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Abstract Difficulties in visual attention are often impli-
cated in autism spectrum disorders (ASD) but it remains
unclear which aspects of attention are affected. Here, we
used a multiple object tracking (MOT) task to quantita-
tively characterize dynamic attentional function in children
with ASD aged 5-12. While the ASD group performed
significantly worse overall, the group difference did not
increase with increased object speed. This finding suggests
that decreased MOT performance is not due to deficits in
dynamic attention but instead to a diminished capacity to
select and maintain attention on multiple targets. Further,
MOT performance improved from 5 to 10 years in both
typical and ASD groups with similar developmental tra-
jectories. These results argue against a specific deficit in
dynamic attention in ASD.
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Introduction

Visual attention serves as a fundamental filter of experi-
ence, selecting a small subset of the incoming sensory
information for further processing. Attention thus deter-
mines what we perceive, remember, and act upon. Previous
research has suggested that people with autism spectrum
disorder (ASD) have intact or even enhanced function in
some visual attention abilities (Joseph et al. 2009; Kaldy
et al. 2011; Mullane and Klein 2008; O’Riordan et al.
2001; Plaisted et al. 1998) but have deficits in other
attentional functions (e.g., Ciesielski et al. 1990; Townsend
et al. 1996; Burack 1994; for review see Allen and Cour-
chesne 2001). In particular, several lines of work have
implicated temporal aspects of attention in ASD by
showing that people with ASD have difficulty adjusting the
size of attentional focus dynamically (Mann and Walker
2003; Rinehart et al. 2001) and difficulty switching the
locus of their attention (Elsabbagh et al. 2009; Facoetti
et al. 2008; Ibanez et al. 2008; Kikuchi et al. 2011; Landry
and Bryson 2004; van der Geest et al. 2001), especially in
paradigms that include either dynamic, repetitive stimuli or
social stimuli. Further, people with ASD may show
reductions in the temporal resolution of attention, as evi-
denced by a greater attentional blink effect (Amirault et al.
2009) though see (Rinehart et al. 2010) and reduced abil-
ities in temporal integration in visual (Nakano et al. 2010;
Brock et al. 2002), auditory (Groen et al. 2009) and mul-
timodal (Foss-Feig et al. 2010; Kwakye et al. 2011) tasks.
These findings suggest that dynamic or spatiotemporal
attention may be impaired in ASD.

Dynamic attention has also been implicated in ASD
through a heterogeneous set of deficits reported in motion
perception tasks. First, people with ASD appear to have
a selective impairment in the detection of second-order

@ Springer



J Autism Dev Disord

(i.e., texture defined) motion, but not in either flicker or
first-order motion detection (Bertone et al. 2005; Pellicano
et al. 2005; Pellicano and Gibson 2008). Because second-
order motion (unlike first-order motion or flicker detection)
depends on attentive tracking mechanisms (Ashida et al.
2001) this specific pattern of impairment suggests a deficit
in dynamic attention in ASD. Second, discriminating the
direction of global motion, which is sometimes reported to
be impaired (Milne et al. 2002; Pellicano et al. 2005;
Spencer et al. 2000; Spencer and O’Brien 2006; Tser-
mentseli et al. 2008) and sometimes unimpaired (Brieber
et al. 2010; Jones et al. 2011; Koldewyn et al. 2010;
Koldewyn et al. 2011; Milne et al. 2006; Vandenbroucke
et al. 2008) in ASD depends partially on the spatial scale of
attention (Bulakowski et al. 2007), especially in noisy or
attentionally demanding contexts. Third, biological motion
perception, often reported to be impaired in ASD (Atkinson
2009; Annaz et al. 2010; Blake et al. 2003; Cook et al.
2009; Freitag et al. 2008; Klin et al. 2009; Koldewyn et al.
2010) though see (Jones et al. 2011; Murphy et al. 2009;
Rutherford and Troje 2012; Saygin et al. 2010) is an at-
tentionally demanding task (Cavanagh et al. 2001; Thorn-
ton et al. 2002). This complex pattern of preservation and
loss in motion perception tasks (for review, see Kaiser and
Shiffrar 2009) could be explained if people with ASD have
a specific deficit in spatiotemporal or dynamic attention.

In the current study, we examined attentional function in
ASD using the multiple object tracking (MOT) task
(Pylyshyn and Storm 1988), in which subjects must keep
track of a subset of identical objects moving on different
trajectories. MOT is a powerful tool for testing attentional
function in ASD because performance on MOT tasks has
been well characterized in typical adults, and because the
task allows several aspects of attention to be separately
measured in one paradigm. In MOT, targets have to be
selected from among identical distractors, attention must
be divided between multiple targets and attention to targets
must be maintained dynamically across time. Performance
during MOT can be measured as a function of the number
of targets to be tracked, the speed at which objects move
and the distance maintained between tracked objects and
distractors (Bettencourt and Somers 2009; Cavanagh and
Alvarez 2005; Tombu and Seiffert 2008). If dynamic
attention is impaired in ASD, then participants with ASD
should show performance deficits primarily at faster speeds
but should be just as good as typical participants at slower
speeds. If, on the other hand, children with ASD show a
reduction in tracking capacity at all speeds, that would
instead suggest a deficit in other attention processes.

In the current study, we tested typical and ASD partic-
ipants between the ages of 5 and 12 on an MOT task in
which we manipulated both the number of items to be
tracked (2 or 3) and the speed at which tracking was
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performed (5 separate speeds). We sought to answer two
questions: (a) do individuals with ASD have a specific
deficit in dynamic attention. If so, they should perform
worse in MOT than typical children, and the deficit should
become greater as object speed increases. (b) What is the
developmental trajectory of MOT ability between the ages
of 5 and 12 and does this developmental trajectory differ
between ASD and typical children? Finally, to determine if
any differences between typical participants and partici-
pants with ASD in MOT ability were related to motion
perception ability, we also administered a coherent motion
perception task.

Methods
Participants

Participants were 34 typically developing children and 34
children with ASD aged 5-12 years (8 girls and 26 boys in
each group). We matched the groups on age and non-verbal
1Q, measured by the Kaufman Abbreviated Intelligence
Test (see Table 1). Participants with ASD had an ASD
diagnosis and met criteria for ASD or autism on the Autism
Diagnostic Observation Schedule (ADOS). An additional
45 typically developing children aged 5—10 years (16 girls)
and 20 typical adults (10 women) also participated in the
main experiment to provide a more precise quantification
of the developmental trajectory of performance in typical
children. All participants had normal or corrected-to-nor-
mal visual acuity. All participants received modest mone-
tary compensation for their participation and children
additionally received small motivating prizes.

Children with ASD were recruited through the Simons
Foundation and the Boston Autism Consortium. Typically
developing children were recruited from the local com-
munity. Potential participants were excluded if they had
any history of birth or brain trauma, non-corrected visual
impairments or a non-verbal IQ of less than 80. Typically
developing participants were further excluded if they
scored higher than 11 on the social communication ques-
tionnaire (see description below), had a diagnosis of any
developmental disorder or any history of ASD in their
immediate family. Every participant signed an assent form
and a parent or guardian signed an informed consent
approved by the Committee on the Use of Humans as
Experimental Subjects.

Standardized Measures
All children were tested on a number of standardized tests.

Data from these standardized measures are presented in
Table 1.
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Table 1 Participant Information

Measure Autism (n = 34) Control (n = 34) t p value
Mean SD Range Mean SD Range
Performance IQ (K-bit) 109.62 16.57 80-139 111.38 10.821 83-133 .520 0.605
Age 8.74 1.81 5.78-12.08 8.31 1.82 5.16-12.18 —.961 0.340
SNAP-IV* (combined score) 1.69 .38 .944-2.67 .63 48 0-1.17 —-9.3 <0.001
ADOS (severity score) 6.91 1.88 3-10 - - - - -
ADOS (social) 8.88 3.95 4-19 - - - - -
ADOS (repetitive/restricted) 3.5 1.75 2-7 - - - - -
ADOS (total) 12.38 474 6-26 - - - - -

* Missing data on two participants with ASD and five typically developing participants

Autism Diagnostic Observation Schedule (ADOS) (Lord
et al. 2000)

A structured observational assessment that provides
opportunities for interaction and play while measuring
social, communicative and repetitive behaviors that are
diagnostic of ASD.

Social Communication Questionnaire (SCQ)

A parent-report screening questionnaire to evaluate com-
munication and social skills in people aged 4 years and
above (Rutter et al. 2003). The SCQ was obtained from all
participants. Although a score of 15 is typically used in
clinical settings to indicate concern that a child may have
ASD, we used a more conservative cutoff score of 11 for
the typically developing group.

The Kaufman Brief Intelligence Test (k-bit) (Kaufman
and Kaufman 2004)

The K-bit provides a short and reliable means of assessing
intelligence in individuals aged 4-90. Only the nonverbal
subtest was used, testing skills such as pattern recognition,
analogy completion and mental rotation.

Swanson, Nolan and Pelham Questionnaire, revised
(SNAP-1V) (Bussing et al. 2008)

A parent report where parents assess their child on symp-
toms of ADHD as defined by the DSM-IV (American
1994).

General Procedure

Experiments were programmed using psychtoolbox (Brai-
nard 1997; Pelli 1997) implemented in MATLAB.
Responses in the MOT task were made on a touch screen
monitor (resolution: 1,280 x 1,024 pixels, refresh rate:

60 Hz). Responses for the coherent motion perception task
were made using two large buttons connected to a Mac-
Book Pro (resolution: 1,920 x 1,200 pixels, refresh rate:
60 Hz).

Multiple Object Tracking Task Procedure

This (main) experiment was designed to test children’s
ability to track multiple objects (either 2 or 3) among di-
stracters at five different speeds. Each child performed five
practice trials followed by 40 experimental trials.

Practice/Warm-Up Trials

The first five trials, presented separately, served to intro-
duce children to the experiment and demonstrate the dif-
ferent speeds used during the experiment. These practice
trials were identical to the subsequent test trials except that
participants were only asked to track one target object
among seven distractors during these trials. All participants
were 100 % accurate in tracking one object at all speeds.

Experimental trials

For each trial, participants were presented with 8 squares
(1.3° x 1.3°) on a black background, either two or three of
which were first presented as pictures of a kitten while the
rest were simple red squares (see Fig. 1). When participants
pressed the picture of one of the kittens, all of the kittens
would change to red squares and all squares then moved
around the screen on independent trajectories at one of five
speeds (6.4°/s, 9.3°/s, 13.7°/s, 19.9°/s, 28.8°/s). Participants
were asked to keep track of “which squares the kittens were
hiding in” as the squares moved for 3 seconds. Once
movement stopped, subjects indicated all squares in which a
kitten was hidden by touching each one. After the correct
number of squares (2 or 3) had been chosen, participants
received feedback: if they were correct, the square would
change back to the picture of the kitten, if they were not
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Participant starts trial
by touching screen

rrr -

Cats turn to red squares
(identical to distractors)

—— Squares move for 3 sec.

Participant indicates all
squares where cats
are"hidden”

Fig. 1 Schematic of the multiple object tracking task. Note that squares depicted as grey here were originally red and the cat picture was in full

color (orange tabby kitten on a red background)

correct, the correct square would be highlighted by changing
to bright green. If participants got at least one square correct,
they were presented with the sound of a kitten meowing. If
they missed all of the squares, a pre-recorded voice stated
“Oops, let’s try again”. Four trials were presented, in a
random order, at each speed for each number of tracked
objects (2 or 3) for a total of 40 trials.

Coherent Motion Perception Procedure

This experiment tested children’s ability to perceive
coherent motion in a cloud of moving dots. We utilized this
task primarily to look at the relationship between multiple
object tracking and a simpler motion perception task within
our autism group. Data from this experiment was collected
on as many of the participants as possible (time allowing),
28 participants with autism and 26 typically developing
participants.

Stimulus

Coherent motion perception was assessed through a Global
Dot Motion task (Newsome and Pare 1988) in which 100
white dots (.2° visual angle in diameter) were presented in
a black square (12.5° x 12.5°), centered on a black screen.
Dots moved across the screen at 11°/s. We manipulated the
coherence of the display by changing the percentage of
dots that were moving in the same direction, here either
directly left (50 % of trials) or directly right while all other
dots moved in randomly chosen directions. Dots had a
“lifetime” of 50 ms, so that coherent motion direction
could not be determined by monitoring individual dot
motion (Newsome and Pare 1988). Each stimulus was
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shown for 1 s. Participants entered their response (left or
right motion) after stimulus offset.

Practice/Warm-Up Trials

Participants were first presented with several trials as a
demonstration of what the stimuli would look like (pre-
sented at 100 % coherence). They were then asked to
complete 10 trials at 80 % coherence and given feedback to
be sure that they understood the task and could discrimi-
nate leftward from rightward motion in the displays when
the motion information was very strong.

Experimental trials

Participants were first presented with additional practice
trials, at 80 % coherence, and were required to get 4 of
these practice trials correct in a row for the program to
move on to the experimental trials. If subjects could not do
this over the course of 12 practice trials, the experiment
would end and the experimenter would re-explain the task
and re-present the demonstration trials. Once experimental
trials began, a QUEST staircase procedure (Watson and
Pelli 1983) was used to adjust the difficulty of the task by
changing the coherence of the global motion (percentage of
the dots moving in the same direction). This procedure
produced an estimate of the motion coherence at which
participants could discriminate between leftward and
rightward global motion with an accuracy of 75 % correct,
providing a threshold for coherent motion perception for
each individual. QUEST parameters were: number of tri-
als = 30; Beta = 3.5; Delta = .01; Grain = 1. In addition
to the 30 experimental trials, 6 lapse trials were included
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where the stimulus was presented at 100 % coherence to
ensure that participants were attending to the task across
the entire session. On each trial, participants were asked to
indicate the direction of global motion and encouraged to
guess when they did not know. No feedback was provided.

Results
Multiple Object Tracking

Accuracy was calculated for each trial by averaging the
responses for all targets (either 2 or 3). For instance, if a
participant correctly identified 2 of 3 targets, accuracy
would be 67 % on that trial. We then converted average
accuracy on each trial type into a k-score that reflects the
average number of items that a participant was capable of
tracking for that particular trial type. To calculate k, we
used the high threshold guessing model (Hulleman 2005):
k= (oc—tz)/(o + c—21). Here, o = total objects including
targets and distracters (8 for the current study), ¢ = aver-
age correctly identified targets, and t = the number of
targets to be tracked (either 2 or 3). This measure was used
for all of the following statistical analyses.

K-score increased with the number of items to be
tracked [F(1, 66) = 97.483, p < 0.001] and decreased with
their speed [F(4, 264) = 274.256, p < 0.001]. Participants
with ASD had a lower tracking capacity than typically
developing participants [F(1, 66) = 7.69, p = 0.007]. The
deficit in the ASD group was more obvious when three
targets were tracked than two, reflected in a trend of an
interaction between group and items to be tracked [F(1,
66) = 3.626, p = 0.061]. Importantly, we found no inter-
action between group and speed [F(4, 264) = .727,
p = 0.574] and no three-way-interaction between speed,
items tracked and group [F(4, 264) = .181, p = 0.592].
All of these results remained the same when PIQ and age
were entered as covariates, either separately or together.
These results indicate that although participants with ASD
have a lower tracking capacity overall, they were not dis-
proportionately worse at higher speeds.

To test whether floor or ceiling effects might be
obscuring a possible interaction between group and speed
in our capacity measure, our next analysis included only
conditions that were far from floor or ceiling for all chil-
dren: speeds 3 and 4 while participants were tracking 3
objects. Despite focusing on the data with the most
dynamic range to detect such a relationship, we still saw no
interaction between group and speed [F(1, 66) = .072,
p =0.79] while both a main effect of speed
[F(1, 66) = 63.568 p < 0.001] and a main effect of group
[F(1, 66) = 4.413, p = 0.039] remained. Again, although

individuals with ASD performed worse overall, they did
not suffer disproportionally at faster speeds (Fig. 2).

Multiple Object Tracking Across Development
MOT skill development in typically developing children

To measure with greater resolution any changes in tracking
capacity across age, we used data collected from all 76
typically developing children between the ages of 5-10,
placing them in age groups by year (see Table 2). We
focused on this age range because only a few children
(three in each group) in the age and IQ matched groups
were older than 10 years. As some older children reached
ceiling across all speeds in the track-2-item condition, we
focused our analyses on the track-3-item condition.
ANOVA including all child age groups (5, 6, 7, 8, 9,
10 years) showed a robust main effect of age-group
[F(5, 70) = 25.924, p < 0.001], indicating that tracking
capacity increased with age. Interestingly, it also showed
not only the expected main effect of speed [F(4, 280) =
340.236, p < 0.001] but also a speed by age-group inter-
action [F(20, 280) = 3.597, p < 0.001] indicating that
both attentional capacity and dynamic attention develop
significantly during this age range. Figure 3 illustrates
these age-related changes.

Further analysis showed that between the age spans of
5-7 years, the overall improvement in capacity was the
same for all speeds [main effect of age F(2, 37) = 14.008,
p < 0.001; interaction between age and speed, F(8,
148) = 1.088, p = 0.211]. Seven-year-olds reached near
adult performance levels when the objects moved at the
slowest speed (#(33) = 1.79, p = 0.09), but not at higher
speeds. However, from 7 to 10 years of age, increasing age
was associated with greater ability to track at higher speeds
(main effect of age F(3, 47) = 3.779, p = 0.016, interac-
tion between age and speed, F(12, 188) = 2.055,
p = 0.022). Ten-year-old performed at adult levels except
for the fastest speed (ps>.1 for speeds 1-4;
1(29) = 3.031, p = 0.005 for speed 5). These results sug-
gest that development of MOT skills is primarily driven by
improvements in attentional capacity before the age of
seven, while dynamic attention continues to improve until
at least the age of ten, if not into adolescence.

MOT skill development in ASD

Next, to test whether the development of tracking capacity
might differ between typically developing children and
those with ASD, we performed an ANOVA similar to that
done in the entire typically developing group, but looking
just at our age and IQ matched groups. Because of both the
smaller group size and the fact that children were not
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Fig. 2 Group performance (k-score) across all speeds a while tracking 2 objects and b while tracking 3 objects. Error bars represent the standard
error of the mean. Adults are included here for illustrative purposes only

Table 2 Typical participant information by age-group

Age-group Ages for typical children (n = 76)

N Mean SD Range
5-year-olds 14 5.43 34 5.03-5.97
6-year-olds 11 6.38 25 6.02-6.83
7-year-olds 15 7.60 28 7.01-7.95
8-year-olds 11 8.66 31 8.03-8.98
9-year-olds 14 9.56 32 9.07-9.98
10-year-olds 11 10.69 28 10.13-10.94

evenly distributed across our age range, we binned par-
ticipants by 2-year intervals (5-6, 7-8, 9-10 and
11-12 years). This ANOVA showed the expected main
effects of speed [F(4, 240) = 117.94, p < 0.001] and
group [F(1, 60) = 4.725, p = 0.034]. This analysis also
showed the same developmental trends revealed in the
larger typically developing group: a main effect of age-
group [F(3, 60) = 4.799, p = 0.005] and an age-group by
speed interaction [F(12, 240) = 2.042, p = 0.02]. Cru-
cially, however, there was no interaction between group
and age-group [F(3, 60) = 1.425, p = 0.22], nor was there
a speed by group by age-group interaction [F(12,
240) = .515, p = 0.90]. These results indicate that devel-
opmental change did not differ between groups, despite the
overall between-group difference.

To make sure that we were not missing possible
between-group differences in development, we once again
focused on our most dynamic range, averaging k-scores
across speeds 3 and 4 for trials where participants tracked 3
targets. We then ran a regression with this k-score average
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Fig. 3 K-values for the entire group of typical children (N = 76),
binned by age, across the five speeds while children tracked three
objects. Adults (N = 20) are included in the graph for illustrative
purposes but were not included in the main ANOVA investigating
developmental change. Developmental change between the ages of 5
and 10 is evident, with further development after the age of 10 only
evident at the highest speed

as the dependent variable and performance 1Q, age (as a
continuous variable), group and an age by group interaction
term as predictors. Both performance 1Q [#62) = 3.310,
p = 0.002] and age [#(62) = 3.563, p = 0.001] were sig-
nificant predictors of tracking capacity. As shown in Fig. 4,
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however, developmental change did not significantly differ
between groups as assessed by either slope [#(62) = .097,
p = 0.92] or intercept [#(62) = —.714, p = 0.48].

Correlation analyses

To assess potential relationships between tracking capacity
and other possible factors, we used our most sensitive
measure: the average tracking capacity at speeds 3 and 4
while participants were tracking 3 objects.

Correlations with Standardized Measures

Performance IQ Not unexpectedly, tracking capacity was
positively correlated with performance 1Q for both groups
(typical group: r = .404, p = 0.018; ASD group: r = .480,
p = 0.004).

SNAP-IV  No child in the typical group scored high
enough on the SNAP-IV to be considered at risk for ADHD.
In the ASD group, 8 children fall within the clinical range
for ADHD. However, tracking capacity did not correlate
with SNAP-IV scores, (r = .047, p = 0.85) and this rela-
tionship remained similar when both age and IQ were
controlled.

ADOS No correlations were found between autism
severity as assessed by the ADOS calibrated severity score
and tracking capacity in the ASD group (r = .2, p = 0.308)
even when both 1Q and age were controlled (r = .104,
p = 0.613).
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Fig. 4 Individual k-values for the entire group of typical children
(N =79) and the group of children with ASD (N = 34) plotted
against age to show developmental change in both groups. The dotted
line is the line of best fit for the typical group while the solid black
line shows the line of best fit for the ASD group

Correlations with Motion Coherence Perception ability

The two groups did not differ on motion coherence ability
as assessed by 75 % thresholds [ASD mean: 42.56 typical
mean: 41.03; #44) = —.281, p = 0.78]. Additionally,
neither group showed a significant relationship between
motion coherence perception ability and tracking capacity
(typical group: r = —.243, p = 0.498; ASD group: r =
—.267, p = 0.23) even when both age and performance 1Q
were controlled for: (typical group: r = .335, p = 0.417;
ASD group: r = —.089, p = 0.71). Both of these results
suggest that possible between-group differences in motion
perception cannot explain the between-group differences in
tracking capacity during MOT.

Discussion

Children with ASD tracked fewer objects successfully than
did typically developing children across all conditions in
the MOT task. Contrary to our predictions, however,
children with ASD did not perform disproportionately
worse at higher speeds, but instead showed a similar per-
formance deficit at all speeds. These results argue against
the selective deficit in dynamic attention in ASD that we
hypothesized, which predicts greater performance dispari-
ties at higher speeds. In addition, the lack of a deficit in
coherent motion perception in ASD, as well as the lack of a
correlation between performance on MOT and direction
discrimination ability in the coherent motion task indicates
that neither basic motion perception ability nor the
dynamic nature of MOT can explain the lower performance
we observed in children with ASD in the MOT task.

How can the apparent lack of a deficit in dynamic
attention found here be squared with the evidence for such
a deficit reviewed in the introduction? Perhaps deficits in
the perception of biological motion are more related to the
social nature of the stimuli than to their dynamic nature
(Pelphrey et al. 2011), a possibility that could be tested
with perceptual discrimination tasks on static body stimuli.
More generally, our data suggest that it may be worthwhile
to revisit some of the prior evidence that temporal/dynamic
stimuli pose special processing challenges for people with
ASD.

How can we account for the deficits we do find in the
number of items that can be tracked in MOT tasks? MOT
involves at least three partially distinct aspects of atten-
tional processing: dynamic attention (tracking targets over
time), selective attention (distinguishing targets from
nontargets), and divided attention (spreading attention over
multiple targets). As our results are not consistent with
a deficit in dynamic attention, could a deficit in either
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selective attention or divided attention explain our
between-group differences?

Selective attention deficits have been reported in autism
primarily on tasks where irrelevant information is pre-
sented in the same stimulus as task-relevant information
(e.g., local features in a global shape) (Burack 1994;
Ciesielski et al. 1990; Plaisted et al. 1999; Remington et al.
2009). On tasks where irrelevant stimuli are separate object
distractors (e.g., a visual search task), people with ASD
have generally performed as well or even better (Baldassi
et al. 2009; Joseph et al. 2009; Kaldy et al. 2011; O’riordan
2004; O’Riordan and Plaisted 2001; O’Riordan et al. 2001;
Plaisted et al. 1998) than a typical comparison group. MOT
requires attentional selection among objects (not features):
one must attend to some objects (targets) while filtering out
others (distracters), relying purely on attention (as opposed
to, say, a color difference). Thus, it might be expected that
people with ASD would not experience difficulty with the
selective attention demands of the MOT task. Indeed,
evidence from our study suggests that differences in
selective attention are not driving our group effect in MOT.
In particular, as speed increases during MOT, selection
becomes more difficult because at higher speeds there are
more events when the targets and distracters are near each
other spatially, each resulting in a chance of selection
failure (Franconeri et al. 2008; Franconeri et al. 2010; Shim
et al. 2008). If difficulties in selective attention were
driving between-group differences in MOT capacity, the
differences between groups should, again, be greater at
higher speeds. Because our results show consistent
between-group performance differences across speed, it is
unlikely that selective attention deficits in the ASD group
are driving our results. This could be tested more explicitly
in future research by directly manipulating the distance
between distracters and targets to determine if doing so
would affect performance similarly in both typical and
ASD populations.

Might deficits in divided attention then account for the
lower MOT performance we observed in children with
ASD? The literature on divided attention in ASD is mixed,
with some studies suggesting that people with ASD have
typical divided attention abilities (Bogte et al. 2009;
Rutherford et al. 2007) while others conclude that people
with ASD show a deficit in divided attention abilities
(Althaus et al. 1996; Ciesielski et al. 1995; Pierce et al.
1997). MOT relies on divided attention because it requires
attending to multiple, independently moving objects. In
order to continue to track objects as they move among
identical distracters, it is theorized that an attentional index
is established for each object, and this index must be
maintained as objects move (Cavanagh and Alvarez 2005;
Pylyshyn and Storm 1988). A reduction in the ability to
establish these attentional indices and then divide attention

@ Springer

over them would lead to a reduction in tracking capacity,
regardless of object speed. This is what our data show:
children with ASD have reduced capacity at all speeds
relative to the typical comparison group suggesting that
those with ASD may have a selective deficit in spatial
indexing rather than temporal updating. Thus, a deficit in
divided attention is consistent with our results.

Another possibility is that differences in spatial working
memory ability could underlie the deficits we observe in
individuals with ASD in the MOT task. Previous research
has shown that tracking capacity during MOT is directly
related to spatial working memory capacity in typical
adults (Allen et al. 2006; Cavanagh and Alvarez 2005),
predicting much of the individual variability in MOT
capacity (Trick et al. 2012). As working memory deficits
have been reported in autism for static displays (Bennetto
et al. 1996; Lopez et al. 2005; Luna et al. 2007; Poirier
et al. 2011; Russo et al. 2007), though see (Griffith et al.
1999; Ozonoff and Strayer 2001; Russell et al. 1996) it
certainly seems possible that deficits in working memory
capacity in ASD could at least partially explain the current
results. This possibility could be tested in future work in
which MOT capacity and working memory ability are
examined in the same individuals with ASD.

The current results also provide a possible target for
future brain-imaging studies of attentional function in
ASD. A region in posterior parietal cortex has been shown
in several studies to be engaged during MOT tasks (Cul-
ham et al. 1998; Culham et al. 2001; Jovicich et al. 2001).
This region also appears to increase its response only when
the number of items to be tracked is increased (Howe et al.
2009; Shim et al. 2010) but, importantly, not when the
speed of targets is increased (Shim et al. 2010). Thus, this
region may be specifically involved in the indexing of
items to be attended while other regions, such as motion
sensitive cortex in the middle temporal area (MT+), the
frontal eye fields (FEF) and the anterior portion of the
inferior parietal sulcus (AIPS), may be more involved in
tracking targets dynamically, increasing their response
when the speed of targets increases (Shim et al. 2010). The
current results would predict that participants with autism
would show reduced response in posterior parietal cortex
during MOT, a difference that could be especially notice-
able when the number of items to be tracked is manipu-
lated. The current results would also predict that regions
more involved in the dynamic aspects of the task (MT+,
FEF, AIPS) would all be expected to respond at similar
levels in typical and ASD groups.

The current study also highlights the importance of
examining cognitive skills in ASD within a developmental
framework. While caution must be taken in interpreting the
developmental data because of the cross-sectional design,
our results suggest that both tracking capacity and dynamic
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attention develop significantly between the ages of five and
10. Although the dynamic aspects of the MOT task have
not been manipulated in earlier developmental studies, the
current results are consistent with previous studies of MOT
performance in children in which the number of objects to
be tracked was manipulated to examine tracking capacity
(O’Hearn et al. 2010; Trick et al. 2005). A decrease in
tracking capacity during MOT has been reported in other
developmental disorders, including both William’s syn-
drome (O’Hearn et al. 2005; O’Hearn et al. 2010) and
Turner Syndrome (Beaton et al. 2010). Given that both
disorders are associated with general reductions in spatial
skills (Landau et al. 2006; Lepage et al. 2011; Mazzocco
et al. 2006) while people with autism are generally con-
sidered to have typical or even superior spatial skills (for
review see: Edgin and Pennington 2005), capacity
decreases in other developmental disorders may not reflect
the same underlying cause as in ASD. Further, in contrast
to people with William’s syndrome, where development of
MOT skills appears to plateau at the developmental level of
4-year-old typical children while the ability to remember
multiple static locations develops further, (O’Hearn et al.
2010), our data show similar developmental trajectories of
MOT performance for typical children and children with
ASD. In the larger typical group in our study, the perfor-
mance of the 10-year-old group appears to be virtually
identical to adult performance in all conditions except at
the highest speed when 3 objects were being tracked. This
finding suggests that MOT capacity typically approaches
adult levels by the age of ten, while some development
continues to occur in dynamic attention. Future studies will
be necessary to determine whether individuals with ASD
eventually reach the same performance levels on this task
as typical adults, or whether they plateau at a lower level.
The data in Fig. 4 appear to show a group of participants
with ASD that lag behind both typical individuals and other
children with ASD of similar ages. Indeed, while 80 % of
participants with ASD performed at more than 1 standard
deviation below the mean of typical individuals in their age
group, only 35 % of ASD participants (12 of 34) performed
at more than 2 standard deviations below that mean. This
group of 12 participants did not have significantly different
1Qs, ADOS scores or scores on the SNAP-IV. They also
did not perform differently on the coherent motion task.
Nonetheless, it is possible that these children may consti-
tute a subgroup in whom attention function is particularly
delayed developmentally—a possibility that could be fur-
ther investigated by retesting these individuals on this task
as well as on other measures of attentional function.
What impact might the deficits reported here have on
real world cognitive skills? Difficulty dividing attention
between multiple targets could potentially impact other
visual cognitive skills in ASD, especially in understanding

complex social situations and interpersonal interactions.
The ability to track multiple targets at the same time is also
important for skills like sports and monitoring traffic when
crossing streets. Differences in the ability to divide atten-
tion between multiple targets may be important in under-
standing other aspects of the cognitive profile in children
with ASD, especially the interactions between attention,
executive function and visual perception skills during
development. The suggestion that dynamic attention does
not play a major role in ASD is particularly important,
although this finding will need to be replicated not only in
MOT but also in other paradigms where dynamic attention
can be manipulated in different ways. That MOT skills
both develop significantly during middle to late childhood
and appear to develop in similar ways in both ASD and
typical groups is encouraging as it suggests that divided
attention skills could be a target for clinical intervention.
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