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Abstract

In addition to poor literacy skills, developmental dyslexia has been associated with multisensory de®cits for dynamic stimulus

detection. In vision these de®cits have been suggested to result from impaired sensitivity of cells within the retino-cortical
magnocellular pathway and extrastriate areas in the dorsal stream to which they project. One consequence of such selectively
reduced sensitivity is a di�culty in extracting motion coherence from dynamic noise, a de®cit associated with both
developmental dyslexia and persons with extrastriate, dorsal stream lesions. However the precise nature of the mechanism(s)

underlying these perceptual de®cits in dyslexia remain unknown. In this study, we obtained motion detection thresholds for 10
dyslexic and 10 control adults while varying the spatial and temporal parameters of the random dot kinematogram (RDK)
stimuli. In Experiment 1 stimulus duration was manipulated to test whether dyslexics are speci®cally impaired for detecting short

duration, rather than longer stimuli. Dot density was varied in Experiment 2 to examine whether dyslexics' reduced motion
sensitivity was a�ected by the amount of motion energy present in the RDKs. Dyslexics were consistently less sensitive to
coherent motion than controls in both experiments. Increasing stimulus duration did not improve dyslexics' performance,

whereas increasing dot density did. Thus increasing motion energy assisted the dyslexics, suggesting that their motion detectors
have a lower signal to noise ratio, perhaps due to spatial undersampling. 7 2000 Elsevier Science Ltd. All rights reserved.
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1. Introduction

A large proportion of school age children and adults
have unexpected di�culties acquiring competent read-
ing skills [47,50]. This is often termed developmental
dyslexia if their measured literacy skills are signi®-
cantly lower than their other cognitive abilities ([2], cf.
[54]). Although de®cits in component language skills
such as phonological awareness are recognised as im-
portant causes of poor reading [8,49,55], there is now
a large amount of literature showing that de®cient

visual processing skills are also associated with reading
di�culties (see [29,30,32,46,56] for review). In the lab-
oratory, many developmental dyslexics are found to be
less sensitive than controls to dynamic visual stimuli,
especially those of low contrast, low luminance, low
spatial frequencies, and high temporal frequencies
[10,28,30,31,33±35]. Detection of such stimuli is likely
to depend primarily upon the sensitivity of magnocells
(M-cells) that comprise the retino-cortical M-pathway
[25,36,47]. Detection of stimulus attributes such as
high spatial frequencies, low temporal frequencies and
colour di�erences depend more on the sensitivity of
parvocells [26,37,48]. Sensitivity for these stimulus par-
ameters are usually unimpaired in dyslexics
[10,28,31,33,34]. Some psychophysical studies have
failed to con®rm that such visual de®cits are associated
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with dyslexia ([20,21,61], see also, [17] for review).

Nevertheless most experimental evidence is consistent
with the hypothesis that the M (or transient) pathway

is a locus of their subtle visual impairments (for
reviews see [29,30,56]).

The primary retino-cortical visual stream consists of

magno (M) and parvo (P) components, designated as
such by the speci®city of their projections to the dorsal

laminae of the lateral geniculate nucleus (LGN) in the

thalamus. In contrast to parvocells, cells of the M-
stream have large cell bodies and thickly myelinated

axons with rapid membrane dynamics and high con-
duction velocities dedicated to stimulus timing and the

detection of rapid change. Receptive ®eld sizes of M-

cells are larger than P-cells, a consequence of their
greater spatial summation of pooled photoreceptor re-

sponses. As a result M-cells are more sensitive to

lower, rather than higher, spatial frequencies [13]. In
cortex, M-cells provide the major input to the dorsal

stream projecting from V1 to extrastriate areas such as

V5/MT and the posterior parietal cortex [37,39].
Among other functions such as providing information

about the spatial location of objects and guiding

movements toward visual targets, dorsal stream
areas mediate the processing of object motion

[5,14,22,36,38,51,57,59].

Firing rates of cells within MT can predict primates'

responses to direction of motion in a psychophysical

task [9,40] and lesions to the same areas selectively
reduce sensitivity to motion stimuli [38,41,42]. Lesions

to the homologue of primate V5/MT and surrounding

areas have also been shown to cause profound de®cits
in the ability to discriminate motion from dynamic

noise in humans [4,23,45,60,65,66]. Visual tasks that

tap the sensitivity of M-cells up to and including pri-
mary visual cortex are reported to be only slightly

impaired in these same individuals [4,23].

It has been shown in single unit studies in non-

human primates that random dot kinematograms

(RDK) provide a sensitive measure of M-stream sensi-
tivity [9,40,41]. In the typical RDK, a proportion of

the total pixel elements, or `dots', move coherently

(i.e., their direction of motion is perfectly correlated
over successive screen refreshes). The remaining noise

dots move independently at the same speed, so that
their directions of motion do not correlate over time.

Lifetimes of single dots can be limited to prevent sub-

jects from detecting motion by tracking the trajectory
of a single dot. Thus, on every screen refresh, a certain

percentage of dots disappear; they then reappear at

random positions within the stimulus patch. Ability to
see global coherent RDK motion then depends on the

successful detection and integration of local motion

signals over both space and time [6,7,53,63], and the
smallest proportion of dots that have to move coher-

ently for the subject to perceive global motion gives
the threshold for coherent motion detection.

Developmental dyslexics have been shown to be less
sensitive than controls to motion stimuli both in psy-
chophysical [10,16,43,52,58,64] and neuroimaging
[12,15] studies. However the mechanism by which the
putative M-pathway de®cit results in disrupted motion
perception is still unclear. For example, Walther-MuÈ l-
ler [61] has suggested that any of a number of possible
anomalies in either (or both) the temporal or spatial
response functions of cells in the retino-cortical M-
pathway could cause a de®cit in dynamic stimulus
detection. Dyslexics might also have poor integration
of these signals at higher cortical levels. Either or both
of these factors would decrease their ability to detect
global coherent motion and would be consistent with
anatomical evidence of structural impairment in both
the retino-cortical M-pathway and within the extrastri-
ate dorsal stream of dyslexics [18,28,44]. However,
other studies have suggested that sensory de®cits in
dyslexia are associated more with a problem detecting
short duration stimuli whether they are dynamic or
not ([19,20] for review see [17]). Such a de®cit would
be di�cult to reconcile with the hypothesis of a visual
de®cit speci®c to the M-stream.

In this study dyslexics' and controls' thresholds for
coherent motion were obtained in two experiments in
which the temporal and spatial parameters of the
RDK stimuli employed were varied. These parameters
were chosen because the percept of global coherent
motion depends upon the adequate integration of both
the spatially distributed motion signal provided by
each dot and the global temporal integration of local
motion signals between successive animation frames.
In Experiment 1 stimulus duration was varied in two
dot size conditions to test whether dyslexics' putative
de®cits for dynamic stimulus detection was restricted
to short duration stimuli or, alternatively, whether any
group di�erences might re¯ect more general de®cits in
motion integration independent of stimulus duration.
If their sensitivity was limited by the ability to detect
short duration visual events then dyslexics should
demonstrate increased coherent motion thresholds if
stimulus duration was shortened. Alternatively, a gen-
eralised elevation of dyslexics' motion thresholds that
was independent of stimulus duration would provide
evidence for a sensitivity de®cit mediated by dyslexics'
poorer integration of motion signals.

In Experiment 2 we varied the dot density of the
RDK displays to examine whether dyslexics were less
e�cient than controls at extracting the spatially di�use
motion information that occurs when dot density is
decreased. We varied the number of the stimulus el-
ements while keeping the stimulus panel size constant.
This manipulation had the e�ect of amplifying the
motion and luminance energy in the stimulus by pro-
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portionally increasing both the average number of tar-
get and noise dots per degree of visual angle. The
motion signal available within the receptive ®eld of
each motion detector was therefore increased, although
the overall ratio of signal to noise dots remained con-
stant. If dyslexics were less e�cient at extracting the
motion signal impinging on motion detectors, their
coherent motion sensitivity would be reduced com-
pared to controls, especially at low and intermediate
dot densities where the motion information was more
sparse.

2. Methods

2.1. Subjects

All our methods conformed to the tenets of the
Declaration of Helsinki and also had local ethics com-
mittee approval. The subjects were 10 adult dyslexics
[mean age � 25:2 years (range 19±49)] and 10 adult
controls [mean age � 22:2 years (range 20±31)]. All
were native British-English speakers. Clinical or edu-
cational psychologists had previously diagnosed each
of the dyslexics as reading disabled on the basis of sig-
ni®cant discrepancies between their literacy skills and
their other cognitive abilities. They were not selected
on any basis other than their having a history of dys-
lexia. We also assessed all of our subjects' cognitive
and literacy skills at the time of testing. The cognitive
measures comprised the Block Design, Picture

Arrangement, Similarities and Vocabulary subscales of
the Wechsler Intelligence Scales (revised) (WAIS-R)
[62]. Reading and spelling ability were assessed by the
Wide Range Achievement Test (WRAT) [24]. At the
time of testing, all of the dyslexic subjects had a single
word reading and spelling discrepancy at least 1.3 stan-
dard deviations below their average performance on
the standardised WAIS-R measures. None of the con-
trols had such a discrepancy and the two groups did
not di�er signi®cantly on any of the WAIS-R
measures. The psychometric data for each group are
shown in Table 1.

2.2. Stimuli

The standard RDK stimuli consisted of 150 high
luminance (131.0 cd/m2), white dots each subtending
0.05 � 0.09 retinal degrees, presented on the black
background (0.2 cd/m2) of a 17 inch CRT monitor dis-
play (Gateway Vivitron 1776); giving a space averaged
luminance of 2.6 cd/m2. At a constant viewing distance
of 57 cm the stimulus area subtended 7 � 78 centred
on the fovea. Viewing was binocular throughout the
testing. Michelson contrast [(Lmax ÿ Lmin)/(Lmax � Lmin)]
between the luminance of the stimulus dots and the
luminance of the background was held at 99.7% and
presentation occurred in a dark room (surrounding
space average luminance � 0:8 cd/m2). The proportion
of coherently moving dots (angular velocity � 8:88/s)
within a given software animation frame �duration � 50
ms) was varied to the subject's detection threshold by
custom software written for PCs. Each dot had a lim-
ited lifetime of four animation frames (200 ms) after
which it would disappear and then reappear at a ran-
dom location within the stimulus patch. The noise dots
had the same displacements and limited lifetimes as
the coherent target dots but moved in a Brownian
manner prior to being plotted at random locations
within the stimulus patch at the end of their lives.

2.3. Procedure

The subjects were asked to ®xate a cross that pre-
ceded the presentation of the stimulus and remained at
the centre of the RDK for its entire duration. After
each presentation the subject was asked to report the
direction in which coherent motion was perceived,
guessing if necessary. The proportion of coherently
moving dots, which ¯owed either rightward or left-
ward, was altered to the subject's motion threshold by
a 1-up 1-down, two alternative, forced choice, single
staircase procedure [27]. A correct response was fol-
lowed by a reduction in the coherence signal by 1 dB
whereas an incorrect answer led to the signal being
increased by 3 dB. Motion coherence thresholds were
de®ned as the geometric mean of the last eight of 10

Table 1

Psychometric statistics for the 10 developmental dyslexic and 10 con-

trol subjectsa

Measure

(unit)

Control mean

(SEM)

Dyslexic mean

(SEM)

Signi®cance level

Age (years) 22.2 (1.1) 25.2 (2.8) n.s.

WAIS-R BD (SS) 13.8 (0.5) 16.0 (0.9) n.s.

WAIS-R PA (SS) 11.6 (1.0) 13.2 (0.6) n.s.

WAIS-R S (SS) 13.2 (0.6) 14.6 (0.8) n.s.

WAIS-R V (SS) 14.4 (0.5) 13.2 (0.6) n.s.

WAIS-R AVG (SS) 13.3 (0.4) 14.2 (0.6) n.s.

WRAT Read (SS)� 13.5 (0.2) 10.8 (0.7) p<0.01

WRAT Spell (SS)� 13.5 (0.2) 9.8 (0.8) p<0.01

a The data are presented as group means with standard errors

(SEMs) in parentheses. Signi®cance values were obtained using inde-

pendent groups t-tests. n.s. denotes a two-tailed t-score with a prob-

ability greater than 0.05. Asterisks (�) denote that the standard

scores (SS) obtained from the WRAT have been converted to an

equivalent score with a mean of 10 and a standard deviation of three

in order to facilitate comparison with the WAIS-R measures. WAIS-

R: Wechsler adult intelligence scales-revised; BD: Block Design; PA:

Picture Arrangement; S: Similarities; V: Vocabulary; AVG: Average

of BD, PA, S; WRAT: Wide Range Achievement Test; Read: Read-

ing subscale; Spell: Spelling subscale.
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staircase reversals. Thresholds were corrected for ®nite
dot lifetimes so that in the case where all dots were
moving coherently, and each had a lifetime of four
frames, this was described as 75% coherence. Each
test comprised three staircases and overall subject
thresholds were de®ned as the arithmetic mean of
these estimates. The subjects were given audio feed-
back indicating correct or incorrect responses. Within
each of the experiments, the order of the various levels
of the independent variable (stimulus duration and dot
density) was counterbalanced between individuals.

2.4. Experiment 1: e�ect of stimulus duration

The control and dyslexic subjects viewed the RDK
stimuli for stimulus durations of 4, 9, 18 and 36 ani-
mation frames, which correspond to 200, 451, 902 and
1804 ms, respectively. Two dot sizes were used: small
dots �0:05� 0:098� and large dots �0:10� 0:138).

2.5. Experiment 2: e�ect of dot density

The 7� 78 stimulus panel was modi®ed to contain
either 75, 150, 300 or 600 dots. This corresponds to an
average dot density of 1.5, 3.1, 6.1, and 12.2 dots/deg2,
respectively. The stimulus duration was held constant
at 902 ms.

3. Results

3.1. E�ect of stimulus duration on coherent motion
detection

A 2(group� � 4�stimulus duration� mixed factors
Analysis of Variance (ANOVA) with group as the
between subjects factor and stimulus duration as the
within subjects factor was performed on the mean
coherent motion data of the subjects for both dot size
conditions. For the small dots there were signi®cant
main e�ects both for stimulus duration
�F�3, 54� � 11:7, pR0:001� and group �F�1, 18� � 9:9,
pR0:01]. However, the interaction between group and
stimulus duration was not signi®cant �F�3, 54� � 0:99,
p � 0:41]. A similar pattern of results was found for
the large dots. There were signi®cant main e�ects both
for stimulus duration �F�3, 54� � 7:0, pR0:001� and for
group �F�1, 18� � 11:5, pR0:001� but no interaction
between group and stimulus duration �F�3, 54� � 0:28,
p � 0:84]. Fig. 1 presents these results graphically.
Comparison of group means by independent groups t-
tests, with degrees of freedom corrected for variance
inhomogeneity when necessary, showed that the dys-
lexic group was signi®cantly less sensitive than the con-
trols for each of the stimulus durations tested in both
dot size conditions (independent groups t-test: min
t�18� � 2:4, p � 0:026, two-tailed; max t�18� � 3:3,
p � 0:004; two-tailed). There were also no systematic

Fig. 1. Thresholds for detecting coherent motion in RDK stimuli, for the 10 control (®lled symbols) and 10 dyslexic (empty symbols) subjects, as

a function of stimulus duration (msecs) and dot size (large dots: circles/solid lines; small dots: triangles/hatched lines). Error bars correspond to

21 standard error of the mean (SEM) bounding each group's average threshold at each stimulus duration and dot size.
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Fig. 2. (a) Thresholds for detecting coherent motion in RDK stimuli for the 10 control (®lled symbols) and 10 dyslexic (empty symbols) subjects.

Detection thresholds are expressed as the percentage of coherent target dots necessary for coherent motion detection. Error bars correspond to

21 standard error of the mean (SEM) bounding each group's average motion detection threshold. (b) Thresholds for detecting coherent motion

in RDK stimuli for the 10 control (®lled symbols) and 10 dyslexic (empty symbols) subjects. The data are the same as in (a) but here the detec-

tion threshold is plotted as the number of target dots necessary for coherent motion detection. Error bars correspond to21 standard error of the

mean (SEM) bounding each group's average motion detection threshold.
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di�erences between individual subject's performance
for a given stimulus duration between the two dot size
conditions (paired sample t-test: max t�19� � 1:37,
p � 0:19). This is consistent with previous results that
showed that maximal displacement thresholds for
coherent motion are una�ected by element size up to
about 10 arc min (0.178) [3]. In general coherent
motion thresholds increased (i.e., sensitivity decreased)
similarly for both groups as stimulus duration
decreased, but the magnitude of the group di�erence
was largely independent of stimulus duration and dot
size. In both conditions the mean sensitivity of each
group appeared to reach asymptote in the 902 ms con-
dition.

3.2. E�ect of dot density on coherent motion detection

Fig. 2 shows the e�ect of varying dot density on the
coherent motion thresholds of both groups. The same
data is plotted both as percent coherent motion
(Fig. 2a) and as threshold dot number (Fig. 2b) at
each dot density. Percent coherent motion refers to the
threshold ratio of signal to noise dots (see Section 2)
whereas threshold dot number refers to the total num-
ber of signal dots necessary for detection in each con-
dition. A 2�group� � 4�dot density� mixed factors
ANOVA, with group as a between subjects factor and
dot density as a within subjects factor, revealed signi®-
cant main e�ects for group �F�1, 18� � 11:9, p < 0:01�
and for dot density �F�3, 54� � 10:9, p < 0:001], but
not a signi®cant interaction e�ect �F�3, 54� � 2:6,
p � 0:063]. Independent groups t-tests showed that the
dyslexic group was signi®cantly less sensitive than the
controls in each condition (independent groups t:
R0.02, two-tailed) except at the highest dot density of
12.2 dots/deg2. In this condition the dyslexics perform-
ance was not signi®cantly impaired relative to controls
�t�18� � 1:04, p � 0:31, two-tailed].

4. Discussion

Our main result was that dyslexics' sensitivity to
coherent motion was signi®cantly reduced relative to
controls in both experiments. This ®nding is consistent
with previous studies [10,16,43,52,58,64] and provides
additional detailed support for the hypothesis that
developmental dyslexia is associated with poor global
motion processing. In both experiments the di�erences
between groups were largely independent of changes in
the temporal and spatial parameters of the RDKs,
demonstrating that the coherent motion de®cit in dys-
lexia is a robust e�ect.

In Experiment 1 (see Fig. 1) both groups' thresholds
were highest at the shorter stimulus durations (mini-
mum 200 ms) and decreased to asymptote around 902

ms. The dyslexic group, however, was less sensitive to
motion than the controls at each of the stimulus dur-
ations tested. Consistent with our previous estimate
[58], the magnitude of this group di�erence was ap-
proximately ÿ2.4 dB (averaged over the 4 duration
conditions). This e�ect size remained relatively invar-
iant when stimulus duration was increased, as shown
by the lack of a signi®cant interaction between group
and stimulus duration. This result refutes the hypoth-
esis that dyslexics' visual impairments, however mild,
are restricted to short duration visual stimuli. Most
previous studies have used static stimuli whose dur-
ation was restricted rather than dynamic stimuli such
as our RDKs (see [17] for review). The group di�er-
ences we found for a dynamic visual motion stimulus
were independent of stimulus duration. Hence, it
seems that our dyslexic sample was less able to detect
a continuously changing motion signal, rather than
being unable to detect stimuli with restricted durations
of presentation.

The software animation frame duration of our RDK
stimuli was held constant at 50 ms, and increases in
stimulus duration were achieved by increasing the
number of animation frames rather than frame dur-
ation. A constant dot lifetime of four frames (200 ms)
thus prevented subjects from being able to track the
motion of a single dot. The dyslexics' de®cits for
detecting these RDK stimuli are therefore more likely
to result from poor physiological summation and inte-
gration of motion signals rather than a failure to visu-
ally track motion trajectories at longer stimulus
durations. From pilot studies we have determined that
it is unlikely that between group di�erences in under-
standing task demands or the e�ects of involuntary
eye movements confounded these results. We made
sure that both the dyslexic and control groups were
able to follow the experimental protocol, and that they
could maintain visual ®xation for the full duration of
stimulus presentation. Any systematic confounding
e�ects would also result in a signi®cant group by
stimulus duration interaction, which was not evident.
The group di�erences we found were as large at the
higher stimulus durations where eye movements would
have been more likely, as they were for the lowest
stimulus duration (200 ms) where eye movements were
less probable (Fig. 1). The lack of a group by stimulus
duration interaction e�ect also indicates that it is unli-
kely that attentional di�erences between groups, at
least over the range of 200±1800 ms, were responsible
for the sensitivity di�erences observed.

In Experiment 2 we varied the number of the dots
within the stimulus patch over the range 75±600 dots.
This increased dot density from a minimum of two to
a maximum of 12 elements per square degree of visual
angle in the area subtended by our stimulus. This ma-
nipulation had the e�ect of increasing the total motion
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signal within our stimulus RDKs, with a proportional
increase both in the number of signal and noise dots.
Examination of Fig. 2a shows that the controls were
already at or near a threshold asymptote for coherent
motion detection in the 150 dot RDKs and that
increasing the dot density thereafter had little e�ect on
their coherent motion thresholds. The controls' ability
to extract signal from noise was thus una�ected by the
total motion energy within the stimulus. This result is
consistent with previous work that showed that other
threshold measures of motion detection in controls, for
example the maximum (dmax) and minimum displace-
ments (dmin) detectable in two-frame RDKs, are little
a�ected by changes in dot density [3].

In contrast to controls, the dyslexics had higher
detection thresholds in every condition except at the
highest dot density (12 dots/deg2) when their perform-
ance was nearly equivalent. This poorer sensitivity
might result from a di�erence in their cellular physi-
ology that reduced the e�ective signal to noise level in
their motion detectors. They could have lower re-
sponse gain, more inherent noise or sparser spatial
sampling. In the highest dot density condition the dys-
lexics could bene®t from the additional motion energy
a�orded by the highest density display to partially alle-
viate this poor signal to noise ratio. It is not clear
whether the sensitivity improvement at high dot den-
sities is achieved by more e�cient spatial summation
of motion information in extrastriate cells tuned for a
particular direction of motion, or by a greater acti-
vation of lower level motion detectors that is driven by
an increase in the overall luminance of the video dis-
play. Over our range of dot densities the space aver-
aged luminance increased from 1.4 to 10 cd/m2

between our lowest and highest dot density condition
and the overall luminance of the visual stimuli
employed is an important parameter for isolating M-
cells [26,48].

Among other possibilities (see [11,57,59,63] for
review), integration of motion information necessary
to `solve' the motion correspondence problem pre-
sented by an RDK could be achieved by neural
networks of cooperative motion analysers consisting
of excitatory and inhibitory synaptic networks of
lower level motion detectors [7,42]. Most V5/MT
cells show direction of motion selectivity [14,22,36]
and many show centre-surround antagonism in
which the responses of receptive ®eld centres are
enhanced if motion in the surround is opposite to
that which is impinging on the centre [59]. Cells
within V5/MT are arranged in orderly arrays of
columns [1], each containing cells selective for a
particular range of motion direction. Columns opti-
mally sensitive to similar motion directions are
probably linked by excitatory connections, while
others are inhibited. Therefore a cell stimulated by

motion information in one direction would facilitate
the response of similarly tuned cells, while at the
same time inhibiting cells tuned for a di�erent
motion vector. Increasing dot density, while not
changing the ratio of signal to noise dots, increases
the number of target dots moving in one particular
direction. Hence, dyslexics' performance may
improve because the increased motion signal can ac-
cumulate in cells tuned for that particular direction
of motion.

Dyslexics' pattern of poor motion sensitivity is con-
sistent with the overall pattern of de®cit shown by a
patient with bilateral lesions to area MT [4]. Using a
stimulus similar to ours, Baker, Hess and Zihl showed
that patient LM had profound de®cits for detecting
coherent motion signals in the presence of both
dynamic and static noise, with relative sparing of
motion detection in conditions without noise. This
result suggested that processing of stimuli with low sig-
nal to noise ratio was impaired, possibly because the
number of extrastriate neurons that code directional
motion information was reduced by the lesions. For
both dyslexics' [10,16,43,52,58] and patients with V5/
MT lesions [4,23,60], the consistency and magnitude of
their reduced dynamic sensitivity are apparently largest
when stimulus detection requires a comparison of out-
puts from visual ®lters, as is required for detecting
coherent motion. Detection of stimulus parameters
such as spatial frequency and ¯icker is carried out by
lower level visual ®lters, and these are only slightly,
though in most cases, signi®cantly impaired in the
same groups of dyslexics [10,16,52,58] and in LM [23].
Although our dyslexics' visual de®cits are not as pro-
found as those reported for LM, their overall de®cits
for motion detection are consistent with their having
similarly impaired integration of dynamic visual sig-
nals. Such evidence supports an extrastriate locus of
dyslexics' impaired motion sensitivity, probably in V5/
MT and adjacent motion processing areas.

How poor motion processing occurs in dyslexia is
unknown, although it may result from the impaired
development of magnocells in both LGN and cortex
that has been suggested by previous studies
[18,25,28,44]. Livingstone et al. [28] reported a 20% re-
duction in the area of magnocellular but not parvocel-
lular cells in the lateral geniculate nucleus of dyslexics'
brains examined post mortem. Although no such
speci®c di�erences are found in the cell layers that
receive speci®c inputs from magnocells and parvocells
in primary visual cortex [25], Rae et al. [44] have
demonstrated that dyslexics have lowered cell density
relative to controls in an area subsuming the posterior
parietal cortex (PPC), an area receiving a predominant
input from magnocells [38,39,56]. One hypothesis con-
sistent with both our psychophysical data and these
anatomical studies is that dyslexics with visual de®cits
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have fewer motion detectors, and therefore undersam-
ple spatially di�use dynamic stimuli such as coherent
RDK motion.

5. Conclusion

The consistency of dyslexics' motion detection
impairment was una�ected by stimulus duration. This
demonstrates that the visual de®cit is more related to
their poor integration of the changes in time that are
characteristic of dynamic visual stimuli than to more
generalised detection de®cits for stimuli with limited
presentation durations. The di�erence in sensitivity
between the groups was similarly una�ected by el-
ement density except at the highest dot density where
dyslexics approached that of controls. We suggest that
this improvement is a consequence of the greater
motion energy in the denser RDKs, which boosts the
e�ective signal to noise ratio. Such experimental evi-
dence is consistent with an extrastriate locus of their
motion processing de®cits, perhaps in combination
with decreased sensitivity of lower level M-cells in the
retino-cortical pathway. It is also consistent with evi-
dence of anomalous cellular anatomy in dyslexics
which is most prominent in areas with a predominant
visual magnocellular input.
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