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Abstract

A technique by Rogers-Ramachandran and Ramachandran [Vis. Res. 38 (1998) 71-77] was adapted to evaluate magnocellular (M) ar
parvocellular (P) visual processing efficiency, with identical task structure, in normal and dyslexic children. A battery of phonological,
orthographic and cognitive tasks was administered to assess reading ability and component reading skills in both groups. For the visu:
processing experiment, children identified shapes created by patterns of dots flickering in counter-phase. The dots were black and whit
in the M condition, versus isoluminant red and green in the P condition. A staircase procedure determined the children’s threshold flicker
rate for shape identification. Dyslexics displayed selectively slower visual processing in the M condition but not in the P condition. Across
all subjects, performance in the M condition was correlated with measures of orthographic skill, consistent with previous findings linking
M processing and orthographic skill. Within the dyslexic group, processing in the M condition was negatively correlated with level of
phonological awareness. The results are not consistent with the argument that dyslexics with phonological impairments suffer from deficit:
across all sensory modalities, as those children with the poorest phonological awareness displayed magnocellular processing well withi
the normal range.
© 2003 Elsevier Science Ltd. All rights reserved.
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1. Introduction existence of a selective magnocellular deficit in dyslexia
is itself an area of controversy. On the one hand, there is

Since the mid-1970s, dyslexia researchers have debatedinatomical evidence from autopsies of adult dyslexic brains
the existence of visual processing deficits in dyslexia spe- as well as physiological studies with live subjects to suggest
cific to what is now known as the magnocellular visual that some dyslexics have abnormal or stunted cortical mag-
system Breitmeyer & Ganz, 1976Cornelissen, Hansen, nocellular developmentDemb, Boynton, & Heeger, 1998
Hutton, Evangelinou, & Stein, 199®unn & Dunn, 1981 Galaburda, Sherman, Rosen, Aboitiz, & Geschwind, 1992
Eden et al., 1996Slaghuis & lovegrove, 1984 Stein, Jenner, Rosen, & Galaburda, 1999vingstone, Rosen,
2001 Stein & Walsh, 1997Tallal, Miller, & Fitch, 1993. Drislane, & Galaburda, 19910n the other hand, consid-
At the heart of the debate lies the lack of a causal link erable criticism has arisen from failures to replicate the
between impaired magnocellular processing and the phono-psychophysical findingd{ayduk et al., 1996; Hulme, 1988;
logical impairments most closely associated with dyslexia. Skottun, 200 The conflicting results may reflect variabil-
Specifically, no clear explanation exists as to how impaired ity in dyslexic etiology or in subject selection procedures
pronunciation and manipulation of isolated words and (e.g. selection of children referred to vision clinics). Other
non-words, hallmarks of the most common dyslexic phe- methodological concerns exist as well (e.g. the validity of
notype, could be affected by visual magnocellular deficits specific measures of contrast sensitivity or motion percep-
(Greatrex & Drasdo, 1995Hayduk, Bruck, & Cavanagh, tion as pure measures of isolated magnocellular function
1996 Hulme, 1988; Stanovich, 1988In fact, the very  has been questionedf(eatrex & Drasdo, 1995Hayduk

et al., 1996; Hulme, 1988; Skottun, 2000
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judgment, coherent motion perception, contrast sensitivity G mmeinine
functions and neuroimagingBfeitmeyer & Ganz, 1976 sesne Eeiseisees
Cornelissen, Richardson, Mason, Fowler, & Stein, 1995 de S sx 5w 5w s
Cornelissen et al., 199®emb et al., 1998Eden, Stein, . . see sse oo
Wood, & Wood, 1995Eden et al., 1996; Livingstone et al., o betis ices
1991 Slaghuis & Lovegrove, 198y The degree to which EEEEEEEEEE

these tasks truly isolate magnocellular processing (as well as
the certainty with which parvocellular processing has been
evaluated in control conditions) has been repeatedly called
into question Greatrex & Drasdo, 1995kottun, 200D In
addition, in many of these studies, little information has been
provided concerning the reading abilities of the subjects, al-
though that is starting to chang€drnelissen et al., 1998;
Talcott et al., 2000; Witton et al., 1998

The purpose of this study was to re-evaluate the selec-
tive magnocellular-deficit hypothesis and to evaluate the
relationship between magnocellular deficit and reading
impairment. To accomplish these goals, we first deter-
mined the reading profiles of children with and without \whereas the slower system was the parvocellular system (or
dyslexia, using a wide variety of reading and cognitive a parvocellular-recipient area).
measures. A visual psychophysics paradigm was then used Rather than using texture boundaries, as in the Rogers-
to selectively measure the efficacy of magnocellular- and Ramachandran and Ramachandran paradigm, we created
parvocellular-type processing with identical task struc- four simple visual shapes—heart, sailboat, rocket, and fish
ture Rogers-Ramachandran & Ramachandran, 1998e (see Fig. 1 for example), to make the task more inter-
combination of extensive reading tests and sensitive visualesting to children. In the magnocellular condition, each
measures allowed us to evaluate which kinds of read- shape consisted of two flickering black/white images,
ing skills were more closely linked to magnocellular- (or jdentical but negatives of each other: black “figure” dots
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Fig. 1. Counter-phase “heart” dot image used in magnocellular (upper
pair) and parvocellular (lower pair) conditions.

parvocellular-type) processing. _ among white “ground” dots; and white “figure” dots among
We based our psychophysical test on a paradigm thatplack “ground” dots. In the parvocellular condition, the
Rogers-Ramachandran and Ramachandran (18@8gl- black/white dots were replaced with isoluminant red/green

oped to evaluate magnocellular and parvocellular process-dots. Isoluminance was determined for each individual child
ing in adults with normal vision. They created stimuli using a minimum_performance calibration procedbm_
consisting of two adjacent fields of black and white spots a given trial, the child had to decide which of the four
that reversed polarity in counter-phase. At high reversal shapes appeared. We used a staircase procedure to deter-
frequencies, subjects could no longer see the phase contrashine the child’s threshold frequency. If dyslexics have a
of any two adjacent dots; however, they could still perceive magnocellular-specific deficit, we predicted that they would
“phantom contours” between the fields of dots—that is, have lower thresholds for identifying the shapes in the M
they perceived a boundary where the two fields met. At condition than controls, but comparable thresholds in the
the highest frequencies, the contours could only be seenp condition. We then considered how the children’s visual

with black/white dots. The contours disappeared if isolu- processing related to their performance on reading tasks
minant color dots (red/green) were used at that same highincluding ones related to phonology.

frequency. The threshold frequency for red/green dots was

significantly slower than that for black/white dots. In addi-

tion, perception of the contours was possible with very low 2, Methods

contrast black and white dots, and was enhanced by periph-

eral viewing. Rogers-Ramachandran and Ramachandram.1. Subjects

suggested that there are distinct processing streams in hu-

man vision: a fast system (threshold frequency: 15-17Hz)  chjldren were recruited from two local middle school
that extracts boundaries and contours, and a slower systengystems (Long Beach, CA and Los Angeles, CA). We ob-
(threshold frequency: 7 Hz) that determines surface charac-tained written, informed consent from both the parents and
teristics and color. Consistent with the view that the magno- {he children themselves. Nineteen children were assigned to

cellular stream operates at higher temporal frequencies thanye dyslexic group (mean age: 12:5) and an equal number
the parvocellular streamzgki, 1993 Zihl, von Cramon,

& Mai, 1983), Rogers-Ramachandran a_md Ramachandran™s The calibration is a major improvement on the original
concluded that the fast, contour-extracting system was therogers-Ramachandran and Ramachandran paradigm, in that it guaranteed
magnocellular system (or a magnocellular-recipient area) true isoluminance in the red/green condition.
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to the control group (mean age: 12:4) and the age differencewords, and we administered a two-alternative forced-choice
was not significant (Studenttstest, P > 0.95). One child orthographic decision task (Orthographic Choice). The task
in the control group was not run in the parvocellular condi- requires subjects to choose rapidly between a correctly
tion, due to red/green colorblindness. Rigid criteria were im- spelled word and a pseudo-homophone (e.g. soap/sope).
posed for inclusion in the dyslexic group. Inclusion required Half the list was comprised of target words with regular
standardized scores at least one standard deviation belowspellings, and half with exceptional (irregular) spellings.
the mean on a test of general reading ability, the Woodcock Finally, we also administered selections from the Gray
Reading Mastery Test—Word Identification sub-test, with Oral Reading Tests, third edition (GORT llI)Miederholt
standard scores within or above a standard deviation of the& Bryant, 1993, to determine passage reading accuracy,
mean on measures of general cognitive ability, either the rate, and comprehension. The timed test evaluates both
Peabody Picture Vocabulary Test—Revised (PPVT-R) or the phonological awareness and general reading ability.

Visual Closure sub-test of the Woodcock—Johnson Revised
Cognitive Abilities TestDunn & Dunn, 1981 Woodcock &
Johnson, 1989 Controls had to have Woodcock Word Iden-
tification, PPVT-R and Woodcock—Johnson Visual Closure  The experiment was run on a Macintosh G4 computer

scores at or above the dyslexic cut-off scores on these testsyith a Radius Thunder color graphics card installed to al-
(seeTable 1for summary). low greater color resolution (10 bits per gun). Stimuli were
displayed on an Apple Multiple Scan 720 monitor. All trials
were conducted in darkened rooms. The monitor was also
shielded with a black cardboard hood to minimize remaining

Subjects’ phonological and orthographic skills were as- ambient light. The phantom contour experiment was pro-
sessed using four additional tests. To determine phonolog-grammed using Matlab 5.2, with Psychtoolbox extensions
ical skill, subjects read aloud from a list of 75 non-words, (Brainard, 199Y. In both the magnocellular and parvocellu-
and deleted phonemes from 25 aurally presented wordslar conditions (M/P, respectively), the background was the
and 15 non-words (Phoneme Deletion; for a full descrip- same gray (12.7 cd/fand the dots were of the same cone
tion of these two tests, seddanisse, Manis, Keating, & contrast (9%) in DKL color spacégrrington, Krauskopf,
Seidenberg, 200MManis et al., 1999 To determine ortho- & Lennie, 1984. The low luminance of the background gray
graphic skill, subjects read aloud from a list of 65 exception |evel was chosen to minimize contrast and luminance, so
as to maximize magnocellular responBenb, Boynton, &
Heeger, 199\

2.3. Visual stimuli

2.2. Additional reading tests

Table 1
Mean standardized scores of reading and non-reading ability

2.4. Procedure

Dyslexics Controls
(N=19) (S.E) (N=19) (S.E)

General reading ability The experiment was split into two—three 45—-60 min ses-

Woodcock Word Identification  10.2 (1.5) 65.9 (4.0)* sions. Children were either tested in their schools, during
g’gg:”;"i)ivalem 43 (013) 0.0 (057) regular school hours, or in a lab room at the University
GORT Il a R R of Southern California after regular school hours. In a few
Accuracy 7.8 (1.2) 15.8 (L.1)" cases, the reading skill section of the experiment was ad-
Comprehension 13.8 (0.73) 16.6 (0.74) ministered at the children’s homes. Children were allowed
Rate 7.4 (1.1) 18.3 (1.2y" breaks whenever necessary. The reading skill section lasted
General cognitive ability between 75 and 90 min. The phantom contour experiment
Visual Closure sub-test 102.6 (2.8) 103.5 (2.4) required 20-30min. Subjects were given an opportunity
PeTab‘idYRP'CFurz Vocabulary — 89.7 (3.3) 106.3 (4.6 to adapt to the darkness of the room while performing a
est—revise non-reading verbal task (Phoneme Deletion). In addition,
Phonological awareness subjects were familiarized with pictures of the dot images
Non-word reading 82.1 (3:2) 59.2 (L) prior to the start of the experiment
Phoneme Deletion—words 149 (1.1) 20.4 (0788) ) ..
Non-words 7.4 (0.76) 11.6 (0.75) The magnocellular and_ parvocellular conditions were
orth hic sl run in separate blocks, with the magnocellular condition
rthograpnic S . 2 )
Exception word reading 53.4 (L1) 64.4 (18) fI!’St. Qn _each trial, one of the four sha_pes (made of tw,o
Orthographic Choice accuracy (%) flickering images) was shown to the _su_bject. At a subject’s
Overall 86 (1.3) 94 (1.2y* threshold, although the phase of individual dots cannot be
Regulars only 89 (1.5) 96 (0.87)
Exceptions only 82 (L.7) 91 (1.9y 2 We found in pilot studies that the black/white version of the task was

* P <0.02.
P < 0.01.
P < 0.001.

easier than the red/green condition. Furthermore, we wanted to control
for the effects of boredom and inattentiveness during the long 60-trial
black/white run. Thus, we administered this version first.
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Fig. 2. Magnocellular (M) and parvocellular (P) thresholds for dyslexic and control subjects.

distinguished, a “phantom contour” of the shape can be ing well below grade level# < 0.001). The pattern is typi-
correctly identified approximately 71% of the time. The cal of phonological dyslexiaottardo, Stanovich, & Siegel,
subject reported verbally which of the four shapes appeared.1996 Liberman & Shankweiler, 1983Manis, Seidenberg,
The experimenter typed a key for each response and theDoi, McBride-Chang, & Petersen, 1996tanovich, 1988
computer provided auditory feedback for each correct re- Wagner & Torgensen, 19870n the general cognitive tests,
sponse. A two-up/one-down staircase was used to measurdowever (Visual Closure and Peabody Picture Vocabulary),
the flicker rate at which the subject could perform the task they scored within or above a standard deviation of the mean,
at 71% correct. The magnocellular condition had 60 trials. thereby displaying the classic reading—IQ discrepancy in
In order to ensure that the red/green dots were truly dyslexia.

isoluminant in the parvocellular condition, a “minimum The average threshold frequency for shape identification
performance” calibration procedure was used for each in- in the magnocellular condition was 12.4 Hz for dyslexics
dividual subject, to find the “true” isoluminant point for (S.E. = 0.86) and 16.5Hz for controls (B. = 0.86) (see
the subjectl(u & Sperling, 200). Subjects ran five blocks  Fig. 2). The difference between the two groups was signifi-
of at least 20 trials of the parvocellular condition (with cant (Student's-test,P < 0.01)3 The scores for the parvo-
the experimenter either adding luminance to the red dots cellular condition were 8.2 Hz for dyslexics.(5 = 0.41)
while subtracting an equal amount of luminance from the and 7.8 Hz for controls (& = 0.37), and this difference
green dots—or the reverse-producing luminance contrastwas not significant® > 0.25). In both groups the magno-
that ranged from—3 to +3%). Using the same staircase cellular threshold was faster than the parvocellular threshold
procedure, the added-luminance version that produced the(paired-samplestest, P < 0.001). Performance on the M
minimum performance was identified as the true isolumi- condition was not significantly correlated with performance
nant version. Subjects then re-ran the staircase proceduren the P condition® > 0.25).
at this calibrated level, and the overall threshold frequency Across the entire sample, log of threshold frequency in the
was computed using both the calibration trial and the “new” M condition was significantly correlated with standardized
staircase trials. Data from the non-isoluminant calibration score on the general word reading ability test (Woodcock
trials was not used in any further analyses. Word Identification: Pearson correlation, 0.42,< 0.006).

Log of threshold frequency M condition was also signifi-

cantly correlated witid’ on the Orthographic Choice task.

3. Results
3 Although control subjects scored significantly higher on Peabody
Table lillustrates the subjects’ scores on the reading and Picture Vocabulary_ thar_1 dyslexic su_bjects, this measure was not_ found
L. . L to be correlated with either of the visual measur@s>( 0.25), nor did
general cognitive measures. The dySI_EXICS were Slgnlflcantlythis difference affect the significance level of the visual finding&(
worse than controls on the phonological awareness, phonos7) = 5502, p > 0.25; i.e. the significance of the difference in the M

logical decoding and orthographic measures, and were read-condition remained the samé, < 0.01).
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Table 2
3.5 00 0 Comparison of reading scores within the dyslexic group
Low-M Hi-M
3.0 0 ¢« 0 @ O (N=9) (SEE) (N=10)(S.E)
M condition threshold (Hz) 9.2 (0.59) 15.3 (0.72)
@ P condition threshold (Hz) 7.0 (0.44) 9.2 (0.45)
Z Woodcock Word Identification 11.0 (2.3) 9.5 (2.0)
£ (percentile)
g Grade equivalent 4.4 (0.20) 4.2 (0.17)
GORT 1l
Accuracy 10.1 (1.4) 5.7 (1.8)
Comprehension 14.1 (0.96) 13.6 (1.1)
Rate 9.7 (1.7) 5.4 (1.2)
0.5 . . . ] ] ) Visual Closure sub-test 101.9 (4.2) 103.3 (3.8)
10% 10° 10' 10" 10'2 10'? 104 Peabody Picture Vocabulary 87.9 (4.6) 91.4 (4.9)
(a) Frequency (Hz) Test—Revised
Non-word reading 40.1 (4.1) 24.9 (317)
Phoneme Deletion—words 16.9 (0.72) 13.2 (1.8)
35 o 0 0 00 Non-words 8.9 (0.90) 6.1 (13)
Exception word reading 56.1 (2.6) 51.0 (2.4)
3.0 Orthographic Choice accuracy (%)
Overall 86 (1.2) 85 (2.4)
< Regulars only 90 (0.96) 88 (2.8)
< Exceptions only 82 (2.1) 83 (2.8)
Q
£ ap <0.06.
§ *P <0.02.
** P < 0.002.
% P < 0.001.
. more than one standard deviation below the mean of the
0.5 o S s T 07 o8 o control group in the M condition, and those scoring within
®) Frequency (Hz) the control range. Nine children comprised the former group

(low-M), and ten the latter group (hi-M) (s@able 2. Anal-

Fig. 3. (a) Overall Orthographic Choice accuracy vs. threshold frequency YS€S revealed that the low-M group was significantly better
in M condition (dyslexics: diamonds; controls: circles). (b) Accuracy on at non-word reading than the hi-M group (Studertitest,
exceptions words only vs. threshold frequency in M condition (dyslexics: p 0.02). Specifically, the former group had a mean of
diamonds; controls: circles). 40/70 correct versus 25/70 correct for the latter group. We

note, however, that although the low-M children wbetter

Overall score and exception-words-only scatec@lculated at non-word reading, and thus less impaired, they were still
from percent correct) were both significantly correlated significantly worse than controls?(< 0.001). In addition,
with threshold frequency in the M condition’ (versus log comparisons of another measure of phonological process-

of frequency: overall: Pearson correlation, 0.#1< 0.01; ing, Phoneme Deletion (non-words), as well as of GORT
exception words: Pearson correlation, 0.41,< 0.011), accuracy and rate, revealed similar trenéts< 0.06 in all
but notd’ for regular words-only P > 0.10) (seeFig. 3). three instances). Although the dyslexics in the low-M group

The correlations were only present when the subject groupshad significantly lower threshold frequencies in the P con-
were combined; no correlation was found between threshold dition than the dyslexics in the hi-M group (low-M: 7.0 Hz;
frequency and Orthographic Choice scores when either thehi-M: 9.2 Hz, P < 0.002), their threshold frequencies in the
dyslexic group or the control group was considered sepa- P condition were still not significantly different from those
rately (P > 0.25). For the sample as a whole, no additional in the control group £ > 0.22). None of the cognitive or
correlation was found between any of the other reading mea-verbal measures correlated with threshold frequency in the
sures, including all tests of phonological processing, and ei- P condition ¢ > 0.25). The low- and hi-M groups did
ther magnocellular or parvocellular processiiy* 0.25). not have significantly different Orthographic Choice scores
Analyses of the dyslexics only showed non-word read- (P > 0.25; se€eTable 2.
ing score was negatively correlated with the log of thresh-  Within the control group, none of the phonological, or-
old frequency during the M condition (Pearson correlation, thographic, or cognitive measures were correlated with
—0.46, P < 0.05). Further comparisons involved splitting threshold frequency for either the M or P conditions
the dyslexic group into those with threshold frequencies (P > 0.25).
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4. Discussion 60

Using rigorous criteria, we segregated our subjects into 50
dyslexic and control groups and evaluated their phono-
logical and orthographic abilities across a wide range of
measures. The phantom contour results replicate Rogers-
Ramachandran and Ramachandran’s original findings,
demonstrating the existence of two visual processing
streams. In both groups of children, the magnocellular
stream, which functions with luminance cues, operated sig-
nificantly faster than the parvocellular stream, which makes
use of surface color cues. An important methodological ad-

Score

vantage of the paradigm is that it enabled us to selectively ¢

and equally evaluate both magnocellular and parvocellular

processing. The only difference between the M and P condi- 0% 10° 100 10" 10 10 10
tions is a change of the visual stimuli from black and white Frequency (Hz)

to red and green. The identical task structure is crucial to
claims of selective magnocellular-type deficits in dyslexia. Fig. 4. Plot of threshold frequency in M condition vs. non-word reading
The results are consistent with previous studies that have>®°"®®
claimed that only a portion of dyslexic individuals has
some form of magnocellular deficiBfrsting et al., 1996;  examined further. These children will have more difficulty
Spinelli et al., 1997; Talcott et al., 2000; Witton et al., encoding and remembering orthographic information, as
1999. Nearly half of the children (9/19) in the dyslexic indexed by the Orthographic Choice task. The capacity is
group had black/white thresholds more than one standardalso relevant to reading exception words, such as PINT or
deviation below the control group mean. The crucial ques- HAVE. The child has to remember these particular config-
tion is, given the evidence that some children have this urations of letters in order to associate them with irregular
type of deficit, how does it relate to their reading? The pronunciationsKig. 4).
study revealed that general reading ability (as indexed by The findings are consistent with the suggestion from
the standardized Woodcock Word Identification test) was several recent studies that some dyslexics exhibit motion
indeed correlated with magnocellular-type processing. The perception deficits. There is evidence, from fMRI studies,
study of a wide array of phonological, orthographic, and that the visual pathways and especially the dorsal motion
cognitive ability measures allowed us to isolate the specific area MT/V5 are less activated in dyslexics during motion
reading factor correlated with magnocellular-type process- perception tasksOemb et al., 1997, 1998; Eden et al.,
ing: orthographic ability. The finding is in agreement with 1996 but see Kinsey, 2002 for conflicting findings). As
a growing line of research linking orthographic, and not dorsal motion areas receive input largely from the mag-
phonological, ability with magnocellular-type processing nocellular systemZeki, 1993; Zihl et al., 1983 coherent
(Talcott et al., 2000; Witton et al., 1998 motion perception had been used in prior studies as a test of
The finding that there was no difference between the magnocellular processing. In some cases, researchers have
dyslexics and the controls in the parvocellular condition is found correlations between motion perception and general
perhaps as important as the finding of a significant differ- reading ability or single-word readingC6rnelissen et al.,
ence between the two groups in the magnocellular condi- 1995, 1998; Eden et al., 19p6tudies conducted blalcott
tion. The combination of both these results is what allows et al. (2000)and Witton et al. (1998)have been among
us to conclude that dyslexics hagelective magnocellu- those to suggest that it is orthographic skill specifically—
lar deficits. Our study stands in contrast to many others not phonological awareness—that is correlated with coher-
in the literature which did not properly control as rigor- ent motion perception abilityTalcott et al., 2000; Witton
ously for the parvocellular conditionB¢rsting et al., 1996; et al., 1998. In these newer studies, the research groups
Cornelissen et al., 1995, 1998; Eden et al., 1995, 1996; have used the terms “dynamic” and “temporal”, rather than
Livingstone et al., 1991; Skottun, 2000; Spinelli et al., 1997; “magnocellular”, to characterize what could be the core
Talcott et al., 2000; Witton et al., 1998 visual deficit in motion perception—it stems from an in-
Our results have implications for current theories of ability to process information that changes rapidly over the
dyslexia. First, the results support the idea that there is acourse of time. There may be good reasons to shift away
magnocellular deficit in some dyslexic children which af- from the term “magnocellular” when discussing coherent
fects orthographic processing. The basis for this deficit is motion perception. The assumption that coherent motion is
unknown. One possibility is that it reflects the low end of processed by magnocellular-recipient areas only—without
a normal distribution of magnocellular processing abilities, parvocellular input—is controversial, and may be an
rather than a developmental anomaly, but this needs to beover-generalization of the role of the magnocellular stream
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(Croner & Albright, 1999 Lu & Sperling, 2001 Schiller & better phonological skills, as judged by their performance
Malpeli, 1979. Experiments that evaluate both magno- on tests of non-word reading, paragraph-reading accuracy,
cellular and parvocellular processing with the same task and Phoneme Deletion tasks, than dyslexics with faster
structure, such as the current study, would better supportprocessing efficiencies (sdable 2.

claims of selective magnocellular deficits in dyslexia. The unexpectedly negative relationship which we found
We gave our own subjects the same type of orthographic between magnocellular-type processing and phonological
skill test used byTalcott et al. (2000)and Witton et al. awareness is difficult to interpret at the time of this writ-

(1998) (Orthographic Choice), and found strong, posi- ing. Could magnocellular deficits reduce the severity of
tive relationships with phantom contour perception. The phonological deficits? An unlikely conclusion, and more-
correlations lend further support to observations linking over, though the children with low scores in the M condition
M-type processing and orthographic skill. In particular, were better at non-word reading, they were still significantly
exception-word choice, which requires subjects to focus worse than controls. The children, like dyslexics in general,
more specifically on orthography and ignore phonology than did have obvious phonological deficits, however mild. Al-
regular-word choice does, was most strongly and selectively ternatively, the magnocellular-processing deficit may be an
correlated with magnocellular processing efficiency. Deter- indirect, correlated symptom, whose functional significance,
mining whether magnocellular processing exerts a direct as regards phonological processing, remains unknown.
influence on orthographic skill requires further analyses of
specific skills required for Orthographic Choice tasks. Al-
though our findings agree with thoseTdlcott et al. (2000)
andWitton et al. (1998)the degree to and specificity with

which our different tasks (phantom contour perception and amined the variability in phonological and orthographic

coherent motion perception) tap magnocellular processing deficits within the dyslexic populatiorC@stles & Coltheart

e e ol . 1993 Joaniss e a. 2000 an et l. 199, 1997 199
Studies byCastles and Coltheart (199a@nd Manis et al.

m?”ggfg:f:g:gﬁf;;é‘:‘g'Of the findings concerns the (1996) have produced classification schemes which differ-
pan-sensory deficit hypothesiStéin, 2001 Stein & Walsh entiate th_o s¢€ dyslegics with prirnaril){ phqnological defi_c its
1997 Tallal et al., 1993 According to this hypothesis (phonological dyslexia), those with primarily orthographic
- ’ . ) S . deficits and milder phonological deficitsu¢face (Castles
dyslexics have a congenital pan-sensory deficit in process & Coltheart, 1993 or delay-type dyslexia (Manis et al.,

ing rapidly changing stimuli, owing to deficits in global . L .

magnocellular-type processingtein, 2001 Stein & Walsh, ég?ma?d arsinwet|r|1 as thrrc])s;a ;Ytlthir?r? ﬂ; dn?f:gtlsnr?@d dys ex:}z) 'r d

1997 Tallal et al., 1993 The deficit could explain the . onsidenng the compiexity inherent in fahguage and read-
ing, it is possible that different congenital, neuronal deficits

phonological deficit in dyslexics, since often the differ- . . ,
o . underlie the various subtypes, and even a single subtype, and
ence between two similar phonemes is based upon small, ; . ) ) X >
could be differentially linked to visual or auditory deficits.

rapid changes in formant frequencies, and magno-type . .

cells, which likely exist in auditory as well as visual ;I;}Zesduy;tlexg;s Inh%l;]rofc:u%;ag fgler:(tigtieu{SrOeStiﬁfen;gma?ig;s

modalities, respond to rapid, transient stimulus patterns. A of the rZE\tic;nFs),hi be?vveen yd slexia and ma noc?ellular

child with difficulty processing these critical rapid changes : P y . 9!
processing would clearly benefit from the inclusion of all

could be further hindered in the ability to learn the vi- ) . . S

tal grapheme-phoneme correspondences involved in earIySUbtyPes Of. d_ysIeX|a, espeu_ally those_ with primarily ortho-
reading. Proponents assert that the reported visual magno?hrzspg'gtgegg;tiﬁ‘ feevtvasltug';gs(shs\\llii;: ;?C; b el%;% to take
cellular deficits could be the result of a single, underlying | FI) N 9 b q ' | b f readi
congenital abnormality that affects all magno-cells, includ- N conclusion, we comoined a farge numboer ol reading
ing the auditory ones; by extension, all forms of rapid tem- measures, to _carefully characterize the_: reading abllltles
poral processing, including phonological decoding, would of both d.ySIGX'C and n(_)rmal readers, with an experimen-
affected Eden et al., 1996; Stein, 2001; Tallal et al., 1293 tal paradigm that provides an equal evaluguon of both
Therefore, a potential prediction of the theory would be that mggnocellular— apd parvocellular-typ_e processing. We found
individuals who are more severely impaired in phonological ewdencg for a fink between §elect|y§ magnqcellula_r-type
processing would display more severe processing deficitsPrOc€sSINg and. general reading ability, and in particular,
across all sensory modalities, including vision and audition. orthographic skill

Although we only evaluated processing in a single modality,

vision, we thoroughly evaluated phonological processing, Acknowledgements

and our results are not consistent with this prediction. In-

deed, the relationship we obtained for phonological skill  This work was supported by a LAS Merit Fellowship from
and magnocellular processing was in the opposite direction.USC to A. Sperling and NICHD grant HD29891 to F. Manis.
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5. Conclusions
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