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ABSTRACT OF THE DISSERTATION

Towards a better understanding of the reward system in autism spectrum disorders:
empirical tests of the social motivation hypothesis

by

Katherine Kuhl Meltzoff Stavropoulos

Doctor of Philosophy in Psychology

University of California, San Diego, 2014

Professor Leslie Carver, Chair

This dissertation examined the reward system in children with autism spectrum
disorders (ASD). I empirically tested the social motivation hypothesis as a potential
explanation for social impairments in ASD.

Chapter 1 investigated typically developing (TD) children’s
electrophysiological responses to rewards accompanied by incidental social versus

nonsocial stimuli. This chapter introduced a paradigm that allows reward anticipation
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to be measured while controlling for both reward and stimulus properties. TD children
had increased activation while anticipating rewards accompanied by social versus
nonsocial stimuli, suggesting that TD children find social stimuli more rewarding than
nonsocial stimuli.

Chapter 2 investigated how children with ASD compare to TD children on
reward anticipation and processing using the paradigm described in Chapter 1. TD
children had larger reward anticipation for social versus nonsocial stimuli, while
children with ASD did not. Children with ASD also processed social versus nonsocial
stimuli differently than their TD peers. These results suggest that children with ASD
have selective deficits in anticipation and processing of social rewards.

Chapter 3 examined whether familiarity might normalize social reward
anticipation for children with ASD. Neither children with nor without ASD had
different magnitudes of reward anticipation for familiar versus unfamiliar faces, or

scrambled versions of those pictures. However, when collapsing across familiarity,
results from Chapter 2 were replicated—TD children had larger reward anticipation
for social versus nonsocial stimuli, while children with ASD did not. Chapter 3 also
found evidence for an Nc-like component that occurred prior to social stimuli. This
component was larger for TD children versus those with ASD.

To explore possible mechanisms for these differences in social reward
processing, Chapter 4 proposes oxytocin as a potential neuropeptide involved in social

motivation. Chapter 4 reviews research on oxytocin’s effect on social behavior in

individuals with and without ASD, as well as implications for treatment of joint

xiii



attention deficits in ASD. This chapter makes suggestions for future research that

combine pharmacological and behavioral interventions in order to optimize outcomes.
Collectively, this dissertation provides evidence in favor of the social

motivation hypothesis, and important information about the nature of the reward

system in children with ASD.|
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INTRODUCTION



Autism Spectrum Disorder (ASD) is a developmental disorder characterized by
atypicalities in social behavior and social cognition. Although it is clear that
individuals with ASD are impaired in multiple facets of social behavior, the basis for
these difficulties has been the subject of debate. Understanding the basis for social
deficits in ASD is crucial in order to improve the efficacy of intervention strategies, as
well as to assist in the creation of novel interventions. Multiple theories have been

proposed to explain the social deficits in ASD. This dissertation was designed to

empirically test one such theory—the social motivation hypothesis—and to gain a

better understanding of the reward system in both TD children and those with ASD.

The Social Motivation Hypothesis [1-6] has been proposed as the basis for social

deficits in ASD. According to this hypothesis, children with ASD lack motivation to
engage in social activities, and thus engage in these behaviors less frequently (e.g., eye
contact, joint attention) because they find these activities less rewarding than typically
developing (TD) children. According to the social motivation hypothesis, decreased
social engagement early in life leads to later autism symptomology such as abnormal
brain responses to faces [7], language and communication deficits [8], and impaired

joint attention [8—10], due to the importance of experience in social learning and

cortical specialization. The social motivation hypothesis implicates the reward systems
of the brain, and is the first theory to suggest that a lack of social motivation itself
leads to symptoms of ASD, rather than the alternative proposal that specific brain
structures (e.g., amygdala, fusiform face area) are abnormal and cause the symptoms

of autism.



Only a small number of neuroscience studies have directly investigated social
motivation via the brain’s neural reward system in adolescents and adults with ASD
[11-16].

Before endeavoring to test social motivation in individuals with ASD, it is
important to understand how social motivation develops in typically developing (TD)

individuals. Previous research has established that neural reward circuits in TD

individuals are activated by social rewards such as faces [17-19]. Thus, it appears that

TD individuals are motivated and rewarded by social stimuli. However, this research
has been limited to testing adolescents and adults, rather than children, and it has not
directly contrasted the reward value of social versus nonsocial stimuli. Testing how

TD children respond to social versus nonsocial rewards is a crucial first step in

understanding how the brain’s reward system develops typically—and what may be

going awry in this system for children with ASD.

A few recent studies have directly contrasted responses to social and nonsocial
rewards in typically developing individuals [20—22], and in individuals with ASD [11-
16]. In the studies of typically developing individuals only, the results highlight the
complexity of the neural reward system, and suggest that some areas of the reward
circuit might be especially sensitive to social rewards, whereas others may not. Of the
studies that compared TD individuals to those with ASD, some found evidence for
specific social reward deficits [11,16], while others found reward deficits in ASD for
monetary rewards, or more global reward deficits for both social and nonsocial

rewards [12—14].



Importantly, a defining feature of nearly all the aforementioned studies is that
nonsocial rewards were primarily tangible (e.g., money), and social rewards were not
tangible. More specifically, in the nonsocial reward conditions, participants could earn
money, while during social reward trials, participants saw pictures of faces or
compliments displayed on-screen. Thus, in one condition, participants received a
tangible item for reward (e.g., money), whereas in the other condition, they viewed a
social stimulus, but received nothing tangible. It is not difficult to imagine why, for
both individuals with and without ASD, earning money might be more rewarding
compared to simply looking at pictures of faces. It is unclear, then, whether social
versus nonsocial rewards are processed differently in TD individuals or those with
ASD when controlling for reward properties between conditions.

The research in this dissertation was designed to empirically test the social
motivation hypothesis while keeping tangible rewards controlled between social and
nonsocial conditions.

Chapter 1 introduces a novel event-related-potential (ERP) task that controls
for reward properties between social and nonsocial conditions, as well as physical
stimulus properties. This chapter reports an experiment with 6- to 8-year-old TD
children that was designed to investigate how reward anticipation for social versus
nonsocial stimuli occurs in a neurotypical population. Reward anticipation for social
versus nonsocial stimuli was measured via the stimulus preceding negativity (SPN)

ERP component. The SPN reflects brain activity that occurs before expected feedback



about one’s performance [23]. The SPN component is thought to reflect the
expectation of reward, and related activity of the dopaminergic reward system [24,25].
Chapter 2 examines the differences between 6- to 10-year-old children with

and without ASD on both reward anticipation and reward processing of social versus
nonsocial stimuli. Similarly to Chapter 1, reward anticipation was measured via the
SPN component. Reward processing was measured via the Feedback Related
Negativity (FRN) component. The FRN is an ERP component occurring 200-300ms
after feedback, and is characterized by a negativity in response to “loss” versus “gain”
trials [26]. Source localization studies suggest that the FRN reflects activity in the
dopamine reward system [27], and is generated by the striatum, medial-frontal cortex
and anterior cingulate cortex—areas related to reward processing [28,29]. By
collecting data on both reward anticipation and processing in children with and
without ASD, we gain a more complete understanding of the reward system in
children with ASD, and how different temporal phases of reward affect these two
populations.

Chapter 3 was designed to better understand the boundaries of the social

motivation hypothesis. That is, do children with ASD have social reward deficits for

all social stimuli, or do particular social stimuli, such as one’s own mother’s face,

cause the reward system to “normalize”? There is a relatively small literature on the

effect of familiarity in ASD, and the studies done to date focus on the effect of
familiarity on face processing [3,30—38]. The studies have varied results, likely due to

differences in subject’s age, methodologies, and stimuli between studies. This chapter



compared reward anticipation in children with and without ASD for familiar faces
(caregivers) versus unfamiliar faces.

Chapter 4 reviews existing literature on the social motivation hypothesis, and
proposes that the neuropeptide oxytocin may be a candidate for the underlying
mechanisms behind the social motivation deficits seen in individuals with ASD. This
chapter uses a core social deficit in ASD, joint attention, as a test case. Suggestions are
proposed for future directions in intervention and clinical trials research in order to
improve social motivation in children with ASD.

Overall, this dissertation research provides a more complete understanding of the
reward system in both TD children and those with ASD. The set of experiments
described here is the first to empirically investigate the social motivation hypothesis
while controlling for reward and stimulus properties. Taken together, these studies
expand upon previous investigations and can inform future research into more

effective interventions for children with ASD.
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How children respond to social and nonsocial rewards has important implications for under social cognitive development. Adults find faces
intrinsically rewarding. However, little is known about how children respond to face vs nonface rewards. We utilized event-related potentials (the
stimulus-preceding negativity, SPN) to measure differences in reward anticipation during a guessing game in 6- to 8-year-olds. Children were presented
with d indicator: ied by incid | face or f stimuli. Nonf: stimuli were comprised of scrambled faces in the shape of arrows,

controlling for low-level properties of the two conditions. Children showed an increased SPN when the reward stimuli were accompanied by faces,

£.

relative to nonface stimuli. This suggests that children find a face sti

reward processing, such as autism spectrum disorder.

more ding than a stimulus. The results have important

ions for pi ing social vs nonsocial rewards in typically developing children, and allow testing of populations with deficits in social

Keywords: event-related potentials; reward processing; faces; children; social motivation

INTRODUCTION

Most people find social interactions to be intrinsically rewarding. From
birth, we have a bias to attend to faces and face-like objects (Johnson
et al., 1991). Although this drive toward social stimuli is quite import-
ant for normal social functioning, we understand relatively little about
the brain systems that underlie it, or how those systems develop. In
addition, we know little about how social rewards are different than
other kinds of rewards. The main goal of the current research is to
understand how social reward systems in the brain are activated in
children, and how social rewards differ from nonsocial rewards in this
population.

Previous research has established that pictures of attractive faces
activate reward centers of the brain (Kampe et al, 2001; Winston
et al., 2007; Chatterjee et al., 2009). However, if faces themselves are
rewarding, how might they compare with more concrete rewards such
as money?

Multiple experiments have compared brain activity or behavioral
accuracy and reaction times with faces vs money—but most of these
studies have focused on between group comparisons between typically
developing children and those with social impairments such as autism
spectrum disorders (ASD) or attention-deficit hyperactivity disorder
(ADHD) (Kohls et al., 2009b; Scott-Van Zeeland et al., 2010; Demurie
et al., 2011; Kohls et al., 2011; Dichter et al., 2012;, Kohls et al., 2013).
Only a few studies have directly compared responses to social and
nonsocial rewards in typically developing individuals (Kohls et al,
2009a; Spreckelmeyer et al., 2009; Rademacher et al., 2010; Lin et al.,
2012). In the next sections, we review previous research on behavioral,
neuroimaging and electrophysiological studies.
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Studies with typically developing children
Behavioral studies

To our knowledge, only one study has used behavior alone to measure
reward sensitivity in typically developing children. Kohls and col-
leagues (2009a) used behavioral measures of reaction time and accur-
acy in a go/no-go task. Participants saw a stream of letters presented,
and responded with button press to all letters with the exception of X.
Successful inhibitions of response to X trials were rewarded with either
social (happy faces) or nonsocial (monetary) feedback. Feedback for
false alarms (incorrectly responding to the X) consisted of neutral faces
in the social condition, or pictures of an empty wallet, signifying no
money for that trial in the nonsocial condition. Response inhibition
improved for both social and monetary reward conditions in this
study. However, typically developing children demonstrated larger
task improvement during monetary reward conditions than in the
social condition.

Functional neuroimaging studies

Several studies have used functional neuroimaging to measure reward
sensitivity in typically developing adults and children. Using fMRI,
Spreckelmeyer et al. (2009) had participants engage in an incentive
delay task with money or faces at varying degrees of reward (small,
medium and large). Participants were asked to press a button as
quickly as possible after seeing a target stimulus in order to get a
reward. The authors found that the nucleus accumbens, putamen
and thalamus were activated in a linear pattern as rewards increased
for both money and face tasks. Moreover, when the authors compared
brain activity patterns of males vs females, they found that monetary
rewards activated a wide range of brain areas in men, while the
opposite was true of women. Using the same task, Rademacher et al.
(2010) found differential neural activation patterns between the social
and monetary reward conditions. During cued anticipation of both
reward types, the authors found activation of the nucleus accumbens.
However, during the ‘consumption phase’ of reward processing (e.g.
when participants saw the reward as opposed to when they anticipated
the reward type), the authors found amygdala activity for social
rewards, and thalamic activity during monetary rewards. Taken
together, these studies suggest that the reward system is activated in
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response to both monetary and social rewards, but that this activation
may be different between genders as well as between phases of reward
processing.

In a study of typical adults, Lin et al. (2012) had participants engage
in a probabilistic learning task. Participants were tested in one of two
conditions. In the choice condition, participants saw two different slot
machines, and were instructed to choose one. In this condition, par-
ticipants’ choice led to positive, negative or neutral outcomes, depend-
ing on the slot machine chose. Participants were reinforced by either a
social stimulus (a happy face and positive word for the positive slot
machine, an angry face and a negative word for the slot machine
associated with negative outcomes, or a blank screen for the machine
associated with neutral outcomes) or a nonsocial stimulus (a dollar bill
for positive outcomes, signifying that the participant would gain one
dollar, and a crossed out dollar bill for negative outcomes, signifying
that the participant would lose $1 or a blank screen for neutral out-
comes). Thus, participants learned via trial and error during the task
which slot machines were associated with positive, negative or neutral
outcomes. The authors found that both monetary and social condi-
tions caused activation in overlapping brain regions; in both condi-
tions, activity was observed in the ventromedial prefrontal cortex and
striatum that was correlated with reward magnitude (Lin et al., 2012).
These results provide evidence that several types of rewards elicit brain
activity in shared regions in typically developing individuals. However,
it is important to note that the study utilized methods slightly different
from previously discussed, because it involved probabilistic learning
rather than an incentive delay procedure.

Regardless of the method employed it is likely that participants need
to feel some control over the task to activate the reward system. In one
fMRI study, Tsukamoto et al. (2006) found increased reward system
activation in response to trials with feedback dependent on the par-
ticipants’ response vs feedback given at random. This result suggests
that reward systems are sensitive to the participants’ perceptions of
their actions and are important to the outcome of the task.

Studies comparing typically developing children and
clinical populations

Behavioral studies

Demurie et al. (2011) used an incentive delay task similar to
Spreckelmeyer et al. (2009) and Rademacher et al. (2010) to measure
reward sensitivity in typically developing children and children with
ASD and ADHD. They found that children with both ASD and ADHD
demonstrated faster reaction times in response to a monetary incentive
delay task than a modified social incentive delay task, suggesting that
they found the monetary reward more motivating than the social
reward. Interestingly, however, typically developing children did not
show this pattern—there were no differences in accuracy or reaction
time between reward types for typically developing children.

FMRI studies

Dichter et al. (2012) reported that typically developing individuals
demonstrated greater activation in reward circuits on money runs vs
face runs during an fMRI incentive delay task. Kohls et al. (2009b)
measure response inhibition using a go/no-go task in children with
ADHD. Performance on the task improved during both monetary and
social reward conditions in both the ADHD and control sample. In
another study, Kohls and colleagues compared go/no go activation in
typical development and ASD. In typically developing participants,
Kohls et al. (2013) found increased activation in money vs face runs
in an fMRI go/no-go task in the following reward circuit areas: caud-
ate, putamen, thalamus and insula. However, social brain areas were
more strongly activated in the face vs money runs (e.g. amygdala,
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fusiform gyrus, superior temporal sulcus, temporal pole and ventro-
medial prefrontal cortex). In contrast, participants with ASD showed
hypoactivation in reward systems.

Electrophysiological studies

Event-related potentials (ERP) are brain potentials recorded at the
scalp that reflect synchronous firing of groups of synapses. ERPs are
temporally sensitive, and thus are an ideal metric of the anticipation of
forthcoming rewards. In one study that used ERP to measure reward
sensitivity, Kohls et al. (2011) reported increased neural activation as
measured by a cued ‘go/no-go’ ERP paradigm in response to monetary
vs social trials. These results highlight the complexity of the neural
reward system, and suggest that some areas of the reward circuit
might be especially sensitive to social rewards, whereas others may not.

The ERP literature has established that a component known as the
stimulus preceding negativity (SPN) reflects brain activity that occurs
before expected feedback about one’s performance (Damen and
Brunia, 1987). In past decades, this component was sometimes
known as the contingent negative variation (CNV) (Walter et al,
1964). Currently, the CNV and SPN are differentiated, and the CNV
is thought to occur during preparation to respond to a stimulus (e.g. in
‘go/no-go’ tasks), and the SPN is thought to occur after a response is
made but before feedback about whether or not the response was
correct. The SPN is a slow wave that is prominent over the right
hemisphere. It is typically measured during the last 200 ms before
feedback is provided (e.g. Kotani et al., 2001; Ohgami et al., 2006).
Previous studies have not measured the SPN in children, so it is
unknown whether the amplitude and distribution of the SPN is similar
in children and adults.

Multiple studies have confirmed that the SPN is sensitive to whether
or not participants perceive feedback to be informative. Chwilla and
Brunia (1991) were the first to investigate this, and found that the SPN
was larger before trials with true feedback compared with false or no
feedback. In the true feedback condition, participants were informed
that the feedback was dependent upon their responses, whereas in the
false feedback conditions, positive vs negative feedback was presented
randomly. In the no feedback condition no feedback was presented.
Ohgami et al. (2004) found that the SPN was larger before trials with
feedback vs without feedback. Masaki et al. (2010) found similar results
when participants either attempted to make a profitable choice (choice
condition) vs trials where the participant’s choice had no bearing the
results (no-choice). The SPN was larger for choice vs no-choice trials.
Interestingly, ERP and fMRI evidence (reviewed above) converge to
suggest that larger neural activation is observed when participants feel
control over task outcomes and receive informative feedback. This is
consistent with fMRI studies that suggest that perception of control is
important for activation of the reward system (Tsukamoto et al.,
2006). Together, these studies suggest that the SPN is sensitive to
manipulations of feedback accuracy and whether or not the subject
feels control over the outcome of any given trial.

The SPN component is thought to reflect the expectation of reward,
and related activity of the dopaminergic reward system (Van Boxtel
and Bocker, 2004; Mattox et al., 2006). fMRI studies provide evidence
that SPN tasks elicit activity in the insular cortex (Tsukamoto et al.,
2006; Kotani et al., 2009) and caudate nucleus (Delgado et al., 2000,
2003; Tricomi ef al., 2004). A spatiotemporal dipole model of the SPN
(Bocker et al., 1994) suggested the SPN was likely generated from the
insular cortex. Both fMRI and spatiotemporal ERP studies confirm
activity in the insular cortex during SPN tasks. The anterior insula is
innervated with dopamine neurons (Gaspar et al., 1989), which pro-
vides further support for the idea that the SPN is related to activity in
the dopamine reward system.
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If the SPN component is related to activity in the reward system, it
seems likely that individuals with degradation or damage to structures
involving reward would show deficits in the SPN. This is demonstrated
in studies comparing individuals with Parkinson’s disease (and there-
fore degradation of structures responsible for dopamine production, a
major neurotransmitter involved in reward pathways) and control
individuals. Mattox et al. (2006) demonstrated that the SPN is less
pronounced in patients with Parkinson’s disease compared with
healthy individuals—even when controlling for memory performance
on the Weschler Memory Scale-III. This suggests that the SPN reflects
activity in response to feedback concerning rewards, and is reduced in
persons who have disruptions in the dopamine systems largely respon-
sible for processing reward.

Summary
The results of previous studies of reward motivation highlight the com-
plexity of the neural reward system, and suggest that some areas of the
reward circuit might be especially sensitive to social rewards, whereas
others may not. Importantly, in all of the aforementioned studies’
money runs, participants could earn money, while during face ‘runs’
participants saw pictures of faces or saw compliments displayed on-
screen (e.g. Demurie et al, 2011). Thus, in one condition, participants
received a tangible item for reward, whereas in the other condition, they
viewed a social stimulus, but received nothing tangible. It is not difficult to
imagine why earning money might be more rewarding compared with
simply looking at pictures of faces. In the present study, we aimed to hold
the reward constant between ‘face’ and ‘nonface’ trial blocks. By doing so,
we hoped to clarify whether faces elicit greater reward-related brain activ-
ity compared with visually matched nonface stimuli, even when the pic-
tures do not have an effect on the outcome of the task. We utilized ERPs
in a SPN paradigm to measure reward anticipation-related brain activity
in young children. Previous research has examined the SPN before the
subject receives feedback about whether he or she is correct and therefore
whether or not he or she will receive a reward (e.g. 10 cents for each
correct answer) (Ohgami et al., 2004; Mattox et al, 2006; Ohgami et al.,
2006; Masaki et al, 2010). We designed the current study to examine the
SPN in the same way—using goldfish crackers or an equivalent snack as a
reward, with an incidental social or nonsocial stimulus manipulation.
Here, we address two aspects currently missing from the literature:
controlling for rewards between ‘face’ and ‘nonface’ trial blocks, and
utilizing ERP methodology in order to facilitate testing younger par-
ticipants. This study sheds light on the neural underpinnings of reward
anticipation in children, and is informative for how typically develop-
ing children anticipate rewards that are accompanied by either social
or nonsocial stimuli.

METHODS

Participants

Twenty-six participants (17 males and 9 females) were included.
Participants were between 6 and 10 years old (M=7.49, SD=0.91).
All subjects were native English speakers with no history of develop-
mental disabilities or psychiatric conditions, and were not taking any
medications for psychiatric of neurological conditions, as reported by
their caregivers. One additional male participant was tested, but was
excluded because we later learned that he had a first degree relative
with autism spectrum disorder. This study was reviewed and approved
by the University of California, San Diego institutional review board.
Participants were recruited through the UCSD subject pool, and their
guardians were paid $35 for their time and participation. All partici-
pants over 7 years old signed a child assent form.

SCAN (2013)

Recording conditions

Participants wore a standard, fitted cap (Electrocap International,
Eaton, OH, USA) with electrodes placed according to the international
10-20 system. Continuous EEG was recorded with a NeuroScan
4.5 System (Compumedics, Charlotte, NC, USA) with a reference elec-
trode at Cz and re-referenced offline to the average activity at left and
right mastoids. ERPs were recorded at 33 scalp locations using silver/
silver-chloride (Ag/AgCl) electrodes at standard sites (Pz, Fz, O1, 02,
P3, P4, T3, T4, T5, T6, C3, C4, Cz, F3, F4, F7, F8, Al, A2) and
additional sites (CPz, FCz, CP5, CP6, CP1, CP2, FC1, FC2, FC5,
FC6, FP1, FP2, AF7, AF8). Electrode resistance was kept under
10k. Continuous EEG was amplified with a low pass filter (70 Hz),
a directly coupled high-pass filter (DC), and a notch filter (60 Hz). The
signal was digitized at a rate of 250 samples per second via an Analog-
to-Digital converter. Eye movement artifacts and blinks were moni-
tored via horizontal electrooculogram (EOG) placed at the outer
canthi of each eye and vertical EOG placed above and below the left
eye. ERP trials were time locked to the onset of the reward stimulus.
The baseline period was —2200 to —2000. Data were epoched from
—2200 to 100 ms. The ITI was varied (1800—2000 ms between trials).
Trials with no behavioral response, or electrophysiological artifacts,
were excluded from the averages.

Artifacts were removed via a four step process. Initially, the first
author visually inspected all data for drift exceeding +/—200mV in
all electrodes, high frequency noise visible in all electrodes >100 mV
and all flatlined data. Following initial inspection, the data were
epoched and eyeblink artifacts were identified using individual com-
ponent analysis (ICA). Individual components were inspected along-
side epoched data and blink components were removed. Next, we
utilized a moving window peak-to-peak procedure in ERPlab (http://
erpinfo.org/erplab. ERPLAB toolbox user’s manual, Markley et al.,
2012). We utilized a 200 ms moving window, a 100 ms window step,
and a 150 mV voltage threshold. An experimenter in an adjacent room
observed participants during the task via webcam. Any trials during
which participants looked away from the screen during or immediately
prior to feedback were marked and excluded prior to final analysis.
Participants were highly attentive, and rarely disengaged from the task.
Most participants had no trials removed for this reason, and no par-
ticipants had more than five trials removed due to eye movements or
inattention. We excluded subjects who had fewer than 10 trials in their
final average (N=1). Thus, all of our statistics include data from the
remaining 25 participants.

Stimuli and task

The current study had two blocks of trials, each with different feedback
condition: social and nonsocial. In both blocks, at the beginning
of each trial, a fixation cross appeared on screen for 500 ms. After
the fixation cross, two boxes were displayed for 3000 ms; each box
contained a question mark inside it. Participants were asked to guess
which question mark was correct using a button pad. After participants
chose the left or right box, an arrow appeared in between the question
marks for 2000 ms indicating their choice (e.g. the arrow pointed left if
the participant chose the left box, and right if the participant chose the
right box). After 2000 ms, feedback about whether the participant
guessed correctly appeared on screen for 1000 ms.

In the social block, feedback was an image of a smiling face
surrounded by goldfish crackers for correct answers, and an image
of a frowning face surrounded by crossed out goldfish crackers for
incorrect answers. Faces were obtained from the NimStim database
(Tottenham et al, 2009). In order to avoid confounds specific to
gender or race, 33 faces (18 female, 15 male) from the NimStim data-
base were utilized in the social condition. The faces were presented in

14



SCAN (2013)

pseudorandom order, with no face appearing more than once in a row.
Figure la depicts a detailed schematic exemplar of our stimuli and
timeline in the social block. In the nonsocial trial block feedback was
an image of an upward facing arrow (made of scrambled face images
from the social condition) surrounded by a ring of goldfish for correct
answers and an image of a downwards facing arrow surrounded by a
ring of crossed out goldfish crackers for incorrect answers. Figure 1b
depicts a detailed schematic of our stimuli in the nonsocial block. In
order to control for visual differences between the social and nonsocial
feedback trials, the arrows were composed of scrambled fragments of
the faces used in the social trials.

If no choice was made, the trial ended, and the fixation cross
appeared again signaling the beginning of the next trial. Participants
were told that the reward for correct answers was a goldfish cracker. If
participants did not want goldfish, they were told that they could trade
in goldfish crackers for fruit snacks. Importantly, in both the social and
nonsocial feedback trials, the face/arrow information was incidental.
It was not necessary for the participant to determine whether or not
their response was correct. The participants were told that correct vs
incorrect responses were signaled by whether or not the goldfish were
intact or crossed out. In order to control for differences in accuracy
between participants, correct vs incorrect answers were predetermined
by the computer program. That is, each trial was marked to be correct
s incorrect regardless of the participant’s response. There were equal
numbers of ‘correct’ and ‘incorrect’ answers in pseudorandom order,
with no more than three of the same answer in a row.

The two kinds of feedback trials (‘face’/‘social’ trials and arrow/
‘non-social’ trials) were tested in separate blocks, each composed of
80 trials. Within each block of 80 trials, there were 30-s breaks every 15
trials. During these breaks, participants were told to relax, or move if
they felt restless. Between blocks, a longer break (5-10 min) was avail-
able if the participant wished to take it.

As a manipulation check, immediately after the completion of each
block, 19 of the participants rated how much they enjoyed each block
of the task as well as whether they felt as though they were able to
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figure out the correct answers during the task on a scale from 1 to 7.
We included this in order to insure that participants were equally
motivated and engaged in the task across conditions.

RESULTS

All results were analyzed using JMP (version 10.0). We used repeated
measures ANOVA to test for differences between conditions, hemi-
sphere and caudality (anterior—posterior differences).

Behavioral measures

Participant’s responses about liking the guessing game, as well as
their responses about getting correct answers were analyzed using
matched-pairs t-tests. There was no difference between conditions
for participant’s enjoyment of the game, #18) = —0.66, P=0.52, ns,
or their perceived ability to obtain correct answers, #(18)=—0.52,
P=0.61, ns.

EEG results

The SPN was measured as mean amplitude between —210 and —10 ms
before feedback onset. The final 200 ms prior to feedback onset has
been utilized in previous studies (Kotani et al., 2001; Ohgami et al.,
2006). Here, we chose to analyze mean amplitude between —210 and
—10 ms in order to avoid artifacts associated with feedback onset (i.e.
0ms). We analyzed electrode F3/F4, C3/C4, P3/P4 and T3/T4, as these
are the typical electrodes with maximal SPN amplitudes (Kotani et al.,
2003). Grand average waveforms for the face and arrow conditions are
plotted for the eight electrodes associated with the SPN in previous
literature (F3, F4, C3, C4, P3, P4, T5, T6) in Figure 2. A 2 (condi-
tion) x 2 (hemisphere) x 4 (caudality) within subjects ANOVA was
conducted for the eight aforementioned electrodes. Significant block
effects were found such that the SPN was larger (more negative) in the
face vs nonface condition, F(1, 24.1) =7.46, P=0.01. Significant elec-
trode effects were observed, F(3, 70.95) = 5.27, P=0.002. Tukey HSDs
post hoc tests revealed that SPN amplitude in temporal electrodes was
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Fig. 1 (a) Schematic of the stimuli and timing used in the ‘social’ or ‘face’ block for correct answers. Stimuli and timing for incorrect answers was identical except the goldfish were crossed out and the face
was frowning. Note the arrow points in the direction of the question mark the participant selected (e.g. it points left if the participant chose the left question mark, and right if the participant chose the right
question mark). (b) Schematic of the task and timing used in the nonface” or ‘arrow’ block for correct answers. Stimuli and timing was identical for incorrect answers except the goldfish were crossed out and

the arrow pointed downwards.
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Fig. 2 Grand averaged ERP waveforms from the electrodes analyzed for the SPN. Face trials are depicted with a black line, and arrow trials are depicted with a grey line.

significantly smaller than observed in central and parietal electrodes
(P<0.05). No significant amplitude difference was observed between
frontal and temporal electrodes (P> 0.05). Furthermore, there was no
significant amplitude difference between frontal, temporal and parietal
electrode sites. No significant effect of hemisphere was observed,
F(1, 24.29) =0.001, ns. Because there was no effect of hemisphere,
we re-ran the analysis collapsed across hemispheres. All previously
reported significant effects remained. In order to assess for effects of
gender, we re-ran the analysis with gender as a factor. No significant
effect of gender was observed, F(1, 23.06) = 0002, ns.

DISCUSSION

Our results showed that children’s brain response in anticipation of a
social stimulus was larger than in anticipation of a nonsocial stimulus,
even when that stimulus was incidental to the expected reward. Previous
studies that have used a variety of methods for measuring responses to
social and nonsocial feedback (typically in functional imaging paradigms)
have contrasted tangible, monetary rewards with a social (but nontan-
gible) reward consisting of the chance to look at a face. The current study

is the first to investigate neural response to social vs nonsocial rewards
while keeping the rewards and visual stimuli constant between conditions.
By telling participants they would earn goldfish or an equivalent snack for
right answers irrespective of block type, we assured that differences be-
tween conditions were not due to varying reward values (e.g. a picture ofa
face vs physical money after the experiment).

Our results differ from those of Demurie et al. (2011) and Kohls
et al. (2009b, 2011, 2013). These studies have generally found that
performance and brain activation are enhanced when the expected
reward is monetary. However, it is important to note the critical dif-
ferences between these previous studies and our own. In previous
studies, tangible monetary reward was contrasted with intangible,
but social rewards (viewing faces). Thus it is possible that the results
from the previous studies were driven by the tangibility of the reward,
and that this effect masked effects of social motivation. Thus, while we
found results different from previous authors, we suspect that those
differences are largely accounted for by task differences.

The current study presents a novel use of the SPN component.
We utilized the SPN component in order to better understand
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reward anticipation of social vs nonsocial stimuli. Previous research
has provided important information about the location of brain struc-
tures that may respond differently to social and nonsocial rewards.
However, many of these studies have generally lacked the temporal
resolution necessary for clearly delineating the brain functions that
anticipate the acquisition of reward. In contrast, previous SPN studies,
which are ideal for measuring reward anticipation with exceptional
temporal resolution, have not directly compared responses with
social and nonsocial rewards.

In contrast with previous SPN literature, the current study did not
observe larger SPN amplitudes in the right hemisphere (Kotani et al,,
2001; Ohgami et al., 2006; Mattox et al., 2006; Masaki et al., 2010).
However, Brunia et al. (2011) suggested that SPN paradigms that do
not employ punishment conditions often do not find larger SPN amp-
litudes in the right hemisphere (Chwilla and Brunia, 1991; Kotani
et al., 2003; Ohgami et al, 2004). The present study did not utilize
punishment for incorrect responses, which we believe accounts for the
lack of amplitude difference between hemispheres. Previous literature
varies in the observed amplitudes of the SPN. Our observed mean
amplitudes for the nonsocial condition are similar to those of
Ohgami et al. (2006), but smaller than those reported by Kotani
et al. (2003). Our observed mean amplitudes for the social condition,
however, are larger than those reported in previous SPN literature.
Amplitude differences between studies are likely due to variation in
task requirements and stimuli. Furthermore, the previously reported
SPN paradigms have utilized adult participants, while our participants
were young children. It is not uncommon for ERP components to be
larger in children when compared with adult participants (e.g. Taylor
et al., 1999). It cannot be ruled out, therefore, whether observed
amplitude differences might be due to participant age.

Finally, our study has provocative implications for the development
of the reward system in young children. As the SPN is thought to
reflect activity from the dopamine reward system, this study suggests
that this system is highly developed in children as young as 6 years
of age. Several theories of social cognitive development suggest that
motivation to attend to social stimuli, or the reward that accompanies
encountering social stimuli, plays a pivotal role in the development of
social cognition and understanding. It is somewhat unclear, however,
when this type of motivation and anticipation begins in children.
Interestingly, in an ERP version of a Posner cued location paradigm,
Perchet and Garcia-Larrea (2005) found that while adults demon-
strated a slow negative potential akin to the CNV prior to the target,
children did not demonstrate this neural pattern. The authors suggest
that this CNV activity in adults reflects highly developed executive
functioning, and the lack-thereof in children. In contrast, in a four
choice ERP gambling task, Carlson et al. (2009), found that 8-year-old
children demonstrated a clear SPN in the time between decision
making and feedback.

However, it is important to note that our paradigm, as well as the
gambling task used by Carlson et al. (2009) are both very different
from the task used by Perchet and Garcia-Larrea (2005). In both our
task and the task used by Carlson et al. (2009), participants were asked
to choose a correct answer by guessing between various options.
Furthermore, these paradigms were designed to elicit the SPN
response, which require anticipation of an outcome. In Perchet and
Garcia-Larrea’s (2005) task, however, participants were told to respond
to a star, which was either correctly or incorrectly cued with a preced-
ing rectangle. In this way, participants could use the rectangle in order
to anticipate the location of the star. The task did not involve a
response and anticipation of feedback, but rather a cue and then a
target. Furthermore, as the task was not designed to elicit the SPN, the
time between the cue (rectangle) and target (star) was only 500 ms, as
opposed to typical SPN paradigms which have anticipatory periods of
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2000-3000 ms. It perhaps is not surprising, then, that Perchet and
Garcia-Larrea (2005), did not find evidence of anticipatory brain
activity in children. Future studies might benefit from examining
how early the SPN component can be measured in children and the
role that task differences and complexity plays in these measurements.

Future directions

This paradigm demonstrates a novel method of successfully comparing
the reward value of social vs nonsocial stimuli in young children.
Several developmental disorders, including autism spectrum disorder
and ADHD, are thought to involve deficits or differences in social
motivation or general reward processing. In the future, studies
should attempt to utilize this paradigm to better understand disorders
of social or reward processing deficits. Additionally, social motivation
may play a role in a number of problems of childhood and adolescence
(e.g. social anxiety, substance abuse). These problems and disorders
may benefit from the present methodology.
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Reward anticipation and processing of social versus
nonsocial stimuli in children with and without autism
spectrum disorders

Katherine K.M. Stavropoulos, and Leslie J. Carver
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Background: How children respond to social and nonsocial rewards has important implications for both typical and
atypical social-cognitive development. Individuals with autism spectrum disorders (ASD) are thought to process
rewards differently than typically developing (TD) individuals. However, there is little direct evidence to support this
claim. Methods: Two event-related potentials were measured. The stimulus preceding negativity (SPN) was utilized to
measure reward anticipation, and the feedback related negativity (FRN) was utilized to measure reward processing.
Participants were 6- to 8-year-olds with (V= 20) and without (N = 23) ASD. Children were presented with rewards
accompanied by incidental face or nonface stimuli. Nonface stimuli were composed of scrambled face elements in the
shape of arrows, controlling for low-level visual properties. Results: Children with ASD showed smaller responses
while anticipating and processing rewards accompanied by social stimuli than TD children. Anticipation and
processing of rewards accompanied by nonsocial stimuli was intact in children with ASD. Conclusions: This is the
first study to measure both reward anticipation and processing in ASD while controlling for reward properties. The
findings provide evidence that children with autism have reward anticipation and processing deficits for social
stimuli only. Our results suggest that while typically developing children find social stimuli more salient than
nonsocial stimuli, children with ASD may have the opposite preference. Keywords: Autism spectrum disorder, social
motivation, event-related potentials, social stimuli.

intrinsic motivation. Behavioral interventionists
often utilize extrinsic means to motivate children
with ASD to socially engage, for example using candy
to reward children for making eye contact (Jones &
Carr, 2004). This is problematic because when the
extrinsic motivator is no longer presented, social
behaviors can regress (Whalen & Schreibman,
2003). Increasing social motivation in ASD is a
critical step in improving the efficacy of behavioral
interventions (Stavropoulos & Carver, 2013a).

A small number of neuroscience studies have
evaluated social motivation in adolescents and
adults with ASD (Delmonte et al., 2012; Dichter,
Richey, Rittenberg, Sabatino, & Bodfish, 2012;
Kohls et al., 2011, 2013; Richey etal.,, 2014;
Scott-Van Zeeland, Dapretto, Ghahremani, Poldrack,
& Bookheimer, 2010). Results suggest that individ-
uals with ASD anticipate and process rewards
differently than TD individuals. However, studies
differ with regard to whether reward anticipation,
reward processing, or both were tested and also
varied regarding whether monetary rewards, social
rewards, or both were employed.

One potential issue in previous studies is that the
rewards for social and nonsocial conditions were not
equated. Tangible rewards, such as money, were
contrasted with intangible incentives (e.g., pictures
of faces). It is not clear, then, whether differences
between the responses of individuals with ASD and
typical development are due to differences in reward
[ processing, or differences in responses to tangible
Conflict of interest statement: No conflicts declared. versus intangible rewards.

Introduction

Children’s learning is strongly motivated by social
signals such as eye contact, smiling, speech sounds,
and contingent interaction. For example, language
learning requires a socially interactive context rather
than auditory exposure alone (Kuhl, Tsao, & Liu,
2003). In typically developing individuals, at least
one kind of social stimulation, eye contact, activates
the brain’s reward system (Kampe, Frith, Dolan, &
Frith, 2001). Children with autism spectrum disor-
ders (ASD) have profound social deficits that may be
linked to a neural reward system that differs from
typically developing (TD) individuals. Here, we
empirically compare social motivation and reward
processing using electrophysiology in TD and ASD
children.

Children with ASD appear to lack enjoyment in
social activities, and the social motivation hypothesis
(SMH; Chevallier, Kohls, Troiani, Brodkin, &
Schultz, 2012; Dawson, 2008; Dawson et al., 2002,
2005; Grelotti, Gauthier, & Schultz, 2002; Schultz,
2005) suggests that this leads to downstream autism
symptomology including: abnormal brain responses
to faces (e.g., McPartland, Dawson, Webb, Pana-
giotides, & Carver, 2004), language impairments
(e.g., Charman et al., 1998), and joint attention
deficits (e.g., Mundy, Sigman, Ungerer, & Sherman,
1986). In ASD interventions, the lack of enjoyment in
social interaction is often referred to as lack of

© 2014 The Authors. Journal of Child Psychology and Psychiatry. © 2014 Association for Child and Adolescent Mental Health.
Published by John Wiley & Sons Ltd, 9600 Garsington Road, Oxford OX4 2DQ, UK and 350 Main St, Malden, MA 02148, USA
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Anticipation phase: stimulus preceding negativity

One effective way to investigate neural anticipation
of rewards is by using electrophysiology, specifically
event-related-potentials (ERPs). The SPN is a com-
ponent of the ERP that reflects brain activity occur-
ring before expected feedback about one’s
performance (Brunia, Hackley, van Boxtel, Kotani,
& Ohgami, 2011). SPN reflects the expectation of
reward, and related activity of the dopaminergic
reward system (van Boxtel & Bocker, 2004). fMRI
studies provide evidence that tasks typically used to
elicit the SPN lead to activity in the insular cortex
(Tsukamoto et al., 2006) and caudate nucleus
(Delgado, Nystrom, Fissell, Noll, & Fiez, 2000), brain
areas involved in reward processing. A spatiotempo-
ral dipole model of the SPN (Bocker, Brunia, & van
den Berg-Lenssen, 1994) suggested the SPN is
generated in the insular cortex, which is innervated
with dopamine neurons (Gaspar, Berger, Febvret,
Vigny, & Henry, 1989). Further evidence that the
SPN involves the dopamine reward system comes
from studies showing a reduced SPN in individuals
with Parkinson’s disease (who have a degradation of
structures responsible for dopamine production)
compared to control individuals (Mattox,
Valle-Inclan, & Hackley, 2006).

Two studies have compared reward anticipation
between TD individuals and those with ASD (Groen
et al., 2008; Kohls et al., 2011). One study used a
probabilistic learning task with monetary rewards.
Children with ASD and ADHD demonstrated larger
SPN amplitudes than TD children when anticipat-
ing positive outcomes, but equivalent SPN ampli-
tudes anticipating negative outcomes (Groen et al.,
2008). A second study measured the P300 in
response to cues triggering trials with social versus
nonsocial reward anticipation in adolescents with
and without ASD. As a control, a condition without
rewards was used. TD children exhibited larger
P300s during reward versus nonreward conditions,
but children with autism did not. In addition,
children with autism exhibited smaller P300s after
cues initiating social reward anticipation trials
(Kohls et al., 2011).

Response phase: feedback related negativity
component

It is also informative to investigate the neural
underpinnings of reward processing after feedback.
The feedback related negativity (FRN) is an ERP
component occurring 200-300 ms after feedback,
and characterized by a negativity in response to
‘loss’ versus ‘gain’ trials (Hajcak, Moser, Holroyd, &
Simons, 2006). Source localization studies suggest
that the FRN reflects activity in the dopamine
reward system (Holroyd & Coles, 2002), and is
generated by the striatum, medial-frontal cortex
and anterior cingulate cortex - areas related to

reward processing (Foti, Weinberg, Dien, & Hajcak,
2011; Nieuwenhuis, Slagter, von Geusau, Heslen-
feld, & Holroyd, 2005).

Previous studies compared the FRN in adolescents
and young adults with and without ASD during a
guessing game in which participants won money for
correct answers, and lost money for incorrect
answers (Larson, South, Krauskopf, Clawson, &
Crowley, 2011), or won money for correct answers,
and did not lose or win anything for incorrect
answers (McPartland et al.,, 2012). Both studies
found similar activation patterns in individuals with
and without ASD, suggesting that individuals with
ASD do not demonstrate deficits in feedback pro-
cessing when the rewards involve money. No previ-
ous studies have measured the FRN in response to
social versus nonsocial rewards in TD, or in ASD
compared with TD.

Design of the study

Previous studies provide mixed results about
whether reward anticipation and reward processing
after feedback are dampened in individuals with
ASD for monetary rewards, social rewards, or both.
Although the social motivation hypothesis suggests
that children lack motivation for social interaction,
no evidence exists to clarify whether differences in
motivation in children with ASD are due to a lack of
social motivation or an increase in nonsocial moti-
vation. Social deficits could occur because children
with ASD are impaired in social motivation, because
they are more motivated by nonsocial rewards than
typically developing children, or a combination of
the two. Previous authors have raised this possibil-
ity (Kohls, Chevallier, Troiani, & Schultz, 2012;
Richey et al., 2014), but it has not been explored
directly.

This study expands upon previous investigations
and seeks to add additional information about the
reward system in ASD. We have developed an ERP
paradigm, in which the reward for correct answers
is controlled between social and nonsocial condi-
tions, and the low-level physical properties of social
versus nonsocial stimuli are matched (Stavropoulos
& Carver, 2013b). Previous studies have not com-
bined the SPN and FRN components in investiga-
tions of responses to social stimuli. Here, we
contrast performance on this task between individ-
uals with ASD and TD, and measure both the
anticipation and outcome phases of reward pro-
cessing. We hypothesize that children with ASD will
demonstrate attenuated ERP responses while antic-
ipating feedback accompanied by social stimuli
(reflected in a reduced amplitude of the SPN), and
attenuated response to feedback accompanied by
social stimuli (via the FRN). Examining both the
SPN and FRN in the same children has the
potential to reveal the time course of reward antic-
ipation and processing in children with ASD.

© 2014 The Authors. Journal of Child Psychology and Psychiatry. © 2014 Association for Child and Adolescent Mental Health.
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Methods
Participants

We tested TD children (N=23) and children with ASD
(N =20). Exclusionary criteria for participants with ASD
included history of seizures, brain injury, neurological disor-
ders, or any concurrent psychiatric condition (other than
ASD), based on parent report. Exclusionary criteria for TD
participants included all of the above criteria, plus an imme-
diate family history of ASD. None of the children in the TD
group were taking psychoactive medications. Three children in
the ASD group were taking medication in order to improve
concentration, but one of the three did not take his medication
on the day he came in for this study. Participants were
recruited from a UC San Diego subject pool and through
postings on websites for parents of children on the autism
spectrum. All participants had normal hearing and normal or
corrected to normal vision. Procedures were approved by the
institutional review board, and written consent was obtained
from caregivers. All children over 7 years of age signed an
assent form. Data from 17 children in the TD group were
reported previously (Stavropoulos & Carver, 2013b), and were
used to match children tested in the ASD group on gender and
full-scale 1Q.

Table 1 provides detailed participant information. IQ
scores (Wechsler Abbreviated Scale of Intelligence, Wechsler,
1999) were available for all 20 children with ASD, and 22 of
23 TD children (one TD child was unable to complete the
WASI due to time constraints). Of the final sample of 43
children, no significant differences were found between
groups on full-scale IQ scores F(1,40) =.36. There were
differences between the TD and ASD groups in chronological
age, F(1,41) = 5.86, p=.02. In order to confirm that age did
not affect SPN or FRN amplitude in our sample, we examined
correlations between age and ERP amplitude for all condi-
tions for the SPN and FRN. These analyses revealed no
correlation between age and ERP amplitude (all rs < .13).
Children in the ASD group had been previously diagnosed
with ASD through various sources (e.g. formal evaluations
through an autism center, or school diagnosis). Diagnosis
was confirmed for this study with Module 3 of the ADOS-2
(Lord et al., 2012). The ADOS-2 was administered by an
individual trained to research reliability on administration,
scoring, and interpretation of the measure.

Behavioral measures

Participants’ caregivers completed the Social Responsiveness
Scales (SRS-2; Constantino & Gruber, 2012), which measure
social responsiveness and behavior. We also tested for overt
motivation or affective differences between groups for each
condition. To accomplish this, children (V=21 TD, 19 ASD)
completed a 1-7 Likert rating scale of how much they enjoyed
the game (1 = 1 do not like this game’, and 7 = T love this
game’) after each block. This was used in order to gather more
information about whether one group felt more or less moti-
vated to engage in the task. Previous research suggests that

Reward anticipation and processing in children

the presence of reward versus no-reward affects SPN ampli-
tude — with greater SPN amplitude in reward versus no-reward
conditions (Kotani et al., 2003) -~ and we wished to assess
whether both groups felt equally invested in the game. Partic-
ipants also completed a 1-7 Likert scale about their perception
of getting correct answers (1 = I never got correct answers’,
and 7 = 1 always got correct answers’). In reality, the correct
versus incorrect answers was predetermined and controlled by
experimental design, and the rating was used to verify that the
groups did not differ in their perception that they were
obtaining correct answers.

Stimuli and task

The stimuli and task are described in detail in Stavropoulos
and Carver (2013b). Briefly, the task was a guessing game that
presented blocks of trials that used left and right visual stimuli
(question marks). Participants were asked to indicate their
guess via button press whether the left or right stimulus was
‘correct.” After this choice, the left and right question marks
were replaced with an arrow in the middle pointing toward
whichever question mark the participant chose. This was done
to reinforce the idea that participants had control over the task
and their responses were being recorded.

There were two blocked feedback conditions: social versus
nonsocial. Incidental stimuli in the social condition were faces
obtained from the NimStim database (Tottenham et al., 2009)
that were smiling for ‘correct’” answers and frowning for
‘incorrect’ answers. In order to avoid confounds resulting from
use of a single face or gender, 33 faces (18 female, 15 male)
from the database were utilized. Incidental stimuli in the
nonsocial condition were composed of scrambled face elements
from the social condition formed into an arrow that pointed
upwards for ‘correct’ answers and downwards for ‘incorrect’
answers. The use of scrambled faces to construct the arrow
controlled for low-level visual features of the stimuli. Both
faces and arrows were presented in pseudorandom order, with
no image repeating on consecutive trials. Presented stimuli
subtended a horizontal visual angle of 14.5°, and a vertical
visual angle of 10.67°. Each participant viewed identical
stimuli in the same order for each condition (e.g. the social
feedback block was the same for each participant), but
whether individuals viewed the social versus nonsocial block
first was counterbalanced between participants.

Participants were told that the reward for each correct
answer was a goldfish cracker, or if they preferred, fruit
snacks. Participants were told there was no penalty for
incorrect answers. Participants were told that if they
guessed correctly, they would see a ring of intact goldfish
crackers, and the goldfish would be crossed out for incorrect
answers. Importantly, in both the social and nonsocial
feedback trials, the face/arrow information was incidental.
Figure 1 depicts the stimuli and timeline in the social and
nonsocial conditions. A computer program predetermined
correct versus incorrect answers in pseudorandom order
such that children got 50% ‘correct’ and 50% ‘incorrect’,
with no more than three of the same answer in a row.

Table 1 Participant characteristics including: IQ (WASI), age, gender, SRS-2 T-score, and ADOS-2 severity scores for the ASD group

SRS-2 SCI SRS-2 RBB ADOS-2

Group Participants WASI (full-scale) Age Gender T-Score T-Score Severity score
ASD 20 M = 107.35 M = 8.28* 19 M M = 71.26** M = 69.63** M = 6.88

SE = 3.54 SE = .23 1F SE = 2.14 SE = 2.26 SE = .48
TD 23 M =111.60 M = 7.47* 22 M M = 48.52%* M = 50.69** N/A

SE = 3.30 SE = .21 1F SE = 1.95 SE =2.07
*p=.02.
**p <.0001.

© 2014 The Authors. Journal of Child Psychology and Psychiatry.

© 2014 Association for Child and Adolescent Mental Health.
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The two feedback conditions (face/‘social’ trials and arrow/
‘nonsocial’ trials) were tested in separate blocks, each com-
posed of 80 trials. Within each block of 80 trials, there were
30-s breaks every 15 trials. During breaks, participants were
asked to relax, or move if they felt restless. Between blocks, a
longer break (5-10 min) was taken. To control attentional
effects, children were observed via webcam, and trials in which
they were not attending to the stimulus were marked and
discarded during analysis. Of the final sample, three children
had trials excluded for this reason, and of those three, none
had more than 10 trials excluded in this way.

EEG recording

Participants wore a standard, fitted cap (Electrocap Interna-
tional) with 33 silver/silver-chloride (Ag/AgCl) electrodes
placed according to the extended international 10-20 system.
Continuous EEG was recorded with a NeuroScan 4.5 System
with a reference electrode at Cz and re-referenced offline to the
average activity at left and right mastoids. Electrode resistance
was kept under 10 kOhms. Continuous EEG was amplified
with a low pass filter (70 Hz), a directly coupled high pass filter
(DC), and a notch filter (60 Hz). The signal was digitized at a
rate of 250 samples per second via an Analog-to-Digital

converter. Eye movement artifacts and blinks were monitored
via horizontal electrooculogram (EOG) placed at the outer
canthi of each eye and vertical EOG placed above and below
the left eye. ERP trials were time locked to the onset of the
feedback stimulus. For the SPN component, the baseline
period was —2,200 to —2,000 ms, and the data were epoched
from —2200 to 100 ms. For the FRN component, the baseline
period was —200 to O ms, and the data were epoched from
—200 to 800 ms. The interval between trials was varied
between 1,800-2,000 ms. Trials with no behavioral response,
or containing electrophysiological artifacts, were excluded
from the averages.

Artifacts were removed via a four-step process. Data were
visually inspected for drift exceeding +200 mV in all elec-
trodes, high frequency noise visible in all electrodes larger
than 100 mV, and flatlined data. Following inspection, data
were epoched and eyeblink artifacts were identified using
independent component analysis (ICA). Individual compo-
nents were inspected alongside epoched data, and blink
components were removed. To remove additional artifacts,
we utilized a moving window peak-to-peak procedure in
ERPlab (Lopez-Calderon & Luck, 2014), with a 200 ms moving
window, a 100 ms window step, and a 150 mV voltage
threshold. We excluded FRN data from one subject because
they had fewer than 10 trials in their final average. Our final
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Figure 1 Stimulus presentation. (A) Schematic of the stimuli and timing for the social condition. (B) Schematic of the stimuli and timing
for the nonsocial condition. Feedback for ‘correct’ answers is shown on top, and feedback for ‘incorrect’ answers is shown below
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analyses for the SPN included 20 children with ASD, and 23
TD children, and our final analyses for the FRN includes 19
children with ASD and 23 TD children.

Results

Data were analyzed using JMP (version 10.0). We
used repeated-measures analysis of variance (ANO-
VA) to test for differences between groups, condi-
tions, hemisphere, and caudality (anterior-posterior
scalp locations). Greenhouse-Geisser corrected
degrees of freedom are reported to account for
violations of sphericity.

Behavior

No significant differences were found between
groups on children’s Likert ratings of liking the
game, F(1,39) = .72 ns, or perception of generating
correct answers, F(1,39) = .95, ns. As expected,
significant differences were found between groups on
the SRS-2 social subscale, F(1,41) = 64.27, p < .001,
and the repetitive behavior subscale, F(1,41) =
38.23, p<.001, with children with ASD scoring
significantly higher on both subscales compared to
TD children. Means and standard deviations for both
groups on the SRS-2 are shown in Table 1.

Event-related-potential

Stimulus preceding negativity. The mean ampli-
tude of the SPN was measured between —210 and
—10 ms, prior to feedback onset, as defined in
previous research (Kotani, Hiraku, Suda, & Aihara,
2001). Electrode sites F3/F4, C3/C4, P3/P4, and
T5/T6, which are typically maximum amplitude
sites for SPN (Kotani et al., 2003), were analyzed.
Grand average waveforms for the face and arrow
conditions for TD children and those with ASD are
plotted in Figure 2.

A 2(Group) x 2(Conditions) x 2(Hemisphere) x 4
(Electrode location) was conducted. No effects of
hemisphere were found in either group or condition.
We then conducted a 2 (Group) x 2 (Condition) x 4
(Electrode location) that was collapsed across hemi-
spheres. This ANOVA showed a significant group x
condition interaction, F(1, 41.05)=7.19, p=.01.
Pair-wise comparisons revealed a significant group
difference for social stimuli, 95% CI [-13.18 to —.48]
F(1, 78.97)=4.4, p=.038. SPN amplitude was
greater in the social condition for TD participants
versus participants with ASD. There was a signifi-
cant difference between the social versus nonsocial
conditions for the TD group, 95% CI [-11.42 to
—.275] F(1,41.52) = 4.19, p = .046, with TD partici-
pants showing a larger SPN to the social versus
nonsocial conditions. Children in the ASD group
demonstrated the opposite pattern — a larger SPN
response to arrows versus faces — however, this
difference within the ASD group did not reach
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significance (p = .09). There was no significant group
difference for nonsocial stimuli (p > .05). There was a
significant main effect of electrode position, F(3,
123.1) = 3.15, p=.027, with parietal and central
electrodes eliciting larger SPNs than frontal or tem-
poral electrodes, but Tukey’s HSD test revealed no
significant differences between individual electrode
positions. Figure 3 shows topographic maps of mean
ERP amplitude between —210 and —10 ms in the
face and arrow conditions for TD and ASD children.

Trial numbers for each group in both the face and
arrow conditions are shown in Table 2. No signifi-
cant differences for trial numbers between groups
were found in the social condition, p > .1. Significant
differences in trial numbers between groups were
found in the nonsocial condition F(1,41) = 7.44,
p <.01. Due to this difference, we analyzed data
from a subset of participants who were matched on
number of trials (criteria for matching was within 4
trials). Thirteen children in each group were suc-
cessfully matched. Comparisons of numbers of trials
for each condition between groups were nonsignifi-
cant (all ps > .5). The group by condition interaction
remained significant, F(1,24.17) =4.45, p=.045
such that TD children had a larger SPN to social
versus nonsocial stimuli, and children with ASD
showed the opposite pattern.

Feedback related negativity. Previous literature
has examined the FRN between 275-375 ms (Bress,
Smith, Foti, Klein, & Hajcak, 2012). However, visual
inspection of our waveforms revealed that our FRN
occurred between 300-450 ms. Therefore, we used
this time window for analysis. The FRN was mea-
sured separately for correct and incorrect trials as
mean amplitude between 300-450 ms after feed-
back onset in frontal electrodes Fz, FCz, and Cz.
Figure 4 shows grand averaged waveforms for elec-
trodes Fz, Cz, and Cz for the TD and ASD groups.
A2(Group) x 2(Condition) x 2(Correct/incorrect) x
3(Electrode) ANOVA was conducted. An interaction
that approached statistical significance occurred
between group, condition, and correctness, F(1,
33.36) = 3.94, p = .055 such that TD children had a
larger FRN to correct versus incorrect answers in the
face condition, but in the arrows condition their
incorrect answers elicited a larger FRN compared to
correct answers. For children with ASD, the pattern
was reversed. That is, children with ASD had a larger
FRN to correct versus incorrect answers in the arrow
condition, but in the face condition their incorrect
answers elicited a larger FRN. Pairwise comparisons
revealed only marginal effects of specific contrasts by
group or condition. These effects reached traditional
significance (at the .05 level), but correction for
multiple comparisons yielded a critical p-value of
.0083, and by this criterion, none of the pairwise
comparisons were significant. Figure 3 shows topo-
graphic maps of mean amplitude of ERP amplitude
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between 300-450 ms for the face and arrow condi-
tions in both the TD and ASD groups.

Previous literature has also investigated incorrect
minus correct difference waves in the FRN (Bress
et al., 2012; McPartland et al., 2012). Therefore, we
conducted a 2(Group) x 2(Condition) x 3(Electrode)
analysis of the mean amplitude between 300 and
450 ms of the incorrect minus correct difference
wave for each participant using a repeated-measures
ANOVA. Consistent with our results when correct
and incorrect answers were analyzed separately,
there was a group by condition interaction for the
difference wave. Children with ASD had a larger FRN
difference wave than TD children to social stimuli,
and TD children had a larger FRN difference wave
than those with ASD to nonsocial stimuli, F(1,
33.36) = 3.94, p=.055. No pairwise comparisons
were significant (all ps > .05). Note that we calcu-
lated an incorrect minus correct difference wave, and
TD children demonstrated larger FRNs to correct

versus incorrect responses in the social condition
while children with ASD had the opposite pattern.

Trial numbers for both groups are displayed in
Table 2. Due to differences in trial numbers between
groups in the nonsocial condition — F(1,40) = 7.42,
p < .01 for nonsocial correct, F(1,40) = 7.64, p < .01
for nonsocial incorrect — we analyzed data from a
subset of participants who were matched on number
of trials (criteria for matching was within four trials).
Ten children per group were successfully matched.
Analysis of number of trials for each condition
between groups of matched participants were all
nonsignificant (all ps > .1). The previous condition
by group by correct interaction was highly significant
F(1,17.68) = 9.15, p = .007.

To examine latency differences between groups and
conditions, we used a 2(Group) x 2(Condition) x 3
(Electrode) x 2(Correct) ANOVA to examine frac-
tional peak latency. Fractional peak latency,
defined as the point in the waveform where the
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and TD children (bottom). Both the SPN and FRN are negative waveforms, thus darker (blue) areas indicate greater activation

area under the curve is 50% of the total, is thought
to be the most rigorous measure of the timing of
ERP activity, because it is less influenced by noise
than latency to the peak (Luck, 2005; Woodman,
2010). Latency was measured between 300-450 ms
for correct and incorrect trials separately. An
interaction between condition and correct answers
that approached significance was found, F(1,
41.11) = 3.89, p = .055, such that for both groups,
the FRN was faster for faces versus arrows during
incorrect feedback, but faster for arrows versus
faces during correct feedback.

Discussion

This study investigated brain correlates of social
versus nonsocial feedback on both reward anticipa-
tion and processing in young children with TD and
ASD using a paradigm that controlled for both
rewards and physical stimulus properties. The par-
adigm has general applicability in studies of TD
children and the development of the reward system
and its role in children’s social-cognitive functioning.
It also has applicability in other atypically developing
populations, such as in children with Williams
Syndrome, who may have abnormally high social
motivation, and in whom learning is also affected.
These results add significantly to our understanding
of reward systems, in that previous investigations of
social motivation in ASD have not controlled for
tangibility of rewards between conditions.

SPN: Differences between social stimuli in TD
children versus children with ASD

The current results extend our previous finding that
TD children exhibit larger SPNs when anticipating

social versus nonsocial stimuli (Stavropoulos &
Carver, 2013a) by showing that TD children have
larger SPNs when anticipating social stimuli com-
pared to children with ASD. Importantly, the results
also suggest that children with ASD have anticipa-
tory reward deficits for social stimuli, as opposed to
global deficits in reward anticipation. No differences
were observed between TD individuals and those
with ASD in the nonsocial condition, suggesting that
reward anticipation is blunted in ASD for social
stimuli alone — anticipation for nonsocial stimuli is
intact.

Our results are largely consistent with previous
studies examining reward anticipation in this popu-
lation (Groen et al., 2008; Kohls et al., 2011). One
previous study utilized a probabilistic learning task
with nonsocial stimuli, and found that children with
ASD and ADHD showed equivalent SPN activations
when anticipating negative feedback, but enhanced
SPN when anticipating positive feedback (Groen
et al., 2008). While it is important to note that our
task differed from this previous investigation
(because participants could not predict whether
upcoming feedback would be positive or negative),
we also found that TD children and those with ASD
elicited a statistically equivalent SPN response to
nonsocial feedback. Our results are consistent with
findings by Kohls et al. (2011), who reported that
children with ASD have an attenuated anticipatory
P300 response to trials indicative of social rewards.
Our results differ with regards to TD children,
however, because we found that TD children elicited
a larger SPN response to social versus nonsocial
stimuli, whereas Kohls et al. (2011) found the oppo-
site pattern. Our use of a tangible reward (goldfish
crackers) for both social and nonsocial blocks may
explain these differences. It is possible that both TD
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children and those with ASD show more reward
anticipation when rewards are tangible, such as in
the monetary condition of Kohls et al. (2011). Previ-
ous research suggests that neural activity when
viewing faces is changed under different motiva-
tional conditions (Skelly & Decety, 2012). It is
therefore possible that our results differed from
previous investigations because we utilized a design
in which the faces and arrows were incidental, rather
than the central focus of the task. Future studies
should attempt to clarify this point by directly
comparing tangible versus intangible rewards within
both social and nonsocial conditions.

FRN: Social stimuli and feedback in TD children
versus children with ASD

Our results show that TD children and those with
ASD are differentially affected by correct versus
incorrect feedback and that this interacts with social
versus nonsocial stimulus type. In our study, TD
children have a larger FRN response to correct
feedback when viewing social stimuli, but a larger
FRN response to incorrect feedback when viewing
nonsocial stimuli. Children with ASD show the
opposite pattern (i.e., larger FRN to correct feedback
during the nonsocial condition, and larger FRN to
incorrect feedback during the social condition). In
contrast to previous research using the FRN in
children with ASD versus TD children (Larson et al.,
2011; McPartland et al., 2012), we did not find a
main effect of feedback type such that incorrect
feedback elicited a larger FRN versus correct feed-
back. We found that TD participants’ responses were
larger to correct feedback in the social condition, but
larger to incorrect feedback in the nonsocial condi-
tion. Thus, in the nonsocial condition, our results
with TD children are consistent with previous find-
ings. Previous FRN literature did not utilize social
versus nonsocial stimuli, and it is possible that our
results in the social condition may be due to the
highly salient nature of viewing faces for TD children.

In the ASD group, results during the social condi-
tion were consistent with previous investigations
(i.e., larger FRN to incorrect vs. correct feedback),
but results in the nonsocial condition differ from
previous studies. If we use analogous logic as with
TD children, results from children with ASD point to
nonsocial stimuli (arrows in this study) being highly
salient, because the FRN to nonsocial stimuli in the
ASD group was largely analogous to the FRN to social
stimuli in the TD group. The current results suggest
that future research on the FRN in both TD children
and those with ASD should investigate how
social and nonsocial rewards affect reward outcome
processing.

Our latency results suggest that both TD children
and those with ASD elicit a faster FRN response to
faces versus arrows during incorrect feedback, and
faster FRN response to arrows versus faces during
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Figure 4 Grand averaged waveforms for TD children and those with ASD from the feedback related negativity (FRN) in response to social/
faces (right) and nonsocial/arrows (left). The area between 300 and 450 ms, used for statistical analyses, is highlighted with a gray box

correct feedback. Our latency data indicate a later
response than previous FRN studies (Larson et al.,
2011; McPartland et al.,, 2012). This is likely
explained by the fact that the current study utilized
a younger population than previous studies, and
younger children typically have longer latency ERP
responses (Courchesne, 1978). In summary, the FRN
results demonstrate that TD children are affected by
correct versus incorrect feedback while viewing
social versus nonsocial stimuli differently than those
with ASD, which could point to higher salience of
social stimuli for TD children (vs. nonsocial stimuli),
and the opposite pattern obtains for children on the
autism spectrum. Further research using the FRN
may benefit by utilizing principle component analy-
sis (PCA) in order to help tease apart the effects of
viewing social stimuli versus nonsocial stimuli
between groups.

Testing only high functioning children with ASD
allowed us to match groups on IQ scores, however
this means that the results cannot be immediately
extrapolated to all individuals with ASD independent
of severity, and because ASD is a developmental
disorder, the current results cannot be extrapolated

to younger individuals on the spectrum. Adaptation
of the current paradigm would allow us to test both
lower functioning children with ASD and younger
children.

Conclusions

We examined reward processing of social and non-
social stimuli in children using a paradigm that can
be widely employed to study both typical and atyp-
ical populations. Our results comparing typically
developing children and children with autism pro-
vide evidence of a social reward anticipation impair-
ment in children with ASD. Reward processing
evidence suggests that TD children may find social
stimuli more salient than nonsocial stimuli, whereas
children with ASD demonstrate the opposite pattern.
It is interesting to consider, then, whether children
with ASD may have increased motivation for nonso-
cial stimuli at the expense of social stimuli, rather
than only a deficit in social motivation. While our
study was not designed to examine this directly,
future studies should investigate this further. Using
two components of the ERP, we showed differences
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between typically developing children and children
with autism in reward anticipation (via the SPN
component of the ERP), and reward processing (via
the FRN component of the ERP), finding that both
reward anticipation and reward processing are
impaired in ASD in response to social stimuli. These
findings increase our understanding of the nature of
the reward system’s response to social stimuli in
typically developing children and the nature of
deficits seen in children with autism.
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Effect of Familiarity on Reward Anticipation in Children
with and without Autism Spectrum Disorders
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Abstract

Background: Previous research on the reward system in autism spectrum disorders (ASD) suggests that children with ASD
anticipate and process social rewards differently than typically developing (TD) children—but has focused on the reward
value of unfamiliar face stimuli. Children with ASD process faces differently than their TD peers. Previous research has
focused on face processing of unfamiliar faces, but less is known about how children with ASD process familiar faces. The
current study investigated how children with ASD anticipate rewards accompanied by familiar versus unfamiliar faces.

Methods: The stimulus preceding negativity (SPN) of the event-related potential (ERP) was utilized to measure reward
anticipation. Participants were 6- to 10-year-olds with (N=14) and without (N=14) ASD. Children were presented with
rewards accompanied by incidental face or non-face stimuli that were either familiar (caregivers) or unfamiliar. All non-face
stimuli were composed of scrambled face elements in the shape of arrows, controlling for visual properties.

Results: No significant differences between familiar versus unfamiliar faces were found for either group. When collapsing
across familiarity, TD children showed larger reward anticipation to face versus non-face stimuli, whereas children with ASD
did not show differential responses to these stimulus types. Magnitude of reward anticipation to faces was significantly
correlated with behavioral measures of social impairment in the ASD group.

Conclusions: The findings do not provide evidence for differential reward anticipation for familiar versus unfamiliar face
stimuli in children with or without ASD. These findings replicate previous work suggesting that TD children anticipate
rewards accompanied by social stimuli more than rewards accompanied by non-social stimuli. The results do not support
the idea that familiarity normalizes reward anticipation in children with ASD. Our findings also suggest that magnitude of
reward anticipation to faces is correlated with levels of social impairment for children with ASD.
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Introduction

Autism spectrum disorder (ASD) is a disorder defined by social-
communicative deficits and repetitive and restricted behaviors.
ASD is estimated to effect up to 1 in 68 children in the US
(Centers for Disease Control and Prevention [CDC], 2014).
Children with ASD have well documented difficulties in multiple
aspects of social communication, including eye contact [1,2],
language [3], and joint attention [l], in addition to having
repetitive behaviors and restricted interests.

Several theories have emerged concerning why individuals with
ASD are impaired relative to their neurotypical peers in social
abilities. One is the social motivation hypothesis [4-9]. According
to this idea, children with ASD are less intrinsically motivated to
attend to and engage with others, which leads to downstream
social deficits. The social motivation hypothesis might predict,
then, that children with ASD need to be more motivated than TD
children in order to find faces rewarding. In the current study, we

tested the hypothesis that, although unfamiliar faces may not be
rewarding for children with ASD, a socially important familiar
face, such a caregiver’s face, may have greater reward value than
an unfamiliar face.

There is reason to believe that children with autism might
respond differently to a caregiver’s face than to other, unfamiliar
faces. Previous literature has investigated how children with and
without ASD react to their caregivers, and whether attachment
relationships differ between the two groups. The attachment
literature suggests that children with ASD show somewhat typical
and secure attachment relationships to their caregivers [10,11],
although a recent meta-analysis suggested that children with ASD
are less likely to be securely attached compared to TD children
and those with other developmental disorders [12]. Given the
suggestion that children with ASD may react to their parents
similarly to TD children despite their social impairments, it is
possible that familiar faces may be particularly salient to children
with ASD, and may “normalize” the neural responses of people
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with ASD [13]. While this is an intriguing possibility, no prior
study has directly investigated the effect of face familiarity on the
brain’s reward system in ASD. The current study was designed to
investigate whether familiar faces would increase reward antici-
pation in children with ASD compared to their TD peers.
Previous literature has documented different neural responses in
individuals with ASD compared to their TD peers when viewing
unfamiliar faces [14-16]. The relatively small literature on the
effect of familiarity in ASD has been limited to the effect of
familiarity on face processing [13,17-25]. The studies on
familiarity have varied results, likely due to inter-study differences
in participants’ age, methodologies, and stimuli. Previous literature
on the reward system in ASD has also had mixed results, with
some studies finding reward deficits in social rewards only, and
others finding global reward deficits. One recent study has
integrated these two lines of research and investigated familiar
versus unfamiliar faces, as well as monetary rewards in a
behavioral paradigm and found that both face and monetary
rewards improved behavioral performance for individuals with
and without ASD in a go/no-go task [26]. In order to setup and
motivate the current study, we next briefly review the research on
the reward system in ASD individuals using electrophysiology,
functional neuroimaging, and combined methodologies, and then
review previous research on the effect of familiar faces in ASD.

Reward System in ASD

Electrophysiological studies. Event-related  potentials
(ERP) are brain potentials recorded at the surface of the scalp.
These recordings reflect synchronous firing of groups of synapses,
and have been used to measure the time course of brain activity
related to the anticipation or processing of specific discrete events.

ERPs have been used to study the reward system in ASD. Three
studies have compared reward anticipation between TD individ-
uals and those with ASD [27-29]. One study used a probabilistic
learning task with monetary rewards and found that children with
ASD and ADHD demonstrated larger neural responses than TD
children when anticipating positive outcomes, but equivalent
responses when anticipating negative outcomes [27]. A second
study measured attentional ERP components in response to cues
triggering trials with social vs. nonsocial rewards and found that
TD children exhibited larger attentional components during
reward versus non-reward conditions, but children with autism
did not. In addition, children with autism exhibited smaller
attentional components after cues initiating social reward antic-
ipation trials [28]. A third study measured neural correlates of
reward anticipation in a guessing game task with social and
nonsocial rewards and found group differences such that children
with ASD showed reduced brain activity when anticipating
rewards accompanied by intact versus scrambled faces [29].
Taken together, ERP studies of social reward anticipation provide
evidence that individuals with ASD elicit less brain activity when
anticipating social rewards compared to their TD peers.

Previous ERP studies have also investigated electrophysiological
correlates of reward processing in ASD. In studies examining
reward processing in ASD, two studies have utilized a guessing
game with monetary rewards. Both studies found similar
activation patterns in children with ASD and TD [30,31],
suggesting that children with ASD do not demonstrate deficits in
reward feedback processing when the rewards are monetary. Our
previous investigation of social versus non-social rewards revealed
group differences in reward processing between TD children and
those with ASD—especially for social stimuli [29].

Functional neuroimaging studies. Previous research on
social versus nonsocial rewards in ASD has also utilized functional
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magnetic resonance imaging (fMRI). The fMRI literature on
social versus nonsocial rewards in ASD vs. TD is mixed. Some
studies have suggested that individuals with ASD may elicit
reduced neural activation for monetary rewards compared to TD
children, but have similar neural activation for social rewards [32];
others have found reduced brain activity in response to social
rewards in ASD [33].

Behavioral studies. One recent study has investigated
reward responsiveness to both familiar versus unfamiliar faces, as
well as nonsocial rewards, in both TD children and those with
ASD using a modified go/no-go task [26]. Children either
received auditory or visual indicators of reward after successful
response inhibition. The authors found that both monetary and
social (both familiar and unfamiliar faces) rewards increased
performance versus a control (no-reward) condition. The authors
did not find evidence of decreased responsiveness to social rewards
in children with ASD, but found that parents’ practices with
rewards and contingencies at home strongly predicted perfor-
mance in the ASD group [26].

Effects of Familiarity in ASD

Electrophysiological studies. We now turn to previous
research investigating the effects of familiarity on face processing
in ASD. Several ERP studies have measured responses to familiar
and unfamiliar faces. Some investigations have found that
individuals with ASD are less responsive to familiar faces
compared to their typically developing peers [18,25], yet others
have found that responsiveness to familiarity may be typical, but
delayed, in ASD [24], or may increase after exposure to social
skills groups [17]. Conversely, other investigations found no
differences between adults with and without ASD in responsive-
ness to familiar faces [23], or in children at high versus low risk for
ASD [20,34]. The ERP literature on the effects of familiarity on
face processing in ASD is widely varied, and likely depends on a
variety of factors, including cognitive functioning, age of partic-
ipants, and the tasks utilized.

Functional Neuroimaging Studies. Two studies have
investigated recognition of face familiarity using functional
neuroimaging with individuals with and without ASD [13,22].
In a study of adults, both typical and ASD groups showed
increased neural activation in response to familiar versus
unfamiliar faces. [22]. In a study of school-aged children with
and without ASD, children with ASD demonstrated similar brain
activity to their TD peers when viewing pictures of children or
familiar adults, but reduced activation when viewing pictures of
unfamiliar adults [13]. In contrast to these findings, many studies
in which brain responses are elicited to novel faces suggest that
people with ASD do not activate face-processing brain areas to the
same degree that TD controls do [16,35]. Thus, the results of
recent face processing studies that have manipulated familiarity
using fMRI measures suggest that brain responses might be
normalized when familiar faces are used as stimuli.

Summary

Previous research on the reward system in ASD has been mixed,
likely due to the wide variety of methodologies and procedures
utilized. However, several studies have found that individuals with
ASD have differences in the neural correlates of the reward system
compared to TD individuals. Similarly, previous investigations of
Jamiliar faces on face processing have met with mixed findings.
While previous literature has investigated the effects of familiar
faces on face processing, as well as the effects of social versus
nonsocial stimuli on the reward system in ASD, only one study has
directly investigated the effect of familiar faces on reward
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responsiveness in ASD [26]. No previous studies have investigated
the effects of familiarity on neural correlates of reward in TD
versus ASD.

Current Study

The aim of the current study was to utilize electrophysiology to
investigate the effect of familiarity on reward anticipation in
response to faces versus non-faces in children with and without
ASD. While previous studies have investigated the effects of
familiarity on face processing, none have directly explored how the
neural reward system is affected by familiarity in ASD. Specifi-
cally, we wanted to investigate reward anticipation for familiar
versus unfamiliar faces, and scrambled versions of those images.

Previous investigations using electrophysiology to measure
reward anticipation focused on the stimulus preceding negativity
(SPN) component [29,36,37] The SPN is a component of the ERP
that reflects brain activity occurring before expected feedback
about one’s performance [38]. SPN reflects the expectation of
reward, and related activity of the dopaminergic reward system
[39]. Our previous study of the SPN in children with ASD versus
their TD peers revealed differences in how children with ASD
anticipate social stimuli (pictures of faces) [29]. However, this
previous study utilized a variety of unfamiliar faces.

The current study utilized one familiar and one unfamiliar face
in order to determine whether familiar faces accompanying
reward stimuli normalized reward anticipation in children with
ASD. This design allowed us to gain information about both the
effect of familiar faces on reward anticipation, and also whether
the use of only one face in each condition may lead to habituation
effects over time. In the current study, we also investigated
whether brain activity and behavioral measures of ASD (via the
SRS-2) were correlated, and whether children with more severe
social impairments had reduced reward anticipation for face
stimuli. We hypothesized that TD children would have an
increased SPN response to face versus arrow stimuli—and that
this effect would be most pronounced for familiar versus
unfamiliar faces. We hypothesized that children with ASD would
not have increased SPN responses to face versus arrow stimuli
overall, but would have larger SPN responses to a familiar versus
unfamiliar face. Lastly, we hypothesized that we would find a
specific brain-behavior correlation—children with more severe
social impairments (as measured with the SRS-2) would have
decreased SPN amplitude to faces.

Methods

Participants

To estimate the needed sample size for the current study, we ran
a power analysis on data from our previous study which used the
same paradigm [29]. The resulting power value of .86 yielded a
sample size of 26. Therefore, we recruited 28 participants for the
current study: TD children (N=14) and children with ASD
(N = 14). Each child that was tested provided an adequate number
of ERP trials for analysis and was included in the final sample.
Exclusionary criteria for participants with ASD included history of
seizures, brain injury, neurological disorders, genetic causes of
ASD (e.g. Fragile X), or any concurrent psychiatric condition
(other than ASD), based on parent report. Exclusionary criteria for
TD participants included all of the above criteria, plus an
immediate family history of ASD. None of the children in the TD
group were taking psychoactive medications. One child in the
ASD group was taking medication to improve concentration, and
one was taking medication to decrease aggression and stabilize
mood. Participants were recruited from a UC San Diego subject
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pool and through postings on websites for parents of children on
the autism spectrum. All participants had normal hearing and
normal or corrected to normal vision. Procedures were approved
by the University of California, San Diego institutional review
board, and written consent was obtained from caregivers. All
children over 7 years of age signed an assent form.

Table 1 provides detailed participant information. IQ scores
[40] were available for all participants. TD children were matched
with children with ASD on mental age (full scale 1Q/100 *
chronological age). No differences were found between groups on
mental age, F(1,26)=.01. Children in the ASD group had been
previously diagnosed with ASD through various sources (e.g.
formal evaluations through an autism center, or school diagnosis).
Diagnosis was confirmed for the current study with Module 3 of
the ADOS-2 [41]. The ADOS-2 was administered by an
individual trained to research reliability on administration,
scoring, and interpretation of the measure.

Behavioral Measures

Participants’ caregivers completed the Social Responsiveness
Scales (SRS-2) [42], which measures social responsiveness and
behavior. We also tested for overt motivation or affective
differences between groups for each condition. To accomplish
this, children (N=9 TD, 13 ASD) completed a 1-7 Likert rating
scale of how much they enjoyed the game (1 = “I do not like this
game”, and 7= “I love this game”) after each block. This was
used in order to gather more information about whether one
group felt more or less motivated to engage in the task. Previous
research suggests that the presence of reward versus no reward
affects SPN amplitude—with greater SPN amplitude in reward
versus no-reward conditions [43]—and we wished to assess
whether both groups felt equally invested in the game. Participants
also completed a 1-7 Likert scale about their perception of
answering correctly (1 = “I never got correct answers”, and 7= “I
always got correct answers”). In reality, the correct versus
incorrect answers was predetermined, equated for individuals,
and controlled by experimental design; the rating was used to
verify that the groups did not differ in their perception that they
were obtaining correct answers.

Stimuli and Task

The task was identical to that described in previous studies
[29,37], but the stimuli differed in order to include different blocks
of trials with a familiar or an unfamiliar face. The task was a
guessing game that presented blocks of trials that used left and
right visual stimuli (question marks). Participants were asked to
indicate their guess via button press whether the left or right
stimulus was “correct.” After this choice, the left and right
question marks were replaced with an arrow in the middle
pointing towards whichever question mark the participant chose.
This was done to reinforce the idea that participants had control
over the task and their responses were being recorded.

There were four blocked feedback conditions: familiar social,
Sfamiliar nonsocial, unfamiliar social, and unfamiliar nonsocial.
The incidental stimulus in the familiar social condition was a
picture of the child’s caregiver that was smiling for “correct”
answers and frowning for “incorrect” answers (photographs
obtained via digital camera in our lab, and modeled after the
NimStim stimulus set) [44]. The incidental stimulus in the
unfamiliar social condition was a picture of another child’s
caregiver that was smiling for “correct” answers and frowning for
“incorrect” answers. Incidental stimuli in the nonsocial conditions
were composed of scrambled face elements from the social
conditions formed into an arrow that pointed upwards for
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7.14 SE

ADOS-2 Severity

Score
N/A

M

230
239

80.07, SE
4638, SE

SRS-2 RBB T-Score

M
M

2.01

7750, SE=1.94
43,53, SE

SRS-2 SCI T-Score

M
M

Gender
1TMTM3F
TMTM3F

.57
.57

8.86 SE
8.96 SE

Mental Age

M
M

39
39

8.85 SE
7.94 SE

Chron. Age
M=
M=

4.10
=4.10

99.42, SE
112.64, SE

WASI (full-scale)

M
M

Participants
14
14

.03, 95% CI [—1.28 —25.14].
pP<<.0001, 95% ClI [39.72 28.20].

Table 1. Participant characteristics including: IQ (WASI), chronological age, mental age (WASI/100 * chronological age), gender, SRS-2 T-score, and ADOS-2 severity scores for the

ASD group.

WASI Wechsler Abbreviated Scale of Intelligence, SRS-2 Social Responsiveness Scale, second edition, SC/ Social Communication and Interaction, RBB Restricted Interests and Repetitive Behavior, ADOS-2 Autism Diagnostic

Observation Schedule Second Edition.
doi:10.1371/journal.pone.0106667.t001

P<.0001, 95% Cl [40.52 26.84].

Group
ASD
D

P
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“correct” answers and downwards for “incorrect” answers (e.g.
the stimulus in the familiar nonsocial condition was an arrow
composed from the familiar social photograph, and stimulus in the
unfamiliar nonsocial condition was an arrow composed from the
unfamiliar social photograph). The face images and scrambled-
face images were individually created from photographs taken in
our lab with a digital camera. The face in the unfamiliar condition
was chosen for each subject to match his or her caregiver’s face on
ethnicity, gender, and presence or absence of glasses. The use of
scrambled faces to construct the arrow controlled for low-level
visual features of the stimuli. Presented stimuli subtended a
horizontal visual angle of 14.5 degrees, and a vertical visual angle
of 10.67 degrees. The order in which children saw the four blocks
of trials was counterbalanced between participants.

Participants were told that the reward for each correct answer
was a goldfish cracker, or if they preferred, fruit snacks. They were
told that if they guessed correctly, they would see a ring of intact
goldfish crackers, and the goldfish would be crossed out for
incorrect answers. Participants were told that the computer would
sum their total of correct responses, and they would receive a
goldfish cracker for each correct answer they gave, but would not
lose any goldfish crackers for incorrect answers. Importantly, in
both the familiar and unfamiliar social and nonsocial feedback
trials, the face/arrow information was incidental. A computer
program predetermined correct versus incorrect answers in
pseudorandom order such that children got 50% “correct” and
50% ““incorrect,” with no more than three of the same answer in a
TOW.

The four feedback conditions were tested in separate blocks,
each composed of 60 trials. There were four conditions that
composed the trials (familiar face/“familiar social”; unfamiliar
face/““unfamiliar social”’; familiar arrow/““familiar nonsocial”’; and
unfamiliar arrow/ ‘“‘unfamiliar nonsocial” trials). Within cach
block of 60 trials, there were 10-s breaks every 15 trials. During
breaks, participants were asked to relax, or move if they felt
restless. Between blocks, a longer break (2-5 min.) was taken. To
control for attentional effects, children were observed via webcam,
and trials in which they were not attending to the stimulus were
marked and discarded during analysis. Of the final sample, none
of the children had any trials discarded for this reason.

EEG Recording

Participants wore a standard, fitted cap (Electrocap Interna-
tional) with 33 silver/silver-chloride (Ag/AgCl) electrodes placed
according to the extended international 10-20 system. Continuous
EEG was recorded with a NeuroScan 4.5 System with a reference
electrode at Cz and re-referenced offline to the average activity at
left and right mastoids. Electrode resistance was kept under
10 kOhms. Continuous EEG was amplified with a low pass filter
(70 Hz), a directly coupled high pass filter (DC), and a notch filter
(60 Hz). The signal was digitized at a rate of 250 samples per
second via an Analog-to-Digital converter. Eye movement artifacts
and blinks were monitored via horizontal electrooculogram (EOG)
placed at the outer canthi of each eye and vertical EOG placed
above and below the left eye. ERP trials were time locked to the
onset of the feedback stimulus. The baseline period was —2200 to
—2000 ms, and the data were epoched from —2200 to 100 ms.
The interval between trials was varied between 1,800-2,000 ms.
Trials with no behavioral response, or containing electrophysio-
logical artifacts, were excluded from the averages.

Artifacts were removed via a four-step process. Data were
visually inspected for drift exceeding +/—200 mV in all electrodes,
high frequency noise visible in all electrodes larger than 100 mV,
and flatlined data. Following inspection, data were epoched and




eyeblink artifacts were identified using independent component
analysis (ICA). Individual components were inspected alongside
epoched data, and blink components were removed. To remove
additional artifacts, we utilized a moving window peak-to-peak
procedure in ERPlab [45], with a 200 ms moving window, a
100 ms window step, and a 150 mV voltage threshold. Partici-
pants with less than 10 artifact-free trials in any block of testing
were excluded (N'=0). Thus, our final analysis includes 14
children with ASD and 14 TD children.

Results

Data were analyzed using JMP (version 10.0). For our initial
analysis, we separated familiarity (familiar, unfamiliar) from
condition (face, arrow). We used mixed model (between and
within subjects) analysis of variance (ANOVA) to test for
differences between group, condition, familiarity, and caudality
(anterior-posterior scalp locations).

Behavioral Measures

As expected, SRS-2 T-scores (which reflect more severe social
impairments) were significantly higher for the ASD group than the
TD group for the social communication subscale F(1, 32) =215,
$<<.0001, and the repetitive and restricted behavior subscale
F(1,32)=158.55, $<.0001. Means and standard deviations
between groups on the SRS-2 are shown in Table 1. No significant
differences were found between groups on children’s Likert ratings
of liking the game for any of the four conditions, (all ps>.2), or
perception of generating correct answers, (all ps>.1)

ERP

SPN. The mean amplitude of the SPN was measured between
—210 and —10 ms, prior to feedback onset, as defined in previous
research [29,37,46]. Electrode sites F3/F4, C3/C4, P3/P4, and
T5/T6, which are typically maximum amplitude sites for SPN
[43], were analyzed. Artifact-free trials were analyzed for each of
the four conditions between groups. No significant differences
were found between groups for any of the four conditions (all ps>
.15). Mean amplitude and trial numbers for each group in all 4
conditions are shown in Table 2.

A 2 (Group) x2 (Condition) x2 (Familiarity) x4 (Electrode
location) ANOVA did not reveal a significant effect of familiarity,
F(1, 32.06) = .23, n.s, or any interactions with familiarity and other
variables of interest. It is possible that over the course of each
block, children’s response to the single repeated stimulus
habituated. In order to explore this possibility, we analyzed the
first and second half of each participant’s accepted trials for all
four blocks in a 2 (Time) x2 (Group) 2 (Familiarity) x2 (Condition)
x4 (Electrode location) ANOVA. There was a marginal main
effect of time such that the first half of trials elicited a larger SPN
than the second half, regardless of group or condition
F(25.9)=3.72, p=.064, 95% CI [—2.31 to 4.99]. No other
interactions with time were significant.

Given previous reports of differences in brain responses to
familiar versus unfamiliar faces in TD children, but not those with
ASD we conducted a planned 4 (Condition) x2 (Group) x4
(Electrode location) ANOVA for faces. We found a significant
effect of group x electrode. Subsequent pairwise comparisons
were non-significant. In order to better understand the effects of
the different conditions on each group, a 4 (Condition) x4
(Electrode location) ANOVA was conducted for the TD group
and ASD groups separately. For TD children there was a main
effect of condition, F(3, 37.55)=2.76, p=.055, such that the
familiar and unfamiliar face conditions elicited larger responses

Table 2. Descriptive statistics of trial numbers and amplitude of the SPN for typically developing (TD) individuals and those with autism spectrum disorder (ASD).

Unfamiliar Faces Familiar Arrows Unfamiliar Arrows

Familiar Faces

Group

Effect of Familiarity on Reward Anticipation in Children

Amplitude Trials Amplitude Trials Amplitude Trials Amplitude

Trials

—.12 (2.89)
—5.73(2.89)

30.14 (2.31)

—.28 (2.97)

29.92 (3.01)

—3.91 (2.89)
—3.74 (2.89)

30.21 (2.72)
30.28 (2.72)

—6.58 (2.97)
—3.65 (2.89)

30.15 (2.67)
25.07 (2.57)

TD

25.21 (2.31)

—2.21 (2.89)

28.14 (2.90)

ASD

Means are displayed, followed by standard error in parentheses (SE). Amplitude is the average magnitude of the SPN over the last 200 ms before reward stimulus onset (measured in microvolts).

doi:10.1371/journal.pone.0106667.t002
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than the familiar and unfamiliar arrow conditions. Follow-up
contrasts between the familiar face condition and the other three
conditions (alpha corrected =.016) revealed marginally significant
differences between the familiar face condition and the unfamiliar
arrow condition (p=.018, 95% CI [1.15 to 11.82]) as well as a
marginally significant difference between the familiar face and
unfamiliar arrow conditions (p =.02, 95% CI [.90 to 11.82]). No
other pairwise comparisons were significant. For the ASD group,
there was no effect of condition F(3, 36.24)=.53, n.s. Figure 1
shows grand averages of all four conditions for each group.

Because there was no main effect of familiarity within or
between groups, nor interactions involving familiarity, we
collapsed across familiarity for each condition (face, arrow)
separately and conducted a 2 (Group) x2 (Condition) x4
(Electrode location) ANOVA. This analysis resulted in a significant
group X condition interaction, F(1, 26.03)=5.97, p=.021.
Pairwise comparisons (alpha corrected =.012) revealed a signif-
icant effect of condition for the TD group, such that faces elicited a
larger SPN than arrows for TD children, F(1, 25.75)=8.36, p>
.01, 95% CI [1.70 to 8.75], but not for children with ASD.
Figure 2 shows grand averages of the face and arrow conditions
for each group.

There was a significant effect of electrode position, F(3,
77.28)=2.72, p=.05, such the SPN was larger over central and
parietal electrodes than frontal or temporal electrode sites. Follow-
up Tukey’s HSD showed that central electrode sites showed a
significantly larger SPN than frontal electrode sites (p =.04, 95%
CI [.1 to 7.67]). No other pairs of electrode sites were significantly
different. There was a Condition x Electrode interaction, F(3,
75.59)=2.72, p=.05. Pairwise comparisons (alpha corrected
=.008) revealed that the significant effect of electrode was largely
driven by the face condition, F(3, 140.7) = 4.31, p = .006, such that
faces elicited a larger SPN than arrows differentially over various
electrode sites. Pairwise comparisons also revealed a significant
effect of the parietal electrode position, F(1, 76.74) = 8.53, p = .004
95% CI [1.29 9.20], such that the face condition elicited a larger

SPN than the arrow conditions at this electrode site regardless of

group. There was a Group x Condition x Electrode interaction,
F(3, 75.59)=3.40, p=.02. In order to investigate the Group X
Condition interaction at each electrode site, we performed
contrasts at all four electrode sites. These contrasts showed a
significant Group x Condition interaction (alpha corrected
=.012) at both the central, F(1, 78.57)=6.51, p=.012, 95% CI
[1.07 to 8.20], and frontal electrodes, F(1, 78.57) = 11.24, p = .001,
95% CI [2.53 to 9.66], such that for the TD group, faces clicited a
larger SPN than arrows, whereas for the ASD group arrows
elicited a larger SPN than faces.

Nc. Visual inspection of our waveforms in Figure 1 suggested
a potential difference between groups in anticipation of face
stimuli in a middle latency negative component (similar to an Nc)
that occurred about 400 ms after the stimulus that signaled the
choice of the participant in the guessing game. The Nc is
traditionally thought to reflect attention and salience in frontal and
central midline electrodes, and has previously been described as a
response to a presented stimulus [47,48]. Our waveforms suggest
an anticipatory Nc that occurred prior to the onset of face stimuli,
but after children made their response. To investigate this
possibility, we conducted a 2 (Group) x2 (Familiarity) x3
(Electrode) ANOVA for face stimuli between —1700 and —
1550 ms (before the reward stimulus onset) in electrodes Fz, FCz,
and Cz. Children’s responses via button pad occur at —2000 ms
suggesting that this component occurred around 300 to 450 ms
after the response. This time-frame (300 to 450 ms after response)
is consistent with the time course of the Nc in previous
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investigations [47]. The ANOVA revealed a marginally significant
effect of electrode, F(2, 52.47)=3.10, p =.053. However, Tukey
HSD follow-up tests did not reveal any significant differences
between electrode pairs. We found a significant main effect of
group, F(1, 26.06)=4.91, p=.035, 95% CI [2.50 to 10.81], such
that the face stimulus elicited a larger Nc component for TD
children compared to children with ASD. No significant effects of
familiarity were found, F(1, 25.66)=1.8, n.s. We re-ran the
ANOVA collapsed across familiarity and our significant effects
remained. Grand averages for both groups for the face condition
are seen in Figure 3.

Brain-Behavior Correlations

We also investigated the relationship between brain activity and
behavioral measures of ASD. Specifically, we asked whether
magnitude of autism symptoms in the ASD group, as measured by
the SRS-2, could predict the magnitude of SPN ERP response in
the face condition (collapsed across familiarity). We found a
significant correlation between T-scores on the SRS-2 and
magnitude of SPN in response to faces, such that children with
lower T-scores (and thus less severe social impairments as reported
by caregivers), showed larger SPNs in response to faces, F(1,
12)=6.95, p=.021, Cohen’s =577 Figure 4 shows a scatter-
plot of SRS-2 scores and amplitude in the face condition.
However, it is can be noted that one subject elicited a particularly
large SPN response, and thus may be considered an outlier, and
when this subject was removed, the correlation no longer reached
statistical significance, F(1,11)=1.5, n.s.

Discussion

ERP

SPN. The current study suggests that there is not a significant
difference in anticipation of a familiar versus an unfamiliar face for
either children with ASD or their TD peers. However, TD
children showed differences between conditions such that familiar
faces elicited larger SPN compared to either of the arrow
conditions, whereas unfamiliar faces were numerically larger (but
not significantly different from) either arrow condition. This
suggests that for TD children between the ages of 6-11 years old,
familiar faces elicit a larger reward anticipation response
compared to non-face stimuli. For children with ASD, we did
not find any significant differences between conditions. Because we
did not find the expected familiarity differences, we also explored
whether the use of one repeated stimulus in each block would lead
to habituation effects in either or both groups. We found a
marginal effect of time, such that the first half of trials in each
block elicited larger SPN responses than the second half, regardless
of stimulus type or group. This suggests that although there is
likely some habituation in the SPN response to a large number of
repetitions of a single stimulus, it does not differ between groups or
social versus nonsocial stimuli. Thus, it is unlikely that differences
in the SPN response observed between groups are due to
differences in how children with and without ASD habituate to
stimuli, although habituation effects may explain the lack of
familiarity effects in the present study.

Our results differ from several previous investigations
[13,17,18,22,24,25]. Key differences in our task compared to
previous studies may explain this. Whereas previous studies have
utilized passive viewing tasks, or tasks in which participants attend
directly to images and respond to a target stimulus, the current
study was designed such that pictures of faces (and scrambled
versions of those images) were incidental to the task. In other
words, participants did not need to attend to the face or arrow
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Figure 1. Grand averaged waveforms for the Stimulus Preceding Negativity (SPN). (A) Grand averaged waveforms for TD children from the
Stimulus Preceding Negativity (SPN) prior to familiar faces, unfamiliar faces, familiar arrows, and unfamiliar arrows. (B) Grand averaged waveforms for
children with ASD from the Stimulus Preceding Negativity (SPN) in ancitipation of familiar faces, unfamiliar faces, familiar arrows, and unfamiliar
arrows. The area between —210 and —10 ms, used for statistical analysis, is highlighted with a grey box.

doi:10.1371/journal.pone.0106667.9g001

stimulus in order to gain information about whether their
responses were “correct” or “incorrect.” Although this paradigm
allowed us to directly control for physical stimulus properties and
tangibility between conditions, it is difficult to directly compare
our results with those found in previous studies.

In previous research, one group of authors found that children
with ASD showed differential neural activity in response to
familiar versus unfamiliar faces [13], and another group of authors
found that a small subset of children with ASD began to show
differential neural activity in response to familiar face after social
skills training [17]. One potential reason for this discrepancy in
previous literature may be due to stimulus differences between
studies. Previous studies used multiple familiar and unfamiliar
faces (rather than just one familiar and one unfamiliar face) [13].
With the exception of [17], which investigated neural activation
after social skills training, Pierce and Redcay [13] was the only
study to find differences between familiar and unfamiliar faces in
children with ASD. One possibility is that children with ASD are
more likely to differentiate between familiar versus unfamiliar faces
when viewing multiple exemplars from each category. The finding
in the current study that there was a marginal tendency for
children across groups to habituate to the repeated presentation of
a single stimulus supports this idea. Previous research suggests the
fusiform face area (FFA) may be involved in determining the
identity of individual faces [49]—thus, presenting multiple
different faces may activate the FFA to a greater degree than
presentations of single faces. It is possible that in previous research,
presentation of multiple different familiar faces was adequate to
normalize brain responses to faces in ASD. This is an interesting
direction for future research, and future studies may wish to
compare within subjects whether children with ASD elicit
differential neural activity when viewing multiple faces versus
one face.

Importantly, although we did not find a main effect of
familiarity or interactions between group and familiarity, when
we collapsed across familiarity for both groups, we found a group
by condition interaction such that TD children showed a larger
SPN component in response to faces versus arrows, while children
with ASD demonstrated the opposite pattern. This replicates our
previous work [29] with a novel group of participants and novel
stimuli. These results are in line with the social motivation
hypothesis—that TD children are more rewarded by social versus
nonsocial stimuli, while children with ASD do not demonstrate
this pattern.

Our results are consistent with previous studies that examined
reward anticipation in these populations [27,28], in that we found
TD children and those with ASD elicited a statistically equivalent
SPN response to nonsocial feedback. Similarly, while the current
study investigated reward anticipation of social versus nonsocial
stimuli, and other ERP studies of the reward system in ASD have
focused on reward processing of monetary stimuli only [30,31],
our results are consistent with these investigations insofar as we
found that children with ASD elicit similar reward anticipation to
their TD peers for nonsocial stimuli. Our results differ with regards
to TD children, however, because we found that TD children
clicited a larger SPN response to social versus nonsocial stimuli,
whereas [28] found the opposite pattern. Our results also differ
from behavioral measures of response inhibition for social versus

monetary rewards [26], as those authors found that both TD
children and those with ASD have increased performance for all
reward types. However, the authors also found no difference in
performance for familiar versus unfamiliar social stimuli in either
group, which is consistent with the current findings [26].

One important difference between our current and previous
findings is that current pairwise comparisons did not reveal a
significant difference between the ASD and TD [29] groups for
face stimuli. That is, while TD children had a significantly larger
SPN to faces versus non-faces, there was not a significant
difference between TD children and those with ASD for the face
stimuli. This differs from our previous findings, where in addition
to differences between face and non-face stimuli, TD children also
had larger SPN responses to faces than children with ASD. One
potential reason for this is stimulus variation. In our previous
study, children saw a variety of unfamiliar faces, whereas in the
current study they saw just one unfamiliar and one familiar face.
When comparing our current results to our previous findings, TD
children have a smaller SPN response in the face condition, while
children with ASD have a larger SPN response in the face
condition. In contrast, for the arrow condition, both groups are
largely unchanged between studies. This raises the possibility that
while TD children show larger SPN responses when viewing
multiple faces, children with ASD demonstrate the opposite
pattern. The current study was not designed to investigate this,
and thus these possibilities remain conjecture, but future studies
could manipulate the number of faces in the stimulus set, and
measure resulting effects on the SPN.

Nc. We found an Nc-like component after participant’s
response, but before feedback. This component differentiated
TD children from those with ASD. The component occurred at
about the time (~400 msec after the participant’s button press)
and had a similar scalp distribution (prominent at frontal electrode
sites) as the Nc component that has typically been investigated in
response to visual stimuli [50]. These findings provide novel
information about the Nc component—in effect that the Nc can
act as an anticipatory waveform. Previous findings have examined
the Nc as a component related to salience and attention in
response to a stimulus in infants and young children (e.g. [25]).
Our findings, however, suggest that the Nc is also sensitive to
anticipation of upcoming stimuli and/or the testing context (i.e.,
blocks of familiar and unfamiliar faces vs. arrows), and differen-
tiates between diagnostic groups. It is important to note, however,
that the current study was not designed to investigate anticipatory
effects of the Nc¢ component, as most studies on the Nc do not
involve overt responses by the participant. Thus, while our results
have interesting implications for the Ne, it is necessary for future
studies to look directly at the effect of anticipation on the Nc
between children with and without ASD.

Brain and Behavior Correlations

The present results provide evidence that magnitude of reward
anticipation response to faces in children with ASD can be
predicted by reported levels of social impairments (as measured by
the social responsiveness scales). This provides evidence that is in
line with the social motivation hypothesis, insofar as children with
lower levels of reported social impairments showed larger reward
anticipation responses to faces compared to children with higher
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Figure 2. Grand averaged waveforms collapsed across familiarity. (A) Grand averaged waveforms for TD children from the Stimulus
Preceding Negativity (SPN) prior to faces and arrows (collapsed across familiarity). The area between —210 and —10 ms, used for statistical analysis, is
highlighted with a grey box. (B) Grand averaged waveforms for children with ASD from the Stimulus Preceding Negativity (SPN) prior to faces and
arrows (collapsed across familiarity). The area between —210 and —10 ms, used for statistical analysis, is highlighted with a grey box.

doi:10.1371/journal.pone.0106667.g002
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levels of reported impairments. We note, however, that this effect
may have been driven by a single participant in the current study,
so it is not advisable to draw large-scale conclusions from this
analysis. Future studies should look into these types of correlations
with a larger sample of children with ASD.

The current study has some limitations that should be noted.
First, our sample size (N =14 in each of the TD and ASD groups)
is relatively small (although within the estimates provided by our
power analysis). This makes it difficult to draw broad and
generalized inferences. Further, we did not obtain information
about treatment history from participants. Given previous findings
about the effect of social skills training on face processing [17], as
well as parent attitudes towards reward contingencies on
behavioral sensitivity to rewards [26], this limitation should be
taken into consideration when interpreting the current findings.

Conclusions and Broader Implications

We examined reward anticipation of incidental familiar versus
unfamiliar faces and scrambled versions of those images in
children with and without ASD. Although we did not find
evidence for an effect of familiar versus unfamiliar faces in either
group, the current study adds to the body of literature supporting
the social motivation hypothesis, and replicates previous findings
using different stimuli and participants. The current study also
provides evidence that magnitude of reward anticipation to faces is
significantly correlated with levels of parent-reported social
impairments. This suggests that our paradigm is sensitive to social
impairments as measured by questionnaires, which provides
evidence that we are accurately capturing social motivation in
children with ASD.

Our findings provide interesting implications for future work on
the Nec-like component, which we observed as a measure of
anticipation in children, and suggest that for TD children,
anticipation of face stimuli elicits a larger Nc-like component
than for children with ASD. While our study was not designed to
directly address this question, we feel it is an important future
direction. The current study also suggests intriguing areas for
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future research in regards to whether children with and without
ASD are differentially affected by viewing one versus multiple
unfamiliar faces. The current study and previous work suggest that
perhaps TD children show larger reward anticipation for multiple
unfamiliar faces, while children with ASD show the opposite
pattern. However, because the current and previous studies
utilized different participants and stimuli, we suggest this as an
important future direction.

The current study suggests that social motivation deficits in
ASD are not ameliorated by viewing familiar faces when face
stimuli are incidental to the task. Future research is necessary to
determine whether task specifications or number of faces within a
stimulus set affects these findings. The current study provides
further evidence for the social motivation hypothesis, and suggests
that levels of social impairment in ASD are correlated with
magnitude of reward anticipation to faces. This paradigm could be
utilized as a biomarker of social motivation, and could be used
before and after behavioral or pharmacological interventions
designed to improve social motivation. In this way, individual
children’s levels of reward anticipation to faces could be tracked
over time along with behavioral levels of social impairment, in
order to see changes throughout the course of intervention.
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Research Review: Social motivation and oxytocin in
autism — implications for joint attention development
and intervention

Katherine K. M. Stavropoulos, and Leslie J. Carver
Department of Psychology, University of California, San Diego, CA, USA

Background and scope: The social motivation hypothesis (SMH) suggests that individuals with autism spectrum
disorders (ASD) are less intrinsically rewarded by social stimuli than their neurotypical peers. This difference in
social motivation has been posited as a factor contributing to social deficits in ASD. Social motivation is thought to
involve the neuropeptide oxytocin. Here, we review the evidence for oxytocin effects in ASD, and discuss its potential
role in one important social cognitive behavior. Methods: Systematic searches were conducted using the PsychINFO
and MEDLINE databases and the search terms ‘oxytocin’ and ‘autism’; the same databases were used for separate
searches for joint attention’, ‘intervention’, and ‘autism’, using the same inclusion criteria as an earlier 2011 review
but updating it for the period 2010 to October 2012. Findings: Several studies suggest that giving oxytocin to both
individuals with ASD and neurotypical individuals can enhance performance on social cognitive tasks. Studies that
have attempted to intervene in joint attention in ASD suggest that social motivation may be a particular obstacle to
lasting effects. Conclusions: The review of the evidence for the SMH suggests a potential role for oxytocin in social
motivation deficits in ASD. Because of its importance for later communicative and social development, the focus here
is on implications of oxytocin and social motivation in the development of and interventions in joint attention. Joint
attention is a central impairment in ASD, and as a result is the focus of several behavioral interventions. In describing
this previous research on joint attention interventions in ASD, we pay particular attention to problems encountered
in such studies, and propose ways that oxytocin may facilitate behavioral intervention in this area. For future
research, integrating behavioral and pharmacological interventions (oxytocin administration) would be a worthwhile
experimental direction to improve understanding of the role of oxytocin in ASD and help optimize outcomes for
children with ASD. Keywords: Autism spectrum disorders, behavioral interventions, social motivation hypothesis.

jean, Sander & Vuilleumier, 2008). In contrast, in
ASD, reward centers are less activated for social
stimuli than in controls (Kohls et al., 2012; Scott-
Van Zeeland, Dapretto, Ghahremani, Poldrack &
Bookheimer, 2010). It is not yet clear whether reward
deficits in ASD are specific to social rewards, or
reflect a general reward processing deficit (Dichter,
Richey, Rittenberg, Sabatino & Bodfish, 2012; Dich-
ter, Felder, et al., 2012). The SMH is the first theory
to suggest that the lack of social motivation itself
leads to later autism symptomology including abnor-
mal brain responses to faces (McPartland, Dawson,
Webb, Panagiotides & Carver, 2004), language and
communication problems (Charman, 2003), and
impaired joint attention ability (Charman, 2003;
Mundy, 1995; Mundy, Sigman, Ungerer & Sherman,
1986), rather than that abnormal social brain func-
tion precedes and causes the symptoms of autism.
If there is a deficit in social motivation in ASD, a
likely candidate mechanism is abnormality in the
function of the neuropeptide oxytocin. Oxytocin has
been implicated in several aspects of social behavior
in animals (e.g. Liu & Wang, 2003) and humans (e.g.
Guastella, Mitchell & Dadds, 2008), and likely plays
a role in social reward systems (e.g. Baskerville &
Douglas, 2010). Here, we examine the literature on
Conflicts of interest statement: No conflicts declared. the SMH in ASD, and the pOSSible role of oxytocin in

Introduction

Atypicalities in social behavior and social cognition
are a central characteristic of autism spectrum
disorders (ASD). Although it is clear that individuals
with autism are impaired in multiple aspects of
social behavior, the basis for these concerns has
been the subject of debate. Effective strategies for
intervening in social deficits in ASD can be improved
by an understanding of the mechanisms behind the
deficits, as well as effective behavioral treatments.
Ideally, treatments would integrate knowledge that
has proven effective in the lab, and our growing
understanding of the neural basis of ASD.

The social motivation hypothesis (SMH) (Dawson,
2008; Dawson & Bernier, 2007; Dawson et al., 2002,
2005; Grelotti, Gauthier & Schultz, 2002) has been
proposed as an explanation for social deficits in ASD.
According to the SMH, children with ASD lack
motivation to engage in social activities (joint atten-
tion, eye gaze) because they find these activities less
rewarding than neurotypical individuals do. Brain
reward circuits in neurotypical individuals are acti-
vated by social rewards such as faces (Kampe, Frith,
Dolan & Frith, 2001; Vrticka, Andersson, Grand-

© 2013 The Authors. Journal of Child Psychology and Psychiatry © 2013 Association for Child and Adolescent Mental Health.
Published by John Wiley & Sons Ltd, 9600 Garsington Road, Oxford OX4 2DQ, UK and 350 Main St, Malden, MA 02148, USA

45



Katherine K. M. Stavropoulos and Leslie J. Carver

it. As a ‘test case’, we examine the putative role of
oxytocin and social motivation in a specific social
cognitive behavior, joint attention. Impairments in
joint attention are one of the earliest and clearest
signs of ASD. It is important to note that while this
review will focus specifically on joint attention, there
are many other problems in ASD that are relevant to
social motivation. In a recent review, Dawson, Ber-
nier and Ring (2012) discussed the role of oxytocin in
a different facet of social behavior: social orienting.
First, we will describe the role of oxytocin in social
motivation. Next, we will review the recent research
on oxytocin levels and genetics in individuals with
ASD. We next describe the effect of oxytocin admin-
istration in people with ASD and typical develop-
ment. We will discuss how social motivation may
contribute to the development of joint attention in
both neurotypical individuals and those with ASD.
Next, we describe behavioral interventions that have
attempted to improve joint attention in individuals
with ASD. This review will discuss behavioral inter-
ventions insofar as they relate to the SMH and the
potential role of oxytocin. It is not written to evaluate
clinical practice, but rather to review interventions
that have attempted to improve joint attention, relate
them to the SMH and oxytocin, and discuss impli-
cations of oxytocin findings for interventions.

Method

Systematic searches were conducted using the Psy-
chINFO and MEDLINE databases and the search
terms ‘oxytocin’ and ‘autism’. The search was limited
to empirical peer reviewed articles on human popu-
lations that were written in English. Forty studies fit
these criteria. We examined the reference sections of
the remaining studies to check for papers missed by
the original search. Of these, we included ten papers
that administered oxytocin to humans and mea-
sured social behaviors as a direct outcome. Papers
that administered oxytocin but did not measure
social behaviors (e.g. Kirsch et al., 2005) were not
included.

For our discussion of joint attention and interven-
tions targeting joint attention, searches were con-
ducted using PsychINFO and MEDLINE with the
search terms §oint attention’, ‘intervention’, and
‘autism’. The search was limited to empirical peer-
reviewed articles written in English. 76 peer reviewed
articles remained for consideration. White et al.
(2011) published an excellent and comprehensive
review summarizing behavioral interventions that
focused on joint attention in ASD up through 2010.
The authors searched in multiple online databases,
and used the following criteria for inclusion: papers
must utilize an intervention for joint attention, use
joint attention as a dependent variable, utilize
experimental control, and have at least one child
with ASD in the study. The authors found 27 articles
that met the above criteria for review. The current
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review utilized the same inclusion criteria as White
et al. (2011). To avoid redundancy with White et al.
(2011), we included studies from 2010 to October
2012 (the time of manuscript submission), as well as
studies from White et al. (2011) that were particu-
larly relevant to the SMH and joint attention.

Oxytocin’s role in social motivation

Although this review will focus on oxytocin and its role
in social motivation, it is important to note that
oxytocin does not work alone to modulate social
behaviors. Gordon, Martin, Feldman and Leckman
(2011) reviewed oxytocin’s relation with the neuro-
peptide arginine vasopressin, and how both interact
with sex hormones and the hypothalamic-pituitary-
gonadal axis to affect sexual, maternal, and adult
bonds. For the purposes of this review, we will focus on
the neurochemical oxytocin and its interactions with
dopamine in the putative social motivation system.

Dopamine is the primary neurotransmitter
involved in the reward system (Schultz, 1998).
Functional magnetic resonance imaging (fMRI)
research has shown that areas involved in the
dopamine reward pathway (e.g., the ventral stria-
tum) are activated in neurotypical adults when
pictures of faces are shown (Cacioppo, Norris, Dec-
ety, Montelone & Nusbaum, 2009). This suggests
that the dopamine reward circuit responds to social
stimuli. This study also measured brain activity of
lonely participants compared to non-lonely partici-
pants, and found that lonely individuals show less
activity of the ventral striatum reward pathway in
response to faces compared to non-lonely individu-
als. Thus, social stimuli might be more rewarding for
some people than for others. For example, if people
who find social stimuli less rewarding may be more
likely to become lonely (Cacioppo et al., 2009).
Alternatively, of course, it may be that spending a
great deal of time alone leads to a reduction in
oxytocin levels. However, if low oxytocin levels lead to
social isolation, this may explain one aspect of social
function in ASD. Perhaps individuals with ASD find
social stimuli less rewarding (because of differences
in the reward pathways in the brain), and therefore
are not motivated to seek out those interactions. This
failure to find social stimuli rewarding could in turn
contribute to symptoms of autism.

Bell, Nicholson, Mulder, Luty and Joyce (2006),
measured plasma oxytocin levels of individuals with
different personality traits. People with low levels of
reward dependence, as assessed using the Temper-
ament and Character Inventory, also had low levels
of oxytocin. Another study found similar results for
reward dependence, and found that women who
were more likely to express and share emotions with
friends showed higher oxytocin levels (Tops, Van
Peer, Korf, Wijers & Tucker, 2007). These studies
support the hypothesis that oxytocin plays an
important role in social behaviors, and that oxytocin
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is related to variations in personal characteristics
related to social rewards.

The dopamine reward system is activated in
response to eye contact (Kampe et al., 2001) and
smiling supportive faces (Vrticka et al., 2008). How-
ever, research involving nonhuman mammals has
shown that dopamine alone might not account for
social motivation. Oxytocin might be involved in
social behavior and rewards via the mesocorticolim-
bic dopamine circuit (Dawson, 2008; Insel & Frenald,
2004; Neuhaus, Beauchaine & Bernier, 2010). Oxy-
tocin is a peptide synthesized in the hypothalamus
and released into the blood stream via the posterior
pituitary (Insel, O’'Brien & Leckman, 1999). Neuro-
peptides such as oxytocin might modulate the dopa-
mine reward pathway when social interactions occur
(Baskerville & Douglas, 2010; Young, Liu & Wang,
2008). In female prairie voles, blocking oxytocin
receptors in the nucleus accumbens prevented part-
ner preference induced by dopamine agonists. Con-
versely, blocking dopamine receptors in the nucleus
accumbens prevented partner preference induced by
oxytocin agonists (Liu & Wang, 2003). The animal
literature suggests that an association between
dopamine and oxytocin could also exist in humans.

There is an extensive literature on oxytocin in
animals (Liu & Wang, 2003; Ferguson, Young,
Hearn, Insel & Winslow, 2000; for a review see Modi
& Young, 2012). As these studies examine oxytocin
function in animals, they do not directly inform the
question of how oxytocin dysfunction may be related
to ASD. Thus, we will not discuss them further here.
In addition, although this review will discuss oxyto-
cin as it is relevant to social dysfunction in ASD,
others have written excellent reviews on oxytocin
and other aspects of social behavior, including
parenting and romantic bonds (e.g. Feldman,
2012). This review will focus on oxytocin and its
relationship to the reward system, but it is important
to note that other neuropeptides, including vaso-
pressin, have also gained attention as potentially
important for social behavior in humans. For an in-
depth review of studies that have administered either
oxytocin or vasopressin and measured various
aspects of social behavior, see Zink and Meyer-
Lindenberg (2012).

We will next consider evidence that supports the
hypothesis that oxytocin is deficient or different in
individuals with ASD compared to neurotypical
individuals.

Evidence for deficient/different oxytocin levels
in ASD

Initial papers looking at oxytocin levels in individuals
with ASD measured blood plasma levels of oxytocin.
In a study of plasma oxytocin levels in children with
autism and neurotypical peers, Modahl et al. (1998),
found that children with autism had lower oxytocin
levels than controls. The relationship between oxyto-

Joint attention, autism, and oxytocin

cin levels and social functioning was different for
neurotypical children than those with ASD. Neuroty-
pical children who had higher oxytocin levels scored
higher on socialinteraction scales, while children with
ASD with higher oxytocin levels were more impaired in
social and linguistic development (Modahl et al.,
1998). However, plasma levels of oxytocin were mea-
sured, which are thought to provide a less direct
measure of neuropeptide levels than cerebral spinal
fluid (CSF). Furthermore, the ASD and control groups
were not matched for verbal or nonverbal measures of
IQ, or on measures of daily living, communication, or
socialization. The control group scored significantly
higher on these measures than the ASD group
(Modahl et al., 1998). There was also large variability
in oxytocin levels in the sample (e.g. there were
children with ASD with high levels of oxytocin, and
neurotypical children with low levels of oxytocin).

Individuals with ASD not only may have lower
levels of oxytocin, they also show differences in an
alternative peptide form of oxytocin (the extended
form of oxytocin, oxytocin-X, with a three amino
acid extension, Gainer, Lively & Morris, 1995).
Oxytocin-X becomes oxytocin through enzymatic
activity (Green et al., 2001). Individuals with ASD
showed higher levels of oxytocin-X compared to
neurotypical individuals, but lower levels of oxyto-
cin, resulting in a large oxytocin-X/oxytocin ratio
difference between the two groups (Green et al.,
2001). In neurotypical children, oxytocin, but not
oxytocin-X was positively associated with age. In
contrast, there was a positive association between
oxytocin-X and age in the sample of children with
ASD. Although these studies are suggestive of a
relation between the synthesis of oxytocin from
oxytocin-X and ASD, they are very preliminary.
Participants from Modahl et al. (1998) were used
in this study, and, as described above, ASD partic-
ipants were not matched with the comparison group
on IQ, vocabulary, communication, socialization,
and daily living abilities. Furthermore, as these
studies used the same participants, one must
consider their results as one piece of evidence
rather than a replication of findings.

These results suggest that individuals with ASD
have differences in the enzymatic activity that con-
verts oxytocin-X to oxytocin in typical individuals,
which could be the result of defects in the genes
controlling oxytocin synthesis, the oxytocin gene
itself, or genes that regulate developmental changes
in activity. Although these studies must be inter-
preted with caution, they provided important pre-
liminary evidence for differences in oxytocin between
typical individuals and those with ASD, and have
served to motivate later research on this topic.

Genetic studies

There are multiple studies that shed light on
potential genetic mechanisms that may be responsi-
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ble for the differences in oxytocin in individuals with
ASD. Studies have largely focused on two genes, the
oxytocin receptor gene (OXTR), and a gene hypoth-
esized to be involved in oxytocin release (CD38)
(Ebstein et al., 2009; Lerer et al., 2010; Munesue
et al., 2010; Reibold et al., 2011).

Several studies investigating the relation between
ASD and OXTR have found correlations between
single nucleotide polymorphisms and ASD symp-
toms (Campbell et al., 2011; Ebstein et al., 2009;
Jacob et al., 2007; Lerer et al., 2008; Liu et al.,
2010; Walum etal., 2012; Wu etal, 2005;
Ylisaukko-oja et al.,, 2006; Yrigollen et al., 2008;
For a review of the relation between single nucleotide
polymorphisms of the OXTR and various psychiatric
disorders including ASD, depression, and anxiety,
see Brune, 2012). However, several studies that have
found relations between ASD and OXTR alleles have
not corrected for multiple comparisons, and one that
did (e.g. Campbell et al., 2011) found that effects
were not maintained after corrections were applied.
As has been described by Sullivan (2007), there are
risks of false positive significant results in genetic
association studies where correction of the signifi-
cance threshold to account for the number of tests
conducted is not applied. Of the papers mentioned
above, only Ebstein et al. (2009), Liu et al. (2010),
and Yrigollen et al. (2008) adjusted p-values for
multiple comparisons. Lerer et al. (2008, 2010),
used a similar, albeit slightly less conservative
technique of correcting for multiple comparisons
but accounting for correlations between markers. As
Lerer et al. (2010) point out, this technique increases
power, but results should nevertheless be inter-
preted somewhat cautiously. Jacob et al. (2007)
does not discuss correction for multiple compari-
sons, but because the authors only tested two a
priori identified single nucleotide polymorphisms,
this potential confound is likely not applicable to this
study. Similarly, Reibold et al. (2011), examined
CD38 expression, and a priori identified single
nucleotide polymorphism, so the concerns about
multiple comparisons likely do not apply. Campbell
et al. (2011) undertook the largest-scale study of
single nucleotide polymorphisms, observed pheno-
types, and ASD. Although the authors found multi-
ple nominally significant results, they point out that
none of the results would survive corrections for
multiple comparisons. The results of these studies
can be interpreted as preliminary evidence for asso-
ciation between alterations in the OXTR gene and
ASD, and provide useful future directions for
research associating genetic results with observable
phenotypes of ASD. Future studies should be careful
to employ rigorous statistical controls to confirm this
finding.

Not all studies find relations between single nucle-
otide polymorphisms and ASD (e.g. Tansey et al.,
2010; Wermter et al., 2009). In independent samples
from Portugal and the UK, Tansey et al. (2010) did
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not find a relation between any significant single
nucleotide polymorphism on the OXTR gene and
ASD that survived statistical correction for multiple
comparisons. The authors suggest heterogeneity of
participants as one reason for lack of replication
from previous studies. The two samples did not
utilize the same inclusion criteria, however, which
might also have affected the outcome (Tansey et al.,
2010).

Other studies have suggested that oxytocin genes
are associated with reward dependence, and fMRI
activation in response to social stimuli (Tost et al.,
2010). Finally, a genetic study of ASD suggested that
over methylation of OXTR could be responsible for
gene silencing in some patients (Gregory et al.,
2009). Although these genetic studies are by no
means conclusive evidence that the OXTR or CD38
genes are causally related to ASD, they do suggest
that it is important to study oxytocin in ASD. Given
the diversity of genetic results, epigenetic
approaches may be a beneficial avenue for future
research in pharmacological treatment for ASD.

This section has briefly reviewed genetic studies
concerning oxytocin and ASD. Other studies have
investigated single nucleotide polymorphisms on
oxytocin-related genes in neurotypical individuals
(e.g. Chen & Johnson, 2011; Sauer, Worner, Kirsch,
Montag & Reuter, 2012; Walum et al., 2012), as well
as genetic studies of arginine vasopressin and ASD.
Those studies are outside the scope of the current
review, but are discussed in other reviews (e.g.
Ebstein, Knafo, Mankuta, Hong Chew & San Lai,
2012; Skuse & Gallagher, 2011)

Effects of oxytocin administration on social
behavior

Studies of oxytocin levels and genetic studies sug-
gest that deficits in oxytocin function should be
considered as a possible contributor to social dys-
function in ASD. Table 1 summarizes the human
oxytocin administration studies that measured
social behaviors. In neurotypical individuals, several
studies show that social behavior is enhanced under
oxytocin administration. These include recognition
of emotions (Domes, Heinrichs, Michel, Berger &
Herpertz, 2007), gaze to the eye region of the face
(Gamer, Zurowski & Btichel, 2010; Guastella, Mitch-
ell, etal., 2008), the salience of positive social
memories (Guastella, Mitchell & Mathews, 2008),
and the effects of social reinforcement on learning
(Hurlemann et al., 2010). Neurotypical individuals
given oxytocin show increased trust during a social
computer game (Kosfeld, Heinrichs, Zak, Fischbach-
er & Fehr, 2005). Oxytocin also decreases amygdala
response to fearful scenes and faces (Gamer et al.,
2010; Kirsch et al., 2005). These studies provide
important information about the role of oxytocin in
social behavior in neurotypical individuals. However,
in neurotypical individuals, effects of oxytocin
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administration are seen only on difficult versions of
tasks (Domes et al., 2007). For example, in the
Reading the Mind in the Eyes Test (Baron-Cohen,
Wheelwright, Hill, Raste & Plumb, 2001; Domes
et al., 2007), intranasal doses of oxytocin improved
neurotypical adults’ performance, but only on items
that had been identified in previous research as
‘difficult’” (Domes et al.,, 2007). There was no
improvement on items identified as ‘easy’. This is
likely because the Reading the Mind through the
Eyes Test was designed to measure severe impair-
ments in mind reading (e.g. with individuals with
ASD), and thus neurotypical adults already score
highly on items rated as ‘easy’ (Domes et al., 2007).

Domes et al.’s (2007) results may be explained in
part by changes in looking behavior to the face under
oxytocin administration. Guastella, Mitchell, et al.
(2008) administered intranasal oxytocin to neuro-
typical adults and measured both looking time and
fixations to various regions of the face. Participants
who received oxytocin had significantly longer gaze
and more fixations to the eye region of the face
compared to those who received placebo. Increased
gaze to the eyes may have helped participants better
identify ambiguous emotions in the Reading the
Mind through the Eyes Test. Following the direction
of eye gaze is an important preliminary component of
joint attention (Scaife & Bruner, 1975). Because
there is significant evidence that people with ASD
tend to look less at eyes than neurotypical controls
(Jones, Carr & Klin, 2008; Klin, Jones, Schultz,
Volkmar & Cohen, 2002), results from the Guastella,
Mitchell, et al. (2008) study have provocative impli-
cations for ASD, and particularly the joint attention
deficits reported in children with ASD.

Administering oxytocin to individuals with
ASD

Studies that have administered oxytocin to individu-
als with ASDs are relatively limited. Of those that
exist, there is a range of procedures that have been
utilized. In general, results of these studies suggest
that oxytocin improves performance on social tasks
relative to placebo. These tasks include: recognition
of affective speech (Hollander, Bartz, Chaplin &
Phillips, 2007), the Reading the Mind through the
Eyes Test (Guastella et al., 2010), and social cooper-
ation in an online computer game (Andari et al.,
2010). Andari et al. (2010) had adult participants
play a cooperative ball tossing game with fictitious
partners who were programmed to have ‘neutral’,
‘bad’, or ‘good’ traits depending on the amount they
cooperated (i.e. passing the ball back). In a baseline
measure, participants with ASD or Asperger’s syn-
drome did not distinguish between the characteris-
tics of the partners, throwing the ball equally often to
each of the players regardless of their programmed
behavior. In contrast, control participants tended to
throw the ball exclusively to cooperative partners by
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the end of the game. When participants with ASD or
Asperger’s syndrome were given intranasal doses of
oxytocin, their performance became more compara-
ble to neurotypical participants in that they preferred
to interact with the good compared to bad partner
(Andari et al., 2010). Participants with ASD or Asper-
ger’s syndrome also showed increased gaze fixation
on socially relevant areas of the face (e.g. the eyes)
after oxytocin administration. The results of this
study suggest that, like controls, individuals with
ASD or Asperger’s syndrome improve on social tasks
after oxytocin administration. However, even after
oxytocin administration, individuals with ASD or
Asperger’s syndrome spent less time gazing at the
face and eye region compared to neurotypical partic-
ipants. Although oxytocin increased the time spent
gazing at the face and eyes in individuals with ASD or
Asperger’s, performance was still different from con-
trols. Furthermore, because the neurotypical partic-
ipants were not tested with oxytocin, it is difficult to
contextualize the improvements seen in individuals
with ASD or Asperger’s syndrome. For example, the
results of the study cannot tell us how neurotypical
individuals might perform on these tasks with oxyto-
cin, and whether the groups would differ on eye gaze
measures before and after oxytocin administration.

Guastella et al. (2010) had adolescents with ASD
or Asperger’s syndrome complete the Reading the
Mind through the Eyes Test after taking either
placebo or oxytocin. Participants showed significant
improvement after oxytocin. Notably, this study was
the first to administer oxytocin to young adolescents,
and when analyses were restricted to individuals
under 16 years of age, performance on the Reading
the Mind through the Eyes Test still improved after
oxytocin. However, when the items were separated
into ‘easy’ and ‘hard’, improvements were significant
only for ‘easy’ items. These results contrast with
those of Domes et al. (2007), who found that while
neurotypical adults showed significant improvement
on the Reading the Mind through the Eyes Task after
oxytocin, that improvement was significant only for
items rated as ‘hard’. As Domes et al. (2007) spec-
ulate, their result could be due to the fact that
neurotypical adults are unlikely to improve further
on items that they already perform extremely well on.
Guastella et al. (2010), suggested that oxytocin
might improve performance on tasks that are of
medium difficulty (e.g. neither too hard nor too easy).
One could speculate that because individuals with
ASD or Asperger’s syndrome find items rated as
‘easy’ to be somewhat difficult, and items rated as
‘hard’ to be extremely difficult, selective improve-
ment could occur. Unfortunately, because Domes
et al. (2007) only studied neurotypical adults, and
Guastella et al. (2010) studied only adolescents with
ASD or Asperger’s syndrome, a direct comparison
between the two studies is not possible.

In one within-subjects study, order effects were
seen in an affective speech recognition task when
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adults were given oxytocin during one session (either
session one or two), and placebo during the other
session (Hollander et al., 2007). Individuals who
received oxytocin first maintained high levels of
performance even during the later placebo session.
In contrast, participants who were administered
placebo in the first session showed decreased per-
formance during their second, oxytocin session. This
finding suggests two noteworthy things: administra-
tion of placebo or oxytocin during the first session
improved performance relative to baseline; and per-
formance was improved as a result of the expectation
of receiving treatment in the placebo condition.
However, when the first session injection was pla-
cebo, the improvements did not last until the second
session, whereas those seen from oxytocin main-
tained even after the delay. Thus, there appear to be
effects of oxytocin on the ability to recognize and
remember affective speech even above the placebo
effect. These order effects suggest that oxytocin
administration has the potential to facilitate
improvements in the ability to recognize affective
speech that last beyond a single testing session.

These results have important implications for ASD
interventions. If oxytocin is given before a behavioral
intervention, improvement might continue through-
out the intervention — and thus oxytocin should be
administered prior to behavioral interventions. The
Hollander et al. (2007) results also suggest that
oxytocin affects the ability of individuals with ASD
to correctly identify affective speech — which is an
important aspect of social cognitive functioning.

However, because the Hollander et al. (2007)
study was done with adults, it is difficult to make
assumptions about whether oxytocin administration
would have equally long-lasting results in adoles-
cents or children with ASD. In addition, therapeutic
use of oxytocin would require repeated administra-
tion over time and early in development. Currently,
little is known about the effects of repeated doses of
oxytocin in development.

One recent animal study looked at the effects of
repeated oxytocin administration. Bales et al. (in
press), repeatedly administered intranasal oxytocin
to prairie voles from weaning to sexual maturity. As
expected, initial oxytocin administrations led to
increases in social behaviors. However, long-term
administration led to deficits in partner preference
behavior (Bales et al., 2012). These results suggest
that oxytocin administration might have unexpected
negative results over time. Relatedly Bales and
Perkeybile (2012) reviewed the animal literature,
and suggested that oxytocin and vasopressin
administration may change how social experiences
affect development. Although these papers are rele-
vant to the animal literature, they point out the need
for further research into repeated exposures of
oxytocin, as well as research that will shed light on
effects of early or repeated oxytocin exposure in
humans.

Joint attention, autism, and oxytocin

The aforementioned studies suggest that oxytocin
might mediate some social cognitive deficits seen in
ASD. However, it should be noted that there have
only been three completed studies that investigate
the effects of oxytocin on social deficits in individuals
with ASDs, and of those three, two of them were with
adults. It is likely that many other studies will be
completed soon. The website clinicaltrials.gov lists
eight active and one completed study investigating
the effects of oxytocin on individuals with ASD. Of
these, four involve recruiting adolescents or chil-
dren, and the other four are recruiting adults. From
the information on the website, it appears as though
none of the listed studies are administering oxytocin
concurrently with a behavioral intervention with
ASD, but are either measuring brain or behavior
after a single administration of oxytocin, or giving
oxytocin over time and measuring behavior after-
wards (Clinicaltrials.gov, 2012).

We have reviewed results of oxytocin administra-
tion on social behaviors in both neurotypical indi-
viduals and those with ASD. We have limited the
discussed studies to those that explicitly measured
social behaviors rather than including those that
discuss how social information is processed. For a
review of all studies concerning oxytocin adminis-
tration and social information processing, see Grau-
stella and MacLeod (2012). For a review of studies
administering oxytocin or vasopressin and using
imaging methods, please see Zink and Meyer-Lin-
denberg (2012).

We have not discussed studies that have admin-
istered oxytocin to individuals with disorders other
than ASD. Oxytocin administration has been pre-
liminarily helpful in treating symptoms of schizo-
phrenia (e.g. Feifel et al., 2010; Pedersen et al.,
2011). For a review of the literature on oxytocin
administration and schizophrenia, see MacDonald
and Feifel (2012). Of particular note, Pedersen et al.
(2011) found that intranasal oxytocin improved
measures of social cognition in patients with schizo-
phrenia, including theory of mind and recognition of
suspicious faces. These results suggest that intra-
nasal oxytocin might be helpful for social deficits
seen in a variety of disorders, not only ASD.

Potential issues in intranasal oxytocin
administration

Some questions about the efficacy of intranasal
oxytocin administration exist. It is not clear whether
oxytocin and other neuropeptides cross the blood—
brain barrier when administered intranasally,
although there is recent evidence that intranasal
oxytocin appears in saliva (Weisman, Zagoory-
Sharon & Feldman, 2012) and blood (Andari et al.,
2010) for a short time after intranasal administra-
tion. Weisman et al. (2012) demonstrated that in
neurotypical adults, intranasal oxytocin administra-
tion increases the amount of oxytocin in saliva after
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15 min, reaches a peak 45 min after administration,
and still not does return to baseline after 4 hr. This
has important implications for the appropriate time-
line for conducting experiments concerning intrana-
sal oxytocin and social behaviors. Nine of the 10
studies reported in Table 1 measured social behav-
iors 45-50 min after intranasal oxytocin adminis-
tration. The only exception (Hollander et al., 2007),
administered oxytocin intravenously, and measured
comprehension of affective speech at five separate
time points as the amount of oxytocin administered
was increased. Thus, the majority of studies have
measured social behavior at the time of peak levels of
oxytocin.

Churchland and Winkielman (2012) adeptly point
out the error in assuming oxytocin has passed
through the blood brain barrier based solely on
reports of increased peripheral concentration of the
peptide (e.g. in blood plasma). However, other stud-
ies report that peripheral and CSF levels of neuro-
peptides closely related to oxytocin (e.g. arginine
vasopressin) are correlated (Born et al., 2002; Rie-
kkinen et al., 1987). Studies have suggested that
intranasal administration of neuropeptides, such as
vasopressin, caused CSF levels to increase within
10 min of administration, and continued to rise for
80 min after administration (Born et al., 2002).

A more general issue with measuring plasma or
CSF levels of oxytocin is that the amount of oxytocin
in the blood or brain does not necessarily reflect
whether oxytocin has reached the appropriate bind-
ing sites in the brain. Even if oxytocin reaches the
brain via intranasal administration, there have not
been any studies investigating where it goes, and
whether it reaches the appropriate receptors (see
Churchland & Winkielman, 2012; for a more in-
depth discussion of this issue). Plasma and CSF
measures of oxytocin may not reflect efficient oxy-
tocin binding. If oxytocin receptors are damaged or
the genes that control them are mutated, and
oxytocin is available in the brain but not binding
correctly, plasma and CSF measurements would not
accurately represent the success or failure of oxyto-
cin to bind, but only represent the net amount
available in the brain. Further research on the
location, timing, and binding of oxytocin after intra-
nasal administration is necessary (Churchland &
Winkielman, 2012). Such research would likely be
possible with nonhuman primates, where concen-
trations of oxytocin in the brain could be measured
after intranasal administration. While all of these
limitations concerning intranasal oxytocin adminis-
tration must be considered carefully, evidence in
sum suggests that intranasal oxytocin administra-
tion succeeds in increasing oxytocin levels.

Social motivation and joint attention in ASD
We turn now to a case of social behavior that is
impaired in ASD, and for which oxytocin may have
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important treatment implications. Joint attention is
a crucial developmental milestone for typical social-
cognitive development, and is among the most
commonly identified deficits in ASD. Joint attention
occurs when two people share attention to an object,
location, or event in space. Joint attention allows
information to be effectively conveyed from one
person to another about an object without using
language. In typical development, joint attention is
thought to emerge during the second half of the first
year of life, and is important for both successful
language learning and later social cognition (Bald-
win, 1991; Bates, 1979; Brooks & Meltzoff, 2005,
2008; Bruner, 1983; Corkum & Moore, 1998; Mun-
dy & Gomes, 1998; Sigman & Kasari, 1995; Toma-
sello & Farrar, 1986). For reasons we will expand
upon below, joint attention is an especially interest-
ing test case for the SMH. A typical example of joint
attention is the following scenario: An infant looks to
his mother, up at a passing airplane, and back to
her as if to indicate, look at that unusual thing in
the sky!” This triadic interaction involving self
(infant), other (mother), and their shared object of
attention toward an object (airplane) is the defining
feature of joint attention (Bakeman & Adamson,
1984; Scaife & Bruner, 1975; Tomasello, 1995).
According to the SMH, individuals with ASD have
impairments in joint attention because they find
social activities less rewarding than neurotypical
individuals. Given the evidence reviewed above that
oxytocin may play a significant role in social behav-
ior and social motivation, interventions focusing on
joint attention that are combined with administra-
tion of oxytocin in may increase intrinsic social
motivation and improve outcomes from joint atten-
tion interventions.

Although joint attention is often mentioned as a
unified concept, it can be separated into two distinct
subtypes that likely develop separately (Mundy &
Gomes, 1998; Mundy, Sullivan & Mastergeorge,
2009). This differentiation is important because
being able to respond to joint attention (i.e. following
another person’s gaze) likely develops earlier than
initiating joint attention (i.e. seeking to share atten-
tion with another person through gaze that you
initiate, Dunham & Moore, 1995). Joint attention
can also serve multiple communicative functions
(Gomez, Sarria & Tamarit, 1993; Mundy, Sigman &
Kasari, 1993). Imperative joint attention occurs if a
child points or gazes toward an object with the
intention of requesting that object. Declarative joint
attention occurs if a child points or gazes at an object
with the intention of sharing his interest in that
object with an adult (Gomez et al., 1993; Mundy
et al., 1993). Using these distinctions, one could
respond to a joint attention bid from another person
that is either imperative or declarative, and also
initiate joint attention for either of these two func-
tions. As we will see in a subsequent section, these
distinctions between two types of joint attention and
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the two functions they serve are especially important
when discussing joint attention difficulties in ASD.

Joint attention in children with ASD
Individuals with ASD are profoundly impaired in
joint attention (Mundy, 1995; Mundy et al., 1986).
This inability to share attention with another person
is central to ASD and has been incorporated into the
DSM-IV criteria for the disorder (American Psychi-
atric Association, 1994). Deficits in joint attention
differentiate children with ASD from both neuroty-
pical and other developmentally delayed children
(Bacon, Fein, Morris & Waterhouse, 1998; Charman
et al., 1998; Dawson, Meltzoff, Osterling & Rinaldi,
1998; Mundy et al., 1986; Sigman, Kasari, Kwon &
Yirmiya, 1992).

However, individuals with ASD are not equally
impaired in all aspects of joint attention. Initiating
joint attention is more impaired, and predicts symp-
toms better, in ASD than responding to joint atten-
tion (Leekam, Lopez & Moore, 2000; Mundy et al.,
1986, 1993, 2009; Sigman, Mundy, Sherman &
Ungerer, 1986). Perhaps this is not surprising
because responding to joint attention chiefly involves
following another’s gaze. One could argue that an
object of another’s attention is often rewarding on its
own and that responding to joint attention therefore
does not necessitate motivation that is purely social
(Corkum & Moore, 1998). Initiating joint attention,
on the other hand, requires one to be motivated to
share something interesting with another individual
— meaning that the motivation behind initiating joint
attention is likely purely social in nature (Mundy,
1995; Mundy & Gomes, 1998; Tomasello, 1995).

Based on this reasoning, the SMH (Dawson, 2008;
Dawson & Bernier, 2007; Dawson et al., 2002, 2005;
Grelotti et al., 2002) emphasizes initiating joint
attention more than responding to joint attention
skills. Similarly, individuals with ASD are impaired
in both declarative and imperative joint attention,
but show more profound problems with the declar-
ative type, which can also be characterized as
involving social motivation (Baron-Cohen, 1989,
1993; Mundy et al., 1986, 1993).

Improving joint attention skills in individuals with
ASD

Because of its importance for later social and
linguistic development, joint attention has been a
focus of a great deal of intervention research.
Research suggests that children with ASD who
engage in joint attention gain language skills more
rapidly than their peers who do not engage in joint
attention over equivalent time periods (Bono, Daley
& Sigman, 2004; Siller & Sigman, 2002). Further-
more, several studies suggest that relatively good
joint attention skills early in development in children
with ASD predicts better language and social out-
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comes up to several years later (Charman, 2003;
Mundy, Sigman & Kasari, 1990; Sigman & Ruskin,
1999). Interventions for children with ASD that focus
on nonverbal social communication skills lead to
improvements in language and social skills in these
children (see White et al., 2011 for review).

Interventions designed to improve joint attention in
individuals with ASD

Interventions have sought to train individuals with
ASD to engage in joint attention behaviors through
various behavior modification procedures (e.g. dis-
crete trial training, pivotal response training). Such
interventions use principles of positive and negative
reinforcement to increase desired behavior. As men-
tioned above, White et al. (2011) provide a thorough
review of these interventions conducted prior to
2010. Table 2 summarizes studies of interventions
to improve joint attention in individuals with ASD
since 2010, and this section will review papers from
Table 2, as well as those from White et al. (2011) that
are particularly relevant to the scope of the current
review.

Kasari, Freeman and Paparella (2006) and Kasari,
Gulsrud, Wong, Kwon and Locke (2010), had chil-
dren engage in 5-8 min of discrete trial training
designed to improve initiating and responding to
joint attention. This structured intervention was
immediately followed by child-directed floor time
designed to improve targeted skills in a less struc-
tured setting. In interventions like this, children are
extrinsically reinforced for responding to and initi-
ating joint attention bids, and generally show
marked improvements in joint attention skills. How-
ever, many intervention studies fail to conduct
follow-up sessions to assess whether skills gained
during intervention are maintained, and those that
did varied in duration (e.g. Ferraioli & Harris, 2011;
Kaale, Smith & Sponheim, 2012). Of studies that did
assess improvement at follow-up, often initiating
joint attention skills did not last over time (e.g.
Whalen & Schreibman, 2003), or were not as
successfully improved as other primary outcome
measures (e.g. Schertz, Odom, Baggett, & Sideris,
2012; Kasari et al., 2010; Landa, Holman, O’Neill &
Stuart, 2011). Dysfunction in social motivation may
explain the finding that joint attention intervention
effects often do not last to follow-up. Because of the
lack of intrinsic social motivation, extrinsic rewards
are used, and when these rewards are no longer
available, joint attention regresses. Studies that have
attempted to use more naturalistic reinforcers, or
that have attempted to generate intrinsic social
motivation have shown better success on follow-up
(e.g. Ingersoll, 2012; Isaksen & Holth, 2009; Naoi
et al., 2008). However, even some studies that follow
this model still report mixed levels of success (e.g.
Taylor & Hoch, 2008). Only a few studies have
attempted to teach responding to or initiation joint
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attention without tangible extrinsic rewards,
although Jones and Carr (2004), suggested it as a
useful direction.

Isaksen and Holth (2009) attempted to deal with
the problem of joint attention regression after inter-
ventions that utilize extrinsic motivation. They rein-
forced the smiling, nodding, and verbalization that
typically occur after initiating joint attention behav-
iors. For example, an adult and a child with ASD
were seated across from each other and various
desirable toys were on the table. The adult’s smiles
and nods were used as a signal that the child could
take a toy. When the adult was not smiling or
nodding, any attempts to take a toy were blocked.
In this way, the experimenters paired natural adult
behavior with a rewarding activity. These types of
social reinforcements motivate neurotypical children
to engage in initiating joint attention behaviors
(Isaksen & Holth, 2009; Jones & Carr, 2004; Whalen
& Schreibman, 2003), are naturalistic, and will
continue to be present after the intervention. Isaksen
& Hoth measured joint attention behaviors after a 1-
month follow-up interval and found that initiating
joint attention skills maintained or improved for all
four participants.

In summary, intervention studies demonstrate
that children with ASD can improve their response
to joint attention skills. However, initiating joint
attention is much more challenging, most likely for
motivational reasons. Studies such as those of
Ingersoll (2012), Isaksen and Holth (2009), Naoi
et al., (2008), and Taylor and Hoch (2008) are useful
in their attempts to improve initiating joint attention
without using extrinsic motivators, but their varied
success underscores the difficulty of reinforcing
social interactions for children with ASD. Finding a
way to intrinsically motivate children with ASD to
engage in initiating joint attention behaviors while
they participate in interventions is important for
long-term success.

Conclusions

This review has examined literature in the context of
the SMH, including: oxytocin and ASD, administra-
tion of oxytocin and social behaviors, joint attention
and ASD, and behavioral interventions to improve
joint attention in ASD.

Although multiple neurotransmitters and neuro-
peptides have been implicated as candidates for
improving intrinsic motivation for social interaction,
oxytocin has consistently been seen as important for
social motivation, interaction, and memory. Most of
the literature linking oxytocin and social behavior
derives from animal research, but there is a growing
literature examining oxytocin administration in
humans. Data from studies in which oxytocin has
been administered to humans have strengthened the
argument that oxytocin is important for social inter-
action. Because of the link between oxytocin and
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social behavior that has begun to emerge, oxytocin
has begun to be used in interventions to improve
social recognition in individuals with ASD.

Individuals with ASD have well-documented defi-
cits in joint attention (Bacon et al., 1998; Charman
et al.,, 1998; Dawson et al.,,1998; Mundy et al.,
1986; Sigman et al., 1992). Improving joint attention
deficits is important for improving social and lin-
guistic functioning of individuals with ASD (Bono
et al., 2004; Charman, 2003; Koegel, 2000; Lord,
2000; Rogers & Lewis, 1989; Siller & Sigman, 2002),
and therefore has been a focus of multiple behavioral
interventions (e.g. see White et al., 2011; Table 2).
Although these interventions have been somewhat
successful in improving joint attention, one key
underlying issue has been individuals with ASD’s
lack of intrinsic motivation to initiate joint attention
and other social interactions (Jones & Carr, 2004;
Whalen & Schreibman, 2003). Extrinsic rewards are
often necessary for behavioral interventions to suc-
ceed, and when those are removed, individuals with
ASD are no longer motivated to engage in joint
attention behaviors, resulting in a failure of effects to
maintain over the long term. Some theorists have
proposed that increasing intrinsic motivation for
social interaction might be a key component in
improving symptoms of ASD (Dawson, 2008; Daw-
son & Bernier, 2007; Dawson et al., 2002, 2005;
Grelotti et al., 2002).

However, one piece missing from the literature is
integrating behavioral interventions and oxytocin
administration in individuals with ASD. Behavioral
interventions are important for increasing social
behaviors, especially in young children with ASD.
Oxytocin has been used experimentally to attempt to
change social behaviors in ASD, but to our knowl-
edge has not yet been used in a controlled treat-
ments study, nor has it been used in combination
with other intervention methods. By adding oxytocin
administration to behavioral interventions, one
important problem (lack of intrinsic motivation) that
seems to hinder long-term success might be dimin-
ished. Interventions that combine behavioral inter-
ventions and oxytocin administration are crucial to
long-term and generalized improvement of joint
attention behaviors in young individuals with ASD
(Dawson et al., 2012).

Experimental tests of such interventions would
advance our understanding of how oxytocin medi-
ates social symptoms of ASD in both the short and
long term. Such experiments would need to be well-
controlled, double-blind, and compare interventions
plus oxytocin versus the same interventions with
placebo. One issue would be when to administer
oxytocin during the intervention, as well as what
type of intervention to utilize. Multiple meta-analy-
ses have emphasized the effectiveness of early
intensive behavioral interventions (i.e. young chil-
dren with ASD receiving 30-40 hr per week of
structured behavioral interventions for over 2 years,
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e.g. Reichow, 2012; Eldevik et al., 2009). Although
these interventions require a large time investment,
they are highly successful in improving a variety of
behavioral skills, as well as improving IQ. To utilize
oxytocin for behavioral interventions, however, it
would likely be more practical to administer a more
short-term intervention similar to those reported by
White et al., 2010 and in Table 2.

Based on previous animal studies (Ferguson,
Aldag, Insel & Young, 2001) as well as studies of
the time course of oxytocin in saliva (Weisman et al.,
2012) and order effects (Hollander et al. (2007),
intervention should administer oxytocin about
45 min before each intervention session (rather than
after or during sessions).

Directions for future research

We propose that two highly studied and important
areas (behavioral intervention and studies on oxyto-
cin administration) should be integrated to achieve
optimal outcomes for children with ASD. Combining
behavioral and pharmacological interventions has
been highly successful in the alleviation of symp-
toms in other disorders (Hoffman et al., 2006; Ress-
ler et al., 2004).

In the case of ASD, this novel approach to improving
joint attention skills with both pharmacological and
behavioral intervention is a necessary and worthwhile
experimental direction. Theoretically, oxytocin
administration will heighten patients’ intrinsic moti-

J Child Psychol Psychiatry 2013; 54(6)

vation to engage in social interactions, and the
behavioral interventions will facilitate and teach
social interactions. By improving intrinsic motivation
to engage in social interactions, behavioral interven-
tions can use only social rewards, and cease using any
extrinsic motivators. Because the rewards will be
entirely social, and intrinsic motivation will be
improved (via oxytocin), interventions should have
long-lasting effects. Using behavioral interventions in
combination with oxytocin administration should
increase the chances of long-term success and an
improved understanding of the role of oxytocin in
ASD.
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Key points

atypicalities in social behavior and cognition.

e The social motivation hypothesis posits that individuals with autism spectrum disorders (ASDs) are less
motivated to engage in social behaviors than their neurotypical peers, and this lack of motivation leads to later

e The neurochemical oxytocin has received attention as a potential mechanism for social atypicalities in ASD.

e Administering oxytocin to individuals with and without ASD has been effective at improving social cognition.

e We propose that future studies should combine oxytocin administration and behavioral interventions
to optimize outcomes for various social cognitive behaviors in autism spectrum disorder.
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The goal of this set of experiments was to empirically test the social motivation
hypothesis in children with autism spectrum disorders (ASD). Through these
investigations, I hoped to provide a better understanding of factors that contribute to
social deficits in ASD. This research provides evidence in favor of the social
motivation hypothesis, and enhances our understanding of the conditions under which
social motivation is impaired in ASD. The final chapter suggests future directions for
research combining pharmacological and behavioral interventions in order to improve
social motivation in ASD.

In Chapter 1, we were interested in how social motivation occurs in typically
developing (TD) 6- to 8-year-old children. We created a new event-related potential
(ERP) paradigm to investigate reward anticipation in TD children for social versus
nonsocial stimuli while keeping reward properties and physical stimulus
characteristics controlled between conditions. Children played a guessing game for a
food reward (goldfish crackers), and social versus nonsocial stimuli were incidental to
the task. Incidental stimuli in the social condition were a smiling face for correct
responses and a frowning face for incorrect responses. Incidental stimuli in the
nonsocial condition were pictures from the social condition scrambled into an
upwards-facing arrows for correct responses and downwards facing arrows for
incorrect responses. Importantly, “correct” versus “incorrect” responses were
predetermined by the computer. Results from Chapter 1 suggest that TD children have
increased reward anticipation for rewards accompanied by an incidental social

stimulus versus an incidental nonsocial stimulus.
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In Chapter 2, we compared a subset of TD children from Chapter 1 (matched
on gender and 1Q score) with a group of children with ASD on the task developed in
Chapter 1. Additionally, we measured both reward anticipation (via the stimulus
preceding negativity, SPN), and reward processing (via the feedback related
negativity, FRN). The results suggest that children with ASD have differences both
anticipating and processing rewards accompanied by social stimuli versus their TD
peers.

Results from the SPN suggest that children with ASD have intact reward
anticipation for nonsocial stimuli, but significantly less reward anticipation for social
stimuli compared to TD children. Results from the FRN were more complex, but
suggest that TD children and children with ASD are differentially affected by correct
versus incorrect feedback for social versus nonsocial stimuli. Results from the FRN
provide further evidence that these two groups of children elicit differential reward
processing for social versus nonsocial stimuli.

Taken together, the results from the SPN and FRN provide evidence in favor
of the social motivation hypothesis insofar as children with ASD seem to have smaller
reward responses (both in anticipation and processing) for rewards accompanied by
social stimuli compared to TD children. Interestingly, the results provide evidence that
reward deficits in ASD are specific to social stimuli, rather than a more global reward
deficit in this population.

The experiment in Chapter 3 investigated whether deficits in social motivation

are present for all faces, or only for certain types of face stimuli. Specifically, I was
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interested in whether children with ASD show increased reward anticipation for
familiar faces (e.g., caregiver) versus an unfamiliar face (e.g., stranger). The novel
task that was originally developed in Chapter 1 was used with a new group of children
with and without ASD. Rather than being limited to two conditions (social versus
nonsocial), the experiment systematically tested four conditions (familiar social,
unfamiliar social, familiar nonsocial, and unfamiliar nonsocial). Familiar faces were
pictures of a caregiver, and unfamiliar faces were pictures of another child’s caregiver,
matched on gender, hair and eye color, and presence or absence of glasses.

Results from Chapter 3 suggest a lack of reward anticipation difference
between familiar versus unfamiliar stimuli for both TD children and those with ASD.
When we collapsed across the familiar and unfamiliar stimuli, we found that we
replicated results from Chapter 2 for reward anticipation. That is, TD children have
increased reward anticipation for social versus nonsocial stimuli, while children with
ASD do not.

Another finding from Chapter 3 was the presence of an Nc-like component in
anticipation of social and nonsocial stimuli for both children with and without ASD.
Previous work on the Nc has used passive viewing paradigms, and has only examined
the Nc as it occurs in response to stimuli. We found an Nc component that occurred
prior to the onset of social and nonsocial stimuli. The Nc differed between groups for
social stimuli, with TD children having a larger Nc component prior to social stimuli

compared to children with ASD (for both familiar and unfamiliar faces). This provides
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evidence that the Nc may occur as an anticipatory component, and suggests that future
studies should attempt to elicit an anticipatory Nc during passive viewing.

Chapter 4 suggests how future research might increase social motivation
pharmacologically with the neuropeptide oxytocin, and reviews previous research on
oxytocin and social behavior. Chapter 4 uses a core social deficit, joint attention, as a
test case to understand how oxytocin could be beneficial in conjunction with
behavioral interventions. This chapter discusses how joint attention has been
historically difficult to intervene upon with behavioral methods alone, because it
requires social motivation. If children with ASD have impaired social motivation,
behavioral interventions may not be enough to increase joint attention. However, if a
pharmacological agent, such as oxytocin, could increase baseline levels of social
motivation, behavioral intervention would likely be more successful. That is, if
oxytocin prior to each individual session of intervention increases social motivation,
each session would likely be more successful at increasing joint attention.

Taken together, Chapters 1 and 2 provide novel empirical evidence in support
of the social motivation hypothesis, and suggest that children with ASD have specific
reward impairments for social stimuli. Chapter 3 extends this work in order to explore
whether especially salient social stimuli, such as a caretaker’s face, can ameliorate
deficits in social motivation in ASD. While Chapter 3 did not find evidence that
familiar faces improve social reward deficits in ASD, the results replicated the
findings from Chapters 1 and 2, and moreover, the results suggest novel applications

of the Nc as a potential anticipatory component.
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In summary, Chapters 1-3 provide novel neuroscience evidence for the social
motivation hypothesis, and Chapter 4 makes suggestions for future research into the
combination of pharmacology and behavioral interventions in order to improve social
deficits in ASD that rely on social motivation. This dissertation expands upon
previous investigations of the reward system in ASD, and is the first group of studies
to measure reward anticipation and processing for social versus nonsocial stimuli

while controlling for reward and stimulus properties.
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