetic spellers spell
by ear but since their misspellings are phonetic, the original word can
usually be identified. Thus, they may write "laf" for "laugh”, "burd”
for "bird", or "onkl" for "uncle”. And mi:;d dysphonetic-dyseidetic
dyslexics are the most severely handicapped of the three . subgroups.

They cannot read on sight or by ear. Characteristically these children
are both nﬂg;Bgdifi and nonspellers. Their misspellings appear bizarre.
From a sgmgla of 107 dyslexic children (8 - 16 years old), Boder found

lexics. Concerning remedy, Boder states that "... these three patterns
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-- because they reflect functional assets as well as deficits in the
central visual and auditory processes prerequisite to reading -- have

prognostic and therapeutic implications, differing for each of the -three
subtypes (p. 319)." Aaron (1978) provides empirical support for Boder's

classification.

Another categorization of reading disabled child:en is proposed by
Mattis, Franch, and Rapin (1975). They alsoc suggest that children with
severe reading problems have differing patterns of deficits in higher
cortical function. As stated by Mattis et al. (1975):

The underlying assumption is that if the development of fluency in

and mediating processes, then a deficit in any given critical pro-

cess would impair the learning of this complex skill. There should
therefore exist separate subgroups of dyslexic children who mani-
fest differing clusters of deficiencies, each of which limits the
development of a specific sub-process necessary for the acquisition
of reading skill (p. 151).

To test such &nh assumption Mattis et al. candgéggé a study which included
an examination by a pediatric neurologist and the administration of an
extensive EEEEDE? of neuropsychological tests.

&

The ;aggl- selected for the Mattis et al. (1975) study included 113
children (Eri 18 years old). They divided the children into three groups:
those with brain damage who could read (n = 31), those with brain damage
who were dyslexic (n = 53), and those without brain damage who were dys-
lexic (n = 29). Mattis et al. (1975) found that the developmental dyslexic
and the brain-damaged dyslexic were very similar on the measures used in
the study. In addition, they found three separate patterns of deficits
in the dyslexic sample: 1) language disorder, 2) motor-speech diffi-
culty, Ahd' 3) vi;uélsipatial perceptual disorder. The separate syndromes
(accounted for 90% of the dyslexics) were described as follows (p. 155, 157):
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1. Language disorder -- these children had a lower verbal than
performance I.Q. and cbtained the lowest reading and arith-
metic scores of the three groups. As a group, these children
had hormal visuc=-perceptual, graphomotor, and spesech blending

" abilities. Forty-three percent of the brain-damaged dyslexics
and 28% of the developmental dyslexics were classified in
this group.

2. Speech and graphomotor dysco-ordination -- children classi-
fied in this group had only slight differences between verbal
and performance I.Q. Reading and arithmetic scores were some-
what higher than those found in the other two groups but spell-
ing was lower. Language functioning and visual perception were
intact. Thirty percent and 48% of the brain-damaged and devel-

opmental dyslexics were classified in this group, respectively.

3. Visual-perceptual disorder -- children in this group scored
lower on the Raven's Coloured Progressive Matrices Test than
the performance I.Q. of the WISC. These children were also
deficient on the Benton Test of Visual Retention. This group
was composed of the smallest number of children -- 17% of
brain-damaged dyslexics and 14% of developmental dyslexics.

as being caused by multiple independent defects in higher cortical func-
tioning, as opposed to a theory of a single causal defect (p. 161)."

A third study (Lyon and Watson, 198l) on empirically derived sub-
[ ]

groups of learning disabled readers used a clust

to identify subgroups of children in terms of performance on a battery

of eight language and perceptual tests. There were 100 specific learn-
ing disabled and 50 pormal readers tested in this study. Of the 100
disabled readers, 94 ware classified into six distinct subgroups. These
subgroups are described by Lyon and Watson as follows (p. 260):

1. Children in subgroup 1 (11%) displayed deficits in language
comprehension, auditory memory, sound blending, visual-motor
integration, visual-spatial and visual-memory skills. These
children are like Boder's (1971) mixed dysphonetic-dyseidetic
dyslexics.
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comprehension, auditory mr’y, ajﬂpvi:ual—mtar Lnt-g:gt;t;n
o) skills corresponds to a mild form of Bodex's (1971) combined
' ‘dysphonetic and dyseidetic dyslexic. .

»

3. The perlens manifested by subgroup 3 (13%) in language com-
prehension and sound blending indicate a language disorder
with both receptive and ispriliiii Eﬁipﬁﬁjﬂt: Ehllérin in

scribed by Mattis et al. (l975) and the ﬂylphﬁﬂltic dy:ln:i: 4
group identified by Boder (1971). -

4. Reading impairments of children in subgroup 4 (34%) are due

; to deficiencies in visuoperceptive capacity rather than lang-
vage-baséd deficiencies. This subgroup ressmbles Boder's
(1971) dyseidetic dyslexic and Mattis et al.'s (1975) visual-
petceptive dyslexic group. ’

o

5. Children in subgroup 5 (13%) had deficits in retention, syn-
thesis, and expression of sgund and word sequenc;s They ware

6. The pattern of scores obtained by members in subgroup 6 (17%) ' .
indicates a normal diagnostic profile. Perhaps social, motiva-
tional, or pedagogical factors account for reading diffitulty
1n this subgroup.

1
One area that needs more research, according to Lyoen anq Watson, is that

on the stability or }nstability of subgroup patterns across age groups.
The developmental aspects of reading disability will be discussed later.

Considered together, the three studies above make a strong case for
matching treatment with the specific pattern of deficits displayed by a
particular subgroup of reading disabled children. Dalby (1979) states
that "... the identification of patterns of abilities is not only essen-
tial for individual remediation but is the keystone to neurcopsychological
investigations (p. 242)." Many studies whigh attempt to define subgrpups
of reading disability use neuropsychological test batteries for that same
purpose. Neurological aspeé;s of reading disability is the next topic

for discussion.
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A complete or thorough description of children with reading diffi-
culty would include findings from neurological or neuropsychological re-
search. Gaddes (1980) takes this one step further:

No one theory is complete or necessarily valid, but the best avail-
able knowledge should be used to develop a theory constantly open
to review and revision in light of new experimental evidence. Sim-
ilarly, no one remedial practice is appropriate for treating all
behaviour or learning problems., For the child with a serious or

subtle learning disorder, neuropsychological diagnosis for under-
standing the nature of the child's problem, and behaviour manage-
ment techniques for treating it, are probably the best at this point
'in our knowledge (p. 15).

The stance taken here is thas neurological aspects of reading disabled
children can no longer be ignored. That is, as stated by Gaddes (1980),
"to view the learning disabled child scientifically and ohjpectively we
cannot afford to exclude any area of tested knowledge or any form of re-
mediation that promises possible help to the child (p. 323)." After re-
viewing variocus issues and problems facing researchers who study.aﬂd in-
terpret brain influences in reading disabilities, Dalby (1979) conclud

that "there is sufficient evidence to implicate atypical brain function

as a source of reading difficulties in :hild:gn with normal 1ntgllig§ﬂ¢e
(p- 257)." 'The main purpose here is to highlight information from research

on neurological deficits associated with reading difficulty.

According to Benton (1975), “conceptions of the basic abnormality
underlying developmental dyslexia fall into two broad categories: those
that postulats a focal maldevelopment of ﬁhgkbrain; and those that emph-
ésizg a defect in the overall organization of cerebral function (p. 31)."
The focal maldevelopment theories have, in the past, implicated the cere-
bral areas of the left angular gyrus and bilateral parietal laﬁii as being
defective in dyslexic reada:ég The left gngﬂlar gyrus has been Ehaugﬁi\
to be the center for visual memory of words and letters. And the inferior .

posterior parietal area of the cerebral cortex can serve "as a point of



.~ agraphia (p.

confluence for visual, auditory, and somesthetic impulses from the assoc-

the role of integrating information from them (Benton, 1975, p. 32)."7

Benton goes on to state the following:

The correlation between capacity for intersensory integration and
reading skil; has bean the subject of intensive study in recent ysars.
Through such a mechanism, faulty or retarded development of the pos-
terior parietal region may prove to be the structural basis for spec-
ific failure to learn to read (p. 31).

Th; other theory -- defect in the overall organization of cerebral® func-
tion -- was first proposed by Orton in 1925. The theory .has been altered
and gaiﬁad‘scghiitieaticn since Orton's time largely because more elabor-
ate methods _of assessing cersbral function have been dgvélapgd subsequent-
ly. Cerebral functional organization (hemispheric specialization) and
reading disability will be dealt with in the next major section of the
presant raview.
{

Some neurologicalitheorists (e.g. Aaron et al, 1980; Benton, 1978;
Mattis, 1978{ propose that it may be instructive to compare aquired alexia
(usually displayed by adult patients who lost the ability to read as a
result of brgiﬁ damage) with developmental dyslexia (children who fail
to acquire reading at the expected rate). There are various types of ,
alexia (Albert, 1979; Benton, 1975; Gaddes, 1975; Geschwind, 1962; Hecaen
gnd\Kriﬁin, 1976; Mattis, 1978). A brief review of Albert's article will .~
serve tcihighlight these types of acquired alexia. Albert (1979) .defines
alaxia as "... an acquired iﬂabllity to comprehend written language, as a
consequence of brain damage (p. 59)." He states that "... for all the ﬁéfds
that have been written, virtually all authors agree that there are two

—

principal vn{;atias of alexia: alexia without agraphia vgréus alexia with
£ ] . - - x -
5S) .*  Albert then describes these two alexic syndromes:

1. Alexia without agraphia -- this syndrome includes impaired com-
prehension of written language, impaired ability to copy, and
acalculia. Oral language is normal or nearly normal and both
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writing and spelling are normal. Subtypes of pure alexia are
literal alexia (cannot read letters but can read words), verbal
alexia (unable to read words but can read and identify letters),
alexia for sentences (cannot read sentences and paragraphs but
can read letters and words), and global alexia (inability to
read letters, words, and sentences but can read digits). Accord-
‘ing to the disconnection theory, a lesion in the left visual
area prevents visual stimuli entering to the left hemisphere
from reaching the left angular gyrus which is necessary for
reading, while visual stimuli which enter the intact right hem- -
isphere are prevented from reaching the left hemisphere because
of the destroyed splenium at the corpus callosum. Most cases
of pure alexia result from cerebrovascular lesions.

2. Alexia with agraphia -- There are two types of alexia with ag-
raphia (alexia-agraphia and aphasic alexjia). Patients with
alexia-agraphia cannot read long words or long sentences (verbal
alexia) and disorders of writing are severe. Associated find--
ings are apraxia and acalculia. Alexia-agraphia is associated
with lesions of the left angular gyrus. The reading disorder
of aphasic alexias may be like the literal alexic (cannot read
letters but can read words)or like the verbal alexic (cannot
read words but can read letters) depending on the location of
the lesion. Writing is always defective. Associated deficits
include acalculia and a variety Qf oral language disturbances.
In aphasic alexia the lesion includes the left angular gyrus
and extends to involve the posterior temporal region (pp. 66 - 75).

L4 .

It is interesting to compare developmental dyslexia with acquired alexia
but, obviously, more work is required to make such comparisons more tenable.

A final mattet for discussion on neurological aspects of reading diffi-~
culty is the conceptualization of developmental dyslexia by Jorm (1979).
He suggests that developmental dysleﬂc: is a genetically-based dysfunction
- of the inferior parietal lobule, a region important in both reading and
'shOtt-term memory. According to Jorm, developmental dyslexics have diffi-
culty in accessing the meaning of written words via phonological recoding.
Moreover, this difficulty with phonological recoding is explained, by Jorm,
~in terms of a short-term memory deficit. Jorm (1979 suggests that studies
bon Qisual erked potenti&ls and studiés on the develoément of the human
brain confirm his position. 1In addition, he states the following:
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A fully adequate theory of the neurological basis of dyslexia should
be able to show that: (a) the neurological system hypothesized to
be involved in the disorder is crucial to those components of the
reading process which are affected in dyslexia, (b) this neurolog-
ical system is also crucial to the fundamental cognitive process
which is deficient in dyslexia, and (¢) this neurological system
does not function normally in dyslexics. I will show that the theory
advanced in this article fulfills all of these criteria (p. 26).

This concludes the discussion on neurological aspects of reading diffi-
culty. The purpose of considering n:uialéqica; aspacts was to argue in
favor of including these factors for a tha:gugh description of reading
disability. Some work in the giuralagie;;g;::: was highlightid. The

one -- developmental aspects of reading difficulty.



Deéelopn‘ntal Aspects

For a thorough dcscription.of reading difficulty, developmental
aspects need to be included as well. A major consideration here is whe-~
ther or not deficits associated with reading difficulty are different for
different age groups. Another concern is whether or not reading diffi-
culty in older children could have been predicted on the basis of some
indicator when they were younger. A third issue relevant to developwmen-
tal aspects of reading difficulty is the transiency or intransiency of
the disorder. That is, can reading difficulty best be characterized as
developmental delay which.is transient and which can be "outgrown" or is

eading difficulty an intransient deficit for which total recovery rarely

obcurs? These topics will now be .discussed.

Regarding possible changes in deficits associated with reading dif-
fidulty, Torgesen (1975) states the following:

\\\TTT“attheugh_any conclusions about underlying process deficits must

remain tenuous, there is evidence that the tasks which differentiate
between normal and retarded readers are different at different ages.
.. A clearer understanding of age-related changes in the factors
associated with reading problems can best be attained through the
use of developmental paradigms in reading-disability research.
Both longitudinal studies, which chart the development of a single
sample of children through time, and cross-sectional designs, which
compare the performance of different age groups at one point -in time,
would contribute significantly to a more comprehensive understanding
of deficiencies associated with reading failure (p. 421, 422).

—_—

Accordingly, some cross-sectional and longitudinal studies will be present-
" ed next. The topics of change,'prediction, and transiency will be dealt
with in the context of these studies.

Velluting, Smith, Steger, and Kaman (1975) conducted a c:oss-sectionil
'study to determine if reading disability can be best explained by a percep-
tual-deficit hypothesis or by a verbal-deficit hypothesis for children at
different age levels. Since Vellutino prefers the verbal deficit hypothesis
(Vellutino, 1977, 1978, 1979), he and his associates hypothesized that both
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young and older reading disabled children would be poorer than normal
readers with respect to verbal encoding but that there would be no diff-
erence in visual encoding comparing reading disabled to normal readers
.at two grade levels. For this Qtudy, 84 children (21 podr and 21 normal
readers in grade 2 and grade 6) were presented with tachistoscopic expo-
sures of both ve;bal aﬁd nonverbal stimuli a;d were asked to identify
and/or reproduce them both orally and graphically. As predicted by -
Vellutino et al (1975):

—_—

Poor readers in both second and sixth grade performed as well as
normals in the immediate visual recall of geometric designs having

no (specific) linguistic referents. They also manifested consider-
ably greater accuracy in copying, and naming letters in words than
they did in pronouncing those same words (e.g., loin/lion; was/saw).
Moreover, the performance of poor readers on letter reproduction and
naming closely approximated that of normal readers but was uniformly
inferior to normals in word identification and spelling. Similarly, /
poor readers differed from normals on the types of errors they made
only in the case of oral encoding but not in graphic reproduction

(p. 492). ‘

The experimenters suggest that the results provide indirect evidence for
the possibility that reading disability occurs because of a verbal media-
tion disorder at both age levéls.

On the other hand, different results were obtained from a cross-sec-
- tional study conducted by Sobotka, Biack, Hill, and Porter (1977). They
compared psychological test performance of 24 dyslexic boys and 24 norpal
readers using four age levels (7, 9, 11, and 13 years). "All children were
administered a psychological battery’conpOled of measures of perceptual
and perceptual-motor abilities (WISC Performance I.Q., Bender-Gestalt,
and an auditory-visual integration tcsﬁ) and of vorbal-coqniﬁive skills
(WISC Verbal I.Q., two dichotic listening tasks, and a test of word flu-
ency (Scbotka et al. ,abstract, p. 363‘.' The results of the testing re—
vealed that verbal differences between dyslexic and normal readers were
found at all age levels but nonverbal differences between the two reading
groups were found only at the youngest age (p. 366). Sobotka et al.(1977)
conclude that "...the perceptual-motor deficits found in the younger



dyslexic children on performance tasks decrease over time. Thus, devel-
opmental differences supporting the maturatiocnal-lag hypothesis were seen
on nonverbal tasks only (pp. 166 - 1367)."

The two studies reviewed above found similar results regarding verbal
differences between reading disabled children and normal readers at both
younger and older age levels. However, the studies differ megarding non-
verbal tasks. The Vellutino et al.study found no differences between good
and poor readers at both age levels while the Sabatia et al.study found
significant differences between good and poor readers on nonverbal tasks
at age 7, only. A;zihall bs discussed, longikudinal studies have addressed

these same issues.

Paul Satz and various associates have written a number of articles
about a longitudinal study on reading disability (Fletcher and Satz, 1980;
Satz and Friel, 1974; Satz and Friel, lQ?S; Satz, Friel and Rudageair,

1974; Satz, Friel and Rudegeair, 1976; Satz, Rardin and Ross, 1971; Satz
and Sparrow, 1970; Satz, Taylor, Friel and Fletcher, 1978; Sparrow and Satz,
1970; and Taylor, Satz and Friel, 1979). Satz, Rardin, and Ross (1971)
discuss a theoretical formulation of specific developmental dyslexia and

propose the following hypothesis ‘(p. 2013):

Eypaﬁhiiii 1. Y@uﬂgcr dysli:ie Ehildrgn will b: more dilayiﬂ in vis= .

ccntral ch;;dzgn,

Hypothesis 2: Older dyslexic children will not be more delayed in
visual-motor integration and auditory-visual integration than older
control children. - *

Bypothesis 3: Older dyslexic children will be more delayed in lang-

uage integration skills than older control children.

pothesis 41 Younger dyslexic children will not be more delayed
in languagi integration skills than younger controd children.
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Satz, Rardin, and Ross found substantial confirmation for Hypotheses 2 and
3 and partial confirmation for Hypotheses 1 and 4. Such results would
Justify a close look at their theory.

The theory formulated by Satz and his associates is explained in Satz
and Sparrow (1970) and Sparrow and Satz (1970). Excerpts from Satz. and
Friel (1974) will highlight the theory under scrutiny:

The Theory postulates that developmental dyslexia is not a unitary
syndrome but rather reflects a lag in the maturation of the brain
which delays differentially those skills which are in primary ascen-
dancy at different chronological ages. Consequently, those skills
which during childhood develop ontogenetically earlier (e.g., visual-
perceptual and cross-modal integration) are more likely to be delayed
in younger children who are maturationally immature. Conversely,
those skills which during childhood have a later or slower ‘'rate of
development (e.g., language and formal operations) are more likely
to be delayed in older children who are maturationally immature.
Briefly, the theory is compatible with those developmental positions
which postulate that the child goes through consecutive stages of
thought during development, each of which incorporates the processes
of the preceding stage into a more complex and hierarchically -inte-
grated form of adaption (Piaget 1926, Bruner 1968).

This evolving developmental process, however, is postulated to be
delayed in those children who are maturationally immature. As a con-
sequence, the child lags in those developmental skills which have
been shown to be crucial to the early phases of reading -- learning
ﬁ; differentiate graphic symbols (Gibson 1968) or perceptual discrim-
ihation of letters (Luria 1966). ...

Thus, the theory postulates that those developmental skills which are
in primasy ascendancy during the preschool years are, if delayed, more
likely to forecast later problems in reading and writing by grade 1
and 2. This position eschews a disease model (e.g., brain damage)
and attempts to explain the reading disorder within the context of

a developmental model -- the lag in brain maturation is treated as a
hypothetical construct (pp. 437 - 438).

Having hithighted possible hypotheses and the theoretical formulation of
Sats and his colleagues, some findimgs from their longitudinal study will
be presented next. In short, their position is that correlates of reading
disability change with age, that predictive antecedents of later reading
disability would likely be skills related to visual-perception and cross-
modal integration, and that reading disability can best be characterized
by the maturational-lag hypothesis.



Por the study under discussion, 497 white male kindergarten children
were first tested in 1970 and 181 of these were retested in 1976 (end of
Grade 5). As reported in Fletcher and Satz (1980), tests were usad to
tap 'sensorimotor-perceptual skills (Recognition-Discrimination, Beery VMI,
Embedded Figures, Finger Localization), verbal-conceptual skills (Similar-
ities, PPVT, Verbal Fluency), and verbal-cultural experience (Auditory-
Discrimination and Alphabet Recitation). Comparing 1970 test predictions
with 1976 outcomes, the valid positive rate was B6% in the severe reading
disabled group, 208 in the mild reading disabled group, 64% in the average
reading group, and 86% in the superior reading group (SatgigTaylar, Friel
and Fletcher 1978). Hence, predictive accuracy was largely confined to

the extremes of the reading distribution.

Regarding the ranking of predictor variables in terms of their crit-
erion discrimination,”... the Finger Localization Test ranked high:sﬁ,

(Satz et al, 1978, p. 327)." Two of these tests (Finger Localization and

the Beery VMI) loaded on sensorimotor-perceptual skills. - As stated in
Fletcher and Satz (1980), "although perceptual, linguistic, and conceptual
skills all seemed related to the aevalapmantgl process of reading acquisie
tent with the developmental hypothesis outlined previously (p. 34)."

Finally, the prognosis of reading disability was found to be very poor: there
was virtually no improvement in the problem readers between Gtadi: 2 and

5 (satz et al.,1978, p. 347). In fact, the disabled readers did not

“catch up” with normal readers imilar results on prognosis were found
by Trites and Fiedorowicz (1976). rThjy tested 27 reading disabled children

*

1d retested them at age 14.1. Trites and

at an average age of 11 |
Fiedorowicz state that "results of this study point strongly toward the
conclusion that, in subjects with specific reading disabilities, the
deficits not only persist with age but tend to grow larger riigtiv: to
their age and grade placement (p. 47)."

Another longitudinal (follow-up).study on reading disability was
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conducted by Rourke and Orr (1977). As stated by Rourke and Orr (1977),
the purpose of their study "... was to determine the relative predictive
accur@cy for reading and spelling performances of a number of measures
administered during the first phase of a 4-year longitudinal study of

the neuropsychological abilities of normal and retarded readers (p. 10)."-
They selected 23 normal readers and 19 reading retarded children from a
population of Grade 1 and Grade 2 male students. The subjects were in-
itially tested and retested 4 years later on the following: word/knéw-
ledge (Metropolitan Achievement Test), Reading subtests (Metropolitan
Achievement Test), the Underlining Test (assesses the speed and accuracy
of visual discrimination for verbal and nonverbal stimuli), the WISC, the
PPVT, and the Reading and Spelling subtests of the Wide Range Achievement
Test. The WISC and MAT were used to classify students in the normal read-
ing group or in the reading retarded group. Rourke and Orr summarize
their findings as follows:

In summary, if confirmed by cross-validation, the results of the
current investigation would suggest that performance on the Under-
lining Test is a far more potent means of identifying retarded read-
ers who are "at risk" (at ages 7 - 8) with respect to eventual read-
ing and spelling achievement (at ages 1l -~ 12) than are the measures
of psychometric intelligence, reading oxr spelling which were used
(p. 19).

In addition, they suggest that these results offer some support for tﬁo
view of Satz and his éollcaqucl that younger retarded readers exhibit
poor performance on visual-perceptual and visual-motor tasks as compared
to that of age-matched normal readers. Finally, Rourke and Orr found that
three-quarters of the reading retarded group made little progress in read-
ing achievement over the ; years of'the study.

A number of conclusions on developmental aspects of reading dizticulty
can be suggested on the basis of the discussion presented above. First,
it does appear that reading disability is developmental in that it is
alsociat;d with different deficits at various ages. Even though verbal
deficits may btxassociatcd with reading disability at all age levels,

N~
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one might conclude that perceptual difficulties discriminate between nor-
mal and poor readers especially at younger age levels. Secondly, predic-
tion of reading disability is most accurate for the extremes and percep-
tual tests should be ineludgd'in the gridict;sn battery. Thirdly, the prog-
nosis for riadiﬁg disability appears to be poor. It would appear that
the only abilities of poot readers that “"catch-up" are pgrcggtunl_sk%lls,

Thus, according to Rourke (1976):

... the developmental lag position is tenable in the case of fairly
simple, early-emerging abilities. ... However, until it is shown

"catch-up® in those abilities thought to subserve the reading func-

. tion -- and, for that matter, until it is actually shown that they
actually "catch-up” in reading itself -- the weight of the evidence
would appear to favor a deficit rather than a developmental lag posi-
tion (p. 136).

Finally, Dalby (1979) suggests that the delay-deficit distinction may be
more academic than real:. "it should be evident that the question of def-
icit or delay is difficult to apply even to an individual. A maturational
lag may result in faulty organization, a deficit. 1In like mgnnéri brain

damage in children is rarely static and may result in a delay in develop-

ment (p. 257)."

This concludes the present section of the review on a description of
reading difficulty. To recapitulate, a number of models on reading ability
and disability were presented. It was found that the system model better
describes reading disability than the assembly model and that more complex
models of reading disability require more complex statistics for analysis.
Then the verbal-deficit hypothesis was discussed but :ub;:éuint information
on the variability of reading disability tended to favor a multi-dimensional
approach. Accordingly, research on various types or subgroups of reading
disability was reviewed. This approach looks very promising. Finally,
after considering more general features of reading difficulty, specific
aspects -- neurological and developmental -- were dealt with next. The
final sectioh of the present review will reconsider the topic of hemispheric

specialization in specific reference to reading disability.



HEMISPHERIC SPECIALIZATION AND READING DIFFICULTY

The major purpose of the present section is to review a number of
studies on the relationship hltﬂi:: hemispheric specialization and read-
ing difficulty. The objective h;:§ is to determine if one can propose,
on the basis of sxisting research, that éhild::n with reading difficulty
are either more or less specialized during cognitive activities than nor-
mal readers. Special attention will be directed toward studies that com-
pare an experimental group (poor readers) with a control group (normal
readers) using various cognitive, neuropsychological, and psychophysio-
logical methods which are said to tap cerebral asymmetry.

" Prior to pig;q§§§n§ experimental research, background information on
hemispheric :ggéializitiﬁn and reading disability will be discussed.
Specifically, information pertaining to historical hypotheses, assumptions,
and views of prominent researchers will introduce the section. A major
‘portion of the preseént section will then be devoted to a discussion of
experimental research on hemispheric specialization and reading difficulty.
Next, approaches to remediation of reading problems will be highlighted.
particular attention will be given to remedial approaches which can be
based on neurophysiological assessment. Two approaches to famniigtian
seem compatible with the existing research on the neuropsychology of read-
ing difficulty -- EEG biofeedback training and teaching strategies.

the present review of research and literature.



Background Information

According to Harris, four hypath-les on the relationship between
lateral dominance and reading disability were developed during the 193Q s

and 1940's. Harris susmarizes each of these v;:ws as follows:

The most widely known view was that of Orton (1939). BHe assumed

that sensory impulses were received by both hemispheres simultan- N
ecusly, and memory traces were formed that were mirror images of :
each other. If one hemisphere was clearly dominant, the memory

traces in the nondominant hemisphere would be suppressed and normal
perception would result. But if dominance were incomplete, control
could alternate between the two hemispheres, and the result for -
reading would EE shifting and inconsistent perception with many

raversal errors.

e

A second hypothesis (Dearborn 1933) placed emphasis on motor con-
flict. Dearborn stated that in writing we tend to pivot at the el-
bow and find it easier to move dutward from the middle of the body
than to move across the midline.. When the person is not definitely
right— or left-sided, Eampetgng motor tendencies develop that in
turn produce inconsistent eye mgvgnants and confused visual percep-
tien.

Gesell and Amatruda (1941) argued that when mixed dominance is
accompanied by language disability such as defective spsech or read-
ing disability, it is because there is a neurclogical defect or de-
ficiency in the naturally dominant side of the brain. The mixed

dominance and disability both result from the neurclogical d:fiait.
This view is very much alive today.

A forth explanation applied only to the small number whose handedness
has been changed from left to right by the use of force, punishment,
or ridicule. It was supposed that not the fact of change but the
method of doing it produced an emotional blocking. that disrupted
learning (p. 338). )

physical Laﬁarality (1.e. handedness, eyedness, footedness), cereb:gl
organization, and reading disability. With the advent of more precise
measurements of cerebral organization (e.g., dichotic listening, tachis-

toscopic presentation, EEG, evoked qiazntial, rCBF) the emphasis on



- hanmdedness is diminishing (Corballis and Beale, 1976). Failure to dis-
tinguish between physical laterality and cerebral latifiiity (organiza-
tion) has led to great confusion in this area of ressarch (Kinsbourne
and Hiscock, 1978). Moreover, according to Satz (1976), the relationship
between handedness and‘::géing disability obscures the issue. His state-

~ment on this problem is as follows: -

The presence of directional confusion, incomplete handedness, and
mixed hand-eye pteference represents additional symptoms that have
Qeen adduced as support for the construct (unobservable) of incom-
plete cerebral dominance. It is the contention of this paper that
the second group of symptoms (especially deviant hand and/or esye
preference), while traditionally the basis of evaluation of the
theory, are not essential, if even relevant, to the theory (p. 276).

Hence, the emphasis for the present review is on the specific relation-
ship between cerebral organization, not physical laterality, and reading
difficulty.

all studies on cerebral lateralization and learning disability
(Kinsbourne and Hiscock, 1978). Kinsbourne and Hiscock elaborate on the
following four assumptions: ’

1. Learning disability can be defined adequately and is unitary

or monolithic in nature.
F

2. One can specify what is meant by cerebral lateralization.

3. The most prevalent pattern of cerebral organization (that is,
left lateralization of language) is optimal and deviations from
this norm imply some impairment of function.

4. Lateralization develops ontogenetically (p. 196).
After devoting a major portion of their article to a discussion of these

assumptions, Kinsbourne and Hiscock suggest that the four basic assump-

tions are unfounded. Their view is that "...the laterality of language

representation probably has no relevance to language performance (p. 221)."

4
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_Prior to presenting various experiments on cerebral asymmatry r;'a:.
hemispheric specialization and reading disability, the views of two other
researchers -- Satz and Naylor -- will be considered. Satz (1976) revis-
its the old problem of cerebral dominance and reading diflability by first
discussing Orton's theory and then rgviiving!béth dichotic listening
studies and visual half-field studies (tachistoscopic é;iigntitieﬂ)i His
conclusion is not promising: ;

One might ask what light the precedimg review of laterality studies
sheds, if any, on the problem of cerebral dominance and reading dis-
ability. The answer should be -~ not much. The reason for this
somevhat discouraging view lies in the numerous methodological and
conceptual problems that continue to plague research efforts in

this area. With the advent of binaural rivalry procedures in audie
tion and tachistoscopic procedures in vision during the 1960's, it
was hoped that more direct assessment of functional hemispheric
mechanisms in normal and disabled readers would result. Unfortu-
nately, the preceding review indicates that dnswers to this ques-
tion - and the one posed by Samuel Orton four decadas ago - will

not be available until further progress is, made in both methodology ¢
and theory (p. 288). .

.

Naylor (1980) does not appear to be any more optimistic regarding cerabral

laterality and reading disability. His ccnclusiéﬂ is similar to Satz's:

5

This review of laterality studies with reading-disabled children
indicates that there is little evidence either that these children
are more bilateral than normally reading children in cerebral organ-
ization or that they have a specific deficit in left-hemisphere

processing (p. 542). . i

Notwithstandinq.thc above views, it would seem worthwhile to discuss ex-
perimental findings from ressarch on ecfjbiil organization and reading
difficulty. Furthermore, results from paychometrics, EEG, and evoked
potential studies will be presented in addition to results from dichotic
, dichhaptic, and tachistoscopic studies. At the outsat, it is important
to realize that the studies to be reviewed are not without limitations
(see Satz, 1976 and Naylor, 1980 for detailed explanations).
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Functional Asymmetry and Reading Difficulty
) :

The topic of functional asymmetry of normal right-handed subjects
. was considered in the first section of the present review. A major
conclusion drawn from experimental evidence was that hemispheric special-
ization éggggd to be a viable construct with raspa:i to normal right-
handed subjects. In general, the left hemisphere of the subjects was
found to be more involved in processing linguistic information than the
right hamiapﬁére and the right hemisphere was found to be more involved
in processing n@n—l;gguisﬁic information as compared to the left. The
model proposed was not an "all or none” model but rather one which em-
phasized a "more or less" relationship. Regarding the development of
hemispheric specialization, conclusive statements were not posited but

perhaps an answer may' be discovered with better controlled studies.

Information presented in the second section of the present review
suggested that certain subskills related to reading follow a developmen-
tal course;sensorimotor perceptual skills develop or mature prior to
verbal-conceptual skills. Héreavgrg some researchers suggest that- such .
a developmental sequence is slower in reading disabled children than in
normal readers. In aéditian. it was suggested that the poor prognosis of
children withlrg;ding difficulty would tend to cast doubt on the éaval!
apqgﬂtal lag hypothesis. The next task then is to relate hemispheric |
sgééigligatiéﬁ to reading aiffizulty by examining studizs on cerebral
functional organization of poor readers.

- :

Psychometric Assessment and Reading Difficulty

Three psychometric studies will be highlighted. The purpose of the
first study (Guyer and .Friedman; 1975) was to test cognitive skills and
to 12.7 yesars old. The cognitive test battery included the following:
portable rod-and-frame tgst, hand awareness test, degree of lateraliza-

tion, the equivalence test (a measure of verbal conceptual development),

*



" various left hemisphere tests (auditory sequential memory -- ITPA, verbal

recognition, verbal closure), and various right hemisphere tmsts (visual

sequential n One
note b That

is, there is probably no pure measure of left or right hemispheric func-

tion. Although both hemispheres are probably active during any cognitive
:allenge, one hemisphere may be more active than the other depending on

the nature of the ﬁaski Guyer and Friedman (1975) atate a number of re-

wn‘ 1
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sults from their study:

The major findings of this study can be summarized as follows:
(1) Bo support was found for the hypothesis that learning disabil-
ity is related to incompléte or crossed hand and eye dominance.
(2) Confirmation was found for the relationship between body aware-

to perform as well as normal control children when age and I.Q. were
controlled. (4) The cognitive processing abilities that were defic-

to left - or dominant-hemisphere functioning. (5) Language devel-
opment does not appear to be a unitary factor (pp. 665 - 666).

interesting, 1f not plausible, suggestion by Guyer and Friedman is

(right hemispheric) information processing mode to deal with academic
tasks. A similar hypothesis has been proposed by Witelson (1977b) which

will be discussed later.
]
A second study using cognitive tests as the dependent variable was

conducted by Rourke and Finlayson (1978). Forty-five 9 to 14 year old
children with learning d%g;bilitng were divided into three groups on
the basis of reading, spelling, éﬂd‘irithmitiﬁ achievement:
Group l: children were deficient in reading, spelling, and arith-
metic,

Group 2: children were deficient in reading ané spelling but not
in arithmetic, "



Group 3: children were not deficient in reading and spelling but
were deficient in arithmetic.

The 16 cognitive tests used as dependent measures can be divided into two
main categories -- verbal perceptual, auditory perceptual and visual per-

ceptual, visual spatial -- according to Rourke and Finlayson (pp. 125 - 126).

They found that "the performances of Groups 1 and 2 were superior to that
of Group 3 on measures of visual perceptual and visual spatial ab;lities;
Group 3 performed at a superior level to that of Groups 1 and 2 on meas-
ures of verbal and auditory perceptual abilities (abstract, p 121).

One conclusion reached on the basis &f the Rourke and Finlayson study was
that subjects in Group 3 (relative deficiencies in arithmetic) pettbrnod
as would be expected were they to have a dysfunctional right héemisphere
and subjects in Group 1 and 2 (relative deficienciep in reading and spel-
ling) performed as would be expected were they to have a dysfunctional
left hemisphere. Speculating here, perhaps Groups 1 and 2 are not cereb-
rally specialized tp prbcess verbal informatio?\and Group 3 may not be
specialized to process visual perceptual or spaciaL,¢5;~;inion. At any
rate, findings from Rourke and Finlayson's study.provide empirical sup-
port and a possible method for subgrouping different types of children
with learning disability. The next study also provides evidence for sub-
grouping children having difficulty in learning to read.

Dalby and Gibson (1981) investigated functional cerebral lateraliza-
tion in subgroups (Boder's classification) of reading-disabled boys (9 -
12 years old).' Onée grouped (dysphonetic, dyseidetic, and normal read-
ing-spelling errors), experimental and controljsubjects were then tested
on three experimental neuropsychological measures (hemispheric time-shar-

ing, conjugate lateral eye movements, and tactile direc¢tional perception).

According to Dalby and Gibson, results from hemispheric time-sharing and
tactile lateral perception measures demonstrated atypical -lateralization
in the reading-disabled groups. Specifically, the non-specific disabled
readers (normal teading-spellin§ errors) displayed a group pattern of
left latefglization of verbal functions and bilateral representation of

spatial functidns, the dysphonetic was
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characterized by bilateral organisitiaﬂ of both verbal and ﬂpiti;l func-

and right lateralization of spatial functions. According to D;lby and
Gibson, it is possible that the absence of hemispheric specialization in
both the dysphonetic and dyseidetic groups may be related to their respec-
tive dysfunctions. For the hemispheric time-sharing task, normal control
‘subjects displayed left lateralization of language and right lateraliza-
tion of spatial functions. The findings presented here are in accordance
with the hemispheric specialization hypothesis (normal readers are more
specialized than poor readers). This hypothesis will be examined by re-
viewing findings frou studies which use more direct measures af cerebral

_organization (dichotic, tachistoscopic, EEG, and evoked pgtential)

Dichotic Listening Studies and Re;ding Difficu;;y

Using the dichotic listening technique, both Zurif and Carson (1970)
and Thomson (1976) found that the dyslexic gjoup showed a less well estab-
lished dominance of hemispheric function than the normal control group.

As part of their experiment, Zurif and Carson presented dichotic digits
to 14 poor and 14 normal readers in Grade 4. In contrast to the normal
readers who showed a right ear superiority, the dyslexics tended to be

better in reporting material delivered to the left ear. 1In other words,
normal readers tended to use their left hemisphere more than their right

hemisphere during the dichotic dLgits task while the dyslexics did not.

digits, words, reversible words (saw/was), similar words (big/pig), and
reversible nonsense syllables (mag/gam) to 20 poor and 20 normal readers
aged 9 ~ 12 years old. Thomson (1976) found that "the control group showed
the right ear superiority effect for digits, words, reversible and gimilar
words. The dyslexic group showed no difference or a left ear superiority
for these tests, and a right ear effect for the nonsense syllables (abstract,
p. 243)." The lack of cerebral specialization inferred from parformance

on dichot%c listening tasks may be related to reading disability. Both



of the above studies did not separate subjects into different age groups
which is, as has been arqued previously, important in research on reading
disability. '

Thaynaxt studies are developmental experimentsz on dichotic listening
and reading difficulty. Bakker (1973) presents and discusses a number of
dichotic l;stgnLﬁg experiments on normal and poor readers. In general,
Bakker ;n% his associates found that each stage in the learning-to-read
process is characterized by an optimal lateraligation pattern: early
reading (age 7) requires no dominance, in between stages (age 9) require

requires maximum dominance (p. 25). 1In addition, Bakker found. that poor
~readers (age 9 - 13) were similar to normal readers two years younger
with respect to dominance of function or hemispheric specialization. Re-
points out that inferences regarding the relation between side of lateral
preference and reading praficiency were not made since ear asymmetry was
analyzed in terms of absolute between-ear differences (p. 140). However
in subsequent experiments Bakker and his associates considered left and
right ear advantage. They found that early reading is less dependent on
left hemispheric functioning than advanced reading (Bakker, 197%9%a). As
stated by Bakker:

. Left and right representations of language are associated with dif-
ferent reading strategies, especially at younger school ages. Ini-
tial reading is psycholinguistically one thing; advanced reading
another. This distinction seems to parallel a neuropsychological one:
a left hemispheric representation of language subserves advanced
reading; a right hemispheric representation subserves initial read-
ing. Thus functional maturity of the right hemisphere may be of

importance to the early stages of the learning-to-read process (p. 143).

Finilly, Bakksr's view on dyslexia is presentad at the conclusion of yet
another publication (Bakker.1979b). Bakker (1979b) suggests that there

are two dyslexias (p. QgTz "reading problems may originate either from a
pr;ﬁaturi application of syntactic-semantic strategies, usually generated

by the left hemisphere (type I dyslexia), or an gxeiiiiv: and parsisting



application of spatio-perceptual strategies, usually released by the

right hemisphere (type II dyslexia)." Bakker's analysis is important

for three reasons: 1) it suggests that the right-ear advantage (REA)

for dichotically presented verbal information may not be beneficial

for all stages of reading, 2) it fits well with the developmental
sequance of the learning to read process and with othar developmeantal
theories of reading disability (eg. Satz), and 3) it may provide .
a rationale for subgrouping types of reading disability on the basis

of cerebral organization.

On the other hand, a study by Obrzut, HBynd, Obrzut, and Leitgeb (1980)
lends support to the notion that cerebral latergliggéian is not a develop-
merrtal phgnamgﬂa.; The experimenters used time-sharing and dichotic listen-
ing techniques toc sxamine cerebral lateralization for language function in
48 normal and 48 learning-disabled children. Subjects were divided into
three age levels (7-0 to 8-5, B-6 to 10-4, and 10-5 to 1ll-1l years).

Obrzut et al.foynd that both the normal and lilfﬂing*ﬂijlhlgd‘gfﬁﬁpi demon-

evident (p. 189). The conclusion reached from this study is that a lagk
of hemispheric specialization may not be related to learning disability.

A final study on dichotic listening was conducted by Newell and Rugpgl
(1981) . They dichotically presented digits and melodies to 32 right-hard
male. disabled readers and 32 right-handed male normal readers. Subj&éﬁ
were divided into young (9 to 10 years old) and old (11 ﬁablz years old)
4 :grﬁupii Newell and Rugel summarize their results as follows:

On the dichotic digits test, both normals and disabled readers showed
the right sar left hemisphere superiority typically found with ling-
uistic information. In addition, the deficit of disabled rsaders
relative to normals was with the left ear thus suggesting a right cere-
bral hemisphere deficit. Additional evidence for a right cerebral
hemisphers daficit is present in the melodies test. On this task a
left esar right cerebral hemisphere superiority was found with the nor-
mals as is typically the case with musical information., However, dis-
abled readers showed & right ear superiority suggesting dominant use
of the left hemisphere in processing musical information normally pro-
cesssd by the right cerebral hemisphere. This also is consistent with
the notion of a right hemisphere deficit in disabled readers (p. 297).

T4
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The controversy continues. Bakker and Obrzut et gligaég to different con-
clusions regarding development and reading difficulty. Morscver, results
from the study by Newell and Rugel were not in accordance with those found
by Zurif arld Carson and by Thomson. The resolution of the issue may re-
quire carePully controlled studies which use a combination of experimental
techniques®(dichotic, tachistoscopic, EEG, and evoked potential), divide
disabled swaders Lﬂtx;s subgroups, and divide subjects j.m:ﬁ differant age
levels. The next topic for discussion is experimental research on reading
disability and hemispheric specialization using the tachistoscopic technique.

Tachistoscdpic Studies and Reading Difficulty

Studiés which use the tachistoscopic technique to investigate hemis-

as well. Some studies have found that normal and poor readers are¢ not dif-
ferent with respect to cerebral asymmetry (McReever and Huling, 1970;
McKeever and Van Deventer, 1975; Yeni-Komshian, Isenberg, and Goldberyg,
1975) . Other studies Qggg found that poor readers are less specialized
than good readers in précessLng verbal information (Marcel, Katz and
Smith, 19M¢; Marcel and Rajan, 1975; Kershner, 1977). Finally, findings
from a cross-sectional developmental study (Olson, 1973) suggest that
younger disabled readsrs are less‘spgéiali;gd than younger normal read-
ers but that older disabled readers are just as cerebrally specialized in
comparison to older normal controls. A brief presentation of findings
from each of these studies will serve to confirm the controversy. Recall
that a strong right visual field advantage (RVF-Ad.) for linguistic-
sequential information is the expected specialized pattern and a

strong llEF'viiunl field nd?intggi (LVE—Adg) for spatial-holistic infor-

7
Pertiment findings from Epa'stu&i;: mentioned above regarding tachisto-

scopic presentation of information to poorfand normal readsrs are as follows:
¥

il?
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more often (P€0.005) in both groups {(grade 7) than words chan-
nelled to the right hemisphere (p. 600).

2. McXeever and Van Deventer (1975) == ...findings are compatible
only with the conclusion that the dyslexics, (age 12.9 to 13.9

years) like the controls (age 12.7 to 13.7) are characterized
by left hemisphere lanquage specialization (p. 374).

3. Yeni-Komshian, Isenbarg, Goldberg (1975) -- The findings con-
cerning the laterality differences between the two groups
[good (age 11.8) and poor (age 12.8) readers] seem to contra-
dict the hypothesis that disabled readers are not as well
lateralized as normal readers (p. 91).

4. Marcel, Katz, Smith (1974) =- Five-letter words were presented
unilaterally to left or right of a fixation point. Subjects
were 7.6 tg 8.7 years old. Good readers showed greater right
over left field superiority than poor readers (p. 131).

5. Marcel and Rajan (1975) =-- Five-letter words were prasented in
later. Subjects were 7 - 9 years old. In the first task good
readers showed greater right field superiority than poor read-
era. In the second task, a left visual field superiority was
demonstrated for faces, but the extent of this asymmetry was
not related to reading ability nor to the extent of lateral
asymmetry in word recognition (p. 489).

6. Kershner (1977) -- The results show that children with reading
disability (age 10) compared with fluent readers (age 10), —

when tested tachistoscopically under bilateral conditions have
a lower right-over left-field advantage in word perception
(p- 65).

ity showed a right visual field prefdrence for word recognition
whether words were presented to sach field singly or simultan-
scusly. A heterogeneous group of delayed readers’'showed simi-
lar findings including an enhanced right field prefersnce for
bilateral field presentations. A young group of delayed read-
ers (aged 8 - 9) without known physical, intellsctual, emotional
or cultural deficits failed to show any field superiority, sug-
gesting an effect of delayed cerebral maturation (p. 343).

7. Olson (1973) == Children aged 7 - ll%iwith normal reading abil-

Older children were selected for the studies which failed to find differ-
ences betwesn good and ;ae? readers in terms of hemisphere specialization
(McKeaver and Huling, 1970; McKeever and Van Deventer, 1975; Yeni-Komshian
et al, 1975). .And three of the studies which suggest that good
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and poor readars differ in terms of hemispheric specialization (Kershner,
1977; Marcel et al, 1974; Marcel and Rajan, 1975) used younger subjacts.
Hance, the age of participants may account for the conflicting findings.

was conducted by Witelson (f977b)§ Unfortunately, Witelson did not
separates the subjects into different age groups and as a result, the
finding from her study cannot be related to her moderate view of the
dyvelopment of hemispheric specialization. However, Witalson's study is
noteworthy here because she used a combination of perceptual information
processing techniques -- dichotic listening, tachistoscopic presentation
and dichhaptic tests. Also, it clarifies one view of developgpental
dyslexia (two right hemispheres and none left) that is related tovhemis- 7
pheric specialization. For the study, a group of 85 right-handed d?!liiiéi
boys (age 6 - 14) ware compared with a group of 156 normal right-handed
boys (average aéi of 10.5 years). Four perceptual tests were performed

by the subjects: '

1. Dichhaptic Shapss Test -- spatial perception of competing non-
senss shapas through touch. :

2. Tachistoscopic Test -- bilateral presentation of unfamiliar
figures of people. :

3. Dichotic Listening Test -- simultaneous presentation of digit
pairs.

4. Dichhaptic Letter Test -- perception of competing letters
through touch.

The first two tests were used to tap spatial processing (right hemisphare),
the third test was used to tap verbal processing (left hemisphere), and —~—~
the fourth test was used to tap both spatial (shaps recognition) and ver-
bal (linguistic encoding) progessing. The tests and rationale for using
them is prssanted in Witelson (1976). For the dichhaptic shapes test and
the tachistoscopic (unfamiliar faces) test, the normal group displayed

the characteristic left ﬁgnd/vliugl field advantage but the poor reading

\
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group did not. Both groups showed a right ear advantage for the dichotic
digits test. Witelson (1877b, p.310) reports that "on the dichhaptic
letters test, the normal group showed only a tendency toward naming more
right than left-hand letters (...p=.10), whereas the dyslexic group
named significantly more left than right-hand letters (...p<.02)."
Witelson (1977b) states conclusions from this study as f@ll@ﬁi;k

Developmental dyslexia may be associated with (1) bi~-hemisphere rep-
resentation of spatial functions, in contrast to the right-hemisphere
specialization observed in normal children, and (ii) typical left-
hemisphere representation of linguistic functions, as is observed in
normal children. The bilateral neural involvement in spatial proces-
sing may interfere with the left hemisphere's processing of its own
specialized functions and result in deficient linguisticd, sequential
cognitive processing and overuse of the spatial, holistic mode
(abstract, p. 309).

The use of a right hemispheric strategy to process linguistic information
may be dysfunctional for reading. Grass and Ruthenberg (1979) challenged
Witelson's interpretations. According to them, it would be more benefic-
ial to lubgroup poor readers on the bilis of age and type of deficiency
and then conduct a study similar to Witelson's. Again, this is probably
true regarding many of the perceptual studies reviewed above. Various
electrophysiological studies on reading difticulty will be presented next.

EEG Studies and Reading Difficulty |

4“ In general, research on the relationship between EEG and reading
difficulty has not>unoquivocally shown that a specific association exists
(Benton, 1975). According to Hughes (1978), “the presence of questionable
and controversialﬂzzc-fipdinqs is a reflection of the need for further
research in a tiolé'th§i;%th¢rvilo makes a strong contribution in today's
clinical setting (p, 207)." Realizing that there are certain u?;u:xani
involyed with conducting electrophysiological research on reading disability,

Hughes (1978) reviews a number of these studies. His conclusions regarding

the types of EEG alMormality found in dyslexic subjects are (p. 216):

° N
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1. Although a definite conclusion cannot be made, in general,
positive spikes seem to ba more frequently mentioned in studies
on dyslexia than other waveforms.

2. The incidence of positive spikes ranges from 20 to 50 percent
of dyslexic children tested,

3. Excessive occipital slowing is another waveform commonly men-
tioned.

4, The data on postarior slowing suggest at least a 10% incidence

in lesarning disabilities or dyslexia, but further studies are
clearly nesded.

5. A diffuse abnormality or epileptiform activity may be emphasized
in some studies but may not even be mentionqd in others.

Four studies which have investigated the general EEG pattern of children

with reading/learning problems are Gerson et al, 1972; Hughes, 1968; Muehl

and Forell, 1973-74; and Sheer, 1976. Findings were gimilar to those

studies reviewed by Hughes (1978).

Three additional studies (Fuller, 1977; Hanley and Sklar, 1976; and
Rebert et al.,1978) specifically investigated the electrophysiological
involvement of the two cerebral hemispheres during various cognitive activ-
ities. Hanley and Sklar (1976) investigated the EEGs of 12 dyslexics
(age 9 - 18 years) and 13 normal controls (age 7 - 16 years). The three
groups of Boder's (1971) classification -- dysphonetic, dyseidetic,
alexic -- were represented in the dyslexic sample. Bipolar electrodes
were placed on the following locations of each hemisphere (electrode
montage) : fronto-temporal (F3-T3 and F4-T4), Eraﬁtéipgrigial (F3-P3 and
F4-P4), parieto-occipital (P3-0Ol and P4-02), and occipito-temporal (Ol-T3
and’ 02-T4). The EEG was monitored during seven test phases: rest (eyes
Closed), attentive (syes open), n:ﬁ;al arithmetic, reading word lists,
reading text, auditory perception, and visual perception. Findings from

_Eiﬂliy and Sklar's study are as follows:

1. The most discriminating feature batwean dyslexic and normal
children was tme autospectral intensity pattern from the left
parieto-occipital derivation. Dyslexic children had greater

~J
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energy in the 3 - 7 Hz band and in the 16 - 32 Hz pand while

normal children had more energy in the 9 - 12 Hz band.
2. During reading, the best discriminating feature was cohersnce
between 02-T4 and T4-F4 in the 16 - 22 Hz band.

3. Within hemisphere coherences were higher for dyslexics while
between hemisphere coherences were higher for normal children.
That is, normal children showed greater sharing between hemis-
‘pheres and dyslexic children showed greater within hemisphere
sharing. ‘

dfen was the higher activity in the 3 - 7 Hz band for dyslexics.

According to Hanley and Sklar, "there are several findings s investi-

gation which seem worthy of speculative comment, With emph the word

neurcpaycho-

4

speculative since there is no claim here to have unravelled t

locical substrate of developmental reading dyslexia (p. 234)."

The purpose of his study was "... to determine whather or not LD children
show less alpha attenuation when engaged in mental arithmetic and immed-
iate memory tasks comparsd to a matched group of normal control boys

(p. 149)." Recall that there is an inverse relationship between the amcunt
of alpha measured ana cerabral activation. That is, as a hemisphere becomes
more activated the amount of alpha power present decreases (attenuation).
Fuller selected 10 boys with learning disabilities (10.1 - 12.6 years old)
and 11 normal control boys (10.6 - 11.7 ygaf: old) to participate in his
study. Electrodes were placed on parietal (P3, P4) and occipital (Ol, 02)
regions of the left and right hemispheres. Fuller found that “eight of the
10 experimental LD boys failed to show alpha attenuation in one or more of
the three conditions, while 9 of thi-Ll normal control boys showed alpha
attenuation under all three conditions (p. 151)." Since alpha attenuation
has been shown to be a concomitant of attention and mental aff;rt, results
might suggest that LD children are deficient in attention. According to
Fuller, possible causes may be: (1) a specific neurological dysfunction,
(2) slow CNS maturation, (3) psychological, and (4) combinations of the
above (p. 154).



Regarding EEG frequency analysis of reading disabled children, one
other study (Rebert, Wexler, and Sproul, 1978) will be pressnted. Rabert
et al.recorded EEG's from both hemispheres (temporal location) af 11 dys-
lexic and 11 dysphasic (severe oral lanéuaq: handicaps) subjects (11 - 17
years old). Five experimental conditions used in the study were: eyes
closed (relaxed), eyes open (relaxed), reading by subject, reading to the
subject, draw A person. Rebert et al.state the following concerning re- ‘

sults found from their experiment (p:. 441):
These results indicate that in- some children with severe academic 3

‘difficulties, certain EEG reaction patterns involving hemispheric
asymmetry are like those expected in normal adult Ss (eg. the parie-
tal change from reading by subject to draw a person) and more compat-
ible with notions about hemispheric specialization. In other respects,
especially in our 'dyslexic' children, the EEG asymmetry patterns
appear to be abnormal, and distinguish the 'dyslexic' from another
diagnostic group showing somewhat more normal patterns of asymmetry.

It may be of significance that the excess left hemisphere theta in

the 'dyslexic’' group was greater over the angular gyrus than over

the temporal region, given suggestions that the left angular gyrus

is involved in reading (Geschwind 1972). :

.
The experimenters suggest that their. findings are compatible with Witelson's

(1977) analysis ("two right hemispheres and none left"). Findings fyOm
evoked potential studies will be discussed next.

Evoked PQEQQ;LLLASEgégi: and Reading Difficult

basis of each group's measured evoked potentials. After reviewing some of
these studies, Hughes (1978) concludes that "... the late components of
evoked pﬁ%;ntig;s seem related to both the informational content of the
stimulus and the attentiveness:of the subjectd, and these components tend
to be reduced in amplitude when learning disorders are present (p. 234)."
In addition, Evans (1977) suggests that evoked potential preégéufes may be
a very useful procedure in objectively investigating attentional é;;afgazs
of learning-disabled children. Evans concludes that "EP measures appear to

be an area with major possibilities for both theoretical and practical
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advances in the learning disabilities field (p. 106)." A summary of find-

" ings from studies which have used the evoked potential procedure will serve

to highlight some of the differences fougll between normal and reading dis-

abled children. 7 .

Results from a numbey of studies on evoked potentials and reading

difficulty are as follows:

+

Conners (1971) =-- a family of poor readers is shown to have
attenuation of the visual evoked response (VER) in the left
parietal area. Studies of two samples of poor readers, and a
sample of children with contrasting.verbal-performance discrep-
ancies on the Wechsler Intelligence Scale also show significant
f:latiénshlpi bitﬁgan v:fbal skills and thg late ¢gﬁpaniﬂti éf

laft pa:letil area (abltrac:t P 418)

Shields (1973) -- The AER [averaged evoked responses) of brain
functioning are clearly different in children with lesarning
disabilities. Most striking are the findings concerning the
latenciss of the AER wave components. In every case the lat=-
ency was significantly longer in the learning disabled group
than in the normal group (p. 504).

t“,ﬂ,

Preston, Guthrie, and Childs (1974) -- The reading disgbled
children showed a significantly smaller a;plituﬂi in the neg--
ative wave at 180 msec following stimulus onset, for an-
sleactrode placed in_the region of the left angular gyrus..
(abstract, p. 452).

Preston, Guthrie, Kirsch, Gertman, and'Childs (1977) -- A

larger diffarence was found betwean words and flashgs on the

left parietal electrode for normals compared to disabled on the

P 200 and LPC [late positive component]) peasures (abstract, P. B).

YR Lous G Matsumiya, and Lombroso (1977) ‘== The
prlnne mﬂltiqitian indicatas that ths ximum visual evcked
riipﬁnll wvave Eari diff-r-nall b;tﬁ-:n th: dl!lblid gnd na:!nl

1§£t SuPlEiér and ingnria: pggigtgl g:-;;; L,ni, na:nll :-ad-
ers axhibit more waves than disabled readars (p. 157). :

Waber and Omenn (1977) =-- Amplitudes of luditary and visual
evoked responses from right and left hemispheres ware ca:ggzaﬂ
in subjects from three families having more than one psrson
with reading problems.... There were no differences between
dyslexic and normal members of the same family. Investigation



of dyslexic childran from 18 additional families also demonatra-
‘-E ted no systematic alteration of the evoked responses over the -
1€ft hemisphere (abstract, p. 153)."

With the exception of Weber and Omenn's study, differences wefe found in
comparing dyslexic to normal readers, especially in the parietal area of
the left hemiaphe:;g |

Two additional studies on the relationship between evoked potentials
and reading difficulty merit éiSEHSBléﬂg Sobotka and May (1977) compared
the visual evoked responses and reaction time performance of 24 dyslexic
boys and 24 controls at four diff@rent age levels (7, 9, 11, and 13 years) .
An overall hemispheric asymmetry in vgg amplitude (rightpyleft) was observed
in both experimental and control subjects. Dyslexics exhibited an!in2fgased
amplitude to unattended stimuli and ,a slower reaction time to attended stim-
. uli. These findings are similar to those found by Shields (1973). Also, no sig-
nificant gge by group interaction was found. On the basis of their findings,
Sdbotka and May suggest that hamispher;g asymmatry may not be a good indi-
cation of dyslexig; that dyslexia may not result from a maturational lag
in neurological development, and that the data are consistent with an

“attentional deficit" explanation of dyslexia.

Finally, a recent study on event-related potentials (ERP) of dyslexics
was conducted by Fried, Tanguay, Boder, Doubleday, and E:eénsite‘(LSBL)i
For this study, dyslexics (age 8 - 12) were claséified into Boder's (1971)
A;ubgraupg (5 éygphcnatiﬁ » 6 dyseldetic, and 2 alexic subjects). Thirteen
age-matched normal readers (average age of 10.5 years) were selected as
. the control group. The stimuli presented were two voiced words (do, g® and
~ two sprummed musical chords (A7, D7). Electrodes were placed on the left
and right frontal and temporoparietal sites. In discussing their results,
Friad et al (1981) state: |

Our fiﬂding of greater waveform differences over the left, as com-
pared to the right hemisphere in normal children is consistent with
the results of studies which have been carried out in adults., ...

. Tha lack of greater word-musical chord ERP waveform diffafencg; over



the left hemisphere in the dysphenetic group suggests that the laft
hemisphere of the dysphonetic dyslexics may not have a fully devel-
oped capacity to process auditory information in a normal manner.

-+. In contrast to the dysphonetic subjects, the dyseidetic children,
who all possessed the capacity to phonemically decode and encode
reading materials fairly well, were found to exhibit a nprmal pattern
of left-greater-than-right, waveform difference in the present exper-
iment. While they did differ from normal readers with respect to .«
the magnitude of latency and amplitude differences between word and
musical-chord ERP's, these results may be attributable tS differences
in attentional factors between groups (p. 20).

, ' Ay ‘

The Fried et al. study confirms the need to subgroup reading disabled
children in conducting experimental research. .

Findings from evoked potential studies on reading difficulty are
not unequivocal but they are promising. In general, it appears that
there are both amplitude and latency differences between good and poor
readers. These differences may be more prevalent on the left hemisphere
than the right, especiélly for one type of reading disability. The one
‘developmental study reviewed did not show a significant age trend. How-
ever , more research is required in this area .in order to make. conclu-
sions and draw inferences. The final topic for disucssion in this see-

tion is approaches to remediation of reading problems.
. J



Approaches to Remediation
« . ] -
Speculhtive approaches to remediation of reading problems are in- !
cluded here even though the focus of the review of literature and research,
has been exclusively ;n assessment. To be sure, the goal of diagnosis is
treatment. In’addition, the reason for presenting the fbtthcém{nggappréaahes
to remediation is simply to show that treatment can be successfully linked
‘!o neurophysiological asséssment. Finally, it is probabiy to early to

prescribe these approaches for use in reading clinics. The two apgfbachas
to remediation presented here are EEG\biofeedpgck'training and teaching

strategies. ]

-

Can human subjects learn to control the activity of their braina? .

A number of reviews of the research on ;earﬂgd control of br;in wave ’
activity seem to converge on one major conclusion -- even i} one can learn
to control the activity of the brain, ﬁhe results of such control have

not been clearly shown to be of use for treatment (Bé;tty, 1977; Johnson,
1976; Kuhlman’& Kaplan, 1979; and Orne .and Wilson, 1978). Some studies
have attempted to teach learning disabled subjects to control brain ac-
tivity using biofeedback (Cunnihgham and Murphy, 1981; Gracenin & Cook,
1977; O'Malley & Conners, 1972). The only study which reported that

EEG training had a positive effect on academic achievement was that con-
ducted by Cunningham and Murphy (1981). They suggest that "training the
right hemisphere toward higher arousal and the left he;isphere toward
lower arousal resulted in a notable improvement in arithmetic (abstract,
P- 204)." One might speculate on possible treatment p&ttorns ueing EEG

_ biofeedback as a remedy. For example, if it was found that th; left
hemisphere was overstimulated then one would use visual and auditory
feedback to increase albha amplitude on the left hemisphere. Similarly
if it was found that the left hemisphere was under aroused, then the
subject would be trained to decrease alpha amplitude on the left hemi-

- sphere. Or one could train poor readers at an early age to balance alpha
amplitude between the‘tyo hemispheres during reading and to increase
alpha amplitude on the left hemisphere while simultaneousl? decreasing
alpha amplitude on the right during spatial tasks. Finally. for the



pgor reader at an older age level, one could train subjects to decrease
alpha amplitude on theileft.hemisghete and increase on the right during
reading. These patterns are highly speculative and have no empirical
basis for practice at this time. In sum, EEG biofeedback training as
i remedial approach for reading problems awaits further research.

What can be done in the classroom regarding instfuctiomal treatment
of reading problems? yhat can the teacher do? Two prescriptions deem
to be consistently made regarding the use of knowledge about cerebral
function in training cgildren with reading problems (Bogen, 1977;

Chall & Mirsky, 1978; Haglund, 1981; Schwartz, 1980; Wittrock, 1978).
First, these researchers suggest that right hemispheriC'activitieg are
noE stressed enough in the classroom and, thus, nonverbal activities
(e.g. music, a;t, con;tfuction) should receive more consideration by
_elementary school teachers. Sécondly, analytic-sequential strategies
should be balanced and integrated with hoiistic-simultaneous strategies
in teaching students a particular 1essqn. On the basis of neurophysio-
lbéical research, the following strateqies.hgve been suggested as being

useful for teaching LD children:

1. If the left hemisphere is weak, teach with visual materials
and if the right hemisphere is weak, use verbal materials
(Frostig & Maslow, 1979).

$
-

2. Send verbal material to the left hemisphere and music to the
right using stereo earphones and two tape recorders. Teach
to the left hemisphere -- match a visual and audiébry Symbol,
recognize a visual sequence, recognize an auditory sequence,
match the two, and pronocunce the match in the form of a word
(Van den Honert, 1977).

3. Feedback oral reading to the right ear only with the use of
a microphone and a headset (Gillis and Sidlauskgs, 1978).

Again, the above procedures or strategies seem interesting and they appear

to be based on neurvphysiological knowledge but further research is nec-
‘ .

. essary.

]
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Soma final points card hgrmgée regarding remedial approaghes for
reading disabjility. The view taken here is that it may be possible to
assess neurophysiological weaknesses using the EEG and perhaps other
measures of brain function. If this is possible then it would be
important to base remedy on what is known about brain function and dys-
. function. Advances in camputer and medical technology can' aid the
educator greatly. In sum, the remedial approaches sﬁgéﬁ:ted gbgzé seem
to merit consideration but more work needs E; be done in this exciting

area of research.  Perhaps it Lsqust to consider these approaches

cautiously and with a healthy skepticism. *
In conclusion, the objective of this section of the present review

was to determihe if, on the basis of the evidence#® children with reading’
diffqiglﬁy are less specialized (cerebral fun:ﬁ}anal asymmetry) than
normal readers. Studies which used psychometrics, perceptual asymmetry

readers were reviewed. The findings from these studies are not unequiv-
ocal. Eﬁéweve:i there does seem to be enough evidence to warrant further
invest;qatién, Hypotheses on the relationship between reading difficulty
and cerah;éi specialization will bé proposed following a summary of the

research prasented in the present review. |
; 4
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The review of li terature and research was a:qani;g E Lidkate

such that general information pertaining to cerebral st r

(a:ymmﬂtry) and to reading difficulty was presented p:

specific information regarding cerebral specializaticr !

Now pertinent information from the previocus three sec Lew )

- N 5 ‘!
can bE,SYBthESLEEdE The major objective here is to , _igs
%
from existing research in order to formulate hypothe= ation-
ship between cerebral asymmetry and gnaéing performanc
A number of general conclusions may be proposed -r -he hasis of the
preceding review. F&:st, the human cerebral cortex would appear to be
*both structurally and functionally specialized to process higher cogni-
F 4
tive tasks. In normal ght -handed adulﬂs, ‘the left hemlsphere appears =

to exceed during linguistic-sequential cognitive activities and the right,
hemisphere seems to exceed in gracgssinq nonverbal - and spatial = holistic
information. Secondly, the onset of Fereb:al asymmetry or hamisphariﬁ
specialization has been shown to exist as early as age 3 - & months.
Howaver, some researchers suggest that cerebral asymmetry is not complete
at biréﬁ but rather it may develop as a secondary manifestation of cog-
nitive development. Thirdly, reading difficulty is variable and, thus, it
may differ according to age)level and/or type of deficit. F@u:thly, neuro-
logical aspects of reading difficulty are important and, as a result,
should be ;aﬁsidarﬁa in order to completely describe the disability.
Fifthly, early identification of reading disability is largely confined

to the ixtfimé:;éf the continuum and predictive test batteries should in-
clude perceptual measures. Sixthly, the prognosis for severe reading dis-
ability is poor. Seventhly, a mowe fruitful approach regarding lateral
asysmetry of reading disability is tp consider é;:gprg; asysmetry rather
than physical asymmetry. Eighthly, regarding cerebral asymmetry of problem
readers, it is best to be s;ug;gggggfnﬁg there are many conflicting f;nd—i
ings in the research literature. However, it would appear that one hypoth-
esis which merits further investigation is that which proposes bilateral
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'tegfisgngatian of spatial functions. And ninthly, electrophysziological ) -

L]

investigations of reading disability may prove useful in delineating sub-
* :

- groups of disabled readers and in determining patterns of cerebral asym-

metry of both gqod and poor readers. This is espscially trus when slac-
trophysiological rgcaéding occurs during cognitive challenges of higher

mentation.
i & . Ry
=
- Finally,, ai:iztians for :anducting algetraphysialaglcnl research on

&
feading difficulty can also be derived from the preceding review. Sub-

jects selected for participation should be at the early reading stage ,
(age 7 - B8) and at the Tluent raadinq stage (age 10 - 12). Of coursa, it would
be beneficial to include addiﬁi@ngl age levels. Eléctrode placement -
(montage) would optimally include all sites of the international 10 - 20
system (Jasper,. 1959) but, at least, two sites are mandatory -- Wernicke's
area (temporal lobe) and the left aﬂgﬁla: gyrus (parietal loba) with L
corresponding placements on the right hemisphere. ééth verbal and non-

verbal tasks should be performed during EBG recording. And_recording

from the full frequency spectrum would be optimal but the ilphg band

(8 - 13) seems most promising. Specifically, alpha power has been shown

to be inversely related to cerebral activation. In conclusion, the

theoretical frame of reference most clearly reflected in the hypotheses .
to follow is that developed by Satz and his associates. I '
;‘;‘ 3 i = ¥
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HYPOTHESES TO BE TESTED

Poor readers at the Grade 3 level will not display cerebral esyn-

metry during both verbal and spatial tasks. ’

a) There will be no difference between EEG alpha bend power record-
ed from thelioft cerebral hemisphere during reading and draw-
gl »

b) There will he no difference between EEG alpha band power record-
ed frog the right cerebral hemisphere during reading and - draw-
ing.

A

Good readers at the Grade 3 level will not display cerebral asymmetry

during verbal tasks but they will display cerebral asymmetry during

'spat131 tasks. -

a) There will be no difference between'EEG alpha band power recorded
from the left cerebral hemisphere during réading and drawing.
.
b) The EEG alpha band power recorded from the right cerebral hemi- ////
sphere during drawing will be less than theﬁ_recorded from the

-

same hemisphere duzstng reading. ~

Poor readers at the Grade 6 level will not display cerebral as try
during verbal tasks but they will display cerebral asymmetry during
spatial tasks.

a) There will be no ditfereqfe between EEG alpha band power recorded
from the left cerebral hemisphere during reading and drawing.

‘B)  The EEG alpha band power recorded from the right cerebral hemi-
sphere during drawing will be less than that recorded from the

same hemisphere during reading.



1

' 4. | Good readers at the Grade 6 level will display cerebral asymmetry

b
during both verbal and spatial tasks.

o
’,

a) The EEG alpha bagd power recorded from the 1left cerebral hemi-
. sphere during reading will be less than thag recorded from the

same hemisphere during drawing.

b) The EEG alpha band power recorded from the right cerebral hemi-
sphere during drawing will be less than that teco?ﬂ‘d from the

same hemisphere during reading. A ‘ v

c
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SUBJECTS

Grade 3 and Grade 6 students graz'tia mlﬂdfiiéll;S'EdﬁﬁﬁEQﬂ Public A
Schools were asked to participate in the present research project. Gradas
3 and 6 were chosen to include students in the early and late reading
stages. In order to ensure that the sample would include some child:gn
with reading pfﬁbli:ﬂ, only classes which offered the resource room pro-
Jimx (remedial rggdLﬁgwin a small froup setting) were considered. In one

dence of reading difficulty is higher among boys than girls (Benton, 1975;:
Rutter, 1978). The following steps were taken in selecting a sample for

the study. Ability, gchievaﬁeng and laterality measures were collected fér +
a total of 47 s;ﬁd&ntsi Pargngal consent wgs‘then secured for 34 of the

tal consant form). Finally, 6

47 students (see Appendix A for the paren

the study because they received a
a4

of the 34 students were eliminated from

left greater than right score on the terality scale (see Appendix F for
a copy of this scale). The final sample was composed of 14 Grade 3

(mean age of 9 - 1 faars ©ld) and 14 Grade & (mean age of 12 - O years
old) students. There were 9 males and 5 famélgs in the Grade 3 sample and

11 males and 3 females in the Grade 6 sample. .Thus. a final sample of 28

students met the criteria stated above. K
L 4
Chart 1

Population and Sample Size

?@pﬂj:tian ' Sample o . Pexrcent of
Gradas . Males Females Malas Females | Tgt;;
3 16 5 9 5 67%
6 20 6 - 11 3 54%

The ras-aﬁghﬁr administered the Slosson Inz:lliggnc: Test (SIT) dur-
ing the months of May and June, 1981. The Slosson I.Q. test was used be-
cause of its ease in administration and because it requires no reading on

the part of the examinse. Reliability for the SIT is .97 amdl it correlates



highly with the Standford-Binet Intelligence Scale -- .90 - .98 (Salvia

and Ysseldyke, 1976). In addition, scores from the Edmonton Public School
Board Achievemant Tests (Reading Decoding, Reading Comprehension, and

Mathematics) were collected from the Student Assessment Departmant. The
Edmonton Public School DiSE;is; achievement tests were administered on a

>g:aup basis by teachers to all Grade 3 and Grade 6 .students in the system
(May - June, 198l). The reliabilities of Grade 3 and Grade 6 .EPS Achieve-
’
mant Tests are as follows: . : S
* A

Reading == .932 (Grade 3), .945 (Grade 6),
Mathematics -- .88 (Grade 3), .907 (Grade 6) “

rder to define low and high reading groups, the scores from the Read-

W]

n

ing Decoding and Reading Comprehension subtests were summed for the sample
students at each grade level and those achieving above the median consti-

tuted the high reading group while those falling below the mgdiaﬂ consti-

tuted the low reading group. Descriptive statistics on the average age,

I.Q., and achievemant measures are presented in Table 1.
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* TARLE 1 -
Average Age, Ability,. dnd Athilv--nﬁ Maasures af
Low and Eigh Readers (Grade 3 and Grade &)
Abi;ity and _ Low Readers High Readers Maan T
Achievement Tests Mean $.D. Mean S.D. Difference Value
]
Grade 3 (7 low and 7 high readers)
Age in Months "|110.0} 6.03 101.6 6.73 2.4 0.71
Slosson IQ 93.4| 9.14 | 104.0 }6.40 -10.6 -1.49
R:ad;nq Dl:ading 49.9} 3.58 56.0. [1.29 =6.1%* | - =4.27 )
Reading Comp. 48.4/10.45 66.1 [6.99 —17% 7% -3.73
Decaalng Plus Comp. | 98.3[12.83 122.1 7.47 =23.8%+ =4.25
Mathematjics 43.0( 9.04 52.9 |6.41 | -9_9» 22.135
’ Grade 6 (7 low and 7 high readers)
: § . ) ] - N —\
Age in Months 145.3 6.95 141.9 2.85 3.4 1.21 \
Slosson IQ 100.7(15.99 | 122.0 |7.00 =21.3%~ -3.23
Reading Decoding 21.7) 7.46 33.9 1.35 ~12.2*+* -4.24
Reading Comp. 59.4(16.88 |« 83.9 3.34 =24, 5% =3.76
Decoding Plus Comp. 81.1123.27 | 117.7 |3.55 ~36.6%* -4.11
Mathematics 35.6| 9.85 41.4 6.00 - 5.8 =1.34
*P«.0S -
** P«.01
i
For Grade 3 students, significant differences between the low and
high fi:di:ng ‘groups were found-for the achievement measures but not for
the ability mgaiufgi Accordingly, the low éraug in fact, received a lower
average score than the high group on both reading achievement tests.
Similarly, Grade 6 students from the low group received a lower average
score than the high group on reading and math achievement tests. On the
other hand, it should be noted that the average Slosson I.Q. for the Grgéi
6 low reading group is significantly lower th;n that of the high r-;ding

group (P <.01).

may confound the results of the dependent variable,
E@H:vir. since Slosson I.Q. scores did not correlate highly with na:t!ag

the dependent measures (see Appgndix B,

covaried out

]

Tgb;é‘;).

-
scores

1.Q.

As a rasult, the differehce in 1ntilliganeg teast scores
the avggagn EEG power. /f

were not
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Table 2
Average System—wide Achievement Test Scores for All Edmonton
Public School System Students and Sampled Students (1980-81)

EPS All EPS Students | Sample Students
Achievement Total Mean
Subtests ____|Score | Mean |S.D. | N Mean | S.D. | N Difference
Grade 3 - - _
Reading Decoding 63 50.9 7.17 4326 52.9 4.10 14 =2.0
Reading Comp. 77 .| 56.5 |12.86 | 4326 | 57.3 | 12.55 | 14 -0.8
Mathematics 60 | 48.6 |8.78 | 4321 |47.9 | 9.10 | 14 0.7
Grade 6 _ ! _ o - i _
Reading Decoding | 42 29.3 | 7.11 | 4331 {27.8 | 8.14 | 14 1.5
Reading Comp. 98 70.3 Jj15.67 4331 71.6 17.24 14 =1.3
Mathematics | 60 43.0 [10.86 | 4331 |38.5 | 8.40 | 14 -4.5%

* p <.05

Table 2 presents average achievement, test scores for all Grade 3
and Grade 6 students in the system and for the 28 students who partic-
ipated in the research study. The system-wide noxms were included to.
compare th; sample with the entire student population with respect to
achieveménﬁ test scores. Using a conventional T - Test, the only sig—
nificant difference found in comparing total students w}th sampled stu-
dents was for the mathematics.subtest of Grade 6 students. On the

mathematics subtest, the sampled students received a lower mean score.



Pearson Correlations between Ability and Achievement

TABLE 3

Measures for Grade 3 and Grade 6 Students

Grade 3 (n=14)
Slosson [Reading |Reading Decoding plus
I.Q. Decoding |Comprehension |Comprehension
Reading Decoding .575% - - -
Reading Comprehension L754%*% | 783www - =
Decoding plus Comp. LT733%ew | g23www .98 7w ww -
Mathematics .535* .624*~* .454 517+
Grade 6 (n=14)
Slosson |Reading Reading _ Decoding plus
I.Q. Decoding | Comprehension |Compreherision -
- N e
Reading Decoding .J§4'7' - - -
Reading Comprehension .866%** | 8Q9Qwww - -
Decoding plus Comp. .B9S**r | g53wws - 990%* ¥ =
Mathematics .619*+* .718** .BO2%nw L792% %%
*p«.0s
** p<.01
*** pg.001

Correlations between ability and achievement test scores are displayed

in Table 3.

tive for both grade levels.

‘achievement taests are measuring a similar construct.
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It can‘'be observed that-these correlations are high and posi-
Thus, as would be expected, ability and
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APPARATUS

The Biocomp 2001 is a device designed to measure and store human psy-
chophysiological parame%ers. Seven modalities can be measured -- electro-
mygraph, electroencephalograph, peripheral pulse volume, heart rate, skin
potential response, skin conductance response, and ﬁemperature. Since the
Biocomp has four channels, up to four modalities can be measured simultan-
eously from an individual subject. The apparatus was designed by Hershel
Toomim (Biofeedback Research Institute -- Los Angeles, California) for
both clinical and research applications in biofeedback' Although the
present study used the Biocomp for assessment, the deviGge can be used for:
biofeedback tralning purposes since psychophysiclogical ‘&zta can be in-
stantaneously "fed back"” (visual and auditory feedback) to the subject.
For further information on biofeedback theory, research, ahd practice see
Basmajian (1979); Blanchard and Epstein (1978); Gatchel and Price (1979);
and Peper, Ancoli, andgQuinn (1979).

The ."hardware” of the Biocomp 2001 consists of a small television
monitor, an Apple II mini-computer, 2 disc drive units, a printer, a

sensor module, two telemeter modules that talk to each other, and an

assortment of probes and electrodes. The "software"” is a diskette ptoqram;

(Telemetered Biocomputer) written by H. Toomim. Operation of the Biocomp
2001 is accomplished by first placing the diskette program into dne of the
disc drive units. The program is then started (booted). The subject is
then "hooked up” or .connected to the apparatﬁs with electrodes and lead

wires. Electrodcs‘pick up the psychophysiological activity from the sub-

jects; in this case, electrical activity of the brain. After making a
number of minor adjustments, data are then picked up by the electrodes and
sent to the sensor module which relays the information Eo a remote tele-
meter. The sensor module is the "slave" of the computer. In effect, the
pomputer‘tells the sensor modu1é>qhat measurements to make. The sensor
module is electrically connectgd to lead wires and electrodes on one side

and a remote telemeter on the other side.
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Information is transmitted from the remote felemeter to another telemeter

that is connected to the Apple II computer’ The remote telemeter is elec-
trically connected to the individual and the other tslemeter is electrically
connected to the computer. As a result, the remote telemeter transmits

the signal from the subject and the other telemeter receives the signal.

The two telemeters "talk to each other” through the use of an inffa-:ed
light. Finally, the iﬁf@:mgtiaﬂ is ie:eiv&d intoc the memory of the com-
puter and disﬁlaygd on the CRT television acreen as an auditory signal is
played back through a speaker in the computer. Paychophysiological data
from the subject can be stored on the éishgt;:‘and printed on a hard copy.

Details on the technical specifications of the Biotomp 2001 are presented

in Appendix C.

e

For the purposes of the present study, only the EEG modality was used.
The Biocomp 2001 EEG system is designed to measure root mean square values
from four EEG bandwidths -~ theta (4 - 7 cps), alpha (7 - 13 cps), beta

.(13 = 30 cps), and wide (4 - 30 cps). The alpha bandwidth (7 - 13 cpS$)

was selacted because it is most sitive to EEG amplitude fluctuations
in response to cognitive activity (Doyle et al, 1974). Finally, the
Biocomp 2001 collected, in this case, EEG alpha amplitude data 15 times

each second.

The device described above has been available for clinical and re-
search purposes for only one year. As a result, it hjs not been used
in a variety of experimental settings and its reliability is subject to
question. This is especially true of the EEG madaliﬁy. Th-rafari,A

eafrabafativ: studies using the Biocomp EODl are of utmost imga:tanse.
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The present section on procedure will include information on stimu-
lus materials, experimental conditions, electrode placements, and the
sequence of experimental steps. Information pertaining to experimental
variables, the statistical analysis, and limitations/delimitatigns of

the research study will follow. - ’ -

Stimulus Materials and Experimental Conditions

Verbal and nonverbal materials were used as stimuli. The verbal *
and Grade 6 (Young Canada Readers) reading texts. The nonverbal materi-
als were nenmeaningful designs taken from the Visual SequentiAl Memory
subtegt of the Illinois Tests of Psycholinguistic Abilities (Kirk,

Y . _ - -
McCarthy, & Kirk, 1968), the Visual Memory Test (Wepman, Morency, & Seidl ,
1975), and the Memory for Designs Test (Graham & Kendall, 1960). Samplas of

reading passages and nonmeaningful designs can be found in Appendix D.

The present research study involved three conditions: read, draw,
and rest. For the reading condition, subjects were asked to orally read
from a passage.  The drawing condition consisted of copying various
nonmeaningful designs. And for the resting condition, subjects were
asked to look at a El&nk sheet of paper and to think of nothing. Each
condition lasted for a period of 90 seconds during which time the EEG was

racorded.

Electrode Placement

The bipolar électrode placement procsdure was used for the present
study. As stated by Andreassin(1980), "when using a bipolar recgrding
technique, two active electrodes are placed over cortical areas of inter-

est. Bipolar leads record the difference or algebraic sum of the electri-
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“two active electrodes filled with conductive paste were placed over

Wernicke's area (Wl) and the angular gyrus (P3) in the left hemisphere and
the corresponding areas (W2, P4) in the right hemisphere. In addition, a
ground electrode was placed on the left or right forehead (FPl, FP2).  The

.pariet#l (P3, P4) and frontal (FPl, FP2) locations are according to the

international 10-20 system (Jasper, 1959). However, the temporal location
(W1, W2) is a revision of the 10-20 system by Matsumiya (1976). That is,
the W1l location vis defined as the center of a triangle made by 10-20 system
locations P3, T3, TS and the W2 iocation is defined as the center of a tri-
angle made by 10-20 system locations P4, T4, T6. The sites of Wernicke's
area and the left angﬁlar gyrus were selected because aféEggifsﬁresumeé

involvement in processing linguistic information.

Procedural Steps

The experiment was conducted in an office at the University of
Alberta during June and July, '1981. Each subject was seen individﬁally
by the researcher. Parents were invited to re;ain in the office with
their child and, in most cases, did so. The experimental procedure in-

cluded the following six steps:

1. explanation of the apparatus,
2. electrode placement, /
3. display of graphics and soun§
4. instrument test,

5. EEG recording during cognitivc activitics,
6. explanation of research purpose. . S .

Elaboration of each step is presented below.

A brief explanation and demongtration of the Biocomp 2001 waf Dffered -
at the beginning of each session. . Then electrodes were filled with conduc-
tive paste and placed on either the left or right hemisphere of the subject.
For 14 of the 28 subjects, recordings were first taken from the left hemi-
sphere and then from the right and recording$ were first taken from the

right hemisphere for the 2



cther 14 subjecés. Subjects were then shown a graphic display of EEG ac-
tivity recorded by the Biocomp 2001 and they listened to an auditory sig-
nal. This was done to help 4djust to the experimental setting. In oradr

The EEG recording was as expected for alil subjects (i.e., greater ampli-
tude during eyes closed than during the eyes open state). The actual ex-
periment was conducted next. Subjects were asked to orally read, to copy
designs, and to rest. There were two trials for each condition. Thus,

subjects read, drew, and rested for a total of four times each (two times
during left hemisphere recordings and two times during right hemisphere

recordings for each condition). Each condition lasted exactly 90 seconds.

The order of conditions was systematically altered to prevent sequence

effects. Six separate sequernces wWwere used (see Appendix F). At the and af

each recording epoch, the apparatus was programmed to store the éata on a

diskette and to print the data on a hard copy for subsequent analysis.

For each condition, subjects ware given thérfélléiLng instructions,

verbatim:

Reading Condition -- Here is a story about - .
1 want you to read it out loud to me. If you have trouble with any
of the words, I will help‘yeu; Try to concentrate on what the story
is about while you read it. When I say "begin®, start reading the

story and when you hear a beep (about 90 seconds later) you may stop.

Drawing Condition -- Do you see these designa? They look kind of
funny. But they are not meant to be pictures of anything. I would
like you to copy them on this sheet of paper. Don't worry if you
make mistakes. While you are copying the designs I want you to
~ think only of these figures. Do not talk to me or think about any-
"~ thing else. I will tell you when to begin and you can stop when you
hear a beep.

Resting Condition -- I am going to ask you to do something that is
kind of hard to do. Listen very carefully. I want you to relax,
look at this blank piece of paper, .and think of nothing. Yes, I
want you to clear your mind of all thoughts. That is the hard part.
See this piece of paper? There is nothing on it, right? Well, I
would like you to have nothing on your mind, just like this piece of
paper has nothing on it. Now sit back and relax, get comfortable and
s looking at the piece of paper. When you hear the beep you may
Oop resting.
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After the 12 epochs were recorded, subjects were disconnected from the
Biocomp 20Cl. Finally, the parsants and subjects ware informed of the
purpose and rationale of the study. Each session lasted approximately

one hour.



EXPERIMENTAL VARIABLES AND STATISTICAL ANALYSIS

The dependent variable of the present study was average EEG alpha
amplitude measured in microvolts. Amplitude is a measure of the size of
the electrical signal. The Biocomp 2001 ocutput for each 90 second epoch
consisted of 36 averaged amplitude (root mean square) recordings. In
order to rpduce artifact associated with initial fluctuations and to
reduce the large number of data (432 data points for each subject), the
final 10 data points were averaged for each condition. As a result, 12
averaged amplitude recordings (4 for each condition) were used for sub-
sequent analysis. Independen€ va:iablas were reading group, hemisphere -
and condition or cognitive task. )

The statistical technique used for data analysis was a 2 x 2 x 3
ANOVA with repoa;od measuréi on the last two factors. Tha-fl;;t factor
was reading,qro&é (low readers and high readers), the second factor was
hnmisphctﬁs(left and right), and Ehglthird factor was a cognitive task
(read, draw, and rest). A separate ANOVA was run for each grade level
(3 and 6) and for each trial (1 and 2). Thus, four separate ANOVA's were
run for the general model. In addition, the Scheffe' ﬁgthad was used for
making a posteriori comparisons of means. ' Finally, a number of Pesarson
Prodﬁct-noment Correlations between hemispheres, trials, and tasks were
calculated. These correlations are presented in Tables b, ¢, and d

(Appendix B).

Information from Scheffe' multiple comparisons is mast;dirﬁctlf re-
lated to the hypotheses to be tested. However, !Egglstiﬁlliy significant
npin effects and interaction effects from the ANOVAs are also included
in the analysis. These effects are less specific than the statistically
. significant Scheffe' comparisons but they halp to explain the r-:gi;s

in a more general sense (e.g. ACross groups, hemispheres, or tasks).
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LIMITATIONS AND DELIMITATIONS

Prior to presenting and discussing results, it is important to ac-
knowledge problems and limit the scope of the present study. Major limi-

tations pertain to artifact, the I.Q. confound, and the selection proced-
ure. As stated previously in the review of literature and resgarch, both

108

. physiological and instrusental artifacts are present in EEG ressarch studias.

plugs, sockats, ﬁi;;ng; resistors, and z;;a:it@rsi In addition, since the
Biocomp 2001 transmits the signal from one talemeter to another, this sig-
nal is subject to "noise” in the atmosphere. Common psychophysiological
artifacts are arousal (GSR), muscle tension (EMG), heart rate (ECG), and
eyeblinks (EOG). See Shagass (1972) for further information on EEG arti-
" facts. The second limitation is the fact that the Grade 6 poor readers
scored significantly lower on the Slosson I.Q. test than the normal Grade 6
readers. On the other hand, there is typically a high correlation betwsen
ability and gch;-?aniﬁt test scores. Intelligence test psrformance then
may confound the results. And, third, that subjects were not :;néaﬁ;y
selected from a large pool is a definite limitation sipce this is an

assumption of the ANOVA technique.

The scope of the present study is subject to four delimitations.
_First, even theéugh the average reading achievement score of the low read-
Lngvgfaup is significantly lower than that of the high group for both
grades (see Table 1), the low reading group was not conventionally defined
as reading disabled. Asa a result, findings from the study cannot be
applied to reading disabled children in comparison to normal readers.
This delimitation then is that subjects selected for the study differ in
reading aéﬁicv:igng == some are better than others. Second, the low num-
bar of subjects and the sslection procedure preclude generalization.
Third, the poor readers were not subtyped according to differential de-
ficiencies iﬁ Eiiélﬂg subskills and, hence, this limits the scope in terms
of specificity. Incidently, the low readers ware not subgrouped due to
the conssaquences of delimitations 1 and 2. Finally, the forth delimitation

is that only alpha power was examined. Consequently, it is not known what
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relationships exist between reading and drawing for the low and high -
readers in other frequency bands. It is essential to be aware of these
limitations and delimitations in interpreting the rasults which are pre-

sented in the next chapter.
el
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] The mean EEG alpha amplitude data were analyzed in three different
ways usin§ the classical ANOVA technique. First, the means were analyzed
using the "General Model."” For this particular model, four separate
2 x 2 x 3 ANOVA's iére:c;lﬁulatnd == one for each trial at both grade
levels. Second, the means were analyzed using the "Compostie Model
(Tfial 1 plus Trial 2)". Here two 2 x %fx 3 ANOVA's were calculated =-
one for each grade level summed over the two trials. And, third, the
means were analyzed using the “"Task minus Rest Model” in which the abso-
lute value of the difference between the rest and task (reading and draw-
ing) conditions was the dependent variable. Four separate 2 x 2 x 2
ANOVA's were calculated for the "Task minus Rest Model"™ -- one for each
trial at each grade level. The task minus rest model was calculated in
order to analyze the task-related conditions as differences from EEG
baseline (rest condition). Moreover, such a procedure would minimize the
effect of individual differences impinging on the psychophysiological
measures. -

Results will be presented then ‘according to the three models outlined
above. Information on the Grade ) sample will bd presented first to be
. followed by information on the Grade 6 sample for each model. Susmary
ANOVA and contrast tables can be found in Appendix E (Tables e - x).
Mean differences are considered statistically esignificant if the prab-.
ability of finding such a difference by chance is less than 5%\. Prior
to presenting results from the ANOVA's, comments will be made regarding

correlations between trials, hemispheres, and tasks.

Pearson correlations between trials (trial 1 and trial 2), between
hemispheres (left and right), and between tasks (read, draw, rest) are
presented in Appendix B (Tables b, c, and d). Three findings are relevant:
1) e@rr:l;tiani;bitﬂign trials are high and positive (Table b); 2) cor-
relations between hemispheres are positive, some of which are high (T;bla c);
and 3) correlations between tasks are high and positive (Table d). This

latter finding is a bit unexpected since one would sxpect the EEG amplitude -



distribution to be different

the experiment are presented

for each of the tasks. The raw data from

in Tables 4 - 7.

TABLE 4

Raw Data of EEG Amplitude (microvolts) during Reading,
Grads 3-Trial 1

Drawing, and Resting Tasks:

___Left Hemisphers |  Right Hemisphere
Subjects Read | DOrav | Rest | Read | Oraw | Rest
Low Readers — —— _ ) ] _
1 3.1 6.2 6.3 3.6 3.4 : T U
2 6.8 6.9 4.1 5.7 5.2 4.9
3 3.6 4.2 3.8 4.0 3.9 11.0
4 2.7 3.9 2.6 2.7 2.9 2.7
5 4.1 3.7 3.8 7.4 5.6 4.8
6 3.2 3.4 3.6 7.6 6.5 3.8
7 — 1.2 _1.2 1.2 6.8 | 5.3 6.7
High Readers _ _ _ - . _

et

6.2 7.1 5.4 3.5 5.8 9.4

9 4.3 3.2 3.5 4.5 9.9 1.2

10 5.6 4.9 4.3 3.4 3.6 3.5
11 3.5 3.9 1.8 4.1 3.3 4.6
12 { 2.3 2.0 2.8 3.3 3.0 3.4
.13 3.0 3.0 2.7 3.1 3.1 2.7
14 _ 3.7 3.6 4.9 4.0 3. 2.8
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TABLE 7

Raw Data of EEG Amplitude (microvolts) during Reading,

Grade 6 Trial 2

Drawing, and Resting Tasks: -
Left Hamisphere . ___Right Hemisphere _
Subjects | Read | Draw | Rest Read | Draw [ Rest
____ Low Readers A , e —
1 4.6 3.4 3.0 5.8 4.3 4.0
2 3.2 3.7 3.4 4.5 4.4 3.0
3 3.2 3.7 3.2 3.7 3.3 3.3
4 3.2 2.1 1.9 4.0 3.0 2.0
5 2.1 2.4 2.4 2,0 1.9 1.8
6 1.7 2.0 1.9 3.6 3.0 3.2
7z oo 1.5.0 3.3 4.9 7.0 7.3 _7.5
—__ _High Readers, 7 _ i i} , S
8 3.2 2.9 2.9 3.6 3.0 6.6
9 5.9 4.9 4.8 7.6 5.0 6.5
10 12.6 10.5 8.7 4.1 10.6 10.7
11 7.5 7.8 4.9 4.6 4.5 3.5
12 2.6 3.6 2.4 13.6 10.7 16.4
13 6.6 6.7 5.2 12.1 3.7 6.2
14 3.0 _3.6 3.9 3.8 3.7 3.5
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Presented below in Chart 2 is a tabular representation of the hypotheses

be tastad.

tween reading and
averagae EEG alpha
statements of the

In essence, Chart 2 displays the expected relationships be-

1

amplitude).
hypotheses.

drawing with respect to the dependent variable (i.e.,

‘See Chapter II (pp. 90 - 91) for verbal

‘Chart 2

Expected Relationship between Alpha Amplitude values of

Reading and Drawing as Stated in the

Hypotheses to be Tested

Reading

C Growp - -

B

Hemisphere

(Nypothesis) |  Right (Hypothesis)

Grade 3

Poor Readers

Good Readers

I Read = Draw
Read > Draw

(1b)
(2b)

« Draw {la)
Draw (2a)

oo
3%
]
O B
[ I |

GE;él;Ei

Poor Readers

Read 7 Draw
7§§§§ > Draw

+ Draw . (3a) i
\ Draw_(4a)

(3b)
{4b)

%3
128
& &

Good Readers



Grade 3 Results

and resting are displayed in Table 8.

ences between hemispheres and tasks using the Scheffs' multiple comparison

TABLE 8

Table 9 shows significant differ-

Mean EEG Alpha Amplitudes (microvolts) of Grade 3 Students

Left Hemisphere

Right Hemisphere

] f;!rav |

Rest

Read

T praw | Rest

Reading Group (n)
| _Trial 1

Low (7) :
__Bigh (1) 4.09

L
L]
un
[
RS
WO
o |

Wt |

.63
.63

| PR
[

Low (7) 3.24 3.47 2.86 4.80 4.81 3.51
High (7) 4.03 4.09 2.97 | 4.81 _4.69 3.96
TABLE 9
Significant Differences Using Scheffe'
Comparisons for Grade 3 Students

Diff. |

_Trial

rest for high group

2.07

Right drawy right
'  Trial 2

Laft read <« right read for low group
Left draw< right draw for low group
Right read» right rest for low group
Right draws right rest for low group
‘Laft ready left rest for high gxgup
Laft draw» left rest for high group

.01

.05

Right read> right rest for high group

et
et
Rl
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For each trial sdbjects read, drew, and rested for a period of 90 seconds
each during which electrical activity was recorded using thé Biocomp 2001.
Trial 1 then constituted the initial 270 seconds of EEG recordings and
Trial 2 constituted the remaining 270 second recordings for each hemi-

sphere. Results will be presented for each separatelx.

Trial 1. Thevanalysis of variance indicated a significant main
‘effect for hemispheres, F = 3.9, P = .09 (Table e in Appendix E). In
general, higher alpha anlitudes were recorded from the right hemisphere
(X = 5.08) then the left (X = 3.84). This finding would indicate that,
in general, the left hemisphere was more active than the right. That is,
reqafdless of task (reading, drawing, resting) or group (1ow{ high readers),
the left hemisphere was more involved in processing information than the
right. As displayed in Table f (Appendix E), two contrasts attained stat-

istical significancg:

1.  Bigh draw>high rest (F = 6.67, P = .02)
2.  Left read <right read (F = 4.81, P = .04)

Hence, there was greater activation for high readers during the resting
condition than during drawing. And dufing reading, the left hemisphere
of Grade 3 subjects was more active than the right. The individual com-
parisons using the Scheffe' method (Table 9) ytelded only one sighificant
finding -- the high reading group showed more activation during rest than
drawing on the right hemisphere. 1In other words, the right hemisphere of
the high reading group was more actively involved in procclsinq informa-
tion during resting than during drawing tasks.

Trial 2. For Trial 2, a main effect was found with respect to the .
task or condition factor, F = 8.28, P = .002 (Table g). Means for read- .
ing, drawing, and resting wire 4.22, 4.26, and 3.33 respectively. Thus,
this finding would indicate that there was greater activation during the
resting condition than during either reading or drawing. Such a finding
is not according to expectation sincg resting was considered to be a



task which would require little cognitive effort in comparison to reading
or drawing. Hence, the average EEG alpha amplitude for resting was ex-
pected to b-g significantly higher than that for either reading or draw-
ing. Rggg:ding the summary of contrasts table (Table h), the following

" Low read > low rest (F = 7.71, P = .01),

1
2. Low draw >low rest (F = 10.11, P = .004),
3
4

High read>high rest (F = 10.11, = ,004),

I

. High draw> high rest (F = 9.37, P = .01),
5. [Left read<right read (F = 8.21, P- = .01),
6. Left draw<right draw (F = 5.65, P = .02),

7. Left read> left res@gyf = 5.21, P = .03),

8. Left draw > left rest (F = 7.48, P = .01),

9. Right read > right rest (F = 11.49, P = .00l)

10. Right draw>right rest (F = 10.30, P = .062).

Acccrding to these comparisons, results . - 4 and 7 - 17 indicate tiat
there was greater activation du:ing r’astinq than fiadiﬁq or drawing. It
was more aétivg than the fight during reading and drawing. This Einciiﬁg
then would suggest that hemispheric specialization is not occuring for
different tasks since the left hemisphere is more active for both tasks
{reading and drawing) compared to the right. According to Table 9, both
Jlow and high groups displayed greater activation during the resting condi-
tion but only the low group displayed greater activation on the left hemi-

" sphere as compared to the right.

%\?ﬂg - As statad in Hypothesis l it was expected that low :;;d::,l
would not display hnilph:rit specialization for sithar verbal or spatial
tasks. S:Lm;:- ;;gtiitizally significant f.Lnd;ngs were not found regarding
average alpha amplitude differences between reading and drawing for both
the left and right hemispheres, Hypotheses la and lb are supported by the
results. With respect to Hypothesis 2 (high reading group), it was



i‘ 116

expected that cerebral asymmetry would also not be found for the verbal
tasks but that it would occur for spatial tasks. Hypothesis 2a is sup-
ported by the results because no statistically significant results were
found regarding the average alpha amplitude differences between reading
and drawing recorded from the left hiﬂlspﬁgrqi Howaver, Hypothesis 2b
was not confirmed because EEG alpha band power recorded from the right
cerabral hemisphere during drawing was not significantly lower than that
recorded from the left hemisphere during reading tasks for the high read-
ing group. In sum, hemispheric. specialization for spatial tasks as sug-
;;s;:é by Hypothesis 2b was not confirmed by the results.

Grade 6 Results

The mean alpha amplitudes recorded during reading, drawing, and rest-
ing for Grade 6 students are displayed in Table 10. Statistically signif-
icant findings from the Scheffe'’ multiple comparisons method are shown in
Table 11.

TABLE 10
Mean EEG Alpha Amplitudes (microvolts)
- of Grade & Students

) —[aft Remisphers | Right Hemisphere __
Reading Group (n) Read | Draw | Rest Read | Draw |, Rest

.60 [ 2.46 5.44
7

Low (7) 3.51 { 3. .13
High (1) 5.54 4.77_| 6.60 | 6.1 .03

Nl
~oll

Low (7) 3
High (7) i 5.
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TABLE 11
Significant Differences Using Scheffe’

(\/éamp;:iscns for Grade 6 Students

Description of Results Diff. | ©DF F | Lavel

Low rest € high rest on right hemisphere | 3.90 2,3
Left rest < right rest for high group 12.26 2

Trial 72 _

Low read € high read on right hemisphere | 2.69 2,36 6.56 .05
Low draw<¥€ high draw on left hemisphere 2.77 2,36 6.98 .08
Low rest € high rest on right hemisphere | 4.09 2,36, 15.18 .01
Left rest € right rest for high group 2.94 2,36 - 9.12 .05

Trial 1. A significant main effect from the\analysis of variance wa3a
-found for the group factor, F = 10.34, P = .0l (Table i in Appendix E).
In general, the alpha amplitude sverage was higher for the high reading
group (X = 5.96) than for the low reading group (3.65). This would indi-
cate that, in general, the low reading group displayed greater activation
than the high reading group. Stated another way, parhaps the low ragdigg
group had téVEKPEﬂﬂ more “cognitive energy” to complete the tasks in céﬁs
parison to the high reading group. Contrasts which attained statistical

significance are as follows (Table j in Appendix E):

1. ' Low right €high right (F = 4.85, P = .04),
2.  Low draw< high draw (F = 7.02, P = ,01),

3. Low rest<high rest (F = 13.54, P = .001),

4. Low read »low rest (F = 515, P = .03),
= .04),

= .04).

5. Left read{ righit read (F = 4.72,

6. Left rest ¢ right rest (F = 4.54,

\l‘ L] ’I L+

—
| ]
Iy
"

Recall that low and high refer to the low and high reading groups;
and right refer to the left and right hemispheres; and read, draw, and

rest refer to the three experimental tasks.



=?iﬂdi§gi 1 - 3 indicate the greater activation of the low group on the .
right hemisphere ;éd during drawing and resting. Finding 4 shows that

the low group was less activated during reading than resting. This find-
ing is not according to expectation since the reading task ihauld'r:quire
more cognitive involvement than the resting task. And, findings 5 and 6
indicate that thqg}:ft hemisphere was more active than the right during
reading and zgséiné conditions. That is, the left hemisphere was involved
in information processing to a greater extent than the right for reading
and resting tasks. Finally, individual comparisons (Table 11) resulted

in two statistically significant findings: 1) greater activation for the
low group compared to the high group during resting on the right hemisphere,
and 2) greater activation on the left hemisphere than the right during

AN

&

resting for the high group.

Trial 2. The effect for groups was found to be statistically signif-
icant, F = 7.62, P = .02 (Table k). Accordingly, the low group was more
Activated than the highlgraup (means of 3.50 and 6.15, respectively). The
following four contrasts attained statistical significance (Table 1):

= .004),
= .0L),

[ ol

Low read «high read (F = 9:65, P
P

5]

Low draw< high draw (F = 7.78, F
Low rest €high rest (F = 11.55, P = iOQE).Q

LN
» .

Left rest «right rest (F = 4.90, P = .03).

Thus, the low reading group displayed greater activation during all thowe
eaﬁdicia,ns and the left hemisphere was more active than the right during
the resting condition. According to the Scheffe' individual comparisons
(Table 11), this Egtti:' result reached statistical significance for only .
the high reading group. In addition, the low readers displayed more acti-

-

vation than the high readers for both reading and resting conditions on

the right hemisphere. Finally, the low resders displayed more activation
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Summary. According to Hypothesis 3, low readers were expected to
show cerebral asymmetry for spatial tasks (3b) but not for ;;rbal tasks
(3a). Since average alpha amplitude measures were not significantly
different between resading and drawing tasks as recorded f}g- the left
hemispherq, Hypothesis 3a is supported by the results. But Hypothasis
3b was not confirmed because the average EEG measures during drawing were
not s;gn;fic;ﬂt;y lower than thosa during reading recorded.from the right
hemisphere. Hiﬁh reference to Hypothesis 4 (high reading group), neither
Hypothesis 4a nor Hypothesis 4b were supported by the results. That is,
no statistical diffg:incgs ware found between reading and drawing alpha
amplitudes recorded from either the left or right hemisphere of the
high reading group. In sum, neither the la& nor the high reading group
displayed hgsigghgiie specialization as suggested by Hypothesis 3b and
4a & b.

Sumnary of Results (General Model)

In general, the left hemisphere wasz more active than the right and
more activity was displayed for the resting condition than during reading
or drawing for Grade 3 subji:t:? The Grade 6 low read group displayed
more activity than t.hi Grade 6 high readers. Greater ﬂ:w- activity

is inferred from lower glpga gnplltud;ivglﬁi:i Regarding the finding of
- greater alpha amplitude in the right hi;;;pﬁ::-. McKee et al (1973) and
Morgan et al (1971) reported sigii!‘.rntulggg These results neither sup-
‘ port nor refute the construct of hggisphjzic specialization. There ware
no significant differences found between reading and drawing for either
reading group at esach grade level. Thirigéri, Hypothesis la, lb, 2a, and
3a are supported by the results. This is stated because thess hypotheses
prodlq; that cersbral asymmstry will not be found. However, since
Bypothasis 2b, 3b, 4a and 4b (ses Chart 2) p:iﬂé:i differances betwesen
reading and draving!‘thiy ware not confirmed by the results. Therefore,
evidence of hemispheric spgcial;:gézén was not found using the general
ANOVA model. Rasults from the Composite 2 x 2 x 3 ANOVA model (Trial 1
plus Trial 2) are presented next. Trial 1 and Trial 2 were summed in or-

der to cbsarve composits main and interaction sffects.



THE COMPOSITE ANOVA MODEL {TRIAL 1 PLUS TRIAL 2)

. Grade 3 Results

The composite (Trial 1 plus Trial 2) means of EEG alpha amplitude
recorded during reading, drawing, and resting conditions are presented in
Table 12. In addition, Table 13 displays significant differences found

using the Scheffe' multiple comparison method.

TABLE 12

Mean EEG Alpha Amplitudes (microvolts) : ) G)/_\
of Grade 3 Students (Trial 1 plus Trial 2)

Left Hemisphere - Right chis'p’ll,rg
Reading Group (n) [ Read Draw Rest Read Draw | Rest
Low (7) 3.40 3.84 3.26 5.11 4.77 4.43
High (7) 4.09 4.04 3.31 5.00 5.37 3.99 _
TABLE 13

Significant Differences Using Scheffe'
Comparisons for Grade 3 Students (Trial 1 plus Trial 2)

Mean P
Description of Results Diff. DF F__ | Level
Left read< right read for low group 1.71 2,36 8.39 .05
High read high rest on right hemisphere |1.01 2,24 6.85 .05
High draw? high rest on right hemisphere | 1.38 2,2 12.79 } .01

R
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"A«;gg;é;ng to Table m (Appendix E), a main effect for the task factor
was found significant, F = 4.49, P = .02. The means for reading, di‘aﬂinq,
and resting were, 4.40, 4.51, and 3.75, respectively. The um effect is
due to the.lower amplitude recording (greater activation) for the resting
condition. Statistically significant contrasts for the Grade 3 composite

model, as recorded in Table n {Appendix E) are as follows:

l;\igh read» high rest (F = 7.92, P = .01),
2. High draw»> high rest (F = 11.10,

P = .003),

3. Left:read<right read (F = 7.32, P = .01},
4. Left draw<right draw (F = 5.40, P = .03),
ﬁight read yright rest (F = 5.95, P = ,02),

6. Right draw »right rest (F = 6.15, P = .02).

According to findings 1, 2, S, and 6, resting is a greater activated con-
dition than reading or drawing for the h;%h group and recorded from the

" right hemisphere. Also, findings 3 and 4 would indicate that the left
hemisphere of the Grade 3'subject5 was more actiﬁatea than the right dur-
ing both reading and drawing. As displayed in Table 13, this latter find-
ing was statistically significant for the low group during the reading
 condition. This means that the left hemisphere was more involved in read-
ing than the right hemisphere of the low reading group. Other individual
céipirisan: confirm that resting was the greater activated condition for

the high reading group and recorded from the right hemisphere.

Grade 6 Results

Table 14 displays the composite means of EEG alpha amplitude for
Grade 6 subjects. And the statistically significant differences found
using the Scheffe' multiple comparison method aye presented Egsli:w in

Table 15.

=

=]



TABLE

14

L]

m¥an EEG Alpha Amplitudes (microvolts)
of Grade 6 Students (Trial 1 plus Trial 2)

. Y — )
__ Left Hemisphere Right Hemisphere
Reading Group (n) | Read ~ | Draw | Rest Read Draw Rest _

Low (7) 3.43 3.30 2.73 4.93 3.86 1.36

High (7) 5.74 5.74 4.74 | 6.87 | 6.04 7.34

N "

N
TABLE 15
Significant Differences Using Scheffe'
Comparisons for Grade 6 Students (Trial 1 plus Trial 2)

: Mean P
Description of Results __ |oiff. __DF F__ |Level
Low rest £ high-rest on right hemisphere 3.98 2,36 17.08 .01
Left restgright rest for high group = 12.60 | 2,36 | 9.66 | .05

# The only significant main effect was found for the group factor,
F =9.44, P = .01 (see Table o in Appandix B).
of the low group (3.60) was lower than that of the high group (6.08). Hence,

A number of statis-

The mean amplitude valua .

the low group was more activated than the high group.
tically siqnj}ic;nt ¢ontrasts, as recorded in Table p, were found:

i low right< high right (F = 4.35, P = .048),
2. low read<high read (F = 7.34, P = .01), \
3. low draw<high draw (F = 8.68, P = .01),
4. -low rest<high rest (F = 14.59, P = .001),
5. low read > low rest (F = 4.72, P = .D4),
" 6. left rest<right rest (F = 5.57, P = .02).

Stated diffcrontlg, the low group displayed greater activation than the

high group duru;g all conditions and, in fg:n:::l, recorded from the right
' hemisphere.
resting for the lﬂﬂ' group and, during resting, the left hemisphere was

In addition, reading was a lesser activatad c:::ﬂditic:;n. than

more activated than the right. Finally, Scheffe' comparisons (Table 15)



resulted in two statistically significant findings: 1) the low group
displayed greater activation than the high group during resting as record-
ed from the right hemisphere, and 2) the left hemisphere of the high

group was more activated than the right during resting.

Summary of Results (Composite Model)

-

In general, resting was a more active condition than reading or draw-
ing (Grade 3) and the low group was more activated during the experiment
than the high group (Grade 6). Again, significant d;ggcggﬁcns wers not
found regarding comparisons between f:ading and drawing. In other words,
evidence of hemispheric specialization as set forth in the hypotheses

~ (see Chart 2) was lacking. As a result, the influence of rasting will be
removed by subtracting it from both reading and drawing for each subject.
This man;pu;;tian will then serve to highlight the relationship between
reading and drawing. Results from the "Task Minus Rest Model” follow.

THE TASK MINUS REST ANOVA MODEL

s

Grade J Results | _

Fér the Task Minus Rest Model, first the absolute value of the dif-
ference between means (reading and resting, drawing and resting) was
calculated for each subject. The resulting d;fgéfgﬂci: were antered
into the analysis of variance program as raw data. In total, four
2 x 2 x 2 (groups by hemispheres by taaks) ANOVA's with repsated measures
on the lgtéir two factors were produced (one for each trial at each grade
level). The means (alpha amplitude) for Grade 3 subjects are prasented
in Table 16. '



TKBLE 16
Mean EEG Alpha Amplitudes (microvolts)
of Grade 3 Studenfs (Task Minus Rest)

Left Hemisphere _  Right Hemisphere
Reading Group (n) Read | Draw | Read |  Draw
Trial 1 . — — -

Low (7) 0.49 0.70 2.11 1.83

High (7) 0.94 1,01 |  1.39 2.56

Trial 2 __ e

" Low (7) 0.47 | 0.79 1.29 1.30
_8igh (7) 1.06 1.14 | 0.97 _0.96

A note of caution is required prior to the reporting of results.

" taken as the dependent variable, the results do not offer Lﬁfcrmatian
on the differential involvement of the hemisphares during reading and
drawing conditions. That is, commints pertaining to cognitive activa-.
tion cannot be made on the basis of the task minus rest analysis of var-
iance. Tpps, the purpose of this model is only to highlight differences
between the two task-related conditions and a resting baseline. Thé

direction of these differences, if they are found, is unknown.

Trial 1 and Trial 2. According to Tables g, r, s, and t, there were

3 subjects. Accordingly, there were no statistically ;Lgiifiegnﬁ differ-
ences both between and within reading and drawing écﬁdit;aﬁs with the rest-
ing baseline (eyes open) subtracted from each task.

Grade 6 Results

The alpha amplitude means for the task minus rest ANOVA's of Grade 6.
subjects are presented in Table 17. Also, significant differances betwaen
means using the Scheffe' multiple comparison method are displayed in Table
18. < '



TABLE 17

Mean EEG Alpha Amplitudes (microvolts)

of Grade 6 Students (Task Minus Rest)

Left Hemisphere

Right Hemisphere

Reading Group (n) “Read | Draw Read | Draw
Trial 1
Low (7) 1.09 1.14 2.89 } ~1.19
High (7) 1.31 1.14 4.00 1.84
Trial 2 . '
Low (7) 0.53 0.44 0.97 J 0.46
. High (7) 1.49 1.11 2.97 2.09
TABLE 18

Significant Differences Using Scheffe'

Comparisons for Grade 6 Students (Task 'inus Rest)

Mean _ P
Description of Results Diff. DF F Level

Trial 1

Left read right read for low group 1.80 1,24 1.80 .05

Left read right read for high group 2.69 1,24 J13.16 .01

Right read right draw for high group 2.16 1,24 6.96 .05
__Trial 2

Low read high read on right hemisphere 2.00 1,24 |12.40 .01

Low draw high draw on right hemisphere 1.63 1,24 8.56 .05

Left read right read for high group 1.48 1,24 6.89 .05

Trial 1. 1In reference to Table u, a significant main effect for hemis-
pheres was found, F =5.03, P = .045. The mean of the left hemisphere
That is, greater

(1.17) was lower than that of the right hemisphere (2.48).

difference from a resting baseline was found on the right hemisphere. The

following contrasts, as reported in Table v, reached stﬁtistical

cance:

N v

1. Left read < right read (F =9.15, P. = .01)
2. Right read”> right draw (F = 5.52, P = .03)

@

signifi-
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In other words, the greater difference from baseline found on the right
hemisphere a§ compared to the left was largely due to the reading con-

dition. Also, regarding the right hemisphere, there was greater differ-
ence from resting for reading than for drawing. Finally, the first sig-
nificant contrast (above) was found for both groups, whereas the second

was found only for the high group (see Table 18).

Trial 2. The main effect for the group factor reached statistical
significance, F = 10.77, P = .0l. Accordingly, the mean for the low
reading group (0.60) was s;qﬂificantly lower than that for the high
group (1.91). This finding would indicate that a greater difference
!ffﬂl baseline ix;;;-d for the ‘high group vis’ ; ‘vis the low fixainq group.
Summary contrasts are recorded in Table x (Appendix E). Statistically

sigriificant contrasts are as follaws:

- 1. low right< high right (F = 10.61, P = 0.003),
high left €< high right (F = 5.03, P = 0.045),
3. low read< high read (F = 7.04, P = .01),

4

[ %]

4. left read Xright read (F =

o
o
I
L]
L]
&
]

On the right hemisphere, the low reading group displayed less difference
from baseline resting than the high group. Within the high group, the
. right hemispheric recordings were different from baseline to a greater
degree than the left hemispheric recordings. During reading, the low
group differed from baseline less than the high group and recordings from
the left hemisphers showed lass differanee from baseline than those from
the right. As presanted in Table LE the rasults from Finding 1 (ahava)

group. - 7 -

of Results (Task Minus Rest Model)

While main effects, contrasts, and individual comparisons for the

., Grade 3 data failed to reach statistical significance, some statistically



significant results were secured for the/Grade 6 data. In general, sig-
nificant main effects were found for ®he hemisphere factor and the group
factor. These findings would indicate that greater difference from the
bageline resting condition was found on the right hemisphere vis ; vis

the left and for the high group vis ; vis the low group. According to
Table 17, the greatest difference from baseline occurred on the right hem-
isphere during reading for the high reading group (a mean value of 4.00
for Trial 1 and 2.97 for Trial 2). Since the task minus rest measures are
absolute values, comments on the diristi@ﬁ of the differences would be
inappropriate. However, for the Grade 3 subjects Hypothesis la, lb, and
2a posit that no diffargncgs will ba found and, therefore, these sgimiﬁa
be confirmed by the data. Hypothesis 2b was not confirmed. Regarding

the Grade 6 data, the only hypothesis that would féeaive confirmation

from the data is Hypothesis 3a.

Discussion of the results reported in the'pfgsgnt chapter will be
addressed in the next chapter. A major objective will then be to relate
the present results to the hypothetical construct of hemispheric speacial-
ization. In addition, both ELEGEEélEil and practical implications for
further research will be suggested in the chapter to falla;i

[
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The purpose of the present chapter is to propose general interpre-
tations and implications from the study. Regarding interpretations,

1 objective is to compare and contrast the results with the nation

search will be suggested. Here the major focus will be on the interac-
tion between theoretical constructs and applied research. The objective
is to determine how the presant study could be extanded in terms of ab-

stractions and operations.



DISCUSSION AND INTERPRETATION OF F IND INGS

The General Model (Grade 3)

Two overall findings are of interest., First, the left hemisphere was .
generally more activated than the right. A feasible interpretation of |
" this finding may be that the left hemisphere is engaged more by school-
related tasks than the right. In other words, perhaps linguistic-related

activities are stressed more than nonlinguistic related activities by the

school and, as a result, students learn to uss ‘their left hemispheres more

than their right hemispheres. Moreover, analytic-sequential processing
- A 3ec-

BAY receives grsatar I i -
ond major finding was that greater activation was displayed for the rest-
ing condition than for either the readiﬂ% or drawing conditiong. This find-
-ing was opposite from that expected. A partial explanation is that chil-
dren did not actually rest during the resting condition. Most of the chil-

it bordered on the edge of the impossible. Hence, children may have been
unable to "think of nothing”.

Although statistically significant differences between reading and
drawing on each hemisphere were not found, it may ba instructive to exam-

" ine the direction of the nonaignificant differences displayed. Notice .
that low readers seemed to activate the left hemisphere more during read-
ing than drawing in comparison to the high reading group (Table 8). An
overuse of the left hemisphere during the initial stages of reading acqui-
sition may be dysfunctional (see Bakker 1979b). On the right hemisphere,
high readers were ean:iitnﬁtly (both trials) more activated during drawing
than reading. This finding is in congruence with and would offer mild
support for Hypothesis 2b, which stated that good readers would be special--

ized in processing nonverbal information. With respect to low readers, the

only. -!:g:iéiﬁq Trial 2, the right hemisphere was equally activated during
reading and drawing. Therefore, the results from Trial 2 are in accordance
with Bypothesis lb (i.e. no specialization for nonverbal tasks).
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be gl&incd from the results. In addition, Hypothesis la and 2a Vere.con-
the direction of the difference

firmed but Hypothesis la is suspect si
between reading and drawing on le
relatively large; although not statisticall
sive evidence of hemispheric :geei;;i;;;ian‘ag predicted is lacking for

significant. Again, conclu-

both the low and the high reading groups.

/

The Goncrg;:ngdi;ﬁ(Grad§4§l=

A consistent (both trials) overall finding for Grade 6 students was
that the low group displayed greater activation du:;ﬂgith: expeariment than
the high reading group. A plausible interpretation of this finding is
that,'in g:n:fll. the low group may have had more difficulty with the three
tasks. Thus, the low group would have had to expend more cognitive snergy
in order to complete the tasks. A significant interaction effect was found
for hanlsﬁh;:: X task. That is, tha left hemisphers of the subjects was
more activated than the right during reading and resting. Again, perhaps
elementary school instruction makes. greater demand on the left hemisphere
than the right.

Turning now to GE:F&;iSQﬂi between reading and drawing for each hem-
isphere, no significant differences were found: This finding would lend
support to Hypotheasis 3a (no difference in alpha amplitude between reading
and drawing) but it would not confirm Hypothesis 3b, 4a and 4b. Therefore,
it may be instructive to examine the data presented in Table 10 to deter-
mine if the direction of the amplitude comparisons are, in fact, as expac-
ted. In reference to Hypothesis I, the direction of the amplitude dif-
ferences between reading and drawing is nééﬁ:ﬂin@ to sxpectation. That
is, the low group did show more activation during drawing than reading
on the right hemisphere but the finding is not statistically significant.
Since the direction of amplitude difflfiﬂgil;bitﬁi!n reading and drawing
on the left hamisphere of high readers is inconsistent from trig;.l to
trial 2, no interpretation can be made regarding Hypothesis 4a which

=
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states that Alph* anplitud’fn.;suros for reading will be less than those
for drawing. The hypothesis is clearly not confirmed by the results.
However, the direction of the difference between reading and drawing on
the right hemisphere is, in fabt, in accordanc; with expectation
{Hypothesis 4b). That is, high readers engaged the right hemisphere
more during drawing than reading but this finding did not attain statis-
tical siqnificnncq} In sum, although conclusive evidence for the notion
of hemispheric specialization is lacking fer Grade 6 students, if it does
exist then it is more likely to be found for spatial tasks than for ling-

uistic tasks.

Summary Interpretation of Regults from the General Model
\
r'ﬁ“\\ \
+A ndmb¢4 of conclusions can be summarized regarding the differential

involvement of the hemispheres and conditions for the low and high read-
ing groups. First, subjects at both grade levels displayed more activa-
tion on the left hemisphere than on the right. Secondly, the Grade )
low reading group displayed more activation than the high' reading group.
Thirdly, conclusive evidence for hemispheric specialization of subjects
for both grade levels is lacking. Fourthly, regarding the direction of
differences between reading and drawing, mild support for Hypothesis 2b,
ib, and 4b can be gleaned from the results. However, in the absence of
statistical significance, such a conclusion is to be interpreted with
great caution. Obviously, interpretations regarding the différence be-
tween low and high reading groups are not warranted on the basis of the
results. Since similar nonsignificant results were 6btained from the

'co-positn model (trial 1 plus trial 2), it will not be discusscdf

The Task Minus Rests Model

Grade 3. Statistically significant differences were not found for
either main effects or .interactions for subjects at the Grade 3 level.
Also, since the absolute value of the difference between reading or draw-
ing and resting was calculated, comments regarding the direction of the
difference between reading and drawing (i.e., more or less cognitive

activation) cannot be made. However, one can speculate on which tasks
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(reading or drawing) produced a greater or lesser shift from baseline
resting. In reference to Table 16, it can be ssen that on the left hem-
i;phﬂ:: the drawing condition produced a greater shift from baseline for
both groups. This may suggest that the lifé hemisphere was more sensi-
‘tive to the drawing task than to the reading task but such a conclusion
is highly speculative. On the right h:;i;éhif;, there was virtually

nc difference betwean the reading and d::vinq copdition during Trial 3.
For Trial 1, the low group d;;;lgyié a greater shift from baseline for
reading than drawing, whereas, the high group displayed the opposite

=

pattern. These results are largely uninterpretable.

Grade 6. In general, results from the Grade 6 task without the
resting data suggest that a gr:ati: shift from baseline occurred for

the right hemisphere compared to the left and for the high group caﬁéaged
to the low group. It is éaﬁéeivibli that the right hemisphere was more
sensitive to or conducive to Easg requirements than the left hgﬁisghire.
Also, it is possible that the high reading group was more sensitive to
neurophysiological changes in response to cognitive challenges than the
low group. It should be noticed that the right hemisphere displayed
drawing for the high reading group on Trial 1 (Table 18). According to
Table 10, both reading and drawing conditions obtained lower amplitude
values (greater activation) than resting. Therefore, drawing was more
rhighly activated than reading on the riqht’hi:iéghiri of the high read-
ing group. This speculative finding is in accordance with Hypothesis

4b and is a sign of hemispheric specialization for nonverbal information
processing. Further interpretations would be misleading. .

If any statements on the relationship between reading ability and
hemispheric specialisation can be made on the basis of the results of
this study, only two appsar to have slight credibility. First, Grade 3

low readers may be specialized for processing verbal information.
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According to Bakker, this would be dysfunctional +- a premature applica-
tion of syntactic - semantic strategies (Type 1 dYSliIi;) . Secondly,
both Grade 6 low and high readers appear to be specialized to process
nonverbal information. According to Satz and his associatas, this is 1’,5\:3
be expected. Finally, these conclusions are speculative and should be
interpreted with a great deal of caution. The remainder of this chapter
is devotad to a disucssion of directions for further rasaarch.
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DIRECTIONS FOR FURTHER RESEARCH

will be entertained. The major pursuit here is to suggest how research
might be extended beyond its present state such that a clearer understand-
ing of hemispheric specialization za; ba achieved. It is this interac-
tion batween thecretical constructs and applied ressarch that acts as an
impetus for gaining scientific knowledge.

On the basis of existing research, it would appear that a credible model
does exist, at least, for normal rightéhahded adults. What is not known
is whether or not hemispheric specialization is a developmental ;hﬂﬂéﬂé—
non and whether or not it is related to reading problems. To be sure,
betﬁ-},r theoretical formulations are regquired in these two areas. For
example, hemispheric specialization may be complete at birth, present

at birth but ;Qﬂtinuglly developing, or it may be 3 s:sgﬁdar§ manifesta-
tion of cognitive development. What then are the alternatives for a
model of reading difficulty based on the construct of cerebral asymmetry?
Young children with reading problems may be overspecialized in ;fécgs;ing
verbal information. Or perhaps older children with reading problems are
overspecialized in éfaeessing nonverbal information. A third possibility
ig that poor readers at an older age are under-specialized in processing
verbal information. Fourthly, it may be that hemispheric specialization
is not related to reading difficulty. Therefore, it is recommended here
that more ressarch on the :ilitlanshiﬁ batwaen cersbral asymmetry and
reading difficulty is necessary to fé:mu;gti a clear model.

A number of practical directions for further research in this area
can be delineated. First, subjects selected for research must be of
- varying ages or longitudinal studies should be undertaken. Secondly,
it would be beneficial to select subjects at varying levels of intellec-
tual ability. Following thess two suggestions would permit the ressarcher

to observe hemispheric specialization across the age- and ability-range



ers on the basis of reading subskill deficiencies. Such a procedure is
compatible with existing knowledge on reading disability. Fourthly,

the gléztraghysié;ag;égl techniques (frequency analysis and evoked poten-
tials) are ﬁighly recommendad to be used for assessment purposes. A

be takan from many cerebral locations for the entire frequency bandwidth
(1 - 32::yclls per second). In addition, this must ba done éuriﬁ% a
nusber of verbal and nonverbal cognitive challenges of higher z:ne§%19§!
A fifth direction for further research is to use the regional cersbral
blood flow technique (rCBF) to map the vgriéu; areas of cerebral attiva-
tion during various cognitive tasks. The rCBF technique is a more direct

measures of cerebral function than EEG techniquaes. Lastly, at least two

sex differences aﬁd hgnégén:;§! Perhaps further research can, in fact,
dev€lop a clearer, more accurate model of the relationship between cere-
bral asymmetry and reading difficulty. Further re;eérch in this area
seems to be warranted.

2 _ _

In conclusion, the focus of the present study was on neurophysio-
logical assessment of reading disorders. On the basis of results from
existing research studies and the study presented here, more thecreti-
cal and practical work is required in using neurophysiological techniques
for diagnosing causes of reading problems. This must be done before
neurophysiclogically-based remediation of reading problems may be pre-
scribed in raading clinics. Of course, éﬁ: ultimate goal is remediation
but a number of logically ordered and smpirical steps must be taken prior
to the attainment of that goal in this area of research.
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i APPENDIX A

CORRESPONDENCE WITH PARENTS




Dear parent

i
w
Ko

(guardian) of

Enclosed you will find a parental consent form and a statement on

" the purpose/procedures.of the research study on reading. Please
\\ggfsséign the form and send it in the envelope provided. In additionm,

Please

write down possible dates (June, July, August) that your

child will be available. The study will be conducted at the

(after 5:00 p.m.) and on Saturdays. The total time required for

each child will be about 60 minutes.

You are invited tgéiring your child and see the Biocomp computer

but if you cannot come to the University, transportation will be

provided for your child. If you have any questions please feel
free to call me at 455=7205 (home) or 429-5621, ext. 686 (work).

Thank you for your interest in this exciting research project.

P.S5.

Sincerely,

i Dave Mansink
’fgg Graduate Student
Educational Psychology
University of Alberta

If you would prefer to see the Biocomp before signing the

consent form, this can be arranged.
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PURPOSE AND PROCEDURES OF THE RESEARCH

PURPOSE: To determine if children with reading difficulty read in a
different manner than children who do not have :g;ding aif-
ficulty. And to determine how to teach children with read-
ing difficulty in the best possible manner.

5
2

PROCEDURES :

=

The children will be }nvlteé to look at and "play” with
the measuring®instrument. The instrument is called the
Biocomp and it i{s a computer which can measure brain
waves, muscle tension, temperature, and other body
funétiansi "

L
2. Then an elastic headband will be placed on the child's
head and little silver cups will be placed under the
headband.

3. Next, the child will be asked to read a short passage,
to copy a design, and tq rest and think of nothing.

4. The children will be asked to read, draw and rest four
times sach. The procedures will last about 60 minutes
for each child.

Children will not have to sit still during the study and tﬁ:? will prob-
ably enjoy their experience with the Biocomp.

*
-
rt
"
]
®
R
L)
1



4

I, _ (parent's name), agree to lat my

child, i . (child's name), participate

in a research project to be conducted at tha University o lberta by

David L. Mensink (graduate student) under the supervision ®f C. T. King
(Associate Professor). I will bring my child to the University of
Alberta or allow him/her to be transported to and from the University

in a vehicle adequately covered by insurance.

[

I understand the purpose arnd procedures of the research project and
I am fully aware that the procedures will cause no pain or discomfort
to my child. I understand that I may ask the researchers to discuss
the results with me and that I may request to see a demonstration of

the Biocomp.

Signature

Date B o

The University of Alberta

Fgéulty éf Education

Department of Educational Therapy
Area of Special Education
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CORRELATION TABLES
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Table a

Pearson correlations between Ability/Achievement and EEG
Amplitudes during Reading, Drawing and Resting

-

Left Hemisphere Right Hemisphere
Read lDtav l Rest Read 1 Draw l, Rest
Grade 3 - Trial 1 (n=14)
Slosson I.Q. -.511* |.641** |.400 |-.351 |-.495+ | -.307
Decoding plus Comp. | -.181 L.53S' ~.427 -.090 -.052 -.250
Grade 3 - Trial 2 (n=14)
Slosson I1.Q. -,323 L.432 .045 ~.345 -.312 ~.520%*
Decoding plus Comp. | .066 L.096 ] .074 -.114 -.107 ~.088
Grade 6 - Trial 1 (n=14)
Slosson I.9Q. .196 .311 .356 -.055 .482* .551*
Decoding plus Comp. .135 .438 .481* -.093 .513* .562*
~Grade 6 - Trial 2 (n=14)
Slosson I.Q. .238 | .331 | .229 . 306 .253 | .446
Decoding plus Comp. .298 .374 .377 .286 .288 .431
* P <.05

** p..01



Table b

and Trial 2 during Reading, Drawing, and Resting

Grade 3

Read

(Trial l:Trial 2)

Draw
jTria;ﬁ;;Trialﬁi)i

158

Left Hemisphere

.925%**

779 %#

_ Right Hemisphere

8774w

.796%%*

Grade 6

Laft E::iqghg;gﬁ

8977w

816+

Right gg;;:ph::g

63822

_.906%*

.556*
8872%s
L749%**
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Table ¢
Pearson Correlations of EEG Amplitude between Left and Right

Hemispheres during Reading, Drawing, and Resting

Read Draw Rest

Grade 3 (n=14) (Left :Right) (Left:Right) (Left :Right)
Trial 1 .387 .377 .058
Trial 2 .586* .631* _.373
Grade 6 (n=14) -
Trial 1 . 307 .271 .691**
Trial 2 .097 .513* .329

*P<«.05

** P «.0l
wet P «.001



Table 4

Pearson Correlations of EBG Amplitudes between

Read{ng, Drawing, and Resting Conditions

Grade 3 (n=14)

Grade 3 (n=14)

Right

Right ;énigphgrgiﬁ
Hemisphare 7D::H‘ff J _Rast
Trial 1 = _
Read .B3www 534w
Draw - - 354
Trial 2 = .
Read .B95wew L G40%ww
Draw - o -930wwe
__Grade 6 (n=14)
Right Riqhtrsgmiiphg:: -
Hemisphere| Draw lfﬁi;:t
Trial 1 _
Read .108 -.063
Draw . 659
Trial 2 7 R
Read .509* . 704%*
Draw -888%we

Left Left Hemisphere
Hemisphere Draw J Rest
Trial 1
Read .809*we .545*
Draw - L7444
Trial 2
Read 910w .762% %
Draw - . 704
Grade 6 (n=14)
Left cht Hemisphere
Hemil sphere Draw l Rast
, Trial 1
Read . 700* ¢+ . 799 en
Draw - .882%%e
Trial 2
Read . 948 e . 946"
Draw - .9lleee
* pP<.0S
" p< (01

*ee pa 001

160



APPENDIX C -

TECHNICAL SPECIFICATIONS
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BIOCOMP 2001

"OUTLINE OF TECHNICAL SPEC'S FOR BIDDING PURPOSES

1 - Apple 11 Camputer 24X meamory

1 - Biocomp Program Operates ssnsor, stores, dl:plgyi infor-
mation.

1 = HBioccomp Program Capable of making measures on 4 channels,

choice of 7 different modalities; EMG, EEG,

PPV, TMP. SCR. SPR, and HRT (szee éntgils

bealow)
2 = p Telemetric Units Cosmunicate via infra-red light, Range:
. - 20 feet, line of sight.
4 - Sets of Elctrodes 1l Plethysmograph, 1 Temperature Probe,
‘ 1 Standard, 3 lead electrode, 1 three
lead alligator electrode.
MODALITIES - y combination of Four, simultaneocusly.
EMG = Electromyograph, 4 bands (80-400); (15-100); (80-1000) o
TMP = Temperature Fahrenheit or centigrade
PPV = Peak Pulse Volume
SCR = Skin Conductance and Response (GSR)
EEG = Alpha, Beta, Theta, Alpha-Theta frequency bands
SPR = Skin Potential and Response
HRT = Heart Rate . .
EMG COMMON MODE REJECTION ) 30db at 60 Hz *
RESOLUTION OF DIGITAL READING 1 part in 4000
Noise level: Short circuid input e e e s
0.25 microvolts RMS, 15 to 1000 hz 8 nv/vaz 10 to 1000 &s
Displays: Simultaneous Graphic and Digital
SCALE RANGES: : ‘ .
0 to 30 Mv 4 significant figures eg: 28.42 Mv 10 to 409.5 -
Autoranging occurs when input falls below - i
or whan input exceegds:
10 Mv .- i
b '
30 mv
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1
EEG - 4 FPREQUENCY BANDS -

L
[l

Alpha (7 -~ 13) Hz , A ' . o,
- Data (12 - 30) Hz S

-~ Theta (4 - 8) Hgz

(4 - 30) BHz

EHw>»

]

30 db @ 60 Hz T T GV
] 00

db at 15 Hz ) -
NOISE LEVELS:

See EMG

SCALES - Auto“Ranging:

See EMG

DISPLAYS:

Digital and Graphic

Ac Excitation 7 H

Not affected by
D

z
lectrodae polarization
Resolution of it

e
igital Readout: 1 part in 4000 of full scale

Scales : "

0 - 100 millivolts DC o e
resolution 1 part in 4000 of full scale )

vV ™P

60.00 to 100.0 deqgq F; .01 degrse F Resolution o -
15.56 to 37.77deg C; .0l degrea C REsclution A
VI HRT = Heart Rate

Timed aﬁ altarnate beats
mig m 13@ * - . . I TLIFIPE Sy S x--,n P 'ﬁé{»’iv

Transducer: plethysmograph



/

VII PPV = Peak Pulse Volume

0 to 100 millivolts .
Resclution: one part in 4000 of full scale ' == D
Transducer: plythsmograph llfﬂ

PROGRAMMEDS PUNCTIONS:

l Timer: Records culmutive
time over measurement sessions

2 Integrating and averaging functions
Records 38 averages for esach channel
at selected times .1 to 99 seconds

4 Variance = squared
Standard deviation
Calculated and recorded for esach of the above items

SOUND

Musical half tones change at resolution level
Major 3rd and Major Sth tones differentiate threshold levels -

POWER

All Biocomp modules that are in ilgctraaghyiital contact are battary
operated 1 6 volt 1 amp Hr Storage battery in each Tranceiver module

by computer power

Operating time: 10 Hrs/charge, one battery on charge
other is being used.

Computer power 115V % 10% 50 - 60 Hz for Apple Computer.
No physiological electric contact between subject and computer.

TELEMETER :

Infrared frequency modulated 100 % ]0 Khz deviation
Max Range 20°
-60° off axis Range: 10°'

Two way digital data Transmission : ;
MONITOR:

Standard color television Eiéjiﬁif : *
not supplied

-

—~ R



Computer Apple II

Size; 154" w x 18" d x 43" h
Keyboard size; 10" w x 3 3/4°
Waight: 12 1bs.

[w]

isk II;

Size; 6 1/8" wx 8 3/4" d x 3 1/48
Weight 1lbs.

Telemetric Units: (2)

Size: 3 1/B" wx 5 7/8" d x 2" h
Weight; 1 1lb. :

Sensor:

Size; 3 1/8" wx 5 7/8"d x 2" h
Weight; ]2 oz's

Overall shipping weight:

Aﬁ;r@:iiatilf 30 lbs.

2

]
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«Q
GRADE 3 READING SAMPLE -
How Percival nggh;rth: Tiger
Percival Summers went to the jungle to trap wild animals for the
circus. He had some brave jungle boys with him.
One day they were walking through the jungle looking for tracks of
wild animals.

All at once Percival saw a tiger. Y oy

_
The tiger saw Percival.

Percival was so scared he jumped right out of his shoes.
The boys and Percival ran as fast as they could until they were out
of danger. Then they sat down to think.
.

Percival thought and thought. He wanted to catch that tiger.

He called his brave boy Joe and said, "What in all this world do
tigers like best to eat?”

Joe thought and thought.

At last he z:id, *The things that tigers like best in all this world
are baked sweet potatoes covered with brown sugar and butter.”

Percival was very much surprised.

He sent two boys to a faraway village for a big basket of sveet
potatoes. The others made a cage with a big trap door in the top.



When the boys came with the sweet potatoes, Percival baked them all. *
Hﬁpn they were done, he cut them open and put a stone inside each one.
_%hen he closed them again so they would look all right to the tiger. He
covered the potatoes with brown sugar and butter.

Percival and his brave boys went to the jungle. They carried the

cage, the sweet potatoes and a long rope.

They put the sweet potatoes where the tiger would be sure ‘to find

them.

They waited.

Pretty soon they heard the tiger roar. He sniffed the sweet potatoes
-
and began to eat them.

He was in such a ﬁutry he swallowed them whole and never knew there

was a stone in each-one.

His body began to hang down and down, until 1£ was hanging right down

on the ground, because he was so full of whole sweet potatoes and stones.
e '

The tiger was so full that he coulén't move or turn around. Percival
and his boys could go near him without danger. They tied his back legs
together with the long rope and threw one end over a branch of a tree.

9

They pulled him into the air. The.tiger didn't like that. He kicked
and kicked uhtil the branch was about to break. Stones fell from his
mouth. They fell and fell until the tiger was empty again.

‘The brave jungle boys got the big cage, let him down into it, and
closed the door. They named him éwcot Potato and sent him to the circus.

That is how Percival caught the tiger.
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GRADE 6 READING SAMPLE

Blast-off

"All\pands! Acceleration stations - prepare to blast off.” I went
back to my couch and the stewardess made sure that we were all strapped
down. She cautioned us not to unstrap until she said wa could. She want

, Gown to the deck below.

I felt my ears pop and there was a soft sighing in the ship. I
swallowed and kept swallowing. I knew what they were doing: blowing the
natural air out and replacing it with the standard helium-oxygen mix at

walf sea-level pressure. But the woman - the same one - didn't like it.

3

K

She said, "Joseph, my head aches. Joseph, I can't breathe. Do something!™

Then she clawed at her straps and sat up. Her husband sat up, too,

e
and forced her back down.

The Bifrost tilted over a little and the speaker said, "Minus three

minutes|”

After a long time it said, "Minus two minutes|"

"Fifty-nine! Fifty-eight! Fifty-seven!"

My heart started to pound so ha;a I could hardly hear it. But it
went on: " - Thirty-five! Thirty-four! Thirty-threel Thirty-two! Thirty-
one! Half! Twenty-nine! Twenty-eight!"”

And it got to be: "Ten!" -

And "Nine! Eight! Seven! And six! And five! And four! And three!
Ard two -"
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About then scmething fell on me and I thought I was licked. Once, explor-

I never did hear them say “one” or "fire" or whatever they said.

ing a cave with some fellows, a bank collapsed on me and I had to be dug
out. ' It was like that - but nobody dug me out. .

My chest hurt. My ribs seemed about to break. I couldn't lift a

finger. I gulped and couldn't get my breath.
1

I wasn't scared, not really, because I knew we would take off with
a high g, but I was awfully uncomfortable. I managed to turn my head a
little and saw that the sky was already purple. ﬁhileii watched, it
turned black and the stars came out, millions of staras. And yet the Sun
was still streaming in through the port.

The roar of the jeats was unbelievable but the noise started to die
out almost at once and soon yoy couldn't hear it at all. They say the
old ships used to be noisy even after you passed the speed of sound; the
Bifrost was not. It got as gquiet as the inside of a bag of feathers.

There was nothing to do but lie there, stare out at the black sky,
try to breathe and try not to think about the weight sitting on you.

And then, so suddenly that it made your stomach turn flip-flops, you
didn't weight anything at all. |
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Table
Summary of 2x2x3 ANOVA (General):

Grade 3 - Trial 1

Source of Variation - 88 | DF | NS r | r

Betweesn Subject 224.90 13
A 0.0 1 0.0 9.9 1.00
Subj. w. Group 224.90 12 18.°

Wwithin Subjects o 273.44 |- 70
B ’ 32.07
AB : 0.20
B X Subj. w. Group 113.63
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Contrasts - , Diff. sq. DF1 | DF 2 F

Low Right - High Right 0.10 14.11 1. 24. 0.01

Low Left - Low Right -1.33 9.47 1. 12. 1.97
High Laft - High Right =1.14 9.47 1. Li 1

)
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High Read -0.14 7.76
- High Draw -0.54 7.76
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Summary of 2x2x3 ANOVA (General):

Grade 3 - Trial 2

Table g

&

17s

Source of Variation ss o) 4 MS F P
Between Subjects 196.43 13
A 1.98 1 1.98 0.12 0.73
Subj. W. Group 194 .44 12 16.20
within Subjects 124.99 70
B 20.50 1 20.50 4.69 0.05
: AB 0.82 1l 0.82 0.19 0.67
BX Subj. W. Group 52.44 12 4.37
C 15.75 2 7.88 8.28 0.002
AC 0.93 2 0.47 0.05 0.95
CX Subj. W. Group 22.83 24 0.95
BC 0.43 2 0.22 0.48 0.62
"AC 1.38 2 0.69 1.54 0.24
BCX Subj. W. Group 10.74 24 0.45

»
A = Grade (Low and High Readers)
B = Hemisphere (left and right)

¢ = Task f(read, draw, rest)



Summary of Contrasts (Ganeral):

Table h

Grade 3

- Trial

1%

Mean

Diff.

DF1

o
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Low Right - High Right
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Table i

Summary of 2x2x3 ANOVA (General):

Grade &6 - Trial 1

Source of Variation

Batwesn Subjects

Subj. W. Group

&

Subj . W. Group
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[ N W]

el =]
o
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Nw»
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Task (read, draw,

Group (low and high readers)
Hemisphere (left and right)
rest)
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Table j
Summary of Contrasts (General): )
Grade 6 - Trial 1 J

Contrasts

Low Left
Low Right

= High Left
- High Right

24,
24,

F | p
3.68 0.07
4.85 0.04

Low Left

= Low Right
- High Right

12.

12,

High Left

Low Read - High Read -1.59 7.48 1. 36. 0.07
Low Draw - High Draw =2.24 7.48 1. 36. 7.02 0.01
Low Rest - High Rest -3.11 -7.48 1, 36. 13.56 0.001

Read
ow Read
Low Draw
High Read
High Read
Bigh Draw
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Low

= Low Draw
= Low Rast
- Low Rest
= High Draw
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= High Rast
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0.02 0.88
1.19 0.28
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1.63 0.21
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0.02 0.88
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Tab

Summary of 2§‘!3
. Grade

le k

ANOVA (General):

- Trial 2
Source of variation SS DF MS F P
en Subjects’ 379.69 13
. 147.47 1 147.47 7.62 0.02
Subj. W. _ 232.22 12 19.35
Within Subjects “\‘\\\\ 333,48 70 .
B NG 27.55 1 27.55 1.79 0.21
AB 1.57 1 1.57 0.10 0.75
BX Subj. W. Group 184.21 12 15.35 .
C 4.83 2 2.42 1.31 0.29
_ AC 0.95 S 2 - 0.48 0.26 0.78
CX Subj. W. Group 44.30 24 - 1.85
BC 5.11 2 2.55 1.10 0.35
AC . 9.20 , 2 4.60 1.98 0.16
BCX Subj. W. Group 55.76 24 2.32

A = Group (low and high readers)
B = Hemisphere (left and right)
C = Task (read, draw, rest)
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Table 1
- Sulmary of Contrasts (General):
B v ' I
Grade 6 = Triil 2

. Mean Mean
Contrasts o | Diff. 5q. DF1 DF2

r
Low Left - High Left =2.38 17.35 | - 1. 24.
Low Right = High Right -2.92 17.35 1. ’

Low Left - Low Right =0.87 15.35 1. 12,
High Left = High Right -1.42 15.35 1. 12.
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Low Read
Low Draw
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High Read -2.66 7.68,
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1
]
R
o
~
i
o
[l o

e 1 ]

24.
24.
24.
24.
24,
24,

Ldw Read - Low Draw 0
Low Read - Low Rest 0
Low Draw - Low Rest 0.
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Left Rest - Right Rest -1.76

36.
36.
36.

|

|
e ol B
P

Left Read = Left Draw 0.27 2.08
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Right Draw - Right Rest =0.70 2.08
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Table m .
Summary of 2x2x3 ANOVA (Trial 1 plus Trial 2): :
L3
Grade 3
— — — — _ _ _ — — — [ 4
Source of variation .| ss | DF | Ms _F P _
Between Subjects | 201.61 13 : ’
. A = 0.57 1 0.57 0.03 0.86
Subj W. Group "] 201.04 12 16.75
Within Subjects w | 154.23 70
B 26.41 1 26.41 4.30 0.06
AB 0.47 1 0.47 0.08 0.79
BX Subj. W. Group 73.75 12 6.15
Tt _ 9.50 2 4.75 4.19 0.02
* AC ; 1.38 2 0.69 © 0.65 0.53
CX Subj. W. Group 25.138 24 1.06 =
BC 0.54 2 0.27 0.42 0.66
AC 1.37 2 0.69 1.06 0.36
BCX 5ubj. W. Group 15.43 24 0.64 :
_ ) - e — £ - — —

w

A = Gfaup (low and high readers) ) .
B = Hemisphere (left and right) ) :
C = Task (read, draw, rest)
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Table n

Summary of Contrasts (Trial

Grade 3

1l plus T

rial 2):
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Table o
Summary of 2x2x3 ANOVA (Trial 1 plus Trial 2):
‘Grade 6 ,
Source of variation ' +| S5 DF | Ms - | F

Between Subjects 293
A 129.2
Subj. W..Group 164

: ——
Within Subjects 294.70 70

1 -6
AB 1.05 1 1.08 0.
BX Subj. W. Group 2

BCX Subj. W. Group 58.61 24 2.44

Group (low and high readers)
= Hemisphere (left and right)
* Task (read, draw, rest)

3
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« Table p ' )
, . - ¥
Summary of Contrasts (Trial 1 plus-Trial 2):
4 ( i . . 1
-Grade 6
) L]
Mean ° Mean ,
Contrasts Diff. Sq._ DFl | DF2 __F_ _P
Low Left - High Left T | -2.26 11.77 1 24, 3.03% 0.10
Low Right - High Right -2.70 »11.77 1. 24. 4,35 0.048
Low Left - Low Right . -0.90 :9.85 1. 12. 0.86 0.37
High Left - High Right -1.34 9.85 1. 12. 1.92 0.19
Low Read - High Read -2.13 6.48 1. 36. 7.34 4 0.01
Low Draw - High Draw , =2.31 6.48 1. 36. B.68 0.01
Low Rest - High Rest -3.00 6.48 1. 36. 14.59 0.001
Low Read - Low Draw .60 2.87 1. *2. 1.32 0.26
Low Read - low Rest 1.14 2.87 1. 24 4.72 0.04
Low Draw --Yow Rest 0.54 2.87 1. 1 24. 1.05 10.32
High Read - High Draw 0.41 2.87 1. .24, 0.63 .1 -0.44
High Read - High Rest 0.26 2.87 1. 24. 0.26 0.62
High Draw - High Rest . =0.15 2.87 1. 24. 0.08 0.78
Left Read - Right Read + | -1.31 4.91 1. 36. 3.69 0.06
Left Draw - Right Draw -0.43 4.91 1. 36. 0.39 0.54
Left Rest - Right Rest ~-1.61 4.91 1. 36. 5.57 0.02
Left Read - Left Draw 0.06 2.66 1. a8, 0.01 0.92
Left Read - Left Rest . 0.85 2.66 1. 48. 1.90 0.17
Left Draw - Left Rest 0.79 | 2.66. 1. 48. 1.63 0.21
Right Read - Right Draw 0.95 2.66 1. 48. 2.38 0.13
Right Read - Right Rest 0.55 2.66 1. 48. 0.80 0535
Right Draw - Right Rest -0.40 2.66 1. 48. 0.42 0.52
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S J Table q

Summary of 2x2x2 ANOVA (fa{c ninus. Rest) :

Grade 3 - Trial 1

dn
3 * . k
Source of Variation SS DF MS F 3
Between Subjects 70.25 13 -
A 0.64> 1 0.64 0.01 ~Q2
Subj.. W. Group . 70.19 - 12 5.85
Within Subjects - /| 139.06 |, 42 '
B 15.75 1 15.75 1.~
AB 0.64 1 0.64 0.0. 3
BX Subj. W. Group 95.74 12 7.98 < _
~C 0.39 1 0.39 0.4: .83
‘ AC - 2.88 1. 2.88 3.13 V.10
CX Subj. W. Group } 11.04 | 12 0.92 ‘
BC 1.06 1 1.06 1;15 0.31
ABC 1.06 1,.11.06 1.1s | 0.1
BCX Subj. W. Group 11.07 12}1 70.92 *
7
A = Group §low and high readers)
B = Hemisphere (left and right) ¢
C - Task minus Rest (read-rest and draw-r1st)



‘ Table r

Summary of Contrasts (Task minus Rest)

186

Grade 3 - Trial 1
* » L
mm - M&n !
Con ts Diff, Sq. DP1l DF2 F ! p
Low Left - High Left -0.14 6.91 1. 24. 0.02" 0.89
Low Right - High Right 0.60 6.91 1. 24. 0.00 1.00
Low Left - Low, Right -1.13 _¥-98 1. 12. 1712 0.31
High Left < High Right -0.99 7.98 1. 12. 0.87 0.37
L T -
Low Read -'High Read 0.39 3.38 1., 24. 0.31 0.58
Low Draw - High Draw -0.52 3.38 1. 24. 0.56 0.46
Low Read - Low Draw 0.29 0.92 1. 12, 0.62 0.45
High Read - High Dravy -0.62 0.92 1. 12. 2.94 0.11
L
Left Read - Right Read -0.79. 4.45 1. 24. 0.97 | 0.33 _
Left Draw - Right Draw -1.34 4.45 1. 24. 2.81 0.11
_Left Refad - Left Draw 0.11 0.92 1. 24. 0.09 Q.77
Right Read - Right Oraw -0.44 0.92 1. 24. « 1.49 0.23
« .
. .
I R 2 . R » }
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Summary of

bﬂ‘“

Grade 3 -

Table »

Trial 2

2x2x2 ANOVA (Task minus Rdst):

Source of Variation | ss

-

Eéiie:n Sﬁbjgcts_

Subj. W. Group

A

| O
o~
- U

B
AB

- MO
\“E\m‘w
| &

BX Subj. W. Group f .

c ’ 0.14 | 1 0.14 0.18 0.68
- AC 0.58 1 0.58 0.07 0.79
CX Subj. W. Group 9.32 12 0.78

BC
ABC

/

Sﬁgji W. Group 5.43

o eiel
o

1w
W

Group (ldw and high readers)

Hemisphere
Task minus

{left and right)

Rest (read-rest and draw-rest)

-
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" Grade 3 - Trial 2

¥ B
Summary of Contrasts (Task minus Rest):

X

Mean
Diff.

-~

S ——————
[L.ow Left - High Left
Lov Righ# - High Right

=-0.47
0.33

=0.66
0.14

v = High Draw

=0.14
-0.01

4 .

Low Read - Low Draw
High Read - High Draw

-D‘léT

-0.04

Left Read -
Left Draw -

Right Read
Right Draw

-0.36
=0.16

Left Draw

Left Read - Left Dra
Right Draw

0.61
0.61
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- Table u )
Summary of 2x2x2 ANOVA (Task sinus Rest):
Grade 6 - Trial 1l
! y
Source of variation __8s - DF MS | I
Between Subjects 77.06 13
A 31.50 1 3.50 0.57 0.46
Subj.W. Group 73.56 12 6.13
Within Subjects 222.81 42
B 23.92 1 23.92 5.03 .045
AB 2.08 1 2.08 0.44 0.52
BX Subj. W. Group 57.09 12 4.76 ‘
C 13.80 1 13.80 2.13 0.17
A 0.41 1 0.41 . 0.06 0.81
CX Subj. W. Group 77.91 12 6.49 -
'BC 12.26 1 |12.26 4.17 0.06
+[ aBC 0.46 1 0.46 0.02 0.90
BCX Bubj. W. Group 35.30 12 2.94
A'= éroup (low and high readers)
B = Hemisphere (left and right)
C = Task minus Rest (read-rest and drab-rest)
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-
® - , Table v  ° -~/ St
Summary of Contrasts (Task minus Rest): s
Grade 6 - Trial 1.
R - SN

Mean Mean \ A
Contrasts ~ | Dpiff. sd. | pordA | DF2 | r \\7 P
Low Left - pigh,Left -0.11 Sij‘ 1. 24, 0.02 0.90
Low Righte High Right -0.89 5.4 1. 24. 1.01 0.33

S o - R —
Low Left - Low Right -0.92 4.76 1. 12. 1.25 0.29
High Left - High Right -1.69 4.76 1. 12. 4.22 0.06
Low Read - High Read -0.67 6.31 1. 24. 0.50 0.49
Low Draw - High Draw -0.33 6.31 1. #A 24. 0.12 0.73
Low Read - Low Draw 0.82 6.49 1. 12. 0.73 0.41
High Read - High Draw 1.16 6.49 /fl! 12. 1.46 0.25
Left Read - Right Read -2.24 3.85 | 1. 24. 9.15 0.01
Left Draw - Right Draw -0.37 3.85 ¢ 1. 24. 0.25 0.62
Left Réad - Left Draw ° 0.06 4.72 1. 24. 0.01 0.95
Right Read - Right Draw 1.93 4.72 1. 24, 5.52 0.03
-
[}
. *
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Table w .

i

Summary of 2x2x2 ANOVA (Task minus Rest):

i

Grade 6 - Trial 2

Source of Variation _88 DF | M5 F P
Between Subjects 51.13%] 13 :

. A 24.18 1 24.18 10.77 0.01
Subj. W. GrQup 26.94 12 2.25

Within Subjects
B
E L

.

LV I ol ol VI

[
.

ot
o
~J b

ABC
BCX 5ubj. W. Group

0.7

0.6
9.8

H
K b

oo
oW |
=

BX Subj. W. Group | 25.19 1 2.10
BO. . 0.78 0.35

= Group (low and high readers)

A
B =+ Hemisphere (left and right)
c Task minus Rest (read-rest and draw-rest)
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. Table x .
- Summary of Contrasts (Task minus Rest): A
Grade 6 - Trial 2
‘ -
. Mean Mean
Contrasts _ _ Diff. Sq. | DFl . DF2 F__ P

" Low Right = High Ri

ght

Low Laft - Low Right
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LATERALITY SCALE

Hand Preference:

Write with pencil
Throw a ball
Wind a watch

b=
.

L%
»

. Hammer a nail

Brush teeth

Sﬁpaﬂ door
Cut with scissors

Spread butter on bread

| ]
0 O @

. Open a box

Foot Preference:

11. Kick ball
12, Step from chair

13, Hop on one foot

Ear Preferenca:

14. Listen to watch

15. Put earphone in ear:
16, Put telephone to ear

Eye preference:

17. . Look thi@ugh telascope
18. Loock with one eys

[ 2B~

L . S < I o

[ A

e

=

X =

w

A om o wm mow W

-

- R

Left Right

Left Right

Left Right

Total Laft
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SEQUENCE OF CONDITIONS

Order of Hemisphere Order of Conditions

1 . Left, Right Read, Draw, Rest
2 Right, Left Draw, Rest, Read
3 Left, Right _ Rest, Read, Draw

4 : Right, Laft Rest, Draw, Read

L

Left, Right Draw, Read, Rest

6 Right, Left : ) Read, Rest, Draw




EEG

<
[

Read Decode
Read Comp

Math

Eiacéip 2001

Data Summary
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