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Abstract
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Autistic people often show difficulty with facial expression recognition. However, the degree of difficulty varies widely,
which might reflect varying symptom profiles. We examined three domains of autistic traits in the typical population and
found that more autistic-like social skills were associated with greater difficulty labelling expressions, and more autistic-like
communication was associated with greater difficulty labelling and perceptually discriminating between expressions. There
were no associations with autistic-like attention to detail. We also found that labelling, but not perceptual, difficulty was
mediated by alexithymia. We found no evidence that labelling or perceptual difficulty was mediated by weakened adaptive
coding. Results suggest expression recognition varies between the sub-clinical expressions of autistic symptom domains and
reflects both co-occurring alexithymia and perceptual difficulty.
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Introduction

Autism spectrum disorder (autism) is a neurodevelopmental
disorder characterised by restrictive, repetitive patterns of
behaviour and interests, difficulties with social interaction,
and difficulties with social communication (APA 2013).
Given the diagnostic feature of difficulty with social com-
munication and interaction, numerous studies have inves-
tigated whether autistic people have difficulty recognising
facial expressions, which provide information about others’
emotional states and guide social behaviour (Adams et al.
2006; Ekman et al. 1992). Meta analyses of this literature
have concluded that autism is associated with difficulty in
facial expression recognition (Lozier et al. 2014; Uljarevic
and Hamilton 2013). However, results of individual studies
give a more complex and varied picture of expression rec-
ognition ability in autism. Findings in different samples are
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inconsistent, with some showing clear difficulty (e.g. Corbett
et al. 2009; Humphreys et al. 2007) and others finding that
autistic participants perform as accurately as typical controls
(e.g. Castelli 2005; Lacroix et al. 2009).

While some variation between the results of individual
studies could be accounted for by different study designs,
another important explanation could be that the autistic
people in these studies, whose expression recognition as a
group was compared with controls, varied in their expres-
sion recognition ability. In support of this possibility, recent
evidence has shown considerable heterogeneity in expres-
sion recognition ability within the autistic population, with
some autistic people showing substantial difficulty and oth-
ers performing no differently to typical controls (Loth et al.
2018). This variation in expression recognition ability might
reflect meaningful variation as a function of an individual’s
unique symptom profile. Autism is a heterogeneous disor-
der, with wide variation in strengths and difficulties among
autistic individuals such that an individual might report
more difficulty, for example, with social communication
than with restrictive repetitive behaviours. This heteroge-
neity is well established, with large scale studies finding that
the phenotypic expressions of different features of autism
only correlate modestly with each other (Ronald et al. 2005,
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2006). This observation has led to suggestions that research
should routinely study different symptom profiles separately,
because attempts to characterise universal difficulties expe-
rienced by autistic people have been unsuccessful (Happé
et al. 2000).

The importance of taking symptom profiles into account
is supported by the finding that subsets of autistic symptoms
appear to have distinct genetic aetiologies (Ronald et al.
2005, 2006). However, within these subsets, autistic symp-
toms appear to share a common aetiology with sub-clini-
cal autistic traits (Ronald et al. 2006). The broader autism
phenotype describes the distribution of autistic traits that
correspond to milder levels of autistic symptoms through-
out the typical population, with autism spectrum disorder
lying at the extreme end of this distribution (Baron-Cohen
et al. 2001; Lundstrom et al. 2012). Individual differences
in autistic traits can be measured both in the typical popula-
tion and in people with autism. In the broader autism phe-
notype in the typical population, three domains of autistic
traits have been identified from several large factor analyses
of the Autism Spectrum Quotient (AQ; Austin2005; Baron-
Cohen et al. 2001; Hurst et al. 2007; Russell-Smith et al.
2011). The first two domains resemble the diagnostic crite-
rion for Autism Spectrum Disorder of difficulty with social
communication and social interaction. Poor communication
and mind reading describes difficulties in understanding oth-
ers’ intentions, nonverbal cues, and the non-literal meaning
of speech. Poor social skills describes reduced interest in
peers and difficulties in keeping and maintaining relation-
ships, and adapting behaviour to different social contexts.
The third domain, attention to details and patterns, describes
the detail-oriented processing style common in autistic peo-
ple. This processing style has been hypothesised to have the
same root cause as the second diagnostic criterion of restric-
tive, repetitive patterns of behaviour (Happé and Frith 2006).

Measuring these different domains of autistic traits in
the typical population might increase our understanding of
which aspects of the autism phenotype are associated with
poorer expression recognition, because it allows sufficiently
large samples with large variation in levels of autistic traits
to adequately assess different domains. In contrast, in autis-
tic samples, even with clear, meaningful variation in autistic
symptom profiles, the extent of this variation will necessar-
ily be restricted because of the range of difficulties required
for diagnosis. For example, an individual autistic person
might experience much greater difficulty with social skills
than with social communication, but every autistic person
must have some difficulty with social communication to have
met diagnostic criteria. Studying different domains of autis-
tic traits in the typical population has previously clarified the
relationship between face processing and autistic traits. For
example, poorer recognition of face identity has been asso-
ciated with autistic traits related to a “Social Interaction”
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domain (Hoekstra et al. 2008), which comprises items relat-
ing to both communication and social skills, but not atten-
tion to detail (Davis et al. 2017; Rhodes et al. 2013). There-
fore, it is possible that the relationship between autistic traits
and expression recognition ability varies in a similar manner.

In addition to determining which autistic individuals are
likely to experience expression recognition difficulty, a sec-
ond important question is which factors underlie this expres-
sion recognition difficulty. Examination of individual differ-
ences in the broader autism phenotype can provide insight
into this question, via the measurement of individual differ-
ences in potentially mediating variables. A range of person-
ality, perceptual and behavioural factors have been suggested
as explanations for difficulty in expression recognition in
autism (for review see Uljarevic and Hamilton 2013). Here
we investigate two factors that have been hypothesised to
be key contributors to the experience of autistic people and
could be expected to underlie expression recognition dif-
ficulty. The first, alexithymia, is a personality trait charac-
terised by a limited ability to identify and describe internal
emotional experience. According to the ‘alexithymia hypoth-
esis,” the emotional symptoms of autism, including difficulty
in expression recognition, reflect co-occurring alexithymia
rather than autism per se, such that they are only experienced
by the subset of autistic people (approximately half; Kin-
naird et al. 2019) who also experience significant levels of
alexithymia (Bird and Cook 2013). Approximately 10% of
the typical population (Taylor et al. 1999) also show clini-
cally significant levels of alexithymia. Importantly, higher
levels of alexithymia are associated with poorer expression
recognition, in both the typical population (for review see
Grynberg et al. 2012) and people with autism (Cook et al.
2013; Milosavljevic et al. 2016).

Two previous studies have measured the contribution of
alexithymia to expression recognition ability in the context
of autistic traits using the Twenty-Item Toronto Alexithy-
mia Scale (TAS-20; Bagby et al. 1994) and the AQ (Baron-
Cohen et al. 2001). The first measured both perceptual dis-
crimination and labelling of expressions. The perceptual
discrimination task involved determining which of two
emotions—surprise vs. fear or disgust vs. anger—was dis-
played in morphed stimuli with varying percentages of each
emotion (Cook et al. 2013). This task was designed to be a
measure of the perceptual aspect of expression recognition,
and would not necessarily require emotional knowledge to
complete, because expressions could be discriminated on the
basis of consistent visual differences even without knowl-
edge of what emotion they are conveying. The labelling task
was designed to be a measure of the ability to match emo-
tion concepts to perceptual representations, in addition to
perceptual ability. Results indicated that in autistic adults
(n=16), as well as in controls (n=16), neither autistic traits
nor alexithymia were associated with poorer perceptual
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discrimination. Further, autistic traits were not associated
with expression labelling accuracy once the effect of alex-
ithymia was accounted for, implying that expression recogni-
tion difficulty is not a feature of autism but of co-occurring
alexithymia (Cook et al. 2013). In contrast, a second study
with typical individuals (N=389) found that autistic traits
predicted facial expression labelling ability independently
of alexithymia (Lewis et al. 2016). Although we note that
this study used a brief, ten-item version of the AQ (AQ-
10; Allison et al. 2012) developed as a screening measure,
that might not capture the same individual differences in
the broader autism phenotype as the AQ. This study did not
measure perceptual discrimination of expressions.

It is important to understand whether alexithymia can
fully account for expression recognition difficulty in autism,
because taken together with evidence of the role of alexithy-
mia in driving other emotional symptoms of autism (such as
difficulty with empathy), this finding has led to arguments
that the diagnostic criteria for autism should be revised
(Cook et al. 2013). However, neither of the above studies
analysed different domains of autistic traits separately, which
we will do here. It is reasonable to expect that the presence
of alexithymia and any associated impact on expression
recognition ability might vary between symptom domains,
based on the genetic and phenotypic variation between these
domains and the observation that only a subgroup of autistic
people show significant levels of alexithymia.

A second factor which has been identified as a potential
characteristic of autism leading to a range of difficulties is
differences in the nature of perceptual processing. There is
increasing interest in perception in autism, with some theo-
ries suggesting that perception in autistic people is charac-
terised by differences in reliance on prior perceptual experi-
ence (Lawson et al. 2014; Pellicano and Burr 2012; Van de
Cruys et al. 2014). One key perceptual process for expres-
sion perception, adaptive norm-based coding, relies on the
use of prior perceptual experience. Adaptive norm-based
coding is a perceptual process where faces are encoded by
how they differ from a norm. The norm, which represents
the average expression, is constantly recalibrated by visual
experience. Adaptive norm-based coding likely facilitates
expression recognition by calibrating facial expression per-
ception to suit current demands (Burton et al. 2015). The
strength of adaptive coding can be measured by testing the
degree to which participants experience perceptual afteref-
fects, where exposure to a stimulus biases perception of sub-
sequent stimuli away from this initial stimulus. The strength
of adaptive norm-based coding of expression varies among
typical adults, and stronger adaptive norm-based coding of
expression is associated with better expression recognition
(Palermo et al. 2018; Rhodes et al. 2015).

Research into whether adaptive norm-based coding of
expression is weakened in autistic people has produced

mixed results. In one study, children and adolescents with
autism showed weaker adaptive norm-based coding of
expression than a typically-developing control group (Rho-
des et al. 2017). This weakened adaptive norm-based coding
showed a numerical association with greater severity scores
on the Autism Diagnostic Observation Schedule (Lord et al.
2012) and Social Communication Questionnaire (Lord and
Rutter 2003), though these associations were non-signifi-
cant in the relatively small sample. However, another study
reported no reduction in the strength of adaptive coding of
expression in adults with autism (Cook et al. 2014). One
explanation for these inconsistent results is that the develop-
ment of adaptive norm-based coding might only be delayed
in autism, so that reduced adaptive norm-based coding is
observed in children but not adults.

Alternatively, the strength of adaptive coding might
vary between autistic symptom domains. In typical men,
reduced adaptive coding of face identity is associated with
traits relating to poor social skills but not attention to detail
(Rhodes et al. 2013). It would therefore be reasonable to
expect that weakened adaptive norm-based coding of expres-
sion might also only be present in one or both of the social
domains (poor communication and mind reading and poor
social skills), and that results of the above studies varied
because of varying severities of these symptoms in their
samples. Finally, given the possibility that alexithymia might
drive expression recognition difficulty in the autism pheno-
type, it is possible that alexithymia is also a driving factor
in weakened adaptive coding of expression. Results could
therefore have varied based on varying levels of alexithymia
in different samples.

In the present study we aimed to identify the domains
of autistic traits, as measured by the AQ, that are associ-
ated with difficulty in expression recognition in typical indi-
viduals. Importantly, we also sought to identify potential
sources underlying this difficulty by measuring individual
differences in alexithymia, as measured by the TAS-20, and
adaptive norm-based coding, as measured by an aftereffect
task (Rhodes et al. 2015) and determine the degree to which
each could independently account for associations between
three domains of autistic traits and expression recognition
ability in typical adults. In order to measure both perceptual
discrimination and labelling of facial expressions, we used
a matching and a labelling task. Performance on these tasks
correlates moderately, and this is argued to reflect that per-
ceptual discrimination and labelling of expressions reflect
partly overlapping and partly distinct processes (Palermo
et al. 2013). We separately measured the mediating effects of
alexithymia and adaptive norm-based coding on each task.
Depression and anxiety are also often associated with autis-
tic traits (Lundstrom et al. 2011) and alexithymia (Berthoz
et al. 1999; Honkalampi et al. 2000) and may affect perfor-
mance on expression tasks (Demenescu et al. 2010). We
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measured these to ensure results were not confounded by
these additional factors.

Method
Participants

One hundred and fifty-two participants completed the meas-
ures. Most (72%) were students, friends and family members
recruited by third-year psychology students enrolled in a
research skills class at the University of Western Australia.
The remainder were students enrolled in a first-year psychol-
ogy unit, who participated for course credit. All reported
normal or corrected to normal vision. This research was
approved by the University of Western Australia Human
Research Ethics Office and all participants provided
informed consent.

Seven participants were excluded from the final sample
because experimenter comments indicated that the partici-
pant was not attending to the tasks (n=2), because computer
or experimenter error resulted in lost data on one or more
of the measures (n=3), or because the participant failed to
meet minimum performance criteria on the task measuring
adaptive norm-based coding, described in more detail in
the “Method” section below (n=2). The final sample con-
sisted of 145 participants (99 female, age range 1743 years,
M=21.16).

Tasks
Expression Labelling Ability: Labelling Task

Expression labelling ability was measured using the expres-
sion labelling task described in Palermo et al. (2018). Partic-
ipants were presented with a face displaying a fearful, happy,
sad, angry, disgusted or surprised expression for 400 ms.
Face images could be front-on or a % view. Participants used
a mouse to choose which one of 6 emotion labels best rep-
resented the expression, within 7 s. Following four practice
trials, there were 24 trials for each of the 6 expressions for a

Fig. 1 Example anti-expression
(anti-happy; right) created by
morphing a happy expression
(left) towards an average expres-
sion (centre) and continuing

to morph along this trajectory
beyond the average expression
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total of 144 trials. Scores were calculated as the percentage
of expressions labelled correctly overall.

Expression Perceptual Discrimination Ability: Matching
Task

Perceptual discrimination was measured using the 100-item
expression matching task from Palermo et al. (2013). Partici-
pants were presented with three faces for 4500 ms, of which
one was a target expression (happy, sad, angry, disgusted,
fearful or surprised), and the other two were an expression
commonly confused with the target expression (e.g., happy
target and surprised distractors). Faces could be front-on or
with % view, each face was a different identity but always
the same viewpoint and sex for the triad on each trial. There
were a total of 100 trials, preceded by three additional prac-
tice trials. Participants were required to pick the ‘odd’ tar-
get expression within 11.5 s. Scores were calculated as the
percentage of correctly identified ‘odd’ target expressions.

Adaptive Norm-Based Coding of Facial Expression

Adaptive norm-based coding is demonstrated by visual
aftereffects, where presentation of an initial “adapting”
face shifts our perceptual norm towards this face. This shift
biases perception of subsequent faces towards the percep-
tual opposite of the initial face (Rhodes et al. 2015; Skin-
ner and Benton 2010). To create the perceptual opposite of
an expression, we can morph a target expression towards
an average expression and continue to morph along this
trajectory beyond the average expression. This morphing
procedure produces an anti-expression that has features that
differ from the features of the average expression to the same
extent as do those of the target expression, but in the oppo-
site direction—see Fig. 1. Adapting to an anti-expression
(e.g. anti-happy) is expected to bias perception towards its
perceptual opposite, the target expression (e.g. happy). We
used Rhodes et al.’s (2015) expression aftereffect task in
which participants adapt to anti-expressions made for four
target expressions: fearful, happy, sad, and angry.
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Participants first practised discriminating between the four
target expressions in two practice phases to familiarise them
with the response format. In the first practice phase, partici-
pants were required to label two faces displaying each expres-
sion presented on screen for an unlimited time for a total of
eight trials. For each target expression, one was a weaker,
50% strength expression created by morphing the original face
with an average expression; the other was the original 100%
strength expression. The second practice phase followed the
same format as the first, but faces were presented for 400 ms
only. Participants received auditory accuracy feedback during
practice. If participants failed to perform at 75% accuracy, this
practice phase was repeated up to three times. One participant
repeated the second training phase three times but failed to
perform at 75% accuracy. However, this participant was not
excluded from analyses as they met accuracy requirements
throughout the remainder of the task, described below.

Participants then completed 64 adaptation trials. In these
trials, participants were first presented with the same adapt-
ing anti-expression for 4 X 2 s exposures for a total of 8 s.
Following all four exposures of the anti-expression, test
faces were presented for 400 ms. Test faces did not differ
from the anti-expression in overall luminance by more than
1%, and were 80% the size of the adapting faces to minimize
low-level adaptation. To maintain attention to the adapting
face, participants were required to indicate whether or not an
asterisk appeared between exposures. One participant who
performed at chance on this measure was excluded from
the final sample, as their performance indicated they may
not have attended to the adapting faces. There were 32 tri-
als with the average face as the test face. The expression
aftereffect was calculated from these trials as the propor-
tion of trials in which the participant labelled the average
test face with the expression that corresponded to the adapt-
ing anti-expression, for a maximum aftereffect size of 1. In
addition, there were 32 trials where the test face displayed a
100% strength expression that should have been easily iden-
tified. These trials were included to maintain motivation. In
addition, we could assess accuracy on these “easy” trials
to ensure participants were performing the task correctly.
One participant who performed at chance on these trials was
excluded from the final sample. The mean aftereffect in the
full sample was significantly different from chance, M =.58,
SD=.14, 1(144)=28.27, p <.001, chance =.25, indicating a
significant effect of adaptation in our sample.

Questionnaires

Autistic Traits: The Autism Spectrum Quotient
(Baron-Cohen et al. 2001)

The AQ is a widely-used 50-item self report questionnaire
designed to measure autistic traits in the typical population.

Each item is a descriptive statement and participants rated
their agreement with each statement using a 4-point Likert
scale from definitely disagree (1) to definitely agree (4).

We measured the three domains of the AQ identified by
Austin (2005), Hurst et al. (2007), and Russell-Smith et al.
(2011). Given that cultural variation may affect item inter-
pretation (Hurst et al. 2007), we used items for the three
domains identified in an Australian sample (Russell-Smith
et al. 2011). The domains consist of social skills (social
skills; maximum score of 52), communication/mind reading
(communication; maximum score of 32) and details/patterns
(details and patterns; maximum score of 28). Higher scores
on each domain are associated with higher levels of autistic
traits in that domain.

We also calculated binary AQ total scores for each par-
ticipant for the purpose of determining whether any of our
participants reached the clinically significant cut-off of 32
identified by Baron-Cohen et al. (2001). Binary scores were
calculated by assigning a score of 0 to an item if a partici-
pant responded with definitely disagree or slightly disagree,
and a score of 1 if the participant responded with definitely
agree or slightly agree. The total binary score was calculated
as the sum of these scores. Of the final sample, two par-
ticipants (1.4%) scored at or above the clinically significant
cut-off of 32, which is broadly consistent with the rate in the
general population reported in the original development of
the AQ (2%; Baron-Cohen et al. 2001). These participants
were included in the analyses.

Alexithymia: The 20-Item Toronto Alexithymia Scale (Bagby
et al. 1994)

The TAS-20 is a 20-item self report scale designed to meas-
ure levels of alexithymia using a total score derived from the
sum of three scales: difficulty identifying feelings, difficulty
describing feelings, and externally oriented thinking.! Par-
ticipants rated their agreement with each item on a 5-point
Likert scale from strongly disagree (1) to strongly agree (5).
The maximum possible score was 100. A total score of 61
or above is associated with clinically significant alexithymia
(Bagby et al. 1994). Sixteen participants, 11% of the total sam-
ple, met the criteria for alexithymia. This is consistent with the
estimated prevalence of alexithymia in the typical population
(10%; Taylor et al. 1999) and these participants were included
in the final sample.

! Here we treat alexithymia as a unitary construct, as in previous
research into autistic traits, alexithymia and expression recognition
(Cook et al. 2013)
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Depression and Anxiety: The 21-Item Depression
Anxiety Stress Scales (DASS-21; Lovibond
and Lovibond 1995)

The DASS-21 is a 21-item self-report questionnaire that
includes seven items each for three subscales measuring levels
of depression, anxiety and stress over the past week. Partici-
pants rated their agreement with statements on a 4-point scale
from “did not apply to me at all” (0) to “applied to me very
much, or most of the time” (3). The maximum possible score
on each subscale was 21.

Procedure

All participants completed all tasks in the following order:
expression aftereffect task, expression matching task, expres-
sion labelling task (and an identity aftereffect task unrelated
to the present study that will not be discussed), followed by
the questionnaires in the order: AQ, DASS-21 and TAS-20. A
single testing session took approximately one hour and fifteen
minutes. The expression aftereffect, matching and labelling
tasks were completed using Superlab 4 (Cedrus Corporation
2008) on one of two iMacs running OS X 10.5.8 or 10.7.5.
Questionnaires were completed online through Qualtrics
(2005, Provo, UT, USA; copyright 2019).

Results

Distributions

The data were screened for univariate outliers using the outlier
labelling rule described by Hoaglin and Iglewicz (1987). In

this rule, the interquartile range is multiplied by 2.2 and added
to the third quartile and taken from the first quartile to define

a range outside of which data points are considered outliers.
Three univariate outliers were identified on the expression
labelling task, three on the DASS depression scale and one on
the DASS anxiety scale. These outliers were winsorized by
replacing them with values 1% higher or lower than the next
acceptable value (Tabachnick and Fidell 2007). Skew and kur-
tosis for each variable indicated all were sufficiently normal for
parametric analyses—see Table 1 (skew within 12.0l and kur-
tosis within 17.0l; West et al. 1995). Minimum and maximum
values and standard deviations for each measure indicated the
data were free from floor and ceiling effects and showed suf-
ficient range for individual differences analysis (see Table 1).
Scores on each of our measures were similar to other reports of
these measures in typical samples (Hurst et al. 2007; Palermo
et al. 2013, 2018; Parker et al. 2005).

Reliability

Internal consistency reliability for all measures calculated
using Cronbach’s alpha is reported in Table 1. Most meas-
ures had good to acceptable internal consistency reliabil-
ity according to George and Mallery’s (2003) guidelines.
However, reliability for the AQ domains were not optimal,
ranging from good to poor, although modest reliability is
consistent with other reports (e.g. Austin2005; Hurst et al.
2007; Russell-Smith et al. 2011).

Sex Differences

Although previous research has reported men scoring more
highly on the AQ and TAS-20 than women (Baron-Cohen
et al. 2001; Levant et al. 2009; Rhodes et al. 2013), we did
not find sex differences on the TAS-20, or the AQ, with
the exception of AQ Social Skills (see Table 1). However,

Table 1 Descriptive statistics, sex differences and internal consistency reliability for each measure

Full sample Sex differences

Min Max Mean SD Skew Kurtosis o M Male M Female 1(143)
Expression labelling (%) 55.69 91.67 77.78 7.65 - 1.16 1.21 .86 74.81 79.16 —3.30%
Expression matching (%) 46 90 70.48 7.70 - .58 .96 73 68.11 71.58 —2.57*
Expression aftereffect 28 .88 .58 .14 .04 — .81 .68 .56 .59 - 1.08
AQ_total 68 150 107.72 13.99 11 21 .82 106.57 108.26 - .68
AQ_social skills 13 47 26.19 7.10 23 - .58 .88 24.28 27.08 —2.24%
AQ_communication 8 24 15.03 3.14 .03 - 42 .59 15.39 14.87 .93
AQ_details and patterns 7 28 17.73 4.46 —.11 -.33 .80 18.22 17.51 .90
TAS-20 total 25 77 46.43 11.24 27 —-.16 .83 46.17 46.56 -.19
DASS-21 depression 0 16.16 4.11 3.96 1.50 1.82 .89 4.48 3.93 78
DASS-21 anxiety 0 15.15 4.48 3.36 .96 72 74 4.46 4.49 —-.06

N=145. t statistics represent independent samples t-tests testing for sex differences on each measure

*p <.05, a=Cronbach’s alpha
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women performed significantly more accurately than men on
the expression labelling and matching tasks (see independent
samples t-tests in Table 1). Therefore, to statistically remove
variance related to sex, unstandardized residuals were cal-
culated by regressing scores on AQ Social Skills and the
matching and labelling tasks onto sex and used instead of
raw scores for these three variables in subsequent analyses.

Effects of Anxiety and Depression

Correlations between the DASS-21 anxiety and depression
scales and each of our measures are reported in Table 2. As
in previous research (Berthoz et al. 1999; Honkalampi et al.
2000; Lundstrom et al. 2011), autistic traits and alexithymia
were both associated with higher levels of depression and
anxiety, though the association between AQ Communica-
tion and anxiety, and between AQ Details and Patterns and
depression were non-significant. DASS-21 depression and
anxiety scales were not significantly associated with either
of the expression tasks, or the aftereffect task, suggesting
that performance was not affected by levels of depression
and anxiety in our sample.

Table2 Correlations between DASS-21 depression and anxiety
scales and each measure

DASS-21 DASS-21 anxiety
depression
Labelling —.10 - .14
Matching -.07 - .04
Expression aftereffect - .04 .04
AQ_total 39%* 37
AQ_social skills 33k 28
AQ_details and patterns 13 24*
AQ_communication 21* 12
TAS-20 36%* 32%*

#p <05, ¥¥p<.001

Correlations

We first report correlations to examine bivariate relation-
ships between our measures (Table 3). As our tasks showed
varying internal consistency reliability, we calculated disat-
tenuated correlations to correct for measurement error to
ensure different effect sizes did not reflect different levels of
measurement error (Schmidt and Hunter 1996). These values
are used in subsequent analyses.

We observed a negative correlation between both AQ
Total and TAS-20 scores and expression labelling but not
expression matching. The latter result is consistent with a
previous finding that neither autism, as measured by the
AQ Total, nor alexithymia, were associated with a percep-
tual difficulty in expression processing (Cook et al. 2013).
Autistic traits, as measured by the AQ Total, and alexithy-
mia were positively associated, again in line with previous
research (Cook et al. 2013). We also replicated previous
findings that the strength of expression aftereffects was
positively associated with performance on both the expres-
sion matching and labelling tasks, indicating that stronger
adaptive norm-based coding of expression was associated
with better expression ability (Palermo et al. 2018; Rhodes
et al. 2015).

Turning to our novel findings, we found that the TAS-20
was positively associated with two of the three AQ domains
identified by Russell-Smith et al. (2011), AQ Communica-
tion and AQ Social Skills. However, AQ Details and Pat-
terns was negatively associated with alexithymia as meas-
ured by the TAS-20, though we note that this relationship
was marginal prior to correcting for attenuation, p = .062.
We found no evidence of any substantial associations
between autistic traits and expression aftereffect size in any
of the three trait domains. Finally, we found no evidence of
a relationship between expression aftereffect size and levels
of alexithymia.

Table 3 Pearson correlations (below the diagonal) and disattenuated correlations (above the diagonal, bolded) between each of the measures

Labelling Matching Expression AQtotal AQ_social skills AQ_details = AQ_communication TAS-20
aftereffect and Patterns

Labelling A48k 38%* —21% — .18% A1 — 29%* — 32k
Matching 38%* 35 —.11 —.08 .04 — .24% —.16"
Expression aftereffect 29%* 25% —.05 — .06 .03 - .07 —-.01
AQ_Total —.17* —.09 — .04 87%* .60%* T6%* S5%*
AQ_social skills —.16" —.07 - .05 ST4%% .09 39 Sqr*
AQ_details and patterns .09 .03 .02 49k .07 —-.03 —.19*
AQ_communication —21* —.157 - .05 53k 28% —-.02 .68%*
TAS-20 — 27* —.13 - .01 A5%% 46%* —.16" ATk

"p<.07, *p < .05, *p<.001
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TAS-20

a: A = 55%* b: AB = -.30*

Expression

AQ Total Labelling

~ Al Expression
Aftereffect Size

Indirect effect (ab): A = -.17**
Indirect effect (de): 48 = -.02
Total effect: : AB =-21*

Fig. 2 Indirect effects of alexithymia (TAS-20) and adaptive norm-
based coding (expression aftereffect size) on the relationship between
autistic traits (AQ Total) and expression labelling accuracy. Arrows
represent direct effects. *p <.05, **p <.001

Path Analyses
AQ Total and Expression Labelling Performance

Our first aim was to measure the contributions of alexithy-
mia and adaptive norm-based coding to the relationship
between autistic traits and expression labelling performance,
using path analysis. Figure 2 shows that the indirect effect of
alexithymia (TAS-20) largely accounted for the relationship
between AQ Total and expression labelling performance.
Alexithymia explained 81% of variance in the relationship
between AQ Total and expression labelling performance.
There was no significant indirect effect of adaptive norm-
based coding, and after accounting for the indirect effect
of alexithymia and the non-significant indirect effect of
adaptive norm-based coding, the remaining direct effect of
AQ Total on expression labelling performance (path c) fell
below significance (p=.777).

These results are consistent with a previous finding in
autistic people and typical controls that AQ Total scores
did not account for any variance in expression labelling
ability when accounting for alexithymia (Cook et al. 2013).
However, our results differ from another previous study that
found that scores on a 10-item version of the AQ predicted
expression labelling ability independently of alexithymia in
the typical population (Lewis et al. 2016).

Our next aim was to examine whether the relationship
between autistic traits and expression labelling and expres-
sion matching varied between different domains of autistic
traits. We found that AQ Communication predicted poorer
performance on both expression labelling and matching,
though we note that the effect on the matching task was
marginal prior to correcting for attenuation, p=.063. AQ

@ Springer

Social Skills predicted poorer performance on the expression
labelling but not matching task. Finally, AQ Details and Pat-
terns was not substantially or significantly associated with
either expression labelling or matching.

We next determined the extent to which alexithymia and
adaptive norm-based coding of expression accounted for the
relationships that we found between AQ Communication and
AQ Social Skills and expression recognition ability.

AQ Communication and Expression Labelling Performance

Figure 3 shows that the indirect effect of alexithymia
(TAS-20) largely accounted for the relationship between
AQ Communication and expression labelling performance.
Alexithymia explained 59% of variance in the relationship
between AQ Communication and expression labelling per-
formance. There was no significant indirect effect of adap-
tive norm-based coding, and after accounting for the indi-
rect effect of alexithymia and the non-significant indirect
effect of adaptive norm-based coding, the remaining direct
effect of AQ Communication on expression labelling per-
formance (path c) fell below significance (p =.435).

AQ Communication and Expression Matching Performance

Figure 4 shows that there were no significant indirect
effects of alexithymia or adaptive norm-based coding
which mediated the negative effect of AQ Communi-
cation on expression matching performance. However,
once the non-significant indirect effects of alexithymia
and adaptive norm-based coding were accounted for, the
remaining direct effect (path ¢) of AQ Communication on

TAS-20

b: AB = -.26*

AQ
Communication

Expression
Labelling

~ a] Expression
Aftereffect Size

Indirect effect (ab): AB = -.17*
Indirect effect (de): AB =-.03
Total effect: : AR = -.29*

Fig. 3 Indirect effects of alexithymia (TAS-20) and adaptive norm-
based coding (expression aftereffect size) on the relationship between
AQ Communication and expression labelling accuracy. Arrows repre-
sent direct effects. *p <.05, “p <.001
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a:0p = 68* S<_ biog=-03
~ ~
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c:AB=-19

AQ o e e e e e m >} Expression
Communication Matching

~ Al Expression
Aftereffect Size

Indirect effect (ab): AB = -.02
Indirect effect (de): AB =-.03
Total effect: : A = -.24*

Fig.4 Indirect effects of alexithymia (TAS-20) and adaptive norm-
based coding (expression aftereffect size) on the relationship between
AQ Communication and expression matching accuracy. Arrows rep-
resent direct effects. *p < .03, “p<.001

TAS-20

a:AB = .54%* b: AB = -.32*

Expression

AQsSocial Skills [= = = == === == === === ———— > Labelling

~ Al Expression
Aftereffect Size

Indirect effect (ab): A = -.18**
Indirect effect (de): AB = -.02
Total effect: : A =-18*

Fig.5 Indirect effects of alexithymia (TAS-20) and adaptive norm-
based coding (expression aftereffect size) on the relationship between
AQ Social Skills and expression labelling accuracy. Arrows represent
direct effects. *p <.05, “p <.001

expression matching performance fell below significance
(»p=.099).

AQ Social Skills and Expression Labelling Performance

Figure 5 shows that the indirect effect of alexithymia (TAS-
20) fully accounted for the relationship between AQ Social
Skills and expression labelling performance. There was no
significant indirect effect of adaptive norm-based coding, and
after accounting for the indirect effect of alexithymia and the
non-significant indirect effect of adaptive norm-based coding,
there was no remaining negative direct effect of AQ Social
Skills on expression labelling performance (path c).

Discussion

Here we demonstrated for the first time that the relation-
ship between autistic traits and facial expression recogni-
tion ability differs between subsets of autistic traits. Expres-
sion recognition ability, as measured by both perceptual
discrimination and labelling, was primarily related to the
subset of autistic traits associated with social communica-
tion. The subset of traits relating to social skills were asso-
ciated with more difficulty labelling, but not perceptually
discriminating between, facial expressions. Finally, traits
relating to attention to detail were not substantially associ-
ated with expression recognition ability. These differences
across trait domains might explain inconsistencies in previ-
ous research on expression recognition in autism and autis-
tic traits. Our findings indicate that performance may have
varied as a function of the distribution of trait or symptom
profiles in the samples in previous studies, but this variation
may not be apparent when using a single overall measure of
autistic traits. Further highlighting the importance of con-
sidering different autistic symptom profiles, we also show
that alexithymia is not uniformly associated across different
subsets of autistic traits. Rather, we found that traits relating
to social skills and social communication were associated
with higher levels of alexithymia, and in contrast, traits relat-
ing to attention to detail were associated with lower levels
of alexithymia.

Our results provide further evidence that poorer expres-
sion labelling in the autism phenotype reflects a substantial
effect of co-occurring alexithymia, supporting the ‘alexithy-
mia hypothesis’ (Bird and Cook 2013; Cook et al. 2013).
When considering total AQ scores, our results showed a sim-
ilar pattern to Cook et al. (2013), with autistic traits showing
no association with perceptual discrimination ability, and
after accounting for alexithymia, no association with expres-
sion labelling. Further, only the subsets of autistic traits that
were associated with higher levels of alexithymia were also
associated with poorer expression labelling, namely Social
Skills and Communication. Consistent with the ‘alexithy-
mia hypothesis,” alexithymia was the primary driving fac-
tor in these associations such that no significant variance in
expression labelling was explained by autistic traits when
alexithymia was accounted for.

However, our results also show that autistic traits are
associated with perceptual difficulty with expressions. In the
domain of AQ Communication, autistic traits were associ-
ated with poorer perceptual discrimination of expressions,
and we found no evidence that this association was driven
by levels of alexithymia. Perceptual difficulty could play a
causal role in social communication difficulties in the autism
phenotype. Some accounts suggest that perceptual differ-
ences directly contribute to social difficulties in autism, by
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impeding the ability to read social cues and by rendering
social stimuli overwhelmingly complex, motivating autistic
people to avoid attending to social information (Robertson
and Baron-Cohen 2017). The present results, which suggest
perceptual differences in the autism phenotype contribute to
the important social skill of expression recognition, high-
light the importance of considering the role of perceptual
and sensory differences in autistic symptoms. Sensory sen-
sitivities are experienced by the overwhelming majority of
autistic people (Robertson and Baron-Cohen 2017)

However, the source of this perceptual difficulty recognis-
ing facial expressions is unclear. One theory suggests that
perceptual and sensory differences reflect differences in the
use of prior perceptual information, such that autistic people
are relatively less biased by prior experience when form-
ing perceptual representations (Pellicano and Burr 2012).
This would imply that autistic traits could be associated with
reduced adaptive norm-based coding, which uses prior per-
ceptual information to tune perception of facial expressions
to current demands (Burton et al. 2015). The present results
replicate previous research finding that stronger adaptive
norm-based coding is associated with better performance on
expression tasks (Palermo et al. 2018; Rhodes et al. 2015).
However, we found no evidence that autistic traits in any of
the three domains were associated with reduced adaptive
norm-based coding of expression. Our results therefore do
not support the theory that autistic people show less bias
from prior experience when forming perceptual represen-
tations, in the case of facial expression. This is consistent
with one previous study that found that adaptive coding of
expression was intact in autistic adults (Cook et al. 2014).
However, other research has found reduced adaptive coding
of expression in autistic children (Rhodes et al. 2017), sug-
gesting that the development of adaptive coding of expres-
sion could be delayed in people with autism such that autis-
tic children but not adults show weaker adaptive coding than
their non-autistic peers.

We therefore consider other driving factors that could
explain the relationship between autistic traits in the domain
of Communication and poorer perceptual discrimination of
expressions in adults. One possible factor might be that
people with higher levels of autistic traits in this domain
give less attention to the eye area of emotional faces. This
has been suggested as a potential causal mechanism for
facial expression recognition difficulty in autism (Uljarevic
and Hamilton 2013), but results of individual studies are
mixed (e.g. Boraston et al. 2007; Lopez et al. 2004). Future
research might benefit from measuring attention to the eye
area as a function of different symptom domains separately.
However, any effect of reduced attention to the eye area
might be a function of co-occurring alexithymia. In one
study, when autistic people passively viewed social films
with emotional content, participants’ level of alexithymia,
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but not the severity of their autistic symptoms, predicted
the ratio of attention to actors’ eyes relative to their mouths
(Bird et al. 2011).

Another important factor leading to poorer expres-
sion recognition performance in people with higher levels
of autistic traits might be reduced experience with facial
expressions. The social motivation theory suggests that
face processing difficulty in autism is a result of experi-
ence with faces being limited by reduced interest (Dawson
et al. 2005; Schultz 2005). This theory is particularly rel-
evant to autistic traits relating to communication, because
difficulty with social communication could be expected to
reduce motivation to seek out non-verbal cues from faces.
Reduced attention to the eye area could therefore be both a
cause and a consequence of difficulty with social commu-
nication. Importantly, autism, but not alexithymia, predicts
the amount of attention given to faces, despite alexithymia
predicting attention to the eye region (Bird et al. 2011). Fur-
ther, autistic traits are associated with less experience of
social reward from interactions, independently of the effect
of alexithymia (Foulkes et al. 2015), implying that any effect
of social motivation would be an independent contributor to
the association between autistic traits and expression rec-
ognition ability, rather than simply reflecting co-occurring
alexithymia.

We now consider the implications of the current findings
for our understanding of expression recognition in autism.
The broader autism phenotype in the typical population
appears to be continuous with autism and qualitatively
similar in aetiology (Colvert et al. 2015; Lundstrém 2011;
Lundstrom et al. 2012; Ronald et al. 2006). Thus, we would
expect that the present findings would extend into expres-
sion recognition ability in the autistic population, when
considering different symptom profiles separately. Further,
our finding that there was no relationship between autis-
tic traits as measured by AQ total scores and expression
recognition when accounting for alexithymia replicates a
previous study which included a sample of autistic people
(Cook et al. 2013). We would therefore expect that autistic
people with most difficulties with social skills and social
communication should show the most difficulty in facial
expression recognition, with labelling, but not perceptual
difficulty reflecting alexithymia. Future research with autis-
tic participants would be needed to confirm this hypothesis,
because it is possible that qualitatively different relation-
ships could exist at diagnostic levels of autistic traits (for
discussion see Gregory and Plaisted-Grant 2016). We also
note that the analyses presented here do not demonstrate
causal relationships.

A further potential limitation in the present study and
other research in this area is the use of self-report measures
to measure autistic traits and alexithymia, given the poten-
tial for difficulty with introspection to limit the validity of
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self-report measures. Future research might benefit from
using other methods in addition to self-report. However, we
note that self-report scores on the TAS-20 correlate with
interviewer scores on the Toronto Structured Interview for
Alexithymia in both control and clinical populations (TSIA;
Bagby et al. 2006), and the AQ discriminates well between
people with and without clinical diagnoses of autism (Hoek-
stra et al. 2008), suggesting that the TAS-20 and AQ are
valid measures of alexithymia and autistic traits despite
using self-report.

Finally, consistent with two previous studies (Cook et al.
2013; Fujiwara 2018), we found no evidence that alexithy-
mia is associated with a perceptual difficulty processing
facial expressions, with alexithymia predicting poorer per-
formance on the labelling but not perceptual discrimination
task. This finding seems plausible given that alexithymia is
characterised by a difficulty in attending to and evaluating
emotions (Preece et al. 2017). It follows that this difficulty
in attending to and evaluating emotions could also produce
difficulty recognising others’ emotions, in the absence of
a perceptual difficulty with expression recognition. How-
ever, studies which have measured expression perception
under impoverished viewing conditions (visual degradation
or very brief stimulus presentation time), have found that
higher alexithymia is associated with poorer perceptual dis-
crimination (e.g. Parker et al. 2005; Prkachin et al. 2009).
It is possible, therefore, that alexithymia is associated with
relatively subtle difficulty in expression perception that is
revealed only under more difficult viewing conditions than
those used in the present study.

In conclusion, the present results suggest that the rela-
tionship between autistic traits and expression recognition
reflects both variation in alexithymia and perceptual diffi-
culty. This perceptual difficulty was independent of alexithy-
mia, suggesting that poorer expression ability in the broader
autism phenotype has at least two independent sources. Fur-
ther, we found no evidence that this perceptual difficulty
reflects reduced adaptive norm-based coding of expres-
sion, leaving an open question as to the precise mechanism.
Finally, our results show that the association between autistic
traits and both expression recognition and alexithymia varies
meaningfully between trait domains, highlighting the impor-
tance of considering these domains separately.
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