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Abstract The aim of this study was to investigate the theory that visual magnocellular
deficits seen in groups with dyslexia are linked to reading via the mechanisms of visual
attention. Visual attention was measured with a serial search task and magnocellular
function with a coherent motion task. A large group of children with dyslexia (n=70) had
slower serial search times than a control group of typical readers. However, the effect size
was small (ηp

2=0.05) indicating considerable overlap between the groups. When the
dyslexia sample was split into those with or without a magnocellular deficit, there was no
difference in visual search reaction time between either group and controls. The data
suggest that magnocellular sensitivity and visual spatial attention weaknesses are
independent of one another. They also provide more evidence of heterogeneity in response
to psychophysical tasks in groups with dyslexia. Alternative explanations for poor
performance on visual attention tasks are proposed along with avenues for future research.
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Dyslexia is a word-reading problem that affects 5–10% of the population (Yule, Rutter,
Berger, & Thompson, 1973). Although the notion of dyslexia being a modular deficit in
phonology remains (Bonifacci & Snowling, 2008), there is increasing recognition that
dyslexia is a heterogeneous disorder associated with multiple cognitive and perceptual
weaknesses (Shanahan et al., 2006) that have been explained with a range of theories (see
Vellutino, Fletcher, Snowling, & Scanlon, 2004, for review).

One explanation of dyslexia is the magnocellular deficit theory. Reduced sensitivity to
stimuli that are processed in the magnocellular and/or dorsal visual stream has been found
in groups or individuals with dyslexia compared to typical readers (e.g. Conlon, Sanders, &
Wright, 2009; Conlon, Sanders, & Zapart, 2004; Conlon, Wright, Norris, & Chekaluk,
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2011; Cornelissen, Richardson, Mason, Fowler, & Stein, 1995; Demb, Boynton, Best, &
Heeger, 1998; Felmingham & Jakobson, 1995; Kubova, Kuba, Peregrin, & Novakova,
1996; Lehmkuhle, Garzia, Turner, Hash, & Baro, 1993; Lovegrove, Martin, & Slaghuis,
1986; Slaghuis & Ryan, 2006; Wilmer, Richardson, Chen, & Stein, 2004; Wright &
Conlon, 2009). Regardless of the visual location at which this deficit is found, it is
commonly described as “magnocellular” (M-deficit; Hansen, Stein, Orde, Winter, &
Talcott, 2001; Stein & Walsh, 1997; Vidyasagar, 2004; Wright & Conlon, 2009). A
coherent theory linking these physiological weaknesses to cognition and reading behaviour
is yet to be established. Explanations including poor capacity of the magnocellular system
to inhibit the parvocellular system (Breitmeyer, 1980; Breitmeyer & Ganz, 1976) and poor
eye movement control (Stein & Fowler, 1980, 1981, 1985; Stein, Fowler, & Richardson,
2000; Stein, Riddell, & Fowler, 1988) have been proposed. However, these have not proven
satisfactory (Goulandris, McIntyre, Snowling, Bethel, & Lee, 1998; Skottun, 2000).

One theory that bears investigation has observed that the M-pathway primarily projects
to a ventral visual stream (of which MT/V5 is a part), which in turn projects to the right
posterior parietal cortex (PPC), an area that modulates visuospatial attention (Vidyasagar &
Pammer, 2010). The theory proposes that impoverished M-inputs to the PPC adversely
affect an individual’s ability to deploy spatial visual attention. Because visual attention is
necessary for visual–orthographic analysis of single words (Friedmann, Kerbel, & Shvimer,
2010), a visual attention deficit could contribute to the single-word reading weaknesses
seen in dyslexia (Hari, Valta, & Uutela, 1999; Iles, Walsh, & Richardson, 2000; Steinman,
Steinman, & Garzia, 1998; Vidyasagar, 1999, 2004; Vidyasagar & Pammer, 1999).

There is evidence for weaknesses in visual attention in dyslexia. Studies have shown that
groups with dyslexia have prolonged attentional dwell time (Buckholz & Aimola Davies,
2007; Hari et al., 1999; Visser, Boden, & Giaschi, 2004), difficulties maintaining and
focusing attention (Facoetti et al. 2003; Facoetti, Paganoni, & Lurosso, 2000), in orienting
attention on spatial cueing tasks (Buckholz & Aimola Davies, 2005; Facoetti, Turatto,
Lorusso, & Mascetti, 2001; Facoetti et al., 2006; Roach & Hogben, 2004, 2007; Sireteanu,
Goertz, Bachert, & Wandert, 2005; Steinman et al., 1998; Valdois, Gerard, Vanault, &
Dugas, 1995) and in inhibiting irrelevant information from the periphery of the visual field
(Bednarek, Saldana, Quintero-Gallego, Garcia, Grabowska et al., 2004; Facoetti et al.,
2000). Poorer performance has also been found in groups with dyslexia when compared to
controls on visual search tasks (Buchholz & McKone, 2004; Casco, Tessoldi, &
Dellantonio, 1998; Iles et al., 2000; Sireteanu et al., 2008; Vidyasagar & Pammer, 1999;
Williams, Brannan, & Lartigue, 1987). Furthermore, some studies have found associations
between word-level reading skills and performance on visual attention tasks (Facoetti et al.,
2006; Valdois, Bosse, & Tainturier, 2004). However, it is unclear whether the visual
attention weaknesses are due to M-deficits.

One way of measuring the ability to deploy visual–spatial attention is with serial search
tasks. When a target differs from distractors by a conjunction of features, or when the
unique feature of the target is not salient, for example when a circle with a small gap in its
circumference is presented among many circles, target search requires focused attention to
each of the items presented (Triesman, 1988). In serial search tasks, search times are a
function of the number of distractors in the display (Triesman & Gelade, 1980). It has been
proposed that at any given time when performing serial search, a spotlight of attention
focuses on a specific object in the visual field. This spotlight has two basic functions. First,
it highlights an object in the visual field, prior to overt eye movements being made to the
location of that object. Second, by focusing attention on a single object, it allows the
unambiguous binding of features from that object without interference from other objects
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(Triesman & Gelade, 1980; Triesman & Sato, 1990). As already noted, the visual attention
theory of dyslexia proposes that this attention mechanism is adversely affected by
impoverished M-inputs to the right PPC (Vidyasagar, 1999, 2004). Visual search in
dyslexia has been investigated. Studies pertinent to the current investigation are reviewed
below.

In their study using a serial search task, Vidyasagar and Pammer (1999) had groups of
children with (n=11) or without dyslexia (n=9) search for a target defined by a conjunction
of two features (a yellow triangle among yellow circles and purple triangles). There were
four search conditions involving 10, 24, 36 or 70 items. The group with dyslexia only had
slower serial search times than the control group when 70 items were in the display. This
finding was interpreted as being the result of impoverished M-inputs to visual attention
areas in the PPC. However, as no test of magnocellular function was reported, this
conclusion was based on the assumption that the children with dyslexia had an M-deficit. It
is therefore unclear whether the slower search time observed in the group with dyslexia can
be attributed to an M-deficit, to a general visual attention deficit or to some other cognitive
variable associated with task performance.

A second study has tested the hypothesis more systematically in adults (Iles et al.,
2000). One group with dyslexia had previously been shown to be impaired on a coherent
motion task (to have a motion detection deficit (MD)) and so was reported to have an M-
deficit. The other group with dyslexia had normal coherent motion detection thresholds
(no motion detection deficit, NMD). The MD group had significantly slower response
times than the control group on a number of serial search tasks. In contrast, the NMD
group performed significantly more slowly than controls on only one serial search task.
The NMD group also had significantly faster response times on all but two tasks
compared to the MD group. These results were interpreted to support the hypothesis that
an M-deficit can affect an individual’s ability to efficiently allocate spatial attention
during serial search. However, interpretation of the results is complicated by the
observation that error rates for at least four of the eight tasks approached or exceeded
chance levels (50% errors) in both groups. Furthermore, as the NMD group had
significantly slower response times than the control group on at least one serial search
task and because the two dyslexia groups had equivalent search times on two serial search
tasks, it is difficult to conclude that poor capacity to allocate spatial visual attention
occurs only in the presence of an M-deficit.

Two other studies have also demonstrated groups with dyslexia are less efficient than
control groups on serial search tasks (Casco et al., 1998; Williams et al., 1987). However,
both studies used alphabet characters as search stimuli. Therefore, interpretation of slower
visual search was confounded by poorer reading ability and familiarity with letters in the
group with dyslexia.

Using a cue target paradigm, Roach and Hogben (2007) demonstrated that a group of
adults with dyslexia had a significantly slower average reaction time than controls in the
valid cue condition but not when no cue was presented. These findings indicate that the
group with dyslexia was less able than the control group when making a covert shift of
attention in response to the cue. The same group with dyslexia was found to perform in a
similar fashion to the control group on a flicker contrast sensitivity task (using low spatial
and high temporal frequency stimuli known to maximally stimulate the M-pathway) but
had significantly poorer sensitivity than the control group on a coherent motion task. These
results were interpreted as evidence of poorer capacity of the dyslexia group in attentional
processing areas in the PPC and in frontal areas and not as a consequence of a sensory
processing deficit in the M-system (Roach & Hogben, 2007).
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To summarize, some previous data indicate that groups with dyslexia have an M-deficit
and that they are slow to shift visual attention in visual search tasks. However, the
hypothesis that poor visual attention is due to an M-deficit (Vidyasagar, 1999) is yet to be
fully tested. The current study aims to investigate the premise that visuospatial attention
deficits in dyslexia are caused by M-pathway dysfunction by comparing the performance of
a group of children with dyslexia who also had a coherent motion detection deficit to a
group with dyslexia who had typical coherent motion detection and to normally reading
controls. It was hypothesized that poor visual attention, indexed by slow visual search
times, would only be seen in the group with dyslexia and an M-deficit.

Method

Participants

One hundred thirty participants with English as a first language were recruited from eight
primary schools. There were 75 children with dyslexia (M=8.5 years; SD=1.4 years; 45
male) and 55 children who were normal readers (M=8.5 years; SD=1.25 years; 34 male).
Children were included in the sample if they had a standardized score of 90 or above on the
Colored Progressive Matrices (Raven, Court, & Raven, 1995), a standardized measure of
intellectual ability. Twelve of the children with dyslexia were found to have a consistent
weakness on a global motion coherence task. These children were used to form a motion
deficit group that was carefully matched with 12 control children and 12 children from the
dyslexia group who did not have a motion processing weakness. The characteristics of
these groups are shown in Table 1.

Reading skills were assessed using the Basic Reading Cluster (BRC) of the Woodcock
Diagnostic Reading Battery (WDRB; Woodcock, 1997). The BRC is derived from the
participant’s scores on the Word Identification and Word Attack subtests. The rationale
behind using single word-reading and word-decoding measures rather than text reading
accuracy was that these measures provided a context-free measure of the word-level skills
that are accepted to be the most basic and ubiquitous cause of dyslexia (Vellutino et al.,
2004). Given that the word-reading deficits in dyslexia are dimensional rather than
categorical (Shaywitz, Escobar, Shaywitz, Fletcher, & Makugh, 1992), it was necessary to
adopt criteria to define dyslexia. Where to place the cutoff point is a methodological
problem for all studies. In the current study, a participant scoring at or below the 15th
percentile (more than 1 standard deviation below the population mean) on the BRC was
included in the group with dyslexia. Participants included in the control group had to score
at or above the 40th percentile on the BRC. The use of these criteria has been suggested by
Snowling (2000) who regards word-level skills at or below the 15th percentile on the BRC
in otherwise typical children as a good indicator of the anomalous deficits in word-
decoding that are the hallmark of dyslexia. These criteria have been adopted in a number of
studies (Vellutino et al., 1996; Wright & Conlon, 2009).

No child had a history of (a) recurrent ear infections, (b) severe hearing problems and
uncorrected vision problems, (c) severe emotional problems, (d) a diagnosis of attention
deficit hyperactivity disorder or (e) a diagnosed developmental disorder (e.g. autism
spectrum disorder). Evidence of the presence of each of these disorders was obtained from
the students’ school records. All had normal or corrected to normal vision.

The data from five children with dyslexia and three controls were subsequently removed
from the sample because of excessive motor activity and inattention observed during
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testing. The final sample consisted of 70 children with dyslexia and 52 controls. The study
had approval from the University Human Ethics Committee with parents of all selected
children providing written informed consent for their child to participate in the study.

Materials and stimuli

Psychometric and reading tests

The Colored Progressive Matrices (Raven et al., 1995) were used as a measure of
intellectual ability. Word and nonword reading skills were measured using the WDRB
(Woodcock, 1997).

Orthographic skill

The word–pseudohomophone task (Olson, Fosberg, Wise, & Rack, 1994) was used to
measure orthographic skill. Stimuli were generated by the V-Scope software package (Enns
& Rensink, 1992) on a Power Macintosh with a standard monitor. Two words were
presented side by side in 28-point Arial font. One was a high-frequency word (e.g. take),
and the other was a nonsense word with identical phonological output (e.g. taik). A block of
ten practice trials was conducted prior to presentation of 80 test items that were presented in
four blocks of 20 trials. Feedback was given after each practice trial. On each trial,
participants were instructed to point to the word from each pair that was correctly spelled.
Split-half reliability for this task is 0.93 (Olson et al., 1994).

Phonological awareness

The Phoneme Segmentation subtest from the Dyslexia Screening Test (Fawcett & Nicolson,
1996) was used as a measure of phoneme elision ability (maximum score=15; r=0.88 for
test–retest). Syllable blending, phoneme blending, rhyme oddity awareness and phoneme
segmentation abilities were assessed using selected subtests of the Sound Linkage Test of
Phonological Awareness (Hatcher, 2000; maximum=24; r=0.94 for internal consistency).
Scores from the two tests were summed to form a phonological awareness composite
measure.

Processing speed

Rapid automatic naming The rapid automatic naming (RAN) subtest from the Dyslexia
Screening Test (Fawcett & Nicolson, 1996) required participants to produce the names of
20 familiar objects presented as two-dimensional drawings on a card. The test provides the
opportunity for the participant to make him/herself familiar with an untimed practice trial
using identical stimuli to the test stimuli. Participants were asked to name the test stimuli as
soon as possible following presentation without making mistakes. Performance was taken
as the time in seconds to correctly name the entire test stimuli (r=0.85 for test–retest
reliability).

Visual matching The visual matching task from the WDRB (Woodcock, 1997) was selected
as a contrast to RAN as it involved fewer linguistic demands. Participants were required to
circle two identical numbers in a line of five numbers. It is similar in psychomotor, attention
and decision demands to other processing tasks such as coding and symbol search.
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Performance was taken as the number of items answered correctly in 120 s. This task will
be referred to as non-verbal processing speed.

Visual–motor response time

This task measured simple motor reaction time in response to the presence of a visual
symbol on a computer screen. This task was included because, although research has shown
that groups with dyslexia are unimpaired on simple reaction time (Nicolson & Fawcett,
1994), the serial search task requires a motor response once a search target has been
acquired, and it is important to rule out psychomotor response speed as a factor.

Visual symbols were black circles subtending a visual angle of 2° at 57 cm. A single
circle could appear at any of eight random points on the screen. Stimuli were generated and
randomized by the V-Scope software package (Enns & Rensink, 1992) and were
administered on a Macintosh Power Mac with standard computer monitor. Stimuli were
presented on a grey background with space-averaged luminance held constant at 15 cd/m2.

Participants were instructed to respond as soon as possible to the appearance of any
visual symbol appearing on the screen by pressing the space bar. A block of five practice
trials was given prior to the test trials to make participants familiar with the task. A block of
ten experimental trials was then administered. Simple motor reaction time was defined as
the mean of the response times for the ten trials.

Serial search

Targets were black circles and the distractors were circles with a gap located at randomly
designated points on each circle’s circumference. At a viewing distance of 57 cm, each
circle subtended a visual angle of 0.5° with the gap for distractors subtending a visual angle
of 0.15°. The target, present for half the trials, appeared randomly within the array. In any
one trial, 4, 8, 16, or 32 items were presented. All displays subtended a visual angle of 12°
vertically and 14° horizontally. Stimuli were generated by the V-Scope software package
(Enns & Rensink, 1992) and were administered on a Macintosh Power Mac with standard
computer monitor. Stimuli were presented on a grey background with space-averaged
luminance held constant at 15 cd/m2.

Participants were instructed to respond as quickly as possible to the presence or absence
of the target without error. If the target was present, participants were instructed to press a
key marked “P” or a key marked “A” if the target was absent. Following a response, the
stimulus was removed from the screen and response accuracy feedback in the form of a
plus (correct) or a minus (incorrect) sign was displayed. A block of 20 practice trials was
administered and experimental trials consisted of four blocks of 16 trials with eight trials
per condition. Mean correct response times and accuracy data were obtained.

Global motion coherence

Thresholds for detecting coherent motion were measured using the double panel task
developed by Hansen et al. (2001). Stimuli were displayed on a laptop PC with a 15-in.
LCD screen. The frame rate of the monitor was 13.3 ms (screen refresh 75 Hz). In the
motion task two panels, each with 300 high luminance (130 cd/m2), white dots (one pixel)
were presented on a low luminance (0.98 cd/m2) background. From a viewing distance of
57 cm, each of the panels subtended 10×14° of visual angle. These were separated by a
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dark stripe subtending 5° of visual angle (see Fig. 1). One panel contained a variable
percentage of signal dots that moved coherently with an angular velocity of 7.0°/s. During a
single trial, the direction of motion of the signal dots, left or right, was reversed every
572 ms. The second panel contained noise elements only. A single animation frame was
26.6 ms with each signal dot having a lifetime of three animation frames (79.8 ms), after
which the signal dots disappeared and were then regenerated at a randomly selected
location within the same stimulus panel. Motion coherence threshold percentage was
corrected for this finite dot lifetime. Noise dots randomly changed direction in a Brownian
manner with each screen refresh. Each trial contained 25 frames with a total stimulus
duration of 2.7 s.

Percentage of coherent motion was corrected for the finite lifetime of the dots. The
percentage of target dots within a given software animation frame was varied to each
participant’s detection threshold from an initial starting value of 75% coherence using a
weighted one-up, one-down adaptive staircase technique. This produced threshold estimates
at the 75% correct level (Kaernbach, 1991). For correct responses, the motion coherence of
the target stimulus was decreased by 1 dB (a factor of 1.122). For incorrect responses, the
proportion of signal dots was increased by 3 dB (a factor of 1.412). The staircase procedure
was terminated after ten reversals and detection threshold was defined as the geometric
mean of the final eight reversals. Catch trials in which coherent motion depth was the same
as the starting coherency (75%) were included at random (at least once every five trials)
during each block to evaluate participant vigilance. Two blocks of test trials were
conducted. The threshold of greatest sensitivity was taken as the participant’s motion
detection threshold.

Binocular viewing of the random dot kinematogram patches was conducted in a
darkened room where lighting was held constant at ∼5 cd/m2. All participants were light
adapted prior to presentation at a viewing distance of 57 cm held constant by a chinrest.
Participants were instructed to inspect the two stimulus patches and report which patch
contained coherent motion (“which had the dots moving side to side”). Feedback was given
by means of a high (correct) or low (incorrect) tone after each response. Each participant
completed practice trials before testing began. The coherence for the practice trials was
fixed at a value well above the average threshold for all participants. Practice testing
continued until participants reached the criterion of five consecutively correct trials.

Motion detection thresholds were obtained in two separate testing sessions. The
proportion of children with dyslexia and coherent motion detection deficits was determined

Fig. 1 Motion coherence task
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using deviance analysis (Ramus et al., 2003). The threshold sensitivity used to determine
the presence of a sensory deficit was 1.65 standard deviations (one tail 95% confidence
interval) above the control group mean, after children from the control group with extreme
scores were removed from the sample. See Wright and Conlon (2009) for a more complete
description of the method and group data.

Procedure

The psychometric and reading tests were administered in a quiet room at the participant’s
school, free from visual and acoustic distractions. The visual search data were collected in a
separate session. All testing was conducted by a trained examiner.

Results

Psychometric and reading variables

The group with dyslexia was significantly less accurate than controls on the measures of
phonological awareness, t(120)=7.3, p<0.001; rapid automatic naming, t(120)=−5.4, p=<0.001;
non-verbal processing speed, t(120)=2.47, p=0.01; orthographic skill, t(120)=5.5, p<0.001;
word identification, t(120)=9.35, p<0.001; nonword decoding, t(120)=11.3, p<0.001 and
WDRB Basic Reading Cluster, t(120)=10.3, p<0.001 (see Table 1).

Visual–motor response time

No significant differences between the mean reaction time to visual stimuli in the group
with dyslexia (M=311.5 ms, SD=45.4) and control group (M=311.4 ms, SD=41.2) were
found, t(120)=0.014, p=0.989, Cohen’sd=0.002. Therefore, any significant between group
differences in terms of response times for serial search that are observed in the following
analyses cannot be attributed simply to motor reaction slowness. These data are consistent
with previous that has shown groups with dyslexia are unimpaired on simple reaction time
(Nicolson & Fawcett, 1994). No further analyses were conducted on visual–motor response
time data.

Serial visual search

Response time There was a significant main effect of the number of distractors, F(3, 360)=
429.0, p<0.001, ηp

2=0.78. Figure 2 shows an increase in response time as the number
of distractors increased. There was no significant interaction between distractors and
group, F(3, 360)=1.38, p=0.25, ηp

2=0.01. The main effect of reader group was
significant, F(1, 120)=6.2, p=0.014, ηp

2=0.05. The group with dyslexia performed more
slowly than the control group regardless of the number of distractors in the display. Cohen’s d
effect sizes for the group effects for the 4, 8, 16 and 32 item conditions were d=0.60, 0.46,
0.25 and 0.38, respectively.

Accuracy There was a significant main effect for number of the number of distractors
presented, F(3, 360)=53.2, p<0.001, ηp

2=0.31. In general, error rates increased as the
number of distractors increased. There was no statistically significant interaction effect
involving group, F(3, 360)=0.63, p=0.59, ηp

2=0.001. Nor was there a significant main
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effect of reader group, F(1, 120)=0.16, p=0.69, ηp
2=0.001. Response accuracy for both

groups was above 85% in all conditions. The high accuracy rate demonstrates that
participants were not trading speed for accuracy. Therefore, no further analyses were
conducted on these data.

Comparison between controls and dyslexia sub-groups with and without M-deficits

On the coherent motion task, reported inWright and Conlon (2009), 36.2% (26) of the children
with dyslexia had a deficit at the first testing session and 27% (19) at the second testing time.
There were 17.1% (12) children with an MD at both testing phases. Fifty-three percent (37) of
the children with dyslexia did not have an MD deficit at either testing session.

For the purposes of this study, only those 12 children who showed a reliable weakness in
motion detection across both testing sessions were included in the MD group. The NMD
group showed no evidence of a motion detection deficit at either testing session. These
individuals were matched to the MD group for age, IQ and reading ability. Both groups
were compared to a matched group of skilled readers selected from the primary sample. The
characteristics of these groups have been presented in Table 1.

There were no significant group differences for age, F(2, 33)=0.17, p=0.83, or IQ, F(2,
33)=2.7, p=0.07. There was a significant main effect of group for basic reading skills, F(2,
33)=13.7; p<0.001. Post hoc analyses showed that the skilled reader group had
significantly higher word-reading skills compared to both groups with dyslexia. The two
groups with dyslexia did not differ (p=0.95). The two groups with dyslexia did not differ
significantly from the overall sample of children with dyslexia on IQ or other reading
measures. However, these children were significantly younger than those in the overall
sample, F(2, 67)=19.0, p<0.001. In a similar way, the only difference between the control
group from the main sample and children selected was that the sub-group used were
significantly younger than the overall control group, t(50)=3.15, p=0.003 (see Table 1).

Visual–motor response time

The main effect of group for visual–motor response time was not significant, F(2, 33)=
1.28, p=0.29. These data show that the visual search times to be presented below were not
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affected by more basic deficits in visual–motor response time in any of the groups. No
further analyses were conducted on these data.

Serial visual search

Response time There was a significant main effect of number of distractors, F(3, 99)=
91.36, p<0.001, ηp

2=0.73, with response time increasing as the number of distractors
increased (see Fig. 3). The main effect of reader group was not significant, F(2, 33)=1.02,
p=0.37, ηp

2=0.06. There was a significant interaction between distractors and group, F(3,
99)=2.75, p=0.016, ηp

2=0.14. The significant interaction occurred with the presentation of
32 distractors. The two groups with dyslexia did not differ in response time, t(67)=0.51, p=
0.62. When combined, these groups had a significantly longer correct response time than
the control group, t(67)=6.14, p<0.001.

Accuracy There was a significant main effect of number of distractors, F(3, 99)=15.0, p<
0.001, ηp

2=0.31. In general, accuracy of responding decreased as the number of distractors
increased. The group by distractors interaction was not significant, F(6, 99)=1.01, p=0.42,
ηp

2=0.06. The main effect of group was significant, F(2, 33)=3.37, p=0.047, ηp
2=0.17.

Regardless of the number of distractors presented, the NMD group (Mcorrect=90.3%, SD=
4.9%) and control group (Mcorrect=92.7%, SD=3.8%) did not differ on the proportion or
errors made, t(33)=1.13, p=0.26. When combined, these groups made significantly more
errors than the MD group (Mcorrect=95.1%, SD=2.81%).

Discussion

Visual magnocellular weaknesses have been found in groups with dyslexia (Conlon et al.,
2011; Talcott, Hansen, Assoku, & Stein, 2000; Wright & Conlon, 2009); however, a
satisfactory theory linking these weaknesses to reading development has yet to be found.
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This study tested the proposal that the visual magnocellular weaknesses seen in dyslexia are
linked to reading via the mechanism of visual attention (Vidyasagar, 1999). Results showed
that a large group of children with dyslexia had slower visual search times than a control
group regardless of the number of items in any condition. However, the effect size was
small (ηp

2=0.05) which indicates there was considerable overlap in the distributions of
groups with and without dyslexia. Overlap in the psychophysical thresholds of groups with
dyslexia and control groups is common within the literature for both visual (Ramus et al.,
2003; Wright & Conlon, 2009) and auditory stimuli (Witton, Stein, Stoodley, Rosner, &
Talcott, 2002; Wright & Conlon, 2009). The current data are consistent with the conclusion
that slower performance on visual search tasks is characteristic of groups with dyslexia, but
it is not a core characteristic for each child with dyslexia.

The current findings could not be accounted for by simple motor reaction time. These
data are important because some previous studies of visual attention have been criticized for
failing to take response speed of this type into account (Roach & Hogben, 2007). This
study has shown that the speed at which individuals with dyslexia can make psychomotor
responses to visual stimuli does not explain slow search times.

Are visual attention deficits linked to poor M-processing?

The proposal that slow visual search in dyslexia results from poor magnocellular/dorsal
stream functioning (Iles et al., 2000; Steinman et al., 1998; Vidyasagar, 1999, 2004;
Vidyasagar & Pammer, 1999) was not supported by the current findings. There was no
significant difference between the visual search times of two groups with dyslexia, one with
coherent motion detection deficits and one without, and carefully matched controls.

These data conflict with the results of a similar study, which reported that a group of
adults with dyslexia who had coherent motion detection deficits had significantly slower
search performance than control readers or a group with dyslexia and no coherent motion
detection deficit (Iles et al., 2000). Two possible explanations exist for the conflicting
results. First, the conclusion reached in the Iles et al. study may be based on findings from
only some of their serial visual search tasks. While their dyslexia group with a motion
deficit was generally slower than controls, the group without a motion deficit was also
slower than controls on one serial search task. Furthermore, the data from the two groups
with dyslexia were indistinguishable on two serial search tasks. Second, error rates in
some tasks approached chance levels suggesting that either the tasks were more difficult
than that used in the current study or that some participants were trading accuracy for
speed.

The current data are more consistent with a study that showed a group with dyslexia to
be less responsive to spatial cues on a single fixation visual search task (Roach & Hogben,
2007). Although the group with dyslexia had significantly poorer sensitivity on a coherent
motion task, no group differences in sensitivity were found on a measure of flicker contrast
sensitivity. Furthermore, the discriminative accuracy of the spatial cueing task in
discriminating individuals with and without dyslexia was high and coherent global motion
low (Roach & Hogben, 2007). These findings suggest that the presence of a coherent
motion deficit does not explain poorer capacity to use spatial attention on the cueing task.
The current data are consistent with these findings and indicate that reduced sensitivity to
coherent motion in dyslexia, indicated by reduced activity at MT/V5 in the dorsal stream
(Demb, Boynton, & Heeger, 1998; Eden et al., 1996), is independent of deficits on tasks
that require top-down focused visual attention. On this basis, the hypothesis that visual
attention deficits in dyslexia occur because of an M-deficit are not supported.
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Heterogeneity in visual processing in dyslexia

A notable result from the current study was that the original sample with dyslexia performed
significantly more slowly than the control group on the visual search task. However, when the
dyslexia sample was divided into sub-groups of individuals with and without global motion
coherence deficits in order to test the primary hypothesis, no differences in search speed were
found between theMD andNMD groups. The control group responded significantly faster than
either group with dyslexia only in the 32-distracter condition. This suggests that the original
group effect was partially based on the characteristics of at least some of the individuals who
were not included in the MD versus NMD versus controls analyses. It is common to find that
visual and/or sensory processing deficits in dyslexia groups are based on a small sub-group (15–
30%; e.g. Ramus et al., 2003; Wright & Conlon, 2009). However, perhaps the most important
point is that some of the children who were not included in the MD versus NMD versus
controls analyses were not included because of variable responses to the coherent motion task
(see Wright & Conlon, 2009). These data seem to highlight the need for careful measurement
of psychophysical responses in children. It is suggested that future studies conduct repeated
measurements of psychophysical tasks as we did here with the motion coherence task to
avoid false conclusions based on inter- and intra-subject variability. These data also suggest
that there may be something about the cognitive characteristics of some children with
dyslexia that leads to considerable variation in response to psychophysical/sensory tasks and
that group differences on some tasks may be based on these characteristics rather than to
sensory processing weaknesses.

Cognitive factors which may influence visual attention performance

Two cognitive factors that may lead to inter- and intra-subject variability are processing
speed and working memory. Both have been associated with the dyslexia phenotype (de
Jong, 1998; Smith-Spark & Fisk, 2006; Shanahan et al., 2006; Willcutt, Pennington, Olson,
Chhabilda, & Huslander, 2005; Wolf, 1991).

Weaknesses in groups with dyslexia have been found on verbal and non-verbal processing
speed tasks (Denckla & Rudel, 1972; Fawcett & Nicolson, 1994; Wolf et al., 2002; Nicolson
& Fawcett, 1994; Shanahan et al., 2006; Willcutt et al., 2005; see Wolf & Bowers, 1999 and
Savage, 2004, for reviews). This study found that the group with dyslexia was significantly
slower than controls on two processing speed tasks (rapid automatic naming and non-verbal
processing speed). Serial search tasks are timed and therefore vulnerable to processing speed
effects that may be independent of visual attention. Future research will need to investigate
the visual search performance of groups with dyslexia with and without processing speed
deficits to determine the influence of this cognitive variable on visual attention tasks.

Working memory refers to a cognitive function that permits the simultaneous storage and
processing of information (Baddeley, 1986). There is growing evidence for both verbal and
visuospatial working memory weaknesses in dyslexia (e.g. de Jong, 1998; Willcutt et al.,
2005). In the case of visual search, some individuals with dyslexia may have difficulty
using working memory to keep a representation of the target stimulus active while
performing the search task. This may affect search strategies and slow search times.

Possible impact of co-existing conditions

In the current study, care was taken to exclude children with formal diagnoses of
developmental disorders other than dyslexia. However, exclusion was based on existing
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school records, and clinical diagnostic assessment was not performed. Therefore, it is
possible that the slow visual search times seen in some individuals in the current study may
have been due to a co-existing disorder that escaped detection. A likely candidate is
attention deficit hyperactivity disorder, a condition that frequently co-exists with dyslexia
(Semrud-Clikeman, Biederman, Sprich-Buckminster, Lehman, & Faraone, 1992; Willcutt,
Pennington, & DeFries, 2000), as lapses in attention could explain slow search speed.

Finally, the identification of dyslexia itself poses a problem that is rarely, if ever,
discussed in the literature. While a discrepancy method, average IQ in the presence of poor
word-level reading skills, is scientifically defensible and allows replication, it does not
guarantee exclusion of children who have reading problems that are at least partly
environmental rather than being due to the neurological weaknesses presumed to underlie
dyslexia (Lyon, Shaywitz, & Shaywitz, 2003). Studies that have investigated response to
reading intervention in young children typically show that 60–70% exhibit good growth in
reading skills and return to a level considered within normal limits (e.g. above the 30th or
40th percentile; Torgesen et al., 1999; Vellutino et al., 1996). Conversely, 30–40% of
children remain poor readers at the end of treatment. The proportion of children with
refractory reading problems is similar to the number of children (∼30%) identified by
studies that have evaluated individual children as having sensory processing deficits
(Wright & Conlon, 2009). Therefore, it is possible that only the children with complex,
refractory reading problems also exhibit sensory processing weaknesses. Whether or not
these sensory processing weaknesses are part of the aetiology of dyslexia in these
individuals or an artefact of some co-existing disorder or characteristics remains to be
discovered. However, it seems reasonable to suggest that future studies adopt a response-to-
intervention (RTI) approach to participant selection (Fletcher, Francis, Morris, & Lyon,
2005). The RTI approach ensures that all individuals within the sample have access to
evidence-based teaching and therefore will mostly ensure that children whose reading
difficulties have an environmental rather than a neurological origin do not become part
of the sample with dyslexia. Only those children who remain poor readers post-
intervention should be included in future studies. We are not aware of any study that
has attempted this to date. Nevertheless, it should become standard practice to help
tease out who has and who does not have sensory deficits and how they may or may
not be related to reading.
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