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Abstract
Purpose of Review While there has been sustained interest in understanding the role of reward processing in autism
spectrum disorder (ASD), researchers are just beginning to focus on the anticipation phase of reward processing in
this population. This review aimed to briefly summarize recent advancements in functional imaging studies of
anticipatory social and nonsocial reward processing in individuals with and without ASD and provide suggestions
for avenues of future research.
Recent Findings Reward salience and activation of the complex network of brain regions supporting reward anticipation
vary across development and by important demographic characteristics, such as sex assigned at birth. Current research
comparing social and nonsocial reward anticipation may possess confounds related to the mismatch in tangibility and
salience of social and nonsocial experimental stimuli. Growing evidence suggests individuals with ASD demonstrate
aberrant generalized reward anticipation that is not specific to social reward.
Summary Future research should carefully match social and nonsocial reward stimuli and consider employing a
longitudinal design to disentangle the complex processes contributing to the development of reward anticipation. It
may be useful to conceptualize differences in reward anticipation as a transdiagnostic factor, rather than an ASD-
specific deficit.
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Introduction

Reward processing shapes goal-directed behavior whether
that be in the pursuit of basic needs like food or more
complex needs such as developing and maintaining mean-
ingful relationships with others [1]. In the last decade,
particular attention has been paid to the role of reward
processing in the etiology of autism spectrum disorder
(ASD; e.g., [2, 3]). For instance, the social motivation

theory of ASD claims that individuals with ASD1 demon-
strate deficits in social reward processing which contrib-
ute to a developmental cascade of social difficulties [4].
However, a recent meta-analysis [5] indicated that autistic
individuals demonstrate a broad reward processing deficit
(not limited to social context), which likely impacts social
development. Developing a better understanding of these
processes in ASD is especially important given that virtu-
ally all of the evidence-based interventions for ASD cap-
italize on rewards to motivate change (e.g., ABA [6], PRT
[7], SDARI [8]).

The psychological components of reward can be broken up
into distinct components including “wanting” or anticipation
of a reward (i.e., the motivated approach towards a reward),
“liking” or consumption of a reward (i.e., the hedonic experi-
ence), and learning [9, 10]. These three components are

1 Individuals with autism spectrum disorder use a range of terms to self-iden-
tify. Therefore, we use both person-first and identity-first language in this
review.
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associated with discrete brain regions and neurotransmitter
systems and are all needed for effective reward processing
[9, 10]. Therefore, anticipatory, consummatory, and reward
learning processing may be differentially impacted in individ-
uals with ASD and uniquely contribute to the difficulties as-
sociated with ASD. However, studies in this area have largely
focused on the “liking” aspect of reward processing and there
is a limited understanding of the ways in which anticipatory
and learning processes function in autistic individuals [5, 11].
It is important to deepen our understanding of reward antici-
pation in youth with ASD because, transdiagnostically, atten-
uated anticipation of rewards is associated with higher subse-
quent stress reactivity, higher affective instability, cognitive
difficulties (e.g., working memory, cognitive flexibility), and
poorer social functioning in youth [12, 13]. Therefore, reward
system dysfunction at the anticipation stage may serve as an
indicator of increased risk for broader social and psychologi-
cal challenges.

The aim of the present review is to offer a brief summary of
recent advancements in functional imaging studies of antici-
patory reward processing research in typical development
(TD), review the more limited research in this area in individ-
uals with ASD, and leverage what has been learned in the TD
population to guide future research in ASD.

Advancements in Reward Anticipation
Research: Typical Development

Functional Magnetic Resonance ImagingRecent works exam-
ining reward anticipation in typically developing (TD) popu-
lations have aimed to better delineate developmental trajecto-
ries of neural responses underlying reward anticipation as well
as examine whether the processing of social and nonsocial
rewards recruit overlapping or distinct neural networks.
Adolescence represents a sensitive period of development
during which the neural networks supporting reward anticipa-
tion undergo normative reorganization [14, 15], and the sa-
liency of social and nonsocial rewards is heightened [16–18].
Indeed, engagement of reward-related brain regions is ampli-
fied during adolescence relative to other age groups [19],
supporting the notion that adolescence is a time of increased
reward valuation.

Studies utilizing functional magnetic resonance imaging
(fMRI), a methodology that measures brain activity via chang-
es in blood oxygen levels and offers high spatial resolution,
have revealed that changes in neural organization related to
reward anticipation across development are reflected in en-
hanced activation of mesolimbic brain regions (Table 1;
[19]). Beyond activation, a recent work has examined age-
related reward processing changes in functional coupling, that
is, the connectivity of brain regions [23]. Coupling of the
ventral tegmental area (VTA) and the nucleus accumbens

(NAc) decreases [23] from preadolescence to adulthood
(e.g., 10- to 25-year-olds) while preparing to engage in moti-
vated behavior. This suggests that adolescence is marked by
heightened engagement of, and communication between, re-
ward regions during the anticipation of motivationally salient
tasks. Another study demonstrated age-related behavioral im-
provements on the antisaccade reward task, which involve
older participants exhibiting greater inhibitory control to re-
ceive rewards relative to younger participants. Task improve-
ments were mediated by the salience and motor networks.
These findings support the dissociable components of “want-
ing” and “liking,” and that neural “wanting” of rewards in-
creases from adolescence to adulthood which facilitates better
inhibitory control in pursuit of rewards [24]. One interpreta-
tion of these findings is that age-related changes may be due in
part to hormonal changes (e.g., the onset of puberty) which
impact neural development. For example, higher estradiol
levels were found to be related to decreased bilateral caudate
activation in girls but, interestingly, not boys [25]. The authors
postulate that estradiol modulates reward sensitivity highlight-
ing the need to characterize not only age-related changes but
also puberty-related changes in reward anticipation process-
ing. This finding is limited to girls; however, their sample
consisted of pre- and early adolescents (10- to 13-year-olds)
and thus warrants further study in later adolescence and
adulthood.

In recent years, considerably fewer studies have
attempted to disentangle potential differences in the pro-
cessing of social and nonsocial rewards, with equivocal
findings [26]. While a review by Gu and colleagues
(2019) suggests that the brain regions implicated in antic-
ipating social and nonsocial rewards are similar [27], other
works indicate that neural networks responsible for the
anticipation of social and nonsocial rewards are distinct.
Specifically, a Humorous Incentive Delay (HID) analog
to the classic Monetary Incentive Delay (MID) task
showed monetary rewards elicited greater activation in
the NAc, anterior cingulate cortex (ACC), and midbrain
than humorous rewards [28]. Notably, participants report-
ed more motivation during the MID than the HID tasks
[28]. This may be due, in part, to a failure of these tasks
to adequately match reward valence and magnitude. For
example, many paradigms investigating social reward pro-
cessing utilize smiling faces or other indices of social ap-
proval as rewards. However, tasks examining nonsocial
reward processing often provide an opportunity for partic-
ipants to gain additional monetary compensation. In an
experimental setting, more tangible monetary rewards like-
ly confer higher value, leading to greater motivation and
task engagement overall. Thus, it is unclear if differences
in the recruitment of these neural regions are due to differ-
ences in social versus nonsocial reward anticipation or
confounds related to stimulus selection [29].
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Electroencephalogram/Event-Related Potentials In addition
to understanding changes in neural organization and network
recruitment, it is also critical to understand changes in the
efficiency of neural processing related to reward anticipation.
Event-related potentials (ERPs) measured via electroenceph-
alogram (EEG) index the electrophysiological response to dis-
tinct sensory or cognitive stimuli or events. ERP methodology
offers high temporal resolution and thus can be a useful tool
for isolating the rapidly unfolding stages of reward process-
ing. Consequently, recent works have begun examining age-
related changes in ERP components implicated in reward an-
ticipation (i.e., cue-P3, contingent-negative variation [CNV],
stimulus-preceding negativity [SPN]; Table 1). Findings from
these studies indicate that increasing age is related to attenu-
ated cue-P3 and CNV, but not SPN, amplitudes in a large
sample of adults [30]. However, nowork to date has examined
potential age-related changes in anticipatory ERP components
during adolescence despite the notable changes in neural net-
work structure reported in the neuroimaging literature.

Similar to the fMRI literature, ERP responses to social and
nonsocial reward anticipation have been studied utilizing an
adapted MID task, known as the Social Incentive Delay (SID)
task. Akin to many paradigms designed to measure social
reward processing, these SID paradigms frequently use the
presentation of emotion-laden faces as a social reward. In a
study using this paradigm, adolescent girls demonstrated an
enhanced SPN in anticipation of social punishment (angry
faces), but not nonsocial punishment (monetary loss), social
reward (smiling face), or nonsocial reward (monetary gain)
when compared to boys [31]. These results suggest that ado-
lescent girls may be particularly sensitive to the prospect of
social rejection. This again raises the questions of whether
social and nonsocial reward anticipation differs by sex
assigned at birth and what role hormonal changes related to
puberty may play in these processes. However, the use of
emotional facial expression stimuli as an indicator of social
approval or acceptance (i.e., social reward) may in and of itself

introduce a confound as differences in face perception ability
and processing are frequently observed by sex assigned at
birth [32]. In order to circumvent this concern, other works
have utilized thumbs up/down (i.e., Facebook) stimuli as a
means of delivering social reward. In one such study, the
cue-P3 and SPN were found to be similar across social and
nonsocial tasks while the CNVwas onlymodulated during the
nonsocial (MID) task [33]. Given that ERPs did not differ
significantly by task, Oumeziane and colleagues (2017) sug-
gest that neural responses are indicative of general reward
anticipation processing and do not differ by social or nonso-
cial reward type [33].

Taken together, the findings summarized above highlight
the importance of considering the salience of social stimuli as
well as the age and sex of participants to disentangle whether
social and nonsocial reward anticipation is processed distinct-
ly in youth, particularly during adolescence.

Advancements in Reward Anticipation
Research: Autism Spectrum Disorder

Functional Magnetic Resonance Imaging The nature of re-
ward anticipation deficits in ASD remains ambiguous. While
some studies indicate aberrant reward anticipation specific to
social rewards (e.g., [34]), others demonstrate atypical reward
anticipation to both social and nonsocial rewards (e.g.,
[35–37]), and still others found no significant differences be-
tween individuals with ASD and TD individuals (e.g., [38]).
In an attempt to clarify this mixed literature, a meta-analysis
by Clements et al. (2018) on a small number of functional
magnetic resonance imaging (fMRI) studies demonstrated that
autistic individuals show hypoactivation in reward regions
while anticipating social rewards but hyperactivation while
anticipating nonsocial rewards [5]. These results add to the
growing evidence that individuals with ASD possess general-
ized reward processing differences that are not specific to the

Table 1 Brain regions [20, 21] and ERP components [22] involved in the anticipation of rewards

fMRI Region Description

Ventral tegmental area (VTA) A midbrain structure comprising dopamine neurons that project to mesolimbic areas.

Nucleus accumbens (NAc) Apart of the mesolimbic pathway; specifically, the ventral striatum. Plays an important role in processing
aversion and motivation.

Caudate Implicated in multiple processes including relaying information to mesocorticolimbic structures.

Anterior cingulate cortex
(ACC)

A structure in the frontal cortex that is involved in motivation.

ERP Component Description

Cue-P3 Cue evaluation stage. Decide if an action will lead to a reward.

Contingent-negative variation
(CNV)

Motor preparation. Motor response to pursue a reward (e.g., push button).

Stimulus-preceding negative
(SPN)

Feedback anticipation. Elicited while waiting for feedback about a reward.
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social domain. A recent fMRI study [39] utilizing the
Monetary Incentive Delay (MID) and Social Incentive Delay
(SID) tasks also indicated that individuals with ASD demon-
strated generalized reward processing differences when antic-
ipating both social and nonsocial rewards. However, while
Clements et al. (2018) found hypoactivation of reward regions
while anticipating social rewards and hyperactivation while
anticipating nonsocial rewards, Baumeister et al. (2020) found
striatal hypoactivation in both domains [5, 39]. Thus, while
autistic individuals seem to demonstrate reward anticipation
differences across reward types, it is still not clear if these
differences are characterized by hypo- or hyper-engagement
of reward regions and whether this differs across stimuli.
Evidence of generalized decreased sensitivity to rewards in
ASD is consistent with recent work that has identified de-
creased reward sensitivity as a transdiagnostic factor present
in other conditions including schizophrenia, bipolar disorder,
and symptoms related to depression [13, 40]. A key limitation
of the SID and MID tasks broadly, as noted above, is that the
typical social (smiling face) and monetary rewards (image of
2-euro coin) included may not be comparable in terms of
reward magnitude.

Another recent fMRI study utilizing the MID framework
attempted to address this methodological confound by includ-
ing both the standard version of the MID task and a version in
which participants earned monetary rewards for another par-
ticipant in the study [41]. Unlike the results of the study by
Baumeister et al. (2020), no group differences were found
during the reward anticipation phase for either the vicarious
reward condition or the standard reward condition. Thus, it
may be that differences in reward anticipation disappear when
using a task where the social and nonsocial reward conditions
are well-matched. However, this study included only 16 adults
with ASD and 15 TD adults and differences in reward pro-
cessing may be too nuanced to detect without a larger sample
size.

Electroencephalogram/Event-Related Potentials In a recent
cued incentive delay task with concurrent EEG, Matyjek
et al. (2020) examined anticipatory processing across mone-
tary, social, and combined monetary and social reward condi-
tions [42]. Researchers examined the relationship between the
contingent-negative variation (CNV) and ASD traits in 55
neurotypical adults. Results of this study indicated that partic-
ipants with more symptoms of ASD demonstrated larger CNV
amplitudes across all conditions in the early anticipation phase
but not the late anticipation phase (directly before reward re-
ception). This study was the first to examine differences in
reward anticipation across early and late temporal stages.
Importantly, these findings suggest that, by collapsing over
temporal stages of anticipation, researchers may be missing
modulation in the relationship between ASD symptoms and
reward-related processes. This highlights an important area for

future research, particularly in electroencephalogram/event-
related potential (EEG/ERP) studies, which provide more
temporal precision than fMRI studies. However, it is impor-
tant to note that this study was conducted with TD adults. It is
not clear whether the same pattern of results would extend to
individuals with more severe symptoms of ASD and future
studies should replicate these methods in individuals with a
broader range of symptoms. Additionally, given the evidence
that reward salience and engagement of reward-related brain
regions change across development, findings in adult samples
may not generalize to children and adolescents. Therefore,
longitudinal studies are needed to better understand when dif-
ferences in reward anticipation emerge in individuals with
ASD and how they may evolve across the lifespan.

Summary and Future Directions

Reward anticipation is composed of complex andmultifaceted
neural functions, and the equivocal nature of research findings
in TD and ASD populations reflects this complexity. As re-
searchers continue to disentangle this complexity, important
areas for future investigation have emerged. Namely, re-
searchers should carefully consider demographic characteris-
tics such as age and sex assigned at birth when identifying a
target sample for reward anticipation studies. Reward sensi-
tivity and processing changes across typical development, par-
ticularly during the onset of puberty and the accompanying
hormonal changes [23, 24]. Additionally, recent works exam-
ining reward “liking” have revealed sex assigned at birth as a
moderator that bears investigation in reference to reward an-
ticipation. Results of a neuroimaging study revealed sex
assigned at birth differences in reward processing between
girls and boys with ASD [43]. Results indicated that girls with
ASD demonstrated increased neural responsivity to social re-
wards as compared with boys with ASD and TD girls.
However, while sex assigned at birth differences in reward
“liking” have been observed in autistic individuals, associa-
tions between reward anticipation and gender have yet to be
examined and bear future investigation [43]. Special attention
should therefore be paid to the interaction of age and sex
assigned at birth in characterizing reward anticipation. This
is particularly the case when studying individuals with ASD
given the neurodevelopmental nature of and sex assigned at
birth differences observed in ASD.

We have also identified important methodological consid-
erations for future studies. While the MID and SID tasks are
widely used and are beneficial in terms of replicability and
clear delineations between reward anticipation and receipt
stages, a potential confound is that the social and nonsocial
rewards typically used in these tasks may not be comparable
in terms of reward tangibility and magnitude [29].
Researchers should continue to investigate potential
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alternative stimuli that may serve as social and nonsocial re-
wards. Additionally, it may be useful to examine multiple
stages of reward processing within a given task to examine
temporal differences in reward processing engagement [42].

Conclusions

Reward anticipation is a complex process that varies by im-
portant demographic characteristics such as age and sex
assigned at birth. In the future, researchers should employ
longitudinal study designs to better understand the way re-
ward anticipation evolves across development. Growing evi-
dence suggests that individuals with ASD demonstrate aber-
rant generalized reward processing not specific to social re-
ward. Therefore, it may be useful to conceptualize differences
in reward anticipation as a transdiagnostic factor, rather than
an ASD-specific deficit [13].
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