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Abstract

Autism spectrum disorder refers to a neurodevelopmental condition primarily characterized by deficits in social cognition
and behavior. Subclinically, autistic features are supposed to be present in healthy humans and can be quantified using the
Autism Quotient (AQ). Here, we investigated a potential relationship between AQ and neural correlates of social and monet-
ary reward processing, using functional magnetic resonance imaging in young, healthy participants. In an incentive delay
task with either monetary or social reward, reward anticipation elicited increased ventral striatal activation, which was
more pronounced during monetary reward anticipation. Anticipation of social reward elicited activation in the default
mode network (DMN), a network previously implicated in social processing. Social reward feedback was associated with bi-
lateral amygdala and fusiform face area activation. The relationship between AQ and neural correlates of social reward pro-
cessing varied in a gender-dependent manner. In women and, to a lesser extent in men, higher AQ was associated with
increased posterior DMN activation during social reward anticipation. During feedback, we observed a negative correlation
of AQ and right amygdala activation in men only. Our results suggest that social reward processing might constitute an
endophenotype for autism-related traits in healthy humans that manifests in a gender-specific way.
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Introduction

Typically developing children begin to attend to social stimuli
in early infancy (Farroni et al., 2002). This naturally occurring
behavior is markedly reduced in autism, a multifactorial neu-
rodevelopmental syndrome with a strong genetic component
(Klin et al., 2009). ICD-10 (World Health Organisation, 1992) and

DSM-IV (American Psychiatric Association, 1994) describe aut-
ism spectrum disorder (ASD) as a pervasive developmental dis-
order characterized by deficits in communication, repetitive
stereotyped behavior and impaired social interactions. ASD is
also associated with decreased motivation to attend to social
stimuli conveyed through the face (Dawson et al., 2005; Schultz,
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2005). Dawson et al. (2004) demonstrated that autistic children
were less likely to orient to acoustic social cues such as hum-
ming or calling the child’s name when compared with typically
developing children. Several authors suggest that ASD reflects
the extreme of a continuum, and that autism-related traits
exist to some extent in healthy individuals (Frith, 1991; Baron-
Cohen, 1995, 2001a). To quantify the presence of autistic fea-
tures in adults with normal intelligence, Baron-Cohen et al.
(2001b) introduced the autism spectrum quotient (AQ) and de-
veloped a self-report questionnaire. In line with the endophe-
notype concept of neuropsychiatric disorders (Gottesman and
Gould, 2003), an association between the AQ and performance
in social cognition tasks has been demonstrated in clinical and
control groups, including reading the mind in the eyes (mental-
izing; Baron-Cohen et al., 2001a; Miu et al., 2012), eye gaze per-
ception (Nummenmaa et al., 2012), face-to-face conversation
(Suda et al., 2011) and perspective-taking (Brunye et al., 2012).
According to the social motivation theory of autism, reduced
motivation to engage in social behavior leads to reduced social
experience which may contribute to decreased social compe-
tence (Klin et al., 2002). One potential neuropsychological
mechanism underlying such reduced social motivation in peo-
ple with autism could be reduced responsivity of the brain’s re-
ward system to social stimuli. Indeed, studies investigating
neural correlates of reward processing in individuals with clin-
ical autism using social and monetary rewards, reported
reduced ventral striatal/nucleus accumbens (NAcc) activation
to social but not monetary rewards in autistic persons (Scott-
Van Zeeland et al., 2010; Delmonte et al., 2012). Moreover, other
studies additionally reported reduced NAcc activation to mon-
etary reward (Dichter et al., 2012a; Dichter et al., 2012b; Kohls
et al., 2013) but not to autism-relevant objects (Dichter et al.,
2012a) and not to faces (Dichter et al., 2012b) in ASD patients
compared with controls. Further studies have demonstrated
ASD-related disturbances of fronto-striatal circuitry in reward
processing (Schmitz et al. 2008; Minshew and Keller 2010).

Results regarding amygdala activations are also rather in-
consistent and include both activation increases (Monk et al.,
2010; Weng et al., 2011, Dichter et al., 2012b) and decreases in
response to faces in ASD compared with controls (Kleinhans
et al., 2008; Pinkham et al., 2008, Kohls et al., 2013). Though one
study examined the role of the AQ in neural processing of re-
ward-associated facial stimuli and reported a negative associ-
ation between AQ and fronto-striatal connectivity (Sims et al.,
2014), no study has thus far investigated the relationship be-
tween AQ responses to social and monetary reward per se.
Additionally, there is evidence for a behavioral association be-
tween subclinical autism and self-reported responsiveness to
social reward as assessed with the reward dependence scale of
the TCI (Temperament and Character Inventory; Cloninger
et al., 1991; Kunihira et al., 2006).

Consistent with the higher prevalence of clinical autism in
males (Autism and Developmental Disabilities Monitoring
Network Surveillance Year 2008; Kogan et al., 2009; Principal
Investigators, 2012), Baron Cohen et al. (2001b) observed AQ
scores of 20 or higher in 40% of male study participants, but
only in 21% of female participants. In the healthy population,
men and women have repeatedly been shown to exhibit subtle
differences in emotional, motivational and social processing
as well as in the underlying neural processes (Cahill, 2006),
and potential gender differences should thus be considered
when comparing social and monetary reward processing
(Spreckelmeyer et al., 2009). With respect to social responsive-
ness, Baron-Cohen and Wheelwright (2004) reported higher

self-reported empathy scores in women relative to men, a find-
ing in line with more pronounced orienting towards social stim-
uli in women (Cloninger et al., 1991; Proverbio et al., 2008). One
previous functional magnetic resonance imaging (fMRI) study
has explicitly assessed gender differences in social and monet-
ary reward processing during performance of an incentive delay
task. Women exhibited comparable ventral striatal responses to
anticipation of both monetary and social reward, whereas men
showed both faster reaction times (RTs) and more extensive
brain responses during anticipation of monetary relative to so-
cial reward (Spreckelmeyer et al., 2009).

While both differential processing of social vs monetary re-
ward in general (Izuma et al. 2008), and with respect to autism
(Scott-Van Zeeland et al. 2010; Delmonte et al., 2012; Dichter
et al., 2012b; Kohls et al., 2013), and gender differences
(Spreckelmeyer et al. 2009) in particular have been reported
before, this study was aimed at whether such a modulation of
social vs monetary reward processing might also be present in
individuals with subclinical autistic traits. Specifically, in this
study, we aimed to investigate individual differences in social
reward processing related to gender and autistic phenotype in
young, healthy individuals. Guided by previous literature, we
hypothesized striatal activation during anticipation of both
monetary and social reward (Izuma et al., 2008; Spreckelmeyer
et al., 2009; Rademacher et al., 2010). We further expected
amygdala and fusiform face area (FFA) responses to social
feedback (Rademacher et al., 2010; Richter et al., 2013b). Given
the previously reported role of the default mode network
(DMN) in social cognition (Schilbach et al., 2008b; Whitfield-
Gabrieli et al., 2011), we further hypothesized an increased acti-
vation of DMN structures like the posterior cingulate cortex
(PCC), the medial prefrontal cortex (mPFC) and the temporo-
parietal junction (TPJ) during social reward processing.
Regarding individual differences related to gender in ASD, we
hypothesized that women would exhibit higher sensitivity to
social reward than men and that AQ scores would correlate
negatively with responses of the striatum, amygdala, FFA, and
possibly also DMN structures to social reward.

Materials and methods
Note

The experimental paradigm, study cohort and data acquisition
have been reported previously (Barman et al., 2014) and are
described in detail as Supplementary information.

Participants

Sixty-three participants (31 women, mean age¼ 23.5 6 2.19
years, age range 20.4–29.1 years; 32 men, mean age¼ 25.6 6 2.90
years, age range 20.8–36.6 years) were recruited from a cohort of
709 participants (371 women, mean age¼ 23.4 6 2.63 years, age
range 18.8–34.6 years; 338 men, mean age¼ 24.2 6 2.83 years,
age range 18.6–35.6 years) who had filled out the AQ self-report
questionnaire. All participants gave written informed consent
in accordance with the Declaration of Helsinki and received fi-
nancial compensation for participation. The work was approved
by the Ethics Committee of the University of Magdeburg.

Experimental paradigm

Participants performed a categorical monetary incentive delay
task (Wittmann et al., 2005) and a social incentive delay task
(Barman et al., 2014). The order of the runs (monetary vs social)
was counterbalanced across participants. Each trial started with a
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cue (1000 ms) signaling either a potential reward or a neutral feed-
back. Participants were asked attend to the cues and to respond
via button press (right index or middle finger) whether they ex-
pected a reward or not. After a variable delay (500–3500 ms), a
number comparison task (target, 250 ms; Pappata et al., 2002;
Wittmann et al., 2005) followed. Participants were instructed to
give a speeded response whether a target number was larger or
smaller than 5. During reward trials, participants could win 1E
(signaled by photographs of 1E coins) or positive social feedback
(photographs of smiling persons) upon a successful target re-
sponse. In case of a wrong and/or slow response, a black/white
pattern noise-image was presented. During neutral trials, a black/
white pattern noise-image was shown irrespective of outcome.
Feedback (750 ms) was given 500–2500 ms after target presenta-
tion and was followed by a variable fixation phase (1000–
4000 ms). Figure 1 shows the timing of an example trial. Details of
the experimental paradigm and stimulus material are described
in the Supplementary information.

fMRI acquisition and analysis

fMRI was performed using a 3 Tesla Siemens Magnetom Trio
MR tomograph (SIEMENS Medical Systems, Erlangen, Germany).
We acquired a structural T1-weighted MR image, followed T2*-
weighted gradient-echo echo-planar images, during which the
task was performed (Supplementary information for detailed
protocols). Data analysis was performed using Statistical
Parametric Mapping (SPM8, Wellcome Trust Centre for
Neuroimaging, London, UK). After image preprocessing (correc-
tion for acquisition delay and head motion, spatial transform-
ation to the Montreal Neurological Institute (MNI) reference
frame, spatial smoothing), a two-stage general linear model
analysis was carried out. At the first stage, time courses of the
experimental conditions were convolved with a canonical
hemodynamic response function and submitted to a restricted
maximum likelihood fit. At the second stage, conditions of
interest (anticipation of both reward types and anticipation of
their respective neutral baseline), separated by gender, were

submitted to random effects analyses. Specifically, full-factorial
2� 2 ANOVA models, for anticipation (presentation of the re-
ward-predicting cue) and feedback phase (reward delivery after
successful performance of the number comparison task)
respectively, were generated with the conditions of interest
(monetary reward>neutral baseline, social reward>neutral
baseline) as within-subject factor and gender as between-sub-
ject factor. Because of our strong a priori anatomical hypotheses
regarding neural correlates of reward processing, face percep-
tion and social cognition, we focused our analyses on the brain
regions previously implicated in such tasks. We employed com-
bined anatomical and probabilistic regions of interest (ROIs;
Supplementary methods and Figures S1–S3) of the striatum and
the DMN (mPFC, PCC/precuneus, TPJ) in the anticipation phase,
and of the bilateral amygdala and FFA) in the feedback phase.
The significance level was set to P< 0.05, family-wise error
(FWE)-corrected for the volumes of the respective ROIs.

Correlational analyses

To assess a potential relationship between AQ and neural
underpinnings of social vs monetary reward processing, robust
Shepherd’s pi correlations (Schwarzkopf et al., 2012) were com-
puted between individual AQ scores and blood-oxygen-level-
dependent (BOLD) signal change values (contrasts of parameter
estimates) at the peak voxels of a priori defined ROIs in which a
significant difference (P< 0.05, small-volume FWE-corrected)
between social and monetary reward was observed (striatum,
precuneus, TPJ, amygdala and FFA). Correlations were com-
puted separately for men and women. The significance level
was set to P< 0.05, two-tailed and Bonferroni-corrected for the
number of ROIs.

Results
Questionnaire data

A non-parametric Mann–Whitney-test in the entire cohort
(N¼ 709) revealed significantly higher AQ values in males

Fig. 1. Schematic illustration of the experimental paradigm. Two different reward conditions were employed: in the monetary condition the participant could win

money (1E), in the social condition a picture of a smiling face was presented upon successful response in a RT task. In a neutral control condition, white noise was al-

ways presented as feedback. Different cue categories signaled both reward trials and the no-outcome trials. See Methods and Supplementary Online Information for

further details.
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compared with females (women: M¼ 14.3 6 5.0, median¼ 14;
men: M¼ 16.5 6 5.4, median¼ 16; Mann–Whitney’s U¼ 47656.5,
P< 0.001). In the fMRI cohort (N¼ 63), participants were re-
cruited according to their AQ scores, and thus, no significant
gender-related differences in AQ were observed (women:
M¼ 14.0 6 6.7, median¼ 13; men: M¼ 16.4 6 7.1, median¼ 16;
Mann-Whitney’s U¼ 386.5, P¼ 0.131).

Behavioral responses in the fMRI experiment

RTs and rates of correct responses (i.e. hit rates) in the number
comparison task are displayed in Table 1, separated by gender
(Supplementary Figure S4).

The analyses of RTs revealed a significant main effect of re-
ward (F1,61¼ 111.67, P< 0.001; two-way ANOVA for repeated
measures with reward and task as within-subject factors and
gender as between-subject factor) and a significant reward
(reward vs neutral baseline) by task (monetary vs social) inter-
action (F1,61¼ 39.04, P< 0.001). There were no further significant
effects (P> 0.07). Post hoc paired t-tests revealed faster RTs for
correct responses in reward trials relative to neutral trials (mon-
etary: t62¼ 11.39, P< 0.001; social: t62¼ 7.06, P< 0.001). Moreover,
monetary reward elicited significantly shorter RTs than the so-
cial reward (t62¼ 3.95, P< 0.001).

The analyses of hit rates showed a main effect of reward
(F1,61¼ 32.62, P< 0.001), but no further significant effects (all
P> 0.08). Post hoc paired t-tests revealed higher hit rates in re-
ward trials in both conditions (monetary: t62¼ 4.88, P< 0.001; so-
cial: t62¼ 3.32, P¼ 0.002). Hit rates did not differ between reward
conditions (t62¼ 0.91, P¼ 0.368).

ANCOVAs with AQ as covariate revealed no effect of either
AQ or gender on RTs or hit rates (all P> 0.080).

Functional MRI data

We focused our analyses on neural correlates of reward antici-
pation, i.e. presentation of reward-predicting cues and outcome,
i.e. reward delivery after successful performance of the number
comparison task.

Effects of reward anticipation
Neural responses to reward anticipation were compared in a
two-by-four mixed effects ANOVA model with the factors gen-
der (men/women) and reward type (monetary reward/neutral

baseline, social reward/neutral baseline). A positive effect of re-
ward (reward cues>neutral cues) was observed in the bilateral
striatum (left: [x y z]¼ [�12 8 �5], t242¼ 11.75, P< 0.001, FWE-cor-
rected for ROI volume; right: [x y z]¼ [12 8 �2], t242¼ 11.64,
P< 0.001, FWE-corrected for ROI volume; Figure 2), replicating
previous results (Knutson et al., 2001; Knutson and Cooper, 2005;
Wittmann et al., 2005; Spreckelmeyer et al., 2009; Rademacher
et al., 2010; Richter et al., 2013a). We further observed activation
in the insula ([x y z]¼ [33 23 �5], t242¼ 9.37, P< 0.001, whole-
brain FWE-corrected) during the presentation of reward cues,
which is in line with previous studies (Kirsch et al., 2003; Izuma
et al., 2008). Further neural whole-brain activation patterns
(P< 0.05, FWE-corrected) related to reward anticipation included
clusters within frontal lobe, and striatum (Table 2).

Anticipation of monetary vs social reward were directly com-
pared in a two-by-two mixed effects ANOVA model across gen-
ders and the differential contrasts comparing the reward
conditions to their respective neutral conditions (monetary
reward>neutral baseline, social reward>neutral baseline; see
Figure 3). Monetary relative to social reward elicited signifi-
cantly higher bilateral striatal activation (right: [x y z]¼ [9 11 5],
t120¼ 4.05, P¼ 0.005, FWE-corrected for ROI volume; left: [x y
z]¼ [�12 8 �5], t120¼ 3.60, P¼ 0.021, FWE-corrected for ROI vol-
ume). In line with the well-documented role of the DMN in so-
cial cognition (Schilbach et al., 2008b; Whitfield-Gabrieli et al.,
2011), we observed increased activations to social vs monetary
reward cues (social>monetary reward anticipation across gen-
ders) in the right PCC/precuneus ([x y z]¼ [6 �61 43], t120¼ 4.08,
P¼ 0.032, FWE-corrected for ROI volume) and in the right TPJ ([x
y z]¼ [57 �55 31], t120¼ 3.83, P¼ 0.017, FWE-corrected for ROI vol-
ume), Figure 4A. There were also trends for increased neural ac-
tivation in the mPFC and left TPJ, but these did not survive FWE
correction for the respective ROI volumes.

For completeness reasons, results of whole-brain analyses
(thresholded at P< 0.001, uncorrected) are displayed in Table 3.
Gender differences during reward anticipation were observed in
the hippocampus and insula (supplementary information).

Neural correlates of reward outcome
The comparison of social vs monetary reward outcome was car-
ried out as a two-by-two mixed-effects ANOVA model (between
subjects factor¼ gender; within subjects factor¼ reward type).
Irrespective of condition (monetary, social), positive relative to
neutral feedback stimuli were associated with activation of bi-
lateral secondary visual areas, fusiform gyrus, hippocampus
and amygdala (P< 0.05, whole-brain FWE-corrected).

Positive social relative to monetary feedback was associated
with increased bilateral activation of the FFA (right: [x y z]¼ [42
�49 �20], t120¼ 14.90, P< 0.001; FWE-corrected for ROI volume;
left: [x y z]¼ [�42 �52 �20], t120¼ 11.70, P< 0.001, FWE-corrected
for ROI volume) and amygdala (right: [x y z]¼ [21 �7 �17],
t120¼ 10.82, P< 0.001, FWE-corrected for ROI volume; left: [x y
z]¼ [�18 �10 �17], t120¼ 10.66, P< 0.001; FWE-corrected for ROI
volume) (Figure 5A). Table 4 summarizes further significant
whole-brain activations elicited by social compared with mon-
etary feedback (contrast social>monetary, across genders;
P< 0.05, FWE-corrected). The comparison monetary> social
feedback revealed activations in a network of prefrontal, cingu-
late and parietal cortices, including DMN structures (P< 0.05,
FWE-corrected; Table 4).

Correlation of AQ and brain activations

While there was no significant correlation of AQ and striatal
activations during monetary or social reward anticipation

Table 1. Descriptive statistics of the behavioral data

Women Men

RTs (ms)
Monetary condition

Reward trials 446 6 49 431 6 57
Neutral baseline 496 6 53 489 6 66

Social condition
Reward trials 474 6 59 447 6 56
Neutral baseline 499 6 57 479 6 59

Hit rate (%)
Monetary condition

Reward trials 76.3 6 3.1 75.1 6 3.4
Neutral baseline 72.7 6 4.3 73.0 6 4.4

Social condition
Reward trials 74.3 6 4.2 75.6 6 4.2
Neutral baseline 73.0 6 5.6 73.1 6 4.3

Means and standard deviations are reported. RTs, reaction times in reward

number comparison task.
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(Table 5), AQ scores correlated significantly with the activation
of the right precuneus to social vs monetary reward anticipation
in women (p¼ 0.5865, P¼ 0.0017), and there was also a trend for
a positive correlation in men (p¼ 0.309, P¼ 0.07885, two-tailed,
uncorrected) (Figure 4B). Additionally, a negative correlation be-
tween AQ and right TPJ activation was observed in women, but
this did not survive Bonferroni correction (Table 5). At outcome,
only men showed a significant correlation between AQ and the
right amygdala response to social vs monetary reward feedback
(men: p¼�0.583, P¼ 0.0014; women: p¼�0.005, P¼ 1; Fisher’s
Z¼ 2.41, P¼ 0.0160; Figure 5B).

To test how specific the correlations between AQ and DMN
were to social reward, we computed correlations between AQ
the DMN activations during monetary vs social feedback. Only a
negative correlation between AQ and mPFC activation in men
was significant after Bonferroni correction (Supplementary
Table S3).

Discussion

In this study, we aimed to investigate a potential modulation of
monetary in comparison to social reward processing by gender
and individual differences in subclinical autistic traits. To this
end, we employed an incentive delay task (Knutson et al., 2000)
with a social and a monetary condition. Anticipation of both
types of reward led to ventral striatal activation that was

accompanied by shorter RTs and higher hit rates. These effects
were more pronounced for monetary relative to social reward.
On the other hand, anticipation of social reward elicited rela-
tively higher activation of DMN structures. At outcome, social
reward was associated with bilateral activation of the amygdala
and FFA. Correlations between AQ and neural correlates of so-
cial reward processing were, at least in part, gender-specific:
During anticipation of social reward AQ correlated positively
with right precuneus activation in women and, to a lesser ex-
tent, also in men. However, only men showed a negative correl-
ation between AQ and right amygdala activation during social
reward feedback.

Effects of motivation on task performance and neural
correlates

In both tasks, the motivation to obtain a reward was associated
with shorter RTs and higher hit rates, which is in line with pre-
vious studies examining motivational effects on performance
(Knutson et al., 2000, 2001; Richter et al., 2013a). In fMRI, anticipa-
tion of both reward types was associated with activation of the
striatum, particularly the NAcc. This result is compatible with
well-documented role of the NAcc in reward prediction
(Knutson et al., 2000, 2001; Kirsch et al., 2003). Striatal reward an-
ticipation responses were more pronounced to cues predicting
monetary reward as compared with social reward, replicating
previous results (Spreckelmeyer et al., 2009). Notably,
Spreckelmeyer et al. (2009), reported such a striatal activation
difference in men only, whereas we found this difference across
both genders. Spreckelmeyer et al. (2009) used three levels of re-
ward, while in the current study only one reward level was em-
ployed. Because in Spreckelmeyer’s study, the male-specific
difference in striatal responses to monetary vs social reward
cues was restricted to the high reward condition, we tentatively
suggest that the application of multiple reward levels might be
more suitable for detecting subtle gender-related differences in
striatal responsivity to different reward types.

Anticipation of social reward engages the DMN

Contrasting anticipation of social vs monetary reward revealed
relatively higher activation in the DMN (precuneus, TPJ). While

Fig. 2. Positive effect of reward. The anticipation of reward led to a striatal activation (reward>neutral baseline). This positive effect of reward was significant at

P<0.001, FWE-corrected for ROI volume. Activations are superimposed on the MNI template brain provided by MRIcron. Coordinates are in MNI space. Bar plots depict

contrasts of parameter estimates at the peak coordinate separated by gender and reward condition. Error bars depict standard errors of the mean. No R: neutral base-

line. Mon R: condition with monetary reward. Soc R: condition with social reward.

Table 2. Neural correlates during anticipation of reward>neutral
baseline (P< 0.05, FWE-corrected, minimal cluster size¼ 10)

Region BA x y z SPM T1, 242 P (FWE-cor.)

Reward > neutral baseline
Right medial

frontal gyrus
32 6 5 49 8.88 <0.001

Right middle
frontal gyrus

6 42 �4 46 5.67 0.001

Right insula 13 33 23 �5 9.37 <0.001
Right striatum 9 8 �2 11.75 <0.001
Left claustrum �30 23 �2 9.12 <0.001

BA, Brodmann area.
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Fig. 4. Anticipation of social vs monetary reward. (A) The anticipation of social but not monetary reward (social reward>monetary reward) was associated with a rela-

tive activation difference in posterior DMN structures (PCC/precuneus and TPJ). This effect was significant at P<0.05, FWE-corrected for ROI volume. Activations are

superimposed on the MNI template brain provided by MRIcron. Coordinates are in MNI space. Bar plots depict contrasts of parameter estimates at the peak coordinate

separated by gender and reward condition. Error bars depict standard errors of the mean. Mon R: condition with monetary reward. Soc R: condition with social reward.

(B) Relationship between Autism Quotient (AQ) and blood oxygen level-dependent signal in PCC/precuneus to anticipation of social vs monetary reward. Robust

Shepherd’s pi correlations are shown. AQ was correlated positively with PCC/precuneus blood oxygen level-dependent signal to anticipation of social vs monetary re-

ward in women, and a trend was observed in men.

Fig. 3. Reward-dependent modulation of striatal activation. The anticipation of monetary reward elicited more pronounced striatal activation as compared with antici-

pation of social reward (monetary reward> social reward). This effect was significant at P<0.05, FWE-corrected for ROI volume. Activations are superimposed on the

MNI template brain provided by MRIcron. Coordinates are in MNI space. Bar plots depict contrasts of parameter estimates at the peak coordinate separated by gender

and reward condition. Error bars depict standard errors of the mean. Mon R: condition with monetary reward. Soc R: condition with social reward.
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prominently associated with resting conditions, the DMN has
also been implicated in self-reference, theory of mind or, more
generally, socio-emotional cognition (Corbetta et al., 2008;
Schilbach et al., 2008b, 2012; Whitfield-Gabrieli et al., 2011; Mars
et al., 2012). Schilbach et al. (2012) suggested that introspection
might constitute a common feature of resting state and socio-
emotional cognition. Introspection refers to the ability to exam-
ine one’s own feelings and thoughts, which is formed by previ-
ous social and emotional experiences (Gusnard et al., 2001;
Schilbach et al., 2012). Schilbach et al. (2012) also investigated
the underlying neural network of facial mimicry (spontaneous

and involuntary response to facial expressions). They observed
activation in the face motor area, but also in DMN structures
(Schilbach et al., 2008a), which they attributed to social process-
ing and self-other differentiation (Northoff and Bermpohl, 2004;
Schilbach et al., 2008a). Our results extend these findings by
showing that already the anticipation of a, broadly speaking,
positive social experience may elicit DMN activation. One
should note, however, that in our study, as in numerous previ-
ous studies of DMN function, ‘activation increases’ often re-
flected lower levels of deactivation relative to rest in one
condition compared with another.

Social vs monetary reward feedback

The present finding of pronounced bilateral FFA activation dur-
ing social relative to monetary reward feedback is most likely
attributable to the processing of face stimuli, as both the amyg-
dala (Adolphs, 2010; Rademacher et al., 2010) and the FFA
(Kanwisher et al., 1997; Richter et al., 2013b) have repeatedly
been linked to human face perception and processing.

Notably, a fronto-parietal network, including DMN struc-
tures, showed relatively higher activation during monetary
compared with social feedback (Table 4). A parsimonious ex-
planation for this would be a rebound-like effect, namely rela-
tively increased DMN activation after deactivation during the
processing of monetary reward cues. In our view, however, it

Fig. 5. Social vs monetary reward feedback. (A) Bilateral activation of the FFA and the amygdala was observed during social feedback, when compared with monetary

feedback (social feedback>monetary feedback). This effect was significant at P<0.001, FWE-corrected for ROI volume. Activations are superimposed on the MNI tem-

plate brain provided by MRIcron. Coordinates are in MNI space. Bar plots depict contrasts of parameter estimates at the peak coordinate separated by gender and re-

ward condition. Error bars depict standard errors of the mean. Mon R: condition with monetary reward. Soc R: condition with social reward. (B) Relationship between

the Autism Quotient (AQ) and the blood oxygen level-dependent signal in the right amygdala, separated by gender. Robust Shepherd’s pi correlations are shown. AQ

was correlated negatively with right amygdala blood oxygen BOLD response to social vs monetary reward feedback in men but not in women.

Table 3. Neural correlates during anticipation of monetary reward
and social reward (P<0.001, uncorrected, minimal cluster size¼ 10)

Region BA x y z SPM T1, 120 P (uncor.)

Monetary reward > social reward
Right caudate nucleus 9 11 �5 4.05 <0.001
Left putamen �9 5 �5 3.92 <0.001

Social reward > monetary reward
Right superior frontal gyrus 10 24 59 19 3.89 <0.001
Left medial frontal gyrus 10 �12 56 19 3.76 <0.001
Right middle frontal gyrus 8 36 17 40 3.93 <0.001
Right inferior parietal lobule 40 48 �61 49 4.74 <0.001
Right precuneus 7 6 �61 43 4.08 <0.001

BA, Brodmann area.

A. Barman et al. | 1543

; Schilbach etal., 2012
``
'' 
to 
versus
to 


seems more likely that, given the well-documented role of the,
particularly anterior, DMN in self-related processing (Kelley
et al., 2002), the activation of the mPFC in particular may reflect
the higher self-relevance of actually receiving a monetary re-
ward as compared with seeing a face that allows no further so-
cial interaction.

Gender-specific manifestation of autism trait in social
reward processing

We had hypothesized that interindividual variability of autistic
features among healthy participants might modulate brain
activation patterns related to social reward anticipation and
feedback processing in a gender-specific way. Contrary to our
hypothesis, reward-related behavioral improvement and stri-
atal activation were not modulated by AQ during reward antici-
pation. This is inconsistent with the previously reported
decreased NAcc activation to social (Scott-Van Zeeland et al.,

2010; Delmonte et al., 2012) or monetary reward (Dichter et al.,
2012a,b; Kohls et al., 2013) in individuals with clinical ASD. We
suggest that the missing AQ-related modulation of striatal re-
ward anticipation responses might be related to the observation
that the same AQ scores in healthy participants vs clinically af-
fected autistic individuals may not reflect the same degree of
autistic traits (Murray et al., 2014). Therefore, one might require
more powerful approaches to uncover AQ-related variability of
striatal responsivity in neurotypical individuals. For example,
Sims et al. (2014) recently reported a negative modulation of
fronto-striatal functional connectivity by AQ in young, healty
individuals when face stimuli were paired with monetary re-
wards (Sims et al., 2014). Furthermore, functional connectivity
approaches might be more suitable to detect a potential modu-
lation of striatal reward responsivity by autism trait in non-
clinical populations.

During anticipation (social>monetary) we observed a posi-
tive correlation between PCC/precuneus activation and AQ in
women and, as a trend, in men. The association between PCC/
precuneus and AQ is supported by previous functional neuroi-
maging studies that have found differences in cortical midline
activations between autistic and control individuals
(Cherkassky et al., 2006; Kennedy et al., 2006; Murias et al., 2007;
Kennedy and Courchesne 2008a,b; Sundaram et al. 2008; Di
Martino et al., 2009; Murdaugh et al., 2012; Lynch et al., 2013).
Most of these studies investigated male participants only and
could therefore not uncover gender effects. The studies investi-
gating males and females did also not report gender-related dif-
ferences, probably due to the small number of female
participants (Cherkassky et al., 2006; Sundaram et al., 2008; Di
Martino et al., 2009; Lynch et al., 2013). Moreover, the direction of
the reported differences between autistic and control individ-
uals is not consistent. Cherkassky et al. (2006) reported reduced
resting-state DMN connectivity in autism while Lynch et al.
(2013) found increased connectivity. In a meta-analysis of 24 so-
cial and 15 non-social studies, task-independent PCC hypoacti-
vation was found in individuals with autism (Di Martino et al.,
2009). It should be noted that we observed a negative correlation
between AQ and activation of the mPFC during monetary rela-
tive to social feedback (Supplementary Table S3), a finding that

Table 5. Correlations of brain activation patterns and AQ

x y z Women p (P) Men p (P) Fisher’s Z (P)

Anticipation (monetary > neutral)
Right striatum 9 11 �2 0.112 (1.0000) 0.087 (1.0000) n/a
Left striatum �9 11 �5 0.102 (1.0000) 0.208 (0.5561) n/a

Anticipation (social > neutral)
Right striatum 9 11 �2 �0.021 (1.0000) �0.092 (1.0000) n/a
Left striatum �9 11 �5 0.059 (1.0000) 0.022 (1.0000) n/a

Anticipation (monetary > social)
Right striatum 9 11 �5 �0.247 (0.3942) 0.292 (0.2359) n/a
Left striatum �21 8 �11 �0.180 (0.6818) 0.084 (1.0000) n/a

Anticipation (social > monetary)
PCC/precuneus 6 �61 43 0.587 (0.0017**) 0.378 (0.0788) 1.00 (0.1587)
Right TPJ 57 �55 31 �0.495 (0.0127*) �0.156 (0.8224) n/a

Feedback (social > monetary)
Right amygdala 21 �7 �17 �0.005 (1.0000) �0.583 (0.0014**) 2.41 (0.0160*)
Left amygdala �18 �10 �17 �0.120 (1.0000) �0.123 (1.0000) n/a
Right FFA 42 �49 �20 0.194 (0.6260) 0.123 (1.0000) n/a
Left FFA �42 �52 �20 �0.220 (0.5209) 0.319 (0.1724) n/a

Shepherd’s pi correlations between AQ scores and BOLD signal change values (contrasts of parameter estimates) in a priori defined

ROIs (striatum, precuneus, TPJ, amygdala, FFA) across women and men. All P-values are two-tailed. *Significant at P<0.05, uncor-

rected; **Significant at P<0.05, Bonferroni-corrected for the number of ROIs (please note that Fisher’s Z tests were only performed

when at least one correlation was significant after Bonferroni correction).

Table 4. Neural correlates during monetary feedback and social feed-
back (P< 0.05, FWE-corrected, minimal cluster size¼ 10)

Region BA x y z SPM
T1, 120

P
(FWE-cor.)

Monetary reward > social reward
Right superior frontal gyrus 10 24 59 1 5.79 0.001
Right middle frontal gyrus 10 42 56 7 5.81 0.001
Right anterior cingulate 32 6 32 25 8.39 <0.001
Right/ Left cingulate gyrus 23 0 �22 31 7.57 <0.001
Right inferior parietal lobule 40 48 �46 43 6.80 <0.001
Left lingual gyrus 18 �3 �85 �14 5.45 0.006

Social reward > monetary reward
Right orbital gyrus 11 6 44 �20 8.70 <0.001
Right inferior frontal gyrus 47 33 32 �14 7.67 <0.001
Left inferior frontal gyrus 47 �33 32 �14 6.54 <0.001
Right middle temporal gyrus 21 57 �4 �20 5.46 0.006
Left amygdala �18 �10 �17 10.66 <0.001
Right fusiform gyrus 37 42 �49 �20 14.90 <0.001
Left fusiform gyrus 37 �42 �52 �20 11.70 <0.001

BA, Brodmann area.
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may be related to the task-specific dysfunction of posterior
DMN structures, but an unspecific underrecruitment of anterior
DMN regions in autism reported previously (Kennedy and
Courchesne, 2008a). In another study, Kennedy et al. (2006) dem-
onstrated impaired deactivation of the PCC/precuneus in ASD
during an emotional Stroop task. Similarly, Murdaugh et al.
(2012) reported a less pronounced DMN deactivation in individ-
uals with ASD during a ToM task. While further research is
clearly required, we suggest that the positive correlation be-
tween AQ and posterior DMN activation during anticipation of
social reward and the, possibly less specific, negative correl-
ation of anterior DMN activation during monetary reward feed-
back in healthy subjects point to altered DMN function as a
potential endophenotype for autistic traits, as it qualitatively re-
sembles some of the observations in individuals clinically af-
fected with autism.

In addition to the positive relationship between AQ and
DMN activation during anticipation of social reward, male par-
ticipants also showed a negative correlations between AQ and
the right amygdala during reward feedback. The existing litera-
ture on altered amygdala function in ASD is rather inconsistent.
Studies have reported both increases (Monk et al., 2010; Weng
et al., 2011) and decreases of amygdala responses to faces in
ASD-affected individuals (Kleinhans et al., 2008; Pinkham et al.,
2008). Similarly, previous observations regarding FFA activation
in ASD also yielded conflicting results (Schultz et al., 2000; Pierce
et al., 2001, 2004 vs Hadjikhani et al., 2004; Kleinhans et al., 2008).
One reason for these inconsistencies could be alterations within
face processing networks in ASD at the level of functional con-
nectivity (Kleinhans et al., 2008). In line with this notion,
Dziobek et al. (2010) reported reduced anatomical covariance be-
tween amygdala volume and fusiform cortical thickness in indi-
viduals with ASD.

Despite these inconsistencies, the observation that the nega-
tive relationship between AQ and amygdala activation was only
found in men, is noteworthy, given the higher prevalence of
ASD in the male population (Kogan et al., 2009; Autism and
Developmental Disabilities Monitoring Network Surveillance
Year 2008; Principal Investigators, 2012). Furthermore, neuro-
anatomical studies have suggested that individual differences
in brain structure related to ASD resemble sex-related differ-
ences in brain anatomy (Baron-Cohen et al., 2005). Additionally,
subtle sex differences in symptomatology of clinical autism
have also been reported (Hartley and Sikora, 2009). While our
present results may not be directly translatable to the clinic,
they might yet to some extent reflect the suspected interactions
between gender and autistic phenotypes.

Functional connectivity alterations in both the DMN and the
face processing network in ASD have been repeatedly shown.
Future studies should also employ functional connectivity
approaches (Sims et al., 2014) to further elucidate the relation-
ship between the neural processing of social vs monetary re-
ward and gender and AQ.

Limitations

It must be noted that the social reward that could be obtained
in this study, a photo of a smiling face, might have been a weak
reinforcer relative to the actual monetary gain, as participants
could not actually interact with the persons depicted. An alter-
native way to provide social reward would be an experimental
manipulation of social status and recognition (Meshi et al.,
2013).

Another limitation of this study is related to the correlations
between AQ and neural activations in the feedback phase. As
we did not implement a non-reward baseline, we cannot rule
out that the reported correlations of AQ and social reward feed-
back might in fact not be reward-specific, but more generally
linked to processing of the face stimuli per se.

Conclusions

In summary, our results suggest a gender-specific manifest-
ation of autistic features in the healthy population during social
reward processing. While increased DMN activation during an-
ticipation of social cues might reflect a more general endophe-
notype of the DMN dysfunction observed in clinical autism,
only male individuals exhibited an additional relationship be-
tween AQ and a lower amygdala response to faces, a finding
that warrants further investigations in light of the higher preva-
lence of ASD in men.

Acknowledgements

The authors would like to thank Annika Schult for support
in designing the stimulus set and Renate Blobel, Denise
Scheermann and Claus Tempelmann for assistance with
MRI acquisition.

Funding

This project was supported by the Leibniz Graduate School
Synaptogenetics (PhD stipend to A.B.; Master stipend to
A.R.) and the Deutsche Forschungsgemeinschaft (SFB 779,
TP A8).

Supplementary data

Supplementary data are available at SCAN online.

Conflict of interest. None declared.

References
Adolphs, R. (2010). What does the amygdala contribute to social

cognition? Annals of the New York Academy of Sciences, 1191,
42–61.

American Psychiatric Association. (1994). Diagnostic and
Statistical Manual of Mental Disorders: DSM-IV, 4th edn.
Washington, DC: American Psychiatric Association.

Autism and Developmental Disabilities Monitoring Network
Surveillance Year 2008 Principal Investigators, Centers for
Disease Control and Prevention. (2012). Prevalence of autism
spectrum disorders—autism and developmental disabilities
monitoring network, 14 sites, United States, 2008. Morbidity
and Mortality Weekly Report. Surveillance Summaries, 61(3), 1–19.

Barman, A., Assmann, A., Richter, S., et al. (2014). Genetic vari-
ation of the RASGRF1 regulatory region affects human hippo-
campus-dependent memory. Frontiers in Human Neuroscience, 8,
260.

Baron-Cohen, S. (1995). Mindblindness: An Essay on Autism and
Theory of Mind. Cambridge: The MIT Press.

Baron-Cohen, S., Knickmeyer, R.C., Belmonte, M.K. (2005). Sex
differences in the brain: implications for explaining autism.
Science, 310(5749), 819–23.

Baron-Cohen, S., Wheelwright, S. (2004). The empathy quotient:
an investigation of adults with Asperger syndrome or high

A. Barman et al. | 1545

versus
versus
autism quotient
the 
present 
http://scan.oxfordjournals.org/lookup/suppl/doi:10.1093/scan/nsv044/-/DC1


functioning autism, and normal sex differences. Journal of
Autism and Developmental Disorders, 34(2), 163–75.

Baron-Cohen, S., Wheelwright, S., Hill, J., Raste, Y., Plumb, I.
(2001a). The “Reading the Mind in the Eyes” Test revised ver-
sion: a study with normal adults, and adults with Asperger
syndrome or high-functioning autism. Journal of Child
Psychology and Psychiatry, 42(2), 241–51.

Baron-Cohen, S., Wheelwright, S., Skinner, R., Martin, J., Clubley,
E. (2001b). The autism-spectrum quotient (AQ): evidence from
Asperger syndrome/high-functioning autism, males and fe-
males, scientists and mathematicians. Journal of Autism and
Developmental Disorders, 31(1), 5–17.

Brunye, T.T., Dirman, T., Giles, G.E., Mahoney, C.R., Kessler, K.,
Taylor, H.A. (2012). Gender and autistic personality traits pre-
dict perspective-taking ability in typical adults. Personality and
Individual Differences, 52(1), 84–8.

Cahill, L. (2006). Why sex matters for neuroscience. Nature
Reviews Neuroscience, 7(6), 477–84.

Cherkassky, V.L., Kana, R.K., Keller, T.A., Just, M.A. (2006).
Functional connectivity in a baseline resting-state network in
autism. Neuroreport, 17(16), 1687–90.

Cloninger, C.R., Przybeck, T.R., Svrakic, D.M. (1991). The
Tridimensional Personality Questionnaire: U.S. normative
data. Psychological Reports, 69(3 Pt 1), 1047–57.

Corbetta, M., Patel, G., Shulman, G.L. (2008). The reorienting sys-
tem of the human brain: from environment to theory of mind.
Neuron, 58(3), 306–24.

Dawson, G., Toth, K., Abbott, R., et al. (2004). Early social attention
impairments in autism: social orienting, joint attention, and
attention to distress. Developmental Psychology, 40(2), 271–83.

Dawson, G., Webb, S.J., McPartland, J. (2005). Understanding the
nature of face processing impairment in autism: insights from
behavioral and electrophysiological studies. Developmental
Neuropsychology, 27(3), 403–24.

Delmonte, S., Balsters, J.H., McGrath, J., et al. (2012) Social and
monetary reward processing in autism spectrum disorders.
Molecular Autism, 3(1), 7.

Di Martino, A., Ross, K., Uddin, L.Q., Sklar, A.B., Castellanos, F.X.,
Milham, M.P. (2009). Functional brain correlates of social and
nonsocial processes in autism spectrum disorders: an activa-
tion likelihood estimation meta-analysis. Biological Psychiatry,
65(1), 63–74.

Dichter, G.S., Felder, J.N., Green, S.R., Rittenberg, A.M., Sasson,
N.J., Bodfish, J.W. (2012a). Reward circuitry function in aut-
ism spectrum disorders. Social Cognitive and Affective
Neuroscience, 7(2), 160–72.

Dichter, G.S., Richey, J.A., Rittenberg, A.M., Sabatino, A., Bodfish,
J.W. (2012b). Reward circuitry function in autism during face
anticipation and outcomes. Journal of Autism and Developmental
Disorders, 42(2), 147–60.

Dziobek, I., Bahnemann, M., Convit, A., Heekeren, H.R. (2010).
The role of the fusiform-amygdala system in the pathophysi-
ology of autism. Archives of General Psychiatry, 67(4), 397–405.

Farroni, T., Csibra, G., Simion, F., Johnson, M.H. (2002). Eye con-
tact detection in humans from birth. Proceedings of the National
Academy of Sciences of the United States of America, 99(14), 9602–5.

Frith, U. (1991). Autism and Asperger’s Syndrome,. Cambridge:
Cambridge University Press.

Gottesman, I.I., Gould, T.D. (2003). The endophenotype concept
in psychiatry: etymology and strategic intentions. The
American Journal of Psychiatry, 160(4), 636–45.

Gusnard, D.A., Akbudak, E., Shulman, G.L., Raichle, M.E. (2001).
Medial prefrontal cortex and self-referential mental activity:
relation to a default mode of brain function. Proceedings of the

National Academy of Sciences of the United States of America, 98(7),
4259–64.

Hadjikhani, N., Joseph, R.M., Snyder, J., et al. (2004). Activation of
the fusiform gyrus when individuals with autism spectrum
disorder view faces. Neuroimage, 22(3), 1141–50.

Hartley, S.L., Sikora, D.M. (2009). Sex differences in autism spec-
trum disorder: an examination of developmental functioning,
autistic symptoms, and coexisting behavior problems in tod-
dlers. Journal of Autism and Developmental Disorders, 39(12),
1715–22.

Izuma, K., Saito, D.N., Sadato, N. (2008). Processing of social and
monetary rewards in the human striatum. Neuron, 58(2),
284–94.

Kanwisher, N., McDermott, J., Chun, M.M. (1997). The fusiform
face area: a module in human extrastriate cortex specialized
for face perception. The Journal of Neuroscience, 17(11), 4302–11.

Kelley, W.M., Macrae, C.N., Wyland, C.L., Caglar, S., Inati, S.,
Heatherton, T.F. (2002). Finding the self? An event-related fMRI
study. Journal of Cognitive Neuroscience, 14(5), 785–94.

Kennedy, D.P., Courchesne, E. (2008a). Functional abnormalities
of the default network during self- and other-reflection in aut-
ism. Social Cognitive and Affective Neuroscience, 3(2), 177–90.

Kennedy, D.P., Courchesne, E. (2008b). The intrinsic func-
tional organization of the brain is altered in autism.
Neuroimage, 39(4), 1877–85.

Kennedy, D.P., Redcay, E., Courchesne, E. (2006). Failing to deacti-
vate: resting functional abnormalities in autism. Proceedings of
the National Academy of Sciences of the United States of America,
103(21), 8275–80.

Kirsch, P., Schienle, A., Stark, R., et al. (2003). Anticipation of re-
ward in a nonaversive differential conditioning paradigm and
the brain reward system: an event-related fMRI study.
Neuroimage, 20(2), 1086–95.

Kleinhans, N.M., Richards, T., Sterling, L., et al. (2008). Abnormal
functional connectivity in autism spectrum disorders during
face processing. Brain, 131(Pt 4), 1000–12.

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), 809–16.

Klin, A., Lin, D.J., Gorrindo, P., Ramsay, G., Jones, W. (2009). Two-
year-olds with autism orient to non-social contingencies ra-
ther than biological motion. Nature, 459(7244), 257–61.

Knutson, B., Adams, C.M., Fong, G.W., Hommer, D. (2001).
Anticipation of increasing monetary reward selectively re-
cruits nucleus accumbens. The Journal of Neuroscience, 21(16),
RC159.

Knutson, B., Cooper, J.C. (2005). Functional magnetic reson-
ance imaging of reward prediction. Current Opinion in Neurology,
18(4), 411–7.

Knutson, B., Westdorp, A., Kaiser, E., Hommer, D. (2000). FMRI
visualization of brain activity during a monetary incentive
delay task. Neuroimage, 12(1), 20–7.

Kogan, M.D., Blumberg, S.J., Schieve, L.A., et al. (2009).
Prevalence of parent-reported diagnosis of autism spectrum
disorder among children in the US, 2007. Pediatrics, 124(5),
1395–403.

Kohls, G., Schulte-Ruther, M., Nehrkorn, B., et al. (2013). Reward
system dysfunction in autism spectrum disorders. Social
Cognitive and Affective Neuroscience, 8(5), 565–72.

Kunihira, Y., Senju, A., Dairoku, H., Wakabayashi, A., Hasegawa,
T. (2006). ‘Autistic’ traits in non-autistic Japanese populations:
relationships with personality traits and cognitive ability.
Journal of Autism and Developmental Disorders, 36(4), 553–66.

1546 | Social Cognitive and Affective Neuroscience, 2015, Vol. 10, No. 11



Lynch, C.J., Uddin, L.Q., Supekar, K., Khouzam, A., Phillips, J.,
Menon, V. (2013). Default mode network in childhood autism:
posteromedial cortex heterogeneity and relationship with so-
cial deficits. Biological Psychiatry.74, 212–9

Mars, R.B., Neubert, F.X., Noonan, M.P., Sallet, J., Toni, I.,
Rushworth, M.F. (2012). On the relationship between the “de-
fault mode network” and the “social brain". Frontiers in Human
Neuroscience, 6, 189.

Meshi, D., Morawetz, C., Heekeren, H.R. (2013). Nucleus accum-
bens response to gains in reputation for the self relative to
gains for others predicts social media use. Frontiers in Human
Neuroscience, 7, 439.

Minshew, N.J., Keller, T.A. (2010). The nature of brain dysfunc-
tion in autism: functional brain imaging studies. Current
Opinion in Neurology, 23(2), 124–30.

Miu, A.C., Pana, S.E., Avram, J. (2012). Emotional face processing
in neurotypicals with autistic traits: implications for the broad
autism phenotype. Psychiatry Research, 198(3), 489–94.

Monk, C.S., Weng, S.J., Wiggins, J.L., et al. (2010). Neural circuitry
of emotional face processing in autism spectrum disorders.
Journal of Psychiatry & Neuroscience, 35(2), 105–14.

Murdaugh, D.L., Shinkareva, S.V., Deshpande, H.R., Wang, J.,
Pennick, M.R., Kana, R.K. (2012). Differential deactivation dur-
ing mentalizing and classification of autism based on default
mode network connectivity. PLoS One, 7(11), e50064.

Murias, M., Webb, S.J., Greenson, J., Dawson, G. (2007). Resting
state cortical connectivity reflected in EEG coherence in indi-
viduals with autism. Biological Psychiatry, 62(3), 270–3.

Murray, AL, Booth, T, McKenzie, K, Kuenssberg, R, O’Donnell, M
(2014). Are autistic traits measured equivalently in individuals
with and without an autism spectrum disorder? An invariance
analysis of the Autism Spectrum Quotient Short Form. J Autism
Dev Disord, 44(1), 55–64.

Northoff, G., Bermpohl, F. (2004). Cortical midline structures and
the self. Trends in Cognitive Sciences, 8(3), 102–7.

Nummenmaa, L., Engell, A.D., von dem Hagen, E., Henson, R.N.,
Calder, A.J. (2012). Autism spectrum traits predict the neural
response to eye gaze in typical individuals. Neuroimage, 59(4),
3356–63.

Pappata, S., Dehaene, S., Poline, J.B., et al. (2002). In vivo detection
of striatal dopamine release during reward: a PET study with
[(11)C]raclopride and a single dynamic scan approach.
Neuroimage, 16(4), 1015–27.

Pierce, K., Haist, F., Sedaghat, F., Courchesne, E. (2004). The brain
response to personally familiar faces in autism: findings of fu-
siform activity and beyond. Brain, 127(Pt 12), 2703–16.

Pierce, K., Muller, R.A., Ambrose, J., Allen, G., Courchesne, E.
(2001). Face processing occurs outside the fusiform ‘face area’
in autism: evidence from functional MRI. Brain, 124(Pt 10),
2059–73.

Pinkham, A.E., Hopfinger, J.B., Pelphrey, K.A., Piven, J., Penn, D.L.
(2008). Neural bases for impaired social cognition in schizo-
phrenia and autism spectrum disorders. Schizophrenia
Research, 99(1-3), 164–75.

Proverbio, A.M., Zani, A., Adorni, R. (2008). Neural markers of a
greater female responsiveness to social stimuli. BMC
Neuroscience, 9, 56.

Rademacher, L., Krach, S., Kohls, G., Irmak, A., Grunder, G.,
Spreckelmeyer, K.N. (2010). Dissociation of neural networks
for anticipation and consumption of monetary and social re-
wards. Neuroimage, 49(4), 3276–85.

Richter, A., Richter, S., Barman, A., et al. (2013a). Motivational sa-
lience and genetic variability of dopamine D2 receptor

expression interact in the modulation of interference process-
ing. Frontiers in Human Neuroscience, 7, 250.

Richter, S., Gorny, X., Machts, J., et al. (2013b). Effects of AKAP5
Pro100Leu genotype on working memory for emotional stim-
uli. PLoS One, 8(1), e55613.

Schilbach, L., Bzdok, D., Timmermans, B., et al. (2012).
Introspective minds: using ALE meta-analyses to study com-
monalities in the neural correlates of emotional processing,
social & unconstrained cognition. PLoS One, 7(2), e30920.

Schilbach, L., Eickhoff, S.B., Mojzisch, A., Vogeley, K. (2008a).
What’s in a smile? Neural correlates of facial embodiment dur-
ing social interaction. Social Neuroscience, 3(1), 37–50.

Schilbach, L., Eickhoff, S.B., Rotarska-Jagiela, A., Fink, G.R.,
Vogeley, K. (2008b). Minds at rest? Social cognition as the de-
fault mode of cognizing and its putative relationship to the
“default system” of the brain. Consciousness and Cognition, 17(
2), 457–67.

Schmitz, N., Rubia, K., van Amelsvoort, T., Daly, E., Smith, A.,
Murphy, D.G. (2008). Neural correlates of reward in autism. The
British Journal of Psychiatry, 192(1), 19–24.

Schultz, R.T. (2005). Developmental deficits in social perception
in autism: the role of the amygdala and fusiform face area.
International Journal of Developmental Neuroscience, 23(2-3),
125–41.

Schultz, R.T., Gauthier, I., Klin, A., et al. (2000). Abnormal ventral
temporal cortical activity during face discrimination among
individuals with autism and Asperger syndrome. Archives of
General Psychiatry, 57(4), 331–40.

Schwarzkopf, D.S., De Haas, B., Rees, G. (2012). Better ways to im-
prove standards in brain-behavior correlation analysis.
Frontiers in Human Neuroscience, 6, 200.

Scott-Van Zeeland, A.A., Dapretto, M., Ghahremani, D.G.,
Poldrack, R.A., Bookheimer, S.Y. (2010). Reward processing in
autism. Autism Research, 3(2), 53–67.

Sims, T.B., Neufeld, J., Johnstone, T., Chakrabarti, B. (2014).
Autistic traits modulate frontostriatal connectivity during pro-
cessing of rewarding faces. Social Cognitive and Affective
Neuroscience, 9(12), 2010–16.

Spreckelmeyer, K.N., Krach, S., Kohls, G., et al. (2009).
Anticipation of monetary and social reward differently acti-
vates mesolimbic brain structures in men and women. Social
Cognitive and Affective Neuroscience, 4(2), 158–65.

Suda, M., Takei, Y., Aoyama, Y., et al. (2011). Autistic traits and
brain activation during face-to-face conversations in typically
developed adults. PLoS One, 6(5), e20021.

Sundaram, S.K., Kumar, A., Makki, M.I., Behen, M.E., Chugani, H.T.,
Chugani, D.C. (2008). Diffusion tensor imaging of frontal lobe in
autism spectrum disorder. Cerebral Cortex, 18(11), 2659–65.

Weng, S.J., Carrasco, M., Swartz, J.R., et al. (2011). Neural activation
to emotional faces in adolescents with autism spectrum dis-
orders. Journal of Child Psychology and Psychiatry, 52(3), 296–305.

Whitfield-Gabrieli, S., Moran, J.M., Nieto-Castanon, A.,
Triantafyllou, C., Saxe, R., Gabrieli, J.D. (2011). Associations and
dissociations between default and self-reference networks in
the human brain. Neuroimage, 55(1), 225–32.

Wittmann, B.C., Schott, B.H., Guderian, S., Frey, J.U., Heinze, H.J.,
Duzel, E. (2005). Reward-related FMRI activation of
dopaminergic midbrain is associated with enhanced hippo-
campus-dependent long-term memory formation. Neuron, 45(
3), 459–67.

World Health Organisation (1992). ICD-10 Classifications of Mental
and Behavioural Disorder: Clinical Descriptions and Diagnostic
Guidelines, 10th edn. Geneva: World Health Organisation.

A. Barman et al. | 1547


	nsv044-TF1
	nsv044-TF2
	nsv044-TF3a
	nsv044-TF5
	nsv044-TF4a

