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Abstract
Deviant regional activation levels have been reported during explicit motion detection tasks in high-functioning autism (HFA), however less is known about
spontaneous activation levels in response to motion stimuli. In this fMRI study,
male adult participants with and without HFA passively observed non-task-relevant
point-light motion stimuli, both intact and temporally systematically scrambled.
Eye-gaze behavior was monitored to control for attentional differences. A consecutive behavioral biological motion recognition task was performed in order to
inform the neuroimaging findings. The adult group diagnosed with HFA exhibited
spontaneous recruitment of motion-processing brain areas including the mirror
neuron system. The neurotypical tuning to biological motion is noteworthy because,
opposed to other task designs, participants had no prior information about the
presence of human actions in the point-light displays. Additionally, we observed an
increased BOLD signal relative to an IQ-, age- and handedness-matched control
group in several brain regions, including shape- and motion-sensitive areas in
the lateral occipitotemporal cortex (LOTC), for both intact and systematically
scrambled biological motion displays. The strength of the BOLD signal in LOTC
correlated positively with response times during a behavioral motion discrimination
task in the HFA group.

5.1

Introduction

Orientation towards biological stimuli has been reported to be at risk in young
children with autism. Two-year-old children diagnosed with autism tend to orient
towards physical contingencies between sound and light instead of attending to
human actions represented by point-light animations (Klin et al., 2009). About
40Acquired atypical visual behavior may have serious consequences for the development of neural mechanisms specialized in social stimuli such as facial expressions,
eye-gaze, body posture and movement. Deficits in social perception networks may
in turn contribute to explain why cognitively able adolescents and adults with
autism, well capable of reasoning about the state of mind and feelings of others, still
experience difficulties in real-life social contexts (Szatmari et al., 1989; Venter et al.,
1992). In these situations, messages can be communicated through subtle cues
perceptible only in body movements or eye-gaze (Klin et al., 2003; Tager-Flusberg,
2001).
Performance in biological motion recognition is typically tested with point-light
displays (PLDs) where each point represents a body joint. Several studies found
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that children, adolescents and adults with autism had difficulties recognizing biological motion stimuli, but others reported no difference (for a review see: (Kaiser
and Pelphrey, 2012)). The inconsistencies could partially be explained by the fact
that not every individual with autism has a deficit in orienting towards biological
motion. Another factor could be age, as most studies involving adult participants
failed to find significant group differences in biological motion recognition (Kaiser
and Pelphrey, 2012; Kaiser and Shiffrar, 2009; McKay et al., 2012), which also
raises the question of the existence of compensatory mechanisms (Kaiser et al.,
2010).
Several brain areas seem specialized for biological motion processing, including the
posterior superior temporal sulcus (pSTS), the fusiform gyrus (FG) and extrastriate
body area (EBA) (Beauchamp et al., 2002; Blake and Shiffrar, 2007; Grèzes et al.,
2001; Grossman and Blake, 2002; Vaina et al., 2001). There are relatively few
neuroimaging studies on biological motion perception in autism, and all of them
conclude that there are differences in one or several of these regions (Freitag et al.,
2008; Herrington et al., 2007; Kaiser et al., 2010; Koldewyn et al., 2011; McKay
et al., 2012).
Hypoactivations have been interpreted as impairments in processing of biological
motion (Freitag et al., 2008; Herrington et al., 2007; Kaiser et al., 2010; Koldewyn
et al., 2011). However, differences are not consistent across studies and activation
differences encompass visual and frontal regions not directly involved in biological
motion perception (Freitag et al., 2008; Herrington et al., 2007; Kaiser et al., 2010;
Koldewyn et al., 2011; McKay et al., 2012), which also raises the question of
group-differences in attention paid to the stimuli.
Here, we investigated the integrity of biological motion perception brain circuits in
adults with high-functioning autism (HFA) in a context where attending the PLDs
was not only passive but irrelevant to the task and not encouraged by instructions.
If hypoactivations occur in this set-up, they can be attributed to an impairment in
spontaneous processing of biological motion. The chosen stimuli further activate the
so-called putative human mirror neuron system, which gives us the opportunity to
explore group differences beyond the classical biological motion processing regions
(pSTS, fusiform gyrus).
We also explored potential attentional differences by recording eye-gaze during
scanning. Finally, the interpretation of group differences in neuroimaging studies
without task instructions can be arbitrary. We therefore conducted a supplementary
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study outside the scanner measuring biological motion recognition performance in
the same participants in order to inform the neuroimaging findings.

5.2

Methods

5.2.1

Participants

In total, 36 male participants were scanned including 17 participants with highfunctioning autism, meaning that they received a clinical diagnosis of autism or
PDD-NOS and had a neurotypical IQ (Table 5.1) and 18 typically-developing
(TD) participants. Two TD and one HFA participant were excluded from the
statistical analyses due to excessive head motion of more than one voxel dimension
(3.5 mm) along at least one movement axis. The remaining 33 participants (16
HFA, 17 TD) matched in age, handedness (Oldfield, 1971), full IQ (Raven and
Court, 2004) and verbal IQ (Schmand et al., 1991) (Table 5.1). HFA participants
were included if they had previously received a clinical diagnosis of autism or
PDD-NOS. All HFA participants completed the Autism Diagnostic Observation
Schedule (ADOS) module 4 (Lord et al., 2000). The average total ADOS score was
8 ± 3. HFA participants were not excluded due to a score below the ADOS cut-off
score, as it has been shown that ADOS module 4 can have low sensitivity to classify
high-functioning adults with autism spectrum disorder and PDD-NOS (Bastiaansen
et al., 2011; Gotham et al., 2008). The average number of autistic traits in each
group was estimated using the Autism Spectrum Quotient questionnaire (AQ)
(Baron-Cohen et al., 2001). All TD participants scored in a range of 7–24 and
thus below the commonly used cut-off scores of 32 or 26 (Baron-Cohen et al., 2001;
Ruzich et al., 2015; Woodbury-Smith et al., 2005).
Table 5.1: Participant characteristics

HFA (n=16)
TD (n=17)
p-valuec

a missing

Age
34 ± 9
31 ± 6
0.24

Handedness
62 ± 54
51 ± 69
0.61

IQa
118 ± 10
120 ± 11
0.75

Verbal IQb
98 ± 7
98 ± 12
0.93

AQ
31 ± 9
15 ± 4
<0.001

for two TD participants, average group values used when utelized as covariate
for three TD participants
c two-sided, independent-sample t-test
b missing
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5.2.2

Stimuli

Point light displays were created using the mocap point-light archive
(http://astro.temple.edu/∼tshipley/mocap.html).
From the entire archive,
25 motions were selected that represent a variety of actions (gym exercises: 5,
dancing: 6, martial arts kicks: 11, pushing objects: 3). Each data file included
coordinates of 12 joints (shoulders, elbows, wrists, hips, knees, ankles) and the
head. The shortest consisted of 47 frames and the longest of 100 frames. At 30
fps, the final video displays lasted between 1.41 and 3.00 seconds, depending on
the complexity of the executed motion. Each data file was used to create three
types of video stimuli (Figure 5.1): motion displays with pure biological motion
(BioMo), motion displays with a constant velocity profile (ConstMo), and motion
displays with a constant velocity profile and a spatial scrambling of the starting
coordinate of each joint (ScramMo). To balance the direction of motion, all videos
were displayed twice: once in the original orientation and once mirrored along the
vertical axis.
The BioMo videos were created by displaying the joint coordinates of each
frame as light-grey-colored dots on a black background. All motion displays
were post-processed to improve stimuli quality. In rare cases, coordinates were
temporarily missing, possibly due to recording issues. It has been shown that
participants with ASD are sensitive to visual noise contamination in motion
displays (Zaidel et al., 2015). Therefore, missing values were interpolated from the
dots’ motion trajectory. Afterwards, all motion trajectories were smoothed using a
sliding-average (pseudo-Gaussian, width: 4 frames).
The ConstMo stimuli were based on the BioMo stimuli but two additional
processing steps were added. Firstly, the length of the full trajectory of each joint
was measured and divided by the number of frames, so that we knew how far
each joint had to move in each frame to give the impression of a constant velocity.
Secondly, these equally spaced trajectory segments were converted into new x- and
y-coordinates for each joint and each frame. These coordinates were used as joint
coordinates for the ConstMo stimuli.
For creating the stimuli in the ScramMo condition, we used the ConstMo
coordinates but each trajectory was randomly shifted up to 50 pixels in x- and
y-direction. The size of all videos was held constant at 412 × 388 pixels, however
the coordinates were scaled to ensure that the most distal dots would be no closer
than 20 pixels from the video boundaries and all dots are visible at all times.
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Figure 5.1: Graphical representation of the three categories of motion displays. The
colors indicate progress of points during movie (blue=begin; red=middle; green=end).
The arrows indicate the displacement of specific dots during the movie clip. Left: biological
motion, Middle: temporal scrambled motion (velocity profile kept constant for each dot
(represented by equal length of arrows). Right: temporal and spatial scrambled motion
(additional randomization of starting point for each dot). Original stimuli were kindly
provided by http://astro.temple.edu/ tshipley/mocap.html and adjusted for this study.

All video stimuli were created in Matlab (version: R2012a, The MathWorks, Inc.,
Natick, USA), by rendering each set of frames into an AVI video file (Indeo Video
v5 codec).
The video stimuli were presented in a block design using Presentation
(Presentation R 16.1, Neurobehavioral Systems, Inc., Berkeley, USA). The stimuli
were displayed on an MRI-compatible BOLDscreen (Cambridge Research Systems
Ltd, Rochester, UK) and projected to the participants using a build-in mirror
system. Each block started with a fixation cross for 8.5 seconds, followed by five
videos of the same condition (BioMo, ConstMo or ScramMo). Each video was
preceded by an exclamation mark (500 ms). The order of blocks was pseudorandomized across participants with no more than two blocks of the same condition
presented consecutively. In total, 10 blocks and thereby 50 videos were presented
for each of the three conditions. In order to make the motion displays irrelevant
to the participants, we introduced an orthogonal task. The task was to count the
number of red dots appearing in each block of five videos. In 50% of the movies, a
red dot appeared for 200 ms, superimposed on the PLD at a randomly assigned
temporal point and screen location. The size of the dots was identical to that of
the point-light dots. Directly after the last movie of a block, participants were
shown a forced choice screen including the actual number of red dots in that block
and a randomly selected incorrect answer (0-5). A button press was used to select
one of the two possible answers. No time limit was given.

5.2.3

fMRI data acquisition and analysis

One anatomical and one functional fMRI run were acquired using a Philips Intera
3T scanner with a 32-channel coil. A high-resolution structural 3D spoiled gradient
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image (170 slices; scan resolution = 256 × 256; field of view = 232 mm) was
acquired. Functional images were acquired using an echo planar T2*-weighted
gradient sequence with 39 sequential axial slices (echo time = 28 ms; slice thickness
= 3.5 mm; flip angle = 70◦ ; repetition time = 2000 ms; scan resolution = 64 × 62;
field of view = 224 mm).
Data were analyzed using SPM8 (Wellcome Trust Centre for Neuroimaging, UCL,
UK). Functional images were realigned to the mean image of the functional run,
coregistered to the high-resolution structural image, brought to MNI space using
the normalization parameter generated during segmentation of the structural image
(final voxel size: 3 × 3 × 3 mm) and spatially smoothed using a 8 × 8 × 8 mm
FWHM filter.
At the individual subject level, data were modeled using 11 predictors. Three of
these modeled the movies of each condition in a block design, starting with the onset
of the first movie and stopping with the end of the fifth movie. The fourth predictor
included the warning sign preceding each block. The fifth modeled the responses,
starting from the onset of the choice screen and ending with the button press.
These five predictors were boxcars convolved with the standard hemodynamic
response function (HRF). The last six predictors included the displacements and
rotations determined during image realignment. The fixation crosses were not
explicitly modeled.
Parameter estimate images from the first three predictors were taken to the second
level for group comparison in two 2 × 3 (group, condition) flexible factorial design
general linear models (GLM). One GLM (GLM1) was used to estimate the group
effect with IQ, handedness and age as covariates. A second GLM (GLM2) was used
to estimate the effect of condition (movie type) and the interaction of group and
movie type. For GLM2, additional regressors accounting for the factor ‘subject’
were included, each putting the weight ‘one’ on one subject in one condition and
the weight ‘zero’ on any other subject in any other condition. The factor ‘subject’
allows for a correct estimation of the error term by indicating data points associated
with the same participant. However, the factor ‘subject’ would cause an incorrect
overestimation of the group effect if applied to GLM1.
Contrasts were set to test for the group effect in GLM1 (HFA>TD and TD>HFA)
and the condition (BioMo>ScramMo) and interaction effects (stronger effect of
biological features (BioMo>ScramMo in HFA than TD and TD than HFA) in
GLM2, following the procedure of Gläscher and Gitelman (Gläscher and Gitelman,
2008). To test for a specific effect of minimal jerk motion and shape, we additionally
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ran two independent-sample t-tests. One compared the subject-level contrast BioMo
– ConstMo, the other the subject-level contrast ConstMo – ScramMo between the
HFA and the control group. IQ, handedness and age were inserted as covariates.
All analyses were spatially restricted to a SPM8 template derived grey matter mask,
which was binarized using a threshold value of 0.3 to achieve a good separation of
the grey matter and the background. Statistical maps were corrected for multiple
comparisons by setting the False Discovery Rate (FDR) to p<0.05 (voxel level)
as this has been shown to provide more statistical power than family-wise error
correction. Anatomical labeling was informed by the Anatomy toolbox (Version
2.2b) whenever possible (http://www.fz-juelich.de/ime/spm_anatomy_toolbox).
Following the discovery of a group effect in the lateral occipitotemporal cortex
(LOTC), we tested whether this effect was modulated by the motion direction
in the PLDs. Each video was classified into one out of three motion-direction
categories: left-directed, right-directed or bidirectional. The first-level GLM models
were modified to allow the discrimination of the three different motion-directions.
Data were modeled using 17 predictors. Nine of these modeled the movies of each
movie type (BioMo, ConstMo, ScramMo) and each motion-direction (left, right,
bi-directional) in an event-related design. The rest of the predictors were the same
as in the previous subject-level analyses. A binary LOTC-mask was constructed
based on the cluster showing a group effect (HFA>TD) in the GLM1 analysis
(see Table 5.2). The average beta-values of all nine conditions (3 movie types ×
3 motion-directions) were extracted from the LOTC mask for each participant
separately. The beta-values were inserted into a 2 × 3 × 3 (group × movie type ×
motion-direction) repeated-measures ANCOVA in SPSS (Version 23, IMB, Amrok,
USA). Handedness, IQ and age were included as covariates.

5.2.4

BOLD signal attenuation over time

Given the length of the experiment (about 7 min depending on the response
latencies), we were interested in whether there were group or experimental condition
effects on BOLD signal attenuation over time that could account for the effects
observed in the main fMRI analysis. In a second data analysis approach, we
therefore looked for brain areas where the signal would decrease linearly over the
course of the experiment for the three conditions separately. On an individual
subject level, data were modeled using 38 predictors, based on the predictors of
the standard subject-level general linear model but modeling each of the 30 trials
as separate regressors. All predictors, except for the head motion parameters, were
boxcars convolved with the standard HRF. The 10 trials of each experimental
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condition were integrated into one parameter estimate image by weighting the
trials with values from 9 in trial 1 to -9 in trial 10 in a mean centered fashion. This
weighting procedure was applied to the three experimental conditions separately
for each subject. The parameter estimate images were then inserted into a 2 × 3
flexible factorial (group, condition) design as described in detail in 5.2.3.

5.2.5

Eye-gaze recording and analysis

Eye-gaze was recorded during the MRI session using an EyeLink 1000 system (SR
Research Ltd., Mississauga, Canada) mounted inside the MRI scanner. Tracking
was performed on the left eye at 500 Hz. A 9-point calibration and validation
were performed. Good quality eye tracking data (less than 20% missing data) was
collected from 16 participants (8 HFA, 8 TD). The proportion of missing data, due
to blinks or signal loss was not significantly different between groups (HFA: 2.2%
± 2.8%, TD: 6.4% ± 6.5%, t(7) = 1.78, n.s.). Fixations, blinks and saccades were
labeled automatically by the EyeLink software (Stampe, 1993). The EyeLink event
files were analyzed using Matlab (Version 7.14.0, The MathWorks, Inc., Natick,
USA). All blink events were excluded from the dataset and all fixations shorter
than 100 ms(Salvucci and Goldberg, 2000) or longer than the maximum stimulus
duration were discarded. To test whether the two groups spent an equal amount of
time looking at the screen presenting the stimuli, groups were compared in terms
of average number of fixations per video and average fixation duration.
The viewing behavior was further characterized by comparing the directional
fixation preferences between groups, keeping in mind that the main motion direction
of the dots in the PLDs was along the x-axis. To calculate the directional viewing
preference, the displacement in x- and y-direction between all consecutive fixations
was determined for each video. For each subject, the average displacement in xand y-direction was calculated and converted into an x/y-ratio, with values above
1 indicating a preferential looking in the main direction of the motion stimuli.

5.2.6

Behavioral experiment

The behavioral experiment was conducted on a separate day and 14 control
participants and 16 HFA participants from the fMRI experiment also took part
in the behavioral experiment. Three datasets of the mocap point-light archive
(http://astro.temple.edu/∼tshipley/mocap.html) showing twist dance motions (not
used in the fMRI experiment) were selected for the behavioral experiment. Each
video started with thirteen white dots moving randomly across a black background.
In the “noise” condition, random motion continued throughout the video. In the
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“signal” condition, the motion transformed into one of the three twist motions.
The transition from 100% noise to 100% signal was systematically manipulated
by mixing the two signals across all frames using a cumulative Gaussian function
with 3 different SDs, which gave 3 levels of slope affecting the rapidity of the
perceived shift from noise to coherent actor. For the three twist motions, two
experimental conditions and three transition settings, 20 videos were generated
each, that differed in the spatial distribution of the starting point of each dot
trajectory and their initial “noise” movement direction. Overall 360 videos with
a length of 1.83, 1.87 or 2.43 seconds, depending on the original duration of the
recorded action, were displayed.
The task was to indicate whether a video from the “noise” or “signal” condition
was shown by selecting one of two response keys. Responses could be given while a
video was being played and the consecutive video was shown regardless of whether
a response had been given or not. Participants were instructed to respond as soon
as they were confident of their answer. Response latencies were recorded from the
start of the video clip, as only frame one contained no coherent motion, proportion
correct were measured and, for the purposes of the current study, the values of the
“signal” condition were averaged regardless of the transition settings.
Group differences were analyzed using classical and Bayesian independent-sample
t-tests in JASP 0.7.1.2 (Love et al., 2015). The prior distribution for the Bayesian
t-tests was a Cauchy distribution with a width of r = 1. The modeled parameter
θ was the effect size given the alternative hypothesis (H1 : θ =
6 0) and the null
hypothesis (H0 : θ = 0). The parameter settings are standard literature settings
(Rouder et al., 2009; Wagenmakers et al., 2015; Wetzels et al., 2009). The Bayesian
approach was included in the analysis to evaluate the evidence for the null hypothesis (absence of group differences), which cannot be assessed using classical statistics.

5.3
5.3.1

Results
Effect of condition

We first tested for the presence of brain regions showing a hierarchical effect of
experimental condition with more activity for the unaltered biological motion
stimuli (BioMo) and less activity for the scrambled stimuli (ScramMo). As shown
on Figure 5.2, a large set of brain regions demonstrated a preference for the
more biologically plausible stimuli (BioMo>ScramMo) at a threshold corrected for
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multiple comparison (voxel level qFDR<0.05). These involved the lateral occipitotemporal cortex (LOTC), including the extrastriate body area (for comparative
coordinates see: (Taylor et al., 2007)) as well as area hMT+/V5 (Zeki, 2004), the
fusiform gyrus, including the fusiform body area (for comparative coordinates see:
(Taylor et al., 2007)), and the posterior superior temporal sulcus/gyrus specialized
in the processing of biological motion (Saygin, 2007). In addition, bilateral clusters
of activity were also found in several inferior parietal and premotor areas: areas PF
and PFt in the supramarginal gyrus, intraparietal and postcentral sulci, precentral
and inferior frontal gyri. These regions correspond well to the putative mirror
neuron system (Caspers et al., 2010; Gazzola and Keysers, 2009) and this activity
may therefore reflect increased action reenactment for the more biologically relevant
stimuli (Rizzolatti and Sinigaglia, 2010). Extracting parameter estimates (Marsbar
version 0.43, see Figure 5.2) for each condition and group for 12 main regions
of interest (ROIs) allowed two interesting observations. First, the activation for
the ConstMo condition is higher than for the ScramMo and lower than for the
BioMo condition in all ROIs. This likely reflects the graded amount of biological
motion information of the three conditions. Second, it confirms that the same
graded pattern of activity is present in both groups, and that, visually, this pattern
is at least as marked in HFA than it is in TD. ROIs were derived by masking
the statistical map displayed in Figure 5.2 with anatomical ROIs from the SPM
Anatomy toolbox (Version: 2.2b). We did not perform formal statistics on these
parameter estimates, because they are biased by the selection of the ROIs, and
should thus only be used to visually explore the pattern across regions, conditions
and groups.

5.3.2

Group differences

All participants completed the red-dot detection task with high accuracy and
the performance did not differ statistically between groups (HFA: 98.8% ± 3.4%,
range: 87% – 100%; TD: 98.4% ± 2.7%, range: 93% – 100%; t(31) = 0.30, n.s.).
Because differences in head-motion can manifest as artefactual group differences in
brain activation in fMRI studies, we compared the head-motions as determined
during preprocessing across groups. There was no difference in total frame-wise
displacement (pFDR>0.05). We also calculated the correlation over time between
each of the six head-motions and each of the three task predictors used in the
general linear model separately for each participant. This revealed no significant
group differences for any of these 6 × 3 correlations (qFDR>0.05), and none
of these correlations were significantly different from zero when pooling all 33
participants (qFDR>0.05).
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Figure 5.2: Visualization of areas with a higher BOLD activation for BioMo than
ScramMo across groups. Plots of parameter estimates from core regions, demonstrate a
hierarchical pattern of activation, being most active for the biological motion condition
(BioMo), less active during the condition including a constant velocity profile (ConstMo)
and least active during the scrambled motion condition (ScramMo) for both groups
separately (HFA: high-functioning autism, TD: typically developing). Activations are
displayed on the flattened cortex_20484.surf template (SPM8 release). Displayed voxels
have a t-value of at least t = 2.71, correction for multiple comparisons at qFDR<0.05.

Several brain regions were more active in the HFA than the control group when
pooling across experimental conditions. Pooling was acceptable as no significant
interaction effects were detected (see below). The largest cluster of hyperactivation
was found in the left lateral occipitotemporal cortex (LOTC), at the border
between the middle occipital and middle temporal gyrus (Table 5.2, Figure 5.3A).
The peak is assigned to area V4 using the Anatomy toolbox 2.2b, and the entire
cluster activates 14.6% of area V4. The cluster further expands into and activates
11.6% of area V5. The anterior part of the cluster overlaps with two activity
maps (Figure 5.3A) obtained from Neurosynth (Yarkoni et al., 2011) based on 383
studies referring to the term “motion” and 443 studies referring to the term “body”
more than in any other studies (reverse inference). Removing the covariates did
not remove the group effect found in LOTC.
Additional clusters of hyperactivity were found in the right intraparietal sulcus, the
right primary somatosensory cortex BA2, the right lingual gyrus, inferior temporal
gyrus, fusiform gyrus and the left and right postcentral gyrus for HFA>TD
(Table 5.2). No statistically significant hypoactivations (TD>HFA) were found.
Importantly, no interaction between group and movie type were observed in any
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brain area at a threshold of qFDR<0.05, suggesting that the group differences
did not depend on the type of stimulus used. As expected, due to the lack of
significant interactions, looking specifically for group differences in the sensitivity
to minimal jerk motion and body shape separately using two-sample t-tests
revealed no significant group differences for the contrasts BioMo>ConstMo and
ConstMo>ScramMo at qFDR<0.05.

Table 5.2: Increased BOLD response of the HFA group compared to the TD group
across all experimental conditions (BioMo, ConstMo, ScramMo)

Brain area
L LOTC
R Lingual gyrus
R Superior occipital gyrus
R Postcentral gyrus
L Postcentral gyrus
L Inferior parietal lobe
R SI (BA2)
R Inferior occipiral gyrus
R Fusiform gyrus

a MNI

# of voxels
58b
14
29
17
29
11
34
10
8

x
-45
9
33
30
-42
-57
36
48
36

y
-79
-88
-73
-37
-28
-22
-43
-76
-46

za
10
-8
43
67
58
49
52
-2
-11

t-value
4.75
4.68
4.61
4.36
4.25
4.21
4.34
4.16
3.81

qFDR
0.027
0.027
0.027
0.029
0.029
0.030
0.029
0.029
0.034

coordinates
cluster size correction: pFWE<0.05

b Survives

5.3.3

Impact of motion direction on the group effect in
LOTC

Given the relevance of LOTC for motion perception, one may conclude that
the hyper-activity of this area in participants with autism reflected increased
reliance on processes necessary for detecting biologically relevant motion in the
PLDs. It may be noted, that the ConstMo and ScramMo conditions both contain
residual information of the unaltered human action that enable meaningful feature
processing. An alternative interpretation could be that the over-activity in LOTC
was related to the detection of the red dot in the orthogonal task. This interpretation
is sound as the effect was present irrespective of the condition. To examine this
alternative hypothesis, we tested whether the group difference found in LOTC was
influenced by the direction of movement of the PLDs. If LOTC hyperactivity were
related to the red dot task, one would expect no interaction effect since the red
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dot appeared at a random screen location. Contrary to this, we found a significant
interaction effect between group and motion-direction in LOTC, F(4,25) = 3.5,
p<0.05 (Figure 5.3B). Post-hoc analyses revealed that the group difference in mean
beta-value was larger for bidirectional videos than for right-directed videos, F(1,28)
= 7.1, p<0.05. This interaction effect was also present when the mean of the
left- and right-directed videos was compared to the bidirectional videos, Helmert
contrast: F(1,28) = 5.4, p<0.05.

Figure 5.3: A) Increased activation of LOTC in the HFA group compared to the
control group across all experimental conditions. Statistical maps are thresholded at t
= 3.93 (qFDR<0.05, voxel level) and projected onto a flattened cortical surface. The
squares in the lower right corner visualize Neurosynth maps of the keywords “motion” and
“body” (inverse inference, blue, www.neurosynth.org). All activations are displayed on
the flattened cortex_20484.surf template (SPM8 release). B) Effect of motion-direction
on LOTC hyperactivity. Mean beta-values were extracted from a cluster in LOTC that is
hyperactivated in HFA for biological and scrambled motion videos. The hyperactivation
is more extreme (steeper slope) for videos that contain bidirectional motions compared to
unidirectional motions. C) Positive correlation between activation in LOTC and response
latency during the behavioral task in the HFA group. Activation in LOTC was extracted
from the cluster showing a positive effect of the HFA group during the passive observation
fMRI task (see Figure 5.3A). Contrast estimates were extracted for each participant
individually from the contrast image of the average effect of condition.

5.3.4

BOLD signal attenuation over time

Given the higher activation of LOTC in the HFA group, one could hypothesize
that the main effect of group was driven by stronger signal decrease in the control
than HFA group during the course of the experiment. However, there was no
statistically significant evidence for larger BOLD signal decrease over time in

5. Biological motion in autism | 109
the control group. Similarly, there was no statistically significant evidence that
the experimental condition with a lack of biological motion features (ScramMo)
would show stronger signal attenuation than the experimental condition with shape
information (ConstMo) or shape information and minimal jerk motion (BioMo).

5.3.5

Relationship between LOTC activity and performance
on a biological motion recognition task

A subgroup of subjects (16 HFA, 14 TD) took a biological motion recognition
test outside the scanner on a separate day after the scanning. There were no
statistically significant group differences between the HFA and the control group in
terms of response latency (HFA: 1616 ± 370 ms; TD: 1604 ± 296 ms; t(27) = -0.1,
p = n.s.) and proportion correct (HFA: 0.60 ± 0.1; TD 0.63 ± 0.1; t(27) = 0.8, p
= n.s.). The Bayes factor for the response latency data was BF01 = 3.73, which
means that the data are 3.73 times more likely under the null hypothesis (no group
differences) than under the alternative hypothesis (group differences). The Bayes
factor for the accuracy data was BF01 = 2.81. Therefore, we provide moderate
evidence that the HFA and TD group do not differ in respect to response latencies,
and anecdotal evidence that the group do not differ in terms of proportion correct,
based on the scale introduced by Jeffreys (Jeffreys, 1961).
We also used the response latencies of the behavioural test in order to investigate
whether activity in left area LOTC during free observation of the PLDs would
be associated with the performance on biological motion recognition outside
the scanner. A Pearson correlation analysis revealed that the activation within
the LOTC cluster was positively correlated with the response time during the
behavioral task within the HFA group (r(14) = 0.55, p<0.05, R2 = 0.30; Figure
5.3C). A robust regression analysis (in Matlab) confirmed that this association was
not driven by extreme values (t(14) = 2.54, p<0.05), ), and boostrapping (1000
bootstraps) revealed that the lower confidence bound of the correlation is above
zero (fifth percentile of the bootstraps: r=0.09). A higher LOTC activation during
free motion observation is therefore associated with longer response latencies
for judging whether a motion display contains biological motion or not. For the
control group, the correlation did not reach significance (r(12) = 0.40, p = 0.12).
However, a Fisher r-to-z transformation showed no significant difference between
the correlation coefficients of the two groups (z = 0.48, n.s.).
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5.3.6

Eye-gaze analysis

We further analyzed eye-gaze pattern in 8 HFA and 8 TD participants who
contributed sufficient eye-tracking data during the MRI experiment. We did
not find any group difference in the time spent looking at the screen, assessed
as the number of fixations per video (HFA: 3.05 ± 1.72, TD: 3.26 ± 0.92, t(14)
= -0.31, n.s.) and fixation durations (HFA: 643 ± 194 ms, TD: 738 ± 262 ms,
t(14) = -0.82, n.s.). It should be noted that these tests suffer from a very small
sample size, and thus only have the power to detect very large effect sizes (cohen
d>1.5). In contrast the difference between groups on these variables were very
small (d=0.14) and medium (d=0.41), respectively, and would thus have required
sample sizes of 700 and 100 per group, respectively to become significant. Further,
the fixations on the screen do not allow inference about the actual fixations
on the stimuli, which are very hard to spatially define given the minimalistic
representation of the human body in PLDs. However, we found no evidence that
BOLD signal attenuation over time was different between the two groups, which
may be expected if a group-specific attentional bias was present.
Interestingly, there was a group difference in viewing strategies between the groups.
Eye movements along the x-axis and the y-axis between fixations were significantly
different between the groups, t(7.6) = -3.13, p<0.05, d = 1.56 (degrees of freedom
adjusted for unequal variances). The x/y-ratio in the control group did not
significantly deviate from 1, i.e. there was no direction-preference (x/y-ratio: 0.97
± 0.13, t(7) = -0.70, n.s.), whereas the HFA group had an x/y-ratio deviating
from 1, i.e. they moved their eye gaze between fixation points predominately in
x-direction (x/y-ratio: 1.66 ± 0.61, t(7) = 3.05, p<0.05). The average x/y-ratio
of the HFA group was similar to the main direction of motion within all the
point-light videos, calculated as frame-wise displacements (x/y-ratio 1.87). Visual
inspection of the data suggested that a subgroup of HFA participants had an
x/y-ratio of about 1, whereas another subgroup had a bias towards eye gazes
along the x-direction. This hypothesis was tested using a K-means cluster analysis
(as implemented in SPSS), which classified the eight HFA participants in two
groups with four members each. The estimated cluster centers had mean subgroup
x/y-ratios of 2.19 and 1.13. The group differences in x/y-ratio did not depend on
the type of movie (BioMo, ConstMo, ScramMo) as assessed by a mixed model
repeated-measures ANOVA (F(2,28) = 0.54, p = n.s.).
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5.4

Discussion

We investigated the neuronal response to point-light displays of biological motion
in individuals with and without autism, in a context where participants were not
informed about the presence of biological motion in the stimuli, and were instead
requested to detect and count the random appearances of a red dot overlaying
random dots on the screen. In addition to unaltered point-light displays (PLDs) of
human actions, we included a condition in which the points in the displays moved
at constant, rather than biologically plausible, velocity and a condition where the
points not only moved at constant velocity but began from spatially randomized
locations, hence altering not just the biological motion velocity profile but also the
human shape in the PLDs
In both subject groups, watching stimuli with higher biological relevance (i.e. preserved body shape and biological velocity profile) was associated with an increase
of activity in brain regions associated with biological motion perception in the
literature, including the putative mirror neuron system in the postcentral gyrus,
inferior parietal lobe and inferior frontal gyrus (Blake and Shiffrar, 2007; Caspers
et al., 2010; Gazzola and Keysers, 2009; Giese and Poggio, 2003; Gilaie-Dotan
et al., 2013; Grèzes et al., 2001; Grosbras et al., 2012; Rizzolatti and Sinigaglia,
2010; Saygin, 2007; Servos et al., 2002; Vaina et al., 2001). To our knowledge, this
is the first study to show that without instructions to process biological motion,
and despite making the task independent of the biological nature of the stimuli,
HFA activated these biological motion perception relevant brain areas at a level
comparable to that in TDs. The recruitment of areas belonging to the putative
mirror neuron system suggests that participants with autism reenacted observed
actions in their own action execution system to the same extent as control subjects.

Compared to controls however, participants with HFA showed enhanced activity in
several brain regions. Hyperactivity in these regions was present in every condition,
as shown by the absence of a group × movie type interaction, and, more specifically,
we did not observe significant group differences in the sensitivity to minimal jerk
motion (BioMo>ConstMo) or body shape (ConstMo>ScramMo). The largest
cluster of hyperactivity was found in the left occipitotemporal cortex (LOTC),
including visual area V4, area MT/V5 involved in motion perception (Zeki et al.,
1991), but also the extra-striate body area (EBA) specialized in the recognition of
body postures (Downing et al., 2001; Peelen et al., 2006; Vangeneugden et al., 2009).
MT/V5 and EBA often overlap in neuroimaging studies in humans (Downing et al.,
2007; Weiner and Grill-Spector, 2011) and without independent localizer runs
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for MT/V5 and EBA, we cannot assign the hyper-activation to either area with
certainty. Another set of smaller hyper-activated clusters were present in the left
and right post-central gyrus, in agreement with previous studies demonstrating the
involvement of the post-central region (BA2) during action observation (Caspers
et al., 2010; Gazzola and Keysers, 2009; Keysers and Gazzola, 2010). Interestingly,
a sub-group of HFA participants showed a deviating viewing behavior, with increased eye movements along the x-axis, similar to the main direction of motion
within the PLDs. The limited number of participants does not allow associations
between the viewing behavior and BOLD signal activation, however the observation
of sub-groups is in line with the notion that deviating viewing behavior is only
manifested in a sub-group of participants with autism spectrum disorder (Pierce
et al., 2011).
Two findings suggest that the relative hyperactivity of LOTC in the group of
participants with autism reflects, at least in part, differences in processing the
PLDs. Firstly, if hyperactivity in autism were related to detecting the red dot, one
would not expect to observe an influence of the PLDs direction of motion on the
pattern of hyperactivity. In contrast, we found that the group difference in LOTC
was larger when the animated figure was moving in both directions at the center of
the screen (e.g., jumping jack, twist) rather than moving left or right (e.g., side
kick). It can be hypothesized that a need for prolonged feature processing makes
it more challenging to process shape and/or motion-information when changes in
motion direction are present. Secondly, in participants with autism the LOTC level
of activity was in fact positively correlated with response latencies in a separate
biological motion detection task outside the scanner.
In terms of visual attention, we gathered some evidence that the attention paid
towards the stimuli was comparable between both groups. Firstly, the available
eye-tracking data show that participants in both groups fixated on the screen
equally long. Secondly, there was no evidence that BOLD signal attenuation over
time differed between the groups.
Limitations
LOTC includes several functional regions, some specialized in motion (MT/V5)
others in shape processing (V4, EBA) (Weiner and Grill-Spector, 2011). It remains
to be investigated whether the hyperactivity in HFA is associated with differences
in motion and/or shape processing. This is particularly true because several studies
suggest that both form and motion perception contribute to the recognition of
human actions in PLDs (Downing et al., 2006; Jastorff and Orban, 2009; Peelen
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et al., 2006). However, past literature has suggested increased activity in shape
processing brain regions while viewing PLDs in autism (Koldewyn et al., 2011;
McKay et al., 2012), and here we also find increased activation in HFA in the
fusiform gyrus, which processes bodily shape information (Grossman and Blake,
2002), it is likely that prolonged shape processing accounts at least partly for the
hyperactivation in HFA.
As the LOTC activity correlates positively with response latencies in detecting
human forms, it is tempting to conclude that hyperactivity (ASD>TD) reflects
prolonged feature processing, potentially compensating less efficient neural processing manifested in early childhood (Jones and Klin, 2013; Klin et al., 2009;
Pierce et al., 2011). This hypothesis could, however, only be confirmed using
a longitudinal design. For future research, it would also be advisable to add a
condition depicting purely random noise to disentangle the processing of biological
motion and organized motion.
Interestingly, a sub-group of HFA participants showed a deviant viewing behavior,
with increased eye movements along the x-axis and consistent with the main direction of motion within the PLDs. The limited number of participants precludes
associations between the viewing behavior and BOLD signal activation, however
it is in line with the notion that deviant viewing behavior is only manifest in a
sub-group of participants with HFA (Pierce et al., 2011).
Conclusion
In our study, high-functioning adults with autism showed brain responses to taskirrelevant point-light motion displays that were at least as strong as in typically
developing individuals, including an explicit tuning to biological motion. However,
a hyperactivation in the left LOTC in participants with autism, was modulated by
the PLDs direction of motion and, therefore, relevant for PLD processing. Importantly, this hyperactivation was associated with increased response latencies during
a difficult biological versus random motion discrimination task. Our results, in line
with previous studies, suggest that this hyperactivation might represent prolonged
feature processing in a less efficient system. Importantly, our study is amongst the
first to measure brain activity in HFA in task irrelevant PLDs while performing an
orthogonal visual detection task. This was done to probe the socially important
ability to process biological motion spontaneously while attention is not drawn
explicitly towards it. Our results thus shed new light on the neural functions in
autism by showing that brain activity in regions associated with biological motion
processing is triggered spontaneously to at least a normal level.

