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The purpose of this study was to distinguishthe characteristicsand componentsof event related potentials
(ERPs)correlated with word decoding and semantic processing in a subgroup of children with specfic
reading disabilities related to visual processing deficiencies. The results were compared with those
obtained from a group of normal readers previously studied (Ostroskyet al. in press). Visual ERPs were
recorded to four stimuli three physically different but with the same semantic content: a frequently used
noun written in capitals ( COCHE),the same noun in handwriting, the pictorial representation of the noun
(drawing), and a neutral stimulus consisting of a checkerboard. Four derivations were used: occipital
(0,-0,)
and parietal (P3-P4)with reference to linked mastoids. Data were analyzed using multivariate
procedures. A PriricipalComponent Analysis with Varimax rotation of the solution was applied.
In the normal readers, we found some components in the occipital derivations which identified the
words presented ui different styles of handwriting and others which seemed to identify these words with
the pictorial representation (and not with the neutral stimuli).The first “verbal”components were situated
around the 156-256 ms latency range and the second ”semantic” components were observed at over
380 ms.
In the disabled readers, there was no “verbal“ or “semantic” recognition grouping of these physically
different stimuli. As opposed to the normal readers, interhemisphericresponses were symmetrical.At the
left parietal leads u1 the normal readers, the morphology of the verbal stimuli (capitals and handwriting)
were very similar throughout the sweep and both were very different from the nonverbal stimuli. At
376 ms the four stimuli elicited a prominent negative peak in which the verbal stimuli elicited significantly
higher amplitude than the nonverbal stimuli. In the disabled group, the morphologies of the four stimuli
were very similar 2nd no significantdifferences were observed.
The results are discussed in accordance with a hypothetical model of the neural bases underlying
reading. The model takes into account the complexity of the reading process and the various cognitive
skills required foi its adequate performance, and emphasizes a complex, dynamic interplay between
occipital, parietal imd temporal areas.
Keywords: evoked potentials, word processing, reading disabled

Dyslexia has been defined as a disorder manifested by disability in learning to read
despite satisfactory teaching, normal intelligence and a favourable socio-economic
situation which, therefore, has its origin in fundamental cognitive problems that are
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frequently organic in nature (Critchley, 1970). Specific learning disabilities may
show up not only in reading but also in writing, oral language, calculations and
nonverbal behavior, thereby representing a deficit in the psychological processes
involved in learning (Myklebust, 1978).
Many studies have sought to detect possible abnormalities in brain structure and
function that might underly specific disabilities in learning to read. The advent of
computerized transaxial tomography (CT) has made it possible to visualize the
gross structure of the brain. Hier et al. (1978) studied the CT scans of normal and
disabled readers and found a larger left (than right) parieto-occipital region among
the group of normal readers.
Recently, Galaburda and his associates (Galaburda & Kemper, 1979; Galaburda
& Eidelberg, 1982; Galaburda, 1985) examined postmortem brains of five
dyslexics with an age range of 12 to 30 years. Cytoarchitectonic analysis and
anatomical asymmetry measurements revealed developmental anomalies in both
cortical and subcortical structures, affecting primarily the left hemisphere at the
inferior frontal gyrus and at the posterior temporoparietal region. In four brains
analyzed for the presence of asymmetry, all showed deviations from the standard
asymmetry pattern of the language region; that is, symmetry was found instead of a
larger sized temporal language region.
Although the biological substratum of developmental dyslexia has yet to be
specified, Geschwind and his associates (Geschwind, 1982; Geschwind & Behan,
1982, 1984; Geschwind & Galaburda, 1985) have recently postulated a link
between developmental dyslexia, left-handedness and immune related disorders.
On an examination of a sample of 500 strongly left-handed and 500 strongly righthanded subjects they found an association between left-handedness and
immunological disease such as migraine, allergies, dyslexia, stuttering, skeletal
malformations and thyroid disorders. They attribute this link to a possible third
factor of prenatally delayed immunological development and maturation of the left
hemisphere, thus making the individuals more prone to left-handedness,
immunological disorders and dyslexia.
In an attempt to study functional correlates of reading disorders, a number of
investigators have employed electroencephalographic(EEG) and/or event related
potential ( E m s ) recordings. Using computer analysis of the EEG, Hanley and
Sklar (1976)reported that dyslexics display more activity in the theta (3-7 Hz) and
beta (16-32Hz) bands than normal; different intra- and interhemispheric
coherence; and an absence of a well-developed alpha band in the left parietooccipital area.
Duffy et al. (1980a, 1980b)carried out spectral analysis of EEGs recorded from
multiple electrode sites during ten different tasks in a group of normal and dyslexic
children. The regions in which the most reliable differences were found were: the
bifrontal parasagittal region, left anterior lateral frontal region, left midtemporal
region and left posterior lateral quadrant (the parieto-occipitalregion).
Numerous investigations have studied the characteristics of ERPs in reading and
learning disabled children. Shields ( 1973) studied visual evoked responses
recorded at the central areas of each hemisphere in ten children (10-1 3 years old)
with visual problems. She presented pictures, words, designs, nonsense words and
lights as stimuli and analyzed the evoked responses in relation to early and late
components and hemispheric differences. In general, it was found that the learningdisabled children had longer latencies and a greater amplitude for early and late
components. Several hypotheses for longer latencies and larger amplitudes in the
learning disabled group were suggested. The longer latencies may be related to the
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speed of infornlation processing or to immaturity. Higher amplitude may be due to
immaturity since six year olds have a much higher amplitude than adults or older
children. Also, higher amplitudes have been found to accompany greater attention,
so this could suggest that learning-disabled children must focus greater attention on
the stimuli than normal children. In general, then, children with learning disabilities
require longer to process information and must direct greater attention to the
stimuli.
Conners (15171) studied visual evoked responses in children with reading
deficiencies. His basic paradigm required that the subject monitor a train of bright
and dim flasher; signaling their detection of each dim flash by depressing a button.
In studying a family of poor readers, he found that the amplitude of the left parietal
visual evoked response elicited by the bright flashes to be sigdicantly lower than
the right for all1 members of the family. He suggested that this might be due to a
genetically determined alteration of the information processing ability of the left
parietal area irt the family reading disability. Conners also compared the visual
evoked responses of good and poor reading males aged 9-15, and found
sigmficantlysmaller amplitudes for a negative component at approximately 200 ms
following stimulus onset in the poor readers. Connors concluded that the greater
visual evoked response amplitude in the control subjects indicated that they paid
greater attention, thus suggesting an attentional deficit in poor readers.
Preston, Gutluie and Childs (1974) compared a group of disabled children with
two groups of normal readers, one matched for IQ and the other for reading level
and IQ with the disabled group. Visual evoked responses were obtained for light
flashes and presentation of the word CAT. Results indicated that the reading
disabled group showed a significantly smaller amplitude in the negative wave, at
180 ms following stimuli onset, for an electrode placed on the region of the left
angular gyrus, c:ompared to the two controls. AU three groups showed significantly
greater negative amplitudes at this latency for the word stimulus compared to the
light flashes. Preston et al. suggested that the reduced visual evoked responses of
the disabled group could be attributed to inadequate neural processing in an area
critical to the reading process (leftangular gyrus)or due to an attentional disorder.
Sobotka and May (1977) compared the visual evoked responses and reaction
time performance of 24 dyslexic boys and 24 controls at four different age levels
(7, 9, 11 and 1 3). Subjects were required to respond to dim flashes occurring in a
train of bright flashes. An overall hemispheric asymmetry in visual evoked response
amplitude (right greater than left) was observed in both experimental and control
groups. Dyslexics exhibited an increased amplitude to unattended stimuli at the
parietal and occipital regions and a slower reaction time to attended stimuli.
Normal readers exhibited significant correlations between reaction time and visual
evoked response latency, dyslexics did not. According to Sobotka and May, the
higher amplitude of the visual evoked response to the nonsignal stimuli (bright
flashes)suggests a selective attention deficit.
Looking for electrophysiologicaldifferences between subtypes of dyslexics, Fried
et al. (1981) recorded event related potentials to words and to musical chord
stimuli in 13 dyslexic boys and 13 age matched normal readers. They discovered
that normal readers and dyslexics with visual-spatial processing deficits had greater
word versus musical-chord ERP wave form differences for the left as compared to
the right hemisphere. This asymmetry was not present in the dyslexic children with
auditory-verbal processing deficits. These results are interpreted as suggestive of
the hypothesis that the latter group of dyslexics has failed to develop normal left
hemisphere spet:ialization for the processing of auditory-linguistic material.
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Johnston et al. (1984) compared the visual evoked potentials elicited by task
irrelevant visual stimuli of 34 control and 32 dyslexic boys, aged ten to twelve,
while they performed silent and oral reading at two levels of difficulty. Dyslexics
show a sigdicant amplitude decrease on a positive component in the 250 to
350ms range at the central and parietal leads bilaterally while reading difficult
material. Normal readers show no such effect. At midtemporal placement within a
255 ms latency range, dyslexics show greater asymmetry during oral than silent
reading, whereas control subjects showed the reverse effect. According to the
authors, there are specific components which are sensitive to different oral and
silent reading demands, and dyslexics show specific regional brain processes that
differ from the control group during reading.
The results of the above studies show a widespread consensus that dyslexic
children display significant differences in brain structure and function from normal
children. It is obvious that reading disabled children show deviant electrocortical
responses to both single meaningful and nonmeaningful stimuli, although the exact
nature and cause of the differences have not been determined. The majority of
neuropathological and neurophysiological studies have analyzed the pattern of
hemispheric specialization looking mainly for rightAeft differences in brain
function. As Pirozzolo (1985)points out, one of the biggest obstacles in the path of
research attempting to understand reading disability is to understand reading itself.
Neuropsychology, neurophysiology and cognitive psychology research has revealed
that reading is a complex multistage psychological event (Luria, 1966, 1973;
Goodman, 1967; Gibson & Levy, 1975; Pirozzolo, 1985; among others). The

FIGURE 1 Human brain viewed from the left. Shadowed areas correspond to the zones of the literal,
verbal and syntactical alexias. Letters denote the main landmarks according to the 10-20 International
System for placing electrodes in the left hemisphere. Numbers denote zones activated during word
decoding; interconnections between them are indicated. ( 1 ) Primary occipital area; ( 2 )angular gyms; ( 3 )
superior temporal circumvolution;( 4 )secondary occipital area; ( 5 ) temporo-occipital region; ( 6 )medial
temporal circumvolution.
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complexity of the reading process and the various cognitive skills required for its
adequate perfcmmance lead to the supposition that neurologically a whole range of
specific brain structure is involved, each structure having a specific bearing on the
dynamic whole. In a previous paper (Ostrosky et al., in press), we postulated a
hypothetical model of the neural bases underlying reading. The model emphasizes
the complex dynamic interplay between occipital, parietal and temporal areas in a
way similar to lhat shown in Figure 1.
The shadowed areas in the figure show the critical zones in the appearance of
literal alexia (parieto-temporal),verbal alexia (occipital) and syntactical alexia
(frontal)(Benson, 1985). Oral recognition of a word would imply the utilization of
pathways 3-6 (the superior temporal circumvolution, which would permit the
phonological cliscrimination of sounds and their categorization. Damage to these
pathways would give rise to Luria's acoustic-agnosic aphasia (1966) or to verbal
deafness; the second temporal circumvolution would permit recognition of the
phonological sequence which forms the word and damage would cause acousticamnestic aphasia or phonological jargon) and 6-5-4 (4 is an occipital zone which
permits unified recognition of the visual percept, its destruction leads to visual
agnosia; 5 is the temporo-occipital region, damage here produces amnestic aphasia
which implies forgetting the names of visually presented objects and a large number
of semanticpamphasias).
Reading would imply recognition of progressively more complex visual strokes
in the primary visual area (1);unified perception of these visual strokes in
recognizing a pattern which would be a grapheme (2); the existence of a
correspondence system between graphemes and phonemes (2-3); the sequencing
of graphemes to form a word (4) at the alexia without agraphia zone, and the
translation of the written word into an oral word (4-5-6). In ale& without
agraphia, a certain holistic reading is possible and could be interpreted as a kind of
visual agnosia or simultaneous agnosia, as some authors have proposed (Luria,
1966).
Beginner rea.ders would use the parieto-temporal pathway (1-2-3) in preference
for recogniZin,g graphemes and phonologically decoding them. Fluent readers
would use moire lexical and holographic systems, the occipital-temporal pathway
(1-4-5-6).
Reading single words out loud will activate areas of the postcentral and
precentral gyruis involved in the articulation of sounds when decoding and blending
individual phonemes. The reading of sentences and paragraphs which requires the
ability to interpret the relational value of written words, will require the additional
activation of left inferior premotor regions.
Reading depends upon the left hemisphere because of that hemisphere's special
capacity for understanding language. However, the right hemisphere is also
linvolved during reading tasks. Thus, normal reading appears to activate both
hemispheres.
With this model in mind, we recorded visual event related potentials to four
stimuli: three physically different stimuli, but with the same semantic content and
one neutral stimuli, in a group of ten right-handed boys, aged between nine and
eleven, with adequate school performance. Visual ERPs were obtained using four
derivations: occipital (0,-0,)and parietal (P,-P,) with reference to linked
mastoids. Data1 were analyzed using principal Component Analysis. At the left
occipital lead we found several components of the ERPs that were sensitive to the
semantic content of the stimuli, at the left parietal lead we observed ERP
components th<atwere probably related to grapho-phonemic encoding (Ostroskyet
al., in press).
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The present study was undertaken with the purpose of distinguishing the
characteristics and components of ERPs correlated with word decoding and
semantic processing in subgroups of children with specific reading disabilities
related to visual processing deficiencies and in order to compare them to the results
obtained from a group of normal readers previously studied (Ostrosky et al., in
press).

MATERIALS AND METHODS
Ten right-handed boys aged between nine and eleven with specific reading
disabilities related to visual processing difficulties were studied. The children were
chosen from a special institute for children with learning disabilities located in
Mexico City. All children were evaluated for adequate sensory acuity (visual and
auditory),intelligence,emotional adjustment and motor development.
The children were matched with a group of normal readers (previously studied)
according to age, laterality and intelligence quotient. A standardized
psychoeducational battery for Spanish speakers, that had been previously
developed (Ostrosky et al., 1984), which assesses oral understanding and
expression, reading, arithmetic and visual and auditory processing, was also
applied.
In an attempt to study a homogeneous sample of dyslexic children (see Lyon,
1983, for a discussion of dyslexic subtypes, and Bravo Valdivieso, in press, for
subtypes among Spanish speakers), we included children whose reading difficulties
were related mainly to visual processing deficiencies. Visual processing abilities
were assessed with a battery of tests which included: visual discrimination, visual
memory, orientation and direction of visual symbols, visual analysis and synthesis.
The boys were classified as having a specific reading disability when their
performance on the reading tests and visual process abilities of the
psychoeducational battery were found to be more than two standard deviations
below the standardized norms. The two groups thus obtained, although having
equivalent IQs, were divergent in reading and visual abilities. Table 1 shows the
characteristicsof the sample studied.
Four stimuli were presented, three of which were physically different, but with
the same semantic content; a frequently used noun written in capitals (COCHEcar), the same noun in handwriting (coche),the pictorial representation of the noun
(drawing),and neutral stimulus consisting of a checkerboard (25 squares).
The stimuli were projected onto the centermost part of a white screen placed
1.50 m from the subject’s eyes. They were composed of a blue outline against a
black background. Stimuli duration was 100 ms with a variable interstimuli interval
of three to six seconds. In each run there was a randomized presentation of 64
stimuli ( 16 presentations of each stimulus).During one session there were four runs
with 64 presentations in each and a rest period after each run.
The subject was seated in a comfortable chair in a dark, electrically shielded and
sound-dampened room. He was instructed to keep his eyes focused on the display
throughout the whole run. The subject’s task was to observe the words and to
report the stimulus presented. A small red light was used as a fixation point. This
light was turned on two seconds before stimulus presentation and was turned off
two seconds after presentation. At that moment, the subject had to respond,
naming the stimulus presented. This response was recorded by a researcher.
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TABLE 1
Mean and standard deviation for the control and reading disabled groups on tests of visual processing
from the psychoeducational battery for Spanish speaking children
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Control group

Age
WISC
Full IQ scale
Verbal IQ
Performance IQ
Visual discrimination
Visual memory
Visual analysis and synthesis
Orientation and drection of visual symbols
Oral readiig of paragraphs:
(a) Fluency (words per minute)
(b) O/O of comprehension
Silent reading of paragraphs:
(a) Fluency (words per minute)
(b) 70of comprehension

Reading disabled group

Mean

SD

Mean

SD

9.6

0.8

9.2

0.6

113.2
113.8
109.2
18.0
16.0
15.2
17.8

12.4
11.7
10.6
3.0
2.0
1.9
2.8

104.3
105.2
90.18
7.09
6.03
7.20
7.80

12.11
12.5
11.7
3.2
4.8
2.1
3.3

1.6
1.5
3.8*
7.8**
6.0**
8.9**
7.3**

116.0
82.0

20.3
14.1

45.6
45.0

15.4
20.0

8.7**
4.7**

150.0
84.0

40.0
10.0

63.7
32.0

38.0
20.0

4.9**
7.3**

I

1.2

*p<.Ol.
**p< .001.

The subject’s EEG was recorded from standard Grass electrodes (gold cup
shape) attached to the scalp by bentonite CaCl paste. The 10-20 International
System (Jasper, 1958) was followed in placing the electrodes utilizing four leads:
two occipital (0,and 02);
two parietal (P3and P4).The reference electrodes were
linked mastoids and a ground electrode was placed on the forehead. Interelectrode
resistance was maintained below 10,000 ohms. Eye movements were monitored by
EOG (electroculogram)placing electrodes above and below the lower left lid.
The frequency bandpass of the recording System (Beckman polygraph) was 0.5
to 150 Hz. A Grass Stimulator (s88) generated a synchronization signal for each
stimulus. After amplification by the Polygraph, the signals were recorded on an
eight channel analog tape recorder.
After conducting the experiment, the data stored on the tape were analyzed by
signal averaging in a PDP 11/40 digital computer.
The four types of stimuli were identified and averaged separately, eliminating
incorrect responses and trials contaminated by eye movements.
Evoked potentials were averaged using 64 points (sampled at 8 ms intervals).
Averaging began 24ms before stimulus presentation to establish the level of
baseline activity, and analysis time lasted 512 ms.
DATA ANALYSIS

In order to determine the minimum number of waveshapes that could account for
the variance in the evoked potentials obtained, a Principal Component Analysis
(PCA) with Varimax Rotation of the solution was applied. PCA was performed
separately for each derivation. The 40 Evoked Potentials (ten subjects x four
stimuli)formed a 40 X 64 data input matrix for each lead.
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With an eigen value equal to or greater than unity in each PCA, ten components
accounted on the average for 92% of the total variance. Principal components
extracted from the intercorrelation matrix were rotated using the Varimax
procedure to increase their distinctiveness while preserving orthogonality. Factor
scores or gain scores were computed for each of the 40 original EPs, on each of the
ten Varimax principal components. These scores measure the contribution of the
components to the individual EP. The factor scores were tested by a one-way
analysis of variance to determine if each principal component varied systematically
in amplitude as a function of the stimuli characteristics. Tukey tests for simple
effects were used to assess the source of variance in each scalp location.
Significancelevels were set at .01 (two-tailed test).
RESULTS
Figures 2 and 3 show the grand mean of the event related potentials elicited by the
four stimuli and the components found to be signtficant at the occipital leads. The
latency of the components sensitive to stimuli differences is indicated.
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FIGURE 2 Mean ERPs evoked by the four stimuli at the left occipital lead and components which
showed significant differences among stimuli. The arrows show the latency where each component has
the maximum peak.
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FIGURE 3 Mean ERPs evoked by the four stimuli at the right occipital lead and components which
showed significant differences among stimuli. The arrows show the latency where each component has
the maximum peak:.

The PCA shows that at the left occipital lead the checkerboard presents a
significantly earlier latency than the three other stimuli at a 50 to 130 ms latency
range (component 3 and 9),and that at a late latency range 307 to 470ms
(components 5 , 10 and 8) the evoked response elicited by coche in capitals is
significantly different from the three other stimuli (drawing, coche in handwriting
and the checkerboard).
At the righl occipital lead, almost identical differences were found. An early
latency component at 50 ms (component 10) distinguishes the evoked response
elicited by the checkerboard from coche in capitals, and at a late latency range, 350
to 480 ms (components 7 and 5), distinguishes coche in capitals from the three
other stimuli (drawing, coche in handwriting and checkerboard).
Figures 4 and 5 show the grand mean event related potentials elicited by the four
stimuli at the parietal leads.
None of the ten factors was sensitive to stimuli differences. Visual inspection
revealed that ihe morphology of the event related potentials elicited by the four
stimuli is very similar with a very prominent late negative component peaking at
340 ms at the left parietal lead, at which the drawing elicited the highest amplitude.
Differences between stimuli, however, were not s i 6 c a n t . At the right parietal
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FIGURE 4 Mean Ems evoked by the four stimuli at the left parietal lead; none of the components
showed significant differencesamong stimuli.
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FIGURE 5 Mean ERPs evoked by the four stimuli at the right parietal lead; none of the components
showed significantdifferences among stimuli.
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lead, the morphology of the event related potentials elicited by the four stimuli is
also very similar, except that at 256 ms the three stimuli with the same semantic
content showeld a positive peak that was absent in the evoked potential elicited by
the checkerboard. A very important late negative component peakmg at 320 ms
was also observed with no significant differencesbetween stimuli.
Comparison qf the Results Obtained from Reading Disabled Children and Normal
Readers
As shown in :Figures 6 and 7, at the occipital leads in the normal readers, the
checkerboard elicited a significantly different waveform in comparison with the

102

0

205

307

410

.

512

m sec

5

+

~
0

~

1
102

205

307

410

512

m sec
FIGURE 6 Grand mean onthe ERPs elicited by the four stimuli at the occipital leads ( 0 1 and 0 2 ) in
the group of normal readers. The arrows show the latency where each component has the maximum

Peak.
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FIGURE 7 Grand mean of the ERPs elicited by the four stimuli at the occipital leads ( 0 1 and 0 2 ) in
the group of disabled readers. The arrows show the latency where each component has the maximum
peak.

stimuli with similar semantic content. Previous PCA analysis (Ostrosky et al., in
press) showed that the checkerboard presented a significantly lower latency than
the three other stimuli at the 100 ms latency. In the 154 to 256 latency range, the
verbal stimuli (capitals and handwriting) remain the same, while the drawing and
the checkerboard were different. At a 450 ms latency, the evoked response elicited
by the checkerboard was significantly different from the one evoked by the stimuli
with the same semantic content (coche in the three different physical presentations).
In the disabled readers, the checkerboard was distinguished at an early latency
range, 50 to 130 ms, showing an earlier latency, and the evoked response elicited
by coche in capitals is significantly different to the three other stimuli at a late
latency range, 307 to 470 ms. Unlike the normal readers, there is an absence of
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verbal identification (coche in capitals = coche in handwriting) and of semantic
identification (pairing of coche in its three different physical presentations).For the
normal readers, the checkerboard elicited a significantly different waveform in
comparison with the three other stimuli, whereas for the disabled readers the four
stimuli elicited similar waveform evoked potentials, with the stimulus coche in
capitals being different from the three other stimuli.
A comparison between the two groups with regard to the waveform elicited by
coche in capitals (the only stimulus that was really differentiated by the PCA in the
disabled group) is of interest. As shown in Figure 8, at the left occipital lead, the
peak voltage was remarkably more pronounced in normal readers, while in the
disabled group, the evoked potential was more similar to the neutral stimulus
(checkerboard);
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FIGURE 8 Mean ERPs elicited by COCHE in capitals at the left occipital lead. Normal readers
(dottedlines) and disabled readers (solidlines).

As Johnstone et al. (1984)pointed out, the PCA has several advantages but is
blind to latency effects. For this reason, we also performed a careful inspection of
the evoked potentials with peak picking and amplitude measurement. This analysis
revealed that at the left parietal lead, for example, there are group differences in
latencies that are dependent upon the early or late components of the EP. Thus, the
disabled readers showed longer latencies than the normal readers in the early
components (0 to 150 ms), but at the late components (250 to 512 ms) this was
inverted with the normal readers exhibiting longer latencies.
At the right occipital lead, in the disabled group, the differences between stimuli
are almost identical to those presented at the left occipital lead (cochein capitals is
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different to the three other stimuli at a late latency range 350 to 475 ms) indicating
that there is symmetry in processing, while in the normal readers at the right
occipital lead the evoked response elicited by the checkerboard is different from
that evoked by coche in capitals, and at the left hemisphere, the waveforms evoked
by the three stimuli with the same semantic content (coche in the three different
physical presentations)tend to be more similar to one another.
To conclude, for the disabled readers, at the occipital lead only the waveform
evoked by coche in capitals is different (and discretely so as follows from the
comparison with normal readers) but there is no "verbal" or "semantic"
identification. There were no asymmetriesbetween 0, and 0,.
At the left parietal leads, in the normal readers (Figures 9 and 10) the
morphologies of the verbal stimuli (capitals and handwriting) are very similar
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FIGURE 9 Grand mean of the ERPs elicited by the four stimuli at the parietal leads (P3 and P4) in the
group of normal readers. The arrows show the latency where each component has the maximum peak.
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throughout the sweep, and both are very different from the nonverbal stimuli
(checkerboard and drawing). At 376 ms, the four stimuli evoked a very prominent
negative peak in which coche in capitals elicited a significantly higher amplitude
than the nonverbal stimuli (drawing and checkerboard). In the disabled group, the
morphologies of the four stimuli were very similar and no sigtllficant differences
were observed. The four stimuli evoked a very prominent negative peak at 336 ms.
At the right parietal lead (Figure 9),in the normal readers, the four stimuli
showed a prominent negative peak (N 360ms) without sigtllficant differences
among stimuli. Only at 256 ms was the evoked response elicited by the drawing
different from ,the evoked response elicited by coche in capitals. As opposed to the
control group, the disabled readers showed similar evoked potentials throughout
the wave showing a prominent negative peak earlier than for the normal readers (N
307 in the disabled group vs. N 360 in the control group)with no difference among
the stimuli.
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DISCUSSION
We have previously pointed out (Ostrosky et al., in press) that the location of the
electrodes in the occipital derivations corresponds to the zone the destruction of
which would produce certain visual agnosia and alexia without agraphia. This
occipital region, in some way, participates in the recognition and perceptual
categorization of visual information. If a subject presents some kind of dysfunction
in this occipital area, he will not be able to recognize the image of a car or integrate
the letters which form the word coche, and even less perform these two operations
simultaneously: match the word “car” with an image of a car. In the occipital
derivations, we found some components which identified the words presented in
different styles of handwriting and others which seem to identify these words with
the image of the car (but not with a checkerboard). The first components (visual
components) were situated around the 156 to 256 ms zone and the second
(semanticcomponents)were observed at over 380 ms.
In the disabled readers there is no verbal (coche in capitals=coche in
handwriting)or semantic (grouping of the three physically different stimuli with the
same semantic content) recognition. As shown by PCA analysis, coche in capitals is
the only stimulus which is partially distinguished.
The late positive enhancement observed in the normal group may be a P300 type
effect involving representational matching (Hillyard et al., 1971) that was
performed by the normal readers and not by the disabled readers. Other studies
report similar findings; for example, Shelbourne ( 1976) presented trigrams, which
were three-letter words or nonsense syllables, to normal and reading disabled
children. Normal children showed a larger positive component between 450 and
600 ms that was associated with the child’s ability to differentiate between words
and nonsense syllables. Children with reading problems showed no differences.
Shelbourne attributed this to the fact that reading disabled children could not
distinguish between words and nonsense syllables. If this hypothesis of the
correlation between the P300and effective information processing is correct, it
seems probable that in a reading disabled child, particularly where comprehension
is a problem, less information would be processed from the reading material and
the P300wave would therefore be absent. Differences between groups appear also at
a middle latency range. According to Hillyard et al. (1984),when visual stimuli are
selected on the basis of certain features (such as a colour, concentration or size) a
slow endogenous negativity in the 150 to 350 ms latency range is observed. This
broad negativity appears to represent modality specific processing that leads to
stimuli identification. The stages of stimulus classification that follow the initial
Apparently, our
selection are reflected in longer latency EFW components (P300).
reading disabled group did not abstract or discriminate distinctive features of the
stimuli; this may be related to visual perceptual problems thus affecting their
categorization.
In the normal readers, at the occipital leads, the evoked responses elicited by the
four stimuli were asymmetrical. The left occipital region performs a semantic
classification and showed greater activity (more components distinguish the four
stimuli) whereas in the disabled group, the interhemispheric responses were
symmetrical. This symmetry could be related to left hemisphere dysfunction. It has
been postulated that a substantial group of children fail to read because they are
deficient in the basic left hemisphere dependent language processes necessary to
acquire reading skills (Orton, 1937; Witelson, 1977; Geschwind & Galaburda,
1985).
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Electrophysiological (Comers, 1971; Preston et al., 1974; Duffy, 1980a, 1980b)
and structural studies (Hier et al., 1978; Galaburda & Kemper, 1984) have
reported differences between normal and disabled readers, particularly at the left
hemisphere in the temporal and parieto-occipital region. Duffy et al. (1980%
1980b) in topographic mapping of the brain's electrical activity, found group
differences in cortical regions of both hemispheres involved in reading and speech,
but these were greater for the left than for the right hemisphere. Although other
theories have postulated poor interhemispheric collaboration as a cause of
developmental reading disorders (see Gladstone & Best, 1985, for a review) the
problem has still not been solved. It might be as Rude1 (1985) points out that what
1 appears to be inadequate interhemispheric transfer in dyslexia may instead reflect a
poorly developed (or impaired) left hemisphere with a diminished executive
function and with a lower capacity to abstract the essential cues, particularly verbal
ones, from incoming serial information. Thus, inadequate language, impaired
sequencing abilities and a smaller bilateral learning boost as a consequence of left
hemisphere dysfunction could account for some decrease in interhemispheric
transfer with out invoking deficient interhemispheric mechanisms. Further
consistent results are still necessary to determine the neurological bases of the
disorder, although left parieto-occipital and temporal regions seem to be the most
affected, these abnormalities probably affect the overall organization of cerebral
functions.
Reading involves many cognitive and perceptual operations and failure in any
one of them will affect the acquisition of normal fluent reading. As Pirozzolo
(1985) points out, some readers might suffer from disturbances in the initial
processing of a word whereas other readers might have difficulties at later stages
such as graphophonemic decoding or deriving meaning from the print. It is now
widely accepted that dyslexic children are a heterogeneous group composed of
many subtypes (Kinsbourne & Warrington, 1966; Johnson & Myklebust, 1967;
Boder, 1973; Lyon, 1983; Pirozzolo, 1985; Bravo Valdivieso, 1983, in press).
Although the number of different subtypes and their general distinguishing
characteristics are still to be studied, at least two distinct subtypes have been
described, one group composed of auditory-linguistic deficits and the other of
individuals wtth visual and visuospatial deficits (Johnson & Myklebust, 1967;
Boder, 1973; 13ravo Valdivieso, 1983; Pirozzolo, 1985).
Behaviorally, our group comprised by children whose reading problems were
related mainly to visual processing deficiencies. However, electrophysiologically,
these problems seem to be associated with left hemisphere impairment, and more
at the level of visual-verbal association. Thus, they were able to perceive
graphemes a n d transduce them into their auditory equivalent, since they identified
the stimuli correctly but the level of meaning (semantic categorization) was
bypassed.
At the parietal leads we also observed significant differences between groups: in
the normal readers, at the left parietal lead, the activity produced by the four
stimuli is shown independently up to 180ms, from there on there is a notable
correlation between the two verbal stimuli (coche in capitals and in handwriting),
and these two potentials in turn become quite different from the drawing. We
observed a very prominent negative peak with a latency of 376 ms after stimulus
presentation at which the verbal stimulus, coche in capitals, elicited a sigdicantly
higher amplitude in comparison with the other stimuli. Since it has been suggested
that increased amplitude could represent a greater task involvement of the
underlying neiironal system (Thatcher, 1977), we hypothesized (Ostrosky et al., in
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press) that, for our children, coche in capitals had a higher linguistic content than
the same stimulus in handwriting. Recent studies of the cognitive processes
involved in the acquisition of reading support this hypothesis. Using Piaget-type
classification tasks with words printed in different types of letters, Ferreiro and
Teberosky (1980) have found that children tend to class@ words printed in
capitals as letters and words printed in handwriting as “drawings.” It seems, then,
that our children were very active in their processing of each stimulus, abstracting
and differentiating distinctive features between them, with the stimulus in capitals
eliciting the highest amplitude and the checkerboard, which was the neutral
stimulus, the smallest.
The disabled readers also exhibited a prominent late positive response at the left
parietal lead, which in comparison with the normal readers, had a shorter latency
(336 vs. 376) and did not show significant differences in amplitude among stimuli.
In this group, we also observed that, contrary to the normal readers, the
morphology of the ERP elicited by the four stimuli was very similar both at the
parietal and occipital leads. John and Thatche.r (1977) have pointed out that the
morphology of the event related potential waveforms recorded from a given
location in the brain remains essentially the same so long as the stimulus and its
meaning to the subject remain the same. It therefore seems that for the disabled
readers the four stimuli had a similar meaning or they did not code or extract the
distinctive feature of the stimuli.
The group differences in the latency of the late positive components could also
be related to differences in the processing of the stimuli. Studies with normal
subjects have shown that P300latencies are shorter for easy discrimination and
longer for more difficult discrimination (Ford et al., 1976). Thus, apparently, the
normal readers showed longer latencies because, for them, the stimuli were more
complex and they extracted more distinctive features, whereas the disabled readers
were not performing this active processing.
In addition to differences in pattern of brain organization or brain functioning,
group differences may be due in part to the strategies or the way in which the
subjects approach the task. Thus, recently, Torgensen (1977) has suggested that
many of the performance deficits which reading disabled children have shown may
be caused by a failure to adopt active and efficient strategies during learning. For
this reason learning disabled children fail to adopt an active, planned, organized
approach to the task, and therefore tend to be passive and inefficient learners.
Recent work on attention and perception also emphasized that the organism is an
active agent in cognition. For Gibson ( 1969), efficient perception involves active,
purposeful adaptation to situational requirements, thus in their theory of reading,
Gibson and Levy (1975) stated that in learning to read, the child must learn to
increase his differentiation of stimulus information, that is, the child must learn that
objects have distinctive features and that events are invariants and occur over time.
The process through which the child must learn includes the abstraction of
essential characteristics and the development of progressively better strategies for
abstracting and filtering. So, from the event related potentials obtained from the
normal readers, it seems that they were active in perceiving differences among the
four stimuli, whereas the disabled readers were not.
We are planning to explore how the electrophysiological responses of our
disabled readers change after teaching them to extract the distinctive features of the
stimuli. However, as Kirk (1983) points out, although instruction can make
children aware of the importance of looking for invariant cues, time and experience
with the word can provide the opportunity for the learner to become actively
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involved in the learning process. However, to become a skilled reader, the learner
must discover the structure for himself.
To summarize, the results of this study demonstrate that although behaviorally
the two groups did not differ in their performance since both were able to identify
the four stimuli correctly, their event related potentials were sensitive to important
processing diflerences between them. Therefore the study of the neuroelectric
responses of l~arningdisabled children may enhance our understanding of the
underlying deficits that affect their learning performance.
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