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According to the social motivation hypothesis of autism, individuals with high levels of autistic traits experience reduced levels of reward from social interactions. However, empirical
evidence to date has been mixed, with some studies reporting lower levels of social reward
in individuals with Autism Spectrum Disorder (ASD), and others finding no difference when
compared to typically developing controls. Alexithymia, a subclinical condition associated
with the reduced ability to identify and describe one’s own emotions, has been found to account for other affective difficulties observed inconsistently in individuals with ASD. The current study used a nonclinical sample (N = 472) to explore the associations between autistic
traits and the value of six types of social reward, as measured by the Social Reward Questionnaire. In addition, we measured alexithymia to assess if this accounted for associations
between autistic traits and social reward. There were three main findings. Firstly, higher
levels of autistic traits were associated with significantly less enjoyment of admiration and
sociability, and adding alexithymia to these models did not account for any additional variance. Secondly, both autistic traits and alexithymia were uniquely associated with reduced
levels of enjoyment of prosocial interactions and sexual relationships. Thirdly, autistic traits
were associated with higher levels of enjoyment of passivity and negative social potency,
but these associations were no longer significant once alexithymia was taken into account,
suggesting that co-occurring alexithymia accounted for these apparent associations. Overall, the current findings provide a novel and more nuanced picture of the relationship between autistic traits and social reward.
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Introduction
Autistic traits comprise communication and social interaction difficulties, as well as restrictive
and repetitive behaviours or interests [1,2]. These traits are distributed continuously in the normal population, and individuals with a diagnosis of Autism Spectrum Disorder (ASD) have
high levels of impairment in all areas of difficulty [3].
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The social motivation hypothesis of autism posits that individuals with ASD experience less
social reward than their typically developing peers (e.g. [4–5]). Social reward can be defined as
the motivational (‘wanting’) and pleasurable (‘liking’) aspects of interacting with others [6],
and there is evidence that these processes are impaired in individuals with ASD. For example,
children with ASD score significantly lower than their peers on the Wish for Social Interaction
Scale, which asks respondents how much they would like to chat with or play with people
shown in a series of photographs [7]. Similarly, individuals with ASD reported less pleasure
from social activities when compared to controls [8–9]. There is also support for the social motivation hypothesis from neuroimaging studies: individuals with ASD have shown reduced
neural activation in frontostriatal regions implicated in reward processing during social reward
tasks relative to typically developing controls (reward anticipation: [10]; receipt: [11]; learning:
[12]). An EEG study found that children with ASD showed reduced event-related potentials
while anticipating and receiving social rewards compared with typically developing controls
([13]).
However, the theory that individuals with ASD experience less social reward is not wholly
supported by the empirical evidence. For example, compared to typically developing controls,
children with ASD are equally motivated to use an effortful keypress sequence or an implicit
joystick-based paradigm to view faces, a common social reward (keypress sequence: [14]; joystick paradigm: [7]). In a Go/No-Go task, children with ASD responded with faster reaction
times to social reward than typically developing controls [15]. In addition, endogenous opioids
play a key role in the hedonic value of social (and other) experiences, but there is little support
that levels are decreased in individual with ASD [16–17].
A possible explanation for the mixed findings thus far is that ASD is a heterogeneous disorder, with individuals presenting with different types and severities of difficulties under the
same umbrella diagnosis [2,18]. It has also long been recognised that individuals with ASD can
vary considerably in terms of their motivation to interact with others [19]. It is therefore possible that across individuals with high levels of autistic traits, there are considerable individual
differences in the experience of social motivation and reward. As such, it is critical to consider
additional constructs that can co-occur with autistic traits, which may provide explanatory
power for the mixed results of social reward in ASD found to date.
A construct that has received substantial attention in recent years is alexithymia, a subclinical condition associated with difficulties in identifying and describing one’s own emotions
[20]. Alexithymia is reported in approximately 10% of the general population [21], but occurs
at significantly elevated levels in many psychiatric conditions, including anorexia nervosa [22],
depression [23] and schizophrenia [24]. Of particular relevance, elevated levels of alexithymia
occur in approximately 50% of individuals with ASD [25]. Recent research has demonstrated
that alongside deficits in processing their own emotions, individuals with alexithymia also have
difficulties with processing others’ emotions, such that these individuals have difficulty recognising others’ facial expressions [26–29] and have reduced levels of empathy [30–31]. Such
emotion processing difficulties have been found inconsistently in individuals with ASD, and recent research indicates that once co-occuring alexithymia is taken into account, a number of
apparent associations between autistic traits and affective processing deficits disappear
[25,28,30]. This suggests that deficits in affective processing previously attributed to autism
may in fact be explained by the co-occurrence of elevated levels of alexithymia.
Reward processing is, in part, a form of affective processing [32]. In particular, social reward
processing implicates the generation and representation of emotional states in relation to others (e.g. [33]). Since alexithymia appears to play a role in other affective processing deficits associated with autistic traits [25], it may be important to consider alexithymia when assessing
autistic traits and social reward processing. Alexithymia may explain, at least in part, why the
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negative association between autistic traits and social reward is sometimes observed (e.g. [4–
5]). Indeed, studies that have focused on alexithymia (but not their co-occurrence with ASD)
have found that alexithymia is significantly associated with social anhedonia [34] and with
lower levels of satisfaction in intimate relationships [35], suggesting that alexithymia does negatively impact the experience of social reward.
The current study seeks to understand two main questions. First, are elevated levels of autistic traits associated with reduced levels of social reward? Second, does alexithymia account for
any observed associations between autistic traits and social reward? To measure social reward,
we used the Social Reward Questionnaire [36], which indexes the level of six subtypes of social
reward: admiration; negative social potency; passivity; prosocial interactions; sexual relationships; and sociability. This allowed us to explore in more detail the specific type of social reward
value that may be associated with autistic traits, a question that to our knowledge has not yet
been addressed. Autistic traits were measured with the Autism Spectrum Quotient [3], and
alexithymic traits with the Toronto Alexithymia Scale [37].
We made four specific hypotheses. Firstly, we hypothesised that the association between
autistic traits and the enjoyment of admiration would be negative, due to the lower levels of impression management seen in this population [38–39]. Secondly, we hypothesised that autistic
traits would be negatively associated with enjoyment of prosocial interactions, as a recent study
found that individuals with high levels of autistic traits reported less personal satisfaction when
required to choose a prosocial course of action [40]. Thirdly, we hypothesised that there would
be a negative association between autistic traits and enjoyment of sociability. This subscale
measures the enjoyment of socialising, such as spending time with others and going to parties,
and engagement in this type of activity is rare in individuals with ASD [41]. Finally, we
hypothesised that the association between autistic traits and alexithymia would be positive, in
line with existing research [25, 42].
The rest of our analyses were exploratory. We made no specific hypothesis regarding the association between autistic traits and enjoyment of sexual relationships because the existing research on this subject has been mixed. For example, two reviews concluded that individuals
with autism are interested in sexual relationships with others, but that they tend to have less actual sexual experiences and more problematic sexual behaviours [43–44], leaving it unclear
how autistic traits might be associated with sexual reward. Our analysis of the passivity and
negative social potency subscales of the SRQ was also exploratory as there has been limited previous research on this topic, although one study found that adolescents with ASD did not differ
from controls with regard to frequency or duration of submissive/passive behaviours towards
peers [45], suggesting there may be no association between autistic traits and passivity. Our
final exploratory analyses relates to the role of alexithymia. We wanted to investigate whether
any associations between autistic traits and social reward are accounted for by co-occurring
alexithymic traits, as appears to be the case for the relationship between autistic traits and
other kinds of affective processing [25], but make no specific hypotheses regarding which type
of social reward.

Method
Ethics Statement
All participants provided online informed consent and the study was approved by the University College London Clinical, Educational and Health Psychology Research Ethics committee.
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Participants
Participants (N = 472; 290 female, 182 male) were recruited via Amazon’s online crowd-sourcing website Mechanical Turk (MTurk; www.mturk.com). MTurk is an international online
platform that allows researchers to post tasks or questionnaires that participants complete in
return for payment, and is a cost-effective source of valid and reliable questionnaire data [46].
In the current study, participants signed up via MTurk and then completed the questionnaires
using the online survey software LimeSurvey (www.limesurvey.org).
Participants were aged 18 to 65 years old (mean 35.4, SD 12.1) and all lived in the United
States. The ethnicity of the sample was as follows: 76.42% White, 10.0% Black, 5.5% Asian,
3.6% Hispanic, and 4.4% mixed or other ethnicities. The highest completed education level was
as follows: 36.2% Bachelors degree, 25.6% College, 24.8% High school, 13.3% Postgraduate degree. A total of 480 participants completed the questionnaires, but five submissions were excluded because the participant had taken part twice (second submission excluded) and three
submissions were excluded on the grounds of poor data quality (i.e. the participant answered
with the highest response option for all items in all three questionnaires). This left a final sample of N = 472.

Questionnaires
Autistic traits. Autistic traits were measured using the Autism Spectrum Quotient (AQ;
[3]), a 50-item questionnaire measuring autistic traits in adults of normal intellectual ability.
Participants indicate how much they agree with each item on a scale of 1 to 4 (1 = Strongly disagree, 4 = Strongly agree), with 26 of the items reverse-coded. The current paper uses the original dichotomous coding scheme, in which ‘Strongly agree’ or ‘Agree’ responses are awarded
one point, which are then summed to form a total score (‘Strongly disagree’ or ‘Disagree’ responses are awarded no points; [3]). Respondents can therefore score in the range of 0 to 50,
with higher scores reflecting more severe ASD symptomatology. The AQ has good psychometric properties [3] and in the current sample Cronbach’s Alpha scores also indicated good reliability (Cronbach’s Alpha. 78).
Social reward. The Social Reward Questionnaire (SRQ; [36]) is a 23-item scale used to
measure individual differences in the value of social rewards. Each item begins “I enjoy” and
then describes a different type of social interaction. Participants are asked to consider the item
in relation to all their social interactions, e.g. friends, partners, family, colleagues or people they
have just met. Responses are given on a 1 to 7 scale (1 = Disagree strongly, 7 = Agree strongly).
The SRQ consists of six subscales, each representing a domain of social reward. Admiration
measures the enjoyment of being flattered, liked and gaining positive attention; Negative Social
Potency measures the enjoyment of being cruel, callous and using others for personal gains;
Passivity measures the enjoyment of giving others control and allowing them to make decisions; Prosocial Interactions measures the enjoyment of having kind, reciprocal relationships;
Sexual Relationships measures the enjoyment of having frequent sexual experiences; and Sociability measures the enjoyment of engaging in group interactions.
The SRQ has good psychometric properties [36] and in the current sample Cronbach’s
Alpha scores indicated good reliability (Admiration. 88, Negative Social Potency. 86, Passivity.
82, Prosocial Interactions. 84, Sexual Relationships. 84, Sociability. 78).
Alexithymia. Alexithymia was measured with the 20-item Toronto Alexithymia Scale
(TAS-20; [37]). Participants rate items on a scale of 1–5 (1 = I strongly disagree, 5 = I strongly
agree). The TAS-20 has good psychometric properties [37] and a Cronbach’s Alpha of. 88 in
the present study also indicated good reliability.
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Table 1. Descriptives for all questionnaire measures.
Minimum

Maximum

Mean (SD)

Autistic traits

5.00

42.00

19.61 (6.64)

Alexithymia

20.00

83.00

45.99 (13.02)

Admiration

1.00

7.00

5.10 (1.32)

Negative Social Potency

1.00

6.20

2.05 (1.12)

Passivity

1.00

6.67

3.03 (1.37)

Prosocial Interactions

2.20

7.00

5.97 (0.92)

Sexual Relationships

1.00

7.00

4.66 (1.71)

Sociability

1.00

7.00

4.48 (1.46)

Social reward

N = 472
N.B. Autistic traits measured by total AQ score; alexithymia measured by total TAS-20 score; social reward measured by total SRQ subscale scores
doi:10.1371/journal.pone.0121018.t001

Results
Descriptives and correlations
Descriptives for all three questionnaires measures (AQ, TAS-20 and SRQ) are shown in
Table 1 (see also S1 Table for descriptives for males and females separately, and S2 Table for
numbers of participants meeting cut-off scores for the AQ [63] and TAS-20). Pearson and
Spearman correlational analyses (as appropriate depending on the normality of the bivariate
residuals) were conducted using IBM SPSS Statistics 20.0 for Windows. Correlations between
autistic traits (as measured by total AQ score), alexithymia (as measured by total TAS-20
score) and social reward subscales (as measured by SRQ) are shown in Table 2. Partial correlations are presented, with age and gender controlled for in all correlations. Benjamini and
Hochberg False Discovery Rate [47] was used to control for the probability of making a Type I
error on multiple comparisons, and only corrected p-values are presented.
Table 2. Correlations between autistic traits, alexithymia and social reward.
Autistic traits

Alexithymia

-.25**

-.18**

Social reward
Admiration
Negative Social Potency

.17**a

Passivity

.11*

.41**
.24**

Prosocial Interactions

-.33**a

-.42**

Sexual Relationships

-.20**

-.18**

Sociability

-.58**

-.28**

Alexithymia

.51**

N = 472.
*p<.05
**p<.01
Age and gender partialled out. Only corrected p values are shown
a
Partial Spearman correlations are reported due to nonnormality of data. All others reported are partial
Pearson correlations
N.B. Autistic traits measured by total AQ score; alexithymia measured by total TAS-20 score; social reward
measured by total SRQ subscale scores
doi:10.1371/journal.pone.0121018.t002
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Table 3. Results from hierarchical regression models predicting subtypes of social reward.
Admiration

Negative Social Potency

Passivity

-.31**

-.30**

Prosocial Interactions

Sexual Relationships

Sociability

.12**

-.12*

-.19**

.23**

-.25**

Step 1
Age
Gender

-.18**
.02

-.27**

.06

.04

Step 2
Age
Gender
AQ

-.21**
.00
-.25**

.08

-.14**

-.26**

-.29**

-.28**
.07

.21**

-.26**

-.26**

.15**

.11*

-.31**

-.20**

-.58**

.04

-.15**

-.26**

.18**

-.27**

-.13**

-.15**

-.35**

-.10^

.00

Step 3
Age

-.22**

-.25**

-.26**

Gender

-.01

-.22**

.09*

AQ

-.21**

-.05

TAS-20

-.07

-.02

.40**

.24**

.01
-.59**
.03

N.B. Standardized coefﬁcients are shown.
^p<.1
*p<.05.
**p<.01.
Admiration: Step 1 R2 = 3.2%, Step 2 R2 = 9.1% (ΔR2 = 6.0% p<.01), Step 3 R2 = 9.5% (ΔR2 = 0.3%, p = .20).
Negative Social Potency: Step 1 R2 = 19.4%, Step 2 R2 = 21.6% (ΔR2 = 2.3% p<.01), Step 3 R2 = 32.8% (ΔR2 = 11.2%, p<.01).
Passivity: Step 1 R2 = 8.5%, Step 2 R2 = 9.6% (ΔR2 = 1.0%, p<.05), Step 3 R2 = 13.7% (ΔR2 = 4.1%, p<.01).
Prosocial Interactions: Step 1 R2 = 7.6%, Step 2 R2 = 16.9% (ΔR2 = 9.3%, p<.01), Step 3 R2 = 25.5% (ΔR2 = 8.6%, p<.01).
Sexual Relationships: Step 1 R2 = 8.3%, Step 2 R2 = 12.0% (ΔR2 = 3.8%, p<.01), Step 3 R2 = 12.7% (ΔR2 = 0.6%, p = .06).
Sociability: Step 1 R2 = 3.5%, Step 2 R2 = 36.1% (ΔR2 = 32.6%, p<.01), Step 3 R2 = 36.2% (ΔR2 = 0.1%, p = .47).
doi:10.1371/journal.pone.0121018.t003

Regressions
A series of regressions were run, modelling the variance in six social reward subtypes: admiration, negative social potency, passivity, prosocial interactions, sexual relationships and sociability (see Table 3). Age and gender were entered in Step 1 of each model, autistic traits were
entered in Step 2, and alexithymia was entered in Step 3 using the enter method in SPSS.

Autistic traits
When added to the demographic variables (Step 2), autistic traits were a significant predictor
of all six social reward subtypes (admiration: β = -.25, t(471) = -5.55, p<.01; negative social potency: β = .15, t(471) = 3.68, p<.01; passivity: β = .10, t(471) = 2.33, p<.05; prosocial interactions: β = -.31, t(471) = -7.24, p<.01; sexual relationships: β = -.20, t(471) = -4.47, p<.01;
sociability: β = -.58, t(471) = -15.46, p<.01). This step significantly improved the fit of all six
models (admiration: variance accounted for increased by 6.0%, F(1,468) = 30.79, p<.01; negative social potency: variance accounted for increased by 2.3%, F(1,468) = 13.54, p<.01; passivity: variance accounted for increased by 1.0%, F(1,468) = 5.41, p<.05; prosocial interactions:
variance accounted for increased by 9.3%, F(1,468) = 52.34, p<.01; sexual reward: variance accounted for increased by 3.8%, F(1,468) = 19.96, p<.01; sociability: variance accounted for increased by 32.6%, F(1,468) = 238.97, p<.01).

Alexithymia
When alexithymia was added to each model (Step 3), this variable was a significant predictor
of four social reward subtypes: negative social potency, passivity, prosocial interactions and, at
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trend level, sexual relationships (negative social potency: β = .40, t(471) = 8.81, p<.01; passivity: β = .24, t(471) = 4.73, p<.01; prosocial interactions: β = -.35, t(471) = -7.34, p<.01; sexual
reward: β = -.10, t(471) = -1.86, p = .06). Adding alexithymia significantly improved the fit of
these four models, although only at trend level for sexual relationships (negative social potency:
variance accounted for increased by 11.2%, F(1,467) = 77.64, p<.01; passivity: variance accounted for increased by 4.1%, F(1,467) = 22.40, p<.01; prosocial interactions: variance accounted for increased by 8.6%, F(1,467) = 53.87, p<.01; sexual reward: variance accounted for
increased by 0.6%, F(1,467) = 3.47, p = .06). Adding alexithymia at this step caused the autistic
traits predictor to lose significance in the negative social potency and passivity models. This
suggests that autistic traits account for very little variance in reward from negative social potency or passivity once alexithymia has been accounted for. Alexithymia and autistic traits both
uniquely accounted for variance in models predicting reward from prosocial interactions and
sexual relationships (autistic traits were associated at trend level for sexual relationships).
When added at Step 3, alexithymia was not a significant predictor of admiration or sociability (admiration: β = -.07, t(471) = -1.29, p = .20; sociability: β = .03, t(471) = .73, p = .47). This
step did not improve the fit of these two models (admiration: variance accounted for increased
by 0.3%, F(1,467) = 1.66, p = .20; sociability: variance accounted for increased by 0.1%, F
(1,467) = .53, p = .47).

Discussion
The current study explored associations between autistic traits and different types of social reward, and assessed whether co-occurring alexithymia might explain some of these associations.
There were three main findings. Firstly, autistic traits were associated with lower levels of enjoyment of admiration and sociability, and adding alexithymia to these models did not account
for any additional variance in these types of social reward. Secondly, both autistic traits and
alexithymia were uniquely negatively associated with the enjoyment of prosocial interactions
and sexual relationships. Finally, autistic traits were associated with higher levels of enjoyment
from passivity and negative social potency, but these associations were no longer significant
once alexithymia was entered into the models, suggesting that it is alexithymia and not autistic
traits that is associated with elevated levels of these rewards. Together, these findings give a
novel and nuanced picture of the relationship between autistic traits and social reward.
The negative associations found here are in line with existing evidence of atypical social
functioning in autism and alexithymia. For example, the negative association between autistic
traits and enjoyment of admiration is in keeping with evidence that individuals with ASD engage in less impression management than controls (that is, they are less likely to attempt to influence others’ opinion of themselves) [38–39]. There is some evidence that individuals with
ASD do engage in impression management when they are sufficiently motivated to do so [48].
The current findings complement this by suggesting that perhaps external motivation is necessary to engage in impression management because individuals with ASD experience attenuated
intrinsic social reward from this behaviour. The negative association between autistic traits and
enjoyment of sociability fits with evidence that individuals with ASD are less likely to engage in
casual socialising compared to their peers [41]. The negative associations observed between
both autistic traits and alexithymia and enjoyment of prosocial interactions support previous
evidence that both constructs are associated with less prosocial behaviour (autistic traits: [40];
alexithymia: [49]). Finally, the negative associations between both autistic traits and alexithymia and enjoyment of sexual relationships are in line with findings that individuals with ASD
have fewer sexual experiences than their peers [44] and experience higher levels of physical anhedonia [9], and that alexithymia is associated with lower levels of sexual satisfaction [35,50].
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In all, the negative associations in the current study are in keeping with extant data suggesting
that both autistic traits and alexithymia are associated with a reduction in socially-oriented
behaviour.
The apparent positive associations between autistic traits and passivity/negative social potency were driven by co-occurring alexithymia. We contend that the positive association between alexithymia and enjoyment of passivity makes intuitive sense. The passivity subscale
assesses the enjoyment of social interactions in which someone else takes the lead, with items
such as ‘I enjoy someone else making decisions for me’ and ‘I enjoy following someone else’s
rules’ [36]. Since alexithymia has been associated with difficulty in interpreting social signals
(e.g. [26–27, 28]), it seems reasonable to propose that individuals with high levels of alexithymia may enjoy interactions in which their partner takes a facilitative, leading role.
The positive association between alexithymia and enjoyment of negative social potency is
more difficult to interpret. This subscale contains items that measure enjoyment of cruel, vindictive behaviour towards others, such as ‘I enjoy making someone angry’ and ‘I enjoy tricking
someone out of something’ [36]. One possible explanation for the positive association between
alexithymia and this social reward subscale is that behaving cruelly towards others produces a
very predictable and explicit emotional response in others. As social cues can be difficult to interpret for individuals with high levels of alexithymia [26–28], it may be that the predictability
of response that cruel behaviour elicits is rewarding for alexithymic individuals. An alternative
explanation could be that the reduced levels of empathy in alexithymia [30–31,51] facilitate the
enjoyment of negative social potency. Specifically, it may be that for most individuals, typical
levels of empathy ensure that behaving cruelly towards others is aversive. However, if empathy
levels are reduced, as they are in alexithymia, it may be that such interactions are not only not
aversive but actually enjoyable. Psychopathic traits may also be relevant, as these have been associated with both alexithymia [21] and the enjoyment of cruelty [6]. These interpretations are
speculative and further research is necessary to better understand the relationship between
alexithymia and enjoyment of negative social potency. For example, paradigms that manipulate
the predictability and valence of emotional response in a social interaction partner, and measure levels of empathy and psychopathic traits in the instigator, could help to identify why negative social interactions might be reported as enjoyable for individuals with alexithymia.
Overall, the current data allow interesting speculation with regard to the processes that
might be involved in typical social reward processing. For example, autistic traits but not alexithymia were associated with reduced enjoyment of admiration and sociability. We speculate
that, for these types of social reward, processes that are specifically associated with autism may
be important. For example, theory of mind, the ability to represent another person’s mental
states, is impaired in autism [52]. Based on the current findings, we speculate that an intact theory of mind may be important for enjoying the admiration of others and socialising with others. This makes intuitive sense with admiration, in which the capacity to represent what others
think (of oneself) seems particularly relevant. In contrast, the current data suggest that for the
enjoyment of prosocial interactions and sexual relationships, processes that are impaired in
both autism and alexithymia may be important. Specifically, the impaired theory of mind seen
in autism and the deficits in describing one’s own and others’ emotions seen in alexithymia
may both contribute to a reduced ability to experience reward from prosocial interactions or
sexual relationships. Finally, for the enjoyment of passivity and negative social potency, we
speculate that processes impaired in alexithymia, rather than autism, may facilitate or enable
enjoyment from these types of social interactions. We fully acknowledge the speculative nature
of these interpretations, and recognise the need for further research to identify the processes
that enhance or impair enjoyment of different social rewards. For example, tasks that specifically measure different affective and cognitive processes that are impaired in autism and
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alexithymia could be administered alongside the Social Reward Questionnaire to see how these
processes are associated with the enjoyment of different types of social reward.
There are also additional constructs not measured in the current study that may be important in fully understanding the relationship between autistic traits, alexithymia and social reward. For example, there are elevated levels of anxiety and depression in both autistic (anxiety:
[53]; depression: [54]) and alexithymic (anxiety: [55]), depression: [23]) populations, and anxiety and depression are both associated with atypical social reward processing (anxiety: [56]; depression: [57]). Therefore, it may be that some of the associations reported here between
autistic traits and/or alexithymia and subtypes of social reward are mediated or moderated by
levels of anxiety and depression. This is an important avenue of future research to explore in
order to fully understand the pattern of associations reported here between autistic traits, alexithymia and social reward.
It is important to emphasise that participants in this study were from a community, not
clinical, population. This limits the generalizability of the current findings to those with a clinical diagnosis of ASD. At sufficiently high levels (i.e. those that warrant a diagnosis), autistic
traits may be qualitatively different to those at lower levels, or the relationship between autistic
traits, social reward and alexithymia may be different. However, it should be noted that in the
current sample, 18 participants scored 32 or higher on the AQ—an approximate threshold proposed by the original authors of the AQ for discriminating individuals with and without a clinical diagnosis of ASD ([3]; see also S2 Table). This suggests that the current findings would hold
within a clinical sample, although further research is required. Specifically, research that asks
similar questions to that of the current study, but in clinical groups, is critical to fully delineate
the relationship between these constructs.
In general, the presented evidence that individuals with high levels of autistic traits enjoy social interactions less should be interpreted with caution. Autistic traits have also been associated with elevated levels of loneliness [58–59], and loneliness implies a desire for interactions or
relationships that goes unfulfilled. This suggests that perhaps individuals with ASD do want social relationships; they just often do not have the skills to succeed at them. It may be that their
lifelong difficulty interpreting social signals has made social exchanges fraught with confusion
and complexity, and it is this which leads them to report less enjoyment of social interactions
[58–61]. Similarly, the negative association between autistic traits and enjoyment of sexual relationships reported here could be interpreted as a dislike of the complex rules of dating and romantic relationships associated with sex, as opposed to a lack of reward value of sex itself [62].
It is a key goal of future research to identify in more detail why individuals with high levels of
autistic traits report reduced enjoyment of social interactions, and what might facilitate positive
relationships in this population.

Conclusion
In conclusion, the current study presents novel evidence exploring the relationship between
autistic traits, alexithymia and six types of social reward. There were three main findings: first,
autistic traits (but not alexithymia) were associated with reduced levels of enjoyment of admiration and sociability; second, autistic traits and alexithymia were both associated with reduced
levels of enjoyment of prosocial interactions and sexual relationships; and third, alexithymia
(but not autistic traits) was associated with increased levels of enjoyment of passivity and negative social potency. These results provide a detailed picture of reduced social reward in individuals with high levels of autistic traits, which are worthy of further exploration in clinical
samples.

PLOS ONE | DOI:10.1371/journal.pone.0121018 April 8, 2015

9 / 12

Autistic Traits, Alexithymia and Social Reward

Supporting Information
S1 Dataset. File containing all data underlying findings described in manuscript.
(XLS)
S1 Table. Descriptives for males and females for all questionnaire measures.
(DOCX)
S2 Table. Numbers of participants in cut-off categories for the AQ and TAS-20.
(DOCX)

Acknowledgments
We thank Professor Uta Frith for her helpful comments on an earlier draft of this manuscript.

Author Contributions
Conceived and designed the experiments: LF GB EG EM EV. Performed the experiments: LF.
Analyzed the data: LF. Wrote the paper: LF GB EG EM EV.

References
1.

Frith U, Happé F (2005) Autism spectrum disorder. Curr Biol 15: R786–R790. PMID: 16213805

2.

Happé F, Ronald A (2008) The ‘fractionable autism triad’: a review of evidence from behavioural, genetic, cognitive and neural research. Neuropsychol Rev 18: 287–304. doi: 10.1007/s11065-008-9076-8
PMID: 18956240

3.

Baron-Cohen S, Wheelwright S, Skinner R, Martin J, Clubley E (2001) The autism-spectrum quotient
(AQ): Evidence from asperger syndrome/high-functioning autism, males and females, scientists and
mathematicians. J Autism Dev Disord 31: 5–17. PMID: 11439754

4.

Chevallier C, Kohls G, Troiani V, Brodkin ES, Schultz RT (2012) The social motivation theory of autism.
Trends Cogn Sci 16: 231–239. doi: 10.1016/j.tics.2012.02.007 PMID: 22425667

5.

Dawson G, Webb SJ, McPartland J (2005) Understanding the nature of face processing impairment in
autism: insights from behavioral and electrophysiological studies. Dev Neuropsychol 27: 403–424.
PMID: 15843104

6.

Foulkes L, McCrory EJ, Neumann CS, Viding E (2014) Inverted social reward: Associations between
psychopathic traits and self-report and experimental measures of social reward. PLOS ONE. doi: 10.
1371/journal.pone.0106000

7.

Deckers A, Roelofs J, Muris P, Rinck M (2014) Desire for social interaction in children with autism spectrum disorders. Res Autism Spect Dis 8: 449–453.

8.

Chevallier C, Grèzes J, Molesworth C, Berthoz S, Happé F (2012) Brief report: Selective social anhedonia in high functioning autism. J Autism Dev Disord 42: 1504–1509. doi: 10.1007/s10803-011-1364-0
PMID: 21986875

9.

Berthoz S, Lalanne C, Crane L, Hill EL (2013) Investigating emotional impairments in adults with autism
spectrum disorders and the broader autism phenotype. Psychiatry Res 208: 257–264 doi: 10.1016/j.
psychres.2013.05.014 PMID: 23747233

10.

Richey JA, Rittenberg A, Hughes L, Damiano CR, Sabatino A, Miller S, et al. (2014) Common and distinct neural features of social and non-social reward processing in autism and social anxiety disorder.
Soc Cogn Affect Neur 9: 366–377.

11.

Delmonte S, Balsters JH, McGrath J, Fitzgerald J, Brennan S, Fagan AJ, et al. (2012) Social and monetary reward processing in autism spectrum disorders. Mol Autism: 3: 7. doi: 10.1186/2040-2392-3-7
PMID: 23014171

12.

Zeeland SV, Ashley A, Dapretto M, Ghahremani DG, Poldrack RA, Bookheimer SY (2010) Reward processing in autism. Autism Res 3: 53–67. doi: 10.1002/aur.122 PMID: 20437601

13.

Stavropoulos KK, Carver LJ (2014) Reward anticipation and processing of social versus nonsocial stimuli in children with and without autism spectrum disorders. J Child Psychol Psyc. doi: 10.1111/jcpp.
12270

14.

Ewing L, Pellicano E, Rhodes G (2013) Using Effort to Measure Reward Value of Faces in Children
with Autism. PLOS ONE. doi: 10.1371/journal.pone.0079493

PLOS ONE | DOI:10.1371/journal.pone.0121018 April 8, 2015

10 / 12

Autistic Traits, Alexithymia and Social Reward

15.

Pankert A, Pankert K, Herpertz-Dahlmann B, Konrad K, Kohls G (2014). Responsivity to familiar versus
unfamiliar social reward in children with autism. J Neural Transm 121: 1199–1210. doi: 10.1007/
s00702-014-1210-6 PMID: 24728874

16.

Kohls G, Chevallier C, Troiani V, Schultz RT (2012) Social ‘wanting’ dysfunction in autism: neurobiological underpinnings and treatment implications. J Neurodev Disord 4: 1–20. doi: 10.1186/1866-1955-41 PMID: 22958445

17.

Lam KS, Aman MG, Arnold LE (2006) Neurochemical correlates of autistic disorder: a review of the literature. Res Dev Disabil 27: 254–289. PMID: 16002261

18.

Robinson EB, Koenen KC, McCormick MC, Munir K, Hallett V, Happé F, et al. (2012) A multivariate
twin study of autistic traits in 12-year-olds: testing the fractionable autism triad hypothesis. Behav
Genet 42: 245–255. doi: 10.1007/s10519-011-9500-3 PMID: 21927971

19.

Wing L, Gould J (1979) Severe impairments of social interaction and associated abnormalities in children: Epidemiology and classification. J Autism Dev Disord 9: 11–29. PMID: 155684

20.

Taylor GJ (2000) Recent developments in alexithymia theory and research. Can J Psychiat 45: 134–
142.

21.

Berthoz S, Pouga L, Wessa M (2011) Alexithymia from the social neuroscience perspective. In: Decety
J, Cacioppo J, editors. The Handbook of Social Neuroscience. Oxford University Press: Oxford. pp.
906–934.

22.

Bourke MP, Taylor GJ, Parker JD, Bagby RM (1992) Alexithymia in women with anorexia nervosa. A
preliminary investigation. Br J Psychiatry 161: 240–243. PMID: 1521107

23.

Honkalampi K, Hintikka J, Tanskanen A, Lehtonen J, Viinamäki H (2000) Depression is strongly associated with alexithymia in the general population. J Psychosoc Res 48: 99–104. PMID: 10750635

24.

Frewen PA, Dozois DJ, Neufeld RW, Lanius RA (2008) Meta‐analysis of alexithymia in posttraumatic
stress disorder. J Trauma Stress 21: 243–246. doi: 10.1002/jts.20320 PMID: 18404647

25.

Bird G, Cook R (2013) Mixed emotions: the contribution of alexithymia to the emotional symptoms of
autism. Transl Psychiatry. doi: 10.1038/tp.2013.61

26.

Parker JD, Taylor GJ, Bagby RM (1993) Alexithymia and the recognition of facial expressions of emotion. Psychother Psychosom 59: 197–202. PMID: 8416096

27.

Prkachin GC, Casey C, Prkachin KM (2009) Alexithymia and perception of facial expressions of emotion. Pers Individ Dif 46: 412–417.

28.

Cook R, Brewer R, Shah P, Bird G (2013). Alexithymia, not autism, predicts poor recognition of emotional facial expressions. Psychol Sci 24: 723–732. doi: 10.1177/0956797612463582 PMID: 23528789

29.

Grynberg D, Chang B, Corneille O, Maurage P, Vermeulen N, Berthoz S, et al. (2012) Alexithymia and
the processing of Emotional Facial Expressions (EFEs): Systematic review, unanswered questions
and further perspectives. PLOS ONE. doi: 10.1371/journal.pone.0042429

30.

Bird G, Silani G, Brindley R, White S, Frith U, Singer T (2010) Empathic brain responses in insula are
modulated by levels of alexithymia but not autism. Brain 133: 1515–1525. doi: 10.1093/brain/awq060
PMID: 20371509

31.

Grynberg D, Luminet O, Corneille O, Grèzes J, Berthoz S (2010) Alexithymia in the interpersonal domain: A general deficit of empathy?. Pers Individ Dif 49: 845–850.

32.

Berridge KC, Robinson TE (2003) Parsing reward. Trends Neurosci 26: 507–513. PMID: 12948663

33.

Krach S, Paulus FM, Bodden M, Kircher T (2010) The rewarding nature of social interactions. Front
Behav Neurosci. doi: 10.3389/fnbeh.2010.00022

34.

Prince JD, Berenbaum H (1993) Alexithymia and hedonic capacity. J Res Pers 27: 15–22.

35.

Humphreys TP, Wood LM, Parker JD (2009) Alexithymia and satisfaction in intimate relationships. Pers
Individ Dif 46: 43–47.

36.

Foulkes L, Viding E, McCrory EJ, Neumann CS (2014) Social Reward Questionnaire (SRQ): development and validation. Front Psychol. doi: 10.3389/fpsyg.2014.00201

37.

Bagby RM, Parker JD, Taylor GJ (1994) The twenty-item Toronto Alexithymia Scale—I. Item selection
and cross-validation of the factor structure. J Psychosom Res 38: 23–32. PMID: 8126686

38.

Chevallier C, Molesworth C, Happé F (2012) Diminished social motivation negatively impacts reputation management: autism spectrum disorders as a case in point. PLOS ONE. doi: 10.1371/journal.
pone.0031107

39.

Izuma K, Matsumoto K, Camerer CF, Adolphs R (2011) Insensitivity to social reputation in autism. Proc
Natl Acad Sci 108: 17302–17307. doi: 10.1073/pnas.1107038108 PMID: 21987799

PLOS ONE | DOI:10.1371/journal.pone.0121018 April 8, 2015

11 / 12

Autistic Traits, Alexithymia and Social Reward

40.

Jameel L, Vyas K, Bellesi G, Roberts V, Channon S (2014). Going ‘Above and Beyond’: Are those high
in autistic traits less pro-social? J Autism Dev Disord 44: 1846–1858. doi: 10.1007/s10803-014-2056-3
PMID: 24522968

41.

Orsmond GI, Krauss MW, Seltzer MM (2004) Peer relationships and social and recreational activities
among adolescents and adults with autism. J Autism Dev Disord 34: 245–256. PMID: 15264493

42.

Hill E, Berthoz S, Frith U (2004). Brief report: Cognitive processing of own emotions in individuals with
autistic spectrum disorder and in their relatives. J Autism Dev Disord 34: 229–235. PMID: 15162941

43.

Dewinter J, Vermeiren R, Vanwesenbeeck I, Nieuwenhuizen C (2013) Autism and normative sexual development: A narrative review. J Clin Nurs 22: 3467–3483. doi: 10.1111/jocn.12397 PMID: 24112137

44.

Gougeon NA (2010) Sexuality and autism: a critical review of selected literature using a social-relational model of disability. Am J Sex Educ 5: 328–361.

45.

Humphrey N, Symes W (2011) Peer interaction patterns among adolescents with autistic spectrum disorders (ASDs) in mainstream school settings. Autism 15: 397–419. doi: 10.1177/1362361310387804
PMID: 21454385

46.

Buhrmester M, Kwang T, Gosling SD (2011). Amazon's Mechanical Turk a new source of inexpensive,
yet high-quality, data? Perspect Psychol Sci 6: 3–5.

47.

Benjamini Y, Hochberg Y (1995) Controlling the false discovery rate: a practical and powerful approach
to multiple testing. J R Stat Soc Series B Stat Methodol 57: 289–300.

48.

Cage E, Pellicano E, Shah P, Bird G (2013) Reputation management: Evidence for ability but reduced
propensity in autism. Autism Res 6: 433–442. doi: 10.1002/aur.1313 PMID: 23836550

49.

FeldmanHall O, Dalgleish T, Mobbs D (2013) Alexithymia decreases altruism in real social decisions.
Cortex 49: 899–904. doi: 10.1016/j.cortex.2012.10.015 PMID: 23245426

50.

Scimeca G, Bruno A, Pandolfo G, Micò U, Romeo VM, Abenavoli E, et al. (2013). Alexithymia, negative
emotions, and sexual behavior in heterosexual university students from Italy. Arch Sex Behav 42:
117–127. doi: 10.1007/s10508-012-0006-8 PMID: 23007336

51.

Moriguchi Y, Decety J, Ohnishi T, Maeda M, Mori T, Nemoto K, et al. (2007). Empathy and judging
other's pain: an fMRI study of alexithymia. Cereb Cortex 17: 2223–2234. PMID: 17150987

52.

Baron-Cohen S, Leslie AM, Frith U (1985) Does the autistic child have a “theory of mind”? Cognition
21: 37–46. PMID: 2934210

53.

White SW, Oswald D, Ollendick T, Scahill L (2009). Anxiety in children and adolescents with autism
spectrum disorders. Clin Psychol Rev, 29: 216–229. doi: 10.1016/j.cpr.2009.01.003 PMID: 19223098

54.

Stewart ME, Barnard L, Pearson J, Hasan R, O’Brien G (2006). Presentation of depression in autism
and Asperger syndrome: A review. Autism 10: 103–116. PMID: 16522713

55.

Berthoz S, Consoli S, Perez-Diaz F, Jouvent R (1999). Alexithymia and anxiety: compounded relationships? A psychometric study. Eur Psychiatry 14: 372–378. PMID: 10683621

56.

Cremers H, Veer I, Spinhoven P, Rombouts SA, Roelofs K (2015). Neural sensitivity to social reward
and punishment anticipation in Social Anxiety Disorder. Front Behav Neurosci. doi: 10.3389/fnbeh.
2014.00439

57.

Blanchard JL, Horan WP, Brown SA (2001). Diagnostic differences in social anhedonia: a longitudinal
study of schizophrenia and major depressive disorder. J Abnorm Psychol 110: 363–371. PMID:
11502079

58.

Jobe LE, White S (2007). Loneliness, social relationships, and a broader autism phenotype in college
students. Pers Individ Dif 42: 1479–1489.

59.

Whitehouse AJ, Durkin K, Jaquet E, Ziatas K (2009). Friendship, loneliness and depression in adolescents with Asperger's Syndrome. Journal of Adolescence, 32, 309–322. doi: 10.1016/j.adolescence.
2008.03.004 PMID: 18692233

60.

Calder L, Hill V, Pellicano E (2013) ‘Sometimes I want to play by myself’: Understanding what friendship
means to children with autism in mainstream primary schools. Autism 17: 296–316. doi: 10.1177/
1362361312467866 PMID: 23188883

61.

Filipek PA, Accardo PJ, Baranek GT, Cook EH Jr, Dawson G, Gordon B, et al. (1999) The screening
and diagnosis of autistic spectrum disorders. J Autism Dev Disord 29: 439–484. PMID: 10638459

62.

Travers J, Tincani M (2010) Sexuality education for individuals with autism spectrum disorders: Critical
issues and decision making guidelines. Educ Train Dev Disab 45: 284–293.

63.

Wheelwright S, Auyeung B, Allison C, Baron-Cohen S (2010). Research defining the broader, medium
and narrow autism phenotype among parents using the Autism Spectrum Quotient (AQ). Mol Autism.
doi: 10.1186/2040-2392-1-10

PLOS ONE | DOI:10.1371/journal.pone.0121018 April 8, 2015

12 / 12

