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our adult populations. The observations were confirmed with a second independently 
chosen cohort of subjects. This result is discussed in terms of the constraints it 
places on models of dyslexia which invoke disorders of lateral specialization and 
hemisphere integration. Q 1988 Academic Press, Inc. 

Research into the causes of dyslexia has turned intensively toward 
seeking evidence for neurological deficits. The postulated deficits include 
deficient hemispheric specialization, failure of integration between normall) 
specialized hemispheres, or anomalous lateralization (e.g., right hemisphere 
speech) which in some way causes cognitive performance to be lest 
efficient or more vulnerable to interference. 

Updated versionsofthe “disordered cerebral dominance” theory(0rton. 
1937) have been proposed in the last 15 years (Geschwind & Galaburda. 
1985; Galaburda, Sherman, Rosen, Aboitiz, & Geschwind, 1985: Duff! 
and Geschwind, 1985; Hier. Lemay, Rosenberger, & Perlo, 1978; Kins- 
bourne & Hiscock, 1981; Davidson, Saron, Leslie, & Reiner, 1985; u’i- 
telson, 1977). For example, Galaburda and colleagues have propod 
that dyslexics have normal specialization with language more dependent 
on the left and spatial processing more dependent on the right, but that 
their troubles come from congenital malformations of the left perisyh ian 
cortex; Witelson has proposed that in dyslexics spatial functions art’ 
represented in the left as well as in the right hemisphere, and that this 
interferes with proper language processing by the left; and Davidson hrlt 

proposed that dyslexics have slowed or degraded transmission acrw 
the corpus callosum from right to left which interferes with normal left 
hemisphere language processing. Evidence for these models has heen 
sought with many of the new methods available for assessing aspect\ of 
cerebral asymmetry: visual half-field stimulation, dichotic listening, EEG. 
and ERPs, cerebral blood flow, CT scans, and others. Furthermore. 
remedial methods based on theories of disordered lateralization hat 
been proposed (Bakker & Vinke, 1985; Van den Honert, 1977). Never. 
theless, despite the intensity of the research effort and theoretical de- 
velopment there is a disconcerting lack of strongly replicated finding. 
clearly demonstrating the role of “disordered cerebral dominance” In 
dyslexia (see critical reviews by Benton, 1975; Naylor, 1980; Satz, 19X. 
Hiscock & Kinsbourne, 1982). 

This report presents data collected as part of an extensive study of 
the neuropsychology of reading disabilities. Highly screened sample\ ol 
normal-reading and severely dyslexic boys were evaluated with ~ 3 1 -  

chometrics, EEGs and ERPs, behavioral laterality measures, and vestibul~r 
and eye movement assessments (Yingling & Galin, 1982; Fein et 31 
1983, 1986; Fein, Galin, Yingling, Johnstone, & Nelson, 1984; Johnstone 
et al., 1984; Davenport, Yingling, Fein, Galin, &Johnstone, 1985; B r w n  
et al., 1983, 1983a,b, 1985). We report here on data which bear on the 
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“disorders of lateralization” hypotheses: EEG i 
verbal and spatial tasks. 

Asymmetric cerebral utilization is reflected in 
during the performance of tasks such as speakinl 
struction. Alpha power is relatively lower over 
Dther methods indicate to be primarily engaged 
made this observation using a wide variety of 
nonmotor, auditory and visual (Galin, Omstein, I 
Galin & Omstein, 1972; Doyle, Omstein, & Galin, 
& Herron, 1978; Herron, Galin, Johnstone, & On 
Herron, Johnstone, & Swenciclnis, 1979; Galin, 
Iohnstone, 1982). and it has been confirmed by o 
1974; Morgan, MacDonald, & Hilgard, 1974; Do 
3sbourne & Gale, 1976; Furst, 1976; Davidson & 
!k Butler, 1977; Ehrlichman & Wiener, 1979, I9 
1982; see Gevins et al., 1979, for a differing interpl 
Salin et al. 1982, pp. 40-43, 50). Lateral specializa 
rmong handedness groups, and in a previous st! 
neasures of task-dependent alpha asymmetry CQ 

landed, left-handed, and ambidextrous normal adu. 
rherefore, if dyslexics differ in lateral specializatioi 
1s much as right-handers differ from non-right-hander 
ihould be able to detect them. 

All subjects in this study met rigorous screenin1 
mure no overlap in reading abilities between the 
:oexisting neurological or psychological condition 
SEG findings unrelated to dyslexia per se. We plac 
ispect of our work because we believe that the lac1 
lyslexia literature is in part due to the wide variety 
,election. Many studies have used heterogeneous 
:hildren, without adequate control over potentiall) 
vaphic, sensory, neurological, or psychometric va 
ind sex have varied both within and between st 
:valuated as controlled variables. Samples have in1 
mpaired sensory acuity, hyperactivity, emotional or 1 
asorted gross neurological signs, or below norm: 
:ontrol subjects have often received much less scre 
Wimental” group. All of these factors have been con 
IJudy. 

’ Alpha activity is generally.interpreted as the normal “idling’ 
region is ready to process information, but not actively e 

Therefore, if a region in one hemisphere is more engaged in a tasl 
%on in the other hemisphere, we would expect it  to show less 
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“disorders of lateralization” hypotheses: EEG alpha asymmetry during 
verbal and spatial tasks. 

Asymmetric cerebral utilization is reflected in EEG alpha asymmetry 
during the performance of tasks such as speaking and block design con- 
struction. Alpha power is relatively lower over the hemisphere which 
other methods indicate to be primarily engaged by the task.’ We have 
made this observation using a wide variety of tasks, both motor and 
nonmotor, auditory and visual (Galin, Ornstein, Kocel, & Merrin, 1971; 
Galin & Ornstein, 1972; Doyle, Omstein, & Galin, 1974; Galin, Johnstone, 
& Herron, 1978; Herron, Galin, Johnstone, & Ornstein, 1979; Ornstein, 
Herron, Johnstone, & Swencionis, 1979; Galin, Ornstein, Herron, & 
Johnstone, 1982), and it has been confirmed by others (Butler & Glass, 
1974; Morgan, MacDonald, & Hilgard, 1974; Dumas & Morgan, 1975; 
Osbourne & Gale, 1976; Furst, 1976; Davidson & Schwartz, 1977; Glass 
& Butler, 1977; Ehrlichman & Wiener, 1979, 1980; Davidson & Fox, 
1982; see Gevins et al., 1979, for a differing interpretation, and our reply 
Galin et al. 1982, pp. 40-43, 50). Lateral specialization is known to differ 
among handedness groups, and in a previous study, we showed that 
measures of task-dependent alpha asymmetry could distinguish right- 
handed, left-handed, and ambidextrous normal adults (Galin et al., 1982). 
Therefore, if dyslexics differ in lateral specialization from normal readers 
as much as right-handers differ from non-right-handers, then these measures 
should be able to detect them. 

All subjects in this study met rigorous screening criteria designed to 
ensure no overlap in reading abilities between the two groups, and no 
coexisting neurological or psychological conditions which might cause 
EEG findings unrelated to dyslexia per se. We place great stress on this 
aspect of our work because we believe that the lack of consensus in the 
dyslexia literature is in part due to the wide variety of criteria for subject 
selection. Many studies have used heterogeneous samples of dyslexic 
children, without adequate control over potentially confounding demo- 
graphic, sensory, neurological, or psychometric variables. Handedness 
and sex have varied both within and between studies without being 
evaluated as controlled variables. Samples have included children with 
impaired sensory acuity, hyperactivity, emotional or psychiatric disorders, 
assorted gross neurological signs, or below normal IQ. Furthermore, 
control subjects have often received much less screening than the “ex- 
perimental” group. All of these factors have been controlled in the present 
study. 

’ Alpha activity is generally.interpreted as the normal “idling” rhythm, indicating that 
the region is ready to process information, but not actively engaged at the moment. 
Therefore, if a region in one hemisphere is more engaged in a task than the corresponding 
region in the other hemisphere, we would expect it to show Iess alpha activity. 
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METHODS 
Subjects 

Screening criteria were designed to select dyslexics whose reading abilities were severely 
impaired and yet who were free from other conditions which a priori might have interfered 
directly or indirectly with the acquisition of reading skills, or which might have been 
expected to produce EEG abnormalities by themselves and thus confound the interpretation 
of any positive findings. 

Fifty-six dyslexics and fifty-seven normal readers were ultimately selected. We chose a 
two-cohort design in which the second cohort was used to cross-validate results from the 
first cohort. The first cohort consisted of 34 dyslexic and 35 controls, age 10 to 12. The 
second cohort consisted of 22 dyslexics and 22 controls, age 9 to 13. All subjects were 
right-handed Caucasian boys. of middle class SES. whose only language was English. and 
who had attended school regularly. Most of the dyslexics were referred from private 
remedial schools and other special education programs. Most of the controls were self- 
referred in response to classified ads in local newspapers. In order to avoid a skewed self- 
selection of controls. we solicited boys to participate in a "scientific research" project. 
without indicating the emphasis on reading. 

Parent interviews were conducted to establish normal pregnancy. birth, and neonatal 
health, and a history free from accidents or illness which might have affected brain function. 
Children with a history of hyperactivity, epilepsy, emotional problems, developmental 
anomalies, or previously diagnosed deficits in oral language were excluded. Candidate5 
were given clinical hearing. vision. and neurological examinations (Touwen & Prechtl. 
1970). the Wechsler Intelligence Scale for Children (Revised) (Wechsler. 1974). and oral 
and silent reading tests. Candidates with Full-Scale IQs below 88. or with positive findings 
on the sensory or neurological tests. were excluded (see Johnstone et al.. 1984. for detailed 
listing of exclusion criteria). 

Reading ability was considered in relation to what would normally be expected on the 
basis of a child's age and IQ. Oral reading was tested with the Gray Oral Reading Te.zt 
(Gray. 1963). and silent reading vocabulary and comprehension were tested with the Gates- 
MacGinitie Reading Tests (Gates & MacGinitie. 1965). A reading quotient (Myklebust. 
1968) was used to determine the ratio of actual achievement to expected achievement: 

Reading Quotient = 
[(2 x Reading Age)/(Chron. Age + Mental Age)]. 

Mental age was based on WISC-R Full-Scale IQ. 
All dyslexics accepted into the study had reading quotients at or below 0.80 on both 

reading tests. which is equivalent to 2 years below grade level for a IO-year-old child with 
an IQ of 100. All control subjects' reading quotients on the Gates-MacGinities were 0.93 
or above. and their oral reading scores were within I year of actual grade placement. or 
higher. 

These stringent screening criteria resulted in the exclusion of several hundred candidates. 
It is important to note that the rejection rate was the same for candidate controls as for 
the dyslexics. Even among those who had passed the telephone interviews on medical and 
educational history, less than one-third met all the psychometric, neurological, and sensory 
criteria and were actually selected for study. The groups which were finally selected 
consisted of essentially "pure" dyslexics, and good readers, with equivalent group means 
and similar distributions of age and Performance IQ. There was a 6.0 grade-level difference 
between the groups in reading comprehension scores and a 6.4 grade-level difference in 
oral reading (see Table I ) .  
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AGE, IQ, A N D  READING SCORES TABLE OF I DYSLE 

Dyslexics (N = 49) 

Mean SD 

Age (months) 138.2 (13.41 
Verbal IQ 100.2 (9.5) 
Performance 1Q 109.1 (12.0) 
Full scale IQ 104.7 (10.0) 
Oral reading grade 2 .o (0.5) 
Reading comp. grade 3. I ( I .3) 

* Cohort I and cohort 2 combined. 

Cognitive Tasks 
Subjects were seated upright at an inclined work tal 

continuously monitored with a video and intercom systc 
A series of passive conditions (resting. with eyes open 

cognitive tasks were used. The tasks included block design 
to a story, narrative speech, and vigilance/reaction timt 
of tasks was repeated in reverse order to control for tim 
some of the conditions were dropped and the repetition. 
from the narrative speech and block design tasks will bl 
tasks are the most lateralized and therefore are the most relel 

I .  Kohs block design, modij id I"BL0CKS"I. Subje, 
geometric pattern with 16 multicolored blocks using both 
task elicits relative right hemisphere alpha attenuation e\ 
used). The pattern was displayed throughout the task. 5 
until it was complete. and additional designs were presente 
free recording was obtained for each repetition of the ti 

which require only 4 blocks in a 2 x 2 square were used 
subjects used 16 blocks in a 4 x 4 square. 

2. Narrative speech ("SPEAK"). Subjects were instruc 
they could talk continuously for several minutes (favorite 
personal experiences). Visual fixation was maintained on the 
task. With some coaching to minimize extraneous facial r 
jaw it was possible to get several minutes of recordings v 
Length of speech samples averaged approximately 240 sec 
The speech samples were tape-recorded for later analysis 

EEG Recording and Signal Processing Procedi4 
While subjects performed each cognitive task, EEG was 

electrodes from bilateral central (C3,C4), parietal (P3.P4) 
halfway between T3 and TS, and T,,,, located halfway be 
ears (AlA2) leads, all referenced to vertex (Cz). A separate 
ears was derived off-line by subtracting the AIA2 Cz chan 
movements were monitored by electrodes placed above and 
to the left eye. Signals were amplified with a Grass Model 
Preamplifiers set to half amplitude cutoffs of 0.3 and 35 Hz. 
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TABLE I 
AGE, IQ, A N D  READING SCORES OF DYSLEXICS A N D  CONTROLS” 

Dyslexics (N = 49) 

Mean SD Mean SD 

Controls ( N  = 51) 

138.2 (13.4) 140.6 (11.4) Age (months) 
Verbal IQ 100.2 (9.5) 112.8 (10.5) 
performance IQ 109.1 (12.0) 111.7 (11.5) 

104.7 (10.0) 113.7 (10.9) Full scale IQ 
Oral reading grade 2.0 (0.5) 8.6 (2.3) 
Reading comp. grade 3. I (1.3) 9.2 (2.4) 

” Cohort 1 and cohort 2 combined. 

Cognitive Tusks 
Subjects were seated upright at an inclined work table in a sound-attenuated room. 

continuously monitored with a video and intercom system. 
A series of passive conditions (resting. with eyes open and with eyes closed) and active 

cognitive tasks were used. The tasks included block design. mirror tracing. reading. listening 
t o  a story, narrative speech, and vigilance/reaction time. For the first cohort the series 
of tasks was repeated in reverse order to control for time trends. For the second cohort 
some of the conditions were dropped and the repetitions were omitted. Only the results 
from the narrative speech and block design tasks will be presented here. because these 
tasks are the most lateralized and therefore are the most relevant to test the Orton Hypothesis. 

I .  Kohs block desigtl, modifed (“BLOCKS”). Subjects matched a two-dimensional 
geometric pattern with 16 multicolored blocks using both hands (we have found that this 
tabk elicits relative right hemisphere alpha attenuation even when only the right hand is 
u\ed). The pattern was displayed throughout the task. Subjects worked at each design 
unt i l  it was complete, and additional designs were presented until at least 1 min of artifact- 
free recording was obtained for each repetition of the task. The original Kohs designs 
Hhich require only 4 blocks in a 2 x 2 square were used with modified instructions: our 
subjects used 16 blocks in a 4 x 4 square. 

2. Nurrative speech (“SPEAK”). Subjects were instructed to choose a topic on which 
they could talk continuously for several minutes (favorite movies, TV shows, books, or 
personal experiences). Visual fixation was maintained on the work table as for the BLOCKS 
task. With some coaching to minimize extraneous facial movements and relax neck and 
jaw it was possible to get several minutes of recordings with little EMG contamination. 
Length of speech samples averaged approximately 240 sec. ranging from 140 to 330 sec. 
The speech samples were tape-recorded for later analysis (Davenport et al.. 1985). 

EEG Recording and Signul Processing Procedures 
While subjects performed each cognitive task. EEG was recorded with Grass gold-cup 

electrodes from bilateral central (C3,C4), parietal (P3.P4), midtemporal (T,,J located 
halfway between T3 and T5, and Tmld located halfway between T4 and T6). and linked 
ears (A1A2) leads, all referenced to vertex (Cz). A separate montage referenced to linked 
ears was derived off-line by subtracting the AIA2 Cz channel from the other leads. Eye 
movements were monitored by electrodes placed above and medial, and below and lateral, 
to the left eye. Signals were amplified with a Grass Model 7 polygraph, with Model 7P5 
preamplifiers set to half amplitude cutoffs of 0.3 and 35 Hz. The EEG was digitized by a 
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NOVA minicomputer at 256 points/sec and stored on magtape. An 80-gV 10 Hz calibration 
signal was recorded on each channel both before and after the session. Off-line the digitized 
data were visually edited for movement. EOG, EMG, and other artifact on a second-by- 
second basis. Each second of artifact-free EEG was then subjected to Fast Fourier Transform 
(FFT), calibrated to actual microvolts squared in I-Hz bins, and stored on floppy disks. 
For each subject means and standard deviations were computed over all artifact-free 
seconds in each task. The sample lengths averaged 2 to 2.5 min for each task. Data were 
banded into delta (0.5-3.5 Hz), theta (3.5-7.5 Hz), alpha (7.5-13.5 Hz), low beta (13.5- 
20.5 Hz) and high beta (20.5-32.5 Hz). 

Data Analysis 
The two-cohort design is based on cross-validation of any first-cohort findings on the 

independently gathered second cohort. This strategy enabled us to perform exploratory 
data analyses on the first cohort, interpreting multiple significance tests only in a qualitative 
way, since replication of findings within the second cohort was the criterion for establishing 
their validity. 

All analyses were performed on the common logarithm of the absolute spectral power. 
These data were analyzed using a split-plot repeated-measures analysis of variance design. 
The between-subject factor was group (dyslexic vs. control) and the within-subject factor4 
were repetition (for cohort I only). task (BLOCKS vs SPEAK). side (left vs. right). and 
lead pair (midtemporal. central, parietal). Analyses were done using BMDP2V. For the 
analyses reported here only those subjects with complete data for both tasks at all lend4 
were used: for Cohort 1, controls = 31. dyslexics = 29; for Cohort 11. controls = 20. 
dyslexics = 20. The p values were corrected by the Geisser-Greenhouse procedure. 

RESULTS 
The essential group data, consisting of the means and standard deviation\ 

for log alpha power for each lead, for each cohort, for each task. referenced 
to the vertex, are shown in Table 2. The data for the eyes-closed resting 
condition are also included for comparison purposes. Since the ANOVAS 
showed no significant interaction of repetition with side or group, this 
level is omitted from the table. Full data tables and ANOVA results for 
all frequency bands, and including the montage referenced to linked ears, 
are available on request. 

For the first cohort of subjects the ANOVAS on log alpha power by 
group, task, side, lead, and repetition showed significant interaction effect5 
of task-by-side, with lower power on the right during BLOCKS and 
lower power on the left during SPEAK (F = 23.04, p < .ooOol). This 
result is illustrated in Fig. 1. There was a signficant task-by-side-by-lead 
interaction (F = 3.29, p < .04), due to larger task-dependent asymmetry 
at the temporal leads than at the centrals and parietals, although the 
effects at all the leads were in the same direction. 

There was no significant main effect of group, or two- or three-way 
interactions of group with task, side, or lead. That is to say, the magnitude 
and scalp distribution of the task-dependent alpha asymmetry was es- 
sentially the same in the dyslexics as in the controls. 

These results were confirmed in the second cohort of subjects: task- 
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FIG. I .  Task-dependent asymmetry: Side by Task effects on log alpha power for each 
lead pair, for dyslex(cs and controls. Cohorts I and I1  are combined. 

by-side, F = 49.99, p < .00001, task-by-side-by-lead, F = 6.97. p < 
.002, no significant effects involving group. 

These analyses were also carried out with linked ears as the reference 
instead of the vertex. The results were the same: significant task-dependent 
asymmetry (although generally a smaller effect) but no significant difference 
between dyslexics and controls. The task-by-side interaction for the fir\[ 
cohort was F = 8.17, p < .006, and for the second cohort, F = 31.00. 
p C .0001. The task-by-side-by-lead interaction for the first cohort was 
F = 1.70, not significant, and for the second cohort, F = 15.89, p < 
.mol. 

The ANOVAS on log power for the other frequency bands also showed 
significant task-dependent asymmetry; the task-by-side effect in the theta 
band was very similar to the effect in the alpha band, and smaller effects 
were seen in delta and beta 1. As with the alpha band, there was no 
difference between the dyslexics and the controls, even in the theta and 
beta 1 bands in which we found group differences during reading tasks 
(in power, not in asymmetry, Galin, Fein, Yingling. Raz, & Johnstone. 
1987) or in the beta 2 band, for which we found a group difference during 
resting conditions (in power, not in asymmetry, Fein et al., 1986). Thi5 
pattern of results (theta and beta 1 task-dependent asymmetry with no 
group differences) was also seen with the linked ears montage, and 
confirmed in the second cohort. Full data tables and ANOVAs are available 
on request. 

In another analysis we computed the right/left ratio of alpha power 
for each lead pair and used the ratio rather than the individual lead power 
in a group by task ANOVA. This eliminates the problem of multiplicative 
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effects which might confound the interaction term group-by-task-by-side- 
by-lead (McCarthy & Wood, 1985). The results were unchanged. 

Indii*idualized Peak-Centered Alpha Banding 
In order to be sure that we were not overlooking some more subtle 

group difference in task-dependent asymmetry of alpha we sought to 
optimize our measure. In a previous study (Galin et al., 1982) we had 
found that the observed task-dependent asymmetry was greater when 
H e  focused on a narrower alpha band (9-1 I Hz) rather than the traditional 
8-13 Hz. Therefore we applied the same approach to the present data 
H i t h  the further refinements of choosing the narrow band for each subject 
and lead pair individually. This seemed particularly appropriate because 
of the age range of our subjects and our observation of a larger than 
expected task-dependent asymmetry in the theta band, which we thought 
might be due to lower frequency “alpha” in the younger subjects. For 
each subject we examined the eyes-closed resting record in 1-Hz bins 
over the range from 5 to 13 Hz, found the frequency at which the power 
peaked, and took the 3-Hz band centered on that frequency as the new 
measure of his alpha power. The modal peak frequency was 9 Hz with 
a range from 7 to 12, and there was no difference in peak frequency 
between dyslexics and controls. 

Nevertheless, use of this narrower alpha band did not increase the 
observed task-dependent asymmetry as it had in the adult study, and it 
did not reveal any further differences between dyslexics and controls. 

DISCUSSION 
These results show task-dependent EEG asymmetry in normal-reading 

children comparable to what we have observed previously in our adult 
populations. The dyslexic children showed the same task-dependent 
asymmetry as the normal readers. These findings were confirmed with 
a second independently chosen cohort of subjects. 

Our results are particularly important because ofthe rigorofour screening 
criteria, which established severely dyslexic and clearly normal control 
groups with no overlap in reading abilities, and no other potentially 
confounding conditions. While it still remains that the reading failure of 
some individuals may be associated with anomalous EEG asymmetry 
h e  have demonstrated that this condition is not necessarily implicated 
in dyslexia per se. 

We do not believe that we missed seeing a difference in EEG task- 
dependent asymmetry between groups for lack of trying, or because of 
inappropriate, unreliable, or insensitive measures. We used several different 
analyses and refinements on the alpha measurement, we have previously 
shown the reliability of the EEG with these same children (Fein et al., 
1983, 1984), and we have shown that this approach is sensitive enough 

f 
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to detect differences in task-dependent asymmetry between right-handers, 
ambidexters, and left-handers (Galin et ai., 1982). Furthermore, in this 
same group of children we have been able to show other EEG differences 
between dyslexics and controls, first in beta 2 power at rest, (Fein et 
al., 1986), and second, in theta and beta 1 power during oral and silent 
reading (Galin et al., 1987); asymmetry was not a factor in any of there 
group differences. 

The significance of this negative finding is that it places some constraints 
on models of dyslexia which invoke disorders of lateral specialization 
or integration. Hiscock and Kinsbourne (1982) have presented a useful 
typology of such models. 

In one such class, which they call “translocation models,” skills normally 
represented in one hemisphere are represented in the other, or in both 
hemispheres. An example of this type of model is Witelson’s propo\ul 
that dyslexics have left hemisphere representation of language and bilateral 
representation of spatial functions (Witelson. 1977). This type of model 
would predict decreased or even reversed task-dependent asymmetry. 
Our finding of normal task-dependent alpha asymmetry in the dyslexics 
provides no support for the translocation models; if our dyslexics do 
have anomalous patterns of lateralization they must be more subtle than  
those found among the different handedness groups. 

A second class of models proposes that skills are represented in their 
normal places but the interaction between hemispheres is disordered. 
The difficulties may be of two types: (1) failure of normal cooperation 
between hemispheres due to difficulties with either the amount, timing. 
or noise level of the transmission; or (2) due to active interference between 
hemispheres, such as inappropriate inhibition of one hemisphere by the 
other via the corpus callosum, or competition for shared mechanism\ 
such as the control of visual search patterns, subcortical sensory filtering. 
attention deployment, or motor control (Bakker & Vinke, 1985; Davidson 
et al., 1985; Sklar, Hanley, & Simmons, 1973; Leisman & Ashkenazi. 
1980). Callosal transmission difficulty might be consistent with normal 
task-dependent asymmetry. However, our finding of normal task-dependent 
asymmetry in the dyslexics casts doubt on those interaction models which 
invoke inhibition or suppression of one hemisphere by the other, insofar 
as we would expect inhibition to be associated with increased alpha or 
slower frequencies. 

A third class includes what Hiscock and Kinsbourne call “unilateral 
deficit models.” In the previously described models the otherwise normal 
processors perform inadequately because they are in the wrong place, 
or because of a failure of cooperation, or both. In the unilateral deficit 
type, the processor is in the right place but is intrinsically damaged (e.g., 
Galaburda et al., 1985). From the present data alone we cannot draw a 
conclusion with respect to the unilateral deficit models because we do 
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not know just how much architectural disorganization is necessary to 
disrupt the normal amplitude and spectrum of the EEG. For example, 
the first case of the cortical heterotopia and micropolygyria reported by 
Galaburda et al. (1985) was said to have a clinically normal EEG (although 
we do not know what might have been detected in this case with the 
benefit of computer analysis and testing under task load). 

In a previous report we have discussed at length considerations in the 
interpretation of task-dependent EEG asymmetries (Galin et al., 1982, 
pp. 40-43, 50). It is important to recognize both the power and the 
limitations of the methods used. Our working assumption is that alpha 
gives an indication of whether a particular recording site is actively 
engaged, i.e., it is a measure of local purticipation. For example, in 
studying different tasks we can say whether different brain regions are 
involved. In studying different subject groups, we can say whether they 
use the same brain regions for a particular task. However, alpha does 
not seem to be a measure of competence; at present we cannot say how 
well a particular region is carrying out its role. Therefore, since the 
dyslexics in our study show the same patterns of local participation as 
the controls, we can conclude that they do not have anomalous patterns 
of lateralization, but we cannot rule out the possibility of a defect in 
these regions which affects competence but which does not show up in 
the EEG. 
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