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Abnormal global processing along the dorsal visual pathway in autism:
a possible mechanism for weak visuospatial coherence?
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Abstract

Frith and Hapṕe (Frith, U., & Hapṕe, F. (1994). Autism: Beyond theory of mind.Cognition,50, 115–132) argue that individuals with autism
exhibit ‘weak central coherence’: an inability to integrate elements of information into coherent wholes. Some authors have speculated that
a high-level impairment might be present in the dorsal visual pathway in autism, and furthermore, that this might account for weak central
coherence, at least at the visuospatial level. We assessed the integrity of the dorsal visual pathway in children diagnosed with an autism
spectrum disorder (ASD), and in typically developing children, using two visual tasks, one examining functioning at higher levels of the
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orsal cortical stream (Global Dot Motion (GDM)), and the other assessing lower-level dorsal stream functioning (Flicker Contrast S
FCS)). Central coherence was tested using the Children’s Embedded Figures Test (CEFT). Relative to the typically developing c
hildren with ASD had shorter CEFT latencies and higher GDM thresholds but equivalent FCS thresholds. Additionally, CEFT laten
nversely related to GDM thresholds in the ASD group. These outcomes indicate that the elevated global motion thresholds in aut
esult of high-level impairments in dorsal cortical regions. Weak visuospatial coherence in autism may be in the form of abnormal c
echanisms in extra-striate cortical areas, which might contribute to differential performance when processing stimuli as Gestalts
oth dynamic (i.e., global motion perception) and static (i.e., disembedding performance) stimuli.
2004 Elsevier Ltd. All rights reserved.
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There has been a recent resurgence of interest in the nonso-
ial symptoms present in autism. Individuals with autism of-
en display preserved or superior skills in various areas, such
s good visuospatial ability, excellent rote memory, and peaks
s part of an uneven profile on scales of intelligence. These
bilities, which lie in stark contrast to the impairments in
ocialisation and communication that more overtly charac-
erise autism in everyday settings, are often left unexplained
y prominent cognitive theories of autism.

One theory of autism is particularly intriguing as it at-
empts to explain these ‘islets of ability’ as well as the weak-
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nesses inherent in the disorder.Frith and Hapṕe (1994)ar-
gue that persons with autism exhibit a peculiar proces
style that they term ‘weak central coherence’, which le
to particular peaks and troughs in performance. Weak
tral coherence refers to an inability to integrate incom
stimuli, accompanied by an inherent bias towards proc
ing the parts of stimuli. By contrast, typically develop
individuals have a natural tendency to pull together indi
ual elements to perceive stimuli as Gestalts (Frith & Hapṕe,
1994).

There is a growing body of research to support a w
coherence bias in autism (seeHapṕe, 1999, for a review). One
of the most reliable findings is better performance by per
with autism compared with typically developing individu
on the Embedded Figures Test (EFT;Witkin, Oltman, Raskin
& Karp, 1971), which requires one to locate a shape hid
within a larger meaningful figure (seeFig. 1; Jolliffe & Baron-
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Fig. 1. An illustration of a trial from the Children’s Embedded Figures Test
(CEFT). Children were required to locate the hidden triangle in the complex
figure as quickly as possible.

Cohen, 1997; Shah & Frith, 1983). Purportedly, persons with
autism are unimpeded by the Gestalt-inducing nature of the
complex figure, and are able to quickly disembed the figure to
locate the hidden shape. Weak central coherence in autism has
also been evidenced by heightened performance on the Block
Design task (attributed to a superior facility for segmentation
of the design;Shah & Frith, 1993), and a local advantage on
the Navon task (Plaisted, Swettenham, & Rees, 1999).

Stimuli on the Navon task are typically large letters com-
posed of smaller letters of the same or different kinds, and
the task is to respond to the target letter which can appear at
either the global or local level.Plaisted et al. (1999)found
that the global form took precedence in processing over the
local elements for typically developing children, whilst chil-
dren with autism showed a local advantage; they made fewer
errors when processing local targets. However, when children
were explicitly instructed to attend to the global target, chil-
dren with autism obtained a global precedence effect similar
to their typically developing peers. Based upon these results,
the authors argued that weak central coherence in autism is
not due to an inability to integrate parts into wholes, but in-
stead, might be a result of enhanced perception of local stim-
ulus attributes. It has been shown that the global advantage
seen in typically developing individuals on the Navon task
is due to the faster availability of signals carried by channels
s ,
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In the human visual system, visual input to the cortex
is carried primarily by the retino-geniculo-cortical pathway
(Merigan & Maunsell, 1993). This pathway can be subdi-
vided into magnocellular, parvocellular and koniocellular
streams (Hendry & Reid, 2000; Merigan & Maunsell, 1993).
Segregation begins in the retina (Perry & Cowey, 1985), and is
most obvious in the lateral geniculate nucleus (LGN), which
is composed of six layers, four consisting of small (parvo)
cells and two composed of larger (magno) cells.1 The mag-
nocellular and parvocellular pathways remain largely segre-
gated in the initial stages of the primary visual cortex (area
V1; Merigan & Maunsell, 1993). In extra-striate cortical re-
gions, the signals are mixed but magno cells provide promi-
nent input to the dorsal stream of processing while parvo cells
provide dominant input to the ventral stream (Livingstone &
Hubel, 1988). The dorsal pathway receiving predominately
magnocellular inputs responds well to rapidly changing stim-
uli, such as flicker and motion, but is largely insensitive to
wavelength differences. Conversely, the ventral pathway with
predominately parvocellular input is optimised for encoding
information about color/wavelength, and processes slower
moving, and stationary stimuli (Merigan & Maunsell, 1993).
Whilst the ranges of spatiotemporal information to which the
neuronal populations respond overlap considerably, magno-
cellular neurones are the most sensitive to stimuli composed
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ensitive to low spatial frequencies (Badcock, Whitworth
adcock, & Lovegrove, 1990). Therefore,Plaisted et a

1999)speculated that the underlying physiological me
nism for the local processing bias in autism might be ab
alities at a perceptual level (see alsoMottron, Belleville,
M énard, 1999). Specifically, they suggested that the b
ight be due to increased sensitivity of those channel

ponsible for processing high spatial frequency informa
f low spatial frequencies and high temporal frequen
Merigan, Byrne, & Maunsell, 1991), and parvocellular neu
ones provide the best response to those composed o
patial and low temporal frequencies (Merigan et al., 1991).

Plaisted et al. (1999)proposed that enhanced process
ight be found on the pathway responsible for carrying

patial frequency information (the parvocellular or ven
athway) in autism. However,Badcock et al. (1990)found

hat removing low spatial frequencies from hierarchical s
li did not result in a local precedence effect, rendering it

ikely that the local advantage on the Navon task in child
ith autism results from superior processing in the ven
athway.Milne et al. (2002)have tried to directly test th
roposal that the preference for local processing in au
ight reflect impairments in the pathway responsible for

essing of both low spatial frequency and motion informa
y examining children’s ability to perceive global motion

unction that is mediated by inputs from magnocellular n
ones (Schiller, Logothetis, & Charles, 1990). Children were
equired to determine the overall direction of coherently m
ng dots, set amongst a background of randomly moving
onsistent with earlier findings (Spencer et al., 2000), Milne
t al. (2002)found that high-functioning children with autis
equired a significantly higher percentage of dots to be m
ng coherently in order to be able to perceive global mo
ompared with typically developing children of similar a
nd nonverbal ability. This led Milne et al. to suggest that
ons with autism might exhibit a deficit in the dorsal vis

1 The koniocellular pathway is formed from interlaminar neurones, is
itive to blue–yellow chromatic signals and projects to striate cortex.
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pathway. Given that more rapid processing of the global level
of a stimulus would require faster transmission of low spatial
frequency information (Badcock et al., 1990), Milne et al.
further conjectured that a deficit in the dorsal stream might
offer a physiological explanation of weak central coherence
in autism.

These data clearly indicate that children with autism have
difficulty detecting global, coherent motion. However, there
is some evidence that questions whether this difficulty does
indeed arise due to deficient processing of low spatial fre-
quency information, asMilne et al. (2002)suppose (Smith,
Snowden, & Milne, 1994; see alsoBadcock et al., 1990).
WhenSmith et al. (1994)removed low spatial frequencies
from global motion displays, they found that the perception of
global motion remained intact, thus demonstrating that global
motion perception is not reliant on low spatial frequency in-
formation. What then, might account for the elevated global
motion thresholds in autism? The pathway driven by mag-
nocellular neurones is best viewed as a system with progres-
sively more complex processing occurring at higher levels—a
deficit could arise at any location along this pathway. At
the earliest levels, magno cells in the LGN (Merigan et al.,
1991) and in area V1 (Schiller et al., 1990) are sensitive
to flickering stimuli. At higher levels of the dorsal cortical
pathway, single-cell recording studies have shown that area
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fected children’s performance on the second-order motion
task, leaving the implications of Bertone et al.’s findings
somewhat uncertain. Secondly, when examining visual pro-
cessing in children with autism and typically developing chil-
dren,Spencer et al. (2000)administered two threshold tasks:
one tested global motion perception (tapping dorsal stream
functioning) and a second task tested perception of global
form (tapping ventral stream functioning;Braddick, O’Brien,
Wattam-Bell, Atkinson, & Turner, 2000). This second mea-
sure required children to detect concentric circles made up of
short line segments set amid an array of randomly oriented
line segments. WhilstSpencer et al. (2000)found that chil-
dren with autism displayed elevated thresholds on the global
motion task relative to comparison children, they nonethe-
less showed similar global form thresholds (see alsoBlake,
Turner, Smoski, Pozdol, & Stone, 2003). This latter find-
ing, of intact global form perception in children with autism,
is inconsistent withBertone et al.’s (2003)suggestion that
an inability to integrate ‘complex’ information might have
a negative impact on the perception of form as well as
motion.

Instead,Spencer et al. (2000)interpreted their findings of
poor global motion perception in autism in terms of a general
deficiency in the dorsal stream of processing. Braddick and
co-workers (Atkinson, 2000; Braddick, Atkinson, & Wattam-
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T/V5 is crucial for motion processing (Newsome & Paŕe,
988), with neuronal firing rates in this region correlat
trongly with perception of global motion (Britten, Shadlen
ewsome, & Movshon, 1992; Newsome, Britten, &
ovshon, 1989). It is at this stage that local directional s
als are combined to form a global percept, which invo
dditional cooperative mechanisms in the cortex (Edwards &
adcock, 1996).
Bertone, Mottron, Jelenic, and Faubert (2003)have re

ently investigated lower- and higher-level processing a
he dorsal visual pathway in children with and with
utism. They examined children’s sensitivity to first-or
luminance-defined) and second-order (texture-defined
ion stimuli, the latter of which, they argue, requires m
complex’ perceptual processing. Children with autism
ormed more poorly than typically developing children
he second-order motion task.Bertone et al. (2003)suggeste
hat this reflected a specific deficit in the integration of ‘c
lex’ information at the global level. They further propo

hat this deficit might not be restricted to the processin
ynamic stimuli, but might also include the processing
tatic stimuli (such as objects).

Two possible objections to this view need to be con
red. Firstly,Derrington, Allen, and Delicato (2004)have
uggested that attentional processes potentially confoun
ormance on tasks assessing second-order motion, as,
rst-order motion tasks, second-order motion stimuli, s
s those used byBertone et al. (2003), require feature track

ng, and more extended processing over time. Impairme
ttention have been reported in autism (e.g.,Burack, 1994);

herefore, poor attentional capacities may have adverse
ell, 2003) argue that functioning within the ventral stre
evelops more rapidly than dorsal stream functioning, w
ight render the dorsal stream more susceptible to im
ent. Furthermore, they suggest that this vulnerabili
ot specific to autism, but rather, is characteristic of se
eurodevelopmental disorders. In developmental dysl
esearchers have reported impairments at both lowe
he form of a reduced sensitivity to flicker, e.g.,Martin &
ovegrove, 1988) and higher levels of the dorsal visual pa
ay (in the form of poor global motion perception, e
ansen et al., 2001). In addition, abnormally high glob
otion thresholds in combination with relatively norm
lobal form thresholds have been reported in individuals
illiams syndrome (Atkinson et al., 1997) and hemiplegi

Gunn et al., 2002).
Whilst Braddick et al. (2003)interpret the elevated glob

otion thresholds in autism in terms of a general ‘do
tream vulnerability’,Bertone et al. (2003)propose that th
igh thresholds arise due to specific higher-level impairm

n the magnocellular or dorsal pathway. The present s
ought to disentangle these two competing explanation
ssessing the integrity of the dorsal pathway at both l
nd higher levels. We examined children’s performanc

wo adaptive psychophysical measures: a Flicker Con
ensitivity (FCS) task, which assessed low-level visual
essing, and a Global Dot Motion (GDM) task (similar to t
sed byMilne et al., 2002), which tapped visual processi

n higher cortical areas. IfBraddick et al. (2003)are correc
n proposing that autism (like other specific developme
isabilities) is associated with a general impairment in
orsal stream (i.e., at lower and higher levels), then chil
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with autism spectrum disorder (ASD) should obtain signif-
icantly higher threshold estimates than typically developing
children on both visual processing tasks. Alternatively, if ab-
normal functioning in the dorsal pathway in children with
ASD is confined to higher-level integrative processing, as
Bertone et al. (2003)suggest, then children with ASD might
show no difficulties on the lower-level visual processing task
(the FCS task), but perform significantly worse than typically
developing children on the task assessing higher-level dorsal
stream functioning (the GDM task).

This study also examined the idea that an abnormality in
dorsal stream functioning might be responsible for weak cen-
tral coherence in autism (Bertone et al., 2003; Milne et al.,
2002). There have been separate reports of elevated global
motion thresholds (e.g.,Milne et al., 2002; Spencer et al.,
2000) and a local processing bias (e.g., on the EFT;Shah &
Frith, 1983) in autism; however, as yet there has been no di-
rect investigation of these two task domains within the same
study of autism. Certainly, the relationship between perfor-
mances in these two domains is of critical significance to
weak central coherence theory—Frith and Hapṕe (1994)ar-
gue that superior local processing goes hand in hand with
poor integrative processing in autism. Indeed, evidence of a
reciprocal relationship in which poor global motion process-
ing is associated with enhanced disembedding skill would be
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1. Method

1.1. Participants

Twenty 8- to 12-year-old children with an ASD (18
boys) were recruited through an autism register, various
pediatricians, intervention agencies, and speech patholo-
gists. Fifteen children with ASD met DSM-IV criteria
(APA, 1994) for Autistic Disorder and five were diag-
nosed with Pervasive Developmental Disorder—Not Other-
wise Specified. These diagnoses were independently con-
firmed with the Autism Diagnostic Interview—Revised
(Lord, Rutter, & Le Couteur, 1994; social interaction do-
main score:M= 20.35, S.D. = 6.18; communication domain
score:M= 16.20, S.D. = 5.50; repetitive behaviours domain
score:M= 6.80, S.D. = 2.02); children either met full criteria
for autism (N= 17) or scored above the cut-off in two of the
three symptom domains (N= 3).

Twenty 8- to 12-year-old typically developing children
(18 boys) also participated, and were recruited from sev-
eral schools in the metropolitan area. Parents of typically
developing children completed the Social Communication
Questionnaire (Rutter, Bailey, & Lord, 2003), a reliable
screening tool for autism. All typically developing children
scored well below the cut-off of 15 specified by Rutter et
a om-
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ifficult to predict from other theoretical positions. Our o
ork (Pellicano, Maybery, & Durkin, in press) has failed

o demonstrate evidence of a reciprocal relationship for
ormances on coherence measures expected to tap loc
lobal processing. However, our previous research us
ample of typically developing children, and examinatio
his purported reciprocal relationship in a group of child
ith ASD would provide a more stringent evaluation of w
entral coherence theory. AsMilne et al. (2002)andBertone
t al. (2003)suggest, establishing an association betw
mbedding skill and global motion perception would p
ide some empirical evidence for the putative mechanism
eak visuospatial coherence in autism.
To test this relationship, we also administered a com

easure of central coherence, the children’s version o
mbedded Figures Test (CEFT;Witkin et al., 1971), where
hildren were required to find hidden figures (e.g., a tr
le) embedded in larger meaningful designs. Previous

es have reported that persons with autism are faster to l
he figure than typical individuals (Jolliffe & Baron-Cohen
997), and Frith and Hapṕe (1994)argue that their goo
erformance of the former is achieved by resisting the
ency to perceive the Gestalt and focusing instead on the
tituent parts. According to weak central coherence th
e should expect an inverse relationship to emerge bet
erformance on the GDM task and the CEFT in the A
roup; that is, elevated global motion thresholds shoul
ssociated with short response latencies on the CEFT. In

rast, we expected no significant association between s
n the FCS task and the CEFT, as the FCS task doe

nvolve global processing.
l. (M= 3.00, S.D. = 2.67), ensuring that children in the c
arison group did not show any significant level of au

ic symptomatology. Children in both groups were exclu
rom participation if they had a diagnosis of any medical
rder (e.g., epilepsy) or other developmental disorder (
DHD), or if they were taking any medication. Written

ormed consent was obtained from parents of all child
n accordance with the policies of the University’s Eth
ommittee.
The groups were well-matched for chronological agt

38) = .98,p= .34, gender, handedness, and nonverbal
ty, t (38) = .53,p= .60, as measured by the Raven’s Stan
rogressive Matrices (RSPM;Raven, Court, & Raven, 199;
eeTable 1). Children’s verbal ability was also measur

able 1
articipant characteristics

easures Children with
ASD (N= 20)

Typical developing
children (N= 20)

ge (years:months)
Mean 9:6 9:9
S.D. 1:4 1:1
Range 8:1–12:0 8:0–11:9

SPM (raw score)
Mean 40 41
S.D. 5.3 5.9
Range 30–49 29–48

PVT-III (raw score)
Mean 118.8 137.1
S.D. 25.7 16.4
Range 83–169 100–159
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using the Peabody Picture Vocabulary Test—Third Edition
(PPVT-III; Dunn & Dunn, 1997) to ensure that their recep-
tive language was at a level where they would be capable of
comprehending task instructions.2 The ASD group had sig-
nificantly lower verbal ability than the comparison group,t
(38) = 2.7,p< .01, consistent with communicative problems
being part of the diagnostic criteria for ASDs. Notwithstand-
ing, all children were considered high-functioning; that is,
they obtained nonverbal IQ scores in the normal range (i.e.,
standard scores above 85), and all were attending mainstream
schools.

1.2. Apparatus

For the visual tasks, stimuli were displayed using a
VSG2/3 framestore (Cambridge Research Systems), in con-
junction with a Sony Trinitron GDM-20SE1 monitor, using
an 8bit luminance range (256 colors). Children sat 100 cm
from the screen in an otherwise darkened room.

1.3. Stimuli

1.3.1. Global Dot Motion task
A total of 100 bright dots (47.4 cd/m2), each sub-

tending 0.11◦, were randomly distributed on a black
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ral frequency of 10 Hz in centre-screen for 1 s.4 This stimulus
was paired with a zero contrast version of the flickering stimu-
lus, which had the same mean luminance (20 cd/m2). A field
of matched space-averaged luminance occupied the rest of
the screen.

1.3.3. Children’s Embedded Figures Test;Witkin et al.
(1971)

The first stimulus set uses a cardboard triangle and 17
laminated cards depicting colored meaningful figures (see
Fig. 1), for 4 demonstration, 2 practice, and 11 test trials. The
second set uses a cardboard house and 19 laminated cards,
for 4 demonstration, 1 practice, and 14 test trials.

1.4. Procedure

1.4.1. Global Dot Motion task
Using a cover story involving a dog rounding up sheep

(the dots) in a paddock, children were asked to indicate the
direction of motion (up or down) by pressing the appropri-
ate button on a button box, guessing if necessary. Audio
feedback was provided to indicate performance accuracy. A
two-alternative forced-choice (2AFC) procedure was used
to estimate the threshold. The staircase began with 20 dots
moving coherently and the signal level was adjusted using
a
o mber
o mo-
t ing
t
c test
t

1
the

t cen-
t pre-
s econd
s ulus
w t ran-
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t The
t cker)
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t
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ackground (<1 cd/m2) on the 388 mm× 292 mm scree
18.16◦ × 13.60◦). A variable proportion of these dots mov
oherently (signal), either upwards or downwards (sele
andomly for each trial), amongst the remaining rando
oving dots (noise). Stimuli were presented as 20-fram
uences, with each frame lasting 30 ms. The spatial ste

or each dot was 0.19◦. To ensure that children could not
iably follow the trajectory of a single signal dot, the d
arrying the coherent signal were randomly chosen on
nimation frame.3

.3.2. Flicker Contrast Sensitivity task
This task was adapted fromEvans, Drasdo, and Richar

1994). The target stimulus was a Gaussian blob (stan
eviation = 3.15◦), which flickered sinusoidally at a temp

2 Separate measures of verbal ability and nonverbal ability were
ained, as several subtests within more frequently used full-scale me
f intelligence (such as the Block Design and Object Assembly sub

rom the Wechsler scales) place similar demands on global–loca
essing to the central coherence measure (the CEFT) used in the
tudy.
3 In the task used byMilne et al. (2002), the coherently moving dots h
lifetime of four animation frames (224.4 ms). We enforced a more g
rocessing requirement in the task described here, by randomly se
hich dots carried the coherent signal on every animation frame (30 m
coherence threshold of 20%, there is only a 0.04 chance of a dot ca

his signal on two successive frames and a 0.008 chance over three
imiting the extent to which children can follow the local motion signa

single dot for each trial. In normal observers this change has little im
Scase, Braddick, & Raymond, 1996), but it might with children with autism
ho focus on the local elements of the display.
t

,

PEST procedure (Taylor & Creelman, 1967), converging
n the 75% correct level. The threshold reflected the nu
f coherently moving dots required to perceive global

ion, and was calculated by averaging all points follow
he fourth reversal (McArthur & Hogben, 2001). Each child
ompleted 10 practice trials followed by 2 blocks of 60
rials.

.4.2. Flicker Contrast Sensitivity task
A temporal 2AFC procedure was used to estimate

hreshold. Each trial began with the presentation of a
ral fixation cross. Two intervals (each 1000 ms) were
ented, signalled by tones, and were separated by a s
creen with a fixation cross. The flickering target stim
as presented during one of the intervals (selected a
om), and after the second tone, the child was require
eport, using a button box, which interval had conta
he stimulus. The task began at a relatively easy con
evel (5%), and a PEST procedure was used to esti
he threshold at the 75% performance level. After 10 p
ice trials, children completed 2 blocks of 60 test trials.
hreshold (percentage of contrast needed to detect fli
as transformed to a contrast sensitivity score (1/con

hreshold).

4 The luminance profileL(x, y) is given by: L(x, y) = Lm(1 +
e(−r2/σ) sin(2πft)) wherer =

√
(x − µx)2 + (y − µy)2 andµx, thexmid-

oint, µy, they midpoint,c, the contrast,σ, the standard deviation of t
aussian,f, the number of cycles of luminance change per second, ant, is

he time.
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1.4.3. Children’s Embedded Figures Test
Children were first asked to name the complex picture, and

then to locate the hidden figure (triangle or house) embedded
in the picture as quickly as possible. Response latencies (in
seconds) were recorded for successful trials.5

1.5. General procedure

1.5.1. Children were tested individually
Participants received one of the visual tasks to begin, and

the remaining visual task at the end of the session, with the
order of the two counterbalanced within each group. The
CEFT, RSPM and PPVT were presented in a random order
in the intervening period.

2. Results

2.1. Preliminary analyses

Split-half reliability estimates (with the Spearman–Brown
correction) were calculated for threshold estimates for the two
blocks of trials for the GDM task, reliability = .90, and for
the FCS task, reliability = .72. Adequate levels of reliability
were also found when split-half reliabilities were calculated
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Fig. 2. Box plots showing (a) performance on the Global Dot Motion (GDM)
task, (b) performance on the Flicker Contrast Sensitivity (FCS) task, and (c)
performance on the Children’s Embedded Figures Test (CEFT) for children
with ASD and typically developing children. The solid black lines bisecting
each rectangle represent the medians of the distributions. The vertical rect-
angle for each group shows the distribution of the middle 50% of scores, and
the ‘whiskers’ attached to both ends of these rectangles extend out to include
100% of the data, except for outlier scores, which are marked individually.
or mean times for odd and even trials on the CEFT: tria
et, reliability = .81; house set, reliability = .86.

.2. Group differences

Fig. 2a shows the mean performance of the two group
he GDM task. The larger range of GDM thresholds wi
he clinical group made parametric tests inappropriate
herefore nonparametric tests were used. In line withMilne
t al. (2002), children with ASD exhibited significantly high
lobal motion thresholds than typically developing child
Mann–WhitneyU= 87.00p< .005); that is, children wit
SD needed, on average, 22.40% (95% CI: 15.95–28.8
f the dots to be moving in the same direction in order to de

he direction of motion, compared with typically develop
hildren who required only 11.10% (95% CI: 9.35–12.85
f the dots to be moving coherently.

Notably, there was wide variation in global motion thre
lds in the ASD group. Nonetheless, only a small numb
hildren with ASD fell into the normal range of thresh
stimates (seeFig. 3 for a plot of individual scores). Spea
an rank correlation coefficients were calculated within e
roup to assess whether general and developmental d
nces in chronological age, nonverbal ability and verbal

ty were associated with performance on the GDM t
o significant correlations emerged. We further exam

5 Time taken to find the hidden figure has been demonstrated to be a
ensitive measure than response accuracy (e.g.,Jolliffe & Baron-Cohen
997). Our results showed no significant difference between the grou
EFT accuracy,t (38) = 1.23 ns.
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Fig. 3. Scatterplot showing the relationship between performance on the
GDM task and the CEFT for the ASD and comparison groups separately.
Dotted line shows upper 95% confidence limit for the comparison group’s
performance on the GDM task.

whether the wide range in threshold estimates may be related
to heterogeneity in the ASD group. To do this, we repeated the
analysis but this time excluded children who had a clinical
diagnosis of PDD-NOS (N= 5). Although the mean global
motion threshold estimate was slightly reduced in the ‘pure’
autism group (M= 20.27%, 95% CI: 13.47–27.08%), differ-
ences between clinical and comparison groups remained sig-
nificant, Mann–WhitneyU= 75.00p< .01.

Average sensitivity scores are plotted for children’s perfor-
mance on the FCS task inFig. 2b. Consistent with reports of
intact low-level visual processing in autism (Bertone et al.,
2003), children with ASD were just as sensitive to flicker
(M= 131.30, 95% CI: 120.04–142.56) as their typically
developing peers (M= 130.78, 95% CI: 116.43–145.12),t
(38) = .06 ns.

As predicted, children with ASD were much quicker to
locate the hidden figure on the CEFT (M= 2.73 s, 95% CI:
2.17–3.27 s) than matched comparison children (M= 7.17 s,
95% CI: 6.55–7.78 s),t (38) = 11.31,p< .001 (seeFig. 2c).6

We examined the correlations between scores from the
visual processing tasks and the CEFT for the ASD and
typically developing groups separately. Spearman rank cor-
relations revealed a significant negative relationship be-
tween global motion thresholds and mean time taken on the
CEFT for children with an ASD,rs (20) =−.62, p< .005
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. Discussion

The present study investigated the putative under
echanism of weak visuospatial coherence in autism

ontrasted two positions concerning the nature of the v
rocessing anomalies in autism: whether autism is ch

6 We also examined whether level of verbal ability contributed to
ren’s performance on the tasks. The only significant relationship invo
erbal ability was the CEFT-verbal ability correlation in the typically
eloping group,r (20) =−.61,p< .005, which is consistent with previo
eports (Witkin et al., 1971).
al disorders (e.g., autism, dyslexia, Williams syndrome
ibit abnormalities in the dorsal stream of processing. W
e examine closely the visual processing anomalies as
ted with these disorders, we do find dissociations. Fo
mple, whilst we found no evidence of early visual defi

n ASD (as indicated by preserved detection of flicker), o
esearchers have provided evidence of reduced sens
o flicker in developmental dyslexia (Martin & Lovegrove
988), in addition to poor perception of global motion. The

ore, the proposal that dorsal stream vulnerability cha
erises a range of developmental disorders would requir
her elaboration before it could explain the specific pa
f impaired and intact performance by children with ASD

he visual processing tasks.
Nonetheless, the ASD group did demonstrate a red

bility to perceive global motion when compared wit
roup of typically developing children, as other researc
ave found (Milne et al., 2002; Spencer et al., 2000). There
re several possible reasons for the elevated global m

hresholds in the ASD group. Firstly, the ASD and typic
eveloping groups did differ significantly in terms of le
f verbal ability; it might be argued that low verbal abi
ould have influenced children’s performance on the G
ask, particularly in the ASD group. However, correlati
etween verbal ability (and indeed, chronological age
onverbal ability) and global motion thresholds were n
ignificant in this group. Secondly, group differences on
DM task were characterized by wide variation in thres
stimates for children with ASD, a result that has also b

ound in the field of dyslexia. The majority of our sample
hildren with ASD had a diagnosis of autism, whilst a ha
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ful of children had been diagnosed with PDD-NOS (a less
severe ASD); indeed, heterogeneity within the ASD group
itself may have contributed to the large spread of threshold
estimates. However, removing those children with PDD-NOS
from the analysis failed to change any of the crucial results.

Thirdly, some dyslexia researchers (e.g.,Roach, Edwards,
& Hogben, 2004) argue that children’s elevated global motion
thresholds might not be due to poor global motion perception
per se, but instead might be due to general task-completion
difficulties (for example, individual differences in attention or
decision-making skills). Indeed,Stuart, McNally, and Castles
(2001)simulated the effects of poor concentration on thresh-
old estimates by adaptive psychophysical methods, and found
that this would yield elevated threshold estimates. More re-
cently,Roach et al. (2004)simulated the effects of random
errors (inattentive trials) on a typical psychophysical task
and also found that such errors can potentially exaggerate
threshold estimates. Children with ASD have been shown
to have impaired attentional capacities (Burack, 1994), and
it is plausible that inattention, or other general, nonsensory
difficulties, could contribute to an explanation of poor per-
formance of the ASD group on the GDM task. It is unclear,
however, how these nonsensory difficulties would have af-
fected threshold estimates on the global motion task alone,
as such differences should have affected performance across
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ological motion operate according to similar cortical mech-
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normal in autism. However, while the perception of global
motion is associated with area MT/V5,Vaina, Solomon,
Chowdhury, Sinha, and Belliveau (2001)have demonstrated,
using fMRI, that activation following biological motion per-
ception is distributed across several cortical areas serving
both dorsal and ventral processing streams in typical individ-
uals. Further research will need to ascertain whether or not
impairment in the same grouping mechanisms is responsi-
ble for poor performance on both types of motion tasks in
autism.
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abnormalities in extra-striate motion areas may be associ-
ated with weak visuospatial coherence in autism (Bertone
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ore, whilst it may be the case for children with dyslexia
s unlikely that task-completion difficulties explain the va
tion in GDM scores in children with ASD, and theref

he significant differences between clinical and compar
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The most likely explanation for the elevated global m
ion thresholds in the ASD group relates to the a
ional cooperative processes in higher cortical areas n
ary to perceive global, coherent motion. Behavioural
ence has been reported for a single motion pathway w
lobal motion stimuli are processed in two stages (Edwards
adcock, & Nishida, 1996). During the first stage, inform

ion about the local signals is extracted, which most lik
ccurs early in the visual pathway (area V1;Dow, 1974).

t is not until higher up the motion pathway (area V5) t
he integration of these local signals occurs (Britten et al.
992; Newsome & Paŕe, 1988). Our data suggest that t
arly stages of visual processing may be normal in A
nd support the suggestion that the neural mechanism
uired for integrating local motion signals to form a glo
otion percept might be compromised in ASD. This inter

ation echoes previous suggestions (e.g.,Bertone et al., 2003),
nd provides corroborating evidence for abnormal coop

ive processes in the dorsal visual pathway in children
SD.
Interestingly, children with autism also demonstrate

culties perceiving global motion of another type—the p
t al., 2003; Milne et al., 2002). Our results provide stron
mpirical indications for this link: we found that performan
n the GDM task was inversely related to children’s e
iency on the CEFT in the ASD group, such that hig
lobal motion thresholds were associated with faster tim
nd the hidden figure. The relationship between these
ures is suggestive of the fact that abnormalities in gl
rouping processes in the dorsal cortical pathway (ne
ary to perceive global, coherent motion) might be res
ible for producing the weak coherence bias in autism
east at the visuospatial level. It is conceivable that p
lobal grouping processes in ASD might not be confi

o the perception of dynamic stimuli per se, but could
xtend to the perception of static stimuli. While the glo
otion task necessitates the perception of a coherent w

he CEFT requires one to inhibit the Gestalt, focusing m
n the individual elements. Therefore, poor global gro

ng could impede performance on the global motion t
s it could prevent the combination of local directional
als required for the perception of coherent motion. At
ame time, abnormal integration processes could contr
o faster performance on the CEFT, as it could prevent
rom ‘seeing’ the Gestalt, allowing one to quickly find
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This view is consistent withBertone et al.’s (2003)spec-
lations. This line of reasoning, though, rests largely on

dence of global grouping deficits in the dorsal and ven
treams of processing in autism.Spencer et al.’s (2000)results
rgued against the notion that a deficit in integration ext

o static stimuli after observing intact global form thresho
n a sample of individuals with autism (see alsoBlake et al.
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2003).7 Some recent arguments however, hold that perfor-
mance on the global form tasks used bySpencer et al. (2000)
andBlake et al. (2003), which had been thought to be pro-
cessed in area V4, may instead be governed by lower levels
of the visual system, such as area V1 (Badcock & Clifford,
2004; Field & Hayes, 2004; Gilbert, 1995). Field and Hayes
(2004) review psychophysical and anatomical work show-
ing that neurons in area V1 are able to integrate information
beyond the neuron’s receptive field by making use of long-
range lateral connections. Therefore, detection of contours
from individual line segments in global form tasks (where
the angular deviation between line segments is small) may
then be achieved by V1 neurons.

According to our results, low-level visual processing ap-
pears to be intact in children with ASD, which would explain
the preserved performance on the particular global form tasks
used bySpencer et al. (2000)andBlake et al. (2003). This
argument requires further direct testing. Once grouped, these
contours may be processed at higher cortical levels.Gallant,
Braun, and Van Essen (1993)demonstrated that neurons in
area V4 in the macaque monkey were stimulated in response
to concentric patterns but their stimuli do not allow dissoci-
ation of the V1 effects described byField and Hayes (2004)
and influences contributed uniquely by V4.Braddick et al.
(2000)have also found, using fMRI, that extra-striate corti-
c trong
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