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a b s t r a c t

Autistic adults struggle to reliably differentiate genuine and posed smiles. Intergroup bias

is a promising factor that may modulate smile discrimination performance, which has

been shown in neurotypical adults, and which could highlight ways to make social in-

teractions easier. However, it is not clear whether this bias also exists in autistic people.

Thus, the current study aimed to investigate this in autism using a minimal group para-

digm. Seventy-five autistic and sixty-one non-autistic adults viewed videos of people

making genuine or posed smiles and were informed (falsely) that some of the actors were

from an in-group and others were from an out-group. The ability to identify smile

authenticity of in-group and out-group members and group identification were assessed.

Our results revealed that both groups seemed equally susceptible to ingroup favouritism,

rating ingroup members as more genuine, but autistic adults also generally rated smiles as

less genuine and were less likely to identify with ingroup members. Autistic adults showed

reduced sensitivity to the different smile types but the absence of an intergroup bias in

smile discrimination in both groups seems to indicate that membership can only modulate

social judgements but not social abilities. These findings suggest a reconsideration of past

findings that might have misrepresented the social judgements of autistic people through

introducing an outgroup disadvantage, but also a need for tailored support for autistic

social differences that emphasizes similarity and inclusion between diverse people.

© 2024 The Authors. Published by Elsevier Ltd. This is an open access article under the CC

BY license (http://creativecommons.org/licenses/by/4.0/).
1. Introduction

Social communication differences are intrinsic to the defini-

tion of autism, both historically and currently, and difficulties

recognising and responding to others' emotional states (ICD-

11; World Health Organization, 2018) have long been
u), a.hamilton@ucl.ac.uk

Elsevier Ltd. This is an ope
suggested to be a central feature of autism (Hobson, 1986).

However, a substantial body of behavioural research into

facial emotion recognition in autism has produced mixed

findings, with some studies showing difficulties (e.g., Uljarevic

& Hamilton, 2013) but others showing seemingly typical re-

sponses (e.g., Cook et al., 2013; Ketelaars et al., 2016). More-

over, autistic people are more accurate than those with ADHD
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in recognizing basic emotions, such as happiness, sadness,

anger, fear and disgust (Downs & Smith, 2004; Sinzig et al.,

2008). One suggested explanation of these observations is

that autistic adults are able to recognize basic facial emotions

(Castelli, 2005), but struggle to identify more complex and

subtle facial emotions (for reviews, see Harms et al., 2010; Liu

& Humpolı́�cek, 2013), such as differentiating genuine from

posed smiles (Boraston et al., 2008). More detailed study of the

perception of these subtly different expressions is therefore

important for understanding autistic social communication.

However, it remains unclear whether such difficulties are

characteristic of autism per se or are, for example, related to

alexithymia, a commonly co-occurring condition affecting

emotion recognition (Cook et al., 2013; Dyck et al., 2001; Hill

et al., 2004; Salminen et al., 1999; Shah et al., 2016).

Smiles are important social cues but are not always a

reliable indicator of affective states (e.g., Ekman, 2003;

Lazarus, 1991). Genuine smiles are considered to be associated

with positive emotions, while posed smiles are not necessarily

related to positivity and can be a potential signal that the real

emotional state is obscured (Ekman, 2003; Krumhuber et al.,

2007), such as when hiding deception (Biland et al., 2008).

Consistently, smilers expressing genuine smiles are perceived

as more cooperative, likeable and trustworthy, as well as less

disingenuous and misleading than those displaying posed

smiles (e.g., Biland et al., 2008; Ekman, 2003; Frank & Ekman,

1993; Johnston et al., 2010; Krumhuber et al., 2007; Mehu

et al., 2007; Schug et al., 2010). Similarly, genuine smiles are

intrinsically more rewarding than posed smiles. People prefer

the former over the latter and are willing to offer a higher

monetary value to receive genuine than posed smiles (Shore&

Heerey, 2011).

There is a physical reality to the differences between the

two types of smiles. One of themost robust yet subtle features

that differentiates genuine from posed smiles is muscle acti-

vation. During genuine smiles, both the zygomatic major (i.e.,

AU12; in the cheek) and the orbicularis oculi (i.e., AU6; around

the eyes) muscles are involuntarily activated, while posed

smiles only involve the voluntary activation of the AU12

(Duchenne & de Boulogne, 1990; Ekman et al., 1990; Ekman &

Friesen, 1982). Therefore, accurate differentiation between,

and response to, them is challenging but also an essential

ability to effectively cope with the complexity of social

interactions.

Boraston et al. (2008) compared the ability of autistic and

non-autistic adults to distinguish between genuine and posed

smiles from static images. They found autistic adults were

less accurate in discriminating the two smile types than non-

autistic adults, but they were just as good at discriminating

between neutral and smiling faces. Additionally, in the autism

group, the ability to differentiate the two types of smile was

negatively associated with the degree of social communica-

tion difficulties: the more severe the social difficulties, the

more affected the smile discrimination ability. Boraston et al.

(2008) suggested that failure to decode these subtle social cues

is likely to be associated with reasoning about another's
mental state and could contribute to social difficulties in

autism.

Blampied et al. (2010) observed similar differences between

autistic and non-autistic children using face images
displaying a neutral expression, genuine and posed smiles.

However, social communication ability was not related to the

sensitivity to make subtle distinctions between the two smile

types. Similarly, both Heerey (2014) and Manera et al. (2011)

did not observe any relationship between individual differ-

ences in recognizing smile authenticity and autistic traits,

although these studies involved only non-autistic adults. It

remains unclear therefore whether this ability contributes to

the social communication difficulties in autism.

Given the importance of detecting these subtle facial

emotional expressions in everyday life, exploring factors that

may modulate emotion identification might not only help

explain the difficulties autistic people experience but also

highlight possible ways to make social interactions easier to

navigate. One potential factor is intergroup bias which refers

to the systematic finding that people tend to favour those who

are more similar to themselves (i.e., ingroup members) over

those who are less similar to themselves (i.e., outgroup

members). Ingroup favouritism can regulate how people act

towards each other, for example, people tend to cooperate and

share resources more with ingroup members but punish

outgroup members more harshly (e.g., Balliet et al., 2014;

Jordan et al., 2014). These effects are stronger when in-group

identity is stronger (Doosje et al., 1995; Ellemers et al., 2002).

Intergroup bias can be generated not only when the group

boundary is definite in the real world, such as gender and race

(e.g., Montagu, 1997; Rudman& Goodwin, 2004), but alsowhen

it is completely arbitrary and people are randomly assigned to

one of twomutually exclusive groups (i.e., minimal group; e.g.,

Allen & Wilder, 1975; Doosje et al., 1995; Howard & Rothbart,

1980; Tajfel, 1970).

Intergroup biases have been shown to affect emotion

recognition. People tend to bemore accurate in decoding basic

facial emotions displayed by ingroup members than by out-

group members under definite group boundaries (e.g.,

Elfenbein & Ambady, 2002) as well as minimal group settings

(e.g., Bernstein et al., 2007; Young & Hugenberg, 2010). Indeed,

an intergroup bias has been detected in identifying genuine

from posed smiles within a minimal group setting (Young,

2017). Surprisingly, an outgroup advantage was observed:

people were not only more accurate but also faster in differ-

entiating genuine from posed smiles for outgroup than

ingroup smilers. Specifically, people were more likely to

mistake posed smiles for genuine from ingroup members.

Young (2017) suggested that ingroup favouritism may explain

this effect; more positive feelings towards ingroup members

may have biased people to interpret ingroup posed smiles as

more genuine, whilst wariness of outgroup members may

have led to a more vigilant approach.

While no study has assessed an intergroup bias in smile

authenticity judgements in autism, a few recent studies have

suggested that intergroup bias is attenuated and even absent

in autistic people in studies using definite intergroup bound-

aries (e.g., nationality) and in non-autistic adults with high

autistic traits in studies using minimal group settings. Qian

et al. (2022) investigated intergroup bias in “third-party pun-

ishment” behaviours in autistic adults and found that non-

autistic adults penalised outgroup members more harshly

than ingroup members by removing money, but this ingroup

favouritism was attenuated in autistic adults. With a similar

https://doi.org/10.1016/j.cortex.2023.12.018
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paradigm, Vaucheret Paz et al. (2020) found the effect of

intergroup bias was completely absent in autistic children

compared with three other neurodivergent groups: children

with ADHD, learning disabilities and intellectual disability.

With a different paradigm, Uono et al. (2021) observed an

attenuated racial intergroup bias in perceiving self-directed

gazes (i.e., gazes that look at self) in autistic compared to

non-autistic adults, even though both groups did equally well

in distinguishing self-directed gaze from averted gaze. Like-

wise, with non-autistic adults, Bertschy et al. (2020) reported

that higher autistic traits were associated with less ingroup

favouritism in a minimal group paradigm.

On the other hand, the cross-race effect, the tendency to

recognize own racial (i.e., ingroup) faces more easily than

other racial faces, appears to be typical in autistic adults and

children in studies, at least in those studies where the facial

gaze patterns of both groups were comparable (Hadad et al.,

2019; Kang et al., 2020; Wilson et al., 2011; Yi et al., 2015,

2016), indicating that it is possible to detect intergroup bias in

autism under the right condition. Importantly, none of the

aforementioned studies measured group identification, so the

potential effect of the subjective attitude of autistic people

towards their group membership is not clear; if they did not

feel so closely affiliatedwith ingroupmembers, it might not be

surprising that an intergroup bias was reduced or absent.

Consequently, group membership seems to be a compelling

factor that may potentially modulate the accuracy of autistic

people when decoding subtle facial expressions, such as smile

authenticity.

Another factor that may modulate emotion recognition

and also relate to intergroup bias is empathy. Empathy en-

ables people to understand and share another's emotions and

feelings (De Vignemont & Singer, 2006; Singer et al., 2004) and

plays a crucial role in emotion recognition (Dyck et al., 2001)

and intergroup relations (Dovidio et al., 2010; Vanman, 2016).

Although it is hotly debated, autistic people have been widely

reported to show empathic difficulties (Baron-Cohen &

Wheelwright, 2004; Bird & Viding, 2014; Smith, 2009). This is

related not only to their difficulties in identifying emotional

expressions (Dyck et al., 2001; Sucksmith et al., 2013) but also

to their attenuated favouritism towards ingroup members

(Qian et al., 2022; Vaucheret Paz et al., 2020). However, it

should not be overlooked that the prevalence of alexithymia,

referring to difficulties in identifying and describing one's own

emotions, is significantly higher in autism than in the general

population (Hill et al., 2004; Salminen et al., 1999; Shah et al.,

2016). Although characterised as involving difficulties identi-

fying one's own emotions, Bird et al. (2010) found that alex-

ithymia, but not autism, can predict empathic brain responses

in the left anterior insula, linking alexithymia rather than

autism to difficulties representing other's emotions. Indeed,

co-occurring alexithymia in autism may be directly respon-

sible for emotion recognition difficulties (Cook et al., 2013) and

attenuated intergroup bias (Komeda et al., 2019) instead of

autism per se.

We predicted that.

1. autistic adults would show an intergroup bias on smile

authenticity judgements, rating ingroup smiles as more

genuine than outgroup smiles
2. this intergroup bias would be attenuated in autistic adults

compared to non-autistic adults

3. autistic adults would show less sensitivity to smile types,

rating genuine smiles and posed smiles as more similar

compared to their non-autistic counterparts

4. both autistic and non-autistic adults would show greater

discrimination between genuine and posed smiles for

outgroup than ingroup smiles

5. both non-autistic and autistic adults would be more likely

to identify with ingroup than outgroup members, but

autistic adults would possess an attenuated intergroup

identification compared to non-autistic adults

6. higher degrees of empathy would be associated with

higher ingroup identification and more genuine ingroup

smile ratings.
2. Method

We report how we determined our sample size, all data ex-

clusions, all inclusion/exclusion criteria, whether inclusion/

exclusion criteria were established prior to data analysis, all

manipulations, and all measures in the study. No part of the

study procedure/analyses was pre-registered prior to the

research being conducted.

2.1. Participants

Across the two diagnostic groups, 151 adults (85 females, 66

males) were recruited. The sample sizewas calculated to be 41

per group, assuming amedium effect size (f¼ .25), by referring

to Young (2017)'s and Boraston et al. (2008)'s studies, and a

power of .80. However, given the current studywas conducted

online, we decided to increase the sample size by a further

50% in each group, to mitigate the noise that may be intro-

duced by the lack of control over participants' hardware,

software and environment (Rodd, 2023). Prolific (www.prolific.

co) was used for recruitment and Gorilla (www.gorilla.sc) for

creating and delivering the experiment. Participants were

required to be fluent in English and have normal or corrected-

to-normal vision. The autism criterion in Prolific in addition to

a questionnaire, including autism diagnosis, age of diagnosis,

and family history, was used to identify autistic and non-

autistic participants. Participants were over recruited to

allow for participants who might need to be excluded and so

that we might ensure a close match for age and non-verbal

reasoning between the groups.

Fifteen participants from the entire sample were excluded

prior to data analysis, whowere inconsistent in reporting their

diagnosis, or who self-identified as autistic without a diag-

nosis. The resulting twogroups (75autistic and61non-autistic)

were comparable for age, sex, educational level andnon-verbal

reasoning as measured by the Matrix Reasoning Item Bank

(MaRs-IB; Chierchia et al., 2019), but, as expected, were signif-

icantly different in autistic traits, alexithymia, and empathic

concern (see Table 1). Additionally, although both groupswere

predominantly white, the proportion in the autism group was

significantly higher than in the non-autism group. Given that

emotion recognition sensitivity is independentof verbal ability

http://www.prolific.co
http://www.prolific.co
http://www.gorilla.sc
https://doi.org/10.1016/j.cortex.2023.12.018
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Table 1 e Autistic and non-autistic participants' characteristics; Mean (Standard Deviation).

Autism (n ¼ 75) Non-autism (n ¼ 61) Inferential statistic

Sex (M:F) 35:41 28:33 c2(1) ¼ .14, p ¼ .706, odds ratio ¼ .88

Age 28.27 (9.15) 29.05 (8.45) t(134) ¼ �.51, p ¼ .610, d ¼ �.09

Ethnicity Asian (1.3%) Black (6.7%) White

(82.7%) Mixed (9.3%)

Asian (4.9%) Black (24.6%)

White (62.3%) Mixed (8.2%)

c2(3) ¼ 10.77, p ¼ .013

Education High school (52%) UGe (33.3%)

PGf (13.3%) Missing (1.3%)

High school (42.6%) UGe (37.7%)

PGf (19.7%)

c2(2) ¼ 1.63, p ¼ .443

Non-verbal reasoning (MaRs-IBa) .58 (.19) .58 (.17) t(134) ¼ .45, p ¼ .964, d ¼ .008

Autistic traits (AQ-10b) 6.71 (2.40) 3.36 (1.82) t(133.38) ¼ 9.25, p < .001, d ¼ 1.55

Alexithymia (TAS-20c) 60.12 (10.96) 48.62 (12.68) t(119.33) ¼ 5.59, p < .001, d ¼ .98

Empathic concern (IRI-ECd) 18.25 (6.29) 20.67 (4.71) t(133.14) ¼ �2.56, p ¼ .011, d ¼ �.43

Note. aMaRs-IB ¼ Matrix Reasoning Item Bank; bAQ-10 ¼ 10 item Autism-Spectrum Quotient; cTAS-20 ¼ Toronto Alexithymia Scale; dIRI-

EC ¼ Interpersonal Reactivity Index (empathic concern subscale); eUG ¼ undergraduate; fPG ¼ postgraduate.
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(Blampied et al., 2010; Hobson, 1986) and the minimal group

inductionand the smilediscrimination task involved relatively

simple questions that did not require participants to give a

verbal response, only non-verbal reasoningwasmeasured and

matched between groups. None of the non-autistic partici-

pants reported a diagnosis of psychiatric or neuro-

developmental conditions.All participants in theautismgroup

stated that they had a diagnosis from a qualified clinicianwith

an average diagnostic age of 18.16 years (SD ¼ 11.10), ranging

from 3 to 49 years. This study was approved by the local

Research Ethics Committee. All participants gave informed

consent and were reimbursed for their time and effort.

2.2. Procedure

The procedure was finalized after consultation with autistic

community members. Participants started the session by

completing a dot-estimation task as an induction for setting

minimal groups, then a smile discrimination task. This was

followed by the MaRs-IB and finished with a series of ques-

tionnaires measuring: ingroup and outgroup identification;

individual differences in autistic traits, alexithymia and

empathic concern; and demographic information. Partici-

pants were then fully debriefed. The overall duration of the

experiment was one hour.

The Gorilla version of the minimal group induction, smile

discrimination task (BBC stimuli only) and group identification

questionnaire can be accessed here: https://app.gorilla.sc/

openmaterials/746364. We do not have permission to share

the stimuli from Farmer et al. (2021). The other measures that

we used were not adapted in any way from the original pub-

lications and are already freely available.

2.3. Minimal group induction

A dot-estimation task adapted from Howard and Rothbart

(1980) was used, which served as a minimal group induction

to randomly categorize participants into two groups: over-

estimators and underestimators. Participants were instructed

that, according to previous studies, people tend to consistently

overestimate or underestimate the number of objects they

have seen, which also relates to their personality. They were

also told theywould laterwatchsomevideosof overestimators
and underestimators, so it was important to remember their

group.

Ten pictures each containing 50e250 dots were presented,

each for 2000 msec (see Fig. 1 for an illustration). Participants

were asked to estimate the number of dots after each picture

on a slider bar. After the ten trials, participants were told their

scores were being calculated, and after a 2000msec delay they

were informed that they were either an overestimator or an

underestimator. To encourage participants to believe they

were similar to their in-group members, they were told this

was based on their estimation of the dots; however, the group

allocation was fully randomized. Participants were given

either yellow or green as an indicator of their group member-

ship, which was reinforced by some positive personality traits

of their ingroup members. The same colour badge would

appear in each video later in the smile discrimination task,

indicating the group membership of the smiler. For counter-

balance, approximately half of the autistic and non-autistic

participants were assigned to each minimal group and there-

fore to each colour.

2.4. Smile discrimination task

Stimuli. The 20 colour videos used in Young (2017) were adop-

ted,whichhavebeenvalidated todetect intergroupdifferences

in smile discrimination (retrieved from https://www.bbc.co.

uk/science/humanbody/mind/surveys/smiles/). Each smiler

only presented one of two smile types (i.e., genuine or posed),

13weremales and 7 females, with a range of races (e.g.,White,

Black, Asian) and ages, and presumed to be non-autistic. To

improve task reliability and sensitivity, the present study set

out to increase the number of trials by employing a second set

of 64 colourvideos taken fromFarmeret al. (2021).We intended

to improve the signal-to-noise ratio and increase power,

allowing for a better estimation of individual performance.

This set of stimuli contained eight actors, half male and half

female, all White young adults, and presumed to be non-

autistic. Each smiler provided four genuine and four posed

smiles. Therefore, the total number of videos was 84, half

genuine and half posed. These videos were determined to be

valid emotional expressions through previous studies (e.g.,

Young et al., 2015) and independent ratings (Farmer et al.,

2021).

https://app.gorilla.sc/openmaterials/746364
https://app.gorilla.sc/openmaterials/746364
https://www.bbc.co.uk/science/humanbody/mind/surveys/smiles/
https://www.bbc.co.uk/science/humanbody/mind/surveys/smiles/
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Fig. 1 e Illustration of the dot-estimation task.
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Tomatch the two sets of stimuli, each clipwas edited to the

same size (i.e., 354px*360px) and length (i.e., 2000 msec), to

begin with a neutral facial expression and end with a fully

expressed smile, using Adobe Premier Pro 2020. Each smiler

was given either a yellowor greenbadge to indicate their group

membership (overestimator or underestimator) as well as a

name (e.g., Joshua), and both were placed along the bottom of

each clip (see Fig. 2). Half of the clips were randomly pre-

selected to always be labelled as overestimators and the other

half as underestimators. Colour (i.e., green versus yellow) and

minimal group type (i.e., overestimator versus under-

estimator) were counterbalanced in both participants and

smilers.

Setup. Participants were told they would watch a series of

videos of underestimators' and overestimators’ emotional
Fig. 2 e Illustration of the smile discriminati
facial expressionsmade in response to some funny things and

would be required to make judgements of authenticity,

contagion, valence and intensity after each recording.Only the

authenticity ratings are analysed here but contagion, valence

and intensity ratings were included to discourage participants

from overthinking. Participants responded on a 7-point Likert

scale, with 1 ¼ not genuine (i.e., not spontaneous, feels

controlled) and 7¼ extremely genuine (i.e., spontaneous, feels

uncontrolled). Each trial beganwith a 500msec central fixation

cross, with a 100 msec blank screen before and after this. The

video clip then played automatically only once, followed

immediately by the authenticity question (see Fig. 2). There

was unlimited time for participants tomake their judgements.

The two sets of videos were presented separately, split into

two blocks. The first block contained two sub-blocks (10 trials
on task and an authenticity judgement.

https://doi.org/10.1016/j.cortex.2023.12.018
https://doi.org/10.1016/j.cortex.2023.12.018


Fig. 3 e The smile authenticity ratings by Diagnosis, Group

and Smile type (each dot represents the mean rating of

each smile); black diamonds represent the mean of each

condition.
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each), and the secondblock contained four sub-blocks (16 trials

each). Each sub-block only presented faces from one minimal

group (half genuine half posed), and the group type was pre-

sented to participants at the beginning of the sub-block. Sub-

blockswithin each block and trialswithin each sub-blockwere

randomlypresented.Four15,000mseccountdownbreakswere

includedbefore the secondblock andbetween its sub-blocks to

prevent fatigue. Participants were asked about the group

membership of the smiler after the first and second trials of

each sub-block to check and help maintain their attention.

They were also asked about their own group membership at

the end of the entire task to verify whether they had correctly

remembered their minimal group affiliation.

Analysis. Item-wise analysis was applied to analyse the

main effects and interactions of autism diagnosis, group

membership and smile type on the authenticity rating in the

smile discrimination task in two mixed ANOVAs. In the cur-

rent study, it was assumed that the variance between

different smilers was greater than the variance between

different judges, so we took the average rating per video

within autistic and non-autistic participants and for ingroup

and outgroup smiles. Accordingly, we treated each video as an

independent item, even though some smilers provided mul-

tiple videos. Diagnosis (autism versus non-autism) and Group

(ingroup versus outgroup) were therefore treated as within-

subject variables, while Smile type (genuine versus posed)

was a between-subjects variable.

2.5. Self-reported measures

Following the smile discrimination task, group identification

(GI) was measured by rating the applicability of eight state-

ments (i.e., four ingroup and four outgroup) covering three

areas (i.e., cognition, evaluation and affection) adapted from

Doosje et al. (1995): (1) “I feel strong ties to overestimators

[underestimators]”, (2) “I see myself as a member of the

overestimator [underestimator] group”, (3) “I identify with the

members of the overestimator [underestimator] group”, (4) “I

am glad to be amember of the overestimator [underestimator]

group”. The group type was highlighted with the corre-

sponding colour. Each statement was rated on a 7-point Likert

scale (1 ¼ not at all, 7 ¼ very true). The average GI score for

ingroup and outgroup for each participant was calculated

across the four questions.

Autistic traits were measured by the ten-item Autism-

Spectrum Quotient (AQ-10; Allison et al., 2012), with higher

scores indicating more autistic traits, ranging between 0 and

10. Empathic concern was measured by the empathic concern

scale of the Interpersonal Reactivity Index (IRI-EC; Davis,

1980), with higher scores indicating a greater tendency to

experience feelings of concern, compassion and warmth for

others, ranging between 0 and 28; it should be noted that this

measure does not directly assess the tendency to experience

the feelings of others. Alexithymia was measured by the

twenty-item Toronto Alexithymia Scale (TAS-20; Bagby et al.,

1994), with higher scores indicating more difficulties identi-

fying one's own emotions, ranging between 20 and 100; this

was included in order to control for alexithymia, to test

whether this condition could explain any group differences.

Demographic information was collected at the end of the
experiment, including age, sex, education, ethnicity, autism

diagnosis and age at diagnosis (if applicable).
3. Results

All the data were analysed using IBM SPSS Statistics (Version

29). No analysis code was used.

3.1. Smile discrimination

Authenticity ratings. A 2 � 2 � 2 mixed-design ANOVA was

conducted using the authenticity rating as the outcome vari-

able, with Diagnosis (autism versus non-autism) and Group

(ingroup versus outgroup) as within-subjects variables, and

Smile type (genuine versus posed) as a between-subjects

factor. The results indicated main effects of Diagnosis, F(1,

82) ¼ 194.14, p < .001, partial h2 ¼ .703, Group, F(1, 82) ¼ 26.11,

p < .001, partial h2 ¼ .242, and Smile type, F(1, 82) ¼ 124.82,

p < .001, partial h2 ¼ .604, and an interaction between Diag-

nosis and Smile type, F(1, 82)¼ 36.75, p < .001, partial h2 ¼ .309.

Importantly, there was no interaction between Diagnosis and

Group predicted by our second hypothesis, F(1, 82) ¼ .21,

p ¼ .646, partial h2 ¼ .003, nor between Group and Smile Type

predicted by our fourth hypothesis, F(1, 82) ¼ .07, p ¼ .792,

partial h2 ¼ .001, nor 3 way interaction.

Specifically, non-autistic adults considered smiles overall

as more genuine than autistic adults; smiles from ingroup

members were rated as more genuine than those from out-

group members; and genuine smiles were rated as more

genuine than posed smiles (see Fig. 3). To further investigate

the interaction between Diagnosis and Smile type, ingroup

and outgroup were collapsed, and then the rating difference
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Fig. 4 e Diagnosis £ Group interaction on group

identification scores (each dot represents the score of each

participant); black diamonds represent the mean of each

condition.
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between the non-autistic and autistic adults was calculated

for each smile item. Post-hoc tests revealed that the rating

difference between non-autistic and autistic participants for

genuine smiles (M ¼ .49, SD ¼ .25) was significantly greater

than that for posed smiles (M ¼ .19, SD ¼ .21), t(82) ¼ 6.06,

p < .001, d ¼ 1.32.

Adjusted authenticity ratings. Given the greater prevalence of

alexithymia in autism and the group difference on the TAS-20

in the current sample (see section 2.1), it is possible that the

observed effect of diagnosis, to some extent, is driven by

alexithymia rather than autism (see Introduction). To control

for alexithymic characteristics, a simple linear regression

model was used to predict the authenticity ratings of each

smile item across all participants based on the TAS-20 scores,

then we calculated the difference between the observed value

of the authenticity rating and the value of the rating predicted

from the regression line (i.e., the standardized residual). The

residual, or the adjusted authenticity rating,wasentered in the

same analysis as the unadjusted rating, a 2 � 2 � 2 mixed-

design ANOVA. There were main effects of Diagnosis, F(1,

82) ¼ 155.64, p < .001, partial h2 ¼ .655, Group, F(1, 82) ¼ 25.53,

p < .001, partial h2 ¼ .237, and Smile type, F(1, 82) ¼ 10.96,

p¼ .001, partial h2¼ .118, andan interactionbetweenDiagnosis

and Smile type, F(1, 82)¼ 36.07, p< .001, partial h2¼ .306, but no

other significant interactions (see Table 2 for descriptive sta-

tistics). The results therefore remain the sameafter controlling

for alexithymia, which indicates that alexithymia cannot

explain the main variance observed in the smile discrimina-

tion task.

3.2. Group identification

Group identification scoreswere analysed using a 2� 2mixed-

design analysis of variance (ANOVA), with Group (ingroup

versus outgroup) as a within-subjects variable, and Diagnosis

(autism versus non-autism) as a between-subjects factor.

There were significant main effects of Diagnosis, F(1,

134) ¼ 16.45, p < .001, partial h2 ¼ .109, and Group, F(1,

134) ¼ 162.66, p < .001, partial h2 ¼ .548, and an interaction

between Diagnosis and Group, F(1, 134)¼ 5.12, p¼ .025, partial

h2 ¼ .037. Specifically, non-autistic participants were more

likely to identify with others than autistic participants; and

participants identified more strongly with ingroup members

than outgroup members. Post-hoc tests (with Bonferroni

correction for multiple comparisons, a-level adjusted to

p ¼ .025) indicated that non-autistic adults reported greater

group identification with their ingroup members than autistic

adults, t(134) ¼ �4.07, p < .001, d ¼ �.70, but no group differ-

ence was observed in outgroup identification, t(134) ¼ �1.66,

p ¼ .099, d ¼ �.29 (see Fig. 4).
Table 2 e Standardised residuals of smile authenticity
rating after controlling for alexithymia, Mean (Standard
Deviation).

Ingroup Outgroup

Autism Genuine �.114 (.15) �.161 (.10)

Posed �.014 (.13) �.116 (.10)

Non-autism Genuine .190 (.11) .086 (.13)

Posed .065 (.14) �.003 (.09)
3.3. Correlations

In both autistic and non-autistic adults, correlations were

conducted to determine whether empathic concern was

associated with intergroup identification and intergroup bias

in smile discrimination, and whether smile discrimination

ability contributes to social communication difficulties. As

this was exploring individual differences, we recalculated the

smile judgement ratings by taking the average rating per

participant for ingroup and outgroup smiles. In autistic adults,

empathic concern was positively correlated with authenticity

ratings of ingroup smiles, r ¼ .28, p ¼ .015, and outgroup

smiles, r ¼ .27, p ¼ .017, but not with the group identification

scores, ingroup r ¼ .05, p¼ .670, outgroup, r ¼ .05, p¼ .677; and

autistic traits were negatively correlated with authenticity

ratings of posed smiles, r ¼ �.27, p ¼ .018, but not genuine

smiles, r ¼ �.14, p ¼ .238. In contrast, in non-autistic adults,

empathic concern was correlated with the ingroup identifi-

cation, r ¼ .44, p < .001, but not with the outgroup identifica-

tion, r ¼ �.152, p ¼ .243, nor with ingroup smiles r ¼ .13,

p ¼ .322, nor outgroup smiles, r ¼ .13, p ¼ .338; and autistic

traits were not correlatedwith authenticity ratings of genuine,

r ¼ �.10, p ¼ .468, nor posed smiles, r ¼ .18, p ¼ .177. Addi-

tionally, the difference between ingroup and outgroup iden-

tification was not associated with the difference between

ingroup and outgroup smile judgements in either autistic,

r ¼ .14, p ¼ .223, or non-autistic people, r ¼ �.21, p ¼ .111.
4. Discussion

To the best of our knowledge, this is the first study to inves-

tigate whether an intergroup bias can modulate the
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perception of genuine and posed smile authenticity among

autistic adults. We found that group membership did affect

authenticity judgements similarly in autistic and non-autistic

adults, but did not modulate the ability to differentiate

genuine from posed smiles in either diagnostic group.

As expected, ingroup favouritism on smile authenticity

identification was found not only in non-autistic adults,

replicating Young (2017)'s findings, but also in autistic adults;

specifically, ingroup smiles were rated as more genuine than

outgroup smiles in our minimal group setting. This indicates

that intergroup bias can indeed influence how autistic people

perceive smile authenticity. Furthermore, autistic people

seemed to be as susceptible as non-autistic people to this

intergroup bias, because no interactionwas observed between

Diagnosis andGroup; accordingly, autistic adults' sensitivity to
intergroup bias on smile judgements seems not to be attenu-

ated. Considering results in the recent autism literature, this is

consistent with some studies on the cross-race effect (Wilson

et al., 2011; Yi et al., 2015, 2016), although differs from a num-

ber of other studies (Hadad et al., 2019; Kang et al., 2020). It is

possible that these latter studies involved tasks that autistic

people struggledmorewith, suchas judgingsocial norms (Qian

et al., 2022) and direct gaze aversion (Uono et al., 2021), making

intergroupmodulationharder todetect,whilstwewereusinga

task that autistic were capable of, albeit to a lesser extent than

non-autistic people (see below). Regardless, the current results

indicate that ingroup members might be perceived as more

authentic and therefore interaction with them might be more

rewarding (Shore & Heerey, 2011) and enjoyable (Krumhuber

et al., 2007) for both autistic and non-autistic people.

We also observed that autistic adults generally rated smiles

as less authentic than non-autistic adults. It is possible that

autistic adults are generally less trusting of unfamiliar people,

given their increased likelihood to have experienced victim-

isation (Sterzing et al., 2012), and therefore judge all smiles to

be less genuine. Relatedly, we found that those autistic adults

who gave lower ratings of smile authenticity also reported

lower empathic concern, but it is not possible from our data to

know whether or how this might relate to reduced trust.

Alternatively, given the autistic adults were susceptible to a

minimal group manipulation, they could presumably also be

influenced by pre-existing social groups, such as autism

versus non-autism groupings. If the diagnostic-group identi-

fication also caused intergroup effects, and if our autistic

adults assumed in the absence of evidence to the contrary that

all the videos contained people from the non-autistic major-

ity, this could account for the generally lower ratings made by

the autism group. Indeed, the idea of diagnostic-ingroup

favouritism has been supported by Sasson et al. (2017) and

Alkhaldi et al. (2019), who both reported that non-autistic

people rated autistic people less favourably than other non-

autistic people. If a diagnostic intergroup bias does account

for the generally lower ratings given by our autistic partici-

pants, we might have failed to fairly measure how autistic

adults judge smile authenticity. This could also be said for the

many studies in the literature assessing social judgements in

autism, which presumably used non-autistic protagonists

(Gernsbacher et al., 2017). This might suggest a need to re-

evaluate past findings of social perception in autism and

consider whether any of those studies might have
misrepresented the social judgements of autistic people

through introducing an outgroup disadvantage. Future studies

could test this possibility directly by including autistic as well

as non-autistic protagonists.

Certainly, when we asked participants how closely they

identified with each minimal group at the end of the experi-

ment, although both diagnostic groups reported higher iden-

tification towards their ingroup than outgroup, autistic adults

reported identifying less with the actors than non-autistic

adults, and this was especially the case for ingroup mem-

bers. Whatever the cause, this reduction in identification is

likely to have been related to the lower authenticity ratings

given by autistic adults.

Consistent with Boraston et al. (2008) and Blampied et al.

(2010)'s findings but here using dynamic stimuli, the interac-

tion between Smile type and Diagnosis indicates that, while

autistic people are capable of discriminating genuine from

posed smiles, this is to a lesser extent than non-autistic

adults. Importantly, the results remained the same after

controlling for alexithymia, so smile authenticity judgements

must rely on autism-specific cognitive processes. Autistic

adults may be less sure of the authenticity of others, perhaps

due to differences in reasoning about mental states (Boraston

et al., 2008), which could subsequently affect their social

communication. Interestingly, the interaction was driven by

genuine smiles, as there was a greater difference between

autistic and non-autistic adults in identifying genuine than

posed smiles. As posed smiles are thought to represent

concealment of the true emotional state (Ekman, 2003;

Krumhuber et al., 2007), these are considered more complex

social signals that involve mentalizing and hence might give

rise to higher authenticity ratings and reduced smile

discrimination if taken at face value. Indeed, the degree of

self-reported autistic traits was correlated to posed but not

genuine smile ratings. The greater difference between autistic

and non-autistic adults on genuine than posed smiles may

therefore have resulted due to the generally lower ratings

given by autistic adults, as already discussed, so it seems it is

the reduction in discrimination that is most important here.

Aswell as differing in reliance onmentalizing, genuine and

posed smile judgements rely on attention to different parts of

the face. Only genuine smiles involve muscle contraction

around the eyes, especially the AU6 (Duchenne& de Boulogne,

1990; Ekman et al., 1990; Ekman & Friesen, 1982), so a lack of

attention to the eye region during smile judgements could

explain the reduction in smile discrimination in autism

(Boraston et al., 2008). Future studies using eye-tracking

technology could reveal the fixation pattern and attention

distribution of autistic people when judging smiles, to explore

the information they tend to use from smiling faces; it would

also be of interest to understand the use of these muscles in

autistic smile production. This might give a deeper insight

into the mechanisms underlying subtle facial expression

recognition differences in autism.

An alternative interpretation of this reduction in smile

discrimination in autistic adults comes from a neurodiversity

perspective. Following from the ‘double empathy problem’

(Milton, 2012) which hypothesises that autistic social interac-

tion and communication difficulties are bidirectional, it has

been suggested that autistic people can more easily decode
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social cues and reasonabout themental states of other autistic

people than about non-autistic people, and the oppositewould

be true for non-autistic people (e.g., Fletcher-Watson&Happ�e,

2019; Komeda et al., 2019). It is possible therefore that the

reduced smile discrimination in the autism group is due to the

actors in the videos being assumed to be non-autistic and

therefore diagnostic outgroup members. However, Young

(2017)'s study of smile discrimination would indicate that we

should expect increased smile discrimination for outgroup

members. Having said this, Young (2017) failed to replicate this

increased outgroup smile discrimination effect in his second

experiment, as did we in ours e there was no interaction be-

tween smile type and intergroup membership, nor a 3-way

interaction with diagnostic group, indicating that an inter-

group bias did not modulate smile discrimination ability. It

therefore seems unlikely that a diagnostic intergroup bias

could explain the diagnostic group difference in smile

discrimination ability.

More generally, our use of a minimal group paradigm to

generate intergroup bias meant we were able to minimize the

potential effects of other forms of intergroup bias and eluci-

date that even arbitrary labels can induce ingroup favouritism

in both autistic and non-autistic people, quite apart from

groupings that are associated with social stigmatism (Milton,

2012). Further, conducting of the study online was advanta-

geous during the COVID-19 pandemic and for the inclusion of

autistic people who might not be have able to participate in

laboratory experiments, and our findings hold promise that it

is feasible and valid to assess smile perception and more

generally implementminimal group paradigms online. In fact,

it is possible that minimal group paradigms might have

stronger effects in online than in lab-based studies, as there is

little other contextual information to guide them online and

hence the assigned membership would be more prominent

than in lab-based environments.

However, we are also aware that an online approach also

has limitations e less control over the environment, the

monitor and the integrity of participants during testing

(Tsantani et al., 2022). Similarly, because of ethics and feasi-

bility, we could not verify participants’ diagnoses, although

our autistic adults showed significantly higher autistic traits

than the non-autism group, sowe believe that our findings are

still a valuable addition to current autism research. Addi-

tionally, all of our autistic adults possessed average-to-high

non-verbal reasoning ability e future studies should confirm

these results in a laboratory setting and recruit autistic people

with diverse cognitive abilities.

Of course there are large individual differences in genuine

and posed smile expressions, which are usually interpreted in

more ambiguous and varied social interaction contexts

(Heerey, 2014). Thus, our findings may require evaluation

undermore naturalistic settings. However, given the videos of

genuine and posed smiles produced by actors were differen-

tiable even in a remote online situation, their fundamental

differences could be more salient and therefore more likely to

be identified in face-to-face interaction. Thus, we believe that

our findings are useful for understanding subtle expression

discrimination under intergroup settings in autism.

In conclusion, the current study contributes to a better

understanding of autism through demonstrating autistic
sensitivity to social group categories despite a tendency to

judge all smiles as less genuine and difficulties in differenti-

ating a subtle facial emotion expression under minimal group

settings. We propose that this might be due to reduced iden-

tificationwith, empathy for or trust in unfamiliar or diagnostic

outgroupmembers, in combination withmentalizing or social

attention differences. As autistic people perceive ingroup

members to be more authentic, this is likely to give rise to

more rewarding and more comfortable interactions. This has

implications for designing tailored support and policies that

emphasize similarities and inclusion between autistic and

non-autistic people to avoid intergroup conflicts (Mitchell

et al., 2021), rather than focussing on how they might be

different (Baron-Cohen, 2017). This might facilitate autistic

people in navigating the social world more effectively and

make society more inclusive.
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