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The sensory abnormalities associated with disorders such as dyslexia, autism and schizophrenia have
often been attributed to a generalized deficit in the visual magnocellular – dorsal stream and its auditory
homologue. To probe magnocellular function, various psychophysical tasks are often employed that
require the processing of rapidly changing stimuli. But is performance on these several tasks supported
by a common substrate? To answer this question, we tested a cohort of 1060 individuals on four ‘magnocellular tasks’: detection of low-spatial-frequency gratings reversing in contrast at a high temporal
frequency (so-called frequency-doubled gratings); detection of pulsed low-spatial-frequency gratings on a
steady luminance pedestal; detection of coherent motion; and auditory discrimination of temporal
order. Although all tasks showed test–retest reliability, only one pair shared more than 4 per cent of variance. Correlations within the set of ‘magnocellular tasks’ were similar to the correlations between those
tasks and a ‘non-magnocellular task’, and there was little consistency between ‘magnocellular deficit’
groups comprising individuals with the lowest sensitivity for each task. Our results suggest that different
‘magnocellular tasks’ reflect different sources of variance, and thus are not general measures of
‘magnocellular function’.
Keywords: magnocellular; dorsal stream; psychophysics; vision; hearing; individual differences

1. INTRODUCTION
Multiple parallel pathways within the mammalian visual
system relay information from the retina to higher cortical
areas. Among the most celebrated is the magnocellular –
dorsal pathway, which draws input from the retinal parasol cells that project to the ventral two magnocellular
layers of the lateral geniculate nucleus (LGN). From the
LGN, it continues to layers 4Ca and 4B of the primary
visual cortex. Efferent projections from layer 4B proceed
via the cytochrome oxidase thick stripes of area V2 to
the middle temporal and related areas, and extend to
the posterior parietal cortex [1]. Despite evidence of
interaction between streams at subcortical and cortical
levels [2,3], the classical view of a single magnocellular –
dorsal pathway remains pervasive.
In an influential publication, Schiller et al. [4] reported
that lesions to the magnocellular layers of the LGN led to
a characteristic profile of psychophysical deficits in macaques. The monkeys were impaired in the detection of
motion and of luminance flicker, whereas the processing
of colour, texture and pattern was spared. Lesions to the
parvocellular layers produced the opposite profile: colour,
texture and pattern discrimination were disrupted, while
motion and flicker detection were spared. These findings,
suggesting a critical and dissociable role for the magnocellular pathway in processing transient stimuli, were
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consistent with known physiological properties of magnocellular neurons—in particular their selectivity for high
temporal frequencies [5].
In the two decades since Schiller et al. published their
findings, it has often been assumed that psychophysical
tasks requiring fine temporal processing—like those revealing deficits following a magnocellular lesion—provide a
useful measure of ‘magnocellular function’. This assumption has been particularly common in the clinical
literature, and various ‘magnocellular tasks’ have been
used to assess the functional integrity of the magnocellular–dorsal pathway in several psychological conditions.
Most prominent in this field are the controversial magnocellular deficit theory of dyslexia [6,7] and the related dorsal
stream vulnerability hypothesis of developmental disorders
[8,9]. Psychophysical attempts to assess magnocellular–
dorsal function have been made in relation to dyslexia
[10–14], dyspraxia [15], dyscalculia [16], autism spectrum disorder [17], Williams syndrome [18], fragile X
syndrome [19], schizophrenia [20], Parkinson’s disease
[21], migraine [22] and glaucoma [23]. However, some
authors have questioned whether the same brain functions
are probed by the different tasks: for example, Dakin &
Frith [24] and Pellicano & Gibson [25] distinguish sensitivity to flicker contrast and sensitivity to coherent
motion as assessing lower subcortical and higher cortical
levels of the dorsal pathway, respectively.
In the present study, we examined whether different
putative measures of magnocellular function are consistent
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Figure 1. Stimuli used in the study. (a –c) Single frames of stimuli used in the frequency-doubled grating task, the steadypedestal grating task and the coherent motion task, respectively; (d ) normalized power spectrogram of a tone sequence used
in the auditory temporal order task; and (e) stimulus used in the ‘non-magnocellular’ short-wave cone task.

in their ranking of a cohort of 1060 individuals, and thus
whether performance on the tasks is determined by
common factors. We selected three representative visual
tasks, all of which have been claimed to assess magnocellular–dorsal function. The frequency-doubled grating task
[11,13,21]—so called because the dominant spatial frequency of the suprathreshold percept is double the actual
spatial frequency—measures luminance contrast threshold
for detecting a grating of low spatial frequency that reverses
in contrast at a high temporal frequency (figure 1a). The
steady-pedestal grating task [20,23,26,27] measures luminance contrast threshold for detecting a grating of low
spatial frequency, presented in a brief pulse on a steady
luminance pedestal (figure 1b). The third visual task, the
coherent motion task [10,12,14–19,28], measures coherence threshold for detecting the primary direction of
motion in a random dot kinematogram (figure 1c).
Functional subdivisions exist in sensory modalities other
than vision, and psychophysical tasks have been devised to
target the auditory homologue of the visual magnocellular
system. It has been suggested that a common factor could
govern the development of large neurons throughout the
brain; thus, a generalized magnocellular deficit should also
affect the processing of transient auditory stimuli [6,7,29].
Accordingly, we included in the present study an auditory
temporal order task [30,31], which measures threshold for
discriminating the order of two auditory tones embedded
Proc. R. Soc. B (2012)

in a rapidly presented sequence (figure 1d). Finally, we
included a control task that is not linked to magnocellular–dorsal function: the short-wave cone task, which
measures threshold for detecting targets defined by a spatial
decrement in short-wave cone excitation (figure 1e). We
minimized procedural differences between tasks by employing a common forced choice paradigm, with stimulus level
dictated by two interleaved adaptive staircases.

2. METHODS
(a) Participants
Participants (n ¼ 1060, 647 female) were of European descent and aged from 16 to 40 years (mean ¼ 22 years,
s.d. ¼ 4 years). All were inexperienced in psychophysical
observation and naive to the particular aims of the
experiments. They were paid £25 to complete a battery of
psychophysical tasks lasting about 2.5 h. All gave informed
consent. Participants were refracted to their best corrected
visual acuity (all less than or equal to 0.00 logMAR). A randomly selected subsample (n ¼ 105, 66 female) returned for
a second identical session at least one week later.
(b) Apparatus
Experiments were conducted in a darkened room. All stimuli
were generated using MATLAB R2007b software with PsychToolbox-3 [32,33] or CRS Toolbox for MATLAB
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(Cambridge Research Systems). Responses were collected
using a two- or four-button hand-held box. Visual stimuli
were displayed via a specialized video processor (BITSþþ
or VSG 2/3; Cambridge Research Systems) on a gamma-corrected Sony Trinitron monitor operating at 100 Hz.
Observers viewed stimuli monocularly using their preferred
eye, or—if the difference in visual acuity between eyes was
0.10 logMAR or greater—using the eye with better acuity.
They used a headrest to maintain a viewing distance of
0.5 m (1.0 m for the steady-pedestal grating and short-wave
cone tasks). Auditory stimuli were played binaurally via an
M-Audio Fast Track USB sound card at a 48 kHz sample
rate through Sennheiser HD205 circumaural stereo
headphones.
(c) Stimuli
(i) Frequency-doubled grating task
Stimuli were vertically oriented, low-spatial-frequency Gabors
( fS ¼ 0.5 c deg – 1, s ¼ 2.08, f randomized) reversing in contrast according to a 25 Hz square wave (figure 1a). They
were centred 9.08 to either the left or right of fixation, and displayed for 500 ms with contrast ramped on and off over
120 ms. Mean luminance was 30 cd m22. The participant’s
task was to identify the location (left or right) of the stimulus.
Luminance contrast was varied adaptively between trials.
(ii) Steady-pedestal grating task
Stimuli consisted of a sixth spatial derivative of a Gaussian in
the horizontal dimension (sx ¼ 2.758, peak fS ¼ 0.2 c deg – 1)
windowed by a Gaussian in the vertical dimension (sy ¼
1.858; figure 1b). They were centred 2.88 either above or
below fixation, and displayed in a single pulse of three monitor frames (approx. 30 ms). The luminance of the pedestal
was 16 cd m22. The participant’s task was to identify the
location (top or bottom) of the stimulus. Luminance contrast
was varied adaptively between trials.
(iii) Coherent motion task
Stimuli comprised 0.158 white dots (20% density) within an
annulus of inner radius 1.08 and outer radius 10.08 (figure
1c). The fixation marker was positioned in the centre of the
annulus. Each dot moved at 4.08 s – 1 for its 500 ms lifetime:
a proportion of signal dots, selected randomly on each frame,
moved in the target direction; the remainder moved in a
random direction. The stimulus was presented for 1.0 s,
with contrast ramped on and off over 250 ms. Background
luminance was 30 cd m22, and dot luminance was
60 cd m22. The participant’s task was to identify the primary
direction of motion (left or right) in the stimulus. The proportion of signal dots was varied adaptively between trials.
(iv) Auditory temporal order task
Stimuli were three consecutive tone groups (peak intensity
65 dB SPL) with onsets spaced 1.0 s apart: a reference
group (TR) and two test groups (T1 and T2). TR was a
sequence of pure sinusoidal tones separated by 10 ms silence.
The first and last tones (440 Hz) were always of 125 ms duration. The two inner tones (392 and 494 Hz) were of variable
duration. On each trial, one of T1 or T2 matched TR exactly,
while the order of the inner tones was reversed in the other
(figure 1d). The participant’s task was to identify which of
T1 or T2 was different from TR. The duration of the middle
tones was varied adaptively between trials.
Proc. R. Soc. B (2012)
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(v) Short-wave cone task
Stimuli were similar to those used in the commercially available Cambridge Colour Test [34]. They comprised circular
patches of varied diameters (ranging from 0.048 to 0.598)
presented on a black background for 3.0 s, or until a response
was given (figure 1e). The target was defined by a subset of
patches enclosed by an annulus of inner radius 2.28 and
outer radius 6.18. Patches comprising the surround were
metameric with equal-energy white; patches comprising the
target differed chromatically from the surround by a decrement in short-wave cone excitation. Chromaticities were
constructed using the cone fundamentals of Smith &
Pokorny [35]. The luminance of each individual patch was
randomized within a range from 15.7 to 38.3 cd m22 in
order to mask any difference in average luminance between
the target and surround. The participant’s task was to identify the location (top, right, left or bottom) of a 2.18 gap in
the target. Colour contrast was varied adaptively along the
S/(L þ M) axis between trials.
(d) Procedure
All tasks were two-alternative forced-choice (except
the ‘non-magnocellular’ short-wave cone task, which was
four-alternative forced-choice). After reading instructions
presented on the screen, participants completed a set of
practice trials to ensure they understood the task. For experimental trials, test intensity was determined according to two
independent ZEST adaptive staircases [36,37]: blocked for
the short-wave cone task and randomly interleaved for all
other tasks. Staircases terminated after 75 trials (coherent
motion), 31 trials (short-wave cone) or 30 trials (frequencydoubled grating, steady-pedestal grating and auditory temporal
order). Feedback was provided throughout: auditory tones for
visual tasks, and coloured lights for the auditory task.

3. RESULTS
(a) Preliminary analysis
For each task, threshold was calculated as the 82 per cent
correct point of a cumulative Weibull psychometric function fitted to the pooled data from the two staircases. For
the frequency-doubled and steady-pedestal grating tasks,
this signified the Michelson contrast at detection threshold;
for coherent motion, proportion coherence at direction discrimination threshold; and for auditory temporal order,
tone duration in seconds at order discrimination threshold.
Sensitivity was defined as the inverse of threshold.
(b) Sensitivity distributions and test–retest
reliabilities
Table 1 gives properties of the sensitivity distribution and
the test–retest reliability of each measure. Reliabilities
were based on a subset of 105 randomly selected participants who repeated the tasks in a second session at least
one week after their initial session. All distributions
were approximately normal, and reliabilities were moderate to high. Each distribution contained individuals with
very low sensitivity.
(c) Correlation between measures
The scatter plots of figure 2 show the relationships
between the four measures. Correlations were assessed
by Spearman’s rank-order coefficient (rS). Only the
correlation between the two most similar tasks—the
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Figure 2. Scatter plots showing the relationship of z-transformed sensitivities for each possible pair of tasks. Correlations are
Spearman’s rank-order coefficient (rS). Asterisks denote p  0.001; dagger denotes p , 0.05.

Table 1. Descriptive statistics and test –retest reliability for all tasks. *p  0.001.
sensitivity distribution

frequency-doubled grating
steady-pedestal grating
coherent motion
auditory temporal order

reliability

n

min

max

median

mean

s.d.

n

rS

1057
1059
1055
1049

2.5
5.2
0.2
0.7

74.7
100.6
51.0
17.1

33.8
35.4
17.4
4.6

34.2
35.9
17.7
4.8

10.2
9.9
7.6
1.9

104
105
104
104

0.73*
0.52*
0.62*
0.77*

frequency-doubled and steady-pedestal grating tasks—
was of a notable magnitude, rS(1059) ¼ 0.39, p 
0.001. Owing to the large size of our sample, most
other correlations were significant; but effect sizes were
Proc. R. Soc. B (2012)

poor to modest, ranging from 0.07 (between the frequency-doubled grating and auditory temporal order
tasks) to 0.20 (between the steady-pedestal grating and
auditory temporal order tasks). With the exception of
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Figure 3. Reliabilities and inter-task reliabilities for all pairs of tasks when testing was repeated after an interval of at least one
week. Correlations are Spearman’s rank-order coefficient (rS). For each pair of tasks with a significant relationship (p , 0.05),
a dashed line shows the orthogonal linear regression to the data. Notice that strong relationships are seen only for panels on the
central diagonal running from upper-left to lower-right, where performance on a given task is correlated with performance on
the same task in a later session. Much weaker relationships are seen in the other panels, where performance on a given task is
correlated with performance on a different ‘magnocellular task’ in a later session. Asterisks denote p  0.001; daggers denote
p , 0.05.

the two grating tasks, which shared 15 per cent of variance, no pair of measures shared more than 4 per cent
of variance.

(d) Inter-task reliabilities
It is possible that the imperfect reliability of the measures
reduced the observed correlations from their true values.
Thus, a valuable comparison is that between our observed
reliabilities (the correlation between scores on the same
measure in two separate sessions) and what we will refer
to as inter-task reliabilities. By this term, we denote the correlations between different measures in two separate
sessions. Inter-task reliabilities of this kind have seldom
Proc. R. Soc. B (2012)

been reported, but they offer an attractive measure:
whereas the correlation between tasks on a single session
may be inflated by time-varying factors that are common
to that individual session (e.g. mood or tiredness), these
factors will have a reduced influence when the comparison is between (i) the correlation of task A with itself
across sessions and (ii) the correlation of task A with
task B across sessions. To the extent that performance
on the different measures is affected by common sources
of variance, reliabilities and inter-task reliabilities should
be of a similar magnitude.
The set of reliabilities and inter-task reliabilities of the
four measures is presented in figure 3. The cells along the
upper-left to lower-right diagonal represent correlations
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Figure 4. Comparison of low-sensitivity sets. (a) Venn diagram of participants in the low-sensitivity cohort according to membership of task-based low-sensitivity sets. For each task, the low-sensitivity set is defined as the 50 individuals with the lowest
sensitivity. The low-sensitivity cohort is the union of all low-sensitivity sets (n ¼ 163). Darker regions denote the intersection of
more low-sensitivity sets. (b) Proportion of participants in the low-sensitivity cohort with membership of one, two, three or four
low-sensitivity sets. (c) Inter-task agreement (Krippendorff ’s a) as a function of the proportion of participants defined as comprising a low-sensitivity set. Black points denote p , 0.05; light grey points denote p  0.05. The horizontal lines at aK ¼ 0.667
and aK ¼ 0.800 show Krippendorff ’s criteria for tentative and reliable agreement, respectively [39].

between the first- and second-session scores on the same
measure (test–retest reliabilities); these were of a high
magnitude and were highly significant. The other cells
represent correlations between first- and second-session
scores on different measures; only the inter-task
reliabilities between the two grating tasks were significant.
All other inter-task reliabilities were near zero and were
not statistically significant. We place most weight on this
last result.
(e) Correlation with a non-magnocellular task
Despite their low magnitude, correlations within a set of
‘magnocellular tasks’ may nevertheless be stronger
than those between magnocellular and putative ‘non-magnocellular tasks’. We tested this by examining the
correlation of each magnocellular task with a fifth task
that is not linked to magnocellular–dorsal function. For
this, we chose the short-wave cone task, a variant of the Cambridge Colour Test [34] that measures sensitivity to stimuli
defined by a spatial short-wave cone decrement relative to
the background. Short-wave cones are thought to provide
negligible input to the parasol ganglion cells [38].
Correlations between the short-wave cone task
and magnocellular tasks were all highly significant (p 
0.001) and of a similar magnitude to correlations within
the set of magnocellular tasks: with frequency-doubled
gratings, rS(1055) ¼ 0.26; with steady-pedestal gratings,
rS(1058) ¼ 0.28; with coherent motion, rS(1053) ¼
0.17; and with auditory temporal order, rS(1047) ¼
0.15. The mean of these correlations (0.21, s.d. ¼ 0.06)
was almost identical to the mean of the correlations
within the set of magnocellular tasks (mean ¼ 0.20,
s.d. ¼ 0.11).
(f) Comparison of low-sensitivity sets
While the four tasks do not correlate to any notable extent
across the full sample, they still may be consistent in identifying individuals with low sensitivity, or putative
magnocellular deficits. To investigate this possibility, we
Proc. R. Soc. B (2012)

asked whether those participants with low sensitivity on
each of the four tasks formed a common set. We defined
four low-sensitivity sets, comprising the 50 individuals
with lowest sensitivity on each task. The union of these
four sets (the low-sensitivity cohort) comprised 163
unique individuals.
Figure 4a shows a Venn diagram of the low-sensitivity
cohort, arranged according to membership of the four
task-based low-sensitivity sets; and figure 4b shows the
proportion of the cohort that belongs to one, two, three
or four different sets. A vast majority of individuals in
the cohort showed deficits on a single task only (n ¼
134; 82.2%), and none showed deficits on all four tasks.
The agreement of low-sensitivity categorizations across
the four tasks can be assessed using a measure of interrater reliability, such as Krippendorff ’s alpha (aK) [39].
By Krippendorff ’s recommendations, data for which
aK , 0.67 should be discarded. For a set size of 50,
inter-set agreement falls well short of this criterion
(aK ¼ 11). In fact, regardless of the proportion of
individuals comprising each low-sensitivity set, inter-set
agreement never approaches an acceptable level (figure 4c).

4. DISCUSSION
In a cohort of 1060 individuals, we found poor mutual
agreement between four putative measures of ‘magnocellular function’. Two similar grating detection tasks were
moderately correlated, sharing about 15 per cent of variance; but no other pair of tasks shared more than 4 per
cent of variance. To account for the effects of temporal
fluctuations in sensitivity, we compared within-task
reliabilities with inter-task reliabilities based on a
subcohort of 105: reliabilities were good and highly significant, but with the exception of the two grating tasks,
inter-task reliabilities were statistically indistinguishable
from zero. Furthermore, correlations between pairs of
magnocellular tasks were of a similar magnitude to correlations between those tasks and the non-magnocellular
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task of detecting short-wave cone colour contrast. Finally,
supposed ‘magnocellular deficit’ groups comprising individuals with low psychophysical sensitivity were not
consistent between tasks.
Such dissociations imply that individual differences in
sensitivity on common magnocellular tasks do not reflect
individual differences in the function of a single neural
mechanism [40]. Of course, the tasks rely to some
extent on common substrates: there is clearly some
necessary degree of overlap—at the photoreceptor level
(among the visual tasks), or in motor response systems,
for example. But sensitivity on each of the tasks clearly
reflects variation in the efficiency of shared systems and
pathways only to a very limited extent. To subsume
such tasks under a single banner of magnocellular
function is thus misleading.
(a) Comparison with previous results
Although several studies have used more than one magnocellular task, only a few have directly examined the
relationship between tasks. In a study of 17 dyslexic
adults and 18 adult controls, Witton et al. [41] found a
significant correlation between thresholds for detecting
coherent motion and thresholds for detecting 2 Hz frequency modulation of a 500 Hz tone, but the
relationship was confined to the dyslexic subgroup (their
fig. 3). Using the same two tasks and a larger sample
(22 children with auditory processing disorder, 19 with
developmental dyslexia and 98 controls), Dawes et al.
[42] found a correlation of only 0.18 (Pearson’s r)
between the auditory and visual thresholds.
Our present results appear inconsistent with the study of
Kéri & Benedek [28] who reported, in a sample of 100 male
adults, a significant correlation (r ¼ 0.47) between
thresholds for coherent motion and contrast thresholds for
gratings of low spatial frequency that were modulated at
10 Hz; their tasks were different from ours in several details,
such as the presence of high-spatial-frequency cues at the
perimeter of the grating. Pellicano & Gibson [25] measured
thresholds for detecting a flickering Gaussian blob and
thresholds for detecting coherent motion. They found significant correlations between the two tasks in a sample of
39 dyslexic children (r ¼ 0.37), as well as in a group of 59
controls (r ¼ 0.36), but not in an autistic group.
(b) Mental abilities, g and the differentiation
hypothesis
A parallel with the notion of magnocellular function may
be found in the notion of g, or general intelligence, which
is inferred from the degree of positive correlation across
tasks assessing different mental abilities. Spearman’s
differentiation hypothesis or law of diminishing returns [43]
predicts the correlation between cognitive tasks to be
higher for low ability levels than for high ability levels.
The general notion is that a low g will impose a similar
limitation across all cognitive processes, manifesting in a
high correlation between specific cognitive tasks. In
contrast, when g is high, no such limit exists and performance on specific tasks is driven primarily by the efficiency
of other, uncorrelated, task-specific processes. The
hypothesis has received a degree of empirical support:
for example, the average correlation between subtests of
the Wechsler Adult Intelligence Scale (WAIS) may be
Proc. R. Soc. B (2012)
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almost twice as large within a low-ability than within a
high-ability group [44]. If the same relationship holds
for tests of magnocellular function, one might argue
that the low correlations observed in the present study
are the result of a sample that is biased against
individuals with low sensitivity.
We believe that such an argument is invalid, for several
reasons. First, each of our distributions of sensitivity
encompassed one or two orders of magnitude, and contained individuals with reliable near-zero sensitivity.
Second, our sample included at least 21 individuals who
reported a formal diagnosis of dyslexia; six reported dyspraxia; and four reported autism spectrum disorder. All
of these conditions have been associated with magnocellular deficits. The rates observed in our sample, based
on a follow-up survey with 553 respondents, accord with
the prevalence of diagnoses in the general population
[45–48], suggesting that the present study had little or
no bias against selection from relevant clinical groups.
Third, examining our data within five groups of participants graded according to the level of magnocellular
function—following the methods of Detterman & Daniel
[44]—does not reveal any trend towards higher correlations with decreasing sensitivity. Mean correlations
between tasks (+s.e.m.) within groups ordered by decreasing sensitivity were rS ¼ 0.13 (+0.02), 0.09 (+0.02), 0.11
(+0.02), 0.10 (+0.02) and 0.15 (+0.03). Finally, and
more generally, there is an issue of circularity: if magnocellular tasks measure magnocellular function only for a
subgroup of individuals, how are these individuals to be
identified as suitable candidates for testing?
(c) Changing views of sensory pathways
The notion of a singular magnocellular –dorsal pathway—
aside from its assessment by psychophysical means—is
problematic in the light of advances in anatomy and
physiology, which take us far from the simple classical picture of parasol and midget ganglion cells projecting,
respectively, to the magnocellular and parvocellular
layers of the LGN. The retina alone is known to contain
at least 80 different cell populations, with separate visual
pathways projecting from each of at least 20 anatomically
distinct classes of the ganglion cell [49]. The physiological
properties of many cell classes remain unknown, but it
now seems highly unlikely that parasol cells alone determine sensitivity to the stimuli used in magnocellular
tasks. For example, it has recently been suggested that frequency-doubled gratings might effectively stimulate the
large smooth monostratified ganglion cells [50], which costratify with parasol cells in the retinal inner plexiform
layer. Moreover, the functional properties of magnocellular and parvocellular neurons show substantial overlap
[51]. Further downstream, the direct link between the
subcortical magnocellular system and the cortical dorsal
pathway is also compromised by evidence of non-magnocellular input to dorsal divisions of the primary visual
cortex and higher visual areas [3]. Indeed, some have
argued that the linear pathway model of cortical visual processing is fundamentally unsound [2].
(d) Final remarks
If performance on different ‘magnocellular tasks’ is determined by different sources of variance, it is hardly
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surprising that the literature examining psychophysically
diagnosed ‘magnocellular deficits’ is characterized by conflict and contradiction. Valuable information may be lost
when performance is compressed into a single dimension
of ‘magnocellular function’. There is preliminary evidence,
for instance, that certain developmental disorders have a
specific performance profile across different dimensions
of fast temporal sensory processing [9]. We propose that
relinquishing the notion of general ‘magnocellular function’ in favour of a multidimensional view will resolve
much of the contradiction in past findings and provide a
more robust framework for future investigation.

13

14

15

The research was approved by the Psychology Research
Ethics Committee of the University of Cambridge.
This work was supported by the Gatsby Charitable Foundation.
P.T.G. was supported by a scholarship from the Cambridge
Commonwealth and Overseas Trusts, and by an Overseas
Research Studentship. J.M.B. was supported by a research
fellowship from Gonville and Caius College, Cambridge.

16

17

18

REFERENCES
1 Livingstone, M. S. & Hubel, D. H. 1988 Segregation of
form, color, movement, and depth: anatomy, physiology,
and perception. Science 240, 740– 749. (doi:10.1126/
science.3283936)
2 de Haan, E. H. & Cowey, A. 2011 On the usefulness of
‘what’ and ‘where’ pathways in vision. Trends Cogn. Sci.
15, 460 –466. (doi:10.1016/j.tics.2011.08.005)
3 Merigan, W. H. & Maunsell, J. H. 1993 How parallel are
the primate visual pathways? Annu. Rev. Neurosci. 16,
369– 402. (doi:10.1146/annurev.ne.16.030193.002101)
4 Schiller, P. H., Logothetis, N. K. & Charles, E. R. 1990
Functions of the colour-opponent and broad-band channels of the visual system. Nature 343, 68–70. (doi:10.
1038/343068a0)
5 Derrington, A. M. & Lennie, P. 1984 Spatial and temporal contrast sensitivities of neurones in lateral
geniculate nucleus of macaque. J. Physiol. 357, 219 –240.
6 Livingstone, M. S., Rosen, G. D., Drislane, F. W. &
Galaburda, A. M. 1991 Physiological and anatomical
evidence for a magnocellular defect in developmental
dyslexia. Proc. Natl Acad. Sci. USA 88, 7943–7947.
(doi:10.1073/pnas.88.18.7943)
7 Stein, J. & Walsh, V. 1997 To see but not to read: the
magnocellular theory of dyslexia. Trends Neurosci. 20,
147– 152. (doi:10.1016/S0166-2236(96)01005-3)
8 Braddick, O., Atkinson, J. & Wattam-Bell, J. 2003
Normal and anomalous development of visual motion
processing: motion coherence and ‘dorsal-stream vulnerability’. Neuropsychologia 41, 1769–1784. (doi:10.1016/
S0028-3932(03)00178-7)
9 Grinter, E. J., Maybery, M. T. & Badcock, D. R. 2010
Vision in developmental disorders: is there a dorsal
stream deficit? Brain Res. Bull. 82, 147–160. (doi:10.
1016/j.brainresbull.2010.02.016)
10 Amitay, S., Ben-Yehudah, G., Banai, K. & Ahissar, M.
2002 Disabled readers suffer from visual and auditory
impairments but not from a specific magnocellular deficit. Brain 125, 2272–2285. (doi:10.1093/brain/awf231)
11 Buchholz, J. & McKone, E. 2004 Adults with dyslexia
show deficits on spatial frequency doubling and visual
attention tasks. Dyslexia 10, 24–43. (doi:10.1002/dys.263)
12 Cornelissen, P., Richardson, A., Mason, A., Fowler, S. &
Stein, J. 1995 Contrast sensitivity and coherent motion
detection measured at photopic luminance levels in
Proc. R. Soc. B (2012)

19

20

21

22

23

24

25

26

27

28

dyslexics and controls. Vis. Res. 35, 1483–1494.
(doi:10.1016/0042-6989(95)98728-R)
Pammer, K. & Wheatley, C. 2001 Isolating the M(y)-cell
response in dyslexia using the spatial frequency doubling
illusion. Vis. Res. 41, 2139–2147. (doi:10.1016/S00426989(01)00092-X)
Ramus, F., Rosen, S., Dakin, S. C., Day, B. L.,
Castellote, J. M., White, S. & Frith, U. 2003 Theories
of developmental dyslexia: insights from a multiple case
study of dyslexic adults. Brain 126, 841–865. (doi:10.
1093/brain/awg076)
O’Brien, J., Spencer, J., Atkinson, J., Braddick, O. &
Wattam-Bell, J. 2002 Form and motion coherence processing in dyspraxia: evidence of a global spatial
processing deficit. Neuroreport 13, 1399 –1402. (doi:10.
1097/00001756-200208070-00010)
Sigmundsson, H., Anholt, S. K. & Talcott, J. B. 2010 Are
poor mathematics skills associated with visual deficits in
temporal processing? Neurosci. Lett. 469, 248 –250.
(doi:10.1016/j.neulet.2009.12.005)
Milne, E., Swettenham, J., Hansen, P., Campbell, R.,
Jeffries, H. & Plaisted, K. 2002 High motion coherence thresholds in children with autism. J. Child Psychol.
Psychiatry 43, 255–263. (doi:10.1111/1469-7610.00018)
Atkinson, J., King, J., Braddick, O., Nokes, L., Anker, S. &
Braddick, F. 1997 A specific deficit of dorsal stream function in Williams’ syndrome. Neuroreport 8, 1919–1922.
(doi:10.1097/00001756-199705260-00025)
Kogan, C. S., Boutet, I., Cornish, K., Zangenehpour, S.,
Mullen, K. T., Holden, J. J., Der Kaloustian, V. M.,
Andermann, E. & Chaudhuri, A. 2004 Differential
impact of the FMR1 gene on visual processing in fragile X
syndrome. Brain 127, 591–601. (doi:10.1093/brain/
awh069)
Kiss, I., Fabian, A., Benedek, G. & Kéri, S. 2010 When
doors of perception open: visual contrast sensitivity in
never-medicated, first-episode schizophrenia. J. Abnorm.
Psychol. 119, 586–593. (doi:10.1037/a0019610)
Silva, M. F., Faria, P., Regateiro, F. S., Forjaz, V.,
Januario, C., Freire, A. & Castelo-Branco, M. 2005 Independent patterns of damage within magno-, parvo- and
koniocellular pathways in Parkinson’s disease. Brain
128, 2260–2271. (doi:10.1093/brain/awh581)
Benedek, K., Tajti, J., Janaky, M., Vecsei, L. & Benedek,
G. 2002 Spatial contrast sensitivity of migraine patients
without aura. Cephalalgia 22, 142 –145. (doi:10.1046/j.
1468-2982.2002.00351.x)
Sun, H., Swanson, W. H., Arvidson, B. & Dul, M. W.
2008 Assessment of contrast gain signature in inferred
magnocellular and parvocellular pathways in patients
with glaucoma. Vis. Res. 48, 2633–2641. (doi:10.1016/
j.visres.2008.04.008)
Dakin, S. & Frith, U. 2005 Vagaries of visual perception
in autism. Neuron 48, 497–507. (doi:10.1016/j.neuron.
2005.10.018)
Pellicano, E. & Gibson, L. Y. 2008 Investigating the functional integrity of the dorsal visual pathway in autism and
dyslexia. Neuropsychologia 46, 2593 –2596. (doi:10.1016/
j.neuropsychologia.2008.04.008)
Leonova, A., Pokorny, J. & Smith, V. C. 2003 Spatial frequency processing in inferred PC- and MC-pathways.
Vis. Res. 43, 2133–2139. (doi:10.1016/S0042-6989(03)
00333-X)
Pokorny, J. 2011 Review: steady and pulsed pedestals,
the how and why of post-receptoral pathway separation.
J. Vis. 11, 1–23. (doi:10.1167/11.5.7)
Kéri, S. & Benedek, G. 2011 Fragile X protein
expression is linked to visual functions in healthy male
volunteers. Neuroscience 192, 345– 350. (doi:10.1016/j.
neuroscience.2011.06.074)

Downloaded from rspb.royalsocietypublishing.org on September 20, 2012

Magnocellular tasks
29 Stein, J. 2001 The magnocellular theory of developmental dyslexia. Dyslexia 7, 12–36. (doi:10.1002/dys.186)
30 Johnson, D. M., Watson, C. S. & Jensen, J. K. 1987 Individual differences in auditory capabilities. I. J. Acoust.
Soc. Am. 81, 427 –438. (doi:10.1121/1.394907)
31 Tallal, P. & Piercy, M. 1973 Defects of non-verbal auditory perception in children with developmental aphasia.
Nature 241, 468–469. (doi:10.1038/241468a0)
32 Brainard, D. H. 1997 The psychophysics toolbox. Spat.
Vis. 10, 433 –436. (doi:10.1163/156856897X00357)
33 Pelli, D. G. 1997 The VideoToolbox software for visual psychophysics: transforming numbers into movies. Spat. Vis.
10, 437–442. (doi:10.1163/156856897X00366)
34 Regan, B. C., Reffin, J. P. & Mollon, J. D. 1994 Luminance noise and the rapid determination of
discrimination ellipses in colour deficiency. Vis. Res. 34,
1279 –1299. (doi:10.1016/0042-6989(94)90203-8)
35 Smith, V. C. & Pokorny, J. 1975 Spectral sensitivity of the
foveal cone photopigments between 400 and 500 nm. Vis.
Res. 15, 885–912. (doi:10.1016/0042-6989(75) 90203-5)
36 King-Smith, P. E., Grigsby, S. S., Vingrys, A. J., Benes,
S. C. & Supowit, A. 1994 Efficient and unbiased modifications of the QUEST threshold method: theory,
simulations, experimental evaluation and practical
implementation. Vis. Res. 34, 885 –912. (doi:10.1016/
0042-6989(94)90039-6)
37 Watson, A. B. & Pelli, D. G. 1983 QUEST: a Bayesian
adaptive psychometric method. Percept. Psychophys. 33,
113 –120. (doi:10.3758/BF03202828)
38 Sun, H., Smithson, H. E., Zaidi, Q. & Lee, B. B. 2006
Specificity of cone inputs to macaque retinal ganglion
cells. J. Neurophysiol. 95, 837 –849. (doi:10.1152/jn.
00714.2005)
39 Krippendorff, K. 2004 Reliability. In Content analysis: an
introduction to its methodology, pp. 211–256, 2nd edn.
Thousand Oaks, CA: Sage.
40 Wilmer, J. B. 2008 How to use individual differences to
isolate functional organization, biology, and utility of
visual functions; with illustrative proposals for stereopsis.
Spat. Vis. 21, 561–579. (doi:10.1163/15685680
8786451408)
41 Witton, C., Talcott, J. B., Hansen, P. C., Richardson,
A. J., Griffiths, T. D., Rees, A., Stein, J. F. & Green, G.
G. 1998 Sensitivity to dynamic auditory and visual

Proc. R. Soc. B (2012)

42

43
44

45

46

47

48

49

50

51

P. T. Goodbourn et al.

4271

stimuli predicts nonword reading ability in both dyslexic
and normal readers. Curr. Biol. 8, 791–797. (doi:10.
1016/S0960-9822(98)70320-3)
Dawes, P., Sirimanna, T., Burton, M., Vanniasegaram, I.,
Tweedy, F. & Bishop, D. V. 2009 Temporal auditory and
visual motion processing of children diagnosed with
auditory processing disorder and dyslexia. Ear Hear. 30,
675 –686. (doi:10.1097/AUD.0b013e3181b34cc5)
Spearman, C. 1927 The abilities of man: their nature and
measurement. New York, NY: Macmillan
Detterman, D. K. & Daniel, M. H. 1989 Correlations of
mental tests with each other and with cognitive variables
are highest for low IQ groups. Intelligence 13, 349–359.
(doi:10.1016/S0160-2896(89)80007-8)
Baron-Cohen, S., Scott, F. J., Allison, C., Williams, J.,
Bolton, P., Matthews, F. E. & Brayne, C. 2009 Prevalence of autism-spectrum conditions: UK school-based
population study. Br. J. Psychiatry 194, 500–509.
(doi:10.1192/bjp.bp.108.059345)
Gibbs, J., Appleton, J. & Appleton, R. 2007 Dyspraxia or
developmental coordination disorder? Unravelling the
enigma. Arch. Dis. Child. 92, 534–539. (doi:10.1136/
adc.2005.088054)
Miles, T. R., Haslum, M. N. & Wheeler, T. J. 1998
Gender ratio in dyslexia. Ann. Dyslexia 48, 27–55.
(doi:10.1007/s11881-998-0003-8)
Roelfsema, M. T., Hoekstra, R. A., Allison, C.,
Wheelwright, S., Brayne, C., Matthews, F. E. & BaronCohen, S. 2012 Are autism spectrum conditions more
prevalent in an information-technology region? A
school-based study of three regions in the Netherlands.
J. Autism Dev. Disord. 42, 734 –739. (doi:10.1007/
s10803-011-1302-1)
Dacey, D. 2004 Origins of perception: retinal ganglion
cell diversity and the creation of parallel visual pathways.
In The cognitive neurosciences (ed. M. S. Gazzaniga), pp.
281 –301, 3rd edn. Cambridge, MA: MIT Press.
Maddess, T. 2011 Frequency-doubling technology and
parasol cells. Invest. Ophthalmol. Vis. Sci. 52, 3759.
(doi:10.1167/iovs.11-7405)
Levitt, J. B., Schumer, R. A., Sherman, S. M., Spear, P. D. &
Movshon, J. A. 2001 Visual response properties of neurons
in the LGN of normally reared and visually deprived
macaque monkeys. J. Neurophysiol. 85, 2111–2129.

