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According to the social motivation theory of autism, children who develop Autism Spectrum Disorder (ASD) have
early deficits in social motivation, which is expressed by decreased attention to social information. These deficits are
said to lead to impaired socio-cognitive development, such as theory of mind (ToM). There is little research focused
on the relation between social motivation and ToM in this population. The goal of the present study was to investi-
gate the link between one aspect of social motivation, social orienting, and ToM in preschoolers with ASD. It was
expected that, in contrast to typically developing (TD) children, children with ASD would show impaired perfor-
mance on tasks measuring social orienting and ToM. It was also expected that children’s performance on the social
orienting tasks would be correlated with their performance on the ToM task. A total of 17 children with ASD and 16
TD children participated in this study. Participants completed two social orienting tasks, a face preference task and a
biological motion preference task, as well an implicit false belief task. Results reveal that TD children, but not chil-
dren with ASD, exhibited social preference as measured by a preference for faces and biological motion. Furthermore,
children with ASD tended to perform worse on the ToM task compared to their TD counterparts. Performance on the
social motivation tasks and the ToM task tended to be related but only for the TD children. These findings suggest
that ToM is multifaceted and that motivational deficits might have downstream effects even on implicit ToM.
Autism Res 2017, 10: 1834-1844. © 2017 International Society for Autism Research, Wiley Periodicals, Inc.

Lay Summary: The goal of the present study was to examine the link between poor attention to social information
and mindreading abilities in children with autism spectrum disorder (ASD). Results demonstrated that children with
ASD tended to perform worse than neurotypical children on both social orienting and theory of mind tasks. Prefer-
ence for human faces and motion tended to be related but only for the neurotypical children. These findings provide

partial support for the social motivation theory.
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Autism Spectrum Disorder (ASD) is a neurodevelopmen-
tal disorder characterized by deficits in social communi-
cation and social interaction evident in multiple
contexts, as well as restricted repetitive patterns of
behavior, interests, or activities (American Psychiatric
Association, 2013). Since its identification by Leo Kan-
ner in 1943, an extensive body of research has gener-
ated many candidate theories that could explain ASD.
One prominent theory posits that children’s social and
communicative impairments can be explained by a
Theory of Mind (ToM) deficit [Baron-Cohen, 1995;
Leslie, 1987]. This view argues that individuals with
ASD have difficulty understanding another person'’s per-
spective, which has downstream effects on social abili-
ties [Kimhi, 2014]. However, the idea that ToM is a core
deficit in ASD has been criticized at many levels,
including the lack of universality of this deficit in the

ASD population, as well as its lack of specificity [Tager-
Flusberg, 2007].

An alternative account for the development of the
social deficits observed in ASD is the social motivation
theory [Chevallier, Kohls, Troiani, Brodkin, & Schultz,
2012; Dawson, Meltzoff, Osterling, Rinaldi, & Brown,
1998; Kaiser, Delmolino, Tanaka, & Shiffrar, 2010; Klin,
Jones, Schultz, Volkmar, & Cohen, 2002; Klin, Lin,
Gorrindo, Ramsay, & Jones, 2009]. As described by
Chevallier and colleagues [2012], social motivation is “a
set of psychological dispositions and biological mecha-
nisms biasing the individual to preferentially orient to
the social world (social orienting), to seek and take
pleasure in social interactions (social reward), and to
work to foster and maintain social bonds (social main-
taining)” (p. 231). This theory suggests that children
who go on to develop ASD have early deficits in social
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motivation, which prevents them from attending to
and learning from socially relevant information in their
environment. This deficit is proposed to explain the
socio-cognitive deficits observed in ASD, including ToM
deficits [Broekhof et al.,, 2015; Chevallier et al., 2012;
Senju & Johnson, 2009]. This theory is not specific to
individuals with ASD and asserts that individual
differences in social motivation relate to social cogni-
tive abilities across typically developing (TD) and ASD
populations [Chevallier et al., 2012].

As introduced previously, three types of motivational
deficits have been documented as support for the social
motivation theory of autism: social orienting, social
reward, and social maintaining [Chevallier et al., 2012].
Our focus is on social orienting, which is commonly
tested with preferential looking tasks, whereby a social
and a nonsocial stimulus are presented simultaneously.
The participants’ looking behavior is recorded to deter-
mine whether they show a preference for either stimu-
lus. A significant body of research has demonstrated
such social orienting deficits in the ASD population
[Chevallier et al., 2012; Falck-Ytter, Rehnberg, & Bolte,
2013; Sasson, Elison, Turner-Brown, Dichter, & Bodfish,
2011; Wright, Kelley, & Poulin-Dubois, 2016]. However,
other research suggests that individuals with ASD
develop these abilities by adolescence [Cleary, Looney,
Brady, & Fitzgerald, 2014; Flanagan, Brodeur, & Burack,
2015] or adulthood [Rutherford & Troje, 2012]. Social
orienting is typically tested by contrasting social stimuli
such as human faces, bodies or voices with nonsocial
stimuli such as artefacts [Annaz, Campbell, Coleman,
Milne, & Swettenham, 2012; Curtin & Vouloumanos,
2013; Sasson, Turner-Brown, Holtzclaw, Lam, & Bod-
fish, 2008]. Two types of nonsocial stimuli have been
identified and differentiated [Sasson et al., 2008]: high-
autism interest (HAI) images (e.g., circumscribed inter-
ests such as clocks or trains) and low-autism interest
(LAI) images (e.g., plants, clothing). In a study con-
ducted by Sasson and colleagues (2008), children with
ASD aged 6 to 17 years looked less at the social stimuli
if it was paired with an HAI object. These results were
replicated in a later study with 2- to 5-year-olds with
ASD [Sasson et al., 2011]. Together, these findings dem-
onstrate that children with ASD do not orient toward
social stimuli when paired with a highly salient nonso-
cial contrast. Importantly, these results provide greater
specificity surrounding the contexts in which social
motivation deficits in children with ASD are readily
observed.

At the biological level, social motivation is subserved
by a network of brain areas (e.g., orbitofrontal-striatal-
amygdala circuit), which plays an important role in
guiding attention to social information, including bio-
logical motion [Chevallier et al., 2012]. Deficits in
detection and preference for biological motion have

been shown among children with ASD. Using a split-
screen showing human biological motion and phase-
scrambled motion, Annaz and colleagues [2012] showed
that TD children preferred the human biological
motion stimulus, while children with ASD did not dem-
onstrate a preference for either stimulus. Although chil-
dren with ASD have often been shown to lack a
preference for biological motion [Annaz et al., 2012;
Falck-Ytter et al.,, 2013; Klin & Jones, 2008; Wright
et al., 2016], recent results indicate that deficits in
detection and visual preference for biological motion
diminish with age [Annaz et al., 2010; Jones et al.,
2011]. Surprisingly, to our knowledge, no research has
investigated whether different measures of social orient-
ing are related within the same individuals. Testing the
coherence of social motivation measures is one of the
main goals of the current study.

One key prediction of the social motivation theory is
that reduced social interest is expected to deprive chil-
dren of critical social inputs that will ultimately lead to
diminished expertise in social cognition. Importantly,
the question of whether early social motivation deficits
relate to children’s concurrent or subsequent socio-
cognitive abilities, such as false belief understanding,
has not been explored in ASD children. To our knowl-
edge, only two studies have reported such a link and
have typically compared the ability to detect biological
motion and ToM tasks in TD school-aged children and
adults [Miller & Saygin, 2013; Rice, Anderson, Velnos-
key, Thompson, & Redcay, 2016]. Individuals who were
better able to perceive biological motion when masked
by noise were better able to infer mental states from
eye gaze or verbal information. Another main goal of
the current study was to examine the link between per-
formance on social orienting tasks (biological motion
and face preference) and an implicit measure of false
belief.

Although children with ASD have been shown to dis-
proportionately fail standard false belief tasks compared
to TD counterparts [Baron-Cohen, Leslie, & Frith,
1985], as mentioned before, mentalizing deficits are not
universal among individuals with ASD. A significant
proportion of children and adults with ASD succeed on
these tasks once they reach a certain verbal mental age
[Frith, 2012; Happé, 1995; Peterson, 2014; Senju, 2012].
It has been suggested that children with ASD fail the
false belief task because it requires advanced pragmatic
and inhibitory skills [Senju, 2012]. For example, when
asked where the protagonist will look for the marble,
children may process the “where” and look where the
marble is actually located, thus failing the explicit false
belief task [Csibra & Southgate, 2006]. Moreover, the
explicit false belief task involves several executive func-
tions, such as working memory to remember the story
sequence, and inhibitory control to prevent oneself
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from pointing to the actual location of the marble
[Kimhi, 2014]. For this reason, implicit versions of the
false belief task have been designed, wherein the child
was not required to explicitly state (or point to) the cor-
rect answer. Such implicit false belief tasks use the vio-
lation of expectation or anticipatory looking paradigms,
were designed to test young children or preverbal
infants [Baillargeon, Scott, & He, 2010; Clements &
Perner, 1994], and have more recently been used to test
children and adults with ASD [Schuwerk, Vuori, &
Sodian, 2015; Senju, 2012].

Schneider, Slaughter, Bayliss, and Dux [2013] investi-
gated both implicit (anticipatory looking paradigm) and
explicit ToM (ToM Scale and Strange Stories) abilities in
adults diagnosed with ASD. They reported that adults
with ASD, who performed similarly to neurotypical
adults on the explicit ToM measure, did not demon-
strate implicit ToM understanding. These results suggest
that implicit and explicit ToM are separate processes
and that implicit ToM appears to be impaired through-
out the lifespan in individuals with ASD. Senju and col-
leagues [2010] used anticipatory looking as an implicit
measure of false belief and showed that children with
ASD (aged 6 to 8) failed to anticipate where the protag-
onist would look while the TD children correctly antici-
pated the protagonist’s future actions. In another study,
children with ASD also failed to anticipate the correct
location of the protagonist [Ruffman, Garnham, &
Rideout, 2001]. Thus, the performance of ASD children
on standard false belief tasks cannot fully be explained
by pragmatic and executive functioning deficits as the
research using implicit false belief paradigms continues
to show deficits in mind-reading skills.

In summary, the objectives of the present study were
to (a) conduct an exploratory study on the association
between social motivation and ToM abilities (i.e.,
implicit false belief), (b) explore whether different tasks
assumed to all measure social motivation are correlated
(i.e., construct validity), and (c) replicate recent findings
that reported poorer performance of ASD children on
social motivation and ToM abilities. The ToM task used
was adapted from Thoermer, Sodian, Vuori, Perst, and
Kristen’s [2012] location-change implicit false belief
task and served as the socio-cognitive measure for the
first objective. Social motivation was assessed using two
types of stimuli: a biological motion visual preference
task adapted from Annaz and colleagues [2012], and a
static visual measure adapted from Sasson, Dichter, and
Bodfish [2012]. The static visual measure encompassed
two types of nonsocial stimuli: HAI objects and LAI
objects [Sasson et al., 2012].

Consistent with previous research, we expected that
TD children would demonstrate a preference for socially
relevant static and dynamic stimuli, whereas children
with ASD would fail to show this same level of

attention toward social stimuli. We also expected that,
in comparison to TD controls, children with ASD would
demonstrate significantly poorer performance on the
implicit false belief ToM task. Given that individual dif-
ferences in social motivation are hypothesized to relate
to an individual’s relative social-cognitive abilities we
also predicted that across both groups, performance on
the ToM and social orienting tasks would be signifi-
cantly correlated. Finally, we tested the hypothesis that
since biological motion and face preference tasks are
assumed to both measure social orienting, the scores on
these two tasks will be related.

Methods
Participants

Seventeen children diagnosed with ASD and 16 TD chil-
dren participated in the study. Participants in the ASD
group were recruited from a University database, a hospi-
tal with specialized ASD diagnostic services, as well as
referrals from specialized centers treating children with
ASD. All participants in the ASD group had previously
received a clinical diagnosis on the autism spectrum by
satistying the Diagnostic and Statistical Manual of Men-
tal Disorders, Fourth Edition (DSM-IV-TR; American Psy-
chiatric Association, 2000) criteria, as well as the
diagnostic thresholds on the Autism Diagnostic Observa-
tion Schedule [ADOS; Lord et al., 2012]. One participant
with ASD was excluded due to difficulty following the
instructions required to complete the test of nonverbal
cognitive ability. The final ASD sample consisted of six-
teen English- (n = 8) and French-speaking (n = 8) partici-
pants (16 boys; mean age = S5.22 years, range = 3.08—
7.08). Participants with ASD were excluded from the
analyses of individual tasks in two instances due to tech-
nical difficulties on the biological motion task (n=1),
and static visual task (n=1); none were excluded from
the ToM task. Sixteen TD children participated in this
experiment as a control group (8 boys and 8 girls; mean
age = 3.98 years, range 2.08-7.50). Thirteen participants
spoke English and three spoke French. Participants in the
TD comparison group were recruited from a University
database, had no other neurological or developmental
disorders (e.g., language delay, epilepsy), and did not
have any known first-degree relative with an ASD diagno-
sis. The TD children in this sample were selected from a
larger sample to match the ASD sample on nonverbal
mental age, which was measured using the nonverbal
composite of the Differential Abilities Scale, Second Edi-
tion [DAS-II; Elliott, 2007; see Table I]. The two groups
did not statistically differ in their receptive verbal abili-
ties as measured by the Peabody Picture Vocabulary Test,
Fourth Edition [PPVT-IV; Dunn & Dunn, 2007]. Given
that there were no gender differences in performance in
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Table I.

Mean Chronological Age, Nonverbal Mental Age, Verbal Mental Age, and Social Communication Questionnaire Scores
for the ASD and TD Children, as Well as the Matching Statistics

CA DAS-NVMA PPVT-VMA

Group (in years) (age equivalent in years) (age equivalent in years) SCQ Scores

™ Mean 3.98 4.28 4.72 4.13
SD 1.49 1.56 1.79 3.90
Range 2.08-7.50 2.58-7.42 1.83-7.42 0-11

ASD Mean 5.22 4.36 4.06 16.67
SD 1.36 1.87 1.85 6.85
Range 3.08-7.08 2.58-7.83 2.17-7.25 7-27
t —2.46 -.120 991 —6.32
df 30 29 28 29
Sig. (2-tailed) .020 .906 .330 <.001

Note. Scores above 15 on the SCQ are typically indicative of significant concern relating to ASD symptoms. However, it has been suggested that
a lower cut-off score (e.g., 13 or 11) improves the sensitivity and specificity of the SCQ [Corsello et al., 2007; Snow & Lecavalier, 2008]. Six participants

diagnosed with ASD scored under 15 on the SCQ.

CA, Chronological Age; DAS-NVMA, Differential Abilities Scale - Nonverbal Mental Age; PPVT-VMA, Peabody Picture Vocabulary Test - Verbal Mental

Age; SCQ, Social Communication Questionnaire.

the TD group across tasks, this variable was ignored in all
final analyses.

Materials and Procedure

The biological motion, static visual, and ToM tasks
were all administered on a 23-inch laptop monitor (HP
TouchSmart 520 PC) that housed an embedded camera.
Testing of each child took place across two visits to
the laboratory. During the first visit, the participants’
caregivers completed a demographics questionnaire as
well as the current version of the Social Communica-
tion Questionnaire (SCQ; Rutter, Bailey, & Lord, 2003),
which was developed to screen for symptoms and
behaviors associated with ASD. Each participant com-
pleted a total of five tasks: two social motivation tasks
(static and dynamic), one socio-cognitive task (implicit
false belief ToM), and both verbal and nonverbal mea-
sures of cognitive ability. The order of the tasks was
counterbalanced across each visit. Tasks requiring that
children be seated in front of a computer monitor were
administered in one block and the cognitive tasks were
administered in another block. This was done in order
to avoid breaking the participants’ concentration in
transitioning from the screen to the tabletop. The order
of the tasks within each block was counterbalanced and
the order in which the blocks were presented was ran-
domized. To code participants’ looking time during the
video tasks participants were filmed using a camera that
was embedded in the center of the computer monitor.

Biological motion'. This task was adapted from
Annaz and colleagues [2012]. Point-light displays of a
walking human and of a phase-scrambled human were

'The materials used in the present study can be obtained by contact-
ing the senior author of the papers cited for each task.

presented on a split-screen. Eight trials were presented for
6 sec each. Each display consisted of 13 point-light dots,
which were placed on major parts of the human (e.g., one
head, two shoulders, two elbows, two hands, two hips,
two knees, and two feet). The phase-scrambled display
was created by making the motion trajectories play tem-
porally out of phase. Half of the trials displayed motion
toward the right. The side on which the human was pre-
sented and the order of each video (right/left walking)
was counterbalanced. A central fixation-cross accompa-
nied by a chime sound was presented prior to each trial in
order to orient children’s attention to the screen.

Static visual. This task was adapted from Sasson and
colleagues [2012]. Pictures of humans and objects were
presented on a split-screen. Twenty trials were presented
for 5 sec each. The 20 pictures of humans consisted of 10
males and 10 females, ranging in age (infants to elderly)
and ethnicity. The 20 pictures of objects consisted of 10
HAI objects (two vehicles, two signs, two sets of blocks,
two electronic devices, and two clocks) and 10 LAI
objects (two pieces of clothing, two instruments, two
plants, two tools, and two pieces of furniture). The side
on which the human was presented and the order of
male/female human and HAI/LAI object was counterbal-
anced. A central fixation-cross accompanied by a chime
sound was presented prior to each trial in order to orient
children’s attention to the center of the screen.

Implicit false belief ToM. This task was adapted
from Thoermer and colleagues [2012]. Three short vid-
eos were shown in succession: two familiarization vid-
eos (26 sec each) and a test video (35 sec). The
familiarization videos showed a protagonist watching a
car moving from a garage on one end of the screen to
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Figure 1. Proportion of looking time at the social stimuli on
the social motivation tasks for TD and ASD children.

the other garage at the other end. Following this, a
chime signaled the two doors above each garage turn-
ing bright red for three seconds, serving as the anticipa-
tory looking period. The protagonist then came out of
the door above the garage containing the car and
retrieved the object. A passing score was defined accord-
ing to the direction of the participants’ first look (i.e.,
on the side of the screen where the car is located). The
test trial showed the protagonist watching the car move
across the screen. However, a phone ringing distracted
the protagonist so that she did not see the car backing
up and disappearing on the other side of the screen.
Following the anticipatory period, the protagonist came
out of the door above the garage where she had last
seen the car. A passing score was defined according to
whether the participants’ first look was to the side of
the screen where the protagonist last saw the car. An
attractive attention-getter (a green circle) paired with a
chime sound was presented prior to each trial to orient
children’s attention to the screen.

Coding. An experimenter blind to the location of the
stimuli coded the participants’ looking behavior from
the recorded videos of the dynamic (biological) motion,
static visual stimuli, and ToM tasks. A second experi-
menter coded 30% of the videos to establish reliability
for each task. For each trial of the biological motion
task, the experimenters calculated the total duration
that each participant looked at the biological (social)
and at the phase-scrambled (nonsocial) video. Cohen'’s
kappa inter-rater reliability was 0.84. From this calcula-
tion, the proportion of looking at the biological motion
was calculated for each participant. For each trial of the
static visual task, the experimenters coded the total
looking time at the face (social), and at the HAI or LAI
objects (nonsocial) images. Cohen’s kappa inter-rater
reliability was 0.92. From this calculation, the propor-
tion of looking at the human was calculated for each
participant. For each trial of the ToM task, the

experimenters coded the first look (correct or incorrect
side) during the anticipatory looking period. The Cohen
kappa inter-rater reliability was 0.82. Kappa values of
above 0.80 are considered “almost perfect” [McHugh,
2012]. Given that the kappa values obtained were all
above this cut-off, the scores of the primary coder were
used in the analyses.

Results

Chronological age, nonverbal mental age, verbal mental
age, and SCQ scores were normally distributed in both
groups and did not contain outliers. Performances on
the biological motion task, static visual task, and ToM
task were also normally distributed and did not contain
outliers.

All sixteen TD participants were included in the anal-
yses for the biological motion task and the static visual
task. Fifteen ASD participants were included in the bio-
logical motion task and fifteen participants were also
included for the static visual task. A repeated measures
2 X 2 ANOVA [group (TD vs. ASD) and social motiva-
tion tasks (biological motion vs. static visual)] was con-
ducted to determine whether children with ASD
showed less social motivation than TD children. There
were no main effects nor interactions found: both
groups performed similarly on both social motivation
tasks (see Fig. 1).

A repeated measures group (TD vs. ASD) X static
visual condition (HAI vs. LAI) ANOVA was conducted
to determine whether children’s social motivation var-
ied depending on the type of nonsocial object was
paired with the social images. A main effect of static
visual group was found, F(29)=9.92, P=.004, d=.255.
A post-hoc paired samples t-test revealed that both
groups looked longer at the social stimuli when it was
paired with an LAI object, £30)=-3.14, P=.004,
d=.488.

Post-hoc analyses were conducted to determine
whether TD children’s performance on each social
motivation task was above chance (i.e., showing a social
preference). On the biological motion task, participants
looked at the social stimuli longer than at the nonsocial
stimuli (M =.57, SD = .10; #(15) = 2.67, P=.017, 95% CI
[.014, .120], d=.668; see Fig. 1). On the static visual
task, participants looked at the social stimuli longer
than at the nonsocial stimuli (M =.56, SD =.10; t(15) =
2.29, P=.037, 95% CI [.004, .107], d=.573). Partici-
pants looked longer at the social stimuli when it was
paired with an LAI object (M=.61, SD=.12; #15)=
3.67, P=.002, CI [.045, .171], d=.917) but performed
at chance when the social stimuli was paired with
a HAI object (M =.51, SD=.09; t(15) = .25, P=.807, CI
[-.044, .056], d=.062; see Fig. 2). Given that HAI

1838

Burnside et al./Social motivation and implicit ToM



objects were selected because they were categorized as
objects with which children with ASD tend to have cir-
cumscribed interest, this lack of social preference for
the TD children was unexpected. To explore this effect,
additional analyses were conducted to determine
whether TD children’s performance on the HAI trials
was related to their SCQ scores. The children who dis-
played a preference for the HAI objects (i.e., a social
preference score below 0.50) did not have higher SCQ
scores than children who displayed a social preference
on these trials (t(14) =-.488, P =.633, CI [-5.31, 3.34],
d=.241).

Post-hoc analyses were also conducted to determine
whether the performance of children with ASD was
above chance on the social motivation tasks. On the
biological motion task, children with ASD performed at
chance, indicating that they looked at the social and
nonsocial stimuli equally (M = .53, SD =.16; £(14) =.79,
P=.442, 95% CI [-.056, .121], d=.204; see Fig. 1). On
the static visual task, children with ASD also performed
at chance (M =.52, SD=.16; t(14) = .58, P=.569, 95%
CI [-.066, .115], d=.151). Whether social stimuli were
presented with HAI or LAI objects was found to

BTD
®"ASD

ion
o
[4)]
i

Static LAI Static HAI
Static Visual Group

Figure 2. Proportion of looking time at the social stimuli on
the static visual task when the social stimuli are paired with
HAI or LAI objects for TD children and children with ASD.

produce similar results [HAI object (M =.51, SD=.18;
t(14)=.18, P=.860, CI [-.089, .106], d=.046); LAI
object (M =.55, SD=.18; t(14) = .98, P=.344, CI [-.055,
.146], d=.253); see Fig. 2].

Chi-square analyses comparing group (TD vs. ASD) X
ToM (pass vs. fail) was not statistically significant. As
expected, there was a trend for TD children to perform
better on the false belief task (x°=3.14, P=.077,
V'=.313). A total of 63% of the TD participants (10/16)
passed the ToM task, a proportion not different than
expected by chance (P=.454, d=.250). A total of 31%
of the children with ASD passed the ToM task, a pro-
portion also not statistically different from chance
(P=.210, d=-.392).

In order to compare performance across the two
social motivation tasks, and with the other measures, a
series of zero-order correlations was computed for each
group separately. In the case of TD children, perfor-
mance on the biological motion task and performance
on the static visual task, both measured by calculating
the proportion of looking time to the social stimuli,
were not correlated (see Table II). However, the modest
correlation (r=.319, P=.23) was in the expected direc-
tion. Similarly, although performance on the ToM task
(pass vs. fail) was not statistically related to perfor-
mance on any of the social orienting tasks, there was
also a modest positive correlation between the social
preference score (LAI) and ToM performance (r,,= .343,
P=.19). Given that first look on the ToM task is a
dichotomous variable, an independent samples t-test
was also conducted. The TD children who passed the
implicit ToM task did not orient to static social stimuli
more than the children who failed the task (£(14)=
—-.621, P=.545, d=.344). Similarly, the TD children
who passed the implicit ToM task did not orient to bio-
logical motion more than the children who failed the
task (t(14) =.840, P = .415, d =-.430). Additionally, par-
ticipants’ differential looking scores (DLS) were calcu-
lated (looking towards the correct side/total looking to
both sides), with scores varying from O to 1 to examine

Table II. Zero-Order Correlations Between Measures for TD Children
ToM
DAS PPVT SCQ Bio. Motion Static HAI Static LAI Static Total First Look ToM DLS

DAS 1 .896* .113 -.263 -.322 -.031 -.160 .315 .358
PPVT - 1 154 -.182 -.048 .022 .011 .049 .080
scQ - - 1 .032 .198 .313 .303 .197 .032
Bio. motion - - - 1 121 .319 .315 -.219 -.204
Static HAI - - - - 1 .539 .838* -.082 -.026
Static LAI - - - - - 1 .902* .343 .210
Static total - - - - - - 1 .164 .113
ToM first look - - - - - - - 1 727*
ToM DLS - - - - - - - - 1

Note. * indicates that the correlation is significant after the false discovery rate procedure [Benjamini & Hochberg, 1995] was applied, where

the adjusted alpha is less than .05.
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Table III.

Zero-Order Correlations between Measures for Children with ASD

ToM
DAS PPVT sca Bio. motion Static HAI Static LAL Static total first look ToM DLS
DAS 1 .875* -.285 -.316 -.212 -.099 -.169 -.226 -.272
PPVT - 1 -.252 -.242 314 -.271 -.321 -.130 .053
sca - - 1 .570* .089 -.092 -.008 -.285 131
Bio. motion - - - 1 .165 -.218 -.041 -.139 -.060
Static HAI - - - - 1 .686* .913* .180 .283
Static LAI - - - - - 1 .922* -.112 .012
Static total - - - - - - 1 .042 .163
ToM first look - - - - - - - 1 .650*

ToM DLS - - - -

- - - - 1

Note. * indicates that the correlation is significant after the false discovery rate procedure [Benjamini & Hochberg, 1995] was applied, where

the adjusted alpha is less than .05.

if a continuous variable of children’s looking behavior
would yield different results. The TD children’s DLS
scores were also not correlated with the social motiva-
tion tasks (see Table II).

Regarding the ASD group, performance on the biolog-
ical motion task was not correlated with performance
on the static visual task (see Table III). Children’s per-
formance on the ToM task was also unrelated to their
performance on any of the other tasks. In contrast to
the TD children, all observed correlations were close to
0 (r=.11 to .14). The children with ASD who passed
the implicit ToM task did not orient to the social static
images more than the children with ASD who failed
the task (#(13)=-.152, P=.881, d=.083). Children
with ASD who passed the implicit ToM task did not ori-
ent to biological motion more than the children with
ASD who failed the task (#(13)=.507, P=.621, d=
—.316). DLS scores were also calculated for the children
with ASD and were also not correlated with the social
motivation scores (see Table III).

Discussion

The primary goal of this study was to explore whether
social motivation is related to concurrent socio-
cognitive abilities in TD children and children with
ASD (Chevallier et al., 2012). The first step in testing
this hypothesis was to investigate whether these two
constructs, when measured concurrently, were related
to each other. The social motivation theory would pre-
dict that reduced visual attention to social stimuli in
young children with ASD would relate to the well-
known social-cognitive deficits in ToM. According to
this theory, one would expect a positive relation
between performance on social motivation tasks and
ToM for both the TD and ASD groups. This hypothesis,
however, was not fully supported by the present data.
Specifically, two different measures of social orienting
were found to be unrelated to ToM performance in

both groups, suggesting that individual differences in
social orienting are not associated with concurrent per-
formance on an implicit false belief task based on antic-
ipatory looking. This provides additional insight on the
social motivation theory when tested in young children
with ASD.

At first glance, this lack of association does not lend
support to the social motivation theory. However, it is
possible that the expected association was not found
due to limited variability in the ToM score as it is a
measure with a pass/fail outcome. To address this limi-
tation, DLS scores were also computed but neither
group’s DLS scores were correlated with the social moti-
vation tasks. Additionally, the small sample of children
in each group may mean that the analyses were under-
powered to detect a less robust effect. A recent study
conducted using the same design on a larger TD sample
(n=30) revealed a moderate, albeit nonsignificant, pos-
itive correlation between ToM and the static LAI condi-
tion. This finding provides preliminary support for the
social motivation theory in the TD population [Burn-
side, Wright, & Poulin-Dubois, 2017].

It has been suggested that ToM is composed of two
distinct systems, with one being an automatic, preco-
cious, efficient, but inflexible system while the other is
flexible, inefficient, and develops later [Low, Apperly,
Butterfill, & Rakoczy, 2016]. This theory is currently the
topic of a hot debate, as some researchers argue that it
is not an adequate conceptualization of ToM under-
standing [Carruthers, 2016; Michael & Christensen,
2016]. The implicit false belief task used in this study is
designed to measure the efficient ToM system. How-
ever, it has recently been reported that performance on
implicit false belief tasks varies across studies in both
preschoolers and adults [Schuwerk et al., 2015; Schu-
werk, Jarvers, Vuori, & Sodian, 2016; Southgate, Senju,
& Csibra, 2007; Thoermer et al., 2012]. The anticipatory
looking false belief task was initially developed to mea-
sure ToM understanding in toddlers and infants, and
infants’ performance on implicit false belief tasks tend
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to be stable. Therefore, it is possible that the lack of
association between implicit false belief and social ori-
enting in the present study may be accounted for by
the fact that implicit false belief is not robust in child-
hood, at least when measured using an anticipatory
looking paradigm [Burnside, Azar, & Poulin-Dubois,
2017; Burnside, Ruel, Azar, & Poulin-Dubois, 2017].

The hypothesis that both static and dynamic mea-
sures of social orienting would show coherence was
supported by the data. That is, TD children showed a
significant preference for social stimuli on both tasks,
while children with ASD responded at chance on both
measures, indicating a lack of visual preference for
social stimuli. Although the correlations between the
measures of social orienting failed to reach statistical
significance, they were in the expected direction, at
least among the TD children. Again, preliminary results
conducted on a larger TD sample (n = 29) revealed a sig-
nificant correlation between the composite score of the
static visual and the biological motion score [r=.449,
P =.015; Burnside et al., 2017].

Consistent with the social motivation theory, we
hypothesized differences in social orienting across ASD
and TD children. As expected, TD children showed
visual preference for the social stimuli when paired
with an object of low autism interest (LAI), although
they did not show this pattern when paired with an
object of high-autism interest (HAI). Furthermore, the
TD children who displayed a preference for HAI objects
did not have higher scores on the SCQ compared with
children who displayed a preference for social stimuli.
Thus, the preference for the HAI objects does not
appear to be driven by ASD traits that could be present
in the TD group. These results suggest that the HAI
objects are more salient for all children, not just chil-
dren with ASD. The fact that children with ASD did not
show a social preference on either the biological
motion or the static visual tasks provides support for
the social motivation hypothesis. However, despite the
fact that TD children performed above chance on these
same measures, the analysis for group differences
between ASD and TD children was not statistically sig-
nificant. The absence of this between-group difference
is likely due to lack of power since both groups had
small sample sizes.

Chevallier and colleagues (2015) tested the predictive
ability of static, dynamic, and interactive social prefer-
ence stimuli with regards to children’s ASD diagnostic
status. Their results suggested that the ecological valid-
ity of the stimuli (e.g., stimuli that move in an interac-
tive manner) significantly increases the ability to
predict diagnostic status. Given that the stimuli used in
the present study showed either degraded social repre-
sentations (e.g., point-light display) and/or lack of
dynamic and interactive cues (e.g., static faces and

object), it is possible that the present stimuli were not
ecologically valid enough to detect the differences in
social motivation between TD children and children
with ASD. As such, the current design only provides a
stringent test of the social motivation hypothesis and
future work may include interactive tasks in order to
increase the ability to discriminate groups.

For our last hypothesis, we expected to replicate pre-
vious findings showing poorer performance of ASD chil-
dren on an implicit task of false belief based on
anticipatory looking. This hypothesis was partly sup-
ported; a total of 63% of the TD children passed the
implicit false belief task. This was not statistically signif-
icantly above chance. In contrast, only 31% of the chil-
dren with ASD passed this task; the difference between
the TD children and the children with ASD on the
implicit false belief task was a statistical trend. This sug-
gests that, despite the fact that TD children are not per-
forming statistically above chance level, children with
ASD tend to perform worse than TD children on this
task. Furthermore, due to difficulty obtaining a large
sample of children with ASD, the low statistical power
should be taken into consideration when interpreting
the present results. Future studies with larger sample
sizes would shed light on both TD children’s implicit
false belief understanding and the potential relation
between ToM and social orienting as suggested by the
social motivation theory.

As previously mentioned, past studies using anticipa-
tory looking paradigms to measure implicit false belief
in young children have had varying success rates; key
studies reported that between 55% and 85% of the par-
ticipants correctly anticipated the protagonist’s actions
[Senju, 2012; Southgate et al., 2007; Thoermer et al.,
2012]. Therefore, not all TD children will pass the
implicit false belief task and this variability is typical in
ToM research. A recent study conducted by Schuwerk
and colleagues [2016] compared neurotypical children
and children with ASD on the same false belief task
used in the present study. Although the neurotypical
children’s first look was directed to the correct door
during the first test trial, they performed at chance on
the second trial. The authors of this study administered
two trials to investigate learning effects in the ASD
group. These findings indicate that implicit false belief
is not robust when measured with anticipatory looking.

Despite the varying success rates reported in the use
of the implicit false belief ToM task used in the present
experiment, performance of ASD children was still
appreciably poorer than the performance of TD chil-
dren. These results are consistent with previous research
on implicit or anticipatory false belief in children with
ASD [Kimhi, 2014; Senju, 2012; Schuwerk et al., 2016;
Slaughter, 2015]. Some researchers have even found
this to be true in adults with ASD, where the
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participants failed to spontaneously anticipate the pro-
tagonist’s actions in a false belief task [Senju, Southgate,
White, & Frit, 2009]. For example, Schuwerk and col-
leagues [2015] reported that adults with ASD passed
some explicit false belief tasks, but performed signifi-
cantly worse than the TD group on the implicit false
belief tasks. In other words, the implicit and spontane-
ous attribution of mental states to others has been
shown to remain impaired in individuals with ASD
from childhood through adulthood. Individuals with
ASD do perform better on the explicit version of the
tasks, which may be due to improved ability to draw on
other cognitive skills to compensate [Frith, 2012; Senju,
2012]. These findings suggest that future research
should use larger samples as well as improvements on
the design, such as using other implicit ToM tasks that
are not based on anticipatory looking.

To conclude, the present study is among the first to
directly investigate the social motivation theory in pre-
schoolers with ASD. Despite the methodological chal-
lenges that were encountered, we believe that the
present findings provide important information about
the hypothesis that diminished social motivation con-
stitutes one of the core impairments of ASD. In line
with previous research showing an audience effect in
children with ASD, the ToM task that was administered
using a nonsocial medium may have diminished the
“social” component of the ToM task [Chevallier et al.,
2014]. Given that the anticipatory looking paradigm
designed to test false belief tracking is very much
affected by task demands (e.g., executive functions)
that vary with the stimuli and scenarios, future studies
will require the inclusion of additional ToM tasks,
including those requiring spontaneous and elicited
responses. An interactive false belief task, such as the
one used in the study conducted by Buttelmann, Carpen-
ter, and Tomasello [2009], based on a helping paradigm,
requires a more “explicit” response than anticipatory
looking without requiring verbal responses. Moreover,
other ToM abilities that can be measured implicitly, such
as intention and desire [Yott & Poulin-Dubois, 2016]
may provide additional information on how different
ToM abilities relate to social orienting. Given that most
false belief paradigms have limitations, an exploratory
study including several false belief measures is needed in
order to determine whether there is a relation with a
range of social motivation measures (i.e., social orienting,
social reward, and social maintaining). Once these limita-
tions are addressed, the next step, to determine if social
motivation is related to ToM abilities, would be to exam-
ine if early social orienting predicts later ToM abilities.
Given that social motivation theory posits that individ-
ual differences in social motivation have downstream
effects on socio-cognitive abilities, a developmental pat-
tern should be observed. A longitudinal design initiated

during infancy would shed light on this potential mecha-
nism for ASD symptomatology.
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