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Abstract 

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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Expression recognition difficulty is associated with social but not attention-to-detail 

autistic traits and reflects both alexithymia and perceptual difficulty 

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 communication and interaction, numerous studies have investigated 

whether autistic people have difficulty recognising facial expressions, which provide 

information about others’ emotional states and guide social behaviour (Adams, Ambady, 

Macrae, & Kleck, 2006; Ekman, Rolls, Perrett, & Ellis, 1992). Meta analyses of this literature 

have concluded that autism is associated with difficulty in facial expression recognition 

(Lozier, Vanmeter, & Marsh, 2014; Uljarevic & Hamilton, 2013). However, results of 

individual studies give a more complex and varied picture of expression recognition ability in 

autism. Findings in different samples are inconsistent, with some showing clear difficulty 

(e.g. Corbett et al., 2009; Humphreys, Minshew, Leonard, & Behrmann, 2007) and others 

finding that autistic participants perform as accurately as typical controls (e.g. Castelli, 2005; 

Lacroix, Guidetti, Rogé, & Reilly, 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 expression recognition ability. In support of this possibility, recent evidence has shown 

considerable heterogeneity in expression recognition ability within the autistic population, 

with some autistic people showing substantial difficulty and others 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 disorder, with wide variation in strengths and difficulties among autistic 
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individuals such that an individual might report more difficulty, for example, with social 

communication than with restrictive repetitive behaviours. This heterogeneity 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., 2006; Ronald, 

Happé, & Plomin, 2005). This observation has led to suggestions that research should 

routinely study different symptom profiles separately, because attempts to characterise 

universal difficulties experienced by autistic people have been unsuccessful (Happé, Ronald, 

& Plomin, 2006).  

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., 

2006; Ronald et al., 2005). However, within these subsets, autistic symptoms appear to share 

a common aetiology with sub-clinical autistic traits (Ronald et al., 2006). The broader autism 

phenotype describes the distribution of autistic traits that correspond to milder levels of 

autistic symptoms throughout the typical population, with autism spectrum disorder lying at 

the extreme end of this distribution (Baron-Cohen, Wheelwright, Skinner, Martin, & Clubley, 

2001; Lundström et al., 2012). Individual differences in autistic traits can be measured both 

in the typical population and in people with autism. In the broader autism phenotype in the 

typical population, three domains of autistic traits have been identified from several large 

factor analyses of the Autism Spectrum Quotient (AQ; Austin, 2005; Baron-Cohen et al., 

2001; Hurst, Mitchell, Kimbrel, Kwapil, & Nelson-Gray, 2007; Russell-Smith, Maybery, & 

Bayliss, 2011). The first two domains resemble the diagnostic criterion for Autism Spectrum 

Disorder of difficulty with social communication and social interaction. Poor communication 

and mind reading describes difficulties in understanding others’ intentions, nonverbal cues, 

and the non-literal meaning of speech. Poor social skills describes reduced interest in peers 

and difficulties in keeping and maintaining relationships, and adapting behaviour to different 
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social contexts. The third domain, attention to details and patterns, describes the detail-

oriented processing style common in autistic people. This processing style has been 

hypothesised to have the same root cause as the second diagnostic criterion of restrictive, 

repetitive patterns of behaviour (Happé & 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 

autistic samples, even with clear, meaningful variation in autistic symptom profiles, the 

extent of this variation will necessarily 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 autistic 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 associated with autistic traits related to a “Social Interaction” 

domain (Hoekstra, Bartels, Cath, & Boomsma, 2008), which comprises items relating to both 

communication and social skills, but not attention to detail (Davis et al., 2017; Rhodes et al. 

2013). Therefore, 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 second important question is which factors underlie this 

expression recognition difficulty. Examination of individual differences in the broader autism 

phenotype can provide insight into this question, via the measurement of individual 

differences in potentially mediating variables. A range of personality, perceptual and 
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behavioural factors have been suggested as explanations for difficulty in expression 

recognition in autism (for review see Uljarevic & 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 difficulty. The first, alexithymia, is 

a personality trait characterised by a limited ability to identify and describe internal emotional 

experience. According to the ‘alexithymia hypothesis,’ 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; Kinnaird, Stewart, & Tchanturia, 2019) who also experience significant 

levels of alexithymia (Bird & Cook, 2013). Approximately 10% of the typical population 

(Taylor, Bagby, & Parker, 1999) also show clinically 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, Brewer, Shah, & Bird, 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 Alexithymia 

Scale (TAS-20; Bagby, Parker, & Taylor, 1994) and the Autism-Spectrum Quotient (AQ; 

Baron-Cohen et al., 2001). The first measured both perceptual discrimination and labelling of 

expressions. The perceptual discrimination task involved determining which of two emotions 

– surprise vs. fear or disgust vs. anger – was displayed 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 knowledge of what emotion they are conveying. The 

labelling task was designed to be a measure of the ability to match emotion concepts to 
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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 discrimination. Further, autistic traits were not associated 

with expression labelling accuracy once the effect of alexithymia was accounted for, 

implying that expression recognition 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, Lefevre, & Young, 2016). Although we note that this study used a brief, 

ten-item version of the AQ (AQ-10; Allison, Auyeung, & Baron-Cohen, 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 

alexithymia 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 theories suggesting that perception in 

autistic people is characterised by differences in reliance on prior perceptual experience 
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(Lawson, Rees, & Friston, 2014; Pellicano & Burr, 2012; Van de Cruys et al., 2014). One key 

perceptual process for expression 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 perception to suit 

current demands (Burton, Jeffery, Calder, & Rhodes, 2015). The strength of adaptive coding 

can be measured by testing the degree to which participants experience perceptual 

aftereffects, where exposure to a stimulus biases perception of subsequent 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 (Rhodes 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 & Rutter, 2003), 

though these associations were non-significant in the relatively small sample. However, 

another study reported no reduction in the strength of adaptive coding of expression in adults 

with autism (Cook, Brewer, Shah, & Bird, 2014). One explanation for these inconsistent 

results is that the development 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 
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relating to poor social skills but not attention to detail (Rhodes, Jeffery, Taylor, & Ewing, 

2013). It would therefore be reasonable to expect that weakened adaptive norm-based coding 

of expression 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 

phenotype, 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 associated with difficulty in expression recognition in typical individuals. 

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 perceptual discrimination and labelling of expressions reflect partly overlapping and 

partly distinct processes (Palermo, O’Connor, Davis, Irons, & McKone, 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 autistic traits (Lundström et al., 2011) 

and alexithymia (Berthoz, Consoli, Perez-Diaz, & Jouvent, 1999; Honkalampi, Hintikka, 

Tanskanen, Lehtonen, & Viinamäki, 2000) and may affect performance on expression tasks 
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(Demenescu, Kortekaas, den Boer, & Aleman, 2010). We measured these to ensure results 

were not confounded by these additional factors.   

Method 

Participants 

One hundred and fifty-two participants completed the measures. 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 psychology 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 participant 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 consisted of 145 participants (99 female, age range 17-43 years, M = 21.16).  

Tasks 

Expression labelling ability – labelling task. Expression labelling ability was 

measured using the expression labelling task described in Palermo et al. (2018). Participants 

were presented with a face displaying a fearful, happy, sad, angry, disgusted or surprised 

expression for 400ms. Face images could be front-on or a ¾ view. Participants used a mouse 

to choose which one of six emotion labels best represented the expression, within 7 seconds. 

Following four practice trials, there were 24 trials for each of the six expressions for a total of 

144 trials. Scores were calculated as the percentage of expressions labelled correctly overall.  
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Expression perceptual discrimination ability – matching task. Perceptual 

discrimination was measured using the 100-item expression matching task from Palermo et 

al. (2013). Participants were presented with three faces for 4500ms, 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 ¾ 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 practice trials. Participants were required to pick the ‘odd’ target 

expression within 11.5 sec. 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 perceptual opposite of the initial face (Rhodes et al., 2015; Skinner & 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 opposite direction – see Figure 1 [insert below this paragraph]. 

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. 

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, 
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participants were required to label two faces displaying each expression presented on screen 

for an unlimited time for a total of 8 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 400ms 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 adapting anti-expression for 4 x 2s exposures for a total of 8s. 

Following all four exposures of the anti-expression, test faces were presented for 400ms. 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 trials with the average face as the test face. The expression 

aftereffect was calculated from these trials as the proportion of trials in which the participant 

labelled the average test face with the expression that corresponded to the adapting 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 identified. 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 
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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, t(144) = 28.27, 

p < .001, chance = 0.25, 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 

interpretation (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 participant 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 participant 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 participants (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. 
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Alexithymia: The twenty-item Toronto Alexithymia Scale (Bagby et al., 1994). 

The TAS-20 is a 20-item self report scale designed to measure levels of alexithymia using a 

total score derived from the sum of three scales: difficulty identifying feelings, difficulty 

describing feelings, and externally oriented thinking1. Participants 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 sample, 

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.  

Depression and Anxiety: The twenty-one-item Depression Anxiety Stress Scales 

(DASS-21; Lovibond & 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. Participants 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, expression 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).  
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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 & Fidell, 2007). Skew and kurtosis for each variable 

indicated all were sufficiently normal for parametric analyses – see Table 1 [insert below Sex 

Differences paragraph] (skew within |2.0| and kurtosis within |7.0|; West, Finch, & Curran, 

1995). Minimum and maximum values and standard deviations for each measure indicated 

the data were free from floor and ceiling effects and showed sufficient 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., 2018; Parker, 

Prkachin, & Prkachin, 2005). 

Reliability  

Internal consistency reliability for all measures calculated using Cronbach’s alpha is 

reported in Table 1. Most measures had good to acceptable internal consistency reliability 

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. Austin, 2005; Hurst et al., 2007; Russell-Smith et al., 

2011).  

Sex differences 
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Although previous research has reported men scoring more highly on the AQ and 

TAS-20 than women (Baron-Cohen et al., 2001; Levant, Hall, Williams, & Hasan, 2009; 

Rhodes et al., 2014), we did not find sex differences on the TAS-20, or the AQ, with the 

exception of AQ Social Skills (see Table 1). However, 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 calculated 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 [insert below this paragraph]. As in previous research 

(Berthoz et al., 1999; Honkalampi et al., 2000; Lundström et al., 2011), autistic traits and 

alexithymia were both associated with higher levels of depression and anxiety, though the 

association between AQ Communication 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.  

Correlations 

 We first report correlations to examine bivariate relationships between our measures 

(Table 3) [insert at end of this section before Path Analyses section]. As our tasks showed 

varying internal consistency reliability, we calculated disattenuated correlations to correct for 

measurement error to ensure different effect sizes did not reflect different levels of 

measurement error (Schmidt & Hunter, 1996). These values are used in subsequent analyses. 
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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 perceptual difficulty in expression processing (Cook et al., 2013). Autistic 

traits, as measured by the AQ Total, and alexithymia 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 

expression 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 

Communication and AQ Social Skills. However, AQ Details and Patterns was negatively 

associated with alexithymia as measured 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.  

Path Analyses  

AQ Total and expression labelling performance. Our first aim was to measure the 

contributions of alexithymia and adaptive norm-based coding to the relationship between 

autistic traits and expression labelling performance, using path analysis. Figure 2 [insert 

below this paragraph] 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 
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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 expression 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 Social Skills predicted poorer performance 

on the expression labelling but not matching task. Finally, AQ Details and Patterns 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 [insert below 

this paragraph] 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 performance. There was no significant indirect effect of adaptive norm-
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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 

Communication on expression labelling performance (path c) fell below significance (p = 

.435).  

AQ Communication and expression matching performance. Figure 4 [insert 

below this paragraph] shows that there were no significant indirect effects of alexithymia or 

adaptive norm-based coding which mediated the negative effect of AQ Communication 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 c) of AQ Communication on expression matching performance fell below significance 

(p = .099).  

AQ Social Skills and expression labelling performance. Figure 5 [insert below this 

paragraph] 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 relationship between autistic traits 

and facial expression recognition ability differs between subsets of autistic traits. Expression 

recognition ability, as measured by both perceptual discrimination and labelling, was 

primarily related to the subset of autistic traits associated with social communication. The 

subset of traits relating to social skills were associated with more difficulty labelling, but not 

perceptually discriminating between, facial expressions. Finally, traits relating to attention to 
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detail were not substantially associated with expression recognition ability. These differences 

across trait domains might explain inconsistencies in previous research on expression 

recognition in autism and autistic 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 considering 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 relating to attention to 

detail were associated with lower levels of alexithymia.  

Our results provide further evidence that poorer expression labelling in the autism 

phenotype reflects a substantial effect of co-occurring alexithymia, supporting the 

‘alexithymia hypothesis’ (Bird & Cook, 2013; Cook et al., 2013). When considering total AQ 

scores, our results showed a similar pattern to Cook et al. (2013), with autistic traits showing 

no association with perceptual discrimination ability, and after accounting for alexithymia, no 

association with expression 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 Social Communication. Consistent with the ‘alexithymia 

hypothesis,’ alexithymia was the primary driving factor 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 

associated 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 
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causal role in social communication difficulties in the autism phenotype. Some accounts 

suggest that perceptual differences directly contribute to social difficulties in autism, by 

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, highlight the 

importance of considering the role of perceptual and sensory differences in autistic 

symptoms. Sensory sensitivities are experienced by the overwhelming majority of autistic 

people (Robertson & Baron-Cohen, 2017) 

However, the source of this perceptual difficulty recognising 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 forming perceptual representations (Pellicano & Burr, 2012). This 

would imply that autistic traits could be associated with reduced adaptive norm-based coding, 

which uses prior perceptual information to tune perception of facial expressions to current 

demands (Burton, Jeffery, Calder, & Rhodes, 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 

representations, 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), suggesting that the development of adaptive coding of expression could 
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be delayed in people with autism such that autistic 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 & Hamilton, 2013), but results of individual studies are mixed (e.g. 

Boraston, Blakemore, Chilvers, & Skuse, 2007; López, Donnelly, Hadwin, & Leekam, 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, but 

not the severity of their autistic symptoms, predicted the ratio of attention to actors’ eyes 

relative to their mouths (Bird, Press, & Richardson, 2011).  

Another important factor leading to poorer expression 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 experience with faces being limited by reduced interest (Dawson, Webb, & 

McPartland, 2005; Schultz, 2005). This theory is particularly relevant 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 communication. 

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). Further, autistic 
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traits are associated with less experience of social reward from interactions, independently of 

the effect of alexithymia (Foulkes, Bird, Gökçen, McCrory, & Viding, 2015), implying that 

any effect of social motivation would be an independent contributor to the association 

between autistic traits and expression recognition 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; Lundström, 2011; Lundström et al., 2012; Ronald et al., 2006). Thus, we would expect 

that the present findings would extend into expression recognition ability in the autistic 

population, when considering different symptom profiles separately. Further, our finding that 

there was no relationship between autistic 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 autistic participants would be needed to 

confirm this hypothesis, because it is possible that qualitatively different relationships could 

exist at diagnostic levels of autistic traits (for discussion see Gregory & 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 potential for 

difficulty with introspection to limit the validity of 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 
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Interview for Alexithymia in both control and clinical populations (TSIA; Bagby, Taylor, 

Parker, & Dickens, 2006), and the AQ discriminates well between people with and without 

clinical diagnoses of autism (Hoekstra 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 alexithymia is associated with a perceptual difficulty processing facial 

expressions, with alexithymia predicting poorer performance 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, Becerra, Allan, 

Robinson, & Dandy, 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. However, 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 discrimination (e.g. Parker et al., 2005; Prkachin, Casey, & Prkachin, 

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 relationship between autistic traits 

and expression recognition reflects both variation in alexithymia and perceptual difficulty. 

This perceptual difficulty was independent of alexithymia, suggesting that poorer expression 

ability in the broader autism phenotype has at least two independent sources. Further, we 

found no evidence that this perceptual difficulty reflects reduced adaptive norm-based coding 

of expression, leaving an open question as to the precise mechanism. Finally, our results 

show that the association between autistic traits and both expression recognition and 
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alexithymia varies meaningfully between trait domains, highlighting the importance of 

considering these domains separately. 
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Footnotes 

1. 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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Table 1 

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

Note. N = 145. t statistics represent independent samples t-tests testing for sex differences on each measure. *p < .05, α = Cronbach’s alpha

 Full sample  Sex differences 

 Min Max Mean SD Skew Kurtosis α  M Male M Female t(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 
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Table 2 

Correlations between DASS-21 Depression and Anxiety Scales and each measure  

 DASS-21 Depression DASS-21 Anxiety 

Labelling -.10 -.14 

Matching                      -.07 -.04 

Expression aftereffect -.04 .04 

AQ_Total .39** .37** 

AQ_Social Skills .33** .28** 

AQ_Details and Patterns .13 .24* 

AQ_Communication .21* .12 

TAS-20 .36** .32** 

Note.  *p < .05, **p < .001.  
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Table 3 

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

Note. ^p < .07, *p < .05, **p < .001.  

 Labelling Matching Expression 

Aftereffect 

AQ Total AQ_Social 

Skills 

AQ_Details and 

Patterns 

AQ_ 

Communication 

TAS-20 

Labelling  .48** .38** -.21* -.18* .11 -.29** -.32**                             

Matching .38**  .35** -.11 -.08 .04 -.24* -.16^ 

Expression Aftereffect .29** .25*  -.05 -.06 .03 -.07 -.01 

AQ_Total -.17* -.09 -.04  .87** .60** .76** .55** 

AQ_Social Skills -.16^ -.07 -.05 .74**  .09 .39** .54** 

AQ_Details and Patterns .09 .03 .02 .49** .07   -.03 -.19* 

AQ_Communication -.21* -.15^ -.05 .53** .28* -.02  .68** 

TAS-20 -.27* -.13 -.01 .45** .46** -.16^ .47**  
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Figure Captions 

Figure 1. Example anti-expression (anti-happy; right) created by morphing a happy 

expression (left) towards an average expression (centre) and continuing to morph along this 

trajectory beyond the average expression.  

Figure 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. 

Figure 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 represent direct effects. *p < .05, **p < .001.  

Figure 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 represent direct effects. *p < .05, **p < .001.  

Figure 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.  
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