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ABSTRACT

Over the last two decades, the hypothesis of a magnocellular deficit in dyslexia has raised considerable interest and
controversy. Using an electrophysiological procedure (visual evoked potentials, VEP), we compared magnocellular and
parvocellular contrast and spatial frequency-response functions between phonological dyslexics (n = 16) and a typical
reading group (n = 12) matched for age and socioeconomic background. No significant differences were found between
the two groups in the amplitude of the VEP components associated with either magnocellular or parvocellular responses.
However, topographic analyses revealed a group difference in the distribution of amplitude in the right frontal and left
temporal regions, which appeared to be underactivated in dyslexics. These results suggest a deficit in the higher-level
cortical regions involved in phonological and/or linguistic processing, and calls into question the notion of a magnocel-
lular involvement in dyslexia.

Keywords: Dyslexia; Magnocellular and Parvocellular Pathways; Visual Evoked Potentials; Contrast Sensitivity;
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1. Introduction confirmed this hypothesis by identifying functional dis-
ruptions of the neural systems responsible for phono-
logical analysis in dyslexics compared to typical readers
(TR) group [2,5]. For example, Breier, Simos, Fletcher et
al. [6] found abnormal activation in language areas with-
in the temporal cortex, and Hoeft, Meyler, Hernandez et
al. [7] showed reduced activation in the parietal cortex.
Furthermore, genetic linkage studies have found a locus
on chromosome 2 for the transmission of deficits in pho-
nological awareness and subsequent reading difficulties

A substantial proportion of children (15% - 20%) have a
specific reading disability [1,2]. The latest edition of the
Diagnostic and Satistical Manual of Mental Disorders
(DSM-1V) defines dyslexia as a specific reading disabi-
lity affecting reading accuracy, reading speed or reading
comprehension, despite normal intellectual abilities, sen-
sory functioning (i.e., visual or auditory), socioeconomic,
and educational opportunities [3]. Dyslexia is diagnosed
if the child is reading significantly below the expected

level for the child’s chronological age and general intel- [8]. Finally, numerous studies have shown that phonolo-
lect [4]. gical skills in pre-school children are a good predictor of
Much of the recent evidence indicates that dyslexia their later reading proficiency [9-15].

could result from a deficit in phonological processing. In addition to the deficit in phonological processing, a
Impaired phonological processing would result from a number of studies have suggested that individuals with
dysfunction of the neuronal circuits that are responsible dyslexia also have anomalies in certain aspects of visual
for establishing spelling-to-sound correspondences in processing: a) poor oculomotor ability during reading, in-
reading acquisition. Several neuroimaging studies have cluding frequent and longer fixations and shorter sac-

cades; and b) poor ocular convergence and divergence
“Corresponding author. [16]. Since the mid-1970s, it has been persistently argued
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that an impairment in one of the main neuronal pathways
of the visual system, the magnocellular pathway, is at the
root of dyslexia [17-20]. A better understanding of the
magnocellular deficit hypothesis requires a brief expla-
nation of the role of the magnocellular (M) and parvo-
cellullar (P) systems in vision. The M and P pathways
originate from the retina, project to the M and P layers of
the lateral geniculate nucleus (LGN), and remain anato-
mically separate until they reach the primary visual cor-
tex (area V1) [21,22]. At the cortical level, the M and P
pathways are also known, respectively, as the dorsal (M)

or “where/how” stream, and ventral (P) or “what” stream.

The M and P pathways differ in terms of anatomy, phy-
siology, and functionality [23-27]; the dorsal (M) stream
is mainly responsible for perceiving rapid motion, loca-
lizing objects and targets, and is more sensitive to low
contrasts and low spatial frequencies [4,28-31], whereas
the ventral (P) stream is mainly responsible for percei-
ving forms, colours and identifying targets, and is more
sensitive to high contrasts and high spatial frequencies [4,
28-31]. Physiological and psychophysical studies have
demonstrated that the M and P streams inhibit each
other’s activity, and that their contribution is reciprocal
[32,33]. To date, the exact implication of the magnocel-
lular pathway in reading has not been fully established;
nevertheless, many hypotheses have been proposed. For
example, Breitmeyer’s [34,35] visual masking model
suggests an increase in visual persistence in dyslexics
caused by reduced inhibition of the parvocellular path-
way resulting from the putative magnocellular deficit.
Alternately, other authors argue that a dysfunctional mag-
nocellular system could reduce visual sensitivity to mov-
ing or flickering stimuli [36], and consequently interfere
with lexical decision tasks [37] or small letter detection
[38]. Although the empirical support for the magnocel-
lular deficit theory of dyslexia is weak, it remains a high-
ly debated issue [38-44].

According to some authors, the magnocellular deficit
theory could explain the phonological deficit in dyslexics
[45]. The implication of this theory is that individuals
with impaired phonological processing would exhibit pro-
cessing deficits across all sensory modalities, including
vision and audition. To illustrate, a child having difficul-
ty processing these critical, rapid auditory changes could
be further unable to distinguish /b/ and /d/ or to learn the
grapheme-phoneme correspondence involved in early
reading. The findings of several studies using different
approaches have supported the magnocellular deficit
theory of dyslexia. In anatomical studies, for example,
brain autopsies of adults who had dyslexia revealed ano-
malies in the magnocellular layers of the LGN, although
the parvocellular layers were intact [39]. In addition, ana-
tomical evidence indicates that the cells in the M layers
of the LGN are smaller and more disorganized compared
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to those in a control group [46,47]. Furthermore, func-
tional brain imaging has demonstrated that, compared to
good readers, dyslexics show underactivation in some re-
gions of the dorsal stream (MT or V5) that respond to
motion [48-50].

Both psychophysical and visual evoked potential (VEP)
studies have provided some evidence for deficits in the
magnocellular system in dyslexia. Specifically, psycho-
physical studies report reduced sensitivity to stimuli that
contain lower spatial frequencies and/or higher temporal
frequencies [38,41,45,50-52], and VEP studies have shown
that, compared to good readers, dyslexics present redu-
ced amplitude and/or increased latency of the P1 and/or
the N2 components when presented with stimuli design-
ed to elicit a magnocellular response [39,53-57]. Finally,
dyslexic individuals showed increased latency and re-
duced amplitude over the occipital and parietotemporal
cortex, as measured by motion-onset VEPs [54,58]. How-
ever, it is important to note that the specific pattern of
results varies widely across studies due to differences in
subjects’ age or experimental design or to comorbid dis-
orders such as ADHD.

In fact, few VEP studies have used optimal stimuli to
dissociate the M and P pathway responses. For example,
most studies used checkerboard patterns to activate res-
ponses from a wide range of spatial frequency mecha-
nisms that are not restricted to the magnocellular path-
way [39,59-61]. Moreover, the majority of studies based
their conclusions on inductive reasoning, either because
they used stimulus conditions that tested only one path-
way (either M or P), or they used paradigms constructed
from a theoretical rationale based on animal studies that
have not been validated in humans. Finally, the studies
that did investigate both the M and P pathway responses
used different paradigms to do so, which limits compa-
rison and consequently data interpretation [62].

A study by Ellemberg et al. [63] used VEPs to identify
and isolate characteristic responses of the M and P path-
ways in human adults. Specifically, using vertical sinu-
soidal gratings, they found that at the lowest spatial fre-
quencies (< 2c/deg), the waveform was composed of the
P1 component only. This component had the characteris-
tic M contrast response: it appeared at the lowest contrast
level used (2%), and its amplitude rapidly saturated to
reach asymptote at about 12% contrast. At higher spatial
frequency, a second component appeared, the N1, which
had the characteristics of the P contrast response; that is,
it appeared at higher contrasts (about 10% - 20%), domi-
nated at the highest spatial frequency, and appeared not
to saturate in amplitude. Because of the distinct contrast
responses of the P1 and N1 components, the VEPs were
also able to dissociate the contribution of the M and P
streams at intermediate spatial frequencies. This was the
first human study to confirm that the two systems operate
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over a spatial frequency continuum, and that they can be
dissociated using a single stimulus (an intermediate spa-
tial frequency at medium contrasts).

The goal of the present study was to verify the hypo-
thesis of a magnocellular deficit in developmental dysle-
xia using a paradigm that provides a more direct mea-
surement and comparison of the M and P responses,
which has been validated in adults and young children
[28,29,63].

2. Materialsand M ethods
2.1. Subjects

16 dyslexic children and 12 typical readers participated
in the study. The mother tongue of all participants was
French. Each child was assessed by an optometrist, and
all had normal or corrected-to-normal visual acuity with
no history of visual disorders. All children scored a full
scale 1Q above 90 on the Wechsler Intelligence Scale for
Children—3rd Edition (WISC-III, Table 1) and they all

underwent reading and phonological tasks to assess their
reading and phonological abilities (Table 2). The pro-
cedures were explained and informed consent was ob-
tained from the parents. The experimental protocol was
approved by the Research Ethics Board of the University
of Montreal.

The dyslexic group consisted of 13 boys and 3 girls,
aged 8.5 to 13.5 years (mean age: 10.88 years + 1.49
years). Inclusion criteria’s were: a two-year delay in rea-
ding acquisition and the absence of neurological, audi-
tory, visual, and psychiatric disorders. In addition, all
children had dyslexia of the phonological type, as indi-
cated by their poor results on tasks assessing reading and
phonological abilities. The typical reading (TR) develop-
ment group consisted of 12 children, 9 boys and 3 girls,
aged 9 to 12 years (mean age: 10.6 years = 1.09 years).
All children had normal reading abilities. None had a his-
tory of language delay, neurological, auditory, visual, psy-
chiatric disorders, or learning disabilities.

Table 1. Results obtained at the Wechsler Intelligence Scale for Children—3rd Edition (WISC-111) for each subject.

Q
Group Gender Age Global Verbal Nonverbal Digit span (scaled score) Working memory index
Dyslexic
E2 M 11.5 92 82 103 11 96
E4 M 9 Lowavg.  Borderline High avg. n/a n/a
E6 M 11 86 84 91 6 93
E8 M 11.5 92 87 99 n/a n/a
E10 M 9 93 78 113 n/a n/a
El4 M 11.5 89 76 106 n/a n/a
E18 F 12 101 100 102 8 93
E24 M 10.5 100 92 109 n/a n/a
E25 M 11 85 76 98 3 78
E26 M 11 101 92 111 8 90
E29 M 13.5 Average n/a QP>QV n/a n/a
E30 M 13.5 99 92 108 7 84
E36 F 9.5 89 91 89 75
E37 F 8.5 92 96 90 93
E39 M 9.5 95 81 93 n/a n/a
E40 M 11.5 91 89 95 6 87
TR control
C1 M 12 119 123 112 11 106
C2 M 10 112 110 111 101
C4 M 10 87 89 89 87
C5 M 10.5 123 135 106 16 134
C6 F 9 106 106 106 12 109
C10 M 10 120 108 129 8 101
Cl11 M 12 109 106 112 15 129
Cl12 M 10 112 116 115 15 129
C13 F 12 127 121 130 13 118
C15 M 9.5 128 124 129 8 101
Cl6 F 10.5 135 134 131 112
C17 M 11.5 111 115 104 93
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Table 2. Results on tasks to assess reading and phonological abilitiesfor each subject.

Reading fluency and reading comprehension (IREP test)

Phonological awareness

) Word Nonword Phoneme Phoneme
Group Fluency Comprehension reading reading segmentation inversion
(centile) (centile)
(Standard deviation under mean)
Dyslexic
E2 2 4 -3.13 -3.38 -2.58 —2.78
E4 2 1 —6.88 —6.68 -5.08 —6.11
E6 5 11 -6.31 -5.13 -1.32 -7
E8 0 3 —4.75 —6.15 0.26 -2
E10 0 1 —6.34 —8.38 —5.08 —6.11
El4 4 2 -2.23 —-1.63 -0.5 —0.55
E18 10 15 -3.09 -3.83 —0.72 —6.88
E24 9 8 -3.55 -1.54 -7.63 -4.5
E25 1 1 -3.48 -3.63 -0.5 -0.56
E26 4 1 -5.06 -1.77 0.79 -2
E29 5 19 —4 -3.19 -2 -2
E30 5 19 —4 —4.73 -3.74 -2
E36 1 1 —6.88 —8.38 -3.83 —6.11
E37 1 3 -2.77 -2.63 -0.92 —-0.55
E39 1 1 -4.2 —4.63 -0.92 -5
E40 1 1 —6.22 =55 -1.52 0.63
TR control
Cl 41 64 0.34 -0.5 -0.72 0.63
C2 17 18 —1.63 -0.26 0.26 -7
C4 5 18 —0.8 0.38 0.75 -2.78
C5 99 89 1.81 1.28 0.79 0.5
C6 68 8 —-0.027 0.63 —0.08 3.89
C10 83 59 —-1.31 -0.77 -0.26 -2
Cl1 41 25 0 1.04 0.17 0.5
Cl12 70 89 0.56 0.26 -0.26 -0.75
C13 29 41 0.66 1.04 0.61 0.5
Cl15 54 76 1.19 1.28 0.79 0.5
Cl6 98 96 0.6 1.17 0.48 0.63
C17 39 64 0.67 0.65 -0.26 0.5

2.2. Reading and Phonological Tasks

A French reading test, created by the Research Institute
and Psychopedagogy Evaluation (IREP), comprised two
timed tasks: one assessing reading fluency and one asses-
sing reading comprehension. In the reading fluency con-
dition, which lasted 8 minutes, the child was asked to
read a series of short paragraphs. For each paragraph, the
child was required to cross out the word that contradicted
the meaning of the paragraph. In the comprehension com-
ponent, the child answered a series of multiple-choice
questions, trying to answer as many questions as possible
in 10 minutes. Phonological awareness was assessed us-
ing tasks involving both phonological sensitivity (rthyme
judgement, auditory discrimination task) and metapho-
nological awareness (nonword repetition, rhyme produc-
tion, synthesis, segmentation, and inversion). All tasks
were preceded by practice items where the children re-
ceived feedback on their performance.

Copyright © 2013 SciRes.

2.3. Stimuli and Apparatus

The stimuli consisted of vertical sinusoidal gratings 18°
wide and 18° high when viewed from a distance of 114
cm. Four levels of contrast (4, 16, 32, and 90%) were
presented at a spatial frequency of 4.0 c/deg, and four
spatial frequencies (2.0, 4.0, 8.0, and 16 c/deg) were pre-
sented at 16% contrast. These values were chosen be-
cause they were shown to best represent the characte-
ristic M and P contrast and spatial frequency response
functions by Ellemberg et al. [63]. The strongest M res-
ponse was expected in the 4 c/deg/4% condition, whereas
the strongest P response was expected at 16 c/deg/16%.
Contrast levels were established using the Michelson
contrast formula [64].

The stimuli were generated by a Power Macintosh
computer using Pixx software and displayed on a 21-inch
View Sonic monitor at a frame rate of 75 Hz and a pixel
resolution of 1024 x 768. VEPs were recorded with Sa
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Instruments bioamplifiers and data were filtered and av-
eraged using InStep (version IV). The average lumi-
nance of the stimuli was maintained at 35 cd'm ™ and the
ambient luminance was 8 cd-m .

2.4, Procedure

The children viewed the screen binocularly from a dis-
tance of 114 cm. They were instructed to fixate on a
small cross (0.25%) positioned at the centre of the display.
Each grating phase was reversed at a temporal frequency
of 1 Hz (2 reversals/sec), for a total of 190 reversals. The
order of presentation was randomized across children to
control for effects of habituation and/or fatigue. An ex-
perimental session, including electrode placement and the
administration of the seven conditions, lasted about one
hour.

2.5. Recording

Cortical responses were recorded from the following
leads: Fpl, Fp2, Af3, Af4, F7, F3, Fz, F4, F8, FC3, FC4,
C3, Cl1, Cz, C2, C4, CP3, CP4, Tp7, Tp8, T7, TS, P3, P4,
P7, P8, Pz, Ol1, O2, Oz (as defined by the international
10 - 20 system), with reference to linked earlobes. Tin
electrodes were placed on the scalp with an Electro-
Cap . Electrode impedance was kept below 5 khoms.
Digital recording rate was 256 Hz and a 0.02 - 30 Hz
analog bandpass was applied.

2.6. Data Analysis

Following a commonly used and well accepted conven-
tion [62,63], the N1 peak was defined as the point where
amplitude was the lowest between 50 and 90 ms, and the
P1 peak as the point where amplitude was the highest be-
tween 80 and 140 ms. N1 and P1 amplitudes were mea-
sured relative to baseline, which was calculated from the
average amplitude of the first 30 ms after the onset of
averaging [62,63,65,66]. For the statistical analysis, ana-
lyses of variance (ANOVAs) were run on the amplitude
data, separately for each waveform P1 and N1 and sepa-
rately for contrast and spatial frequency.

2.7. Topographic Analysis

We completed a topographic analysis on the VEP signals
by identifying the maximum amplitude of the peak at Oz
and calculating the response on all leads for each child.
For statistical comparison, data were analyzed using Stat-
Map for topographical analysis (DigiMed Systems Inc.)
and a McCarthy-Wood correction was run to normalize
the results.

3. Reaults

Figure 1 presents the average waveforms for the dysle-
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xic and TR groups for the optimal M condition (1a) and
the P condition (1b).

Figure 2(a) presents the contrast response functions of
the P1 and N1 waveforms for both the dyslexic and TR
groups from Oz, the occipital lead. Amplitude in micro-
volts is presented on the y-axis and contrast is on the x-
axis. Figure 2(b) presents a similar contrast response
function for adults, reprinted from Ellemberg et al. [63].

First, contrast responses for P1 and N1 in both groups
correspond to those found in adults. Specifically, the P1
shows the expected M contrast response: it is present at
low contrasts, increases rapidly in amplitude with in-
creasing contrast, and saturates at medium contrasts. The
N1 component shows the expected P contrast response: it
appears at medium to high contrasts, increases linearly in
amplitude with increasing contrast, and does not appear
to saturate. This pattern of results indicates that our me-
thod allows us to dissociate M and P activity in children,
and that overall, the children’s response functions are
very similar to those reported in adults [63].

Analysis of the P1 amplitude data yielded no signifi-
cant Group by Contrast interaction (F (1,27) = 0.367, p >
0.05), Group effect (F (1,27) = 0.667, p > 0.05), or Con-
trast effect (F (1,27) = 1.564, p > 0.05). Figure 2 shows
that the amplitude of components for the dyslexic and TR
groups almost overlap for all but one contrast, at 16%,
for which the dyslexic group shows greater amplitude
than the TR group.

Similar results were found for the N1 amplitude data:
the ANOVA revealed no significant Group by Contrast
interaction (F (1,27) = 1.205, p > 0.05) or Group effect (F

Dyslcxics
Controls

Pl ==>»

—— |
Oz /\
10 pv
(a)
Dyslcxics
Controls
Oz WW/&/‘Q@&
Ni==>
10 pv

(b

Figure 1. Grand average VEPs under the 4 c/deg/4% (A, opti-
mal magnocellular condition), and 16 c/deg/16% (B, op-
timal parvocellular) stimulus conditions at Oz position for
dyslexic (red) and TR control children (black).
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Figure 2. Mean amplitude of P1 and N1 for dysexic (black)
and TR control (blue) children as a function of contrast (a).
Figure 2(b) presentsa similar contrast response function for
adults, reprinted from Ellemberg et al. (2001). Amplitude in
microvolts is shown on the y-axis and spatial frequency is
on the x-axis (logarithmical).

(1,27) = 0.638, p > 0.05). However, as expected, results
revealed a significant Contrast effect (F (1,27) = 31.194,
p < 0.05, partial n* = 0.53). Here again, Figure 2 shows
that the results for the dyslexic and TR groups almost
overlap for two of the contrasts, and that at both the third
(i.e. 32%) and fourth (i.e. 90%) contrast, the dyslexic
group shows slightly higher amplitude than the TR
group.

Copyright © 2013 SciRes.

Figure 3(a) presents the spatial frequency response
functions of the P1 and N1 waveforms for both the dy-
slexic and TR groups, taken from the occipital lead Oz.

Figure 3(b) shows the spatial frequency response fun-
ctions obtained from dyslexic and TR children, and from
adults, reprinted from Ellemberg et al. [63]. Spatial fre-
quency response functions for P1 and N1 for both the dy-
slexic and TR groups are similar to those found in adults.
The amplitude of the P1 component is almost equal at all
but the highest spatial frequency. The amplitude of the
N1 component peaks at intermediate spatial frequencies
and declines sharply at both lower and higher spatial fre-
quencies. These results provide further support for the
dissociation of M and P activity in both groups of chil-
dren.

Dyslexics
Controls

16.00 1

12.00 4

8.00

Amplitude (uV)

4.00 1

0.00 v v »
0.1 1 10 100

Spatial frequency (c deg™)
(a)

16.00 4 16%

12.00 4

8.00 4

Amplitude (uV)

4.004

0.00
0.1

100

Spatial frequency (c deg™)
(d)

Figure 3. Mean amplitude of P1 and N1 for dydexic (black)
and TR control (blue) children as a function of spatial fre-
quency (a). Figure 3(b) presents similar spatial frequency
response data for adults, reprinted from Ellemberg et al.
(2001). Amplitude in microvolts is presented on the y-axis
and spatial freguency is on the x-axis (logarithmical).
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For P1, the analysis revealed no significant Group by
Spatial frequency interaction (F (1,18) = 0.676, p > 0.05)
or main Group effect (F (1,18) = 9.736, p = 0.06), al-
though dyslexics tended to show higher amplitudes than
TRs. A main Spatial Frequency effect was found (F (1,18)
= 19.463, p = 0.0001, partial n* = 0.52), which is consis-
tent with the well known fact that the human visual system
is differentially sensitive to different spatial frequencies.

The analysis of N1 amplitude data revealed no signi-
ficant Group by Spatial frequency interaction (F (1,18) =
4.146, p > 0.05), main Group effect (F (1,18) =2.212, p
> 0.05), or Spatial frequency effect (F (1,18) = 0.240, p>
0.05). Figure 3(a) shows that N1 amplitude for dysle-
xics is slightly lower at the 2.0 c/deg than for TRs, about
the same at 4.0 c/deg, and slightly higher at the two high-
est spatial frequencies. Overall, as revealed by large error
bars, substantial variability was found at all four contrasts, a
typical electrophysiological finding, especially in children.

Finally, statistical analyses revealed no significant
Group differences in latency, either for P1 or N1 wave-
forms, and regardless of contrast or spatial frequency.
Hence, for P1, there was no significant Group by Spatial
frequency interaction (F (1,18) = 1.161, p = 0.326) or
Group effect (F (1,18) = 0.769, p = 0.392). Similarly, for
N1, no significant Group by Spatial frequency interaction
(F (1,18) = 1.358, p = 0.270) or group effect (F (1,18) =
3.816, p = 0.066) was found.

p-value

Although we found no evidence of lower amplitude of
the P1 or N1 component in dyslexics (in fact, it tended to
be higher in the optimal M condition), the topographic
analysis enabled assessing differences in the distribution
of activation between the dyslexic and TR groups. Fig-
ure 4 presents the topographic distribution and statistical
analysis of the P1 waveform (showing the characteristic
M response function) for the 4 c/deg grating at 4% con-
trast, the condition in which we expected the strongest M
response.

A global analysis was performed on all electrodes. Un-
der the 4% contrast condition, we found a significant re-
duction in P1 distribution for dyslexics compared to TRs,
located mainly in the right frontal region (p < 0.05). Fig-
ure 5 presents the topographic distribution and statistical
analysis of the N1 waveform for the 16 c/deg grating at
16% contrast, the condition in which we expected the
strongest P response.

Figure 5 reveals a significant reduction in the ampli-
tude distribution of N1 for dyslexics compared to TRs,
located mainly in the left temporal region (p < 0.05). In
fact, topographic analyses for all but two conditions (4
c/deg/90% and 4 c/deg/16%; not shown) reveal a signi-
ficant reduction in the amplitude distribution of P1 and
N1 for dyslexics compared to TRs in both the frontal and
temporal brain regions.

0.88 1.51 0.05000
0.85 1.37 0.08958
0.78 1.11 0.16875
0.72 B 0.84 0.24792
0.66 0.57 0.32708
0.60 0.30 0.40625
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Figure 4. Scalp distribution of the P1 component. Top images: topographical maps of the mean voltage amplitude (uV) in TR
controls (left) and dyslexics (right). The leftmost bar chart represents positive activation, graduated from red (highest) to
black (least). Middle image: scalp distribution differences (t-statistic) between groupsillustrated by a graduated colour code
corresponding to the middle bar chart. Lower image: probability that differences between scalp positions differ between the
two groups. Corresponding p-values ar e presented as a graduated colour code corresponding to the rightmost bar chart.
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Figure 5. Scalp distribution of the N1 component. Top images: topographical maps of the normalized mean voltage amplitude
(uV) in TR controls (left) and dydexics (right). The leftmost bar chart represents activation, graduated from red (highest) to
black (least). Middle image: scalp distribution differences (t-statistic) between groupsillustrated by a graduated colour code
corresponding to the middle bar chart. Lower image: probability that differences between scalp positions differ between the
two groups. Corresponding p-values are presented as a graduated colour code corresponding to therightmost bar chart.

4. Discussion

The main objective of this study was to verify the hy-
pothesis of a magnocellular deficit in developmental dy-
slexia. Using VEP (transient visual evoked potential) re-
cording, we dissociated the activity of the M and P path-
ways. Specifically, and consistent with previous results
in adults using the same methodology [63], we identified
contrast and spatial frequency-specific M and P optimal
responses in both subject groups (dyslexic and typical
reader—TR). Although we cannot draw conclusions about
the developmental mechanisms involved due to the wide
age range of the participants (8 to 13 years), we found that
the M- and P-like amplitude response functions of these
two groups of children are shaped similarly to those of
adults.

Our findings do not support the hypothesis of a mag-
nocellular deficit in the visual system of children with
developmental dyslexia. Following analysis of the results
from the centro-occipital recording site (Oz), the appro-
ximate region where the M and P pathways reach the
cortex, we found that the amplitude response functions of
the dyslexic group were no weaker than those of the TR
group, for both the M and P response functions. In fact,
the amplitude of the spatial frequency response function
of the P1 peak, which displays the optimal M-like re-

Copyright © 2013 SciRes.

sponse, tended to be higher for dyslexics than for TRs.
Overall, these results are consistent with those of Kron-
bichler, Hutzler & Wimmer [67], who found similar or
even better performance in a dyslexic compared to a TR
group on a coherent motion detection task and illusory
sound movement perception task. Victor, Conte, Burton
et al. [68] also failed to find a difference in amplitude or
phase measurements between a dyslexic and a TR group
using transient (preferentially activating the M pathway)
and steady-state (preferentially activating the parvocel-
lular pathway) contrast-reversal VEPs. Another study by
Johannes, Kussmaul et al. [69] found no difference be-
tween dyslexics and controls using checkerboard pattern
reversal VEPs at a wide range of contrasts and temporal
frequencies that preferentially elicited M versus P res-
ponses. Moreover, these studies found similar response
variability in dyslexics and controls. Several other stu-
dies found no evidence for a magnocellular deficit in de-
velopmental dyslexia [70-73].

In fact, psychophysical studies that do not support the
magnocellular deficit theory are more numerous than
those that support it [41]. Moreover, it appears that as
many TR groups as dyslexics show a magnocellular
deficit [44]. Furthermore, several authors have argued,
with supporting evidence, that at least part of the visual
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deficits measured can be explained by other dyslexia-
related disabilities, such as an attention deficit disorder
[74], anxiety disorder [75], or depression [76], including
studies that used psychophysical measures [71,77] and
evoked potential paradigms [78], even in the auditory
modality [67]. In addition, Ramus [79] reinterpreted neu-
robiological data to argue that a sensorimotor syndrome,
of which a magnocellular deficit is an example, may be
associated with, but is not essential to, the development
of dyslexia. According to this author, this deficit is pre-
sent in only a subgroup of people and is accessory to the
basic underlying cause of the reading problem, namely
phonological deficits.

Although we did not find support for a magnocellular
deficit, the results of the topographical analysis revealed
a different pattern of amplitude distribution between the
right frontal and left temporal regions of the cortex for
dyslexic readers compared to typical readers. Lovegrove
[80] and Johannes et al. [69] proposed the hypothesis of
possible early visual deficits in dyslexia that are unre-
lated to an M or P dysfunction. This would explain some
of the visual deficits associated with dyslexia. Although
we cannot rule out this possibility, our results do not
support this hypothesis, given that we found no anoma-
lies in the cortical regions typically associated with early
visual processing. In fact, the frontal and temporal re-
gions found to be underactivated in our group of dy-
slexic children are not known to be visual areas sensitive
to the luminance modulated sine-wave gratings used. Du-
ring such low sensory stimulation paradigms, areas out-
side the main visual centres are hypothesized to be acti-
vated through a chain reaction of neuronal activation.

Although topographical maps do not necessarily re-
flect the underlying activity of the cortical regions being
recorded, it is interesting to note that the areas that show
a reduced amplitude response correspond closely to those
identified by Shaywitz et al. [81]. Specifically, using fun-
ctional magnetic resonance imaging (fMRI) and a phono-
logical analysis task, these authors found that children
with dyslexia demonstrated significant underactivation in
the left superior temporal and parietotemporal regions
and in the right inferior frontal gyrus. Meyler et al. [82]
also found parietotemporal underactivation in poor read-
ers compared to TR children, and Cao et al. [83] showed
lower activation in the right inferior frontal gyrus in
children with dyslexia. In fact, these data are consistent
with fMRI reports showing that the left hemisphere pos-
terior brain regions failed to function properly during
reading [84-86].

To conclude, the results of the present study do not
support the magnocellular deficit hypothesis in develop-
mental dyslexia. On the other hand, although further re-
search using source localization analysis is needed, our find-
ings are consistent with the underactivation of higher-order

Copyright © 2013 SciRes.

brain regions typically involved in reading and phono-
logical processing in individuals with phonological dy-
slexia.
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