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Abstract This study investigated vicarious effort-based
decision-making in 50 adolescents with autism spectrum
disorders (ASD) compared to 32 controls using the Effort
Expenditure for Rewards Task. Participants made choices
to win money for themselves or for another person. When
choosing for themselves, the ASD group exhibited relatively similar patterns of effort-based decision-making
across reward parameters. However, when choosing for
another person, the ASD group demonstrated relatively
decreased sensitivity to reward magnitude, particularly in
the high magnitude condition. Finally, patterns of responding in the ASD group were related to individual differences
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in consummatory pleasure capacity. These findings indicate
atypical vicarious effort-based decision-making in ASD
and more broadly add to the growing body of literature
addressing social reward processing deficits in ASD.
Keywords Autism spectrum disorder · Vicarious reward ·
Effort-based decision-making · Social motivation

Introduction
Current definitions of autism spectrum disorders (ASD;
American Psychiatric Association 2013) emphasize impairments in social communication as a core deficit, including impairments in social cognition, social attention, joint
attention, and theory of mind (ToM; e.g., Baranek 1999;
Baron-Cohen et al. 2001; Dawson et al. 2004; White et al.
2009). Recent evidence highlights that deficits in social
motivation may contribute to social communication impairments in ASD such that, under certain motivational conditions, social communicative abilities appear to be unimpaired in ASD (Chevallier et al. 2012; Lahaie et al. 2006;
Wang et al. 2004). Accordingly, the “social motivation
hypothesis of autism” suggests that early-emerging disruptions in social motivation may be a primary deficit in
ASD with downstream effects on the development of social
communicative skills (Chevallier et al. 2012; Dawson et al.
2004). According to this model, individuals with ASD
display social motivation deficits from infancy that persist
through early childhood that impede the development of
social functioning. In other words, social communication
deficits in ASD may be influenced by decreased pleasure
derived from social stimuli and/or contexts (“reward liking”), as well as diminished anticipation of social rewards
(“reward wanting”; Chevallier et al. 2012).
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The purpose of the present investigation was to evaluate vicarious effort-based decision-making to address one
aspect of the social motivation hypothesis of ASD. Few
studies on social motivation impairments have examined
motivation in the context of effortful behavior. Preclinical
studies have demonstrated a “law of least effort,” namely
that model organisms choose to exert the least amount of
effort necessary to obtain a reward; however, when reward
preferences increase, due to reward magnitude for instance,
the organism will exert more effort to obtain such a reward
(Salamone 2006; Solomon 1948). Factors influencing
effort exertion include: perceived effort required, valuation
of potential rewards, and the probability that the reward
will be received if the organism is successful at completing the task (Salamone 2006). The Effort-Expenditure for
Rewards Task (EEfRT) is an assessment that is sensitive to
these motivational processes and mimics classic preclinical
behavioral tasks that assay behavioral output of the mesolimbic dopaminergic system (Treadway et al. 2009; Treadway & Zald 2011).
The EEfRT has been used to examine motivational processes in nonclinical and clinical populations. Performance
on the EEfRT was shown to be modulated by the administration of d-amphetamine, a dopamine agonist, such that it
enhanced willingness to exert effort in a nonclinical sample (Wardle et al. 2011). In clinical samples, individuals
with anhedonia and/or major depressive disorder showed
decreased sensitivity to reward parameters on the EEfRT,
consistent with preclinical models linking anhedonia to
decreased mesolimbic dopamine function (Treadway et al.
2009, 2012). Additionally, the EEfRT was found to be a
valid and reliable measure of effort expenditure for rewards
in individuals with schizophrenia (Reddy et al. 2015).
Finally, Damiano et al. (2012) found patterns of effortbased decision-making in adults with ASD characterized
by overall more hard task choices to expend effort to obtain
rewards regardless of reward contingencies (i.e., probability
and magnitude).
Whereas the EEfRT has been used to measure effortbased decision-making when earning rewards for oneself,
the current study sought to examine effort-based decisionmaking when earning rewards for others in adolescents
with ASD. Experiencing pleasure when observing others
achieve positive outcomes is a phenomenon called vicarious reward (Braams et al. 2014; Lockwood et al. 2015;
Mobbs et al. 2009). Several studies have shown that the
mesolimbic dopamine system is activated in nonclinical samples during vicarious reward conditions (Braams
et al. 2014; Lockwood et al. 2015). Neuroimaging studies
have found activity in the anterior cingulate cortex (ACC)
exclusively for cues that are predictive of reward for others (Apps et al. 2016; Lockwood et al. 2015). Additionally, activity increases in this region when the benefit (or
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value) associated with a behavior is greater; that is, activity increases when another person will obtain a reward.
Conversely, activity in the ACC also decreases with costs
that decrease motivation, including effort costs or temporal
delays (Apps et al. 2016). Therefore, the ACC signals the
motivational value of vicarious reward in individuals who
are typically functioning. In ASD, there is evidence of disruptions to the functional properties of the ACC (Balsters
et al. 2017; Chiu et al. 2008), which may suggest social
cognition deficits in part reflect atypical vicarious reward
processing. However, there have been no studies that have
investigated vicarious reward processing in ASD. In the
present study, we investigated vicarious reward processing
in adolescents with ASD using a modified version of the
EEfRT that includes both standard and vicarious reward
conditions.
Based on findings from Damiano et al. (2012), primary
hypotheses predicted that, when making choices to earn
rewards for themselves, adolescents with ASD would select
the hard task option relatively more often than would the
control group. Furthermore, given that ASD is characterized by deficits in prosocial behaviors (Dawson et al. 2012),
it was hypothesized that the ASD group would have more
pronounced deficits when making choices to earn rewards
for another person (i.e., the vicarious reward condition)
relative to when making choices to earn rewards for themselves. Finally, in exploratory analyses, linkages between
effort-based decision-making and symptom severity, as
well as dimensions of affect and reward sensitivity, were
examined.

Methods
The UNC-Chapel Hill biomedical institutional review
board approved this study. Prior to participation, informed
consent was obtained from caregivers and adolescents over
18 years of age and assent was obtained from adolescents
under 18 years of age.

Participants
Fifty adolescents with ASD and 32 typically developing
controls (TDCs) 12–20 years old participated in the study
which was approved by and in accordance with the ethical
standards of the local institutional research committee at
UNC-Chapel Hill and with the 1964 Helskinki declaration
and its later amendments or comparable ethical standards.
Participants with ASD were high functioning, defined as
having fluent phrase speech and nonverbal IQ > 70. Both
groups had no known sensory deficits nor diagnosis of
intellectual disability. Additional inclusion criteria for the
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TDC group included: no diagnosis of ASD and lifetimefree of other Axis I diagnoses assessed via the Mini-International Neuropsychiatric Interview (MINI), self-report,
administered to participants 18–20 years old, and the MINI
for Children and Adolescents (MINI-KID-P), administered
to caregivers of participants 12–17 years old. Participants
with ASD were recruited via the UNC Autism Research
Registry, a resource at the Carolina Institute for Developmental Disabilities (CIDD). Typically developing adolescents 12–17 years old were recruited via the UNC CIDD
Child Development Registry whereas those 18–20 years of
age were recruited via a UNC listserv for UNC employees
and via the Human Participation in Research Subject Pool
available through the UNC Department of Psychology and
Neuroscience.
Table 1 provides participant demographic information.
Groups did not differ in age, t(80) = 0.64, p = .53, or Performance IQ (PIQ), t(79) = 1.72, p = 0.09. Groups did differ in Verbal IQ (VIQ), t(79) = 2.43, p = 0.02, Full Scale IQ
(FSIQ), t(79) = 2.37, p = 0.02, and gender distributions, X2
(2, N = 82) = 10.67, p < 0.01. Groups did not differ on race
and ethnicity distributions, p > 0.05 (ASD group: 45 Caucasians, 4 African Americans, 1 Hispanic; TDC group:
21 Caucasians, 6 African-Americans, 2 Asian Americans,
Table 1  Means (Standard Deviations) for demographic and clinical
measures for the ASD and TDC Groups

Age
Verbal IQ (VIQ)
Performance IQ (PIQ)
Full scale IQ (FSIQ)
Male: female ratio
ADOS SA
ADOS RRB

ASD (n = 50)
Mean (SD)

TDC (n = 32)
Mean (SD)

p Value

16.02 (2.58)
104.10 (17.17)
101.10 (16.29)
102.94 (16.89)
22:3
11.17 (3.52)
3.83 (1.66)

15.63 (2.95)
111.80 (11.42)
106.10 (10.70)
110.38 (11.46)
9:7
NA
NA

0.53
0.02*
0.09
0.02*
< 0.01a

ADOS SA Autism Diagnostic Observation Schedule, Social Affect
domain; ADOS RRB ADOS Restricted and Repetitive Behaviors
domain
*p < 0.05
a

Pearson’s χ2 p value

Table 2  Means (Standard
Deviations) for symptom and
dimensional measures in the
ASD and TDC Groups

SRS t score
CDI/BDI
SPSRQ-reward
TEPS-anticipatory
TEPS-consummatory

2 Hispanics). 68% (n = 34) of the ASD group met criteria for at least one comorbid disorder. 62% of adolescents
with ASD were taking medications that fell into the following categories: antidepressants, psychostimulants, and
atypical and typical antipsychotics. The majority of participants were post-pubertal (ASD = 81.25%; TDC = 83.33%,
p > 0.05).
Groups significantly differed on the SRS, t(80) = 12.40,
p < 0.0001, with greater social impairment reported in the
ASD group compared to the TDC group. Importantly, the
mean t score for the TDC group fell within the normal
range while the mean t score for the ASD group fell above
the clinical cut off (within the severe range). Groups also
significantly differed on the TEPS Consummatory subscale, t(80) = 2.38, p = 0.02, with lower ratings of consummatory pleasure reported in the ASD group compared to
the TDC group (summary statistics for these measures are
presented in Table 2).

Procedure
Following consent, the EEfRT task, diagnostic, demographic, and symptom assessments, and cognitive tests
were administered. The EEfRT task and symptom questionnaires were completed on a computer, the former using
MatLab software, and the latter using Qualtrics survey
software. Participants received a base rate of $10, plus
$10 per hour for the 2–4 h testing session, plus an additional $2.00–8.66 earned during the EEfRT task (described
below).

Materials and Measures
Effort‑Based Decision‑Making Task
Participants completed a modified version of the EEfRT
(Damiano et al. 2012; Treadway et al. 2009; Treadway &
Zald 2011), the “Self and Other” EEfRT (see Fig. 1). On
each trial, participants chose between two levels of task
difficulty, a “hard task” and an “easy task.” The hard task

n

ASD
Mean (SD)

TDC
Mean (SD)

p Value

82
53/29
79
82
82

77.36 (9.49)
24.94 (2.32)/7.89 (6.54)
31.43 (11.23)
42.96 (7.85)
32.36 (7.75)

49.84 (10.29)
26.11 (2.43)/4.40 (4.95)
30.70 (8.90)
45.84 (6.21)
36.44 (7.28)

<0.0001**
0.10/0.15
0.76
0.08
0.02*

*p < 0.05; **p < 0.01
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A

B

C

D

E

Choose task
Choosing
for Self

+

Hard task: $2.37
Easy task: $1.00
Probability: 88%

F

G

Time: 5.67

Ready?

You
completed
the task!

You won
$2.37

Fig. 1  Schematic diagram of a single trial of the modified version
of the Effort Expenditure for Rewards Task (EEfRT): a Participants
were told whether they were “Choosing for Self” or “Choosing for
Other.” b Participants were shown a 1 s fixation cue. c Unlimited
choice period in which participants were presented with information
regarding the reward magnitude of the hard task for that trial, and

the probability of receiving any reward for that trial. d One-second
“ready” screen. e Participants made rapid button presses to complete
the chosen task for 7 s (easy task) or 21 s (hard task). f Participants
received feedback on whether they completed the task. g Participants
received reward feedback indicating whether and how much reward
they received for that trial

required participants to make 100 button presses within
21 s using his/her non-dominant pinky finger. The easy
task required participants to make 30 button presses within
7 s using his/her dominant index finger. Each button press
raised the level of a virtual bar, and raising this bar to the
top of the display within the given time period denoted successful task completion, indicating that they were eligible
to win money for that trial. Prior to each trial, participants
were provided with three pieces of information about that
trial: (1) the magnitude of the reward they could win; (2)
the probability that they would receive the reward if they
completed the trial successfully; and (3) if the trial was a
“Self” or “Other” trial.
Reward magnitude varied as follows. For easy-task trials, participants were eligible to win $1.00 if they successfully completed the trial. For hard task choices, participants
were eligible to win between $1.24–$4.30 if they successfully completed the task: the small magnitude condition
varied in rewards between $1.24 and $2.00; the medium
magnitude condition varied in rewards between $2.01 and
$3.00; and the large magnitude condition varied in rewards
between $3.01 and $4.12.
Reward probability varied as follows. At the beginning
of each trial, participants were told whether they had a high
(88%), medium (50%), or low (12%) probability of receiving a reward if they completed the task successfully. There
were equal proportions of each probability level across the
experiment, and each level of probability appeared once
along with each level of reward value (Treadway et al.
2009).
Finally, at the beginning of each trial, participants
were told whether they could earn money for themselves
(“choosing for self,” standard condition) or for an another
person whom they had not met (i.e., the next participant
in the study; “choosing for other,” vicarious reward condition). They were also informed that a previous participant already earned money for them. Trial types (varying

in reward magnitude, reward probability, and reward
recipient) were presented in the same randomized order
for every participant and choice periods were untimed
(i.e., participants had as long as they liked to make their
choices). Participants were told that two of their winning
trials would be randomly selected at the end of the experiment for which they would receive the actual amount of
money won during those two trials, which ranged from
$2.00 to $8.66. At the end of the task, participants were
told how much they earned for themselves and for the
other participant. This final step served as another opportunity to remind participants that the “other participant”
was the next participant in the study. Participants were
also informed how much the previous participant had
earned for them.
Prior to the experimental trials, participants were
given detailed instructions about the task followed by
several practice trials. To ensure task comprehension,
experimenters asked participants to respond to questions
regarding the task throughout the instructional period. If
participants did not answer correctly, instructions were
repeated until comprehension was confirmed.
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Diagnostic Assessments
ASD diagnoses were confirmed via Modules 3 or 4 of
the Autism Diagnostic Observation Schedule, Second
Edition (ADOS-2; Lord et al. 2012) administered by a
research reliable assessor and using standard algorithm
cutoffs for ASD. To assess for past or present Axis I psychopathology, all participants completed either the MINI
or the MINI-KID-P, semi-structured clinical diagnostic
interviews that evaluate the presence of DSM-IV and
ICD-10 psychiatric disorders in adults and in children
and adolescents ages 6–17 via parent interview, respectively (Sheehan et al. 1998, 2010).
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Cognitive Assessment
Intellectual functioning was assessed using the Wechsler
Abbreviated Scale of Intelligence (WASI) for participants
18–20 years old, or the Kaufman Brief Intelligence Test,
Second Edition (KBIT-2) for participants 12–17 years old,
both reliable brief measures of intelligence that can be
administered in ~30 min to yield Verbal IQ, Performance
IQ, and Full Scale IQ scores. The WASI is an abbreviated version of the full Wechsler Adult Intelligence Scale
(WASI; Axelrod 2002) and the KBIT-2 is an abbreviated
version of the full Kaufman Assessment Battery for Children (KABC-II; Kaufman & Kaufman 2004). Both have
been used in ASD samples (Bardikoff & McGonigle-Chalmers 2014; Damiano et al. 2012).

current study, only the sensitivity to reward subscale was
analyzed, with higher scores indicating greater sensitivity to reward. For both groups, 18–20 year old participants
filled out the self-report version (SPSRQ-SR) and caregivers filled out the caregiver-report version (SPSRQ-CR).
Affective Functioning
The Beck Depression Inventory-II (BDI-II) is a reliable
measure of depressive symptoms (Beck et al. 1996). This
measure was administered to 18–20 year-olds. The Child
Depression Inventory (CDI) assesses depressive symptoms
in individuals between the ages of 7 and 17 years old (Helsel and Matson 1984) and was administered to participants
in this age range.

Autism Symptoms

Development

Group means for symptom severity, affective functioning,
and reward sensitivity are presented in Table 2. The Social
Responsiveness Scale (SRS) is a self-report instrument
that provides a dimensional measure of autism impairments. The 65-item rating scale measures the severity of
social-communicative autism symptoms as they occur in
natural social settings (Constantino et al. 2003). Participants responded on a four-point Likert scale, representing
a range from “not true” to “almost always true.” T scores
from 60 to 75 are considered to be in the mild to moderate range while scores above 76 are considered to be in the
severe range of impaired social functioning. The self-report
version of the SRS (SRS-SR) was completed by adult participants (18–20 year olds); caregivers completed the caregiver-report version of the SRS (SRS-CR) for participants
younger than 18 years old.

The Peterson Pubertal Development Scale (PPDS) is an
informant-based measure, which asks caregivers to report
the degree to which their child has advanced through agedependent physical development and the normative behavioral changes that accompany this stage (Petersen et al.
1988). This was completed by caregivers of adolescents
aged 12–17 years old.

Anhedonia and Reward
The Temporal Experience of Pleasure Scale (TEPS)
measures, on a scale of 1–5, how true a particular statement is for an individual, with 1 being “very false” and 5
being “very true.” Items include “I appreciate the beauty
of a fresh snowfall” and “When something is coming up
in my life, I really look forward to it” (Gard et al. 2006).
The measure comprises of nine items for each of the two
scales, consummatory pleasure and anticipatory pleasure,
and was administered to all participants with and without
ASD. Total scores were generated for the two subscales
with higher scores indicating greater levels of pleasure.
The Sensitivity to Punishment and Sensitivity to Reward
Questionnaire (SPSRQ) is a response item questionnaire
with 48 yes/no items comprising 24 items for each of the
two scales: sensitivity to punishment (SP) and sensitivity to
reward (SR; Torrubia et al. 2001). For the purposes of the

Data Analytic Plan
A priori hypotheses investigated whether the ASD group
differed from the TDC group with respect to their willingness to expend effort to obtain uncertain rewards for
Self and for Other. As such, the primary omnibus analysis was a 2 (Group: ASD, TDC) × 3 (Magnitude: Small,
Medium, Large) × 3 (Probability: Low (12%), Medium
(50%), High (88%)) × 2 (Agency: Self, Other) repeated
measures analysis of variance on the percentage of hard
task choices. Effect sizes (partial eta-squared, ηp2 for F statistics and Cohen’s d for t tests) are reported. We considered examining (Self-Other) difference scores that would
reflect the bias to make hard task choices for oneself relative to another person; however, because difference scores
obscure whether effects are driven by aberrant scores in
one condition or the other, difference scores were not used.
Follow-up analyses examined between- and within-group
differences within and across each level of Magnitude and
Probability for Self and Other conditions separately. Gender and IQ were not covaried in the primary analysis (1)
to allow for a direct comparison with results from adults
with ASD in Damiano et al. (2012), and (2) because there
are no published data documenting relationships between
gender and IQ and EEfRT performance. Results with these
covariates are reported in supplementary analyses (see
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Online Resource 1). Between- and within-group t tests
were also conducted to examine potential differences in
average response time overall and for Self relative to Other
conditions.
Correlational analyses examined relations between
effort-based decision-making and ASD symptoms and
affective and reward sensitivity in the ASD group. Results
do not survive a Bonferroni correction; therefore, results
presented below are exploratory.
Supplementary materials also include an examination of
choice variability (see Online Resource 2). Further, alternative analyses using generalized estimating equations (GEE)
are included in the supplement (see Online Resource 3) as
an additional analytic approach previously used in effortbased decision-making studies (Treadway et al. 2009,
2012). Finally, analyses examining difference scores are
reported in Online Resource 4.

Results
EEfRT Analyses
The dependent variable of the EEfRT was the percentage
of times the hard task was chosen. Centrally relevant to the
study hypotheses, the omnibus repeated measures ANOVA
performed on the percentage of hard task choices revealed
an Agency × Group × Magnitude interaction, F(2,79) = 3.79,
p = 0.03, ηp2 = 0.04, reflecting that groups differed on the
influence of Magnitude in the Self relative to the Other

condition. Additionally, there was an Agency × Group
interaction, F(1,80) = 3.88, p = 0.05, ηp2 = 0.05, indicating
that groups differed in responses for Self and Other conditions, an Agency × Magnitude × Probability interaction,
F(2,79) = 3.99, p = 0.005, ηp2 = 0.06, and a main effect of
Agency, F(2,79) = 33.25, p < 0.0001, ηp2 = 0.29, reflecting
a greater percentage of hard task choices in the Self relative to the Other condition across groups. Not surprisingly,
there was a main effect of Magnitude, with higher magnitude levels associated with more hard task choices across
groups, F(2,79) = 47.83, p < 0.0001, ηp2 = 0.47, as well as
a main effect of Probability, with higher probability levels
associated with more hard task choices, F(2,79) = 60.25,
p < 0.0001, ηp2 = 0.53, across groups. All other main effects
and interactions were not statistically significant.
Follow‑Up Analyses
Results for follow-up between-group analyses are presented
in Table 3 revealing several group differences in effortbased decision-making across Probability and Magnitude
for both Self and Other. Results for within-group analyses are included in Table 4 and reveal differences between
Self and Other effort-based decision-making within the
ASD and TDC groups. These findings are also depicted in
Figs. 2 and 3.
Results revealed group differences in average response
times for overall EEfRT performance, t(81) = 3.28, p < 0.01
(ASD: M = 4.84, SD = 3.88; TDC: M = 3.23, SD = 1.43).
However, there were no within-group differences between

Table 3  Follow-up Between-Group t-tests for Self and Other conditions of the EEfRT
Self

Magnitude

ASD–TDC t(p)

Cohen’s d

Small
Medium
Large

0.03 (0.98)
*1.91 (0.06)
0.44 (0.66)

0.01
0.44
0.10

Low
Medium
High

0.13 (0.90)
0.51 (0.61)
**2.04 (0.04)

0.03
0.12
0.44

Magnitude

ASD–TDC t(p)

Cohen’s d

Small
Medium
Large

*1.81 (0.07)
1.30 (0.20)
0.43 (0.67)

0.42
0.30
0.10

1.65 (0.10)
0.81 (0.42)
0.26 (0.79)

0.38
0.18
0.06

Probability

Other

Probability
Low
Medium
High
*p < 0.10; **p < 0.05
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Table 4  Follow-up Within-Group t tests in the ASD and TDC groups for the EEfRT
Self-other

Magnitude

ASD t(p)

Cohen’s d

Small
Medium
Large

*2.37 (0.02)
1.66 (0.10)
***4.14 (0.0001)

0.29
0.25
0.60

Low
Medium
High

**2.82 (0.007)
**2.84 (0.007)
**3.09 (0.003)

0.37
0.42
0.42

Magnitude

TDC t(p)

Cohen’s d

Small
Medium
Large

***3.76 (0.0007)
***5.00 (<0.0001)
**2.95 (0.006)

0.76
1.06
0.64

Low
Medium
High

***4.91 (<0.0001)
***3.69 (0.0008)
**3.64 (0.001)

0.84
0.79
0.82

Magnitude

ASD t(p)

Cohen’s d

Small–medium
Medium–large

***4.75 (<0.0001)
**3.42 (0.001)

0.65
0.44

Low–medium
Medium–high

***5.28 (<0.0001)
*2.66 (0.01)

0.79
0.39

Magnitude

ASD t(p)

Cohen’s d

Small–medium
Medium–large

***4.86 (<0.0001)
0.26 (0.80)

0.68
0.02

Low–medium
Medium–high

***5.16 (<0.0001)
**3.17 (0.003)

0.72
0.31

Magnitude

TDC t(p)

Cohen’s d

Small–medium
Medium–large

***5.43 (<0.0001)
0.81 (0.42)

1.12
0.15

Low–medium
Medium–high

***5.25 (<0.0001)
***4.92 (<0.0001)

0.98
0.89

Magnitude

TDC t(p)

Cohen’s d

Small–medium
Medium–large

***6.01 (<0.0001)
***4.23 (0.0002)

0.95
0.46

***5.69 (<0.0001)
***4.11 (0.0003)

1.01
0.59

Probability

Self-other

Probability

Self

Probability

Other

Probability

Self

Probability

Other

Probability
Low–medium
Medium–high
*p < 0.05; **p < 0.01; ***p < 0.001
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Total Percentage of Hard Task Choices

Reward Magnitude for Self

Reward Magnitude for Other

90

90

80

80

70

70

60

60

50

50

40

TDC

40

TDC

30

ASD

30

ASD

20

20
Small

Medium
Magnitude

Large

Small

Medium
Magnitude

Large

Fig. 2  The influence of reward magnitude on the percentage of hard task choices for Self (left) and Other (right). Asterisks reflect significant
within-group, between-condition effects (p < 0.05). Brackets indicate significant between-group, within-condition effects (p < 0.05)

Total Percentage of Hard Task Choices

Reward Probability for Self

Reward Probability for Other
90

90
80

*

80

70

*

70

*

60
50

*

60

*

*

50

40

TDC

40

TDC

30

ASD

30

ASD

20

Low

Medium
Probability

High

20

Low

Medium
Probability

High

Fig. 3  The influence of reward probability on the percentage of hard task choices for Self (left) and Other (right). Asterisks reflect significant
within-group, between-condition effects (p < 0.05). Brackets indicate significant between-group, within-condition effects (p < 0.05)

response times when expending effort for Self (ASD:
M = 4.73, SD = 3.12; TDC: M = 3.28, SD = 1.36) relative to Other (ASD: M = 4.95, SD = 5.68; TDC: M = 3.18,
SD = 1.57), p’s > 0.05.

proportion of hard task choices for Self and the proportion
of hard task choices for Other in the ASD and TDC groups
(see Table 6).

Correlational Analyses

The proportion of hard task choices selected for Small,
Medium, and Large magnitudes were positively correlated
with the TEPS consummatory subscale score (r(50) = 0.35,
p = 0.01, r(50) = 0.29, p =0 .04, and r(50) = 0.29, p = 0.04,
respectively), with increasing levels of consummatory
pleasure associated with an increased proportion of hard
task selection (see Fig. 4). The proportion of hard task
choices selected for Low and High probabilities were

Correlations explored the relations between EEfRT performance and ASD symptoms as well as affective and reward
sensitivities in the ASD group (see Table 5). Correlations were first analyzed separately for reward magnitude
and reward probability for the Self and Other conditions.
Additional analyses examined the correlation between the
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Correlations with the EEfRT Self Condition
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Table 5  Correlations between the proportion of hard task choices on the EEfRT and questionnaire measures in the ASD group
Variables

Proportion hard task choices for self

Proportion hard task choices for other

Reward magnitude

Reward probability

Reward magnitude

Large

12%

Small

0.07
0.07
−0.35
−0.06
0.13
0.29*

−0.03
0.09
−0.33
0.31
−0.22 −0.08
−0.11 −0.22
0.20
0.00
0.32* 0.17

Small
SRS
CDI
BDI
SPSRQ-R
TEPS-A
TEPS-C

Medium

−0.01
0.05
−0.01
0.02
−0.17
0.17
0.04
−0.18
0.10
0.09
0.35** 0.29*

50%

88%

Medium

0.08
−0.02
0.02
0.24
0.20
0.30
−0.15
−0.23
−0.01
−0.24
0.02
−0.10
0.04
−0.03
−0.06
0.39** 0.41** 0.43**

Reward probability
Large

12%

50%

88%

−0.02
0.16
0.05
−0.26
−0.02
0.39**

−0.14
0.07
0.05
−0.10
0.33
0.31
−0.38
0.20
0.16
−0.20
−0.15
−0.04
0.05
−0.06
−0.08
0.40** 0.38** 0.41**

*p < 0.05; **p < 0.01

100
90

Total Percentage of Hard Task Choices

Fig. 4  Correlations between
TEPS-C and the percentage of
hard task choices for oneself for
the Small, Medium, and Large
reward magnitude conditions
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positively correlated with the TEPS consummatory subscale score (r(50) = 0.32, p = 0.025 and r(50) = 0.39,
p = 0.005, respectively), with increasing levels of consummatory pleasure associated with an increased proportion of
hard task selection (see Fig. 5).

were positively correlated with the TEPS consummatory subscale score (r(50) = 0.40, p = 0.004, r(50) = 0.382,
p = 0.007, and r(50) = 0.41, p = 0.003, respectively), with
increasing levels of consummatory pleasure associated with
an increased proportion of hard task selection (see Fig. 7).

Correlations with the EEfRT Other Condition

Correlations Between Self and Other EEfRT
Conditions

The proportion of hard task choices selected for Small,
Medium, and Large magnitudes were positively correlated
with the TEPS consummatory subscale score (r(50) = 0.41,
p = 0.004, r(50) = 0.43, p = 0.002, and r(50) = 0.39,
p =0 .005, respectively), with increasing levels of consummatory pleasure associated with an increased proportion of
hard task selection (see Fig. 6). The proportion of hard task
choices selected for Low, Medium, and High probabilities

In the ASD group, the proportion of hard task choices
selected for Self was positively correlated with the proportion of hard task choices for Other at the Small, Medium,
and Large magnitudes (r(50) = 0.64, p < 0.001, r(50) = 0.43,
p = 0.002, and r(50) = 0.50, p ≤ 0.001, respectively). Additionally, the proportion of hard task choices selected for
Self was positively correlated with the proportion of hard
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100
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Fig. 5  Correlations with TEPSC and the percentage of hard
task choices for oneself for the
Low, Medium, and High reward
probability conditions
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Fig. 6  Correlations between
TEPS-C and the percentage of
hard task choices for another
person for the Small, Medium,
and Large reward magnitude
conditions
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task choices for Other at the Low, Medium, and High probabilities (r(50) = 0.63, p < 0.001, r(50) = 0.47, p < 0.001,
and r(50) = 0.57, p ≤ 0.001, respectively). In the TDC
group, the proportion of hard task choices selected for Self
was positively correlated with the proportion of hard task
choices for Other at the Small magnitude (r(32) = 0.36,
p = 0.05). Additionally, the proportion of hard task choices
selected for Self was positively correlated with the proportion of hard task choices for Other at the Low probability

13

(r(32) = 0.55, p = 0 .001). These findings are depicted in
Table 6.

Discussion
The goal of the present study was to investigate vicarious
effort-based decision-making in adolescents with ASD.
Contrary to hypotheses, in the standard (i.e., reward for
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Fig. 7  Correlations with TEPSC and the percentage of hard
task choices for another person
for the Low, Medium, and High
reward probability conditions

Table 6  Correlations between
the proportion of hard task
choices on the EEfRT for Self
and Other in the ASD and TDC
groups

Group

ASD
TDC
p Value

Reward magnitude

Reward probability

Small

Medium

Large

12%

50%

88%

0.64***
0.36*
0.11

0.43**
0.30
0.52

0.50***
0.24
0.20

0.63***
0.55**
0.60

0.47***
0.30
0.40

0.57***
0.23
0.08

*p <0.05; **p < 0.01; ***p < 0.001,

self) condition, adolescents with ASD did not demonstrate
a pattern of overall more hard task choices as predicted.
Rather, the interaction between Group, Agency, and Magnitude reflected decreased sensitivity to reward magnitude
in ASD when making choices to earn rewards for other
people. Additionally, the Agency × Group interaction suggested that groups differed in responses for Self and Other.
More specifically, in the standard reward condition, adolescents with ASD did not differ in their willingness to expend
effort across levels of reward probabilities and magnitudes
compared to TDC adolescents. However, when earning
rewards for others, the ASD group made significantly more
hard task choices relative to the TDC group.
Results indicate that adolescents with ASD are characterized by decreased sensitivity to reward magnitude
information when making effort-based decisions specifically in the context of earning rewards for others. This is
notable given the literature on altered decision-making in
ASD that suggests that individuals with ASD are less likely
to use task information and less likely to consider context
when making reward choices (De Martino et al. 2008;
Johnson et al. 2006). The present study extends this line of
research by demonstrating that adolescents with ASD show
decreased sensitivity to reward information, specifically

reward magnitude, when making choices about working to
earn rewards for others.
The observed pattern of altered vicarious effort-based
decision-making in ASD may contribute to the social difficulties and lower levels of social competency typically
observed in adolescents with ASD (Chevallier et al. 2012;
Klin et al. 2002; Orsmond et al. 2004). Typical development of insight into social relationships involves not only
an understanding of others’ mental states but also an understanding and interest in one’s own role in a relationship,
an interest which increases during adolescence (Picci &
Scherf 2015). The current findings suggest that adolescents
with ASD may be less sensitive to relative social information that may contribute to impaired vicarious effort-based
decision-making. This impairment may result in decreased
willingness to expend effort for another person in the service of developing and maintaining social relationships,
though clearly the present study was not designed to test
this putative association.
Findings from this study provide support for adolescence
as a period when altered effort-based decision-making,
particularly in the context of earning rewards for others, is
observed in ASD. Whereas typically-developing adolescents tend to show elevated valuation of and heightened
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behavioral and neural responses to social stimuli and peer
interactions as well as increases in other-oriented thoughts
compared to self-oriented thoughts (Blakemore 2008; Rilling & Sanfey 2011; Somerville et al. 2010), adolescents
with ASD may experience greater decreases in behavioral
and neural responses to social rewards and interactions.
Adolescents with ASD may not see the social benefit of
expending effort for another person and as result, may be
particularly unmotivated to earn rewards for others. In this
regard, it is noteworthy that the current results from adolescents with ASD did not replicate previous findings in adults
with ASD (Damiano et al. 2012), highlighting that it is critical to consider development when examining effort-based
decision-making in ASD. Further, future studies examining effort-based decision-making in different age groups
are needed to determine if the present results indicate an
adolescent-specific effect.
Notably, in the ASD group, there was a significant relation between the proportion of hard task choices for Self
and Other across reward parameters (see Table 6). When
considered alongside the observed decreased sensitivity
to reward magnitude in the Other condition in the ASD
group, results suggest that ASD may be characterized
by differential sensitivity to changes in vicarious reward
magnitude rather than an overall insensitivity to vicarious
reward. Results also revealed a positive relation between
consummatory pleasure, measured by the TEPS, and the
proportion of hard task choices across both Self and Other
conditions in the ASD group. High consummatory pleasure, or enjoyment upon obtaining a reward, was associated
with a greater proportion of hard task choices when earning rewards for themselves and for others. This finding in
the TDC group is consistent with prior observations that
nonclinical samples experience pleasure when others win
rewards (Braams et al. 2014) and extends this relation to
individuals with ASD.
Previous research has demonstrated that individuals with
ASD show reduced sensitivity to others’ rewards. More
specifically, studies examining neural responses to others’
rewards have demonstrated hypoactivation in the ACC,
a region shown to be involved in processing social information more broadly as well as reward-related information for other individuals (Balsters et al. 2017; De Martino
et al. 2008; Lockwood 2016; Lockwood et al. 2015). Further, given that predicting reward outcomes also depends
on probability, atypical effort expenditure for vicarious
rewards may arise due to atypical computation of sociallyspecific prediction errors. A common trait of individuals
with ASD is intolerance of uncertainty or unpredictability,
particularly in social contexts, which may reflect underlying impairment in predictive abilities (Sinha et al. 2014).
Notably, aberrant neural responses to social prediction
errors have been observed in individuals with ASD relative
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to controls (Balsters et al. 2017). Therefore, unexpected
rewards in the context of others may be processed differently in individuals with ASD.
Groups differed on IQ and gender ratios and these factors altered findings when included as covariates (see
Online Resource 1). The current study also included only
high-functioning individuals with ASD, and the majority of
individuals in the ASD group had a least one comorbidity.
This design choice resulted in a sample that is representative of how ASD presents in the community (Mazefsky
et al. 2012). However, future studies should further explore
the impact of comorbidities on effort-based decision-making in ASD. Further, we did not screen for subtle motor
impairments, and given that we observed group differences
in response times, we cannot rule out the potential impact
of these impairments on EEfRT performance. We also note
that GEE analyses (see Online Resource 3) did not replicate
the group findings observed with ANOVA results, highlighting the need to replicate the current findings.
Also noteworthy is that the MINI and MINI-KIP-P
have yet to be validated in ASD; however, there is no gold
standard tool to assess comorbid diagnoses in ASD. Previous studies have used the Kiddie Schedule for Affective
Disorders and Schizophrenia (K-SADS; Leyfer et al. 2006)
and the Autism Comorbidity Interview-Present and Lifetime Version (ACI; Mazefsky et al. 2012); however, the
K-SADS has not been validated in ASD and the ACI is still
under development. The goal of the current study was to
use the same instrument across all participants while considering participant burden and therefore, the MINI and
the MINI-KID-P were chosen because they are brief and
have concordant validity with the K-SADS (Sheehan et al.
2010).
It is important to consider that, whereas the EEfRT
measures effort expenditure, there may be other mechanisms that influence EEfRT performance. Specifically,
given that the duration of the effort period was dependent
on the level of difficulty chosen by participants, decisionmaking on the EEfRT may be impacted by temporal discounting of rewards rather than effort cost (Apps & Ramnani 2014; Kable & Glimcher 2007). Though button press
tasks have been shown to be effortful (Apps & Ramnani
2014; Croxson et al. 2009), it is beyond the scope of the
EEfRT to distinguish between effort expenditure and temporal discounting. Additionally, task difficulty and subsequent increases in physical and/or cognitive effort can
change the subjective value of rewards (Apps et al. 2015;
Kool & Botvinick 2013; Schmidt et al. 2012). Thus, effort
itself may alter reward value in the EEfRT.
In summary, the current findings provide evidence for
altered vicarious effort-based decision-making in adolescents with ASD. The ASD group was less influenced by
increasing reward magnitudes and showed a decreased
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sensitivity to reward parameters when earning rewards
for others, a pattern that may be related to a decreased
capacity to derive pleasure from earning rewards for others. Effort-based decision-making provides a window into
the behavioral output of the mesolimbic dopamine system that mediates behaviors related to reward processing
(Treadway et al. 2009; Treadway & Zald 2011), and as
such provides a laboratory-based measure of sensitivity
to various reward parameters. The finding of decreased
sensitivity to such parameters in the context of vicarious
effort-based decision-making in ASD provides an important validation of one aspect of the social motivation
hypothesis of autism, namely that certain reward-related
behaviors in ASD may be differentially impaired in social
relative to non-social contexts. Although this contextual specificity has largely been implicitly assumed, it is
not always empirically tested (for exceptions, see, e.g.,
Chevallier et al. 2014; Peterson et al. 2013). Additionally,
differences in patterns of non-vicarious condition results
between the present study with adolescents with ASD
and prior results from adults with ASD (Damiano et al.
2012) highlight that development is a critical moderating factor for any study that addresses reward processing
in ASD (Wolff & Piven 2014). By sampling from a large
age range, future studies may accurately pinpoint critical
developmental windows when different aspects of reward
processing in ASD deviate from trajectories of typically
developing individuals, therefore providing insights into
optimal windows for intervention efforts.
Funding This research was funded by National Institutes
of Health grants (grant numbers MH081285, MH073402,
HD079124, R00MH102355, and R01MH108605), and UNC-Chapel
Hill (the Diller-Gilligan Summer Research Fellowship).
Author Contributions MM and GD conceived of the study, participated in its design and coordination, participated in data collection, conducted statistical analyses, and jointly drafted the manuscript.
MT conceived of the study, participated in its design and coordination, and jointly drafted the manuscript. CD and HR participated in its
design and coordination and jointly drafted the manuscript. JK, SM,
JS, and RG participated in data collection. NDM and MB consulted
on statistical analyses.
Compliance with Ethical Standards
Conflict of interest MTT has consulted for the Boston Consulting
Group, Avanir Pharmaceuticals and NeuroCogTrials. No funding or
sponsorship was provided by these companies for the current work,
and all views expressed herein are solely those of authors. The other
authors declare that they have no conflict of interest.
Ethical Approval All procedures performed in studies involving
human participants were in accordance with the ethical standards of
the institutional and/or national research committee and with the 1964
Helsinki declaration and its later amendments or comparable ethical
standards. This article does not contain any studies with animals performed by any of the authors.

Informed Consent Informed consent was obtained from all individual participants included in the study.

References
American Psychiatric Association. (2013). Diagnostic and statistical
manual of mental disorders (5th ed.). Arlington,VA: American
Psychiatric Publishing.
Apps, M. A., Lesage, E., & Ramnani, N. (2015). Vicarious reinforcement learning signals when instructing others. The
Journal of Neuroscience: The Official Journal of the Society for Neuroscience, 35(7), 2904–2913. doi:10.1523/
JNEUROSCI.3669-14.2015.
Apps, M. A., & Ramnani, N. (2014). The anterior cingulate gyrus
signals the net value of others’ rewards. The Journal of Neuroscience: The Official Journal of the Society for Neuroscience,
34(18), 6190–6200. doi:10.1523/JNEUROSCI.2701-13.2014.
Apps, M. A., Rushworth, M. F., & Chang, S. W. (2016). The anterior cingulate gyrus and social cognition: Tracking the motivation of others. Neuron, 90(4), 692–707. doi:10.1016/j.
neuron.2016.04.018.
Axelrod, B. N. (2002). Validity of the Wechsler abbreviated scale of
intelligence and other very short forms of estimating intellectual
functioning. Assessment, 9(1), 17–23.
Balsters, J. H., Apps, M. A., Bolis, D., Lehner, R., Gallagher, L., &
Wenderoth, N. (2017). Disrupted prediction errors index social
deficits in autism spectrum disorder. Brain: A Journal of Neurology, 140(Pt 1), 235–246. doi:10.1093/brain/aww287.
Baranek, G. T. (1999). Autism during infancy: A retrospective video
analysis of sensory-motor and social behaviors at 9–12 months
of age. Journal of Autism and Developmental Disorders, 29(3),
213–224.
Bardikoff, N., & McGonigle-Chalmers, M. (2014). Testing nonverbal IQ in children with Autism Spectrum Disorders. Research
in Autism Spectrum Disorders, 8(9), 1200–1207. doi:10.1016/j.
rasd.2014.06.007.
Baron-Cohen, S., Wheelwright, S., Hill, J., Raste, Y., & Plumb, I.
(2001). The “Reading the Mind in the Eyes” test revised version:
A study with normal adults, and adults with Asperger syndrome
or high-functioning autism. Journal of Child Psychology And
Psychiatry, and Allied Disciplines, 42(2), 241–251.
Beck, A. T., Steer, R. A., Ball, R., & Ranieri, W. (1996). Comparison of Beck Depression Inventories -IA and -II in psychiatric
outpatients. Journal of Personality Assessment, 67(3), 588–597.
doi:10.1207/s15327752jpa6703_13.
Blakemore, S. J. (2008). The social brain in adolescence. Nature
Reviews Neuroscience, 9(4), 267–277. doi:10.1038/nrn2353.
Braams, B. R., Guroglu, B., de Water, E., Meuwese, R., Koolschijn,
P. C., Peper, J. S., & Crone, E. A. (2014). Reward-related neural responses are dependent on the beneficiary. Social Cognitive
and Affective: Neuroscience, 9(7), 1030–1037. doi:10.1093/scan/
nst077.
Chevallier, C., Kohls, G., Troiani, V., Brodkin, E. S., & Schultz, R. T.
(2012). The social motivation theory of autism. Trends in Cognitive Sciences, 16(4), 231–239. doi:10.1016/j.tics.2012.02.007.
Chevallier, C., Parish-Morris, J., Tonge, N., Le, L., Miller, J., &
Schultz, R. T. (2014). Susceptibility to the audience effect
explains performance gap between children with and without
autism in a theory of mind task. Journal of Experimental Psychology: General, 143(3), 972–979. doi:10.1037/a0035483.
Chiu, P. H., Kayali, M. A., Kishida, K. T., Tomlin, D., Klinger, L.
G., Klinger, M. R., & Montague, P. R. (2008). Self responses
along cingulate cortex reveal quantitative neural phenotype for

13

J Autism Dev Disord
high-functioning autism. Neuron, 57(3), 463–473. doi:10.1016/j.
neuron.2007.12.020.
Constantino, J. N., Davis, S. A., Todd, R. D., Schindler, M. K., Gross,
M. M., Brophy, S. L., ... Reich, W (2003). Validation of a brief
quantitative measure of autistic traits: comparison of the social
responsiveness scale with the autism diagnostic interviewrevised. Journal of Autism and Developmental Disorders, 33(4),
427–433.
Croxson, P. L., Walton, M. E., O’Reilly, J. X., Behrens, T. E., &
Rushworth, M. F. (2009). Effort-based cost-benefit valuation
and the human brain. The Journal of Neuroscience: The Official
Journal of the Society for Neuroscience, 29(14), 4531–4541.
doi:10.1523/JNEUROSCI.4515-08.2009.
Damiano, C. R., Aloi, J., Treadway, M., Bodfish, J. W., & Dichter,
G. S. (2012). Adults with autism spectrum disorders exhibit
decreased sensitivity to reward parameters when making effortbased decisions. Journal of Neurodevelopment Disorder, 4(1),
13. doi:10.1186/1866-1955-4-13.
Dawson, G., Bernier, R., & Ring, R. H. (2012). Social attention: A possible early indicator of efficacy in autism clinical trials. Journal of Neurodevelopment Disorder,, 4(1), 11.
doi:10.1186/1866-1955-4-11.
Dawson, G., Toth, K., Abbott, R., Osterling, J., Munson, J.,
Estes, A., & Liaw, J. (2004). Early social attention impairments in autism: Social orienting, joint attention, and attention to distress. Developmental Psychology, 40(2), 271–283.
doi:10.1037/0012-1649.40.2.271.
De Martino, B., Harrison, N. A., Knafo, S., Bird, G., & Dolan, R. J.
(2008). Explaining enhanced logical consistency during decision making in autism. The Journal of Neuroscience: the Official
Journal of the Society for Neuroscience, 28(42), 10746–10750.
doi:10.1523/JNEUROSCI.2895-08.2008.
Gard, D. E., Gard, M. G., Kring, A. M., & John, O. P. (2006). Anticipatory and consummatory components of the experience of
pleasure: A scale development study. Journal of Research in Personality, 40(6), 1086–1102.
Helsel, W. J., & Matson, J. L. (1984). The assessment of depression
in children: The internal structure of the Child Depression Inventory (CDI). Behaviour Research and Therapy, 22(3), 289–298.
Johnson, S. A., Yechiam, E., Murphy, R. R., Queller, S., & Stout, J.
C. (2006). Motivational processes and autonomic responsivity
in Asperger’s disorder: evidence from the Iowa Gambling Task.
Journal of the International Neuropsychological Society: JINS,
12(5), 668–676. doi:10.1017/S1355617706060802.
Kable, J. W., & Glimcher, P. W. (2007). The neural correlates of subjective value during intertemporal choice. Nature Neuroscience,
10(12), 1625–1633. doi:10.1038/nn2007.
Kaufman, A. S., & Kaufman, N. L. (2004). Kaufman brief intelligence test. Wiley.
Klin, A., Jones, W., Schultz, R., Volkmar, F., & Cohen, D. (2002).
Visual fixation patterns during viewing of naturalistic social
situations as predictors of social competence in individuals with
autism. Archives of General Psychiatry, 59(9), 809–816.
Kool, W., & Botvinick, M. (2013). The intrinsic cost of cognitive control. Behavioral and Brain Sciences, 36(6), 697–698.
doi:10.1017/S0140525X1300109X. Discussion 707–626
Lahaie, A., Mottron, L., Arguin, M., Berthiaume, C., Jemel, B., &
Saumier, D. (2006). Face perception in high-functioning autistic adults: evidence for superior processing of face parts, not for
a configural face-processing deficit. Neuropsychology, 20(1),
30–41. doi:10.1037/0894-4105.20.1.30.
Leyfer, O. T., Folstein, S. E., Bacalman, S., Davis, N. O., Dinh, E.,
Morgan, J., … Lainhart, J. E. (2006). Comorbid psychiatric disorders in children with autism: interview development and rates
of disorders. Journal of Autism and Developmental Disorders,
36(7), 849–861. doi:10.1007/s10803-006-0123-0.

13

Lockwood, P. L. (2016). The anatomy of empathy: Vicarious experience and disorders of social cognition. Behavioural Brain
Research, 311, 255–266. doi:10.1016/j.bbr.2016.05.048.
Lockwood, P. L., Apps, M. A., Roiser, J. P., & Viding, E. (2015).
Encoding of vicarious reward prediction in anterior cingulate
cortex and relationship with trait empathy. The Journal of Neuroscience: The Official Journal of the Society For Neuroscience,
35(40), 13720–13727. doi:10.1523/JNEUROSCI.1703-15.2015.
Lord, C., Rutter, M., DiLavore, P. C., Risi, S., Gotham, K., & Bishop,
S. (2012). Autism Diagnostic Observation Schedule, Second Edition (ADOS-2) Manual (Part I): Modules 1–4. Torrance, CA:
Western Psychological Services.
Mazefsky, C. A., Oswald, D. P., Day, T. N., Eack, S. M., Minshew,
N. J., & Lainhart, J. E. (2012). ASD, a psychiatric disorder, or
both? Psychiatric diagnoses in adolescents with high-functioning
ASD. Journal of Clinical Child and Adolescent Psychology: The
Official Journal for the Society of Clinical Child and Adolescent
Psychology, American Psychological Association, Division 53,
41(4), 516–523. doi:10.1080/15374416.2012.686102.
Mobbs, D., Yu, R., Meyer, M., Passamonti, L., Seymour, B., Calder, A. J., … Dalgleish, T. (2009). A key role for similarity
in vicarious reward. Science, 324(5929), 900. doi:10.1126/
science.1170539.
Orsmond, G. I., Krauss, M. W., & Seltzer, M. M. (2004). Peer relationships and social and recreational activities among adolescents and adults with autism. Journal of Autism and Developmental Disorders, 34(3), 245–256.
Petersen, A. C., Crockett, L., Richards, M., & Boxer, A. (1988). A
self-report measure of pubertal status: Reliability, validity, and
initial norms. Journal of Youth and Adolescence, 17(2), 117–
133. doi:10.1007/BF01537962.
Peterson, C. C., Slaughter, V., Peterson, J., & Premack, D. (2013).
Children with autism can track others’ beliefs in a competitive
game. Developmental Science, 16(3), 443–450. doi:10.1111/
desc.12040.
Picci, G., & Scherf, K. S. (2015). A two-hit model of autism: Adolescence as the second hit. Clinical Psychological Science, 3(3),
349–371. doi:10.1177/2167702614540646.
Reddy, L. F., Horan, W. P., Barch, D. M., Buchanan, R. W.,
Dunayevich, E., Gold, J. M., ... Green, & M, F. (2015). Effortbased decision-making paradigms for clinical trials in schizophrenia: Part 1-psychometric characteristics of 5 paradigms.
Schizophrenia Bulletin, 41(5), 1045–1054. doi:10.1093/schbul/
sbv089.
Rilling, J. K., & Sanfey, A. G. (2011). The neuroscience of social
decision-making. Annual Review of Psychology, 62, 23–48.
doi:10.1146/annurev.psych.121208.131647.
Salamone, J. D. (2006). Will the last person who uses the term ‘reward’
please turn out the lights? Comments on processes related to
reinforcement, learning, motivation and effort. Addiction Biology, 11(1), 43–44. doi:10.1111/j.1369-1600.2006.00011.x.
Schmidt, L., Lebreton, M., Clery-Melin, M. L., Daunizeau, J., & Pessiglione, M. (2012). Neural mechanisms underlying motivation
of mental versus physical effort. PLoS Biology, 10(2), e1001266.
doi:10.1371/journal.pbio.1001266.
Sheehan, D. V., Lecrubier, Y., Sheehan, K. H., Amorim, P., Janavs,
J., Weiller, E., … Dunbar, G. C. (1998). The Mini-International
Neuropsychiatric Interview (M.I.N.I.): The development and validation of a structured diagnostic psychiatric interview for DSMIV and ICD-10. Journal of Clinical Psychiatry, 59 (Suppl 20),
22–33;quiz 34–57.
Sheehan, D. V., Sheehan, K. H., Shytle, R. D., Janavs, J., Bannon, Y.,
Rogers, J. E., … Wilkinson, B. (2010). Reliability and validity of
the Mini International Neuropsychiatric Interview for Children
and Adolescents (MINI-KID). The Journal of Clinical Psychiatry, 71(3), 313–326. doi:10.4088/JCP.09m05305whi.

J Autism Dev Disord
Sinha, P., Kjelgaard, M. M., Gandhi, T. K., Tsourides, K., Cardinaux,
A. L., Pantazis, D., … Held, R. M. (2014). Autism as a disorder of prediction. Proceedings of the National Academy of Sciences of the United States of America, 111(42), 15220–15225.
doi:10.1073/pnas.1416797111.
Solomon, R. L. (1948). The influence of work on behavior. Psychological Bulletin, 45(1), 1–40.
Somerville, L. H., Jones, R. M., & Casey, B. J. (2010). A time of
change: behavioral and neural correlates of adolescent sensitivity
to appetitive and aversive environmental cues. Brain and Cognition, 72(1), 124–133. doi:10.1016/j.bandc.2009.07.003.
Torrubia, R., Avila, C., Moltó, J., & Caseras, X. (2001). The sensitivity to punishment and sensitivity to reward questionnaire
(SPSRQ) as a measure of gray’s anxiety and impulsivity dimensions. Personality and Individual Differences, 31 (6), 837–862
Treadway, M. T., Bossaller, N. A., Shelton, R. C., & Zald, D. H.
(2012). Effort-based decision-making in major depressive disorder: A translational model of motivational anhedonia. Journal of
Abnormal Psychology, 121(3), 553–558. doi:10.1037/a0028813.
Treadway, M. T., Buckholtz, J. W., Schwartzman, A. N., Lambert,
W. E., & Zald, D. H. (2009). Worth the ‘EEfRT’? The effort
expenditure for rewards task as an objective measure of motivation and anhedonia. PLoS ONE, 4(8), e6598. doi:10.1371/journal.pone.0006598.

Treadway, M. T., & Zald, D. H. (2011). Reconsidering anhedonia in
depression: lessons from translational neuroscience. Neuroscience and Biobehavioral Reviews, 35(3), 537–555. doi:10.1016/j.
neubiorev.2010.06.006.
Wang, A. T., Dapretto, M., Hariri, A. R., Sigman, M., & Bookheimer,
S. Y. (2004). Neural correlates of facial affect processing in children and adolescents with autism spectrum disorder. Journal
of the American Academy of Child and Adolescent Psychiatry,
43(4), 481–490. doi:10.1097/00004583-200404000-00015.
Wardle, M. C., Treadway, M. T., Mayo, L. M., Zald, D. H., & de
Wit, H. (2011). Amping up effort: Effects of d-amphetamine
on human effort-based decision-making. The Journal of Neuroscience: The Official Journal of the Society for Neuroscience,
31(46), 16597–16602. doi:10.1523/JNEUROSCI.4387-11.2011.
White, S., Hill, E., Happe, F., & Frith, U. (2009). Revisiting the strange stories: Revealing mentalizing impairments in autism. Child Development, 80(4), 1097–1117.
doi:10.1111/j.1467-8624.2009.01319.x.
Wolff, J. J., & Piven, J. (2014). Neurodevelopmental disorders: Accelerating progress in autism through developmental research.
Nature Reviews Neurology, 10(8), 431–432. doi:10.1038/
nrneurol.2014.126.

13

