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Effect Of Neural Sensitivity to Social Reward on Naturalistic Social Motivation in Autistic

and Non-Autistic Adolescents

Introduction

Social interactive differences, such as differences in eye contact, initiating and following
bids for joint attention, and following conversational norms are core features of autism spectrum
disorder (APA,2023). These differences can hinder autistic people in obtaining and maintaining
quality relationships. The social motivation hypothesis is a prominent theory as to the origin of
these differences, which suggests that autism is the result of a reduced motivation to engage with
social stimuli (Chevalier et al. 2012). However, more recent research shows conflicting evidence
for this hypothesis, showing more behavioral, neurological, and self-reported heterogeneity in
autistic people’s social motivation (Clements et al., 2018, Bottini et al., 2018, Jaswal and Akhtar,
2018). Assuming a universal “deficit” in social motivation among autistic people risks
misunderstanding their social needs and desires and perpetuating harmful ideas that may add to
the stigma around autism. This is especially important to examine in an adolescent population, as
adolescence is a developmental stage where peer relationships become more important than

familial relationships for social and emotional development (Brown & Larson, 2009).

Much of the neural architecture that is used to process non-social rewards (ex: receiving
money) has also been shown to work similarly for processing social rewards (ex: receiving
positive feedback) (Izuma, Saito, & Sadato, 2008, Guyer et al., 2011, Wake & Izuma, 2017). The
ventral striatum (particularly, the nucleus accumbens or NAc) is particularly involved in reward
processing and motivated behavior (Haber & Knutson, 2010). Amygdala activation is also

associated with updating the salience value of both appetitive and aversive stimuli (Morrison and
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Salzman, 2010). The medial orbital-frontal cortex (OFC) also plays an important role in reward
processing, often being conceptualized as the area that integrates downstream information from
sensory pathways and the amygdala to represent the reward value of a given stimulus
(O’Dobherty et al., 2001, Rolls 2023, Haber and Knutson, 2010). One potential issue when
studying reward system reactions is the use of non-ecologically valid stimuli. For example, static
photos of smiling faces may not be reflective of social situations that adolescents find rewarding
(Quarmley et al., 2009). It is therefore very important to ensure that there are equivalent and
ecologically valid contrasts between social and non-social conditions when measuring social
reward. Many studies use stimuli like static pictures of smiling faces to represent a social reward,
which may not be reflective of what most people find rewarding about social interaction. Instead,
the use of interactive stimuli, like active feedback based on your preferences and real-time peer
interactions, may be more reflective of everyday social processes. (Schilbach et al., 2013,

Redcay & Warnell, 2018).

The social motivation theory of autism posits that autistic individuals have a decreased
neural sensitivity to social stimuli from infancy (Chevalier et al., 2012). This hypothesis is based
on findings that autistic people show decreased orientation to social stimuli throughout
development, such as less orientation to faces and speech-like sounds compared to non-autistic
samples. This lack of attention to social cues is proposed as the mechanism that causes autistic
social differences, as there is less motivation and opportunity to learn social norms (Chevalier et
al., 2012). However, more recent reviews of neural sensitivity to social reward in autism found
heterogeneity in social motivation varies by symptom severity and age, and that autism is
characterized by decreased neural reactions to all types of rewarding stimuli (Clements et al.,

2018, Bottini., 2018, Neuhaus, 2021). Like measures of non-autistic social reward, there are also
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concerns with the stimuli used as social rewards when examining autistic populations. Autistic
individuals tend to take longer and have more errors when processing and interpreting facial
expressions, so using static images of smiling faces may be particularly invalid to measure
aspects of social interaction that autistic people may find rewarding (Bottini., 2018). It is
important to consider that these measures of social reward may not directly translate to
differences in autistic people’s motivation to engage with others. Many autistic people report a
desire to engage socially with peers but find trouble engaging in social interaction due to
overstimulation or trouble interpreting complex social cues (Jaswal & Akhtar, 2019).
Non-autistic people are more likely to rate autistic people as awkward or low in empathy than
non-autistic people, possibly as a result of misunderstanding the way they present themselves in
social situations as standoffish (Alkhaldi et al., 2021). In autistic adolescents, better friendship
quality and more engagement with peers predicts lower rates of depression, decreased anxiety,
and decreased feelings of loneliness (O’Connor et al., 2022, Bohnert, Lieb, & Arola, 2016). It is
important that we do not assume a lack of interest in autistic motivation to engage with peers,
and to use ecologically relevant measures to capture what neural differences may translate to in

real interactions and desire to engage with others.

Adolescence is generally a developmental period where there is increased sensitivity to
peer feedback (Somerville, 2013, Davis et al., 2022, Jones et al., 2014). However, there have
been numerous factors that have been shown to affect individual sensitivity to social feedback in
non-autistic adolescents. For example, adolescents who were more behaviorally inhibited in
childhood had blunted striatal reactions to being rated positively by their peers, compared to a
non-behaviorally inhibited group (Guyer et al., 2014). Another study on adolescent girls found

that both high and low levels of early childhood adversity lead to greater ventral striatum
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responses to learning that they share an opinion with the majority of their peers, versus being
told that most of their peers disagree with them (Rudolph et al., 2023). Another study linked
striatum reactivity to social reward to their affectual sensitivity to social interaction by using
ecological momentary assessment of their daily interactions and emotions. Participants who
showed greater neural activation to the receipt of social reward tended to report more emotional
closeness to others and longer sustained positive affect following positive social interactions
(Flores et al., 2018). There is heterogeneity in social reward among adolescents based on a

multitude of factors, and this heterogeneity has been shown to affect daily social interaction.

There has been a previous study exploring how heterogeneity in neural reactions to social
information was related to social motivation in autistic and non-autistic children and adolescents.
This study examined neural sensitivity to social reward in 8-14 year olds and also assessed their
motivation to engage again with a novel peer (McNaughton et al., 2023). In this study,
participants completed an fMRI social reward task where they would receive real-time feedback
from a perceived peer or a computer about sharing certain preferences, and would sometimes see
feedback that the peer or the computer was away or disconnected from the conversation.
Activation in reward areas was compared to the peer agreeing with their preference (‘Me too!”)
was compared to a disengaged response (‘I’'m away’), and also to a similar computer condition
of engaged or disengaged responses (‘Matched’ vs “Disconnected’). At a later time point, a
subset of the participants returned to complete an in-person interaction with an age and
gender-matched peer, and their motivation to engage with the peer again was measured using
self-report questionnaires. This study found that ventral striatum activation to peer-engaged
responses predicted non-autistic adolescents' self-reported interaction enjoyment and desire to

engage with the same peer again. This study explored how social reward reactivity predicts
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variability in social motivation to engage with a peer. The findings help us gain further insight
into how differences in reward system activation to social engagement may be predictive of
future interaction enjoyment. The current study seeks to further these findings by looking at the
specific impact of social reward-related neural activation on behavioral measures of social

motivation.

The present study examines autistic and non-autistic adolescents’ neural responses to
positive social feedback and how that relates to their later motivation to learn about a peer.
Participants first completed a fMRI task where they received feedback from peers about their
preferences and what commonalities they share. At a later time, they met with an age and
gender-matched peer for an in-person social interaction. At this session, they completed a
behavioral measure of social motivation, where they chose between learning more about their
partner versus other information types. We predicted that the magnitude of ventral striatum
activation to social reward (versus a non-social contrast) would predict later motivation to learn
more about a peer partner for both autistic and nonautistic adolescents. Testing this hypothesis
will help us better understand how differences in neural processing of social feedback relates to

socially motivated behavior.

Methods

Participants

A total of N=51 participants aged 11.35-15.38 (M=13.53). There were 11 autistic
participants (1 female, 9 male, 1 genderfluid) and 40 non-autistic participants (19 female, 20
male, 1 gender fluid). All participants are part of a larger longitudinal study at the University of

Maryland and are primarily recruited from surrounding areas. Participants demonstrated an 1Q of
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at least 80 on Kaufmann's Brief Intelligence Test- second edition (Dumont & Willis, 2008).

Participants self-reported gender identity (Male, Female, and Nonbinary/Genderfluid).

58 total participants completed the fMRI task and the peer interaction visit. However, 7
of those 58 participants (4 autistic males and 3 non-autistic females) were removed from analysis
for various reasons. Participant data was excluded from this study if they had a mean frame
displacement of over .5 in multiple runs (N=1), fell asleep for more than 2 minutes during the
fMRI task (N=1), or had less than 65% correct behavioral performance on the fMRI task (N=0),

fell asleep in the scanner (N=1), or had other errors in MRI processing that hindered analysis

(N=4).

The dyad pairs for the social interaction were matched by age (within 1 year of each
other) and self-reported gender. Of the included participants, there were N=29 in a pair where
two non-autistic participants were paired (18 female, 11 male), N=19 in a pair where an autistic
and non-autistic participant were paired (2 female, 15 male, 2 genderfluid), and N=3 where two

autistic participants were paired (3 male).

Procedure

As part of a larger longitudinal study of social connection in autistic and non-autistic
youth, participants completed an MRI study visit and a later visit that involved an interaction
with an unfamiliar peer. The social reward fMRI task was administered as part of the
participant’s MRI visit. Participants returned afterward for a partnered interaction visit. The
mean amount of time passed between the scan and interaction was 4.3 months. During the peer
interaction visit, participants first engaged in a 20-minute semi-structured interaction with

another participant in the study. Afterward, the two moved into separate rooms and completed
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post-test assessments, including the behavioral social reward (SOLAR) task which is designed to

analyze social motivation to learn more about their interaction partner.

Social Reward fMRI Task

During the social reward fMRI task, participants received information comparing their
preferences (ex “I like dancing”) to two other participants in the study to answers from a
computer, whom they were told was answering randomly. In each trial, they were reminded of
the preferences they previously responded to on a survey. Then, they were prompted to push a
button to learn about the other respondent’s answers and whether they agreed. The button
pressing mechanic was added to help disassociate the timing between anticipation of feedback
and the receipt of feedback, and also as a behavioral check to make sure participants were
reading and paying attention to the task. Participants were removed from the analysis if they had
a less than 65% overall rate of pressing the correct button to receive peer feedback, though no
participants were excluded from this sample for this reason. Runs were excluded for having a
frame displacement of over .5 mm. N= 4 participants included in the analysis had one run

excluded for motion.

The “peer positive” or matched responses were displayed with an emoji thumbs up and
the text “Me too!”, while “peer negative” or unmatched responses were displayed with a thumbs
down and the text “Not me!”. In the computer condition, positive responses were displayed with
a checkmark and the text “Matched!” whereas the negative responses were displayed with an X
symbol and the text “Not Matched!”. The receipt of feedback is separated by a 2-6 second
jittered fixation cross to the button press to the receipt of feedback to dissociate anticipation of

feedback from the response to the feedback. The participants are aware that the two peers are
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other participants in the study, though they are given pseudonyms, and that the computer is
giving feedback at random. The answers are imported from another study participant’s survey
answers but are intentionally selected so that one peer gives positive answers 75% of the time
(Similar Peer) and negative answers 25% of the time, and the other peer does the opposite

(Dissimilar Peer).

Each condition (Similar peer, Dissimilar peer, and Computer) had 32 trials, for a total of
96 trials over 4 runs. For this study, we will only analyze the effects of positive feedback (‘Me
too!’/thumbs up) from the Similar peer versus positive feedback from the computer

(‘Matched!’/checkmark). For a visual diagram of this task, see Figure 1.

SOLAR Task

The SOLAR task is a novel experimental task designed to capture social motivation using
monetary incentives. It is administered to each participant after their 20-minute interaction with a
peer partner. First, each participant completes a survey about various likes and preferences, with
the knowledge that their peer partner will be able to choose to see some of their responses in the
next task. Participants are then presented with 108 trials where they choose between two of three
learning options: learning about their conversation partner, learning about other peers their age,
or learning about trivia from various cities (ex: average yearly rainfall in Cincinnati). Participants
are given 6 seconds to make a selection. Each choice also provides variable amounts of monetary
incentive, between 1-4 cents. In most trials, the value of either choice is non-equivalent, so the
child may choose to forgo a few cents to learn about their preferred topic. Even trials, or trials
where both monetary incentives are equivalent, are included to capture preferences in the

absence of monetary reward. There are 44 Partner learning vs other kids learning trials (24 even),
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32 partner learning vs trivia learning trials (12 even), and 32 other kids learning vs trivia learning
trials (12 even). In this study, social motivation was measured as the proportion of times
participants chose to learn more about their peer partner versus trivia. See Figure 2 for a diagram

of the SOLAR task.

fMRI Data Analysis

fMRI data was preprocessed using fMRIPrep and was normalized to an MNI space (MNI
pediatric template, cohort 4 (7.5-13.5) (Fonov et al., 2011). Runs were excluded if they had
greater than 0.5 mm of mean frame displacement or if they had more than 20% of volumes
censored at Imm. Participants with less than three usable runs were also excluded from the

analysis.

Events of interest (Similar Peer initiation, Similar Peer Positive Feedback, Similar Peer
Negative Feedback, Computer Initiation, Computer Positive Feedback, Computer Negative
Feedback, Dissimilar Peer Initiation, Dissimilar Peer Positive Feedback, Dissimilar Peer
negative feedback) and events of no interest (Reply events where the participant did not respond
to the button prompt) were convolved with the canonical hemodynamic response function. Six
motion parameters (X, Y, z, roll, pitch, yaw), their derivatives, and time points censored due to
motion over | mm were also included as regressors (Power et al., 2014). Constant, linear,

quadratic, and cubic terms were also included to account for motion baseline and drift.

One contrast was assessed to test the hypothesis that neural sensitivity to positive social
feedback would be predictive of behavioral social motivation. The main effect of the neural
response to the receipt of positive feedback from the similar peer was compared to positive

feedback from the computer ([Similar Peer Positive Feedback vs Computer Positive Feedback]).



SOCIAL REWARD AND MOTIVATION IN AUTISM 11

General linear models were constructed using the 3dREMLfit command in AFNI. The
contrast of interest was extracted from 4 anatomically defined regions of interest; the Nucleus
accumbens, the medial orbitofrontal cortex, the amygdala, and Heschl’s gyrus. The regions were
defined using the AAI3 atlas (Rolls et al., 2020). The primary region of interest is the nucleus
accumbens, as it is a region that has been shown to predict heterogeneity in social motivation
(Rudolph et al., 2023, Guyer et al., 2014), and has been shown to have differential responses to
social rewards in autism (Clements et al., 2018, Warnell et al., 2017). Heschl’s gyrus was chosen
as a control region, as it has not been connected to reward processing. Heschl’s gyrus is
commonly involved in auditory processing, and the social reward task has no auditory stimulus
elements beyond background scanner noise. Therefore, it was included to help dissociate if any
results were found due to differences in reward-specific processing. Secondary analyses of neural
sensitivity to social reward also included a look at the orbitofrontal cortex and amygdala, both of
which are also involved in social reward processing networks (Redcay & Warnell, 2018,
O’Doherty et al., 2001, Rolls 2023, Haber and Knutson, 2010, Morrison and Salzman, 2010).

Activation for all ROIs was averaged between the left and right hemispheres.

Mixed Effect Model Analysis

To assess the effects of neural sensitivity to social reward on social motivation, we will
use a mixed effects model to predict the proportion of partner choices over trivia using Nucleus
accumbens, orbitofrontal cortex, and amygdala activation to social reward. We added dyad
membership as a random intercept to account for the dependence of dyadic data. We also added
age as a covariate to account for age-related differences in neural social reward or social
interactions, as our age range is fairly large (11-15). We also assessed participants’ self-reported

gender and autism diagnosis as covariates. All mixed-effect models were created using the
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Lmertest and Lme4 packages in Rstudio. In our primary analysis (Activation of the NAc), the
alpha value of significance was .05. For our two exploratory analyses (OFC and Amygdala), the
alpha value was Bonferroni corrected to account for the effect of multiple comparisons (Alpha=

.000125).

Results

Analysis of the effect of Autism diagnosis on Social Reward sensitivity

There was no statistically significant difference between the autistic (M=.025, SD=.075)
and Non-autistic (M=-.028, SD=.088) participants in NAc activation to the peer vs computer

feedback (t(49)=-0.128, p=.899).

There was no statistically significant difference found between the autistic (M=.0079,
SD=.020) and Non-autistic (M=-.00094, SD=.025) participants in OFC activation to the peer vs

computer feedback (1(49)=1.09, p=.283).

There was no statistically significant difference found between the autistic (M=.025,
SD=.085) and Non-autistic (M=-.011, SD=.077) participants in amygdala activation to the peer

vs computer feedback (t(49)=-0.910, p=.367).

There was no statistically significant difference found between the autistic (M=-.041,
SD=.093) and Non-autistic (M=-.033, SD=.085) participants Heschl’s gyrus activation to the

peer vs computer feedback (t(49)=-0.262, p=.794).
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Effects of Autism Diagnosis on Behavioral Social Motivation

There was no statistically significant difference in social motivation found between the
autistic (M=.67, SD=.20) and non-autistic (M=.69, SD=.18) groups (t(58)=-.300, p=.616) in the

proportion of peer partner vs trivia choices.

Mixed Effect Model Results

The data was analyzed using mixed effects models that take into account neural
activation, gender, age, and autism diagnosis status as fixed effects. Dyad membership was also
accounted for as a random intercept to account for the shared variance between the individuals in

the dyad.

In our mixed effect model that looked at nucleus accumbens sensitivity to social reward
as well as participant age, gender, diagnosis, and dyad membership into account, we found a
significant effect of NAc activation on social motivation to engage with a peer (f=.72, t=2.43,

p=.0191). (See Table 1). See Figure 3 for a graphical representation of the findings.

In the mixed effect model with our control ROI, Heschl’s gyrus (A1), we found no
significant relationships between Al activation and social motivation (B=.145, t=.478 p=.637).
(See Table 2) Age, gender, and autism diagnostic status also did not show a significant

relationship in this model. See Figure 4 for a graphical representation of the findings.

After assessing our a priori hypotheses, we also did exploratory analyses on the OFC and
amygdala reactivity to social rewards. Our mixed effect models that looked at OFC (f=-.722,
t=-.65, p=.519) (See table 3) and amygdala (=.702, t=2.20, p=.033) (See table 4) activation

alongside all demographic effects did not reach significance in predicting social motivation after
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correcting for multiple comparisons using the Bonferroni method across the two exploratory

regions of interest. See Figures 5 and 6 for a graphical representation of these findings.

Discussion

We found evidence that nucleus accumbens sensitivity to positive social feedback
predicted autistic and non-autistic adolescents’ socially motivated behavior to learn more about a
peer. With this result, we find evidence that reward-area activation to positive social feedback is
a factor in predicting heterogeneity in socially motivated behavior in both autistic and
non-autistic adolescent populations. Finding insignificant results in our control region, Heschl’s
gyrus, also reinforces that this link between neural activation and social motivation is specific to

reward processing.

This result builds upon the findings in McNaughton et al., 2023, as we again find that
neural sensitivity to social reward predicts the motivational outcomes of a peer interaction for
autistic and non-autistic populations. However, our use of a behavioral measure for social
motivation means we can more directly conclude that neural sensitivity to social feedback is
related to the subjective value of social stimuli and predicts decision behavior used to obtain

social information.

We did not find any significant results for OFC or Amygdala sensitivity to positive
feedback predicting social motivation behaviors after controlling for multiple comparisons using
the Bonferroni method. One possible explanation for these results is that the ventral striatum is
considered a central part of reward processing, whereas the OFC is also involved in error
prediction and valuation of short vs long-term gains, and the amygdala is more involved in

coding the salience of environmental stimuli (Haber, 2011). Another possible explanation for
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these results was that our sample size was not large enough to have statistical power to determine

a relationship between social reward processing and socially motivated behavior in these areas.

Limitations

Our study has some limitations in generalizability due to our sample characteristics. One
of the most pressing issues is the low number of autistic female participants. Autistic female
participants may have differences in neural self-representation and mentalizing than autistic
males (Lai et al., 2019), which may result in differences in social feedback processing. In
addition, autistic females tend to have more pressure to mask or camouflage symptoms. This will
affect external presentations and could affect how their peer partners perceive them, leading to
differences in their desires to engage further (Tubio-Fungueirifio, Cruz, & Sampaio, 2021, Hull

etal., 2019).

Another limitation to our generalizability is in our inclusion and exclusion criteria. We
exclude participants with an 1Q of under 80. Recent reports estimate that about 38% of the
autistic population has an I1Q lower than 85 (Center for Autism Research, 2020). This means that
we cannot assume that these findings would generalize to the entirety of the autistic population,

but rather only those with an IQ above 80.

Future directions

This study found that heterogeneity in neural sensitivity to social reward predicted social
motivation in autistic and non-autistic adolescents. Future research could examine what factors
may lead to social reward sensitivity in both populations. For example, previous research has

found that early life stress and social experiences have tempered neural reactivity to social
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reward in adolescence (Quarmley et al., 2019, Rudolph et al., 2021). Autistic populations tend to
have a greater degree of peer victimization, social anxiety, and depression, all of which could
affect social reward processing (Sreckovic, Brunsting, & Able, 2014, Storch et al., 2012,
DeFilippis, 2018, Han, Tomarken, & Gotham, 2019). Future research should examine how
experiences, internalizing symptoms, and social reward processing interact for autistic and
non-autistic populations. Specifically, future research should focus on examining if previous
findings of decreased social motivation within autism are affected when taking experience and
internalizing symptoms into account. This research would help us better understand sources of

heterogeneity in social motivation within autism.

Future projects could also take a different approach to examining social motivation using
our behavioral task. We used a proportional method to assess social motivation, where we looked
at the proportion of times a participant chose to learn about their partner over trivia. However,
this method eliminates the consideration of how the differing amounts of monetary incentives in
each trial impact participant’s choices. The participants had the option to give up anywhere from
0-3 cents in a trial to learn more about their preferred topic. However, the current proportional
approach considers each choice as the same whether the participant no matter how much money
was provided for each choice. Each participant saw the same amount of trials per condition per
monetary incentive value, so this is not a potential confound. However, we could more precisely
determine how participants perceive the subjective value of choice by assessing the point of
subjective equivalence for each value (Balestrucci, Ernst, Moscatelli, 2022). In this analytic
approach, we would assess at what monetary value the participants view the choices to be over
equivalent value. For example, a participant may overall prefer learning about their partner but

may think learning about trivia is equally valuable if they have to give up 2 cents to learn more
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about their partner. This method would allow us to view the subjective valuation of the choices
for each participant, which would be interesting to connect to neural social reward valuation

systems.

Another potential direction for this research is to look at what dyadic-level effects may
cause differences in social motivation. For example, many autistic people report feeling like they
have to mask or camouflage their autism symptoms in front of non-autistic people, which can
cause poor mental health outcomes as a result of feeling inauthentic (Evans, Krumrei-Mancuso,
& Rouse, 2023. The stress and effort involved in masking autistic symptoms could be
explanatory of decreased motivation to engage with others. Future research could also assess
autistic participants' comfortability with displaying symptoms during interactions to assess
whether that has an impact on their motivation to engage with others. In addition, future research
can assess differences in social motivation in interactions where both individuals are autistic.
Previous research has shown that interactions between people of matched neurotypes (all autistic
or non autistic) tend to be more effective and are associated with higher rapport and mutual gaze
(Crompton et al., 2020, Rifai et al., 2022). This research can better understand how neurotypical
conversational norms affect autistic people’s motivation to engage with others, and possible ways
neurotypical people can make accommodations to make social engagement easier for autistic

people.

Conclusions

We found that autistic and non-autistic adolescents had heterogeneity in their desire to
learn more about a peer and that this heterogeneity was explained by differences in reward

processing of positive social feedback. This finding helps us better understand heterogeneity
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social motivation in autism, and how neural responses to social feedback relate to socially

motivated behavior for both autistic and non-autistic adolescents.

18
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Figure 1- Diagram of the Social Reward fMRI task
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Figure 1: Above is a diagram showing the procedures of the Social Reward task. The participants
are first presented with the name of the peer or the computer they will receive feedback from.
Then, they will be reminded of one of the preferences they had previously reported. Finally, they
will see the response from the peer or computer on whether they share this preference. The
similar peer responds positively to the participant 75% of the time, whereas the computer

responds positively 50% of the time.
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Figure 2- Diagram of the SOLAR task
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Figure 2: The above diagram shows the flow of the SOLAR task. The participants see the “Make

a choice” frame and are presented with 2 options of information to learn about: Learning about
partner’s preferences, learning about the preference of most other peers, or learning about
non-social trivia. Each choice is associated with a monetary reward between 1-4 cents. This
study is only looking at the trials where participants are choosing between their partner and

trivia.
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Figure 3- Nucleus Accumbens Activation to Social Reward and Social Motivation
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Figure 3: The above graph displays the linear relationship between the participants’ NAc
activation to positive social feedback (vs positive computer feedback) and their desire to learn
more about their peer interaction partner. The above graph displays the raw data without
covariates. There was a significant positive linear relationship after controlling for participant
gender, age, autism diagnosis, and dyad membership. See table 1 for the results of the mixed

effect model.
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Figure 4- Heschl’s gyrus Activation to Social Reward and Social Motivation
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Figure 4: The above graph displays the linear relationship between the participants’ Heschl’s
gyrus activation to positive social feedback (vs positive computer feedback) and their desire to
learn more about their peer interaction partner. The above graph displays the raw data without
covariates. There was no significant linear relationship. See table 2 for results of the mixed effect

model.
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Figure 5- Orbitofrontal Cortex Activation to Social Reward and Social Motivation
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Figure 5: The above graph displays the linear relationship between the participants’ orbitofrontal
cortex activation to positive social feedback (vs positive computer feedback) and their desire to
learn more about their peer interaction partner. The above graph displays the raw data without
covariates. There was no significant linear relationship. See table 3 for the results of the mixed

effect model.
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Figure 6- Amygdala Activation to Social Reward and Social Motivation
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Figure 6: The above graph displays the linear relationship between the participants’ amygdala

activation to positive social feedback (vs positive computer feedback) and their desire to learn

more about their peer interaction partner. The above graph displays the raw data without

covariates. There was no significant linear relationship. See table 3 for the results of the mixed

effect model.
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social motivation

Table 1: Mixed effect model of Nucleus Accumbens activation to social reward predicting

female)

Fixed Effects Beta Estimate Standard Error t value p value
NACc activation 720 296 2.43 .02*
Age -.004 .025 -.163 .87
Diagnosis group | -.043 .060 - 718 A48
(non-autistic vs

autistic)

Gender .100 146 .686 .50
(genderfluid vs

female)

Gender (male vs | -.132 .059 -2.25 .03*

Table 2: Mixed effect model of Heschl’s gyrus activation to social reward predicting social

motivation
Fixed Effects Beta Estimate Standard Error t value p value
Heschl’s gyrus 144 303 478 .64
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activation
Age -.012 026 -.435. .67
Diagnosis group | -.034 .064 -.540 .59

(non-autistic vs

autistic)

Gender .073 151 489 .63
(Genderfluid vs

female)

Gender (male vs | -.105 .061 -1.716 .10

female)

Table 3: Mixed effect model of medial orbitofrontal cortex activation to social reward

predicting social motivation

Fixed Effects Beta Estimate Standard Error t value p value
mOFC activation | -.722 1.11 -.65 52
Age -.005 .03 -214 .83
Diagnosis group | -.039 .07 -.606 .55
(non-autistic vs
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female)

autistic)

Gender .073 15 485 .63
(Genderfluid vs

female)

Gender (male vs | -.093 .059 -1.57 13

Table 4: Mixed effect model of Amygdala activation to social reward predicting Social

(Genderfluid vs

motivation

Fixed Effects Beta Estimate Standard Error t value p value
Amygdala .703 329 2.20 .03
activation

Age -0.02 025 -.783 45
Diagnosis group | -.020 062 -.320 75
(non-autistic vs

autistic)

Gender .098 .140 .698 492
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female)

Gender (male vs

female)

-.109

055

-1.97

.06




