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Autism spectrum disorder (ASD) is characterized by difficulties in social processes, interactions, and communication. Yet, the
neurocognitive bases underlying these difficulties are unclear. Here, we triangulated the ‘trans-diagnostic’ approach to personality,
social trait judgments of faces, and neurophysiology to investigate (1) the relative position of autistic traits in a comprehensive
social-affective personality space, and (2) the distinct associations between the social-affective personality dimensions and social
trait judgment from faces in individuals with ASD and neurotypical individuals. We collected personality and facial judgment data
from a large sample of online participants (N= 89 self-identified ASD; N= 307 neurotypical controls). Factor analysis with
33 subscales of 10 social-affective personality questionnaires identified a 4-dimensional personality space. This analysis revealed
that ASD and control participants did not differ significantly along the personality dimensions of empathy and prosociality,
antisociality, or social agreeableness. However, the ASD participants exhibited a weaker association between prosocial personality
dimensions and judgments of facial trustworthiness and warmth than the control participants. Neurophysiological data also
indicated that ASD participants had a weaker association with neuronal representations for trustworthiness and warmth from faces.
These results suggest that the atypical association between social-affective personality and social trait judgment from faces may
contribute to the social and affective difficulties associated with ASD.
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INTRODUCTION
Autism spectrum disorder (ASD) is defined by difficulties in social
processes, interactions, and communication [1]. However, there
are substantial interindividual variabilities in terms of both the
intensity of the difficulties and the specific aspects of social
cognitive and affective functioning that are impaired [2, 3].
Diagnosing an individual with ASD does not explain the difficulties
in their social cognitive and affective functions (e.g., under-
standing others’ emotions and intentions, engaging reciprocally).
What psychological mechanisms might underlie the social-
affective difficulties manifested in ASD?
To address this important question, various psychological

mechanisms have been proposed. Some researchers have found
that alexithymia, the difficulty in recognizing and describing one’s
own and others’ emotional states [4–6], can explain the difficulties
with social interactions and emotional reciprocity observed in
people with ASD [7–10]. Others have suggested that deficits in
empathy [11–14], the ability to vicariously experience another’s
feelings and be concerned about another’s suffering, may underlie
the impairments in social interactions that are central to ASD, such
as difficulties with emotional engagement [1].
Although these previous studies have revealed some correlates

of the social-affective difficulties manifested in ASD, to system-
atically understand the psychological mechanisms underlying

them, it is essential to characterize the relative position of autistic
traits in a comprehensive social-affective personality space (e.g.,
empathy, anxiety, prosociality, and antisociality). Extant studies
typically focused on only one or two personality measures (e.g.,
alexithymia, or empathy, as mentioned above), without controlling
for other covarying personality constructs. This may lead to an
imprecise and incomplete understanding of the personality profile
of ASD (see refs. [15, 16]). The limited scope of the personality
measures examined also contributes to the problem of biased
samples in prior studies. For example, some studies recruited
participants with ASD and typically developing (TD) control
participants that were matched in alexithymia in order to
dissociate the contributions of alexithymia and autistic traits to
the social-affective difficulties observed in individuals with ASD
(e.g., refs. [8, 17]). Due to the difference in the baseline prevalence
of alexithymia in the TD (5%) and the ASD (50%) populations [18],
the resultant groups were therefore potentially biased and not
representative of their respective populations (see ref. [16]).
Therefore, understanding the relationships of autistic traits to a
comprehensive set of social-affective personalities is critical for
both ascertaining what social-affective personality dimensions are
specifically impaired in autistic individuals and which dimensions
are comparable across ASD and TD individuals, and guiding more
representative sampling of participants.
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For a social-affective personality dimension to have any
measurable consequences, it needs to be manifested in some
behavioral performance, neural response patterns, or both. In the
literature, behavioral consequences of the difficulties associated
with autistic traits have been assessed predominantly using
emotion recognition tasks with static human facial pictures
depicting the so-called ‘basic emotions’ [19, 20]. Extensive
research adopting this approach has shown that people with
ASD have pervasive impairments in recognizing facial expressions
from static facial pictures (see ref. [21] for a review). Such
impairments may result from their relatively limited amounts of
time spent on, and atypical attention patterns in, viewing human
faces [19, 20, 22–27].
However, social-affective performance is more diverse than

recognizing facial expressions from faces [28, 29]. People readily
and rapidly make judgments regarding the social traits of a person
merely from the appearance of their face (i.e., temporally stable
characteristics, such as warmth, trustworthiness, and competence).
These judgments have profound consequences for interpersonal
interactions and collective decisions in politics and justice [29–31].
For example, perceiving a face as more trustworthy is associated
with higher financial investments in trust games, regardless of
actual trustworthiness [32]. Perceiving a face as physically
attractive leads to the inference of competence and intelligence
[33], and the perceived warmth of a face is associated with liking
[34]. In contrast, observers assign harsher sentences to inmates
with more Afrocentric features than those with less Afrocentric
features [35]. Although there is a plethora of literature showing
abnormal emotion judgment [21] and gaze patterns on faces in
ASD [20, 23–25], social trait judgment from faces in ASD remains
largely unexplored. The few existing studies reported mixed
findings. While some studies reveal abnormal social trait
judgments regarding the trustworthiness of faces in ASD
[19, 36], others argue that people with ASD have largely normal
social trait judgments, including trustworthiness [37, 38]. The
discrepancy in the literature has not been resolved given the small
number of participants involved.
In this study, we aimed to address two critical questions: (1)

where are autistic traits situated in a comprehensive social-
affective personality space? and (2) what personality dimensions
in this social-affective personality space can account for atypical
social trait judgments from faces in individuals with ASD. The
rationale of linking these two research questions is twofold: First,
previous investigations of the deficits in social functions in people
with ASD have either adopted a self-reported personality
assessment approach, examining the association between autistic
traits and other, typically only one or two, social-affective
personality measures [10, 16, 39, 40], or examined how behavioral
performance in social-affective tasks (such as perception of
emotion from static facial images [41, 42], eye gaze pattern when
engaging in social interactions [43]) differ in people with ASD
compared to neural typical individuals. To our knowledge, there
have been few studies examining how these two aspects of
assessments are related to one another. In other words, the critical
question we asked was whether differences in self-reported
personality assessment translates into differences in social-
affective behaviors. Second, as alluded to in the above point,
previous research on the relationship between autistic traits and
other social-affective traits mainly focuses on the scores of a very
limited number of established personality questionnaires (e.g., the
Interpersonal Reactivity Index for empathy, the Toronto Alexithy-
mia Scale for alexithymia). This approach limits the scope of
understanding the manifestations of the distinctiveness of social-
affective traits of ASD. Any single personality measure might not
be sufficient to capture the deficits in social effective performance
in people with ASD. Recent developments in personality science
have provided methodological tools to address this limitation,
namely the trans-diagnostic approach (see below). Therefore,

assessing the position of autistic traits in a comprehensive social-
affective space (the first question) not only contributes to our
understanding of autistic traits but is also conducive to our goal of
ascertaining the personality profile that accounts for atypical
social trait judgments in individuals with ASD (the second
question).
To address the first question, we adopted a dimensional (or

‘trans-diagnostic’) approach to personality measures, applying
factor analysis to 33 subscales of various partially overlapping
social-affective personality questionnaires [44]. For the second
question, we used naturalistic face images of celebrities taken in
real-world contexts that have been well-validated for social trait
judgment in both ASD and control participants in recent studies
[45, 46], and explained the individual differences in social trait
judgment using the resultant factor scores identified in question
(1). Among the various social trait judgments identified in these
previous studies [45, 46], we were particularly interested in the
differences in trustworthiness and warmth judgment between the
ASD and the control participants. Both of these traits are critically
involved in social approach tendencies [47–49], and are therefore
most relevant to the difficulties with social communications and
interactions that people with ASD exhibit.

MATERIALS AND METHODS
Participants
We acquired social trait ratings of faces from four groups of participants: (1)
412 participants from the general population (mean age= 26.2 years,
s.d.= 6.9; 148 female), (2) 113 participants from the general population
with self-identified autism spectrum disorder (ASD) (mean age= 28.9
years, s.d.= 8.4; 59 females), (3) 8 neurosurgical patients (5 female) who
had undergone surgery to have electrodes implanted to treat intractable
epilepsy, and (4) 16 high-functioning participants with ASD (mean age=
23.2, s.d.= 4.5; 2 females) from our laboratory registry who met the DSM-V
and Autism Diagnostic Observation Schedule (ADOS) criteria for ASD. The
data collection and some data analysis related to (1) and (2) were
preregistered (https://aspredicted.org/3555x.pdf). Participants in (1) and (2)
were recruited from an online data collection platform Prolific. One-
hundred and four participants from (1) and 24 participants from (2) were
excluded due to failures in the attention check questions, as we
preregistered (Table 1). The study was approved by the Institutional
Review Board of West Virginia University (WVU). Importantly, because the
participants in (2) were self-identified as ASD, the accuracy of which we
could not verify, we further recruited (4) as a comparison group. We not
only confirmed that the AQ (two-tailed two-sample t-test: t(99)= 0.88, p=
0.38) and SRS (t(99)= 0.36, p= 0.72) scores of the participants in (2) were
comparable to those from the in-lab participants with diagnosed ASD (Fig.
S1a, Fig. S1b) but also showed that the ratings of the same 500 faces (for
details, see Face judgment task below) from the in-lab participants with
ASD were more similar to those from the online participants with ASD than
to the online controls (Fig. S1c–e). All results reported here are from groups
(1) and (2), which we refer to as “control” and “ASD” hereafter. Results from
groups (3) and (4) were reported in the Supplementary Materials, which
corroborated all findings reported here.

Table 1. Demographics of the ASD and the control groups.

ASD N= 89 Control N= 307

Number of female participants 47 117

Mean (SD) Age 29.2 (8.54) 26.3 (6.94)

Caucasian (%) 67.4 66.1

Undergraduate and above (%) 50.6 53.1

Mean (SD) Socioeconomic Status
(1= best off, 10=worst off )

4.29 (2.78) 5.29 (1.52)

Income in 2019 below $65,000a (%) 84.3 96.4
a$65,000 is the annual income level closest to Pew Research Center’s
definition of “middle-class” ($68,703 in the year 2019, according to the
United States Census Bureau).
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Self-reported personality questionnaires
Participants completed a battery of personality questionnaires assessing
their social-affective traits. They can be roughly classified into four
categories: (1) affective deficits, including Social Anxiety [50], Apathy [51],
Alexithymia [52], and Moral Scrupulosity [53], (2) antisocial traits, including
the Dark Factors [54] and Utilitarianism [55], (3) the Big Five (short version;
[56]), and (4) other-oriented and empathic traits, including QCAE [57],
Perceived Social Support [58], and Prosocialness [59]. Participants also
provided demographic information, including their age, sex assignment at
birth, the highest level of education, and subjective social economic status
(SES).

Face judgment task
We used photos of celebrities from the CelebA dataset [60]. We selected 50
identities with 10 images for each identity, totaling 500 face images. The
identities were selected to include both genders and multiple races. The
faces were of different angles and gaze directions, with diverse back-
grounds and lighting. The faces showed various expressions, with some
having accessories such as sunglasses and hats.
Participants were asked to rate the faces on ten social traits using a

7-point Likert scale through an online rating task. The social traits included
warm, critical, competent, practical, feminine, strong, youthful, charismatic,
trustworthy, and dominant. The judgments of these social traits from faces
were well-validated in a previous study [61, 62]. We used the same stimuli
for neural recordings.
We divided the experiment into 10 modules, with each module

containing one face image randomly selected per face identity (totaling
50 face images per module). In each module participants rated each face
on 10 social traits (e.g., competence; rated in blocks). We applied the
following three exclusion criteria prior to statistical analysis:

(1) Trial-wise exclusion: we excluded trials with reaction times shorter
than 100ms or longer than 5000ms.

(2) Block/trait-wise exclusion: we excluded the entire block per
participant if more than 30% of the trials were excluded from the
block per criterion (1) above, or if there were fewer than three
different rating values in the block (this suggests that the participant
may not have used the rating scale properly).

(3) Participant-wise exclusion: we excluded a participant if more than
three blocks were excluded from the participant per criterion
(2) above.

Based on these criteria, less than 5% of trials were excluded per
participant.

Single-neuron recordings and neuronal response to faces
We recorded from implanted depth electrodes in the amygdala and
hippocampus from patients with pharmacologically intractable epilepsy.
Target locations in the amygdala and hippocampus were verified using
post-implantation CT. At each site, we recorded from eight 40 μm
microwires inserted into a clinical electrode as described previously
[63, 64]. Details of the neural recording can be found in the Supplementary
Methods.

Visualizing networks of personality traits
As an exploratory step towards clarifying the relationships between
autistic traits and other social-affective personalities, we carried out a
series of network analyses based on participants’ scores on the
questionnaire subscales. The purpose of this analysis was to better
illustrate how different personality measures were correlated, and to
visualize the relative position of autistic traits among related social-
affective personality traits based on the correlation structure. We
generated network plots using the R function “network_plot” in the
package corrr (cf. [65]). This analysis relies on multidimensional
clustering to estimate the statistical distance between variables. This
approach provides an intuitive way of illustrating latent clusters in the
correlation matrices, namely subsets of variables that are more strongly,
either positively or negatively, correlated with one another. Past
research has predominantly focused on the relationship between
autistic traits and subsets of social-affective personalities separately
(e.g., ref. [8]). Although this line of research has identified both positive
or negative associations, we still do not have a comprehensive picture of
where autistic traits stand in the comprehensive space of social-affective

traits. To address this question, we categorized our personality measures
(other than the autistic trait measures) into four groups. We then
subjected autistic traits on the one hand, and each of these groups of
personality measures, on the other hand, to network analysis. The four
categories are: Affective Deficits (Social Anxiety, Apathy, Alexithymia,
and Moral Scrupulosity), Antisocial Traits (the Dark Factors and the
Utilitarianism), the Big Five, and Other-oriented and Empathic Traits
(QCAE, Perceived Social Support, and Prosocialness). The categorization
was based on how similar the questionnaires are in terms of their
content and the analysis was for illustration purposes.

Factor analysis
Some of the questionnaires we used to measure social-affective
personality overlap conceptually and statistically, rendering it difficult to
estimate the specificity of the association between any one personality
measure and social trait judgments. To address this issue, we leveraged the
dimension approach to personality traits in computational psychiatry [44].
Scores of all participants (ASD and control) on 33 questionnaire subscales
were included in the exploratory factor analysis. The number of factors was
determined based on the Cattell-Nelson-Gorsuch (CNG) test [66] imple-
mented in the nFactors package in R [67]. The factor analysis model was
estimated using the “factanal” function in R, with an oblique rotation
(oblimin).

Representational-similarity analysis (RSA) with neuronal
activity
Dissimilarity matrices (DMs) are symmetric matrices of dissimilarity
between all pairs of face identities [68]. For each social trait, we first
calculated the consensus ratings of the 500 images by averaging the
ratings from the control and ASD groups separately. The dissimilarity
between each identity pair was then measured using the Pearson
correlation across the ratings (z-scored) of the 10 face examples of each
identity. Correspondingly, for the neural DM, we averaged the
responses (firing rates were normalized to the mean baseline of each
neuron) of the same 500 images across individual neurons and
measured the neural dissimilarity for each identity pair. In a DM, larger
values represent larger dissimilarity of pairs, such that the smallest value
possible is the similarity of a condition unto itself (dissimilarity of 0). To
compare the pattern similarity between each social trait and neural
response, we used the Spearman correlation to calculate the
correspondence between the DMs. Spearman correlation was used
because it does not assume a linear relationship between variables. We
further used a permutation test with 1000 runs to statistically compare
the DM correspondence between participants with ASD and controls. In
each run, we shuffled the participant labels and calculated the
difference in DM correspondence between participant groups. We then
compared the observed difference in DM correspondence between
participant groups with the permuted null distribution to derive
statistical significance.

Representational-similarity analysis (RSA) with personality
dimensions
DMs were constructed based on social trait judgments (Trustworthy and
Warm) and on the four personality dimensions between all pairs of
participants. For each pair of participants, the Euclidean distance was
computed for each social trait judgment as the absolute difference. A
similar procedure was applied to the score of each personality dimension
(or factor). We then ran a linear regression model, predicting the structure
of the DM of each social trait judgment from the structure of the DMs of
the four personality dimensions. Also included in these regression models
were the main effect of the participant group (ASD vs. Control) and the
group by factor interactions.

RESULTS
We have posted all pre-registration documents, de-identified data,
and data analysis codes related to the results reported in this
paper on the Open Science Framework (https://osf.io/vhgju/). We
have reported all measures, conditions, and data exclusions. The
data collection of personality and some data analyses related to
personality and social trait judgment were preregistered (https://
aspredicted.org/3555x.pdf) (Table 1).
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The relative position of autistic traits in a comprehensive
social-affective personality network
As Fig. 1 shows, autistic traits, as measured by AQ and SRS,
appeared separate from antisocial traits (e.g., Dark Factors) and
other-oriented and empathic traits (e.g., both emotional and
cognitive empathy). This supports the notion that autistic traits are
independent of (i.e., asocial and amoral) rather than antithetical to
(i.e., antisocial or immoral) prosociality and other-oriented
tendencies (Jaswal & Akhtar, 2019). In contrast, autistic traits were
more closely related to being socially anxious (i.e., social anxiety)
and difficulty in describing and identifying one’s own emotions
(i.e., alexithymia). Similarly, autistic traits were also more closely
related to neuroticism and, conversely, to extraversion. This
suggests that autistic traits may operate on the same dimension
as social avoidance tendencies.

Factor analysis
We adopted a dimensional approach to personality measures and
used the composite dimensional scores as a more comprehensive
representation of participant personality profiles. Specifically, we
carried out an exploratory factor analysis on the 33 subsacles from
10 established personality questionnaires related to autistic traits,
affect and social deficits, prosociality (and the lack thereof), and

empathy. Using the Cattell-Nelson-Gorsuch (CNG) test, our
analysis identified a 4-factor latent structure that best character-
ized the variance in personality data of the two groups combined
(Fig. 2a; for details, see Materials and Methods). The model
explained 42.1% of the total variance. Based on the highest
loading subscales (|loading | > 0.35), including the two autistic trait
scores (AQ and SRS), the subscales of alexithymia, and social
anxiety, we labeled the first factor as ‘Autistic trait and social
avoidance’ (Factor 1; Table S1). The highest loading subscales for
the second factor were subscales of trait empathy (QCAE),
prosociality, and social and emotional apathy (negative loading).
We therefore labeled the second factor as ‘Empathy and
prosociality’ (Factor 2; Table S2). The third factor had the highest
loading items from the Dark Triad questionnaires and was labeled
as ‘Antisociality’ (Factor 3; Table S3). Finally, the fourth factor
consisted mainly of other-regarding tendency, perceived social
support, and social agreeableness, and was labeled as ‘Social
agreeableness’ (Factor 4; Table S4).
To further confirm our results, we repeated the factor analysis

with a randomly selected subset of ASD (41 male, 10 female) and
control participants (187 male, 47 female) that approximated the
gender ratio typically seen in the ASD population (i.e., male:
female= 4.3:1, according to a recent report from the Centers for

Fig. 1 Visualization of personality trait networks. We categorized the personality measures (other than the autistic trait measures) into four
groups. We then illustrated the networks consisting of autistic traits (highlighted in red) on the one hand, and each of these groups of
personality measures on the other hand: a Affective deficits (including Social Anxiety, Apathy, Alexithymia, and Moral Scrupulosity),
b Antisocial traits (including the Dark Factors, and utilitarianism), c the Big Five, and d Other-oriented and empathic traits (including QCAE,
Perceived Social Support, and Prosocialness). Each dot in the figure indicates a personality subscale. Length of edges connecting the dots
indicates the statistical distance (i.e., absolute correlation coefficient) between the subscales. Color of the edges indicates the sign of the
relationship (i.e., warm color= positive association, cool color= negative association). Ellipses were drawn to reflect potential clusters in each
network, which were formally examined in the factor analysis below.
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Disease Control and Prevention, [69]). A qualitatively similar
personality structure was obtained with this subset of participants
(Table S5–S8).
In which personality dimensions do the ASD and control

participants differ? To address this question, we used a linear
model to compare the factor scores between groups, controlling
for demographic variables including sex, age, and subjective
socioeconomic status. As expected, the ASD group had signifi-
cantly higher average factor scores on Factor 1 (‘Autistic trait and
social avoidance’) than the control group (B= 0.59 ± 0.12, t= 5.15,
p < 0.001; Fig. 2b), demonstrating the validity of the factor analysis.
All the other three factors did not exhibit any significant group
difference (Factor 2: B= 0.06 ± 0.12, t= 0.47, p= 0.641; Factor 3:
B=−0.06 ± 0.12, t=−0.46, p= 0.649; B=−0.19 ± 0.13, t=−1.45,
p= 0.148; Fig. 2c–e). It is worth noting that the ASD group did not
differ from the control group on the ‘Empathy and prosociality’
dimension (i.e., Factor 2), indicating that individuals with ASD do
not necessarily lack the interest in sharing others’ thoughts and

feelings, or engaging in prosocial behaviors, as some influential
accounts have suggested [43, 70]. Individuals with ASD were not
higher than the control group on the ‘Antisociality’ dimension,
distinguishing them from people with psychopathic and/or
callous-unemotional traits [71–73].

Differences in social trait judgments across groups
Since the above-described personality data were collected from a
subset of participants who completed the face judgments task for
our previous study [46], we first set to replicate the comparison of
face ratings between ASD and the control group with this subset
of data. Participants’ social trait judgments of faces were
processed by averaging the rating of each social trait across the
50 faces in each module that each participant saw. Figure 3
displays the distribution of judgments along with ten social traits
for the two groups. Consistent with our previous findings [46], we
found that participants with ASD displayed marginal or signifi-
cantly higher ratings than the controls in a number of the trait

Fig. 2 Results of factor analysis. a The correlation matrix of 33 questionnaire subscales and loadings of each subscale for the 4 factors. b–e
Group differences in factor scores. The ASD group was significantly higher on Factor 1, which was primarily associated with standard autistic
trait measures (i.e., AQ and SRS), social anxiety, and alexithymia. ***p < 0.001.
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judgments (Fig. 3b): trustworthiness (unpaired two-tailed t-test, t
(640)= 1.80, p= 0.07), warm (t(640)= 2.75, p= 0.006), practical (t
(640)= 3.09, p= 0.002), strong (t(640)= 1.71, p= 0.09), and
youthful (t(640)= 3.43, p= 0.0006). These results suggested that
participants with ASD tend to make more positive social
judgments (e.g., trustworthiness, warmth) than control
participants.
It is worth noting that we used celebrity faces as stimuli, and

prior knowledge of these celebrities may influence social trait
judgment of the faces [74–76]. For example, Oh and colleagues
demonstrate that mental representations of faces were similar if
the participants believed the target individuals had a more similar
personality [75]. To estimate such influence, we asked participants
whether they could recognize any of the stimuli that they rated.
We conducted a control analysis where we separate the faces into
recognized and unrecognized (Fig. S2; also see Supplementary
Results). We confirmed that participants with ASD and controls
had a similar percentage of face stimuli that they recognized (ASD:
29.28% ± 19.02%, controls: 27.40 ± 12.77, two-tailed two-sample t-
test: t(394)= 1.09, p= 0.28). We found that trait judgments for
recognized and unrecognized faces were similar in some traits
(e.g., warm, practical) but differed in others (e.g., youth,
trustworthiness). Because we did not explicitly assess participants’
semantic knowledge of these celebrities (e.g., their moral

character, personality, etc.), we were not able to quantitatively
estimate the contributions of face perception and semantic
knowledge on social trait judgments. Future research is needed
to ascertain the relative contributions of these two sources of
information and how they might differ in people with ASD.

Group differences in neuronal encoding of trustworthiness
and warmth
We next focused on the two social traits that are crucial for social
approach tendencies, namely, trustworthiness and warmth
[29, 30]. Although we did not detect reduction in the average
judgments of trustworthiness or warmth in the ASD group relative
to the control group, this does not mean that the neurocognitive
basis underlying the processes of these two social traits are
identical for the two groups of participants. Indeed, a previous
study has shown that neurons in the human amygdala and
hippocampus collectively encode a social trait space, which is
likely involved in the abnormal processing of social information in
autism [45]. Thus, to further examine the distinctions between the
ASD group and the control group in terms of the underlying
processing of trustworthiness and warmth, we calculated the
dissimilarity matrices (DM) based on the participants’ social trait
judgments, and based on the neuronal response patterns of the
third group of participants, who viewed exactly the same set of

Fig. 3 Procedure of the face judgment task and behavioral results. a Sample trials of the face judgment task. b Distributions of trait ratings
across groups. Violin plots present the median value as the white circle and the interquartile range as the gray vertical bars. **p < 0.01, ***p <
0.001.
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faces. We then assessed the correspondence between the social
trait DM and the neural response DM using the representational-
similarity analysis (RSA) [68]. Specifically, for this third group, we
recorded from 667 neurons in the amygdala and hippocampus of
8 neurosurgical patients (23 sessions in total; overall firing rate
greater than 0.15 Hz), which included 340 neurons from the
amygdala, 222 from the anterior hippocampus, and 105 from the
posterior hippocampus. We aligned neuronal responses at
stimulus onset and used the mean normalized firing rate in a
time window from 250 to 1250ms after stimulus onset for
subsequent analyses and we further restricted our analysis to
neurons that had a significantly greater response than the
baseline (N= 106). Note that this third group of participants had
autistic traits (measured in AQ and SRS) comparable to the
control group.
We found that for trustworthiness, the social trait DM for

participants with ASD (Fig. 4a) was less correlated with the neural
response DM from the neurosurgical patients (derived from face-
responsive neurons; ρ=−0.037 for ASD and ρ= 0.026 for
controls; similar results were obtained when using the data from
all neurons). A permutation test statistically confirmed that the
difference in DM correspondence between participant groups was
above chance (Fig. 4b–d; p= 0.041; see Materials and Methods).
Similarly, although to a lesser degree, we found that for the social
trait warmth the correlation between trait judgment DM and
neural response DM derived from control participants was
marginally significantly higher than that derived from ASD
participants (Fig. 4e–g; p= 0.084). These results suggest that the
processing of trustworthiness and warmth in ASD is distinguish-
able from that in controls at the neuronal encoding level (see Fig.
S3 for the neuronal representations of the other social traits
judgments).

Associations between personality dimensions and social trait
judgments
We next examined the correlation patterns between factor scores
and individual tendencies in social trait judgments for the control
and the ASD participants, respectively. As illustrated in Fig. 5a and
Table 2, participants with ASD and controls showed qualitatively
similar patterns of correlations between factor scores and social
trait judgments, albeit the strengths of correlations for several
traits appeared to be different between the two groups. Of note,
the social avoidance and anxiety personality dimension (i.e., Factor
1), on which the two conventional autistic personality measures

loaded, was not significantly correlated with any social trait
judgments of faces (Fig. 5a), a pattern that was true for both the
ASD group and the control group. This suggests that social
avoidance and anxiety per se is unlikely to substantially contribute
to the individual differences in social trait judgments from faces.
A comparable personality dimensional structure between

groups does not necessarily imply a comparable association
between personality dimensions and social trait judgments
between groups. Since our neuronal encoding analysis has shown
that the ASD group and the control group may have distinct
neuronal representations of trustworthiness and warmth, we next
examined whether the associations between personality dimen-
sions and judgments of trustworthiness and warmth also differed
between groups (Fig. 5b–d). To this end, we ran two linear
regression models to examine whether the two groups exhibited
differential association patterns between personality dimensions,
and trustworthiness and warmth judgments. The participants’
average ratings of trustworthiness and warmth were included as
the dependent variables in the two models, respectively. The
scores of all four personality dimensions (i.e., factors) were
simultaneously included in the models as independent variables.
Critically, we also included participant group (ASD vs. control) and
the interactions between group and factor scores in the regression
models. The rationale of this model was to capture the differential
association between personality dimensions and trustworthiness
and warmth judgments of faces between the two groups. In other
words, we examined whether the associations between person-
ality dimensions and trustworthiness and warmth judgments were
attenuated or amplified in the ASD group relative to the control
group. Covariates of no interest were also included (see Materials
and Methods).
For the regression model with trustworthiness rating, we found

that the interaction between group and Factor 3 score was
significant (B ± s.e.m.= 0.15 ± 0.08, t= 1.96, p= 0.05, CI= [−0.30,
0.02]; Fig. 5c). This suggests that for the participants with ASD,
higher scores on the antisocial trait dimension indicates a decreased
tendency to perceive a face as trustworthy (B ± s.e.m.=−0.11 ±
0.06, t=−1.76, p= 0.079, CI= [−0.24, 0.01]). Such an association
was not observed in the control participants (B ± s.e.m.= 0.04 ± 0.04,
t= 0.810, p= 0.418, CI= [−0.05, 0.12]). To a lesser extent, the
interaction between group and Factor 2 score was marginally
significant (B ± s.e.m.=−0.13 ± 0.07, t=−1.76, p= 0.08, CI=
[−0.22, 0.09]; Fig. 5b). This effect indicated that the control
participants who were high on the empathy and prosociality

Fig. 4 A stronger neural-rating correspondence in controls than participants with ASD. a Neuronal dissimilarity matrix (DM) constructed
across face examples. b, c, e, f Social DM constructed across ratings of face examples in a single trait. b, e DM of trustworthiness and warmth
from neural typical participants. c, f DM from participants with ASD. d, g Observed vs. permuted difference in DM correspondence between
participant groups. The magenta line indicates the observed difference in DM correspondence between participant groups. The null
distribution of difference in DM correspondence (shown in gray histogram) was calculated by permutation tests of shuffling the participant
labels (1000 runs).
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personality dimension were more likely to judge a face as
trustworthy (B ± s.e.m.= 0.13 ± 0.05, t= 2.87, p= 0.004, CI= [0.04,
0.22]); such a relationship was absent in the participants with ASD (B
± s.e.m.= 0.00 ± 0.06, t= 0.01, p= 0.989, CI= [−0.12, 0.12]).
For the regression model with Warmth ratings, we found that

across the two groups the main effect of Factor 3 was significantly
negative (B ± s.e.m.=−0.12 ± 0.06, t=−2.16, p= 0.032, CI=
[−0.23, −0.01]). This suggests that participants with higher scores
on the antisocial trait dimensions are less likely to judge a face as
warm. Moreover, the interaction between group and Factor 4 was

marginally significant (B ± s.e.m.= 0.12 ± 0.07, t= 1.83, p= 0.068,
CI= [−0.01, 0.25]; Fig. 5d): control participants who had a higher
social agreeableness score were more likely to perceive a face as
warm (B ± s.e.m.= 0.11 ± 0.04, t= 3.17, p= 0.002, CI= [0.04, 0.18]);
this was not the case for the participants with ASD (B ± s.e.m.=
−0.01 ± 0.06, t=−0.19, p= 0.850, CI= [−0.12, 0.10]). Separately
analyzing the faces that the participants recognized and
unrecognized showed that recognized, but not unrecognized,
faces exhibited similar patterns as illustrated in Fig. 5b–d
(Supplementary Results).

Table 2. Correlations between factor scores and social trait judgments.

Measure Factor 1 Factor 2 Factor 3 Factor 4

ASD Control ASD Control ASD Control ASD Control

Warm −0.12 −0.09 0.15 0.09 −0.23* −0.12* 0.02 0.19**

Critical 0.18 0.07 0.07 0.04 0.06 −0.10 0.09 −0.03

Competent −0.20 −0.07 0.13 0.14* −0.24* −0.10 0.06 −0.05

Practical −0.19 0.03 0.01 0.10 −0.03 −0.00 0.09 0.11

Feminine 0.00 −0.04 0.04 0.07 0.01 −0.11 0.12 −0.00

Strong −0.10 0.01 0.03 0.13* 0.03 −0.00 0.16 0.16**

Youthful −0.03 0.00 0.18 0.16** −0.03 −0.15* 0.03 0.06

Charismatic −0.09 0.00 0.27* 0.18** −0.06 −0.12* 0.26* 0.15**

Trustworthy −0.09 −0.09 0.04 0.23** −0.22* −0.03 0.14 0.21**

Dominant −0.02 0.02 0.23* 0.17** 0.07 −0.00 0.13 0.21**

*p < 0.05.
**p < 0.01.

Fig. 5 Results of the regression analysis. Correlations between factor scores and social trait judgments (a). Scores of Factor 2 (b) and Factor 3
(c) are differentially associated with the Trustworthy judgment in the control group relative to the ASD group. Scores of Factor 4 (d) are
differentially associated with the Warm judgment in the control group relative to the ASD group.
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The similarity of social trait judgment space and personality
dimension space
Our primary goal for this analysis is to further examine the
correspondence between the individual differences in social trait
judgments and the individual differences in personality space, and
how ASD and control groups differ in this regard. To this end, we
used representational-similarity analysis that has recently been
widely used to understand individual differences across different
levels of analysis (e.g., personality and brain activation pattern,
[77]; impressions of face and personality traits, [78, 79]) (Fig. 6a). A
positive association, in the form of the regression coefficient,
would indicate an association between the social trait judgment of
faces (e.g., Warm) and personality dimension. This analysis reveals
a different aspect of individual differences as compared to the
above regression analysis. While the above analysis is based on a
pair of variables of a single individual (e.g., whether a participant
with a higher Factor 1 score also has a higher Warm judgment),
this similarity-based regression focuses on pairs of individuals and
asks whether a pair of individuals who are similar in a given
personality dimension would also be similar in the judgment of
social traits of the face.
The results reported here were based on all face stimuli.

Separately analyzing faces that the participants recognized and

unrecognized yielded the same patterns of results (see Supple-
mentary Results and Fig. S4, Fig. S5).
For the Trustworthy judgment (Fig. 6b, left panel), the Autistic

trait and social avoidance dimension (i.e., Factor 1) had an overall
significantly positive association, which was true for both the ASD
and the Control group (main effect of Factor 1 score: B ± s.e.m.=
0.05 ± 0.01, t= 4.11, p < 0.001, CI= [0.02, 0.07]. More interestingly,
Factor 2 through Factor 4 all exhibited a significant group by
factor interaction (|ts | > 3.38, ps < 0.001). For Factor 2 (Empathy
and prosociality) and Factor 4 (Social agreeableness), although the
Control group showed a significant positive association with
Trustworthy judgments, this was not the case for the ASD group.
The opposite pattern was observed for Factor 3 (Antisociality):
while this dimension was not associated with Trustworthy
judgment for the Control group, it was positively associated with
the ASD group. These results conceptually replicated and
extended the findings displayed in Fig. 5b, c.
For the Warm judgment (Fig. 6b, right panel), Factor 2 and

Factor 3 both had positive associations across the groups.
Nevertheless, the effect of Factor 2 was qualified by a significant
group by factor interaction. Specifically, the association between
similarity in Factor 2 and similarity in Warm judgment of face was
stronger for the Control group than for the ASD group. For Factor

Fig. 6 Results of the representational-similarity analysis. a The structure of the dissimilarity regression model. The dissimilarity matrix
structure of the social trait judgments (Trustworthy and Warm) was predicted by the dissimilarity matrices of the four personality dimensions
or factors. Each cell represents the Euclidean distance between a pair of participants in the respective social trait judgment or personality
dimension. Note that the matrices shown here are for illustration purposes only. b Regression coefficients of each personality dimension
(factor) for Trustworthy (left) and Warm (right) judgments. The asterisks on the margins indicate significant main effect of a personality
dimension in predicting the social trait judgments, while the asterisks with curly brackets indicate significant group by factor interaction, or in
other words, significant group difference in the predictive power of a given personality dimension. R code for generating the figure was
adapted from [90].
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4 (Social agreeableness), the Control group exhibited a positive
association with Warm judgment. These patterns are in line with
and expand the results of the traditional regression analysis,
supporting the notion that the associations between prosocial
personality dimensions and prosocial judgment of facial traits are
weaker (non-existing in some cases) for the ASD group than the
Control group. These results conceptually replicated and extended
the findings displayed in Fig. 5d.
In sum, these results indicate that for the Control group,

individuals who are similar along the prosocial personality
dimensions are also similar in their judgments of prosocial traits
of faces. In contrast, for the ASD groups, individuals who are
similar along the antisocial personality dimension are similar in
their judgments of prosocial traits of faces. Taken together, these
suggest that the self-reported prosocial personality traits of the
ASD participants do not translate into their prosocial way of
perceiving others.

DISCUSSION
In this study, we combined a dimensional approach to personality,
social trait judgment of faces, and neurophysiological recordings
to delineate the personality dimensions underlying the distinct
processing of social traits in people with ASD relative to controls.
Our results suggest that the ASD and the control participants do
not significantly differ along important social-affective personality
dimensions (e.g., empathy, prosociality, antisociality) or social trait
judgments (e.g., trustworthiness, warmth). However, two social
traits that are critical to social approach tendencies, namely
trustworthiness and warmth, as evaluated by the ASD and the
control participants were differentially encoded neurally, and were
differentially associated with social-affective personality dimen-
sions in the ASD and the control participants. These findings
contribute to the understanding of the personality profile of ASD
and its relations to the atypical social trait judgments in
several ways.
First, to the best of our knowledge, our study is the first to

characterize the relative position of autistic traits in a compre-
hensive social-affective personality space. Unlike the previous
research that typically investigates the relationship between
autistic traits and only one or two other social-affective
personalities (e.g., empathy, alexithymia), here we examined the
relationship between autistic traits and ten social-affective
personalities that cover empathy, prosociality, antisociality, social
anxiety, and moral preferences. Given the conceptual and
statistical overlap among these questionnaires, bivariate correla-
tions would result in uninformative and problematic conclusions
(cf. ref. [16]). To address this issue, we adopted a ‘trans-diagnostic’
(dimensional) approach to personality measures [44], applying
factor analysis to the 33 subscales of the ten social-affective
questionnaires and the two autistic trait measures (i.e., AQ and
SRS). This dimensional approach allowed us to control for
overlapping variance across different measurement scales, and
obtain orthogonal personality dimensions. Inspecting the resul-
tant four-dimensional social-affective personality space, it is clear
that autistic traits are most closely associated with difficulty in
understanding one’s own and others’ emotions (i.e., components
of alexithymia), anxiety related to social communications (i.e.,
social anxiety), and lack of motivation to initiate or engage in
social interactions (i.e., apathy). Although previous studies have
linked autistic traits with each of these social avoidance-related
personality traits [80–82], our results clearly demonstrated that
they formed a statistically meaningful cluster, independent of
other social-affective personality traits, such as empathy, prosoci-
ality, and antisociality.
With regard to empathy and prosociality, our study revealed,

perhaps surprisingly, that the personality dimension characterized
by autistic traits and social avoidance was statistically orthogonal

to the personality dimension characterized by empathy and
prosociality. We also found that participants with ASD did not
differ in the personality dimension of empathy and prosociality
compared to controls, which is in contrast to previous findings
that empathic responding is impaired in individuals with ASD
[12, 83–85]. One distinction needs to be made between empathic
responding (probed in previous studies), which is typically
measured using social interaction tasks combined with experi-
menter coding of empathy-related behaviors (e.g., ref. [12]), and
empathy-related attitudes and self-evaluations (probed in our
current study), which are often measured by self-reported
personality questionnaires. It is possible that one perceives
oneself as empathetic and caring, but fails to live up to those
attitudes or personal ideals in social interactions. Perhaps other
personality traits, such as social anxiety and avoidance, hinder the
realization of these empathetic traits. Another possibility is coder
bias. Although the coders in those studies are typically blind to the
purpose of the studies and unaware of the participants’ group,
they are nonetheless typically developing adults. As recent
theoretical work has pointed out [86], the assumptions about
the social meaning of certain behaviors and bodily expressions
(e.g., avoiding eye-contact) that typically developing adults take
for granted may not be shared by people with ASD. Such
misunderstandings may result in biased evaluations of the
behaviors and expressions (or the lack thereof) of people with
ASD on the part of TD adult coders. Taken together, our
dimensional approach reveals that autistic traits are—on the
one hand—most closely related to social anxiety, avoidance, and
difficulty with understanding emotions, and—on the other hand
—independent of empathetic tendency, prosociality, and anti-
sociality. Future research that combines self-reported measures,
naturalistic behaviors, and the testimony of the people with ASD is
needed for better ascertaining whether and in what aspects of
social trait judgments people with ASD exhibit difficulties.
The second contribution of our study is to ascertain, with a

reasonably powered sample, how social-affective personality
dimensions are differentially related to social trait judgments of
faces (e.g., warmth and trustworthiness) in people with ASD and
controls. Social trait judgments of faces, in particular, warmth and
trustworthiness, are crucial for social approach tendencies [29].
However, it is not clear whether and how ASD impacts social trait
judgments based on the few previous studies on this topic, which
typically involved very small samples [36–38]. Here, combining the
comprehensive social-affective personality dimensions, naturalistic
face stimuli, representational-similarity analysis, and a set of social
traits that most comprehensively characterize social judgments,
we revealed that the participants with ASD exhibited altered
associations between social-affective personality dimensions and
social trait judgments (warmth and trustworthiness). Our finding
suggests a potential psychological mechanism underlying the
difficulty with social interactions observed in people with ASD,
namely, self-reported empathetic and prosocial tendencies fail to
translate into a way of person perception that is more conducive
to social approach tendencies (i.e., perceiving others as more
trustworthy and warmer). On the flip side, this altered social
perception of other people may further hinder or discourage
people with ASD to engage in social interactions. Together with a
previous study [46] showing that participants with ASD have
altered neuronal representations of social traits in the amygdala
and hippocampus (replicated in this study), we speculate that the
distinct neural encoding of social traits may lead to a different set
of criteria (or thresholds) for judging a face as trustworthy and
warm by people with ASD.
One limitation of our study is the sample size of the ASD group

(N= 89), although we note that this sample size was more than
three times of most of the previous studies investigating the social
trait judgments from faces in people with ASD (average N= 28;
[36–38]). Moreover, we found that the Factor 3 score (antisocial
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traits) was significantly more (negatively) correlated with fewer
trustworthiness judgments in the ASD group than in the control
group (Fig. 5c; see also Fig. 6b), despite the ASD group having
fewer participants. This complements the above speculation, that
ASD may have a distinct criteria/threshold for judging trustworthi-
ness and warmth, perhaps due to their differences in underlying
neural processing. Future research with better-powered ASD
samples, perhaps via multi-center collaborations [87, 88], is
needed to replicate and extend our findings. Lastly, it is worth
noting that our participants with ASD are self-identified and we
were not able to verify their autism diagnosis. However, their
behavior and autism demonstration are in line with a small sample
of ASD participants from our laboratory who have confirmed
diagnoses. Our approach combining online recruitment / crowd-
sourcing with in-lab testing will be valuable to study psychiatric
symptoms in social, behavioral, and clinical sciences [89]. A future
study is needed to further replicate our present findings in a large
sample of ASD participants with confirmed diagnoses.
In conclusion, by integrating neuronal recording, social trait

judgments, and recent advances in the dimensional approach to
personality, we characterized a comprehensive social-affective
personality space and ascertained the relative position of autistic
traits in this space. We found that autistic traits were most closely
associated with social anxiety, avoidance, and difficulty with
understanding emotions, but were orthogonal to empathetic
traits, prosociality, antisociality, and moral preferences. These
novel personality trait dimensions further revealed altered
patterns of individual differences in the judgments of trustworthi-
ness and warmth of faces in people with ASD compared with
controls, thereby shedding new light on the psychological
mechanisms underlying the difficulties with social interactions
and communications central to ASD.
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