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Evidence suggests that people with autism rely less on holistic visual information than typical adults. The
current studies examine this by investigating core visual processes that contribute to holistic processing—
namely, individuation and element grouping—and how they develop in participants with autism and typically
developing (TD) participants matched for age, IQ, and gender. Individuation refers to the ability to “see”
approximately four elements simultaneously; grouping elements can modify how many elements can be
individuated. We examined these processes using two well-established paradigms, rapid enumeration and
multiple object tracking (MOT). In both tasks, a performance limit of four elements in typical adults is thought
to reflect individuation capacity. Participants with autism displayed a smaller individuation capacity than TD
controls, regardless of whether they were enumerating static elements or tracking moving ones. To manipulate
the holistic information available via element grouping, elements were arranged into a design in rapid
enumeration, or moved together in MOT. Performance in participants with autism was affected to a similar
degree as TD participants by element grouping, whether the manipulation helped or hurt performance,
consistent with evidence that some types of gestalt/grouping information are processed typically in autism.
There was substantial development from childhood to adolescence in the speed of individuation in those with
autism, but not from adolescence to adulthood, a pattern distinct from TD participants. These results reveal
how core visual processes function in autism, and provide insight into the architecture of vision (i.e.,
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individuation appears distinct from visual strengths in autism, such as visual search).
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People with autism display a unique style of visual processing
(Dakin & Frith, 2005; Simmons et al., 2009). For typically devel-
oping (TD) adults, global or holistic information (Navon,
1977)—or the overall gist of a visual scene (Rensink, 2002)
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—often takes precedence over local information. However, people
with autism seem to access and focus more easily on local infor-
mation (sometimes embedded in individual objects) than on global
configuration (Behrmann et al., 2006a; Dakin & Frith, 2005;
Scherf, Luna, Kimchi, Minshew, & Behrmann, 2008; Simmons et
al., 2009). This visual style has led to theories of autism such as
enhanced perceptual functioning (EPF; Mottron, Dawson, Sou-
lieres, Hubert, & Burack, 2006), which emphasizes an inherent
bias for local information, and weak central coherence (WCC;
Happé, 1999), which additionally specifies a deficit in processing
global configuration. Both of these theories highlight the local bias
in visual processing, which leads to superior performance on some
tasks (Shah & Frith, 1983; O’Riordan & Plaisted, 2001). Weak
central coherence integrates this local bias with a deficit in pro-
cessing global configuration in autism, potentially affecting im-
portant visual skills that require the representation of multiple
elements (e.g., face recognition, interpretation of social scenes).
While these theories suggest that limitations in holistic processing
in autism reflect basic perceptual differences, the perceptual pro-
cesses underlying this “local bias” have not been identified.

In this paper, we test whether two basic perceptual processes
that contribute to holistic processing typically—individuation of
multiple elements and sensitivity to element grouping— differ in
autism. Individuation refers to the ability to apprehend a small
number of elements simultaneously; seeing these elements in
parallel may allow us to rapidly integrate them into a holistic
representation, regardless of their arrangement. This is distinct
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from sensitivity to element grouping, which is examined in this
paper using individuation paradigms though it is important in
many visual tasks. Element grouping also supports holistic pro-
cessing, but generally does so on the basis of previous knowledge
or gestalt principles (e.g., continuity, symmetry, common fate). To
examine these interacting processes, we used two well-established
tasks: rapid enumeration and multiple object tracking (MOT). We
characterized the developmental trajectory of these processes to
see whether group differences are stable over time, or change with
development.

Rapid Enumeration

In rapid enumeration (Experiment 1), participants are asked to
make rapid, exact counts of a set of elements. For small collections
(one to four elements), response times are fast and almost constant,
suggesting that up to four individuals elements can be counted in
parallel (Mandler & Shebo, 1982b; Revkin, Piazza, Izard, Cohen,
& Dehaene, 2008; Trick & Pylyshyn, 1994), a skill called “subi-
tizing” (Kaufman, Lord, Reese, & Volkmann, 1949). Subitizing is
thought to reflect the adult’s ability to individuate approximately
four elements at once. In contrast, response times for larger col-
lections of elements (five to eight or more elements) are slower,
with reaction time (RT) and errors increasing systematically with
each additional element. This behavioral pattern, with systemati-
cally longer reaction times with each additional element, suggests
that these higher numbers of elements require serial processing.
The longer RT is likely due to the need to shift attention to subsets
of objects while marking previously counted elements or subsets.

If people with autism individuate fewer elements than TD
participants, they might switch to a serial process for lower num-
bers of elements, resulting in a smaller subitizing range. Gagnon,
Mottron, Bherer, and Joanette (2004) found this pattern, despite
their original hypothesis that those with autism would perform
better than TD adults due to their mathematical skill. The partic-
ipants with autism appeared to use a serial process with fewer
elements—around three—than TD participants. While suggestive,
these results were limited because the groups were not directly
compared, the subitizing range was not explicitly quantified, and
the effect was generally not robust. These issues are addressed in
the current study.

While Gagnon’s work suggests that individuation is a “global”
visual process impacted by autism, individuation could also be
considered a “local” process and individuals with autism may be
better at individuating multiple elements. The “local bias” in
autism might reflect that attention is allocated across individual
elements, allowing those with autism to encode more elements at
once. This would explain the “better than typical” abilities in
autism on tasks such as visual search (O’Riordan & Plaisted, 2001)
and block construction (Shah & Frith, 1993): more individual
elements within the display are individuated, and therefore repre-
sented, simultaneously. Some recent evidence is consistent with
this view. Remington, Swettenham, Campbell, and Coleman
(2009) found that adults with autism could effectively process a
higher perceptual load than TD adults. Thus, individuals with
autism may have enhanced parallel processing (Mottron et al.,
2006), leading to the ability to individuate (and subitize) more
elements at once.

Multiple Object Tracking

To provide converging evidence on individuation capacity, we
also used a MOT task (Experiment 2), which, to our knowledge,
has not been examined in autism. MOT also controlled for a
potential confound of the rapid enumeration task—participants
with autism may choose to count earlier than TD participants. In
MOT, participants are asked to track a set of target objects moving
among a set of distracter objects with identical features, so that
each individual target must be continuously tracked in order to
distinguish it from distractor objects (Pylyshyn & Storm, 1988).
MOT studies reveal that typical observers can track a maximum of
four objects under most conditions, and more in carefully designed
displays that maximize interobject distance (Alvarez & Franconeri,
2007). The common limit of about four objects suggests that both
subitizing and MOT may be sensitive to a shared performance
limit on parallel individuation (Pylyshyn, 2000). This possibility is
supported by the results from a training study (Green & Bavelier,
2006) and a dual-task study which used both MOT and rapid
enumeration—for each object enumerated, one fewer object could
be tracked (Chesney & Haladjian, 2011).

Element Grouping

Because the goal of this study was to explore how differences in
individuation might contribute to a “local bias” in visual process-
ing in people with autism, it was critical to simultaneously study
visual grouping, a phenomenon that goes hand-in-hand with indi-
viduation. This is particularly important because whether individ-
uation is considered a local or a global process may differ on the
basis of whether the elements are grouped—individuation might
function as a “local” process without grouping, but might be a
“global” process under conditions of grouping. Thus, we manip-
ulated the parameters of both of these tasks, rapid enumeration and
MOT, to examine grouping processes. The grouping either helps
or hurts performance typically, by facilitating individuation or by
making individuation more difficult because elements that need to
be differentiated are grouped together.

For the rapid enumeration task, in the nongrouped or original
condition, the elements were randomly located. In the “helping
performance” grouped condition, elements were grouped into ca-
nonical shapes (dice patterns) that improve performance. Previous
work indicates that participants enumerate elements in a dice
pattern more rapidly, especially with a greater number of elements
(five or six), than they do without the pattern (Mandler & Shebo,
1982). This presumably reflects the process of matching the pat-
tern with long-term memory representations, although the system-
atic arrangement of elements may in and of itself aid enumeration
(e.g., it might facilitate subitizing of subgroups of two or three
elements at once). In the “hurting performance” grouped condi-
tion, the elements were concentrically grouped into a single
“stack.” This impairs performance, presumably by causing partic-
ipants to see all the elements as a single object. To accurately
enumerate even just a few elements in this arrangement requires
serial attention to segregate each element within the “group” (often
with one by one counting), making enumeration drastically slower
even with just a few elements (Trick & Pylyshyn, 1994).

For the MOT task, in the nongrouped, original condition, the
elements moved independently and randomly around the display.
In the grouped conditions, each element was paired with another
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element using motion—the fact that the elements were moving
together demonstrates the gestalt principle of “common fate.” In
the “helping performance” grouped condition, these groups con-
sisted of target-target and distractor-distractor pairs. This grouping
improves performance by allowing participants to effectively track
two target “groups” instead of four target “objects” (Scholl,
Pylyshyn, & Feldman, 2001). In the “hurting performance”
grouped condition, each group consisted of a target—distractor
pair. This impairs performance by dragging the participant’s focus
from the single target objects to the level of groups (the target—
distractor pair); however, the attended groups include both targets
and distractors that still need to be differentiated, therefore increas-
ing difficulty (Scholl et al., 2001).

Predictions

We hypothesized that those with autism would be less sensitive
to holistic or global information evident when the elements were
grouped, regardless of whether it helped or hurt performance. This
hypothesis seemed likely because individuals with autism appear
to be less sensitive to the types of information manipulated in the
grouping conditions, namely prior knowledge (i.e., less sensitive to
the overall picture in the embedded figures test; Shah & Frith,
1983) and gestalt information (proximity, closure, and similarity;
Brosnan, Scott, Fox, & Pye, 2004; similarity only in Farran &
Brosnan, 2011). In the grouped conditions of the rapid enumera-
tion task, prior knowledge influenced performance, either by a dice
pattern, which supported enumeration on the basis of a known
pattern, or by concentric squares, which are automatically grouped
into a single unit. In the grouped conditions in MOT, gestalt
information—common motion—influenced performance. While
common motion per se has not been previously tested in autism,
we hypothesized that our results would be consistent with the
results of other studies showing limitations with other types of
gestalt information in autism. There is also evidence that people
with autism are less sensitive to motion coherence (Milne et al.,
2002) and biological motion (Annaz et al., 2010). Since both of
these tasks clearly require sensitivity to common motion, these
results also support the hypothesis that performance in autism
would not be influenced as much by common motion as perfor-
mance was in typical adults.

The predictions for individuation performance were less obvi-
ous. One possible scenario is that the participants with autism
individuate objects typically or even better than TD participants,
reflecting their skill on tasks such as visual search (O’Riordan &
Plaisted, 2001; O’Riordan, 2004). However, on the basis of
Gagnon et al. (2004) and evidence that those with autism encode
fewer elements in complex visual displays (Fletcher—Watson,
Leekam, Turner, & Moxon, 2006; Loth, Goméz, & Happé, 2008;
O’Hearn, Lakusta, Schroer, Minshew, & Luna, 2011), we hypoth-
esized instead that those with autism would individuate fewer
objects than TD participants, in addition to being less sensitive to
their arrangement. If so, two distinct basic perceptual processes
related to holistic processing would be atypical in autism, com-
pounding the differences in how adults with autism “see” visual
scenes with multiple elements.

We also hypothesized that these differences might become more
striking with age. Previous work indicates that participants with
autism may not undergo the developmental improvement that

occurs typically during adolescence, especially in encoding all the
elements in a scene (O’Hearn, Schroer, Minshew, & Luna, 2010;
see also Scherf et al., 2008; Kuschner, Bodner, & Minshew, 2009).
This developmental perspective highlights that group differences
may not be stable across age in a neurodevelopmental disorder
such as autism, in which maturation itself is atypical and skills
build upon previous achievements.

Experiment 1: Rapid Enumeration

Methods

Participants. Participants included 39 well-characterized par-
ticipants with autism (36 male, four female), and 39 TD partici-
pants matched individually to the participants with autism on age
(within 1.5 years in children, 3.5 years in adults), IQ (12 points)
and gender. These groups included 9 children (9 —12 years old),
15 adolescents (13—17 years old), and 15 adults (1829 years old).
These age ranges were chosen because they represent meaningful
stages of development. Participants with Pervasive Developmental
Disorder—Not otherwise Specified (PDD-NOS) or Asperger’s syn-
drome (i.e., no language delay evident) were excluded, as were
those with full-scale IQ scores <80 on the Wechsler Abbreviated
Scale of Intelligence (Wechsler, 1999) or those known to have an
associated disorder such as tuberous sclerosis or fragile-X syn-
drome. The Autism Diagnostic Interview—Revised (ADI; Lord,
Rutter, & Couteur, 1994) and the Autism Diagnostic Observation
Schedule-General (ADOS; Lord et al., 2000), as well as expert
clinical opinion, were used to diagnose autism (see Table 1 for
ADI and ADOS scores and demographic information). The TD
participants were healthy, with no history of head trauma, birth
complications, seizures, or psychiatric disorders. Informed consent
and assent were obtained from all participants and/or their legal
guardians prior to the study, which was approved by the Institu-
tional Review Board at the University of Pittsburgh.

Procedure. All participants performed the tasks in a single
session, using two laptop computers. The session took place in a
quiet office. Whether rapid enumeration or MOT came first was
counterbalanced between subjects and matched across groups. In
rapid enumeration, the random location condition was always first
in case the session could not be finished, because it was critical for
the interpretation of the other two conditions. Whether the dice or
concentric condition came next was counterbalanced between sub-
jects and matched across groups. Both laptops were placed on a
desk, with the screen 25 in. in front of the participant’s face. Each
rapid enumeration condition took about 10 min to complete (30
min for all three conditions).

Condition 1: Random locations. The display was presented
on a Dell Inspiron E1405, and programmed in visual basic. On
the laptop screen, there was a rectangle, 5.25 in. high and 6.75
in. wide, on which the experimental display was projected. The
experimenter pushed a button to start the trial when the partic-
ipant was ready. When the trial started, 1 to 8 dark gray squares
(80% black) appeared on a light gray background (20% black,
both with equal amounts of red, blue, green, in Microsoft
standard colors; Figure 1A). The squares and background were
gray to minimize visual after-effects. The squares were ran-
domly placed, making each trial unique, using the constraint
that their centers be at least 3.1 degrees-of-visual-angle (dva)
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Table 1
Demographics
Children Adolescents Adults
Autism Control Autism Control Autism Control
Variable M SD M SD M SD M SD M SD M SD

N 9 9 15 15 15 15
Age 11.57 1.11 11.55 1.09 15.35 1.77 15.39 2.02 23.09 4.54 22.73 4.45
Full scale IQ 100.25 6.69 105.22 105.08 14.26 105 9.25 107.43 12.51 105.43 10.63
Verbal 1Q 104.25 13.25 104.5 9.26 104.58 12.97 103.75 9.30 106.29 11.22 103.5 10.35
Performance 1Q 96 6.21 105.38 10.72 103.92 15.87 106.42 9.70 106.79 13.42 106.42 11.46
ADOS

Communication 4.67 1.86 4.45 1.13 5.15 1.22

Social 9.50 1.76 9.09 2.38 9.23 2.17

Total 14.17 3.31 13.55 2.77 14.03 3.12

apart. They were randomly sized from three possible sizes (0.85
dva; 1.3 dva; 1.8 dva), to avoid the possibility that the number
task could be correctly answered on the basis of another factor,
like density. Each number of items (1 through 8) was presented
six times in a random order, making 48 trials. The order of trials
and location of squares were randomly generated for a given
participant, but then it was labeled with a number and matched
across individuals with autism and their matches, the control
who matched them on age, 1Q, and gender. The participants did
at least six practice trials before the task; these were repeated
again if the experimenter thought it was needed.

Once the participant indicated they were ready, the experimenter
pressed a button that started the trial, and a fixation cross came on
the screen for 500 ms. Both this cross and the experimenter alerted
the participant that it was time to attend closely to the display.
Once the fixation cross disappeared, the gray squares appeared and
stayed on until the microphone recorded a voice signal. This
display was presented for as long as it took the participant to
answer. When they responded, the gray squares were replaced with
a marbled black and white background (again to minimize after
effects). An answer box popped up, and the experimenter typed in
the participant’s response. If the experimenter felt that the program

A
Instructions: How many? Be accurate.
Fixation stays up for 500 ms after experimenter starts
ar trial.
Squares stay up until participant answers.
[ | Voice onset recorded.
m"
B Once a sound is detected, a
time e mask comes up and then
44! answer box.
4 Experimenter enters answer
and starts next trial.
B C
|
] ]
|
(] [ |
| | | |}

Figure 1.

Rapid enumeration methods. (A) Illustration of the enumeration task. Participants fixate, then the

display appears and participants answer as rapidly as they can while maintaining accuracy. A microphone
records the timing. (B and C) Illustration of the grouping manipulations in the enumeration task. (B) Examples
of dice condition displays. (C) An example of a concentric condition display.
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had been triggered in error—that is, by a loud sound outside the
room or an “‘ummm”—they hit the “enter” key without typing a
number, and that trial was not used but instead repeated at the end
of the experiment. This did not happen frequently, as the partici-
pants were explicitly told not to say anything but the answer. The
instructions were: “When I hit the button, some squares are going
to appear on the screen. Your job is to tell the computer how many
there were. The computer will be listening for you and it only
wants to hear numbers so be careful and don’t say things like ‘um.’
Sometimes you will just know how many squares there are really
fast and if that happens, I want you to tell the computer the answer
as fast as you can! Sometimes you won’t know the answer so
quickly and then I want you to count in your head and tell me the
answer when you know it. I want you to do your best and try to tell
me the exact number each time. Ready to try?”

Reaction time of verbal responses was measured via a micro-
phone (Abrams & Jennings, 2004). Participants were encouraged
to be fast but completely accurate, in order to minimize differences
in the speed—accuracy trade-off between groups. If participants
made a mistake, they were reminded that accuracy was more
important than speed, and the instructions were repeated.

Conditions 2 and 3: Grouping manipulations. The proce-
dure in these separate conditions was the same as in Experiment 1,
except for the arrangement of the displays (Figure 1B, C), the
elements themselves in the concentric condition (Figure 1C) and
that only 1 to 6 elements were tested. The dice condition was
intended to enhance performance (especially with higher numbers
of elements). It differed from the original version only in the
placement of elements, which were no longer random but instead
were standardized into classic dice patterns. The squares were still
randomly chosen from three possible sizes.

The concentric condition was intended to undermine perfor-
mance by requiring serial attention (Trick & Pylyshyn, 1994). To
do so, there were no longer constraints on the spacing between the
elements; instead the elements were integrated into a single object
by placing each square inside another, with the squares described
by the outside contour line only. The main location of the squares
was still chosen randomly on each trial, but the squares were
placed inside each other on all trials. The sizes were randomly
chosen from eight possibilities (largest = 15/16 in.; smallest =
3/16 in.). If, for instance, it was a three-element trial, three squares
from the eight possibilities would be randomly chosen. This sam-
pling eliminated a one-to-one correspondence between size/den-
sity and number. While it is a concern that participants could have
used heuristics based on size or density to guess at the number of
elements, we think that since accuracy was stressed and there was
no direct relationship between number and size/density, the ma-
jority of participants counted the squares instead of using heuris-
tics.

Statistical Analyses

Preliminary statistics analyzed accuracy and indicated that the
speed—accuracy trade-off differed slightly across groups in adult-
hood. Thus, a composite score of RT and accuracy (RT/accuracy)
was formed by dividing each participant’s mean response time by
the proportion correct. We call this measure “corrected RT” and it
is the primary measure reported, although RT is reported when the
two measures yielded distinct results. Townsend and Ashby (1983)

describe the same composite score, which they call the inverse
processing efficiency score. A preliminary omnibus analysis of
variance (ANOVA) was done on corrected RT, with condition
(random, dice, concentric) and number (1 to 6) as within-subjects
factors, group (autism, TD) and age (child, adolescent, adult) as
between-subjects factors. This preliminary analysis indicated dif-
ferences between the conditions, as well as borderline interactions
between condition and group, and condition and age. The main
analyses then examined each condition separately, using the meth-
ods described below. In the ANOVAs used, to control for viola-
tions of sphericity and differences in variability between groups,
the Greenhouse—Geisser correction was used on the F statistic and
Tamhane’s t correction was reported for the post hoc comparisons
of age.

Condition 1: Random locations. To examine subitizing ca-
pacity, a bilinear function was fit to each individual using the
corrected RT for one to seven elements, with the constraint that the
slope of the first line (in the subitizing range) be no more than 250
ms/item (Chi & Klahr, 1975; Svenson & Sjoberg, 1978) and no
less than —50 ms/item (which suggests anomalous data). We
excluded eight elements because we did not want to confound
results with group differences in “guessing end effect,” when
participants accurately identify the highest number of objects in
the task (Piazza, Giacomini, Le Bihan, & Dihaene, 2003). The
intercept between these lines that minimized error was considered
the “breakpoint,” or subitizing capacity. The breakpoint provided
an estimate of how many objects could be individuated, that is,
when parallel processing switches to serial counting. We also
examined the slope in the subitizing (one to three) and counting
(four to seven) range. One adult with autism had RTs that were
more than 2.5 SD slower than the mean for the autism group. To
avoid biasing our results toward finding group differences on the
basis of this individual, both he and his match were dropped from
all analyses, making the total number of adult pairs 14.

We then examined how the parallel and serial processes under-
lying enumeration were affected in autism by forming a composite
factor (range) with two levels. The subitizing/parallel range was
the mean performance for one, two, and three elements, and the
counting/serial range was mean performance for five, six, and
seven elements. We excluded four elements because this was the
subitizing range for some participants and the counting range for
others, as well as eight elements for the guessing end effect
described above.

Conditions 2 and 3: Grouping manipulations. Our primary
interest was how the dice and concentric conditions changed
performance relative to the original enumeration task. Preliminary
analyses indicated that participants with autism were slower than
TD participants in all conditions, across the ages tested, as ex-
pected on the basis of previous evidence (Glazebrook, Gonzalez,
Hansen, & Elliott, 2009; Luna, Doll, Hegedus, Minshew, &
Sweeney, 2007). Group differences were analyzed using a re-
peated measures ANOVA with group (autism, TD) and age (chil-
dren, adolescents, adults) as between-subject factors, and number
(one to six) and condition (random, grouping manipulation) as
within-subject factors, to see whether these manipulations affected
participants with autism differently than TD participants. Then, to
examine how grouping manipulations affected performance over
development typically and in autism, repeated-measures ANOV As
were used to examine performance in each group separately, with
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number and condition as a within-subjects factor and age as a
between-subject factor.

Results

Preliminary Analyses: Accuracy

Condition 1: Random. We expected accuracy to be almost
perfect in all groups, since all participants were expert counters
and accuracy was stressed. Indeed, all groups showed accuracy
of 92% or better even in the counting range. What was surpris-
ing was that the lowest accuracy was evident in typical adults.
ANOVAs of each age group separately revealed that adults with
autism were more accurate than TD adults (main effect: F(1,
28) = 7.91, p = .009) in the counting range (Group X Range
interaction; F(1, 28) = 7.90, p = .009). T-tests in the adult
participants only, on each number separately, indicated that
there were significant group differences with six and seven
items (six items: #(28) = —2.32, p = .03; seven items: #(28) =
—2.22, p = .04). There were no group differences on accuracy
in either adolescents (p’s > .88) or children (p’s > .18). We
controlled for this potential speed—accuracy trade-off between
adults with and without autism by computing corrected RT
score (RT/accuracy; O’Hearn, Hoffman, & Landau, 2011;
Townsend & Ashby, 1983). If the results using RT differed
from the corrected RT, both measures are reported.

Condition 2 and 3: Grouping. Preliminary analyses exam-
ined accuracy using an ANOVA with the factors of group, age and
number. In the dice condition, there was a trend for the participants
with autism to make more mistakes than TD participants, F(1,
72) = 3.86, p = .06; this was driven by group differences in the
children, Group X Age interaction: F(2, 72) = 3.26, p = .04.
These differences did not interact with number, and all groups
reached a mean accuracy of at least 97% accurate. In the concen-
tric condition, there were no main effects or interactions in accu-
racy, even though accuracy was much lower than in the other
conditions (mean accuracy > 89% correct in all groups). Thus,
although accuracy was high, there were minor differences in
accuracy in the dice condition, suggesting a slightly different
speed—accuracy trade-off between groups. Thus, analyses again
used corrected RT.

Preliminary Analyses: Omnibus ANOVA on
Corrected RT

An initial omnibus repeated-measures ANOVA, using the
Greenhouse Geisser correction, with number (one to six) and
condition (random, dice, concentric) as within-subject vari-
ables, and group and age group as between-subjects variables
revealed main effects for all factors (number, F[1.13, 81.004] =
150.13, p < .001; condition, F[1.931, 138.998] = 97.31,p <
.001; group, F[1, 72] = 11.37, p = .001; age, F[2, 72] = 7.03,
p = .002, with improvement from childhood to adolescence and
childhood to adulthood [p’s < .05] but not from adolescence to
adulthood). Condition tended to interact with group, F(1.125,
81.004) = 2.85, p = .09 and age, F(2.25, 81.004) = 2.61,p =
.07, and number tended to interact with group, F(1.93, 138.99) =
243, p = .09, making it important to analyze each condition
separately.

Main Analyses: Breakpoint, Slope, RT,
on Condition 1, Random Locations

Subitizing capacity/breakpoint (Figure 2). A bilinear func-
tion fit most of the data well in all groups. A chi-square was used
to examine group and age differences in the breakpoint. This
analysis revealed a significant main effect of group, using both
corrected RT, chi-square (3) = 8.52, p = .04, or uncorrected RT,
chi-square (4) = 13.71, p = .008, Cramer’s V = .42, but no effect
of age nor an interaction. Overall, participants with autism had a
smaller subitizing capacity than TD participants—more likely to
be three elements, while it was more often four elements in TD
participants. When participants with autism and TD participants
were examined using separate chi-squares, the breakpoint did not
change with age in either group (i.e., no main effect of age in
autism: chi-square [6] = 8.59, p = .20; or in TD participants:
chi-square [4] = 1.49, p = .83).

Slope (Figure 3A, 3B). The slopes in the subitizing range
(one to three objects) and the counting range (four to seven
objects) were analyzed separately using ANOVAs with group and
age as between-subject factors. In the subitizing range, there was
a main effect of age, F(2, 72) = 4.82, p = .01 and group, F(2, 72)
= 445, p = .04, which was moderated by an Age X Group
interaction, F(2, 72) = 3.96, p = .02. ANOVAs at each age
separately revealed that group differences in the subitizing slope
were evident only in the children, F(1, 16) = 12.23, p = .02; other
p’s > .7. Children with autism had a steeper slope than TD
children, suggesting they may have been counting sometimes even
in the subitizing range.

Developmental analyses were done in each group separately to
provide insight into the Age X Group interaction. In people with
autism, the subitizing slope became flatter with age, F(2, 36) =
5.22, p = .01; corrected RT, F(2, 36) = 6.36, p = .004, with
steeper slopes in children (uncorrected RT slope, 137 ms/object) as
compared with adolescents (p = .001; 59 ms/object) and adults
(p = .007; 64 ms/object), who did not differ from each other (p =
48). In TD participants, the subitizing slope did not change with
age (p’s > .18; children 54 ms/object; adolescents 78 ms/object;
adults 56 ms/object).

In the counting range, uncorrected RT measures indicated main
effects of both group, F(1, 72) = 12.35, p = .001 and age, F(2,
72) = 4.04, p = .02 on the slope but these were not evident with
the corrected RT score, group: F(1,72) = 2.57, p = .11: age: F(2,
72) = .18, p = .84. Since these effects were no longer evident
when group differences in speed—accuracy trade-off were taken
into account, this result reflects the distinct strategy chosen by TD
adults who were faster but less accurate in the counting range than
the other groups. In the counting range, there was no interaction
between group and age on corrected RT or RT (TD children, 470
ms/object, adolescents 412 ms/object, adults 367 ms/object: autis-
tic children 677 ms/object, adolescents 526 ms/object, adults 493
ms/object).

RT (Figure 3C, 3D). An ANOVA with range (subitizing,
counting) as a within-subject factor and group and age as
between-subject factors was used. There were the expected
main effects of range (counting slower than subitizing: cor-
rected RT F(1, 72) = 4449.49, p < .001) and group (partici-
pants with autism slower than TD participants: F(1, 72) =
16.58, p = <.001). Group interacted with range, F(1, 72) =
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with autism on the top. (B) Accuracy in all groups.

11.85, p = .001, but this was mitigated by a borderline three-
way interaction between group, range, and age, F(2, 72) = 2.55,
p = .08, indicating that this interaction differed across age. In
children, slower RTs in autism were more pronounced in the
counting range than the subitizing range, group, F(1, 16) =
9.64, p = .007; Group X Range, F(1, 16) = 11.12, p = .004).
T-tests indicated that there was only a trend for differences in
the subitizing range, #(16) = —1.93, p = .07, with significant
differences in the counting range, #(16) = —3.13, p = .006. In
adolescents, there was no main effect of group, F(1, 28) = 2.50,
p = .13 nor an interaction between group and range, F(1, 28) =
1.87, p = .18, a pattern also evident in r-tests, subitizing: #28) =
—1.15, p = .26; counting: #(28) = —1.19, p = .25. In adults, there
was a main effect of group, F(1, 28) = 5.55, p = .03 but no Group
X Range interaction with the corrected RT, F(1, 28) = 1.82,p =
.19 though it was evident with uncorrected RT, F(1, 28) = 4.86,
p = .04. T-tests found that the pattern of group differences in
adulthood tended toward the opposite of children, with RT in the
subitizing range significantly impaired and the pattern in the
counting range showing a strong trend, subitizing: #(14.8) =

—2.83, p = .01; counting: #19. 72) = —2.06, p = .053. In
summary, children with autism were relatively slower in the count-
ing than in the subitizing range, as compared with TD children, but
this difference was not evident in older groups and there were no
group differences in adolescence.

Development in each group was analyzed separately, again
providing insight into the three-way interaction between group,
age, and range. TD participants displayed developmental im-
provement on RT in both ranges, main effect of age; F(2, 36) =
5.27,p = .01, Age X Range; F(2,36) = 2.39, p = .11. Post hoc
analyses indicated that typical adults were faster than children
(p = .03) and potentially adolescents (p = .10), with no
differences between children and adolescents (p = .61). In
people with autism, there was a main effect of age, F(2, 36) =
4.92, p = .01, but also an interaction between Age X Range, F(2,
36) = 6.37, p = .004. In the counting range, participants with autism
became faster with age, F(2, 36) = 5.71, p = .007, with adolescents
and adults (who did not differ, p = .99) more rapid than children
(p’s < .05). In the subitizing range, there was no developmental
improvement in autism, F(2, 36) = 191, p = .16. Across typical
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development, the speed of both serial and parallel processes increased.
However, only serial processes improved significantly with age in
autism.

Main Analyses: Corrected RT on Conditions 2 (Dice)
and 3 (Concentric)

Condition 2: Dice Condition (Figure 4A, Figure 4B for
Pattern Across Development)

A repeated-measures ANOVA was used, with the between-
subject factors of group and age, and within-subject factors of
condition (random, dice) and number. There was a main effect of
condition, F(1, 72) = 312.97, p < .001, but also a significant
Group X Condition interaction, F(1, 72) = 13.23, p = .001.
Grouping the elements helped participants with autism more than
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TD participants, counter to our expectations. There was the ex-
pected main effect of group, F(1, 72) = 16.01, p < .001, with the
participants with autism performing more poorly overall, and of
age, F(2, 72) = 7.39, p = .001, with children performing more
poorly than adolescents (p = .003) or adults (p < .001), but these
factors did not interact. There was also a main effect of number,
F(2.04, 146.58) = 283.08, p < .001, as well as interactions with
number: Number X Group, F(2.04, 146.58) = 9.78, p < .001;
Number X Age, F(4.07, 146.58) = 5.32, p < .001; Number X
Group X Age, F(4.07, 146.58) = 3.82, p = .005; Condition X
Number, F(1.91,137.58) = 243.56, p < .001; Condition X Num-
ber X Group, F(1.91,137.58) = 4.65, p = .01; Condition X
Number X Age, F(3.82,137.58) = 2.72, p = .03. These effects of
number reflect that performance improved more at the higher
numbers, and that this pattern was especially evident in the autism
and the child groups. The dice pattern particularly improved per-
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y-axis differ in the subitizing and counting range. Error bars are standard error of the mean.
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formance at the high numbers because, in Condition 1 with random
locations, participants were more likely to use one-to-one counting
at the high numbers than the low numbers. This resulted in slow
performance with higher numbers in Condition 1, and so the dice
pattern led to notable improvement.

When the TD participants only were analyzed, there was a
main effect of condition, F(1, 36) = 287.05, p < .001; number,
F(1.84, 66.22) = 153.09, p < .001; and an interaction between
condition and number, F(1.64, 59.18) = 150.42, p < .001. The
dice condition decreased RT, as compared with Condition 1,
and this was particularly true of higher numbers of elements.
Paired #-tests indicated significant effects at every number (all
p’s < .001) except one element (p = .065). There was a main
effect of age, F(2, 36) = 4.65, p = .016 (the post hoc compar-
isons did not reach significance), but age did not interact with
condition or number.

In the participants with autism, there was a main effect of
condition, F(1, 36) = 137.35, p < .001; number, F(2.00, 71.98) =
143.47, p < .001; and an interaction between condition and num-
ber, F(1.96,70.37) = 112.39, p < .001, reflecting the same pattern
of results as TD participants. Paired 7-tests showed improvement
on all numbers (all p’s < .003). There was a main effect of age,
F(2, 36) = 4.37, p = .02, with significant improvement from
childhood to adolescence (p = .04), with a trend from childhood to
adulthood (p = .09) and no improvement from adolescence to
adulthood (p = .99). Age interacted with condition, F(2, 36) =
3.87, p = .03 and number, F(3.99, 71.98) = 6.13, p < .001, with
the Age X Condition X Number interaction showing a trend,
corrected RT: F(3.91, 70.37) = 2.93, p = .06; uncorrected RT:
F(3.81, 68.58) = 3.04, p = .03, reflecting that children improved
more with the dice condition, and with higher numbers of ele-
ments, than did the older age groups.

Condition 3: Concentric Condition (Figure 4C, 4D for
Developmental Pattern)

An ANOVA compared groups, with the between-subject factors
of group and age, and within-subject factors of condition (random,
concentric) and number. There was a main effect of condition, F(1,
72) = 88.52, p < .001, number, F(1.93, 138.89) = 92.92, p <
.001, group, F(1,72) = 10.36, p = .002, and age, F(2, 72) = 6.49,
p = .003, with children performing more poorly than adolescents
(»p = .005) or adults (p = .001). As expected, the concentric
manipulation made the task harder, as did higher numbers of
elements; TD participants performed better than participants with
autism, and adults and adolescents performed better than children.
None of these factors interacted significantly. The concentric
squares had a similar negative impact on participants with and
without autism across age.

In the ANOVA on TD participants alone, there was a main
effect of condition, F(1, 36) = 35.56, p < .001; number, F(1.39,
41.02) = 38.10, p < .001; and an interaction between condition
and number, F(1.12, 40.23) = 6.70, p = .01. This reflected that
impairments in performance were more evident on the higher
numbers in the concentric condition. Paired t-tests showed the
concentric condition impaired performance on all numbers (all
p’s < .02). There were no other significant effects, including no
main effect of age with corrected RT (p = .26), though there was
with uncorrected RT, F(2, 36) = 4.25, p = .02.

In the ANOVA on participants with autism, there was again
a main effect of condition, F(1, 36) = 54.03, p < .001; number,
F(2.36, 84.92) = 56.31, p < .001; and an interaction between
condition and number, F(2.28, 82.09) = 10.86, p < .001, the
same pattern as in TD. Paired #-tests showed impairment with
the concentric condition on all numbers (p = .02). There was a
main effect of age, F(2, 36) = 5.25, p = .01, with a trend for
significant improvement from childhood to adulthood (p =
.054) but not from childhood to adolescence (p = .17) or
adolescence to adulthood (p = .47). Age displayed a borderline
interaction with condition, F(2, 36) = 2.89, p = .07, reflecting
that children were more impacted by the concentric condition
than older participants with autism. Interesting, and also related
to this Age X Condition interaction, the only time we saw the
predicted pattern of less sensitivity to grouping information in
participants with autism was in this condition: the concentric
condition, and in adulthood only.

Experiment 2: Multiple Object Tracking

Methods

Participants. Each of the 78 participants mentioned in Exper-
iment 1 also completed Experiment 2. See Experiment 1 for a
description of the participants.

Procedure (Figure 5). The display on a Macintosh Power-
Book G3 included eight black squares outlined in white on a black
background (11.5 X 8.5 in.). Participants viewed an LCD monitor
from a distance of approximately 25 in. The screen (resolution
640 X 480 pixels, 60 Hz) subtended approximately 28 X 21
degrees of visual angle (dva).

Displays were created and controlled using custom software
written in C using the VisionShell libraries (Comtois, 2004).
Before each trial, the squares (1.3 dva in diameter) were assigned
random starting positions, with the constraint that objects could not
touch each other or the screen boundaries. Motion paths were
computed independently for each object with initial random start-
ing directions. Object speeds were a constant 8.5 dva/sec, reflect-
ing off the edges of the screen. Heading angle was slightly altered
on each frame to reduce predictability of object motion. On every
video frame (60 Hz), object direction could be changed by X
degrees, where —1.15 < X < 1.15 (with initial values randomly
assigned from within this range), and with each new frame X
increased or decreased, —0.57 < AX < 0.57 (with the change
value randomly chosen within this range).While objects could
occlude each other, occlusion was minimized by generating each
participant’s trials in advance and only retaining those with low
object occlusion rates (the lowest 5% of all trials generated).

Order of the trials was interleaved between the independent
motion MOT (Condition 1 — Figure 5A) and two conditions using
common motion to create pairs (Condition 2 and 3 — Figures 5B
and 5C), so that participants completed one trial of each type,
repeating the sequence for a total of 60 trials (20 trials each).
Of the eight squares, four were targets. At the beginning of each
trial, the four target squares started out white and switched to black
(like the other squares) after 2,000 ms. Then all the squares moved
for a total of 8,000 ms. After the movement stopped, participants
clicked on the four squares they thought were the targets.
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Figure 4. The effects of the grouping manipulations on the rapid enumeration task. (A and B) Dice
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Error bars are standard error of the mean.

In the grouping manipulations, displays and motion algorithms
were the same as for the original MOT, with the following excep-
tions. To manipulate performance we linked the movement of four
of the objects to a second four objects (see Suganuma & Yoko-
sawa, 2006 for a similar manipulation): targets were either two sets
of two elements moving together (targets moving together:
Target—Target condition) or one element from each of four pairs of
elements (each target moving with a distractor: Target—Distractor
condition). In the grouped conditions, objects were spaced 5.25
dva apart horizontally. In the Target—Distractor condition the po-
sition of the target was on the left for two of the pairs, and on the
right for the other two pairs. The groups “bounced” off the hori-
zontal and vertical sides of the display if either object’s position in
the subsequent animation frame would place its boundary off-
screen.

Statistical analyses. We converted percent correct into a mea-
sure of capacity (k), the number of objects tracked or remembered.
We used the high threshold guessing model (Hulleman, 2005):

k=nc — ¢

n+c¢—2t

where n = total number of elements (always eight in this study), t =
number of targets to be tracked (always four) and ¢ = the number of
targets correctly identified. All statistical analyses used these k values,
though results were the same when percent correct was used.

An initial omnibus ANOVA was used to analyze the data,
followed by an analysis of each condition separately. In the two
conditions with the objects grouped, our question of interest was
whether grouping affects the participants with autism differently
from TD individuals. Thus, we first examined these manipulations
using repeated-measures ANOVAs with group (autism, TD) and
age (children, adolescents, adults) as between-subject factors, and
condition (independent motion, common motion manipulation) as
a within-subject factor. We then used paired z-tests to compare the
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original score to the manipulation (i.e., target—target or target—
distractor) in each group separately, with age as a factor, to see
whether performance developed in either group.

Results

Preliminary Omnibus ANOVA: K Score or Capacity

An initial omnibus repeated-measures ANOVA, with condition
(independent motion, target—target, target—distractor) as a within-
subject factor, and group (autism, TD) and age (child, adolescent,
adult) as between-subjects factors revealed main effects of condition,
F(1.94, 139.87) = 189.26, p < .001 and group, F(1,72) = 9.49,p =
.003 but not age, F(2, 72) = 1.87, p = .15. The manipulations in
Conditions 2 and 3 affected performance as expected, and the group
with autism performed more poorly than controls (a pattern evident
when each condition was examined separately: target—target, F[1,
72] = 3.55, p = .06; target—distractor, F[1, 72] = 6.16, p = .02).
Condition interacted significantly with group, F(1.94, 139.87) = 3.68,
p = .03, though there were no other interactions. Conditions were
analyzed separately since the relative performance across groups
differed between them.

Main Analyses: K Score or Capacity in Condition 1

Condition 1: Independent motion (Figure 6A). An ANOVA
on the k values included the between-subjects factors of group and

11

age. This analysis revealed a main effect of group, F(1, 72) = 9.04,
p = .004. There was no main effect of age, F(2, 72) = 1.55,p =
.22, nor an interaction between group and age, F(2,72) = .03,p =
.97. When analyzed separately, neither group displayed significant
developmental improvement in MOT (all p’s > .38). Participants
with autism had a smaller tracking capacity than TD participants.
This difference was stable across age groups.

Main analyses: Effects of Common Motion (Conditions
2 and 3) on K Score

Condition 2: Target-Target condition (Figure 6B). We
used an ANOVA to examine group differences with the within
subject factor of condition (target—target, independent motion) and
the between subject factors of group and age. The improvement in
the target—target condition was confirmed by a main effect of
condition, F(1, 72) = 143.71, p < .001; however, there was also
a significant Group X Condition interaction, F(1, 72) = 6.35,p =
.01. This reflected that pairing the targets actually helped partici-
pants with autism more than TD participants, but this may reflect
ceiling performance (a K = 3.92 out of 4) in the TD participants.
Other than the expected main effect of group, F(1,72) = 8.82,p =
.004, with the participants with autism performing more poorly
overall, there were no other significant effects or interactions.

A repeated-measures ANOVA compared condition (indepen-
dent motion, target—target condition) in each group separately,
with age as a between-subject factor. This examined whether the
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effects of the manipulation changed with age in each group. There
was a main effect of condition in participants with and without
autism, autism: F(1, 36) = 75.81, p < .001; TD participants: F(1,
36) = 73.26, p < .001, showing the Target-Target condition made
performance better in both groups but no main effect of age nor an
interaction.

Target-Distractor condition (Figure 6B). To examine group
differences, we used an ANOVA with the within-subject factor of
condition (target—distractor, independent motion) and the between
subject factors of group and age. The impact of the configuration
was confirmed by a main effect of condition, F(1, 72) = 65.48, p
< .001. Other than the expected main effect of group, F(1, 72) =
9.46, p = .003, with the participants with autism performing more
poorly overall, there were no other significant effects or interac-
tions. Pairing the target and distractor had a similar negative
impact on participants with and without autism.

A repeated-measures ANOVA comparing condition (original
MOT, target—distractor condition) was done in each group sepa-
rately, with age as a between-subject factor, to examine whether
the manipulation affected performance in both groups. There was
a main effect of condition in participants with and without autism,

autism: F(1, 36) = 29.31, p < .001; TD participants: F(1, 36) =
36.75, p < .001, indicating both groups were affected by the
manipulation, but there was no main effect of age nor an interac-
tion.

Correlations Between Individuation Measures
(Subitizing and MOT, Condition 1)

We examined whether the K score reported above on Condition
1, with randomly generated independent movement, was related to
the slopes of the subitizing (one to three) or counting (four
to seven) range, or the subitizing breakpoint as described above.
To do so, a partial correlation controlling for full-scale 1Q was
used, to minimize the possibility of some general intelligence
factor influencing the results. Interestingly, the analyses revealed
different patterns in the two groups. In the TD participants, there
was a trend for the K score on MOT to be significantly related to
the slope in the subitizing range, r(36) = —.30, p = .06, and the
breakpoint, 7(36) = .32, p = .054, but not the slope in the counting
range, r(36) = —.02, p = .90. For participants with autism, there
was a only a trend for the K score to be related to the slope in the
subitizing range, r(36) = —.28, p = .09, and no relation with the
breakpoint, 7(36) = .22, p = .19. However, there was a significant
correlation with the counting range, #(36) = —.40, p = .01. While
preliminary, these results suggest two relationships. First, typical
participants may use a similar mechanism for both subitizing and
MOT. Second, participants with autism may use a mechanism
during MOT that is more similar to serial counting, as compared
with typical observers. For example, instead of parallel tracking,
they might use a more serial switching strategy, or focus on fewer
objects.

General Discussion

These results revealed an unexpected pattern of limitations and
intact function, as well as insight into how development differs in
those with autism. Both the “breakpoint” of rapid enumeration and
the K scores on MOT indicate that participants with autism rep-
resent fewer elements “simultaneously” than typically developing
participants, most often three instead of four items, consistent with
the results of Gagnon and colleagues (2004). We had predicted this
pattern on the basis of Gagnon’s results, and other findings indi-
cating that those with autism represent fewer elements in scenes
(Fletcher—Watson et al., 2006; O’Hearn, Lakusta, et al., 2011). It
is striking that both these tasks show the same pattern as they have
disparate task demands, with MOT being a more attention de-
manding task that requires tracking moving items. Neither group
displayed developmental improvement in the number of elements
represented, unlike previous studies with younger children
(O’Hearn, Landau, & Hoffman, 2005; O’Hearn, Hoffman, & Lan-
dau, 2010; Trick, Jaspers—Fayer, & Sethi, 2005). While this sug-
gests that “capacity” is set from late childhood on, it also seems
likely that a measure with a range as limited as “capacity” may not
be sensitive to late development (in contrast to a continuous
measure like RT).

Contrary to our hypothesis, performance in autism was affected
to a similar extent as it was typically by grouping information on
the enumeration and MOT tasks. These two distinct tasks again
revealed similar results when modified to study the effects of
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grouping the elements on individuation performance. In the rapid
enumeration task, having the elements in a dice pattern improved
the speed of participants with autism more than it did for TD
participants, while having the elements grouped as concentric
squares slowed performance equally. Results were similar for the
MOT task, with no evidence that the participants with autism were
less sensitive to the arrangement of elements than TD participants,
whether the manipulations helped or hurt performance typically. In
fact, children with autism tended to be more sensitive to the effects
of grouping in the enumeration task, compared to older individuals
with autism and the TD participants, though this may reflect their
lower level of performance in original individuation tasks. The
only time we saw the predicted pattern, of those with autism
showing less sensitivity to grouping information than TD partici-
pants, was in adulthood only, in the concentric condition. While
clearly preliminary, this suggests that those with autism might
become less sensitive to grouping information with age, compared
to TD individuals.

While caution is urged when interpreting the children’s data,
because of the small sample size and cross-sectional design, chil-
dren with autism appeared to display a unique pattern of visual
processing, as compared with older individuals with autism. As
mentioned, developmental analyses suggested the grouping of
elements in the enumeration task particularly affected children
with autism, whether it was an improvement or a decrement in
performance. In addition, the slope in the subitizing range hinted
that children with autism might have sometimes been counting
even in the “subitizing” range (see also Jarrold & Russell, 1997).
This may indicate increased caution on the part of children with
autism, potentially reflecting a similar tendency to the adults with
autism in this study, who displayed more accurate performance
with six and seven elements than TD adults. Alternately, the
counting in children with autism may reflect that it is more
difficult for them to “see” several items simultaneously, and so
they default to counting in order to be accurate.

Another interesting developmental pattern came from our anal-
ysis of RTs in the subitizing (one to three) and the counting (five
to seven) range. While both were impacted by autism, the devel-
opmental trajectories of these limitations differed, suggesting dis-
tinct etiologies. In TD participants, RT got faster with age in both
ranges: in autism, RT became faster with age only in the counting
range. The difference between groups in the speed of counting was
most evident in childhood, with some “catch up” by adolescence.
Differences in the speed of counting between groups may reflect
the difficulties that participants with autism have shifting attention
(Williams, Goldstein, & Minshew, 2005), and disengaging atten-
tion, which is evident by early childhood (‘“sticky attention;
Landry & Bryson, 2004). In contrast, group differences in the
speed of subitizing became more notable in adulthood, reflecting
in part a lack of typical adolescent development in autism. Other
studies also show a lack of development from adolescence to
adulthood in autism (Scherf et al., 2008; Rump, Giovannelli,
Minshew, & Strauss, 2009), including our own (O’Hearn, Schroer,
et al., 2010; O’Hearn, Lakusta, et al., 2011). While it is difficult to
identify what these tasks have in common, they all seem to utilize
a “holistic” style of processing, whether it is the representation of
faces, scenes, or the overall shape that develops into adulthood
typically (Scherf, Behrmann, Kimchi, & Luna, 2009). This devel-
opment may not occur in autism for biological or experiential

reasons, or a combination of both (Maurer, Mondloch & Lewis,
2007).

The study of individuation (as measured by rapid enumeration
and MOT), and the effects of grouping on this skill, adds an
important piece to the puzzle of how visual processing differs in
autism. Participants with autism were just as sensitive to grouping
information as TD participants in this study, conflicting with some
of the previous evidence that indicates people with autism are less
sensitive to the holistic configuration of visual stimuli (Behrmann
et al., 2006 but see Mottron, Burack, larocci, Belleville, & Enns,
2003). Why this discrepancy occurred is unclear, but there are
several possibilities. In individuation tasks, even in the grouping
conditions, the individual elements must be counted or tracked.
This may be an important task difference from other studies, such
as face recognition, which require a primary focus on the global
configuration. For the MOT task, that the grouping manipulation
was common motion might be important. Recent work suggests
that some grouping factors (e.g., color, shape, orientation) are not
processed as “globally” as others (e.g., physical connection or
proximity; Franconeri, Bemis, & Alvarez, 2009). Instead, grouping
occurs because attention is paid only to that feature (Huang &
Pashler, 2007), tuning our visual system to select more “locally” in
feature space. Common fate may be such a grouping factor be-
cause the current direction of an object is matched by its pair
(Levinthal & Franconeri, 2011). Thus, the lack of differences
between participants with and without autism may reflect that
common motion utilizes a fundamentally different grouping mech-
anism compared to other gestalt measures used in past studies.

For both the rapid enumeration and MOT tasks, another poten-
tial explanation is that the grouped displays themselves were
relatively simple, and differences become evident only when more
complex information needs to be encoded (Minshew, Sweeney, &
Luna, 2002). However, this seems unlikely as other studies with
relatively simple displays have reported differential sensitivity to
configural information in autism. For instance, with a global-local
display of diamonds or squares, Behrmann et al. (2006) found
group differences in global processing in adults with autism. The
group differences in autism evident on this task may reflect that
their microgenetic task directly compares the precedence of global
and local information, pitting them against each other, unlike our
task that measures individuation of objects. In addition, the ar-
rangement of elements in our stimuli (dice patterns, etc.) might
lend themselves to specific strategies, unlike a more reflexive task
like face recognition. Together with the previous literature, this
work indicates that multiple processes support holistic representa-
tion, including the processes of individuation and grouping tested
here; these processes may develop independently and be differen-
tially vulnerable to developmental disorders or personal experi-
ences. Further empirical work is needed, with results from autism
potentially helping to delineate what “holistic” tasks reflect similar
processes typically.

Since we found limitations—not superior skill—in individua-
tion in autism, any visual search advantage for participants with
autism is probably not due to an ability to individuate more objects
simultaneously. This conclusion is consistent with results indicat-
ing the amplified ability on visual search tasks in autism is linked
to the ability to discriminate targets, not to see more elements
(O’Riordan & Plaisted, 2001). Participants with autism actually
seem to “see” fewer items at once, although they may be able to
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encode more details of those objects, and this may help them to
discriminate targets from distracters better than TD participants.
These disparate skills— the ability to see multiple objects and the
ability to encode their features—have been linked to distinct brain
regions in the parietal lobe (Xu & Chun, 2009). A decreased
individuation capacity has been reported in several other develop-
mental disorders that impact the parietal lobe (Turners syndrome,
Bruandet, Moko, Cohen, & Dehaene, 2004; Williams syndrome,
O’Hearn, Hoffman, & Landau, 2011; 22q11.2 delection syndrome,
Simon, Bearden, McGinn, & Zackai, 2005). Children with these
disorders can enumerate and track objects, which is notable, but do
appear to have a smaller capacity (Ansari & Karmiloff—Smith,
2002; Bruandet et al., 2004; O’Hearn et al., 2005; O’Hearn,
Hoffman, & Landau, 2010, 2011; Simon et al., 2005). That indi-
viduation is affected across such disparate disorders suggests that
there are multiple ways to impact individuation ability over devel-
opment. Atkinson and Braddick (2011) propose that the dorsal
stream in the parietal lobe is particularly susceptible to insult over
development, and Spencer et al., 2000 suggest this may be true in
autism.

Together, these differences in how participants with autism see
the world—slightly fewer elements, slower serial processes, and
less sensitivity to parallel/holistic processes that mature into adult-
hood— could undermine the representation of multiple elements in
several ways, potentially impacting how people with autism do
important visual tasks, such as interpreting social scenes. While
this work on individuation links together enumeration and MOT, it
is unclear what mechanism leads to a similar pattern of between
groups differences on both tasks. While it could be a perceptual
mechanism like Pylyshyn’s indexes (discussed in O’Hearn, Hoff-
man, & Landau, 2010), it might be something more akin to the
“attentional management,” the ability to know where to look in a
scene (Rensink, 2002). That the arrangement of the elements on
individuation tasks impacts people with autism is important, be-
cause it suggests ways in which people with autism could keep
track of more elements, through top-down knowledge (i.e., dice
patterns) or perceptual grouping (i.e., common movement). There
appears to be substantial development from childhood to adoles-
cence in autism, which also has important pragmatic ramifications
about the timing of visual interventions. We continue to examine
how these basic perceptual differences affect the ability to interpret
complex scenes in autism, and what the course of these abilities
both typically and in autism indicates about the mechanisms of
development.
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