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Research suggests that autistic people1 may show impair-
ments in the ability to infer others’ emotional states from 
perceptual cues (Harms et al., 2010; Leung et al., 2022; 
Lozier et al., 2014; Uljarevic & Hamilton, 2013; Williams 
et al., in press; Yeung, 2022; Zhang et al., 2022). Emotion 
recognition has clear relevance to social reciprocity and 
nonverbal communication behavior, differences in which 
are diagnostic criteria of autism (American Psychiatric 
Association, 2013). Additionally, across studies with autis-
tic participants, a link between emotion recognition abilities 
in the lab and everyday social functioning has been estab-
lished (Trevisan & Birmingham, 2016). As such, these 
impairments may be a key feature of autism with consid-
erable diagnostic importance. However, while there are 
clear trends in the literature, differences in demographic 
factors and task design have contributed to mixed findings, 

1   We alternate between person-first and identity-first language to 
address the varying preferences of the international autism community, 
as recommended in Buijsman et al. (2023).
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Abstract
Despite extensive research efforts, it is unclear how autistic and non-autistic individuals compare in their ability to recog-
nize emotions. Differences in demographic and task factors have been proposed as explanations for divergent findings, but 
limitations in samples and designs have obscured insight into this possibility. This study investigated the extent of emotion 
recognition differences among autistic adults and the influence of these factors upon them. We recruited a large sample 
of autistic and non-autistic adults (N = 1,239) spanning across adulthood (18–76 years). In three online experiments, we 
compared their performance in recognizing emotions from basic facial expressions, complex expressions conveyed by 
the eyes alone, and prosodic elements of speech. Autistic individuals performed as well as non-autistic ones in terms of 
recognition accuracy/sensitivity across measures and emotional categories but took longer to do so. We also detected 
comparable influences of age, estimated intelligence quotient, and gender (as well as task demands) on both groups. While 
autistic adults may differ in how they process emotional stimuli, they can do so effectively when given sufficient time. 
Accordingly, efforts to help autistic individuals improve their ability to recognize emotions may be more fruitful if they 
focus on efficiency over accuracy. Additionally, reaction time data may offer greater insight than accuracy into differences 
between autistic and non-autistic individuals on emotion recognition tasks. The similar effects of the demographic and 
task factors we analyzed on both groups suggest that explanations of the discrepancies in prior literature lie elsewhere.

Keywords  Autism · Emotion recognition · Facial expressions · Affective prosody

Accepted: 28 February 2025
© The Author(s) 2025

Intact but Protracted Facial and Prosodic Emotion Recognition Among 
Autistic Adults

Robert M. Jertberg1,2  · Sander Begeer1  · Hilde M. Geurts2,3  · Bhismadev Chakrabarti4,5,6  ·  
Erik Van der Burg1

1 3

http://orcid.org/0000-0002-4077-9077
http://orcid.org/0000-0002-0572-6893
http://orcid.org/0000-0002-4824-9660
http://orcid.org/0000-0002-6649-7895
http://orcid.org/0000-0003-2522-7925
http://crossmark.crossref.org/dialog/?doi=10.1007/s10803-025-06786-z&domain=pdf&date_stamp=2025-3-25


Journal of Autism and Developmental Disorders

especially among autistic adults. In this study, we seek to 
elucidate the influence of these factors by measuring facial 
and prosodic emotion recognition in a large cohort of autis-
tic and non-autistic adults with novel analyses investigating 
the roles of age, stimulus complexity, and time, as well as 
the relationships between these different aspects of emotion 
recognition.

Facial expressions and the sounds of speech are two of 
the most salient and socially relevant types of emotional 
cues, and the former is the most widely studied topic of 
emotion recognition in autism research (Uljarevic & Hamil-
ton, 2013). Although findings comparing the performance of 
autistic and non-autistic individuals have been quite mixed 
(Harms et al., 2010), meta-analyses have found significant 
evidence of impairment of facial emotion recognition in 
autism (Lozier et al., 2014; Uljarevic & Hamilton, 2013; 
Yeung, 2022). Recognition of vocal emotions is a newer, 
emerging field. Changes in pitch, intonation, and speed are 
able to convey emotional meaning that goes beyond the 
semantics of spoken words, a linguistic feature known as 
affective prosody (Frick, 1985). Due to the overlapping dif-
ferences in emotion recognition and speech processing in 
autism (Georgiou & Spanoudis, 2021; Kwok et al., 2015; 
Leung et al., 2022; Rump et al., 2009), one might expect 
affective prosody recognition to be especially impaired. 
However, the only meta-analysis on the topic found that 
the group difference initially detected was no longer signifi-
cant after accounting for publication bias, highlighting the 
necessity for more research with larger samples (Zhang et 
al., 2022). What, then, contributes to these inconsistencies 
in findings?

Differences in demographic factors are one possible 
source of variation in outcomes, particularly given that the 
field often includes small samples with skewed distribu-
tions. For example, the vast majority of studies are heav-
ily biased towards male participants, making it difficult to 
ascertain the importance of gender to potential differences 
between groups. Women tend to perform better on facial 
and prosodic emotion recognition tasks generally (Fujisawa 
& Shinohara, 2011; Greenberg et al., 2023; Hall, 1978; 
Lausen & Schacht, 2018), and some studies suggest that 
autistic women may not encounter the same degree of dif-
ficulties seen among autistic men in these areas (Ketelaars 
et al., 2016; Kothari et al., 2013; Sucksmith et al., 2013). 
This underscores the need for larger, more balanced samples 
when drawing conclusions about autism across genders.

As autism is a developmental condition, the most widely 
investigated demographic factor at play is age. Among 
non-autistic individuals, both facial and prosodic emo-
tion recognition develop gradually throughout childhood, 
reaching maturity during adolescence (Filippa et al., 2022; 
Herba & Phillips, 2004; Lawrence et al., 2015). Autism has 

been theorized to involve disruption of this typical matu-
ration trajectory (Harms et al., 2010; Lozier et al., 2014; 
Rump et al., 2009), which may translate into larger differ-
ences between autistic and non-autistic adults than children. 
Conversely, individuals with autism may develop compen-
satory strategies with age, reducing observable differences 
in emotion recognition (Harms et al., 2010; Livingston & 
Happé, 2017). These contrasting predictions have been met 
with equally contrasting findings. Some studies and meta-
analyses have shown greater differences between autistic 
and non-autistic adults than children in facial and prosodic 
emotion recognition (Leung et al., 2022; Lozier et al., 2014; 
Rump et al., 2009), whereas others have not detected an 
influence of age (Uljarevic & Hamilton, 2013; Yeung, 2022; 
Zhang et al., 2022). Additionally, facial and prosodic emo-
tion recognition abilities have been found to deteriorate at 
advanced ages among the general population (Cortes et al., 
2021; Lambrecht et al., 2012; Ruffman et al., 2008, 2009). 
However, no studies to date have investigated differences 
between autistic and non-autistic individuals in the age 
range at which this occurs, so the degree to which emotion 
recognition may differ in autistic adults across the lifespan 
is unclear.

Divergent findings with regard to age may also have to do 
with shifting demands between more challenging tasks used 
with adults and simpler ones used with children (Harms et 
al., 2010). Some research suggests that differences between 
autistic and non-autistic individuals are more pronounced 
with complex stimuli from emotional categories that 
develop later (Leung et al., 2022; Lozier et al., 2014; Uljar-
evic & Hamilton, 2013). As such, studies that use only a 
small range of simple stimuli may be unable to detect dif-
ferences between groups that studies with more complex 
stimulus sets covering more emotional categories can.

Another crucial factor may be processing speed. Some 
studies have found that autistic adults and children are just as 
accurate as non-autistic ones in recognizing facial and pro-
sodic emotions, but that they are simply slower in doing so 
(Leung et al., 2023; Matsumoto et al., 2016). This resonates 
with findings that autistic individuals may use compensa-
tory mechanisms to augment their performance (Harms et 
al., 2010) and do better on the featural than holistic level 
(Yeung, 2022) in emotion recognition. Both of these fac-
tors could translate into a longer time taken to reach opti-
mal performance. They might also require a greater degree 
of effort, leading to a deterioration in performance over the 
course of long experiments. However, because most studies 
do not measure reaction times (RTs) or performance over 
the course of trials, it is difficult to determine the extent to 
which temporal factors may be relevant.

Throughout the literature, overlapping potential con-
founds obfuscate the influence of the various factors that 
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may explain discrepancies in facial and prosodic emotion 
research. Beyond the potential diagnostic utility of measur-
ing these abilities, given that emotion recognition training 
has been shown to be effective for autistic adults and chil-
dren (Baron-Cohen et al., 2009; Farashi et al., 2022; Zhang 
et al., 2022), identifying those who struggle in these areas 
could allow targeted interventions to improve related social 
skills. As such, it is crucial that we better understand the 
influence of underlying demographic factors and design 
features on the pattern of findings thus far. To this end, 
we recruited a large sample of autistic and non-autistic 
adults with better representation of autistic women than in 
most earlier research as well as wide ranges of ages. We 
administered the most popular facial emotion recognition 
paradigms- (a) the Karolinska Directed Emotional Faces 
(KDEF, Lundqvist & Öhman, 1998; Sucksmith et al., 2013; 
Wilson et al., 2014), (b) the Reading the Mind in the Eyes 
Test (RMET, Baron-Cohen et al., 2001)- and (c) an affective 
prosody paradigm allowing fine grained insight into new 
features of vocal emotion recognition (Van der Burg et al., 
2024). Together, these paradigms allowed us to investigate: 
(a) whether autistic and non-autistic adults differ in facial 
and/or prosodic emotion recognition speed or accuracy, (b) 
which demographic (i.e., age, gender, and IQ) and task (i.e., 
stimulus type/complexity) variables might influence perfor-
mance, (c) how performance might differ between groups 
over the course of the experiment, (d) how strongly our dif-
ferent measures correlate, and (e) which task is most predic-
tive of a clinical diagnosis.

Methods

Participants. The three experiments described in this paper 
were part of a larger two-part battery. Overall, a total of 
706 autistic participants were recruited via the Netherlands 
Autism Register (NAR, https://nar.vu.nl/), and 533 ​n​o​n​-​a​
u​t​i​s​t​i​c participants were recruited via the NAR as well as 
Prolific Academic, an online recruitment platform that com-
pares favorably to popular alternatives in data quality (see 
Peer et al., 2022). The autistic participants reported a formal 
diagnosis by a qualified, independent clinician. The non-
autistic participants reported no diagnosis of autism. NAR 
participants received €15 gift cards and Prolific Academic 
participants were paid £15. All participants were fluent in 
Dutch, naïve to the purpose of the study, and gave informed 
consent prior to the experiment. Dropout and exclusion 
rates for individual measures differed according to which 
experiments came earlier in the batteries, data availability 
for participants, and outlier criteria pre-registered in As Pre-
dicted (#148205, ​h​t​t​p​​s​:​/​​/​a​s​p​​r​e​​d​i​c​​t​e​d​.​​o​r​g​​/​B​Z​​G​_​S​1​W).

Note that for Experiments 1 and 2, in addition to the pre-
registered exclusion criteria, we considered a trial an out-
lier if the RT was < 500 ms (rather than the pre-registered 
250 ms threshold). We decided our threshold was not strict 
enough after noticing that some participants had unrealistic 
mean response times close to 400 ms (with the mean being 
over 3000 ms in Experiment 1 and 6000 ms in Experiment 
2). Furthermore, for Experiment 2, one participant was 
excluded from further analyses as (s)he opened another 
application (like email, facebook, etc.) on 85% of the tri-
als (group mean < 1%). With regard to Experiment 3, we 
removed our minimum RT threshold (originally 250 ms) due 
to the fact that participants were able to prepare to respond 
while stimuli were playing. This led to a large number of 
very quick responses (16% < 250 ms). Detailed information 
on the exclusion process can be found in Supplementary 
Figs.  1–3. The demographic information for each experi-
ment is depicted in Table 1.

The experiments were approved by the ethical com-
mittee from the Vrije Universiteit Amsterdam (VCWE-
2020-041R1) in accordance with the Netherlands Code of 
Conduct for Research Integrity. All experiments were pro-
grammed and conducted online using Neurotask (www.neu-
rotask.com).

Experiment 1: Basic Facial Emotion 
Recognition (KDEF)

Stimuli  Ten front-facing color photographs of actors/
actresses making expressions from each of seven emotional 
categories (happy, sad, angry, afraid, disgusted, surprised, 
and neutral) were selected from the subset of the KDEF data-
base used in Sucksmith et al. (2013). The images (562 × 762 
pixels) were displayed centrally, shifted up 10% and tak-
ing up 50% of the available vertical screen space within the 
web browser (see Fig.  1 for an illustration). Words refer-
ring to each of the seven emotional classes were translated 
into Dutch (blij (happy), verdrietig (sad), boos (angry), 
bang (afraid), walgend (disgusted), neutraal (neutral), ver-
rast (surprised) and displayed in a fixed order to the right of 
the image with corresponding numbers. The order was fixed 
to avoid participants confusing the numbers associated with 
specific terms. Psychometric properties of the stimulus set 
are explored in Goeleven et al. (2008).

Procedure:  Figure 1 provides an example trial sequence.

Each trial, an image would appear along with the 7 word/
number pairs. Participants were instructed to press the 
number key corresponding to the emotion they thought 
the person in the image was experiencing as quickly and 
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Experiment 2: Complex Facial Emotion 
Recognition (RMET)

Stimuli. 37 black and white photographs of the eyes and sur-
rounding area of actors/actresses making various emotional 
expressions were taken from Baron-Cohen et al. (2001). The 
images (approximately 550 × 225 pixels) were displayed 
centrally, taking up 100% of the available horizontal screen 
space (note: available screen width was equal to available 
screen height within the browser, see Fig. 2 for an example). 
Four words describing feelings (one of which corresponded 
to each expression) were displayed (along with numbers) 

accurately as possible. They were notified that they would 
have a maximum of 20 s per image to make their decisions. 
After a response was given (or 20 s elapsed, as in Sucksmith 
et al., 2013), a blank screen was shown for 1 s (to prevent 
participants skipping past two trials), and the subsequent 
trial was initiated. In total, there were 70 experimental trials 
(10 of each emotional category) appearing in randomized 
order. Prior to this experiment (as well as Experiments 2 and 
3), participants received written instructions on the screen. 
There were no practice trials.

Table 1  Demographic information for each experiment. Standard deviations are shown between parentheses. Asterisks signify significant group 
differences (p <.05)

Experiment 1: KDEF Experiment 2: RMET Experiment 3: Prosody
Autism No Autism Autism No Autism Autism No Autism
(n = 399) (n = 370) (n = 516) (n = 393) (n = 398) (n = 390)

Gender*
  Women (%) 66.4 49.2 64.3 51.7 65.8 48.5
  Men (%) 33.6 50.8 35.7 48.3 34.2 51.5
Age* 44.7 (14.2) 32.4 (12.3) 44.9 (14.0) 33 (12.7) 44.9 (14.1) 32.1 (12.2)
Age Range 18–76 18–72 18–77 18–74 18–76 18–74
AQ-28* 83.4 (10.8) 60.5 (10.9) 82.8 (10.8) 59.9 (11.3) 83.5 (10.8) 60.6 (11.0)
AQ-28 Range 46–109 30–96 46–109 30–96 46–109 30–96
ICAR 0.53 (0.21) 0.52 (0.19) 0.53 (0.21) 0.53 (0.19) 0.53 (0.21) 0.52 (0.19)
ICAR Range 0-0.94 0.0-0.94 0-0.94 0.06–0.94 0-0.94 0-0.94
AQ: Autism Quotient
ICAR: International Cognitive Ability Resource (abbreviated intelligence quotient test)a

aThe ICAR project is an open resource for online cognitive tasks. We used the ICAR-16 intelligence test, which correlates strongly with full-
scale IQ (Young & Keith, 2020) and has been shown to be age and sex invariant (Young et al., 2019). We report proportions of correct responses, 
which we use as covariates in subsequent analyses

Fig. 1  Example trial sequence from the Karolinska Directed Emotional Faces task (Lundqvist & Öhman, 1998). The monitor provides a propor-
tionate representation of the dimensions/alignment of the images
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fundamental frequency, accented syllables, and duration 
of the stimuli were manipulated by the original authors to 
create a 7-step affective prosodic continuum from happy to 
fearful. Stimulus duration ranged from 1513 ms to 1755 ms 
(Van der Burg et al., 2024). We selected two stimuli from 
either side of the continuum (specifically the first, third, 
fifth, and seventh, with the first being the happiest, and the 
seventh being the most fearful) for our experiment. Psycho-
metric properties of the stimulus set have not been explored 
extensively.

Procedure:  Figure 3 provides example trial sequences.

Trials began with the presentation of a fixation symbol 
in the center of the screen for 500 ms. The symbol could 
be either a green + (indicating a “go” trial) or a red - (indi-
cating a “no-go” trial)2. The fixation symbol then disap-
peared (leaving the screen blank) and the auditory stimulus 
was presented. Subsequently, on go trials, participants were 
instructed to respond to what emotion the voice expressed 
on a Likert scale of 1–7 (with 1 being happiest and 7 being 
most fearful) by pressing the corresponding number key 
(see also Van der Burg et al., 2024). A Likert scale was cho-
sen because stimuli lied on a continuum between happy and 

2   In a follow-up paper, we aim to measure potential inter-trial effects 
on prosodic emotion recognition (as in Van der Burg et al., 2024) for 
individuals with and without autism. No-go trials were for these analy-
ses. However, measuring serial dependence is not within the scope of 
the present article, so we have simply reported findings for go trials 
across previous trial conditions.

equidistantly from the center of each image, towards the 
corners of the screen. The words were Dutch translations 
of those presented in the original study, taken from the EU 
AIMS project (see ​h​t​t​p​​s​:​/​​/​w​w​w​​.​a​​i​m​s​​-​2​-​t​​r​i​a​​l​s​.​​e​u​/​​a​b​o​​u​t​-​a​​i​m​​
s​-​2​-​t​r​i​a​l​s​/​e​u​-​a​i​m​s​/). A different set of four words appeared 
along with each image, although some words repeated. Psy-
chometric properties of the stimulus set are explored in Old-
erbak et al. (2015)

Procedure:  Figure 2 provides an example trial sequence.

Each trial, an image would appear along with the four 
word/number pairs. Participants were instructed to read all 
four words, then press the number key corresponding to the 
option they felt best described what the person in the image 
was feeling as quickly and accurately as possible. They 
were notified that they would have a maximum of 20 s per 
image to make their decision. After a response was given (or 
20 s elapsed), a blank screen was shown for 800 ms, and the 
next trial was initiated. Participants completed one practice 
trial and then 36 experimental trials in a fixed order (as in 
Baron-Cohen et al., 2001).

Experiment 3: Affective Prosody Recognition

Stimuli. Four auditory tokens of the semantically neutral 
Dutch sentence, “zijn vriendin kwam met het vliegtuig (his 
girlfriend arrived by plane),” were taken from the stimu-
lus set described in de Gelder and Vroomen (2000). The 

Fig. 2  Example trial sequence from the reading the mind in the eyes task. The monitor provides a proportionate representation of the dimensions/
alignment of the images
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familiar with the task and stimuli used. Then, each of the 
four stimuli were presented 32 times for go trials, and the 
happiest and most fearful stimuli were presented 32 times 
for no-go trials. In total, this amounted to 192 experimental 
trials, presented in random order.

afraid, rather than coming from specific categories (as in 
the previous experiments). The scale was displayed on the 
screen to help the participants. On no-go trials, participants 
were instructed to withhold their response (no response was 
recorded), and a blank screen was displayed for 3 s minus 
the stimulus duration. The subsequent trial was initiated 
when participants made a response (on go trials) or when 
the 3 s elapsed (on no-go trials). Time-outs were not imple-
mented on go trials to remain consistent with Van der Burg 
et al. (2024). Participants completed 6 practice trials to get 

Fig. 3  Example trial sequences from the affective prosody experiment. 
On every trial, participants saw a green + sign or red – sign, indicat-
ing the trial type (i.e., a go or no-go trial, respectively). Subsequently, 

an auditory stimulus was presented. In go trials, participants rated the 
emotional content of the stimulus (on a 7-point Likert scale). On no-go 
trials, participants were instructed to withhold their response
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performed better than men (86%). Age (F(1, 763) = 7.104, 
p =.008, ηp

2 = 0.009) had a negative relationship with accu-
racy (i.e., older people were less accurate), and ICAR score 
(F(1, 763) = 10.870, p =.001, ηp

2 = 0.014) had a positive one 
(i.e. those with higher scores performed better). All other 
F ≤ 0.308; all other p ≥.579.

Reaction time. There was a significant effect of group 
(F(1, 763) = 51.634, p <.001, ηp

2 = 0.063), such that autistic 
participants (3191 ms) were slower than non-autistic par-
ticipants (2475 ms). Age also had a positive relationship 
with RT (F(1, 763) = 154.954, p <.001, ηp

2 = 0.169), i.e., 
older participant were slower. All other F ≤ 5.048; all other 
p ≥.025.

Percentage time-out. There were no significant effects 
on time-out rates (all F ≤ 2.928; all p ≥.087), which were 
extremely rare (0.02% of trials).

Figure  5a and b reflect the mean accuracy and mean 
RT as functions of emotional category for each group and 
gender, respectively. To determine whether the groups dif-
fered on specific emotional categories (particularly those 
that were harder), we conducted exploratory mixed mea-
sures ANOVAs on the mean accuracy and mean correct RT 
with emotional category as a within-subject variable, group 
and gender as between-subjects factors, and age and ICAR 
scores as covariates.

Accuracy by emotional category. As in the main analysis, 
there was no main effect of group (F(1, 763) = 3.172 × 10− 5, 
p =.974, ηp

2 = 1.354 × 10− 6), but there were significant main 
effects of gender, ICAR, and age (all F ≥ 7.329; all p ≤.007). 
Emotional category had a significant main effect (F(6, 

Results

Alpha was set to 0.05, but Bonferroni corrected for multiple 
comparisons according to the number of dependent vari-
ables measured for each experiment. Because each experi-
ment involved three dependent variables, this resulted in an 
alpha of 0.017 within measures. Statistical tests were con-
ducted using Just Another Statistical Program (JASP, ver-
sion 0.17.3.0, see Love et al., 2019) and Jamovi (version 
2.3.28, see The Jamovi Project, 2024). The frequentist anal-
yses on accuracy/sensitivity and RT reported in the main 
text were repeated using JASP’s Bayesian statistics module. 
The results of these analyses are shown in the Supplemen-
tary Tables 1–6.

Experiment 1: Basic Facial Emotion 
Recognition (KDEF)

Figure 4 illustrates the mean accuracy (Panel A), mean cor-
rect RT (Panel B), and percentage of time-outs (Panel C) 
as functions of group for men and women. We conducted 
ANCOVAs on the mean accuracy, mean correct RT, and 
mean percentage of time-outs with group and gender as 
between-subject variables and age and ICAR scores as 
covariates.

Accuracy. The effect of group was not significant (F(1, 
763) = 0.015, p =.903, ηp

2 = 1.961 × 10− 5). However, there 
was a significant main effect of gender (F(1, 763) = 9.854, 
p =.002, ηp

2 = 0.013), such that women (mean: 88%) 

Fig. 4  A) Mean accuracy as a function of group and gender. B) Mean correct reaction time as a function of group and gender. C) Mean percentage 
of time-outs as a function of group and gender. The error bars reflect the standard error of the mean
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The interactions of category and the other factors were not 
investigated further as our focus was on group differences.

Figure 6a-b illustrates the mean accuracy and mean cor-
rect RT over the course of the experiment (i.e., trial num-
ber). We divided the trials into bins of 10 and calculated the 
mean accuracy and mean correct RT following a walking 
average (see also Van der Burg et al., 2015 for a similar 
approach). In other words, the first bin corresponds to the 
mean accuracy and mean correct RT over trial 1–10, the 
second bin over trial 2–11, etc. The bin size was chosen to 
allow calculation of a RT or accuracy value for each partici-
pant after accounting for lost trials. We conducted repeated-
measures ANOVAs on the mean accuracy and mean correct 
RT with trial bin as a repeated-measures factor and group as 
a between-subjects variable. Significant group differences 
per bin are indicated by the pink bar in Fig. 6b.

Time-course analysis: accuracy. As in the main analysis, 
group did not have a significant main effect (F(1, 767) = 0.06, 
p =.809, ηp

2 = 0.001). Bin had a significant main effect on 
accuracy (F(57, 43719) = 13.293, p <.001, ηp

2 = 0.017) but 
did not interact with group (F(57, 43719) = 0.391, p =.99, 
ηp

2 = 0.001).
Time-course analysis: reaction time. As in the main 

analysis, there was a significant main effect of group (F(1, 
767) = 139, p <.001, ηp

2 = 0.153). Bin also had a significant 
main effect (F(57, 43719) = 194.2, p <.001 ηp

2 = 0.202) 
and interacted with group (F(59, 43719) = 10.3, p <.001, 
ηp

2 = 0.013). We conducted two-tailed independent t-tests on 
the mean correct RT in each bin to evaluate the interaction 
of group and bin, which revealed that there was a significant 
difference between groups at each bin, which decreased in 
magnitude over the course of the experiment (seFig. . 6b).

4578) = 101.244, p <.001, ηp
2 = 0.117), with accuracy rang-

ing from 50.9% for fearful stimuli to 97.8% for happy stim-
uli, but it did not interact with group (F(6, 4578) = 0.793, 
p =.575, ηp

2 = 0.001). There were also significant interac-
tions of emotional category with gender (F(1, 763) = 10.194, 
p <.001, ηp

2 = 0.013) and ICAR score (F(1, 763) = 4.183, 
p <.001, ηp

2 = 0.005). As our focus was on group differ-
ences, these interactions were not further explored. All other 
F ≤ 2.559; all other p ≥.018.

Reaction time by emotional category. As in the main 
analysis, the ANOVA yielded significant main effects of 
age and group (both p values < 0.001). The main effect of 
gender, which did not survive Bonferroni correction in the 
main ANCOVA (p =.025), was significant in the repeated 
measures ANOVA (F(1, 7273) = 9.357, p =.002, ηp

2 = 0.013), 
with women (2968 ms) responding more quickly than men 
(3066 ms). The main effect of category was significant (F(6, 
4362) = 22.052, p <.001, ηp

2 = 0.029), with mean RTs rang-
ing from 4669 ms for fearful stimuli to 2003 ms for happy 
stimuli. Category also interacted with all other factors (all 
F ≥ 2.809; all p ≤.010), including group (F(6, 4362) = 7.933, 
p <.001, ηp

2 = 0.011). The group × category interaction 
was further examined using two-tailed t-tests. The t-tests 
revealed a significant group difference for all categories (all 
t ≥ 8.653; all p <.001), suggesting that the group × category 
interaction reflects magnitude differences across them. 
Cohen’s d ranged from 0.625 for surprised faces to 0.745 
for neutral faces (see Fig. 5b for a graphical representation 
of these differences). The three-way interaction of group, 
gender, and category did not reach significance after Bon-
ferroni correction (F(6, 4362) = 2.304, p =.032, ηp

2 = 0.003). 

3   Note: the degrees of freedom differ here because some participants 
had an accuracy of 0 for fearful (18 autistic and 27 non-autistic par-
ticipants) or sad (1 non-autistic participant) stimuli, resulting in their 
exclusion from the mean correct RT by category analysis.

Fig. 5  A) Mean accuracy as a function of the emotional category of 
the stimulus according to group and gender. B) Mean correct reaction 
time as a function of the emotional category of the stimulus according 

to group and gender. In both panels, the error bars reflect the standard 
error of the mean
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than non-autistic ones (5270 ms). There was also a sig-
nificant main effect of gender (F(1, 903) = 10.704, p =.001, 
ηp

2 = 0.012), such that women (5955 ms) performed more 
quickly than men (6214 ms). Age (F(1, 903) = 90.585, 
p <.001, ηp

2 = 0.091) and ICAR scores (F(1, 903) = 30.090, 
p <.001, ηp

2 = 0.032) both had positive relationships with 
RT. There was no significant interaction between gender and 
group (F(1, 903) = 1.208, p =.272, ηp

2 = 0.001).
Percentage time-out. The main effect of group was sig-

nificant (F(1, 903) = 18.774, p <.001, ηp
2 = 0.020), with 

autistic participants (1.2%) timing out more frequently than 
non-autistic ones (0.4%). ICAR (F(1, 903) = 7.733, p =.006, 
ηp

2 = 0.008) and age (F(1, 903) = 7.471, p =.006, ηp
2 = 0.008) 

both had positive relationships with the number of time-
outs. Neither the main effect of gender (F(1, 903) = 1.529, 
p =.217, ηp

2 = 0.002) nor the interaction of gender and 
group (F(1, 903) = 0.724, p =.395, ηp

2 = 8.009 × 10− 4) were 
significant.

Figure 8a-b illustrates the mean accuracy and mean cor-
rect RT over the course of the experiment (i.e., trial num-
ber). We divided the trials into bins of 12 and calculated the 

Experiment 2: Complex Facial Emotion 
Recognition (RMET)

Figure 7a shows the mean accuracy (panel A), mean correct 
RT (panel B) and mean percentage of time-outs (Panel C) by 
group for women and men. For each dependent variable, we 
conducted an ANCOVA with group and gender as between-
subjects variables and age and ICAR scores as covariates.

Accuracy. The ANOVA yielded no effect of group 
(F(1, 903) = 2.442, p =.118, ηp

2 = 0.003) or interaction 
between gender and group (F(1, 903) = 0.230, p =.632, 
ηp

2 = 2.546 × 10− 4). However, there was a main effect of 
gender (F(1, 903) = 15.291, p <.001, ηp

2 = 0.017), such that 
women (68.9%) performed better than men (65.9%). Age 
had a negative relationship with accuracy (F(1, 903) = 7.660, 
p =.006, ηp

2 = 0.008), while ICAR score had a positive one 
(F(1, 903) = 28.425, p <.001, ηp

2 = 0.031).
Reaction time. There was a significant main effect of 

group (F(1, 903) = 71.462, p <.001, ηp
2 = 0.073), such that 

autistic participants (6664 ms) performed more slowly 

Fig. 6  A) Mean accuracy per group over the course of the experiment 
(divided into 10-trial bins). B) Mean correct reaction time per group 
over the course of the experiment. Error bars represent the standard 

error of the mean. Per bin, significant group differences (p <.05, false 
discovery rate corrected) are indicated by the pink bar
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Fig. 8  A) Mean accuracy per group over the course of the experiment 
(divided into 12-trial bins). B) Mean correct reaction time per group 
over the course of the experiment. Error-bars represent the standard 

error of the mean. Per bin, significant group differences (p <.05, false 
discovery rate corrected) are indicated by the pink bars

 

Fig. 7  A) Mean accuracy as a function of group, according to gender. B) Mean correct reaction time as a function of group, according to gender. 
C) Mean percentage time-out as a function of group, according to gender. The error bars reflect the standard error of the mean
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ms). Additionally, age was positively related to RT (F(1, 
782) = 9.914, p =.002, ηp

2 = 0.013). All other F ≤ 0.325; all 
other p ≥.119.

As seen in Fig. 9a, a negative slope indicates responses 
consistent with the typically perceived emotional valence 
of the stimuli. However, 14.7% of the participants with 
autism (n = 58) and 14.1% of the participants without autism 
(n = 55) showed a positive slope (> 0.0001), indicating that 
these participants either reversed the keys or misinterpreted 
the emotions in a systematic manner. These participants 
were excluded from subsequent analyses. Figure 9c illus-
trates the mean rating as a function of the stimulus for each 
group and gender for individuals with a negative slope only. 
Figure 9d and e illustrate the mean RT and mean sensitiv-
ity for those individuals. We conducted an ANCOVA on 
the mean correct RT and sensitivity with group and gender 
as between-subject variables and age and ICAR scores as 
covariates. For RT, the main effect of group was again sig-
nificant (F(1, 782) = 42.897, p <.001, ηp

2 = 0.060). All other 
F ≤ 4.737; all other p ≥.030. Sensitivity did not differ accord-
ing to any variables (group effect: F(1,669) = 0.150, p =.689, 
ηp

2 = 2.248 × 10− 4; all other F ≤ 5.120; all other p ≥.024).
We did not conduct a similar analysis on the mean PSE for 

this group because some participants had a sensitivity close 
to zero, indicating that they were not able to perform the 
task well. For many of these participants, fitting functions 
resulted in an unrealistically large PSE. In order to estimate 
the PSE for participants who demonstrated sensitivity to the 
stimuli, we excluded 85 participants with autism (21.4%) 
and 72 participants without autism (18.5%) with a slope > 
-0.1 (see the red shading in Fig. 9f). Figure 9 (lower row) 
illustrates the mean RT, sensitivity, and PSE for the remain-
ing participants. For this group, we conducted ANCOVAs 
on mean RT, sensitivity, and PSE with group and gender 
as between-subject variables and age and ICAR scores as 
covariates. The sensitivity analysis remained consistent, 
with no significant effects (group effect: F(1,625) = 0.980, 
p =.323, ηp

2 = 0.002; all other F ≤ 4.788; all other p ≥.029). 
The main effect of group on RT remained significant 
(F(1,625) = 52.404, p <.001, ηp

2 = 0.077). Additionally, 
group interacted with gender (F(1,625) = 7.237, p =.007, 
ηp

2 = 0.011) to influence RT. To investigate this interaction, 
we conducted follow-up two-tailed t-tests. While autistic 
men (1051 ms) were significantly slower (t(316) = 2.556, 
p =.011) than autistic women (927 ms), there was no differ-
ence between non-autistic men and women (t(316) = 1.821, 
p =.070). No factors significantly influenced the PSE (group 
effect: F(1, 625) = 0.003, p =.953, ηp

2 = 5.558 × 10− 6; all other 
F ≤ 1.934; all other p ≥.165), and neither group showed evi-
dence of a systematic bias in their interpretations of stimuli.

Figure 10 illustrates the mean RT over the course of the 
experiment (i.e., trial number). We divided the trials into 

mean accuracy and mean correct RT following a walking 
average, as in the prior experiment. We conducted repeated-
measures ANOVAs on the mean accuracy and mean correct 
RT with trial bin as a repeated-measures factor and group as 
a between-subjects variable. Significant group differences 
per bin are indicated by the pink bars in Fig. 8a.

Time-course analysis: accuracy. As in the main analy-
sis, there was no significant main effect of group (F(1, 
907) = 0.481, p =.488, ηp

2 = 0.001). However, there was 
a significant effect of bin (F(23, 20861) = 23.2, p <.001, 
ηp

2 = 0.025) and interaction of bin and group (F(23, 
20861) = 15.4, p <.001, ηp

2 = 0.017) on mean accuracy. To 
investigate the interaction of bin and group, we conducted 
two-tailed independent t-tests on the mean accuracy in each 
bin, which revealed significant differeces in the bins indi-
cated in Fig. 8a. Autistic participants performed better for a 
small subset of trials toward the middle of the experiment 
and worse towards the end.

Time-course analysis: reaction time. As in the main 
analysis, there was a main effect of group (F(1, 907) = 139, 
p <.001, ηp

2 = 0.133). Bin also had a significant main 
effect (F(23, 20861) = 77.290, p <.001, ηp

2 = 0.079) but did 
not interact with group (F(23, 20861) = 0.544, p =.962, 
ηp

2 = 0.001).

Experiment 3: Affective Prosody Recognition

For each participant, we fitted a linear function, 
f (x) = ax + b, to the mean rating according to stimulus 
type to estimate sensitivity (i.e., the slope, a, of the linear 
function) to affective prosody. Figure 9a and c, and 9f illus-
trate a series of representations of this function for different 
subgroups of autistic and non-autistic participants described 
below, as well as their point of subjective equality (PSE). 
The PSE is the point on the x-axis where the linear func-
tion crosses the dotted line in these panels, corresponding 
to the stimulus for which participants were most likely to 
give the middle rating between happy and fearful (4). A 
bias towards negative or positive interpretations of stimuli 
would be reflected in the middle rating being given for hap-
pier or more fearful stimuli (respectively), rather than near 
the center of the stimulus continuum (corresponding to 0 on 
the x axis). Figure 9 also provides comparisons of the mean 
RT (9b, 9d, and 9 g), sensitivity (9e and 9 h), and PSE (9i) 
for each group, all of which were analyzed independently.

Reaction time. We conducted an ANCOVA on the mean 
RT with group and gender as between-subject variables and 
age and ICAR scores as covariates. The ANCOVA yielded 
a significant main effect of group (F(1, 782) = 46.407, 
p <.001, ηp

2 = 0.056), such that autistic participants (961 
ms) were slower on average than non-autistic ones (719 
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Time-course analysis (reaction time). As in the main 
analysis, there was a main effect of group (F(1, 786) = 81.4, 
p <.001, ηp

2 = 0.094). Bin also had a significant main effect 
(F(173, 135978) = 237.8, p <.001, ηp

2 = 0.232) and interacted 
with group (F(173, 135978) = 17.6, p <.001, ηp

2 = 0.022). We 
conducted two-tailed independent t-tests on the mean RT 
to investigate this interaction and found that they differed 

bins of 18 and calculated the mean RT following a walk-
ing average, as in the prior experiments. Due to the large 
number of trials needed to calculate sensitivity and PSE, 
time series analyses were not possible for these variables. 
We conducted a repeated-measures ANOVA on the mean 
RT with trial bin as a repeated-measures factor and group as 
a between-subjects variable.

Fig. 9  A, C and F) Mean rating as a function of stimulus, group and 
gender. B, D and G) Mean reaction time as a function of stimulus, 
group and gender. E and H) Mean sensitivity as a function of stimulus, 
group and gender. I) Mean point of subjective equality as a function of 

stimulus, group and gender. Upper row: all participants were included. 
Middle row: participants with a positive slope were excluded. Lower 
row: participants with a slope approaching zero were excluded. Error 
bars reflect the standard error of the mean
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task (i.e., stimulus type/complexity) features had generally 
similar influences on performance across groups. Correla-
tional analyses revealed a closer relationship between facial 
emotion recognition measures in the autism group. Finally, 
a logistic regression combining results from all three tasks 
confirmed they could distinguish between groups with a 
reasonable degree of reliability, but that only RT differences 
were of use in doing so. Together, these findings offer a 
clearer picture of multimodal emotion recognition abilities 
in autism and the best ways of capturing the differences that 
exist between autistic and non-autistic individuals.

Our primary finding was that RT but not accuracy/sen-
sitivity (as confirmed in our Bayesian follow-up analy-
ses; see Supplementary Tables 1–6) differed consistently 
between groups across measures. This resonates with pre-
vious findings that autistic individuals can perform as well 
as non-autistic ones in recognizing both facial and prosodic 
emotions when given sufficient time (Castelli, 2005; Leung 
et al., 2023; Matsumoto et al., 2016). On the other hand, 
it is at odds with the meta-analyses that have reported sig-
nificant evidence of a difference between groups in accu-
racy, at least with facial emotion recognition (Lozier et 
al., 2014; Uljarevic & Hamilton, 2013; Yeung, 2022). This 
discrepancy may be partially explained by the fact that the 
meta-analyses included some studies that imposed stricter 
time constraints on stimulus presentation or response times, 
given the long RTs we detected among autistic participants. 
However, there are also studies (Baron-Cohen et al., 2001; 
Meyer-Lindenberg et al., 2022; Peñuelas-Calvo et al., 2019; 
Sucksmith et al., 2013) using the same facial stimuli as ours 
without these constraints that have detected a group effect 
on accuracy. This means that the lack of strict time con-
straints alone is not a satisfactory explanation for why we 
did not find differences in accuracy. The comparability of 
designs in these cases suggests that sample characteristics 
may contribute to the differences in outcomes, particularly 
given that Meyer-Lindenberg et al. (2022) found that the 
disparity between groups was driven by a low-performing 
subgroup of autistic participants.

Our results speak directly to the influence of key demo-
graphic factors that might be expected to distinguish these 
samples. We found that women from both groups tended to 
process facial emotions more quickly and effectively than 
men, consistent with prior literature (Kapitanović et al., 
2022; Wingenbach et al., 2018). Furthermore, we were the 
first to replicate the findings of diminished emotion recogni-
tion abilities among older adults seen in the general popu-
lation (Ruffman et al., 2008) in an autistic sample. Older 
participants from both groups were less accurate on the 
facial emotion recognition tasks and slower on all tasks. 
Higher estimated IQ also correlated with greater accuracy in 
both facial emotion recognition tasks but slower responses 

significantly at each bin, but the magnitude of the difference 
decreased over the course of the experiment. Significant 
group differences per bin are indicated by the pink bar in 
Fig. 10.
 
Note: Overarching correlational and regression analyses 
may be found in the Supplementary Materials (Supplemen-
tary Fig. 4 and Table 7). Correlational analyses revealed a 
stronger (z = 2.05, p =.04) relationship between facial emo-
tion recognition tasks in the autistic group (r(292) = 0.383, 
p <.001) than in the non-autistic group (r(274) = 0.227, 
p <.001). A logistic regression with all task metrics as pre-
dictors showed moderate predictive accuracy (72.1%) for 
diagnostic category, with RT (but not accuracy/sensitivity) 
on each task contributing significantly to the model.

Discussion

Across tasks, our results follow a consistent pattern of 
intact but protracted emotion recognition among autistic 
participants. Demographic (i.e., age, gender, and IQ) and 

Fig. 10  Mean reaction time per group over the course of the experi-
ment (divided into 18-trial bins). Error-bars represent the standard 
error of the mean. Per bin, significant group differences (p <.05, false 
discovery rate corrected) are indicated by the pink bars
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have contributed to diminishing effect sizes in the autism 
literature (Rødgaard et al., 2019). It is suspected that those 
diagnosed later in life may have less noticeable behavioral 
differences, a notion that is supported by findings that more 
pronounced autistic traits predict a younger age of diagno-
sis (Hrdlicka et al., 2023). Given that the NAR cohort is 
disproportionately composed of adults diagnosed later in 
life (Scheeren et al., 2022), and other studies do not report 
age of diagnosis, it is possible that this unaddressed demo-
graphic factor may play a role. However, age of diagnosis 
and chronological age are nearly inextricable factors given 
how closely they overlap (r =.91 in Scheeren et al., 2022). 
The fact that chronological age also played an important 
role in all of our measures means that any investigation of 
the influence of age of diagnosis would be confounded by 
it without proper control. As such, future research should 
focus on evaluating this possibility with targeted recruit-
ment of participants to allow an age-matched comparison of 
those diagnosed early and late in life.

In addition to our findings within measures, we detected 
evidence of a correlation in accuracy between the two 
facial emotion recognition tasks for both groups, which 
was significantly stronger for the autistic participants (see 
Supplementary Fig. 4). Due to the fact that the groups did 
not differ significantly in accuracy on either facial emotion 
recognition measure, the tighter correlation between them 
among autistic participants cannot be explained by common 
impairment. However, the longer mean RTs on these tasks 
(as well as the more frequent time-outs on RMET) suggest 
that they may have been more demanding for autistic partic-
ipants and/or that they may have used more time-consum-
ing strategies to reach similar levels of performance (see: 
Harms et al., 2010; Leung et al., 2023; Matsumoto et al., 
2016; Yeung, 2022). A greater reliance on specific rules for 
categorization involving attention to featural details (Yeung, 
2022) or verbal mediation (Harms et al., 2010) may explain 
both the protracted RTs and the stronger correlation between 
measures in the autism group if the strategies employed are 
similar across them. Alternatively, RT differences could 
arise (at least in part) from factors not directly related to 
emotion recognition, such as slower motor response speed 
(Fournier et al., 2010; Morrison et al., 2018) or meta-cogni-
tive differences (van der Plas et al., 2023). As such, despite 
the stronger correlation between facial emotion recognition 
RTs in the autism group, it would be premature to conclude 
that they exclusively reflect slower processing of emotions 
themselves.

Together, our dependent variables demonstrated a rea-
sonable degree of accuracy (72.1%) in predicting autism 
in our logistic regression (depicted in Supplementary 
Table 7). More sophisticated approaches using machine 
learning and a larger battery of online behavioral tasks or 

for complex emotion recognition (RMET). Crucially, these 
factors did not interact with group (with the singular excep-
tion of gender differences in RT on the prosody task only 
being present for autistic participants). This reflects a simi-
lar profile of demographic influences on emotion processing 
among autistic and non-autistic individuals, and it suggests 
that these specific factors are not responsible for the dif-
ference in outcomes between our study and some previous 
ones.

Task demands also seemed to have a very similar influ-
ence upon the groups. Autistic and non-autistic partici-
pants struggled with recognizing certain basic emotional 
categories (particularly fearful faces) to a similar degree in 
terms of accuracy (although group differences in RT were 
larger for certain categories). The more complex emotional 
stimuli in RMET were harder to recognize for both groups, 
but they still did not differ significantly in their accuracy. 
Performance over the course of the experiments also fol-
lowed a generally similar trajectory, with accuracy steadily 
improving on KDEF and RT declining over time for both 
groups in all tasks. It is worth noting that the differences 
between groups in RT decreased in magnitude over the 
course of KDEF and the prosody task. This may be because 
the general decline in RT left less room for a group effect. 
Alternatively, given findings that autistic individuals show 
diminished cognitive flexibility (Lage et al., 2024), larger 
differences on earlier trials may have been due to a greater 
cost of task switching for the autistic group. Additionally, on 
RMET, despite comparable accuracy overall, autistic partic-
ipants performed better for a small subset of trials towards 
the middle of the experiment and worse towards the end. 
However, given the findings that autistic and non-autistic 
individuals find different trials more difficult (Lombardo et 
al., 2016), this was likely due (at least in part) to the fact 
that the order of stimuli in the RMET is not randomized. As 
such, these findings cannot be taken as evidence of different 
rates of attrition on RMET, and future research should fur-
ther investigate what about certain trials makes them more 
sensitive to differences between autistic and non-autistic 
individuals.

These broad similarities in the influences of demographic 
and task features on performance between groups suggest 
that the cause of the heterogeneity in findings may lie else-
where. One factor that could play a role here is the inevi-
table variability introduced by small sample sizes, which are 
still common in the literature. It is notable that our sample is 
far larger than is standard in the field; however, others using 
the same or similar tasks have produced different results 
with fairly large groups (Meyer-Lindenberg et al., 2022; 
Sucksmith et al., 2013; Wilson et al., 2014). One frequently 
discussed explanation for these discrepancies is that shifting 
diagnostic criteria and an increase in adult diagnoses may 
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diagnosis, it is possible that some undiagnosed individuals 
participated, as in any study investigating autism. How-
ever, rather than restricting our control group (for example, 
by imposing AQ cut-offs), we chose to simply compare 
those with and without diagnoses. Imposing cut-offs based 
on autistic traits would have meant confining analyses to 
subgroups within either population that might be easier 
to distinguish in our logistic regression and where differ-
ences may be more likely to be detected than in the general 
populations. Our approach was more conservative, and the 
comparison of individuals with/without diagnoses should 
have greater ecological validity, given the fact that the 
distributions of autistic traits in community samples from 
these groups overlap considerably. Despite this conserva-
tive approach, the vast disparity between groups in mean 
AQ scores suggests that autistic traits differed significantly 
enough between them to detect associated differences in 
emotion recognition. There is also the possibility that the 
groups showed some differences in motivation, given that 
NAR participants are volunteers and Prolific participants 
are paid; however, we provided compensation to both 
groups to minimize this possibility. Finally, the NAR cohort 
is disproportionately comprised of well-educated individu-
als in western Europe with normal to high IQs, which is 
reflected in the fact that they did not differ significantly 
from our control group in ICAR-16 scores (and our con-
trol group performed similarly to other large online cohorts, 
such as Merz et al., 2022). In the future, our findings need 
to be replicated across a range of intellectual abilities and 
diverse global regions to assess generalizability. However, 
a benefit of the sampling bias in the current study is that we 
can focus on differences in emotion processing that are not 
confounded by difficulties understanding the tasks or words 
presented. Additionally, we had parity in mean IQ between 
groups, and it was not found to interact with group on any 
measures, suggesting that it was not a determining factor in 
our findings.

In conclusion, our multimodal exploration of emotion 
recognition has revealed much about the ways in which 
autistic and non-autistic individuals differ and the compa-
rable influence of task and demographic features on perfor-
mance between groups. We found compelling evidence that 
RTs are much more informative measures than accuracy/
sensitivity in both facial and prosodic emotion recognition, 
better distinguishing groups and offering greater insight into 
subtle differences between them. These findings have theo-
retical implications regarding the nature of emotion recog-
nition in autism, where adults appear to function differently 
but as effectively when provided sufficient time. They also 
have clear practical implications, demonstrating that emo-
tion recognition measures may be useful indicators of the 
likelihood an individual is autistic (but possibly only when 

neurophysiological data have achieved a predictive accu-
racy of 78% (Dubey et al., 2024) and ranging from 48.3 
to 97% (Liu et al., 2021), respectively. So, although this 
approach does not match the best alternatives, it does pro-
vide evidence that performance in simple online emotion-
related tasks can contribute to computing the likelihood of 
an individual being autistic. However, because age corre-
lated positively with RT, and women tended to have lower 
RTs on the facial tasks, the model’s predictive accuracy 
may be influenced by disparities in these factors between 
groups (given that the autistic group was older and included 
proportionally more women). Individual matching on these 
variables meant losing the majority of our data, but future 
research should target recruitment to provide a more reliable 
estimate of how well emotion recognition measures can 
predict diagnosis given the proof of concept these results 
provide.

Although aspects of all three tasks had significant pre-
dictive accuracy, it appears as though RMET and KDEF 
RT most reliably distinguished between groups, consistent 
with the fact that they produced the largest estimated group 
effect sizes. The fact that only RT measures were significant 
contributors to the model suggests that they are much more 
sensitive to differences between autistic and non-autistic 
individuals than accuracy. This is especially true when look-
ing at more fine-grained distinctions, like the effect of emo-
tional category in KDEF, where an interaction with group 
only emerged in the RT data. This augments the evidence 
offered by the logistic regression, indicating that for both 
the purposes of distinguishing groups and detecting subtle 
differences in emotion processing, RT may be the most 
informative metric.

Our study is subject to limitations, particularly with 
regard to stimulus sets and generalizability. We focused on 
the most popular measures of facial emotion recognition, 
but the inclusion of wider stimulus sets including varying 
stimulus intensities may have led to greater sensitivity to 
differences between groups (Law Smith et al., 2010; Song 
& Hakoda, 2018). Furthermore, the degree to which our 
findings of comparable accuracy in facial emotion recogni-
tion generalize to interpersonal interactions remains to be 
seen. Some studies have shown greater differences using 
video stimuli (Enticott et al., 2014; Evers et al., 2015), and 
questions about the extents to which emotion recognition 
in images correlates with that in videos and in real life war-
rant further research. Variation of stimulus complexity and 
dynamics could allow insight into whether the RT differ-
ences observed here could translate into accuracy differ-
ences in more fast-paced, naturalistic contexts.

There are also specific features of our sample to keep in 
mind when interpreting these findings. While our control 
participants reported that they had not received an autism 

1 3



Journal of Autism and Developmental Disorders

Baron-Cohen, S., Golan, O., & Ashwin, E. (2009). Can emotion rec-
ognition be taught to children with autism spectrum conditions? 
Philosophical Transactions of the Royal Society B: Biological 
Sciences, 364(1535), 3567–3574. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​9​8​​/​r​s​​t​b​.​2​
0​0​9​.​0​1​9​1

Buijsman, R., Begeer, S., & Scheeren, A. M. (2023). Autistic person’ 
or ‘person with autism’? Person-first Language preference in 
Dutch adults with autism and parents. Autism: the International 
Journal of Research and Practice, 27(3), 788–795. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​
/​​1​0​.​1​​1​7​7​​/​1​3​​6​2​3​6​1​3​2​2​1​1​1​7​9​1​4

Castelli, F. (2005). Understanding emotions from standardized facial 
expressions in autism and normal development. Autism, 9(4), 
428–449. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​1​7​7​​/​1​3​​6​2​3​6​1​3​0​5​0​5​6​0​8​2

Cortes, D. S., Tornberg, C., Bänziger, T., Elfenbein, H. A., Fischer, 
H., & Laukka, P. (2021). Effects of aging on emotion recognition 
from dynamic multimodal expressions and vocalizations. Scien-
tific Reports, 11(1). ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​3​8​​/​s​4​​1​5​9​8​-​0​2​1​-​8​2​1​3​5​-​1

de Gelder, B., & Vroomen, J. (2000). The perception of emotion by ear 
and by eye. Cognition and Emotion, 14(3), 289–311. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​
r​g​/​​1​0​.​1​​0​8​0​​/​0​2​​6​9​9​9​3​0​0​3​7​8​8​2​4

Dubey, I., Bishain, R., Dasgupta, J., Bhavnani, S., Belmonte, M. K., 
Gliga, T., Mukherjee, D., Lockwood Estrin, G., Johnson, M. H., 
Chandran, S., Patel, V., Gulati, S., Divan, G., & Chakrabarti, 
B. (2024). Using mobile health technology to assess childhood 
autism in low-resource community settings in India: An innova-
tion to address the detection gap. Autism, 28(3), 755–769. ​h​t​t​p​​s​:​/​​/​
d​o​i​​.​o​​r​g​/​​1​0​.​1​​1​7​7​​/​1​3​​6​2​3​6​1​3​2​3​1​1​8​2​8​0​1

Enticott, P. G., Kennedy, H. A., Johnston, P. J., Rinehart, N. J., Tonge, 
B. J., Taffe, J. R., & Fitzgerald, P. B. (2014). Emotion recognition 
of static and dynamic faces in autism spectrum disorder. Cogni-
tion and Emotion, 28(6), 1110–1118. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​8​0​​/​0​2​​6​
9​9​9​3​1​.​2​0​1​3​.​8​6​7​8​3​2

Evers, K., Steyaert, J., Noens, I., & Wagemans, J. (2015). Reduced 
recognition of dynamic facial emotional expressions and Emo-
tion-Specific response Bias in children with an autism spectrum 
disorder. Journal of Autism and Developmental Disorders, 45(6), 
1774–1784. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​0​7​​/​s​1​​0​8​0​3​-​0​1​4​-​2​3​3​7​-​x

Farashi, S., Bashirian, S., Jenabi, E., & Razjouyan, K. (2022). Effec-
tiveness of virtual reality and computerized training programs for 
enhancing emotion recognition in people with autism spectrum 
disorder: A systematic review and meta-analysis. International 
Journal of Developmental Disabilities, 0(0), 1–17. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​
/​​1​0​.​1​​0​8​0​​/​2​0​​4​7​3​​8​6​9​​.​2​0​2​​2​.​​2​0​6​3​6​5​6

Filippa, M., Lima, D., Grandjean, A., Labbé, C., Coll, S. Y., Gentaz, 
E., & Grandjean, D. M. (2022). Emotional prosody recognition 
enhances and progressively complexifies from childhood to ado-
lescence. Scientific Reports, 12(1). ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​3​8​​/​s​4​​1​5​9​
8​-​0​2​2​-​2​1​5​5​4​-​0

Fournier, K. A., Hass, C. J., Naik, S. K., Lodha, N., & Cauraugh, J. H. 
(2010). Motor coordination in autism spectrum disorders: A syn-
thesis and Meta-Analysis. Journal of Autism and Developmental 
Disorders, 40(10), 1227–1240. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​0​7​​/​s​1​​0​8​0​3​-​0​
1​0​-​0​9​8​1​-​3

Frick, R. W. (1985). Communicating emotion: The role of prosodic 
features. Psychological Bulletin, 97(3), 412–429. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​
/​​1​0​.​1​​0​3​7​​/​0​0​​3​3​-​2​9​0​9​.​9​7​.​3​.​4​1​2

Fujisawa, T. X., & Shinohara, K. (2011). Sex differences in the recog-
nition of emotional prosody in late childhood and adolescence. 
The Journal of Physiological Sciences, 61(5). ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​
0​0​7​​/​s​1​​2​5​7​6​-​0​1​1​-​0​1​5​6​-​9

Georgiou, N., & Spanoudis, G. (2021). Developmental Language dis-
order and autism: Commonalities and differences on Language. 
Brain Sciences, 11(5), 589. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​3​​3​9​0​​/​b​r​​a​i​n​s​c​i​1​1​0​5​
0​5​8​9

Goeleven, E., De Raedt, R., Leyman, L., & Verschuere, B. (2008). 
The Karolinska directed emotional faces: A validation study. 

RT data is collected). Moreover, they suggest that emotion 
recognition training might be better tailored to the needs 
of autistic individuals if it focuses on efficiency over accu-
racy (given evidence that both can show improvement, see 
Russo-Ponsaran et al., 2016), especially considering the 
fast-paced demands of daily social interaction. In sum, these 
findings are encouraging in what they reflect of the ability of 
autistic individuals to perform in an area often thought to be 
one of considerable impairment, and they are promising in 
the directions they offer for improving our tools to identify, 
understand, and help those with autism.
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