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Abstract

Perception of time, in the seconds to minutes range, is not well characterized in autism. The
required interval timing system (ITS) develops at the same stages during infancy as

communication, social reciprocity, and other cognitive and behavioral functions. The authors used

two versions of a temporal bisection procedure to study the perception of duration in individuals
with autism and observed quantifiable differences and characteristic patterns in participants’

timing functions. Measures of timing performance correlated with certain autism diagnostic and
intelligence scores, and parents described individuals with autism as having a poor sense of time.

The authors modeled the data to provide a relative assessment of ITS function in these individuals.

The implications of these results for the understanding of autism are discussed.

The ability to perceive the temporal properties of events and the temporal relations between
them is fundamental for adaptive learning, cognition, and behavior. Individuals are
continually timing events in their surrounding environment. The ability to estimate duration
(which is shared by other species) and to use such temporal knowledge to mediate
expectations and behavior is at the core of adaptive function. Research has revealed that
distortions and perturbations in timing ability are present, to varying degrees, in many
patient populations and may accompany differences in other aspects of sensory processing
and cognitive and behavioral profiles. Recently research has suggested that differences in
timing and time perception might directly contribute to severity and features of autistic
disorder (and the triad of impairments; Allman & DeLeon, 2009; Boucher, 2001; Wimpory,
2002). Although to date there have been very few empirical studies examining timing ability
in these individuals, there are not any studies (to our knowledge) that have attempted to
examine any correspondence between timing performance and autism symptom severity. In
the current study, we attempted to provide a preliminary assessment of the ability of
individuals with autism to estimate duration (in the multiseconds range). We also took a
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“first look” to see whether timing ability was predictive of diagnostic features of autistic
disorder. We used methods that are well established in the study of interval timing (e.g., see
Allan & Gibbon, 1984).

Although time is not a stimulus, the experience of duration shares the same qualities as
perception by other senses (e.g., vision, hearing) and is widely studied using a
psychophysical approach, which can be defined as an attempt to quantify the sensory
response to physical stimuli (see Gescheider, 1997). Accordingly, decades of basic interval
timing research (in the seconds to minutes range) have revealed that the interval timing
system (ITS) is likely to be made up of various components (Gibbon, Church, & Meck,
1984), with perceptual, memory, and decision systems being involved. The ITS subserves
our sensitivity to relatively short time scales, and, in turn, adequate perception of duration is
a key component of adaptive cognitive, behavioral, and social functions. Sensitivity to time
is also a basic building block of higher order notions of past, present, and future (see Fraisse,
1982, 1984; Friedman, 1982), which form an intellectual structure for our everyday
thoughts, intentions, and behavior.

Given the phylogenic generality of timing ability across species, it seems likely that the
ability to estimate duration might emerge in early infancy. In fact, rhythmic changes in the
seconds to minutes range are inherent in many biological systems and repetitive movement
patterns (e.g., breathing, sucking, stereotypies, and early vocal development such as crying
and babbling; see Wolff, 1991). These repetitive actions and behaviors allow the infant to
adapt to the temporal contingencies of their physical and social environment (Pouthas,
1985). Throughout infancy, parent—infant interactions (including gaze and vocalizations)
follow exquisite temporal patterns, with the parent often rearranging his/her behavior to
temporally match the infant, in ways that are optimal for learning (e.g., see Jaffe, Beebe,
Feldstein, Crown, & Jasnow, 2001). Furthermore, one of the so-called hallmark
psychophysical properties of interval timing, the scalar property—the requirement that the
standard deviation of time judgments is a constant fraction of the mean judgment (this varies
with the interval being timed; Wearden & Lejeune, 2008)—was found in reciprocal parent—
infant interactions (Stern, Beebe, Jaffe, & Bennett, 1977) and was observed in the brains of
the youngest infants tested (6 months) during an interval timing task. In fact, a recent series
of infant electroencephalography (EEG) studies (Brannon, Libertus, Meck, & Woldorff,
2008; Brannon, Roussel, Meck, & Woldorff, 2004) revealed that ability to time durations in
the interval range further develops during infancy (i.e., there are quantifiable gains between
6 and 10 months of age). Beyond infancy, there are somewhat inconsistent, but quantifiable,
differences in the perception of interval durations across childhood (e.g., between 3 and 5
year olds), but by 8 years of age timing performance is usually comparable with adults
(temporal sensitivity improves between 3 and 8 years; e.g., Droit-Volet, Clément, &
Wearden, 2001; Droit-Volet & Wearden, 2001). Behavioral studies on the typical
development of time perception in childhood serve a useful frame of reference when
comparing the performance of individuals with autism.

If the typical development of the interval timing system is disturbed in autistic disorder,
several behavioral and cognitive profiles might be expected to occur (see Allman & Deleon,
2009; Boucher, 2001). For example, if sensitivity to duration is reduced, infantile
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stereotyped behaviors (e.g., hand flapping, body rocking) may persist to facilitate the
processing of duration and effectively “count” time (Killeen & Fetterman, 1988; Skinner,
1948). Moreover, problems with timing and time perception may correspond to difficulties
in acquiring language and interacting with the social environment, as timed coordination
with others is fundamental for joint attention, turn-taking, and social bonding (see Wimpory,
2002). Language itself has inherent references to time (e.g., past, present, and future), as do
many executive functions (e.g., planning, episodic memory).

Two previous empirical reports that required individuals with autism to make a response or
temporal judgment that was accurately timed are relevant to the current study. Szelag,
Kowalska, Galkowski, and Poppel (2004) required participants to reproduce given durations
(between approximately 1-5 s) and observed quantifiable and selective differences in the
timed performance of individuals with autism. Unlike typically developing participants who
revealed a close correspondence between the target and reproduced durations, those with
autism displayed a tendency to reproduce all given durations around 3.0t0 3.5s. Inan
equivalent study using adults with autistic disorder (Martin, Poirier, & Bowler, 2010),
individuals with autism were less accurate in their temporal reproductions and more
variable, particularly at longer durations (which tended to be under-reproduced).

In the current study, we used a time perception task that did not require a response or
temporal judgment to be accurately timed, to examine the ability of individuals with autistic
disorder to estimate duration. We also simulated our obtained data through a principled
model similar to the one applied to data reported from a large group of typically developing
children (Droit-Volet & Wearden, 2001), which used methods almost identical to our own.
The best fit of the model produces various parameters that represent functioning of different
aspects of ITS (i.e., clock, memory, and decision stages). Second, we administered a
modified version of the /¢’s About Time questionnaire (Barkley, 1998, used with permission;
Barkley, Koplowitz, Anderson, & McMurray, 1997), originally developed to assess sense of
time in children with attention-deficit/hyperactivity disorder to parents of all individuals.

We recruited the majority of participants with autism through existing research studies and
the majority of those without autism via flyers posted around the pediatric facility and wider
institution. The typically developing (comparison) group was a relative weakness of the
current study because only a few of these participants contributed intelligence scores (due to
the preliminary nature of the study, formal testing was not available), and, therefore, this
group was particularly not well defined. Screening exclusion criteria for potential
comparison participants included a diagnosis of developmental, childhood, or psychiatric
disorder and educational difficulties that were determined by parent interview (all
procedures were approved by the pertinent institutional review board). All participants were
required to be free of any motor and/or visual impairment that would interfere with
completion of task demands. All participants in the autism group contributed diagnostic and
intelligence measures that had previously been administered by independent clinicians and
researchers at the institution. All participants in the autism group met the stringent autism
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cutoff on both an observational assessment (Autism Diagnostic Observation Schedule
[ADOS]; Lord et al., 2000) and parent interview (Autism Diagnostic Interview—Revised
[ADI-R]; Lord, Rutter, & LeCouteur, 1994), with the exception of 2 participants who met
the cutoff for autism spectrum disorder on the observational assessment (they also met
criteria for autism on the ADI-R). Thirty-two children, 19 individuals with autism and 13
comparison participants, were recruited into the study. Of these, 2 children with autism did
not successfully acquire the temporal discrimination (see Experimental Methods section)
and were withdrawn from the study.

As is common to many studies of temporal bisection (e.g., Droit-Volet & Wearden, 2001;
Wearden, Wearden, & Rabbitt, 1997), only those participants who produced orderly test data
on both versions of the task were included in the final level of analysis (described later; 4
participants with autism and 1 without autism produced disorderly functions and were
excluded from further analysis). Data from 13 children with autism and 12 comparison
children who successfully completed both versions of the task are reported in the current
study. The characteristics of individuals who constituted each group (autism or comparison)
are presented in Table 1. Participants were not matched to each other by any factors,
although they represented a similar size and distribution in age across a large range (7-16
years; Mage = 10.3 years, Median = 9 years, per group). Although there were no statistical
group differences for intelligence measures, only 3 (out of 12) comparison participants
provided 1Q data, and these few comparison 1Q scores tended to be higher overall (see Table
1).

It is worth noting that the single previous study that had related temporal bisection
performance to 1Q (Wearden et al., 1997) used typical adults (rather than children) but did
not find any aspect of bisection performance that was affected by 1Q, even though
performance measures on other tasks were 1Q dependent. There is no evidence in the
literature that bisection performance differs according to gender, and the comparison group
included 3 females.

Experimental Methods

We used a basic procedure known as temporal bisection to examine the ability to estimate
and discriminate durations in the seconds range. We adapted methods previously used in a
study of temporal bisection in typically developing children (see Droit-Volet & Wearden,
2001, for additional procedural details). During the computerized procedure, individuals
were initially shown, then trained to discriminate between, two anchor durations that were
signaled by serial presentations of the same visual stimulus (a rabbit or clown, for each of
the two versions of the task) that appeared for the two standard times (initially identified as
shortand fong by the experimenter sitting next to them). Participants were required to
classify a temporal judgment as either short or long by selecting between two different
response options (e.g., two different buttons). The Sand L keys on the laptop keyboard were
each covered with a yellow, colored sticker with “S-" and “L—" printed on it (these keys are
on the central row to the left and right, respectively) and were the shortand /ong choice
options. Whether the response was correct was signaled by computer feedback (and by the
experimenter). After meeting an accuracy criterion (seven of eight correct responses in one
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block, up to six blocks) and a short break in the testing room, participants were presented
with a new set of stimulus durations that were between the two anchors and were required to
make a judgment about a given duration’s “similarity” to the short or long anchor (they were
instructed, “You might find it a bit harder to decide and you won’t find out if you got it
correct or wrong now, but you need to decide if you think it is it more like the short one, or
more like the long one™). Five intermediate durations and the two anchors were each
presented four times in an intermixed block (without feedback). Two test blocks were
typically presented (with a short break in the testing room between each).

During experimental testing, the accompanying caregiver was required to complete the /t’s
About Time questionnaire (Barkley, 1998) in a separate area.

Arrangement of Timing Events

All participants completed two versions of the same task, in a counterbalanced order with
respect to group allocation. A 20-min break with the accompanying caregiver was
interleaved (in a playroom equipped with a television and toys and with the opportunity to
leave and get a snack). The two versions differed with respect to the objective length of the
pairs of anchor (and intermediate) durations used, with one being shorter and the other
longer. In the shorter version of the task, the anchor durations were 1 and 4 s (intermediates
durations = 1.5, 2, 2.5, 3, and 3.5 s), and in the longer version the anchors were 2 and 8 s
(intermediates durations = 3, 4, 5, 6, and 7 s). We assumed these versions were equivalent in
discrimination difficulty due to the 1:4 ratios between the respective anchor pairs. After the
presentation of a given stimulus duration, the words Which Time? appeared on the screen,
and a response (short or long) could be recorded. If no response was made within a 10-s
period, the trial repeated (the duration was presented again). The interval between the end of
one trial and the start of the next trial, denoted by a small fixation cross on the screen, was
varied between 1 s and 5 s. Testing could be paused during the intertrial interval (ITI; e.g., to
correct any off-task behavior).

Psychophysical Performance Measures

The proportion of long responses (denoted as pLong) produced at each test duration was
calculated for each individual, on each separate version of the task. This was achieved for a
given duration, by dividing the number of long responses to the sum of short and long
responses. To be considered “orderly,” the pLong responses were required to generally
increase with objective duration. These individual pLong values then contributed to the
group mean functions (shown in Figure 1).

A given individual’s timing functions are referred to as psychophysical functions, because
they allow extrapolation and quantification of indexes of timing sensitivity and ability: The
duration that produces 50% pLong responses (when the individual is equally likely to
classify the duration as short or long) is known as the bisection point (BP). In human timing,
the BP is usually located around the arithmetic mean of the two anchor standards (Wearden,
1991); temporal variability is indexed by the difference limen (DL; half of the difference
between 75% and 25% pLong divided by the BP); and temporal sensitivity is indexed by the
Weber ratio (WR), which is also used to assess the hallmark scalar property of timing (DL
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divided by BP). As WR values are thus normalized, temporal sensitivity across a range of
pair durations can be reliably compared. These measures were derived for all individuals, by
three different methods (logistic curves, linear regression, interpolation by eye) that yielded
very similar results; therefore, we averaged across them (these constitute the BP and WR
data; see also Wearden & Ferrara, 1995). Data from participants with and without autism
were then compared and averaged to produce the group mean (to examine any group BP and
WR differences). The scalar property was further assessed by plotting group data obtained
with two different duration ranges on the same relative scale, and we expected them to
superimpose perfectly (so it looks as though only one function is present; this is often found
in animal and human timing studies).

Computer Modeling

Results

Training

The same principled model (Wearden, 1991) that was applied to the data from typically
developing children in a previous study (Droit-Volet & Wearden, 2001) was applied to our
obtained group data. This treatment allowed us to make direct comparisons between the
timing of individuals with autism with different age groups of typically developing children
outside of the current study (which was particularly useful given the limitations with our
comparison group). Because the model attempted to simulate timing performance, in doing
so it made two assumptions: First, there was the assumption that the choice to respond (short
or long) to any of the test durations was governed by the smaller of the two differences
between a given test duration and the remembered short and long trained anchors (1 and 4 s,
or 2 and 8 s). The second assumption was that the anchor durations may have been
remembered incorrectly as shorter or longer than they really were (see Droit-Volet et al.,
2001; Meck, 1983, for applications of this idea), and this “effective” value was used for the
difference comparison during the test stage. The model derives various indexes of
performance (K* c¢), much like the ones derived from the psychophysical functions
themselves, although these corresponded to temporal memory distortion (K™ and timing
sensitivity (c). For example, if K*equals 1, then the anchors are stored as their real values; if
K*is less than 1, the anchors are remembered as shorter; and if K*is greater than 1, they are
remember as longer than they really were (e.g., if K* = .95, the anchors are remembered as
95% of the real values). For each version of the task, 1,000 trials were simulated at each of
the seven test durations, and K*and ¢ were varied to produce the best fit of the model,
represented by the mean absolute deviation value (MAD; the sum of the absolute deviations
divided by 7, the number of data points) between the model’s output and the data point for
each condition. Small MAD values indicate a good fit, and the MAD values in this study
could be classified as good in the wider literature. The lines in Figure 1 show the fit of the
model to the obtained data.

The training performance of those participants with and without autism did not differ
between groups, with respect to the number of training blocks required to successfully
acquire the discrimination, in both versions of the task ( os > .5). However, this does not
preclude the possibility of differences in how participants in each group acquired the task.
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No participants demonstrated or subsequently reported counting during timing (see also
Droit-Volet & Wearden, 2001). Two participants with autism displayed interesting features
during timing, however. One individual put his fingers together and then pulled them apart
during the training stage, particularly to longer durations, and continued to do this during a
small proportion of test trials, and another individual (relatively higher functioning) reported
that, “If my mind turns over once its short, and more than once its long” (he reported seeing
a visual snake in his mind, which rotated). Unfortunately, a coding observer was not present
and experimental sessions were not videotaped, so the possibility of conducting additional
observational analyses of behaviors during timing was not possible in the current study.

Individuals who could not acquire the discrimination (i.e., did not complete the test phase)
and those individuals who acquired the discrimination but produced disorderly timing
functions (i.e., did not contribute data) tended to have autism: Two participants failed to
acquire the initial discrimination, and both had autism. Five participants produced disorderly
data and were excluded from final analysis; 4 had autism. Participants with autism who did
not successfully acquire the discrimination were at the minimum of the group age range (~7
years), but those who produced disorderly functions spanned the full age range (up to 17
years; the typically developing participant who produced disorderly data was the youngest in
the group). There were no obvious characteristics of these individuals with respect to
diagnostic or intelligence scores, and, given our relatively small sample size, the current
study was too limited in scope to speculate on what individual differences made it difficult
for some individuals to complete the task.

Performance on the Time Perception Task

Across both versions of the task, individuals with autism produced a greater proportion of
pLong responses compared with those without autism. In the 1- versus 4-s (shorter) version
of the task, analysis of variance (ANOVA) with two between-subjects factors, group and task
order, and a within-subject factor of stimulus duration revealed a significant effect of group,
A1, 21) = 4.62, p< .05; no effect of order, A1, 21) = 1.64, p=.22; an effect of duration,
F(6, 126) = 90.63, p< .001; and no significant interactions between these factors (largest F=
1.77). Planned comparisons revealed a significant group difference at the 3.5-s duration, A1,
21) = 10.51, p=.003. In the 2- versus 8-s (longer) version of the task, an ANOVA with the
same factors revealed no effect of group or order (ps > .1) and an effect of duration, A8,
126) = 104.42, p< .001. There was also a significant interaction between group and
duration, A1, 21) = 3.93, p=.010, but no other significant interactions (largest F=1.44, p
=.206). Planned comparisons revealed group differences at the 4-s, A1, 21) = 4.40, p< .05,
and 5-s durations, A1, 21) = 6.66, p=.02.

Figure 1 shows (empty and filled circles) that, in both the shorter and longer versions of the
task (upper and lower panels, respectively), the obtained group timing functions from
individuals with autism were shifted to the left, relative to the comparison group functions.
Furthermore, in the 2- versus 8-s version of the task (lower panel), the autism group function
is relatively flat to durations above about 5 s. (i.e., the empty circles are on a flatter plane).
Across both versions, therefore, individuals with autism exhibited a greater proportion of
pLong responses and produced somewhat leftward-shifted timing functions; they also began
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to show potentially interesting differences in the perception of durations over 3.5-5.0 s
(relative to comparison individuals). The overall shape of the two timing functions produced
by the comparison group was normal, especially in the longer version; although in the
shorter version of the task, the function was slightly rightward shifted.

Psychophysical Measures

Figure 2 reveals the group distribution of the two derived psychophysical indexes on the
shorter (left-hand panels) and longer (right-hand panels) versions of the task. As depicted in
the upper row of panels, the autism group’s BP was located at a significantly shorter
duration, on both versions of the task, compared with those without autism (autism group’s
BP = 2.5; comparison group’s BP = 2.98; z=-2.34, p< .02; and autism group’s BP = 4.34,
comparison group’s BP = 5.05; z=-2.01, p< .05, respectively). However, our comparison
group produced a BP that was higher than would be normally expected in the 1- versus 4-s
version of the task, and this contributed to the group difference (the comparison BP was
typical in the 2- vs. 8-s version). In addition, for any given individual, we should expect to
observe a reasonable difference between the two BPs for each version, as the two pairs of
anchor durations we used differed. Close inspection of individual timing functions for all
individuals showed that the majority of participants with autism did not have the extent of
expected difference between the location of the BP across both versions of the task, but the
majority of comparison participants displayed this expected difference (W. H. Meck,
personal communication, April 2010).

As depicted in the lower panels of Figure 2, there were no group differences in the
sensitivity to duration (WR) when the anchors were 1 and 4 s (autism group’s WR = .18;
comparison group’s WR = .21, p> .25). However, in the longer version of the task, the WR
was significantly higher for the group with autism, indicating “worse” temporal sensitivity
when the anchor durations were 2 and 8 s (autism group’s WR = .26, control group’s WR =..
18, z=-1.96, p=.05). Both of the WR values for the comparison group (and the autism
group WR on the shorter version of the task) were similar to those usually obtained with
typically developing children (8 years old); however, the autism WR in the longer version of
the task was comparable with that obtained with typically developing 3-5 year old children
(see Droit-Volet & Wearden, 2001). The two timing functions produced by each group (one
for each version of the task) were also subjected to the test of superimposition to assess the
presence of the hallmark scalar property of interval timing (see Droit-Volet & Wearden,
2001, for details on how this is done). As shown in Figure 3, the two timing functions from
the comparison group superimposed perfectly, and, for those with autism, the group
functions superimposed to a lesser extent but still reasonably well (somewhat comparable
with 3 year olds; Droit-Volet & Wearden, 2001). Our data were equivocal as to whether the
scalar property was found in the timing of individuals with autism, and it would be of
potential future interest to examine whether scalar timing patterns are found in aspects of
communication, social reciprocity, and repetitive behaviors in individuals with autistic
disorder.

As an additional level of analysis, we examined relationships between the psychophysical
timing indexes (BP and WR) and diagnostic and intelligence measures of our participants
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with autism (this type of analysis was not performed for comparison participants). Only
those participants who were previously administered the Module 3 ADOS (Lord et al.,
2000), and contributed Wechsler Intelligence Scale for Children, Fourth Edition (WISC-1V;
Wechsler, 2004) intelligence scores were used in this level of analysis (see Table 1 note). We
examined BP and WR (sensitivity) scores for each version of the task; diagnostic scores
(ADQOS and ADI-R [Lord et al., 2000, 1994]) for language and communication, social
interaction, and restricted and repetitive behaviors; and total 1Q and specific domain scores
for processing speed, working memory, verbal comprehension, and perceptual reasoning.
Pearson product-moment correlations revealed a correspondence between BP in the 1-
versus 4-s (shorter) version of the task with the score for language and communication
(ADQS) and score for working memory (BP with communication: r=-.641; p=.033; BP
with working memory: r=.763, p=.028; communication and working memory: r=-.793;
p=.019). That is, the shorter the location was of the BP, the “poorer” an individual’s
language and communication and working memory was. (Total 1Q score was not predictive
of timing measures or diagnostic scores.) Close examination of the individual timing
functions produced by the few individuals with autism who had the lowest scores for
communication and working memory (and, hence, the shorter BP when the anchors were 1 s
and 4 s) revealed that they tended to display a protracted flattening in their timing functions
to durations over 2 s (in the 1- vs. 4-s version). At a more general level, it is striking that
inspection of all individual timing functions produced by participants with autism when the
anchor durations were 2 s and 8 s revealed that almost 70% (9 out of 13 participants)
displayed characteristic flattening to durations over 5 s—of the 4 participants with autism
who did not show this unusual pattern, 3 shared the highest group scores for working
memory.

Parameters From Computer Modeling

The indexes derived from the modeling reveal that in both the shorter and longer versions of
the task, individuals with autism had higher ¢ values (.50 and .53, respectively) compared
with those without autism (.42 and .37, respectively), suggesting more variable (i.e.,
“fuzzy”) temporal reference memories. The values obtained for the autism group were
comparable with those previously reported using typically developing 5 year olds, and our
comparison group values were consistent with those from older children (8 years old; see
Droit-Volet & Wearden, 2001). The second parameter from the model that provides an index
of memory distortion for the anchor pairs, revealed that both groups produced K* values
(autism group = 0.97; comparison group =1.17) similar to those previously obtained with
typically developing children (8 years old) when the anchor durations were 1 sand 4 s.
However, although this was also true for the comparison group when the anchors were 2 s
and 8 s (K*=0.98), the autism group produced a lower value (K*=0.83), suggesting a
tendency to shorten the memory of the anchors on the longer version of the task to an extent
that was comparable with typically developing 3 year olds (on a task of temporal
generalization, Droit-Volet, Clément, & Wearden, 2001). Results from the modeling lend
support to the idea that timing ability may be developmentally delayed in individuals with
autistic disorder.
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Findings From the Parental Time Questionnaire

Table 2 displays sample questions and scoring on this instrument (which was modified
slightly from its original version). The maximum score on the adjusted questionnaire is 75
(best) and the minimum is 0 (worst). The mean score for participants with autism (18.08;
range = 6-37) was significantly lower than for comparison participants (48.4; range = 31—
73), £21) = -6.12, p=.001. Parental responses to the final question (No. 25), “In general,
compared to other children of their age, how well developed is your child’s sense of time?”,
revealed a group difference, (21) = -5.38, p=.001, with the modal answer for participants
with autism being poor compared with above average for the comparison group (scale: poor
[0], below average, average, above average, well above average [4]). Based on previous
reports (Boucher, Pons, Lind, & Williams, 2007) of problems with diachronic thought (i.e.,
affected individuals are less likely to think about past or future stages of a current situation;
have difficulty understanding that things can change or evolve over time but remain the
same; and that successive states or events are part of a unitary whole) in autism, we also
arbitrarily categorized the questions (with the exception of No. 25) according to past,
managing current time, or future (see Table 2) and reported group differences for each type,
smallest 11) = —-3.308, p < .004. When interpreting these findings, it is useful to note that
this questionnaire is not tailored to compensate for known problems with communication
and socialization in children with autism and cannot disentangle the assessment of time from
other executive functions, nor can our rudimentary classification of managing current time,
which included time frames that spanned many minutes and hours.

Discussion

To our knowledge, the current study represents the first attempt to examine the perception of
multisecond durations in individuals with autistic disorder. The study was preliminary in
nature and has some notable strengths (the psychophysical method and modeling of data)
and weaknesses (the inadequate characterization of the comparison group and small sample
size). The extent of our different levels of analysis allows us to make a variety of claims
about performance and the experience of duration for individuals with autistic disorder.
Individuals with autism tended to produce a greater proportion of long responses and
displayed a relatively robust flattening in their timing functions, particularly to durations
exceeding about 5 s (that did not result from a failure of experimental control).
Psychophysical measures for individuals with autism (BP and WR) revealed significant and
potentially characteristic differences in bisection performance and suggest that individuals
with autism experienced greater difficulty discriminating between longer durations.

BP values were correlated with language and communication, as well as working memory
scores in the shorter version of the task. Computer modeling suggested that individuals with
autism appeared to have more variable temporal memories (c) and were likely to truncate the
anchor durations when they were 2 s and 8 s (K*). Additional comparisons with other
childhood studies suggest the extent of these differences may be of some developmental
significance. Last, parents of children with autism tended to classify their children as having
a qualitatively poor sense of time, which attests to the many anecdotal reports that these
individuals experience difficulties with time (see Allman & DelLeon, 2009; Boucher, 2001).
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Some interesting features of the data are also consistent across various levels of analysis and
strengthen the assertions that can be made, despite the limitations in scope. In particular, it
appears that individuals with autism experience difficulties with durations exceeding about
3.551t0 5.0 s and may be less able to discriminate between longer durations (likely related to
poorer temporal sensitivity). The question then becomes: How might a problem
experiencing longer durations influence test performance and produce the variety of
measures obtained? There are at least two possibilities. First, it is possible that both the short
and long anchor standard durations influenced bisection performance in the shorter, 1-versus
4-s version, but a different strategy was used in the longer, 2 versus 8-s version. When the
anchors were 2 s and 8 s, the short anchor (2 s) may have had a stronger influence over test
performance than the long anchor (8 s). This account requires some form of psychological
explanation for why those with autism appear to be less influenced by the memory of the
longest standard. Of course, this could have been due to difficulty maintaining attention,
concentration, or (which leads us onto the second possible explanation for the two key
findings [BP differences and the relative flattening]) there may have been some underlying
difficulty with, or insensitivity to, longer durations (e.g., “time blindness”), particularly
those over 3.5 s t0 5.0 s in autistic disorder.

In fact, this 3.5-5.0-s period is not altogether arbitrary, as it is widely held to correspond to
the specious or psychological present. The idea of such a putative mental platform has been
posited since the dawn of psychology (James, 1890), and it is held to facilitate linking
together sensory experiences close together in time. The temporal breadth of this platform
(although not fixed) is believed to be around 3 s to 5 s (possibly up to 8 s; e.g., see Block,
1990; Fraisse, 1984; Michon, 1978; Poppel, 1997) and has been studied under a variety of
experimental paradigms. These include the temporal segmentation of spontaneous speech,
structuring a continuous stream of auditory input, programming anticipatory movement, and
sensorimotor behavior (see Poppel, 1997). This platform can be considered intimately
related to the perception of the durations used in both versions of our task. In accounting for
their observation that individuals with autism tended to reproduce given durations that
ranged between about 1 s and 5 s (around 3.0-3.5 s), Szelag et al. (2004) suggested that the
processing of duration was dissociated from the temporal platform and that autism involved
a unique form of timing disturbance. In the current study, we extended the generality of
these findings by revealing that individuals with autism appear able to discriminate and
perceive durations within the bounds of the psychological present (up to about 5 s), unless
they have poor communication or working memory, in which case they may experience
problems for durations within the bounds of the temporal platform (see also Mostofsky,
Goldberg, Landa, & Denckla, 2000, who reported no differences in autism when
discriminating millisecond intervals between stimuli). However, they may have difficulty
with durations beyond the bounds of the psychological present. The weak central coherence
hypothesis of autism (Frith, 1989; Happé, 1999) and reported deficits in the temporal
binding of stimulus input in autistic disorder (e.g., Bebko, Weiss, Demark, & Gomez, 2006;
Brock, Brown, Boucher, & Rippon, 2002) might be related to problems linking successive
periods or platforms together. There is recent evidence that individuals with autism integrate
sensory input over an extended temporal window (Foss-Feig et al., 2010) and experience
difficulties grasping the concept of time and regulating and structuring their behavior and
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expectations within current and future imagined time frames (Boucher, 2001; Boucher et al.,
2007).

A complication of the multiprocess nature of the ITS is that the development of
psychological variables other than timing ability, such as differences in attention and
memory and decision ability, may also play a role in timing performance (e.g., Lustig,
Matell, & Meck, 2005). For example, the temporal limit of short-term (or immediate)
memory is only a few seconds (Block, 1979), but temporal constraints are somewhat longer
for working memory (several seconds; Baddeley & Hitch, 1974).

In many ways, the results of the current study create many more questions than they answer,
and, given the preliminary nature of the study and its limitations, the findings should be
treated with some caution. They will need to be replicated with at least double the number of
participants and extended under a wide range of different temporal parameters before any
reliable assessment of timing ability in autistic disorder can be made (ongoing research by
the first author [M.A.]). In addition, the autism group likely included different subgroups of
affected individuals (i.e., some of whom had phrase speech and, so, completed the Module 2
ADOS, whereas others had fluent speech), and this limits the generality of our findings. It
may be particularly useful for future studies to examine timing ability in high-functioning
individuals with autism, and those who are less verbal. Nevertheless, the strengths of our
psychophysical approach allow us to make some intriguing observations about the timing
functions of individuals with autism, and some meaningful comparisons with previous
studies that used different age groups of typically developing children. At the very least, we
have demonstrated the benefit of using this approach with children with autistic disorder.
Undoubtedly, the potential benefit of continuing this relatively new line of investigation is to
inform related avenues of cognitive and behavioral autism research (e.g., joint attention,
social timing), both at the basic and applied levels, and to improve clinical outcomes. For
example, temporal variables are often a core aspect of clinical and educational training and
treatment programs (e.g., operant reinforcement schedules, timetables, and time-out), and
these might be advanced by increased awareness of temporal experience in autistic disorder
(see Critchfield & Kollins, 2001; Lalli, Casey, Goh, & Merlino, 1994; MacDuff, Krantz, &
McClannahan, 1993). To the extent that the neurobiological basis of (typical) interval timing
is beginning to be elucidated (e.g., Buhusi & Meck, 2005; Meck, 2003), an improved
understanding of the neurobiological basis of timing in autistic disorder may be particularly
informative with regard to potential pharmacological remediation.
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Data points (empty and filled circles) and best fitting values from the model described in the
text (dashed and solid lines) from participants with and without autism (respectively), in

both versions of the task (upper panel: 1 vs. 4 s discrimination; lower panel: 2 vs. 8 s

discrimination). Compar. = comparison group.
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Obtained group data plotted on the same relative scale for participants with (upper panel)

and without (lower panel) autism.
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Table 2

Example Questions as They Related to Past, Current, and Future Time Reference?

Past Managing current time Future

How often does your child ask When working on a task, how often does your child seem How often does your child talk about or

questions about their past? to get work done in time allotted? seem to think about what he/she will be
doing tomorrow?

How often does your child seemto ~ How often does your child refer to a watch or clock in How often does your child consider the

think about their past or use planning how much time he or she has left to do future consequences of their actions for

hindsight before responding to a something? him/herself?

situation?

Note. Scoring is typically as follows: rarely (0), sometimes (1), most of the time (2), and almost always (3).

aTaken from the “It’s About Time” questionnaire. Copyright R. A. Barkley, 1998. Reprinted with permission.
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