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ABSTRACT

Existing literature suggests that differences between autistic and non-autistic people in emotion recognition might be related
to differences in how these groups experience emotions themselves. Specifically, autistic individuals may show differences in
the consistency of emotional experiences, the ability to distinguish between emotions, and/or their semantic understanding of
emotions. In this study, we empirically tested this claim by (1) investigating whether autistic and non-autistic adults differed in
the consistency and/or differentiation of their emotional experiences, and their understanding and differentiation of emotion
concepts after controlling for alexithymia, and (2) assessing the contribution of these emotional abilities to emotion recognition.
To this end, a total of 58 autistic and 59 non-autistic individuals, matched on age, sex, and non-verbal reasoning ability, completed
a series of validated questionnaires and computer-based emotion tasks. We found no group differences in emotional consistency,
emotion differentiation, and understanding or differentiation of emotion concepts after controlling for alexithymia. For non-
autistic people, the ability to differentiate one's own emotions contributed to enhanced emotion recognition. Although having
more differentiated emotion concepts (indirectly) contributed to elevated emotion recognition for non-autistic people, having a
more precise understanding of emotion concepts contributed to emotion recognition for autistic people. Our findings demon-
strate that there are differences in the psychological mechanisms involved in autistic and non-autistic emotion recognition.
The results of the current study pave the way for future systems to help both autistic and non-autistic people to more accurately
recognize emotional facial expressions.

1 | Introduction difficulties in this area may contribute to social differences

(Baron-Cohen et al. 2009). To date, the majority of emotion rec-

Autism is a neurodevelopmental condition, characterized
by socio-communicative differences and repetitive patterns
of behaviors, interests or activities (American Psychiatric
Association 2013). Although not considered a diagnostic fea-
ture, emotion recognition has been a topic of interest in au-
tism research for over three decades because it is thought that

ognition research has aimed to determine whether differences
exist between autistic (using identity-first language, in accor-
dance with the majority preference of the autistic community
(Keating, Hickman, et al. 2022; Geelhand et al. 2023)) and non-
autistic individuals (Keating and Cook 2020; Harms et al. 2010;
Lozier et al. 2014; Yeung 2022). This literature is famously
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Summary

This study investigated how autistic and non-autistic
adults experience and understand emotions, and how
these abilities relate to recognizing emotions in others.
We found that autistic and non-autistic adults did not dif-
fer in (1) how consistently they experienced emotions, (2)
their understanding of emotion terms, and (3) their ability
to distinguish between different emotional experiences
or emotion terms. For non-autistic individuals, recogniz-
ing emotions was linked to how well they could tell apart
emotion terms and their own feelings. For autistic indi-
viduals, a clear understanding of emotion terms was as-
sociated with better emotion recognition. These insights
could support the development of tools to enhance emo-
tion recognition for both groups.

mixed (see Keating and Cook 2020; Yeung 2022): Some studies
show differences in emotion recognition between groups, while
others find no differences, or emotion-specific difficulties (e.g.,
in recognizing angry expressions (Lozier et al. 2014; Ashwin
et al. 2006; Bal et al. 2010; Brewer et al. 2016; Keating, Fraser,
et al. 2022; Leung et al. 2019; Song and Hakoda 2018)). Here,
instead of focusing on assessing whether there are group dif-
ferences in emotion recognition, we explore whether there are
differences in the way in which autistic people read emotional
expressions. That is, we ask whether autistic and non-autistic
people typically employ different mechanisms to recognize the
emotions of others.

One way in which autistic and non-autistic people may dif-
fer in emotion recognition concerns the extent to which they
draw on their own emotional experiences when interpreting
others’ emotions. A person's internal emotional landscape
is an important contributor to how well they can recognize
the emotions of others (see Keating and Cook 2023b). For
instance, individuals who have more consistent and differen-
tiated emotional experiences typically find it easier to success-
fully recognize other people's emotions. Our previous work
provided empirical support for this in a large (N=193) sample
of non-autistic participants. Participants completed a two-
part “EmoMap” paradigm wherein they first viewed pairs of
images each known to selectively induce either anger, happi-
ness, or sadness (Riegel et al. 2016), and rated how similar the
evoked emotions felt. They subsequently selected the image
that made them feel the most angry, happy, or sad. Emotion
differentiation was calculated using a multidimensional scal-
ing algorithm to transform similarity scores into “distances”
between emotions. Emotional consistency was calculated
based on the logical consistency of participants’ responses: If a
participant selected Image A over Image B, and Image B over
Image C, but then selected Image C over Image A, this would
comprise an inconsistent decision and would indicate incon-
sistency in their emotional experience. Thus, individuals with
highly consistent and differentiated emotions are consistent in
their emotional responses to the images and feel very different
inside when they experience anger, happiness, and sadness.
Previously, we found that non-autistic participants with more
consistent and differentiated emotional experiences typically
had greater emotion recognition accuracy on an independent

test (Keating and Cook 2023b). At present, it is not known
whether the same is true for autistic individuals.

Another potential contributing factor to emotion recognition
concerns how well individuals understand semantic emotion
concepts (i.e., the semantic meaning associated with the emo-
tion) and are able to differentiate these from one another (e.g.,
differentiating the concept of sadness from disappointment).
Contemporary theories of emotion and emerging evidence sug-
gest that semantic emotion concepts shape how individuals
“construct” both emotional experiences (i.e., inferences about
how oneself is feeling) and emotion perceptions (i.e., inferences
about how others are feeling) (Barrett 2006; Nook et al. 2015,
2017; Lindquist and Barrett 2008; Lindquist et al. 2015; Widen
et al. 2015; Keating 2024). Specifically, these theories suggest
that from childhood through adulthood, emotion concepts
evolve from a “positive vs. negative” dichotomy into more dif-
ferentiated multidimensional representations, producing con-
comitant shifts in the experience and perception of emotion
(Nook et al. 2017). That is, possessing emotion concepts that are
differentiated across more dimensions will encourage individu-
als to differentiate between their own affective experiences and
others’ emotional facial expressions across more dimensions
(e.g., arousal and context in addition to valence). Hence, as we
develop, we move away from conceptualizing, experiencing, and
perceiving emotions as “good” and “bad” to conceptualizing, ex-
periencing, and perceiving them more precisely (e.g., based on
arousal, context, etc.).

Although theories to date are highly informative, they have
not yet specified whether emotion concepts influence experi-
ences and perceptions independently and directly, or whether
there are indirect effects amongst these variables (one variable
influences another, which influences a third variable). It could
be, for example, that having precise and distinct semantic
emotion concepts helps an individual to differentiate between
their own emotional states, which in turn helps them to tell
apart others' emotional expressions. To determine the mech-
anistic pathways amongst these variables, studies employing
causal manipulation are necessary. However, at present, the
putative direction of causality is unknown, thus making it
impossible to determine which factor should be the target for
manipulation. Here, research employing mediation analyses
offers a potential solution, identifying the most mathemati-
cally plausible pathways, and thus opening avenues to future
studies formally testing the degree of causality and direction-
ality between these variables.

Preliminary work suggests that there may be differences be-
tween autistic and non-autistic people in their ability to dif-
ferentiate experiences and semantic concepts of emotion.
Erbas et al. (2013), for example, have argued that autistic ad-
olescents have less differentiated experiences and concepts
of emotion than their non-autistic counterparts. In support
of this, these authors found that the autistic participants
sorted emotion terms into fewer conceptual groupings, sug-
gesting these individuals make less fine-grained distinctions
between emotion concepts. Autistic adolescents also had less
differentiated emotional responses to emotion-inducing im-
ages (Erbas et al. 2013). Importantly, however, this study did
not control for alexithymia—a subclinical condition, highly
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prevalent in autistic people (Kinnaird et al. 2019), charac-
terized by difficulties identifying and describing one's own
emotions (Nemiah et al. 1976). This could be problematic as
it is thought that autistic individuals’ challenges with emotion
processing (including emotion differentiation) may be under-
pinned by alexithymia, and not autism (Bird and Cook 2013).
Further research is necessary to understand whether autistic
people have less differentiated experiences and concepts of
emotion after controlling for alexithymia.

Although research has demonstrated a role for both emotion
differentiation and emotional consistency in the recognition of
emotion (Keating and Cook 2023b), studies have not yet exam-
ined emotional consistency in the context of autism. However, it
could be that emotional consistency is lower in autism (in addi-
tion to emotion differentiation as described above), thus contrib-
uting to emotion recognition difficulties. Alternatively, given
that different traits and processes appear to be involved in au-
tistic and non-autistic emotion recognition (Brewer et al. 2016;
Rump et al. 2009; Keating et al. 2023; Keating, Sowden,
et al. 2026), this factor may not contribute to emotion recogni-
tion for autistic individuals at all.

In sum, it is unclear whether there are differences between au-
tistic and non-autistic individuals in their ability to differenti-
ate experiences and semantic concepts of emotion, and/or the
consistency of their emotional experiences, after controlling
for alexithymia. Such differences could conceivably feed into
challenges with recognizing others’ emotional expressions. As
such, the current study had two primary aims: (1) to investigate
whether autistic and non-autistic adults differed in the consis-
tency and/or differentiation of their experiences and semantic
conceptions of emotion, and (2) to investigate the contribution
of these factors to emotion recognition for both autistic and
non-autistic people. In addition, to identify putative mechanis-
tic pathways, we conducted exploratory post hoc analyses to
identify whether the ability to differentiate one's own emotions
mediates the relationship between the differentiation of emotion
concepts and emotion recognition. Importantly, throughout, we
control for alexithymia to ensure that any differences between
the groups arise due to autism, and not alexithymia, as has been
found in previous work (Bird and Cook 2013; Cook et al. 2013;
Milosavljevic et al. 2016; Ola and Gullon-Scott 2020).

2 | Methods

This study was approved by the Science, Technology,
Engineering and Mathematics (STEM) ethics committee at the
University of Birmingham (ERN_16-0281AP9D) and conducted
in line with the principles of the revised Helsinki Declaration.
All participants provided informed consent. This study was not
pre-registered.

2.1 | Participants

A total of 58 autistic and 59 non-autistic participants—matched
on age, sex, and non-verbal reasoning ability (NVR) (see
Table 1)—took part in this study. The autistic participants were
recruited via the Birmingham Psychology Autism Research

TABLE 1 | Means, standard deviations, and group differences of
participant characteristics.

Non-autistic Autistic
Variable (n=59) (n=58) Significance
Sex 33 female, 31 female, 24 p=0.209
26 male male, 3 prefer
not to say
Age 32.27(15.30)  33.26 (11.54) p=0.105
NVR 59.50% 61.11% (18.61%) p=0.707
(13.54%)
AQ-50 20.80 (8.54) 35.34(7.80) p<0.001
TAS-20  49.48 (14.25)  61.79 (11.60) p<0.001

Note: In the central columns, means are followed by standard deviation in
parentheses. Age is in years. NVR = non-verbal reasoning.

Team (B-PART) database and via emails to university mailing
lists. All participants in the autism group had previously re-
ceived a clinical diagnosis of Autism Spectrum Disorder from
an independent clinician. The non-autistic participants were re-
cruited via the Research Participation Scheme database, emails
to university mailing lists, and via Prolific. As expected, the
autistic participants had significantly higher autism quotient
(AQ) (Baron-Cohen et al. 2001) scores than the non-autistic
participants [U=384.5, Z=-7.24, p<0.0001]. Participants'
ethnicities and levels of education are reported in Supporting
Information A and B, respectively.

The chosen sample size was based on a priori power analyses
conducted using G*Power (Faul et al. 2007). First, we aimed to
compute the sample size needed to detect group differences in
emotional consistency and emotiondifferentiation. We conducted
two sample size calculations for an ANCOVA: one focusing on
the group effect and the other focusing on the emotion X group
interaction. In both calculations, we assumed a moderate effect
size (Cohen's f=0.30) based on the group difference in emotion
differentiation (f=0.33) reported by Erbas et al. (2013). As there
was no prior research on emotional consistency in autism, this
served as the closest available reference point (particularly as
emotional consistency and emotion differentiation are related
(Keating and Cook 2023b)). Across both calculations, alpha was
0.05, power was 0.8, and the number of covariates was nine (age,
sex, non-verbal reasoning, years of education, alexithymia, emo-
tional vocabulary score, within valence conceptual distance, be-
tween valence conceptual distance, and mean definition word
count). In our first calculation, which focused on the group ef-
fect, the number of groups was two (autistic, non-autistic), and
the numerator degrees of freedom was one (2 —1). In our second
calculation, which focused on the emotion X group interaction,
the number of groups was six (three emotion X two groups) and
the numerator degrees of freedom was two (3—-1)x(2—-1)=2).
Through these calculations, we identified that the total number
of participants required to detect the group and emotion X group
effects at p<0.05 was 90 (45 in each group) and 111 (55 and 56
per group), respectively.

Next, we aimed to compute the sample size needed to detect
group differences in the understanding and differentiation of
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semantic emotion concepts. Given that there would be no emo-
tion X group interaction in these statistical models, only one sam-
ple size calculation was needed for the group effect. As above,
we assumed a moderate effect size (Cohen's f=0.30). Alpha was
0.05, power was 0.8, the numerator degrees of freedom was one
(2-1), the number of groups was two (autistic, non-autistic),
and the number of covariates was six (age, sex, non-verbal rea-
soning, years of education, alexithymia, mean definition word
count). Through this calculation, we identified that the total
number of participants to detect the group effect at p <0.05 was
90 (45 in each group).

Finally, we aimed to compute the sample size needed to detect
the contribution of emotion differentiation to emotion recogni-
tion, reported previously (Keating and Cook 2023b). In this sam-
ple size calculation, we assumed a moderate effect size (Cohen's
f?=0.15), based on previous literature (Cohen's f2=0.159 in
Keating and Cook 2023b). Alpha was 0.05, power was 0.8, the
number of tested predictors was one, and the total number of
predictors was 10 (since we were confident our data-driven
models predicting emotion recognition accuracy would have no
more than 10 predictors). In this analysis, we identified that 55
participants were required in each group to detect the contribu-
tion of a variable to emotion recognition at p <0.05. With this
sample size, we should be able to detect a moderate contribution
of any variable (e.g., emotional consistency, understanding of se-
mantic emotion concepts) to emotion recognition.

2.2 | Community Involvement

In line with participatory research guidelines (Fletcher-Watson
et al. 2019; Keating 2021), we sought input from five members of
the autism community—including autistic individuals and fam-
ily members of autistic people—via the Birmingham Psychology
Autism Research Team Consultancy Committee prior to con-
ducting the study. To gain their feedback, we presented the
study proposal to community members in an online meeting,
summarizing the background literature, rationale, and sug-
gested methods. We then discussed the draft task instructions
and completed a few trials of each task together. To help promote
openness and reduce power imbalances between researchers
and community members, we (1) emphasized the importance of
lived experience in enhancing the quality and relevance of re-
search, (2) made it clear that their contributions were genuinely
valued, (3) clearly communicated our openness to all feedback
(stating that there were no “silly” questions or feedback), and
(4) created an inclusive online environment that enabled partic-
ipants to contribute either verbally or through the chat function.

The community members provided valuable feedback on vari-
ous aspects of the research, including task design, instructions,
and potential dissemination routes. Based on their insights, we
made several changes before beginning data collection. For in-
stance, they recommended including more frequent breaks to
reduce fatigue during some tasks. In response, we divided the
first part of the EmoMap paradigm into three blocks and the
Emotional Vocabulary Test into four blocks, each separated by
breaks. The consultants also suggested modifying the wording
of instructions to maximize clarity and accessibility. As a result,
we changed the instructions in the Emotional Vocabulary Test

from “please define this emotion word” to “what does this emo-
tion word mean?” Moreover, to encourage thoughtful and high-
quality responses, the community members proposed informing
participants that their definitions might be reused in future re-
search (with their consent). We incorporated this suggestion
into the task instructions. These community members also of-
fered further input—such as suggestions for recruitment chan-
nels—which helped shape various elements of our approach.

3 | Procedures

Participants provided informed consent and then completed de-
mographics questions, the AQ (Baron-Cohen et al. 2001), and
the Toronto Alexithymia Scale (Bagby et al. 1994) on Qualtrics.
Following this, participants completed EmoMap (Keating and
Cook 2023b), the point light face (PLF) emotion recognition task
(Brewer et al. 2016; Sowden et al. 2021), the emotional vocabu-
lary test (inspired by Nook et al. 2017) and the Matrix Reasoning
Item Bank (MaRs-IB) (Chierchia et al. 2019) on Gorilla.sc. All
parts of the study were completed online.

3.1 | Materials and Stimuli
3.1.1 | The AQ

The level of participants’ autistic traits was assessed via the 50-
item AQ (Baron-Cohen et al. 2001). This self-report question-
naire is scored from 0 to 50, with higher scores representing
higher levels of autistic characteristics. The AQ assesses five dif-
ferent domains: attention switching, attention to detail, commu-
nication, social skills, and imagination. The AQ is a popular tool
for assessing autistic traits in both the general population and in
autistic individuals (Ruzich et al. 2015; Whitehouse et al. 2011;
Hickman et al. 2022; Abu-Akel et al. 2019), and has high in-
ternal consistency (@>0.7) and test-retest reliability (r>0.8)
(Stevenson and Hart 2017).

3.1.2 | The Toronto Alexithymia Scale

The level of participants’ alexithymic traits was measured
using the 20-item Toronto Alexithymia Scale (TAS-20) (Bagby
et al. 1994). This self-report questionnaire comprises 20 items
rated on a five-point Likert scale, ranging from 1, strongly dis-
agree, to 5, strongly agree. Scores on this questionnaire range
from 20 to 100, with higher scores indicating higher levels of
alexithymic traits. The TAS-20 is the most popular tool for as-
sessing alexithymia and has good internal consistency (& >0.7)
and test-retest reliability (r>0.7) (Bagby et al. 1994; Taylor
et al. 2003).

3.1.3 | EmoMap

The differentiation and consistency of participants’ emotional
experiences was assessed using our two-part EmoMap para-
digm. In the first part, on each trial, participants viewed pairs of
images from the Nencki Affective Picture System (Marchewka
et al. 2014), and were required to rate how similar the emotions

4
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evoked by each of the images were. Participants made their rat-
ings on a visual analogue scale (with a step size of 0.0001) rang-
ing from 0, “not at all similar” to 10, “very similar.” An advantage
of the EmoMap paradigm is that it allows us to measure emo-
tion differentiation without requiring participants to translate
their emotional experiences into words, unlike existing tasks
(Keating and Cook 2023c, 2023a). This is particularly beneficial
here as autistic individuals sometimes have different language
and communication profiles to non-autistic individuals (see
Frith and Happé 1994 and Vogindroukas et al. Vogindroukas
et al. 2022). Removing the requirement to translate their emo-
tional experiences into words means that our task focuses on
participants’ ability to differentiate their own emotional states
(i.e., their internal emotional reactions) rather than their ability
to produce emotion labels.

The chosen images were known to be effective at selectively
evoking anger, happiness, or sadness in large samples of partici-
pants (N=124) (Riegel et al. 2016). In this task, we included five
images for each emotion (anger, happiness, and sadness) result-
ing in 15 different images and 105 unique image combinations
(and thus 105 trials): 30 within emotion-category combinations
(10 for anger, 10 for happiness, and 10 for sadness) and 75 be-
tween emotion-category combinations (25 angry-sad, 25 angry—
happy, 25 happy-sad). To prevent participants from responding
too quickly (i.e., without thinking), a reaction time check was
incorporated: If participants responded faster than 1000ms,
they were presented with an error message (“Too Fast. Our al-
gorithm has detected that you might need to take longer to think
through your answer. You will now incur a 5-s penalty and then
will be asked to do the trial again”), were given a 5-s penalty, and
then the trial re-started.

To compute the distances between and within emotion clusters,
the similarity ratings were transformed into distance scores
using multidimensional scaling (with the Scikit-learn library in
Python). This technique allows users to represent objects (here,
emotional images) as points in multidimensional space, wherein
close similarity between objects corresponds to close distances
between the points in the representation (van der Klis and
Tellings 2022). To calculate the mean distances within specific
emotion clusters, we averaged across the Euclidean distances
for the 10 angry-angry, 10 happy-happy, and 10 sad-sad image
pairs, respectively. To calculate the mean distance between
specific emotion clusters we averaged across the Euclidean dis-
tances for the 25 angry-happy, 25 angry-sad, and 25 happy-sad
image pairs, respectively. Finally, we computed mean distances
within clusters and between clusters by averaging across emo-
tions/emotion pairs. Larger distances between clusters represent
a greater ability to differentiate distinct emotional states (e.g.,
differentiate anger and sadness). Larger distances within clus-
ters represent a greater ability to differentiate similar emotional
states (e.g., differentiate irritation from anger).

In the second part of our EmoMap paradigm, on each trial, par-
ticipants were presented with three images from the Nencki
Affective Picture System (Marchewka et al. 2014), and then had
to make a decision. This task involved four conditions: one non-
emotional control condition and three emotional experimental
conditions assessing the experience of anger, happiness, and
sadness respectively. Participants completed the non-emotional

control condition first and then the experimental conditions in
a random order. In the control condition, participants had to
select which of the three (neutral valence) images they found
most colorful using their mouse cursor. On each trial, two of
these images were in color and one was in grayscale, thus act-
ing as an attention check. If participants selected the grayscale
image, they were presented with the same error message men-
tioned previously, they incurred a 5-s penalty, and then had to
do the trial again. In the experimental conditions, participants
had to select which of the three images made them feel most
angry, happy, or sad (e.g., in the angry condition, participants
had to decide which of the two images made them most angry)
using their mouse cursor. As in the control condition, there was
a “trap” image on each trial: Two of the images were strong in-
ducers of the target emotion (e.g., anger), and one was a strong
inducer of another emotion (e.g., happiness), thus acting as an
attention check. If participants selected the image that strongly
induced the non-target emotion, they were presented with the
error message, they incurred a 5-s penalty, and then had to do
the trial again. In each condition, there were 11 target (i.e., non-
trap) images which were presented in all possible unique com-
binations across 55 trials. The selected images had previously
been identified as successful inducers of the target emotion
(Riegel et al. 2016).

Consistency scores were calculated for each condition based on
the logical consistency of a participant's decisions. To illustrate
this, if a participant selects Image A over Image B (A>B) and
Image B over Image C (B> C), these decisions are all consistent
with one another. However, if the participant then selects Image
C over Image A, this would be inconsistent with their previous
judgments. Accordingly, consistency requires participants to
distinguish between the intensity of emotion evoked by each
image across multiple instances, and thus inconsistent decisions
are likely to stem from inconsistencies in how individuals expe-
rience an emotion.

We followed the procedures outlined previously to calculate
emotional consistency (Keating and Cook 2023b; Huggins
et al. 2021). We first quantified each participant's image rank-
ings by computing the number of times they chose each image
within a condition. If a participant made completely consistent
decisions within a condition, rank scores would follow a per-
fect linear sequence: The image they found most emotionally
intense (or colorful) should be chosen in all 10 trials it appeared
(score =10), the second-highest should be chosen in nine of 10
trials (score=9), and so on. The image they found least emo-
tionally intense (or colorful) should never be chosen (score =0).
Following this, we examined how image rankings related to the
decisions made on each trial. Since images with a higher rank
score should elicit a stronger emotional response than those
with lower rank scores, we consider an inconsistent decision to
be when a lower-ranking image is chosen over a higher-ranking
image. For each trial, the rank score of the unchosen item was
subtracted from the rank score for the chosen item, producing
item differences. For consistent decisions, the item difference
would be greater than zero; for inconsistent decisions, the item
difference would be less than or equal to zero. More severe in-
consistencies (e.g., choosing the lowest ranked image over the
highest ranked image) result in more negative item differences.
Finally, we summed these item differences, per condition, to
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produce total consistency scores, with greater scores reflecting
higher consistency. If a participant made completely consistent
decisions within a condition, their score would be 220.

The EmoMap paradigm had strong internal consistency here,
with excellent split-half reliability both for distance scores [dis-
tance between cluster: Spearman-Brown coefficient=0.94;
distance within cluster: Spearman-Brown coefficient=0.90]
and emotional consistency scores [Spearman-Brown coef-
ficient=0.985-0.994 across conditions]. This paradigm also
demonstrates very good test-retest reliability, construct valid-
ity, and discriminant validity in other work (see Supporting
Information C).

3.1.4 | PLF Emotion Recognition Task

We assessed participants’ emotion recognition performance
using the PLF emotion recognition task (Keating, Fraser,
et al. 2022; Sowden et al. 2021). In this task, participants viewed
dynamic point-light displays of the face (PLFs), created from
videos of four actors saying sentences while posing three target
emotions (angry, happy, and sad). These PLFs have been adapted
(see Sowden et al. 2021 for further detail) such that they rep-
resent three spatial movement levels, ranging from reduced to
increased spatial movement (50%, 100%, and 150% spatial move-
ment), and three kinematic levels, ranging from reduced to in-
creased speed (50%, 100%, and 150% original stimulus speed). In
this task, each trial began with the presentation of a (silent) PLF
video displaying one of the three emotions, at one of the three
spatial and three kinematic levels (e.g., Happy at 100% spatial
movement and 150% speed). After viewing the PLF stimulus,
participants were required to rate how angry, happy, and sad the
person was feeling on three visual analogue scales (presented in
arandom order) ranging from 0, “not at angry/happy/sad” to 10,
“very angry/happy/sad.” Participants completed three practice
trials and then 108 randomly ordered experimental trials (12 per
condition) across three blocks. Participants were encouraged to
take breaks between blocks.

Emotion recognition accuracy scores were calculated by sub-
tracting the mean of the two incorrect emotion ratings from the
correct emotion rating. For instance, for a trial in which a sad
PLF was displayed, the mean rating of the two incorrect emo-
tions (angry and happy) was subtracted from the rating for the
correct emotion (sad). Mean emotion recognition accuracy was
calculated by taking the mean of accuracy scores across all emo-
tions, spatial, and kinematic levels.

The PLF Emotion Recognition task demonstrated excellent reli-
ability, with high internal consistency [Cronbach's a=0.86] and
strong split-half reliability [Spearman-Brown coefficient =0.92].
This task also demonstrates good test-retest reliability, concur-
rent validity, construct validity, and discriminant validity in
other work (see Supporting Information C).

3.1.5 | Emotional Vocabulary Test

We assessed participants' semantic conceptions of 20 dif-
ferent emotions (affection, amusement, anger, anxiety, awe,

contentment, depression, desire, disgust, embarrassment, ex-
citement, fear, guilt, happiness, interest, irritation, loneliness,
peaceful, sadness, surprise) using an adapted version of the
emotional vocabulary test (from Nook et al. 2017 and Baron-
Cohen et al. 2010). The list of emotions was selected to in-
clude (a) the six basic emotions (Ekman and Friesen 1971),
(b) emotions that occupy all four quadrants of the circumplex
dimensions of arousal and valence (Russell 1980), and (c) emo-
tions that are most frequently evoked by standardized data-
bases of images (e.g., the Nenki Affective Picture System, the
International Affective Picture System) (Mikels et al. 2005).
In this task, on each trial, participants were required to type
a definition of an emotion word that was presented on screen.
To ensure data validity, we (i) explicitly instructed participants
to come up with definitions themselves (rather than searching
for them online), (ii) forced the task into full-screen so that we
could tell if participants minimized the page to look-up defi-
nitions, and (iii) excluded any definitions that matched those
provided by the Oxford, Cambridge, and Meriam Webster
dictionaries.

In the current study, we consider how well participants under-
stand the meaning (i.e., the semantic content) of emotion con-
cepts, and how these meanings overlap between emotions. To
this end, we calculated two types of scores using the definitions
provided by participants—emotional vocabulary test scores,
which pertain to the accuracy of participants’ definitions, and
conceptual distance scores, which reflect the conceptual over-
lap in participants’ own definitions. To calculate emotional
vocabulary scores, first, a trained experimenter assigned each
definition a score of zero, one, or two (as in a WASI vocabulary
test and in Nook et al. 2017). A score of two was awarded if
the participants provided (i) a plausible and specific definition
of the emotion, (ii) a direct synonym of the emotion, or (iii) a
scenario that would conceivably evoke the given emotion and
no other emotions. We assembled a list of definitions and syn-
onyms (taken from the Oxford and Cambridge Dictionaries
and from Nook et al. 2017) which the experimenter referred
to when scoring the responses. A score of one was awarded if
the participant provided a definition that was of the correct va-
lence or situation, but too vague to meet criteria for a two-point
response. For example, if a participant defined loneliness as
“the feeling of being alone” or “a sad feeling”, they would score
one point for this definition. To score two points, participants
would need to include both parts of this definition: for example,
“the sad feeling you get when you are alone”. A score of 0 was
awarded if the participants gave definitions, synonyms, or situ-
ations relevant to a different emotion. We calculated total emo-
tional vocabulary scores by summing the scores for each item.
As such, emotional vocabulary test scores ranged from 0 to 40,
with higher scores representing more accurate understanding
of emotion terms.

To calculate conceptual distance scores, we employed Natural
Language Processing—a machine learning technique facil-
itating the analysis and synthesis of large quantities of lan-
guage data (Khurana et al. 2023). Specifically, we used a
pre-existing model (sentence-transformers/all-mpnet-base-v2)
designed to analyze the meaning of sentences, and then com-
pute the conceptual similarity of sentence pairs (i.e., the sim-
ilarity in meaning of sentence pairs). During its development,
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this model was trained on one billion sentence pairs, derived
from numerous online sources, thus enhancing the reliability
of the conceptual similarity estimates. In the current study,
we used this model to compute conceptual similarity scores
for each pair of definitions (e.g., affection-amusement, affec-
tion-anger, affection-anxiety... sadness-surprise), which we
then inverted (by multiplying by —1) to get conceptual dis-
tance scores. These conceptual distance scores range from 0
to —1 (to 15 decimal places), with higher scores representing
greater differentiation of semantic emotion concepts. To as-
sess the differentiation of participants' conceptions of same-
valence emotions (within valence conceptual distance), we
took a mean of the conceptual distance scores for the 45 pos-
itive—positive definition pairs (e.g., affection-amusement,
affection-happiness, etc.), and 45 negative-negative defini-
tion pairs (e.g., anger-anxiety, anger-sadness, etc.), and then
averaged across these values. To assess the differentiation of
participants’ conceptions of opposite-valence emotions (be-
tween valence conceptual distance), we took a mean of the
conceptual distance scores for the 100 positive-negative defi-
nition pairs.

In the current study, the Emotional Vocabulary Test had strong
internal consistency and split-half reliability for total test scores
[Cronbach's @ =0.858; Spearman-Brown coefficient =0.878] and
conceptual distance scores [Cronbach's a=0.986; Spearman-
Brown coefficient=0.943]. This task also demonstrates good
construct validity and discriminant validity in other work (see
Supporting Information C).

Logically, if our task and analysis pipeline are operating as in-
tended, between valence conceptual distance scores should
be higher (i.e., more positive) than within valence conceptual
distance scores. In order to verify this, we conducted a paired
samples t-test on these data, identifying extreme evidence
[BF,,>100] that between valence conceptual distance scores
[mean (SEM)=-0.28 (0.006)] were higher than within va-
lence conceptual distance scores [mean (SEM)=-0.40 (0.008);
1(99)=32.55, p<0.0001, BF  =1.34e]. Encouragingly, we
also identified that the five lowest mean conceptual distance
scores were for the anxiety and fear [mean (SEM)=-0.59
(0.015)], depression and sadness [mean (SEM)=-0.58 (0.017)],
Contentment and Peaceful [mean (SEM)=-0.56 (0.020)], con-
tentment and happiness [mean (SEM)=-0.55 (0.019)], and
Anger and Irritation [mean (SEM)=-0.54 (0.018)] definition
pairs, as one would expect (as these concepts are close to one
another in meaning).

In addition, we calculated the mean number of words included
across all definitions for each participant. This variable was
included as a covariate to control for overall definition length,
ensuring that emotional vocabulary score, between-valence
conceptual distance, and within valence conceptual dis-
tance related to differences in definition content rather than
differences in how much participants wrote. That is, includ-
ing mean definition word count as a covariate allowed us to
test whether these conceptual definition measures predicted
outcomes above and beyond the amount of text participants
provided.

3.1.6 | The Matrix Reasoning Item Bank

Participants’ non-verbal reasoning ability was assessed via the
Matrix Reasoning Item bank (see MaRs-IB) (Chierchia et al. 2019).
Each item in the MaRs-IB consists of a three-by-three matrix;
eight of the nine available cells are filled with abstract shapes, and
one cell is left empty. Participants are required to complete the
matrix by selecting the missing shape from four options. To pro-
vide the correct answer, participants must deduce relationships
between the shapes in the matrix (which vary in shape, color, size
and position). After selecting an answer, the participants proceed
to the next trial. If they do not provide a response within 30s,
they proceed to the next trial without a response. This assessment
lasts eightmin regardless of how many trials are completed. The
MaRs-IB has acceptable internal consistency (Kuder-Richardson
20>0.7) and test-retest reliability (r>0.7) (Chierchia et al. 2019).
Non-verbal reasoning scores are calculated as the percentage of
correct answers across all trials.

3.2 | Statistical Analyses

All frequentist analyses were conducted using R Studio (ver-
sion 2021.09.2) and all Bayesian analyses were conducted
using JASP (version 0.16). For all frequentist analyses, we used
a significance threshold of p=0.05 (two-sided) to determine
whether to accept or reject the null hypothesis. Parametric as-
sumptions were met for all analyses employing simple linear
models and linear mixed effects models. Non-parametric lin-
ear regressions were conducted when assumptions were vio-
lated. We conducted all linear mixed effects models in R Studio
using the Imer function (from the Ime4 package). In addition,
we employed the Anova function (from the car package) to
conduct a Type IIT ANOVA on the results of our linear mixed
model with a Kenward and Roger (1997) approximation for
degrees of freedom, as supported by Luke (2017). In R Studio,
we also conducted (i) a random forest analysis (Breiman 2001)
employing the Boruta wrapper algorithm (Boruta function
from Boruta package (Kursa and Rudnicki 2010)), and (ii) me-
diation analyses using the sem() function (from the lavaan
package). We conducted Bayesian analyses in JASP in order
to determine the relative strength of evidence for the exper-
imental versus null hypotheses. For all Bayesian analyses,
we followed the classification scheme proposed by Lee and
Wagenmakers (2014), in which BF,; and BF , values between
one and three reflect weak evidence, between 3 and 10 reflect
moderate evidence, greater than 10 reflect strong evidence,
and greater than 100 reflect extreme evidence for the experi-
mental (BF, ) and null (BF ;) hypotheses, respectively.

4 | Results

In the following section, we (1) compare autistic and non-autistic
participants on the consistency and differentiation of emotional
experiences, understanding of emotion concepts, and differenti-
ation of emotion concepts, and (2) determine whether the same
processes are implicated in autistic and non-autistic emotion
recognition.
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4.1 | Analyses Comparing Autistic
and Non-Autistic Participants

4.1.1 | No Differences Between Groups in Emotional
Consistency

First, to compare the consistency of emotional experiences
across participant groups, we conducted a linear mixed effects
model with emotional consistency as the dependent variable,
emotion (angry, happy, sad), group (autistic, non-autistic), the
interaction between emotion and group [independent variables],
age, sex, non-verbal reasoning ability, years of education, alex-
ithymia, emotional vocabulary score, between valence concep-
tual distance, within valence conceptual distance, and mean
definition word count [control variables] as predictors, and sub-
ject number as a random intercept. This revealed that within va-
lence conceptual distance [F(1, 105)=5.57, p=0.020] and years
of education [F(1, 105)=4.19, p=0.043] were positive predictors
of emotional consistency: those with more differentiated con-
ceptions of same-valence emotions, and those with more years
of education, typically had greater emotional consistency. There
were no other significant predictors [all p > 0.05]. Most notably,
there was no main effect of group [F(1, 284.67)=0.39, p=0.533],
and no emotion X group interaction [F(2, 230)=0.43, p=0.649].
To assess the strength of evidence for these null effects, we con-
ducted a post hoc Bayesian ANOVA. This yielded moderate ev-
idence against a main effect of group (BF, =5.37) and strong
evidence against an emotion X group interaction (BF,, =11.65),
suggesting no differences in emotional consistency between au-
tistic and non-autistic participants, across all three emotions.

4.1.2 | No Differences Between Groups in Emotion
Differentiation for Distinct Emotional States

To test whether autistic adults have less differentiated experi-
ences of distinct emotions than non-autistic adults, we con-
structed a linear mixed effects model with distance between
clusters as the dependent variable, emotion pair (angry-happy,
angry-sad, happy-sad), group (autistic, non-autistic), the inter-
action between emotion pair and group [independent variables],
age, sex, non-verbal reasoning, years of education, alexithymia,
emotional vocabulary score, within valence conceptual dis-
tance, between valence conceptual distance, and mean defini-
tion word count [control variables] as predictors, and subject
number as a random intercept. In line with the results from our
previous study (Keating and Cook 2023b), there was a signifi-
cant main effect of emotion pair [F(2, 230)=82.81, p<0.0001]:
The distance between angry and sad clusters was smallest
[mean (SEM)=13.78 (0.28)], followed by happy and sad [mean
(SEM)=17.64 (0.45)], followed by angry and happy [mean
(SEM)=18.46 (0.45)]. In addition, between valence conceptual
distance [F(1, 105)=5.13, p=0.026] was a significant positive
predictor of distance between clusters: Those with less differ-
entiated conceptions of emotions (of opposite valence) typically
had less differentiated experiences of distinct emotions. Finally,
our analysis also revealed that non-verbal reasoning ability was
asignificant negative predictor of distance between clusters [F(1,
105)=—6.83, p=0.010]: those with higher non-verbal reasoning
ability typically had smaller distances between clusters. Once
again there was no main effect of group [F(1, 143.04)=2.50,

p=0.116], nor an interaction between emotion pair and group
[F(2,230)=1.68, p=0.189], and no other significant predictors of
distance between clusters [all p>0.05]. To evaluate the strength
of evidence for these null effects, we conducted a follow-up
Bayesian ANOVA. There was anecdotal evidence against a main
effect of group (BF, =1.24) and moderate evidence against an
emotion X group interaction (BF;, =3.98), suggesting there are
no differences between the autistic and non-autistic participants
in the differentiation of distinct emotional states.

4.1.3 | No Differences Between Groups in Emotion
Differentiation for Similar Emotional States

Next, to test whether autistic adults have less differentiated ex-
periences of similar emotions (i.e., less granular emotional ex-
periences), we constructed a linear mixed effects model with
distance within clusters as the dependent variable, emotion
(distance within angry, happy, and sad clusters, respectively),
group (autistic, non-autistic), the interaction between emotion
and group [independent variables], age, sex, non-verbal rea-
soning, years of education, alexithymia, emotional vocabulary
score, within valence conceptual distance, between valence
conceptual distance, and mean definition word count [control
variables] as predictors, and subject number as a random inter-
cept. This revealed a main effect of emotion [F(2, 230)=15.52,
p<0.001]: Distance within happy clusters was lowest [mean
(SEM)=12.30(0.31)], followed by distance within angry clusters
[mean (SEM)=13.57 (0.26)], and distance within sad clusters
[mean (SEM)=13.65 (0.30)]. In addition, our analysis identi-
fied that between valence conceptual distance [F(1, 105)=5.40,
p=0.022] was a significant positive predictor of distance within
clusters: those with less differentiated conceptions of emotions
(of opposite valence) typically had less differentiated experi-
ences of similar emotions. We also identified that non-verbal
reasoning was a significant negative predictor of distance within
clusters [F(1, 105)=15.32, p<0.001]. There was no main effect
of group [F(1, 144.57)=0.36, p=0.549], nor an emotion X group
interaction [F(2, 230)=1.12, p=0.327], and there were no other
significant predictors of distance within clusters [all p>0.05].
To probe the strength of evidence for these null effects, we con-
ducted a follow-up Bayesian ANOVA. There was anecdotal evi-
dence against a main effect of group (BF,, =2.60) and moderate
evidence against an emotion X group interaction (BF,, =6.67),
suggesting there are no differences between the autistic and
non-autistic participants in the differentiation of similar emo-
tional states.

4.1.4 | No Differences Between Groups in Levels
of Understanding of Emotion Concepts

To assess the understanding of emotion concepts, we compared
the emotional vocabulary test scores of the autistic and non-
autistic participants. To do so, we ran a non-parametric multi-
ple regression of emotional vocabulary as a function of group
(autistic, non-autistic), age, sex, non-verbal reasoning, years of
education, alexithymia, and mean definition word count [con-
trol variables|. This analysis revealed that mean definition word
count [£(108)=3.63, p<0.001] was a positive predictor, and age
[t(108)=—2.90, p=0.005] was a negative predictor of emotional
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vocabulary score: those who provided longer definitions, and
those younger in age, typically had higher emotional vocabulary
scores. There were no significant differences between the au-
tistic participants and non-autistic participants in emotional vo-
cabulary score [£(108)=-1.64, p=0.104]. A follow-up Bayesian
independent sample t-test revealed anecdotal evidence for this
null effect [BF;, =2.49]. Together, our results suggest that there
are no differences between groups in the understanding of emo-
tion concepts.

4.1.5 | No Differences Between Groups in
the Differentiation of Semantic Emotion Concepts

Following this, to determine whether autistic or non-autistic
people have more differentiated conceptions of emotions with
the same and opposite valences, we constructed two simple lin-
ear models as a function of group (autistic, non-autistic), age,
sex, non-verbal reasoning, years of education, alexithymia, and
mean definition word count [control variables]. Across both
models, mean definition word count was a negative predictor
[between valence: F(1, 108) =-10.30, p=0.002; within valence:
F(1, 108)=-11.66, p<0.001] and age [between valence: F(1,
108) =5.18, p=0.024; within valence: F(1, 108)=8.33, p=0.005]
was a positive predictor: those who provided longer definitions,
and those younger in age, tended to have lower conceptual
distance scores, both for same-valence and opposite-valence
emotions. There was no effect of group [between valence con-
ceptual distance: F(1, 108)=1.00, p=0.320; within valence
conceptual distance: F(1, 108)=3.13, p=0.080], nor any other
significant predictors in both models [all p>0.05]. In our fol-
low-up Bayesian independent samples t-tests, there was moder-
ate evidence for a null effect of group for both between valence
conceptual distance [BF j; =5.05] and within valence conceptual
distance [BF , =3.66]. Together, the evidence suggests that there
were no differences in the differentiation of semantic emotion
concepts between autistic and non-autistic participants.

In sum, we found no credible evidence for differences between
autistic and non-autistic individuals in emotional consistency,
the differentiation of emotional experiences, or the under-
standing and differentiation of semantic emotion concepts,
after controlling for alexithymia. Notably, in our sample, 15 of
the non-autistic participants scored above cut-off for potential
autism on the AQ (>26) while six autistic participants scored
below it (< 26). To ensure that the absence of significant group
differences was not due to high autistic traits in the non-autistic
group and low traits in the autistic group—which could reduce
between-group differences—we excluded these participants and
repeated our analyses. The pattern of results was unaffected by
these exclusions; there were still no differences between the au-
tistic and non-autistic participants on our variables of interest
(see Supporting Information D).

4.2 | Different Combinations of Variables Are
Important for Autistic and Non-Autistic Emotion
Recognition

Next, we aimed to determine the factors contributing to au-
tistic and non-autistic emotion recognition via random forests

analyses (Breiman 2001) with the Boruta wrapper algorithm
(Lee and Wagenmakers 2014) (version 7.7.0; as in Keating and
Cook 2023b and Keating et al. 2023). Across numerous iterations
(here, 3000), this algorithm trains a random forest regression
model on all predictor variables, as well as their permuted cop-
ies (known as “shadow features”), and classifies a variable as
important (i.e., useful for predicting a target variable) when its
importance score is higher than the maximum score amongst
all shadow features (termed “shadowMax” in the analysis; see
Mazzanti 2020 for an accessible summary of the Boruta wrap-
per algorithm). In this analysis, our outcome variable was mean
emotion recognition accuracy. Predictors included the emotion-
related variables examined in this study: emotional consistency,
distance between clusters, distance within clusters, emotional
vocabulary score, within-valence conceptual distance, and
between-valence conceptual distance. For exploratory purposes,
we also included total AQ score, total TAS score, the AQ and
TAS subscales (i.e., AQ social skills, AQ attention switching,
AQ attention to detail, AQ communication, AQ imagination,
TAS difficulties describing feelings, TAS difficulties identify-
ing feelings, and TAS externally oriented thinking), non-verbal
reasoning ability, years of education, and age as predictors (thus
following similar procedures to Keating and Cook 2023b and
Keating et al. 2023), since these variables are also thought to be
involved in emotion-processing (Keating and Cook 2020, 2023b;
Keating, Fraser, et al. 2022; Rump et al. 2009).

For the non-autistic participants, of the 19 variables tested, three
were classified as important, two were classified as tentatively
important, and 14 were deemed unimportant. Figure 1 (left)
illustrates that the distance within clusters [mean importance
score (MIS)=25.70], emotional vocabulary score [MIS=9.43],
and within valence conceptual distance [MIS=7.89] were im-
portant for emotion recognition; distance between clusters
[MIS=6.06] and non-verbal reasoning [MIS=5.09] were ten-
tatively important for emotion recognition. All other variables
were deemed unimportant.

In comparison, for the autistic participants, four of the variables
were classified as important, two tentatively important, and the
remainder unimportant for emotion recognition. Figure 1 (right)
shows that the distance between emotion clusters [MIS=20.80],
emotional vocabulary score [MIS=14.31], the TAS difficulty
identifying feelings subscale [MIS=9.86], and between va-
lence conceptual distance [MIS=9.26] were deemed important;
years of education [MIS=7.56] and distance within clusters
[MIS = 5.71] were tentatively important for emotion recognition.
All other variables were classified as unimportant.

Next, to verify the results from our random forests regression
model, we constructed linear mixed effects models predicting
mean emotion recognition accuracy with the important and
tentatively important variables in the autistic and non-autistic
groups respectively. Since we identified a strong correlation
between two variables of interest—distance between emotion
clusters and distance within clusters [R=0.851, p<0.001]—
we constructed two linear mixed effects models with near
identical predictors but where one model included distance
between emotion clusters and the other included distance
within clusters. Thus, ensuring that parameter estimates were
not compromised by collinearity issues (Johnston et al. 2018).
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FIGURE 1 | Random forest variable importances for non-autistic (left) and autistic (right) participants. Variable importance of all 19 features
entered into the Boruta random forest, displayed as boxplots. Box edges denote the interquartile range (IQR) between the first and third quartile;
whiskers denote 1.5*IQR distance from box edges; circles represent outliers outside of 1.5*IQR above and below box edges. Box color denotes decision:

Green—confirmed, yellow = tentative, red =rejected; gray = meta-attributes shadowMin, shadowMax and shadowMean (minimum, maximum and

mean variable importance attained by shadow features).

In the model that excluded distance between clusters, distance
within clusters [F(1, 54) =8.55, p=0.005] and non-verbal rea-
soning [F(1, 54)=4.32, p=0.042] were significant positive
predictors of non-autistic emotion recognition. In the model
that excluded distance within clusters, distance between clus-
ters was a significant positive predictor of emotion recognition
[F(1, 54)=4.84, p=0.032]. In sum, non-autistic individuals
who can more accurately distinguish between similar and
distinct emotional states (see Figure 2) tend to excel in emo-
tion recognition, aligning with previous findings (Keating and
Cook 2023Db).

Following this, we constructed the relevant linear mixed ef-
fects models in the autistic group. In the model that excluded
distance between clusters, emotional vocabulary score was a sig-
nificant positive predictor of autistic emotion recognition [F(1,
52)=15.31, p=0.025]. There were no other significant predictors
[all p>0.05]. In the model that excluded distance within clusters,
again emotional vocabulary score was the only significant pre-
dictor of emotion recognition for autistic people [F(1, 52)=5.36,
p=0.025]. Thus, for autistic people, having a clear understand-
ing of emotion concepts is linked to more accurate emotion
recognition.

In sum, while being able to differentiate similar and distinct
emotional states was linked to enhanced emotion recognition

for non-autistic individuals, having a greater understanding of
emotion concepts predicted elevated emotion recognition for au-
tistic people.

4.3 | Exploratory Analyses: Emotion
Differentiation Mediates the Relationship Between
the Differentiation of Semantic Emotion Concepts
and Emotion Recognition for Non-Autistic People

Since we had identified that between valence conceptual
distance predicted distance between and within clusters,
which both predicted emotion recognition performance for
non-autistic people, we conducted post hoc mediation anal-
yses to explore whether between valence conceptual distance
exerted an indirect effect on emotion recognition by influ-
encing the distances between and within clusters. Here, we
used structural equation modeling (SEM) for our mediation
analyses, rather than standard regression models (Baron and
Kenny 1986), as SEM is regarded “a more appropriate infer-
ence framework for mediation analyses” (Gunzler et al. 2013).
We employed bias-corrected bootstrapping (with 2000 repli-
cations) to create 95% confidence intervals (95% CI) as there is
a consensus that this is the most powerful method for testing
mediated effects (Cheung 2007; Fritz and MacKinnon 2007;
MacKinnon et al. 2004; Valente et al. 2016). If these confidence

10

Autism Research, 2026



[}
[}

N
N

N

Emotion Recognition Accuracy
N

Emotion Recognition Accuracy

=== Non-autistic
=== Autistic

Emotion Recognition Accuracy

10 15 20
Distance Within Clusters

5 10 15

FIGURE2 |

Distance Between Clusters

20 25 10 20 30 40

Emotional Vocabulary Score

The relationships between mean emotion recognition accuracy and distance between clusters, distance within clusters, and emotion-

al vocabulary score, respectively, for the autistic (orange) and non-autistic (green) participants.

intervals do not cross zero, there is evidence for the experi-
mental hypothesis; if these confidence intervals cross zero,
there is evidence for the null hypothesis (Foster et al. 2018).

In the first model, the predictor was between valence concep-
tual distance, the mediator was distance between clusters, and
the outcome variable was emotion recognition accuracy. In the
second model, the predictor was between valence conceptual
distance, the mediator was distance within clusters, and the out-
come variable was emotion recognition. Across all mediation
models we controlled for relevant confounding variables (e.g.,
non-verbal reasoning, AQ, TAS, years of education, emotional
vocabulary score, mean definition word count) to enhance the
internal validity of our findings.

In the first model, although there was no direct effect
[z=-0.99, 95% CI=(-0.410, 0.200)] of between valence con-
ceptual distance on emotion recognition, there was an indirect
effect via distance between clusters [z=1.94, 95% CI=(0.004,
0.333); see Figure 3, top]. This suggests a potential causal
direction (though future studies are necessary to confirm
this chain of causality); for non-autistic people, having well-
differentiated conceptions of emotion may lead to individuals
having well-differentiated experiences of distinct emotions,
and then in turn greater emotion recognition accuracy.
Similarly, in the second model, there was no direct effect of
between valence conceptual distance on emotion recognition
[z=-1.39, 95% CI=(—0.450, 0.187)], but there was an indirect
effect via distance within clusters [z=2.18, 95% CI=(0.009,
0.437); see Figure 3, bottom.]. As such, for non-autistic par-
ticipants, having well-differentiated conceptions of emotion
may also lead to them having well-differentiated experiences
of similar emotions, and then in turn greater emotion recogni-
tion accuracy. Future studies employing causal manipulation
are needed to confirm these chains of causality.

To verify that these pathways were most plausible, we then
swapped the position of distance between clusters and between
valence conceptual distance, such that distance between clusters
was the predictor and between-valence conceptual distance was

the mediator. Our analysis revealed that the indirect effect was
not significant [z=-0.92, 95% CI=(—0.232, 0.034)]. Following
this, we conducted the same analysis with distance within
clusters, identifying once again that the indirect effect was not
significant [z=-1.22, 95% CI=(—0.273, 0.031)]. Therefore, our
results suggest that the most mathematically plausible pathway
is as follows: having well differentiated conceptions of emotion
may lead to more differentiated experiences of emotion, and
then in turn better emotion recognition.

5 | Discussion

The current study compared autistic and non-autistic adults
on emotional abilities thought to be involved in emotion rec-
ognition (e.g., emotional consistency, differentiation of experi-
ences and concepts of emotion, and understanding of emotion
concepts), and investigated the contribution of these factors
to emotion recognition in both groups. Our results provide
no credible evidence for differences between autistic and
non-autistic adults with respect to the consistency and dif-
ferentiation of emotional experiences, nor the understanding
or differentiation of semantic concepts of emotion. This held
true across both complex statistical models (see Section 4)
and simpler models with fewer predictors (see Supporting
Information E), and in both the full sample and a more con-
servative subsample (excluding non-autistic participants who
scored above the cutoff on the AQ and autistic participants
who scored below it; see Supporting Information D). This con-
vergence across models and samples strengthens our confi-
dence in the finding that autistic and non-autistic individuals
do not differ on these emotion-related factors. However, nota-
bly, we identified differences in the traits, processes, and abil-
ities involved in autistic and non-autistic emotion recognition.
Although for non-autistic individuals, having more differen-
tiated conceptualizations and experiences—for distinct (e.g.,
angry-happy, angry-sad, happy-sad) and similar (e.g., anger,
irritation, frustration) emotions—was linked to enhanced
emotion recognition, having a more precise understanding
of emotion concepts (as indexed by more precise definitions
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Mediation models showing the contribution of between valence conceptual distance to non-autistic emotion recognition via

distance between clusters (top) and distance within clusters (bottom). The asterisks (*) denote statistical significance according to confidence

intervals.

of emotion terms) predicted emotion recognition for autistic
people.

These findings significantly deepen our understanding of the
processes and abilities involved in both autistic and non-autistic
emotion recognition. To the best of our knowledge, no studies to
date have empirically tested the mechanistic pathway by which
emotion concepts influence emotion recognition. As discussed in
the Introduction, one possibility is that emotion concepts impact
upon emotional experiences and emotion perceptions directly
and independently; another possibility is that there are indi-
rect effects among these variables. The current study suggests
that the latter is more mathematically plausible; having well-
differentiated concepts of emotion may lead to (non-autistic) in-
dividuals having well-differentiated experiences of emotion, and
then in turn greater emotion recognition accuracy. This chain of
causality raises a hypothetical pathway by which these abilities
develop from infancy to adulthood (i.e., emotion concepts become
increasingly differentiated, leading to increasingly differentiated

emotional experiences, and then in turn emotion perceptions).
Nevertheless, further research employing causal manipulation
and/or longitudinal methods is necessary to verify this chain of
causality, and to test how and when these links arise developmen-
tally. For example, future studies could assess our emotion-related
variables at baseline and then again following one of two inter-
ventions: (1) targeted training designed to improve participants’
ability to differentiate the meanings of various emotions, and (2)
an active control intervention focused on improving the ability to
differentiate various colors. If those in the emotion-focused inter-
vention show greater improvements than those in the control con-
dition—not only in differentiating semantic emotion concepts,
but also in distinguishing their own or others' emotions—this
would provide evidence for a causal link between these abilities.
To further explore causality, researchers could examine whether
the extent of improvement in differentiating semantic emotion
concepts is associated with improvements in emotion differenti-
ation or emotion recognition. If these associations are found, this
would provide further evidence that enhancing the differentiation

12

Autism Research, 2026



of semantic emotion concepts leads to downstream gains in emo-
tion differentiation and recognition.

Similarly, these findings also significantly advance our un-
derstanding of the abilities and processes involved in autistic
emotion recognition. Until now, the factors involved in autistic
emotion recognition have remained elusive, with several studies
finding that certain demographic factors, abilities, or processes
important for non-autistic emotion recognition are not import-
ant for autistic emotion recognition (Brewer et al. 2016; Rump
et al. 2009; Keating et al. 2023; Keating, Sowden, et al. 2026).
This has led to arguments that autistic people may adopt alterna-
tive, cognitively mediated strategies to recognize the emotions of
other people (Rutherford and McIntosh 2007; Walsh et al. 2014).
If this were true, one might expect a stronger link between emo-
tion recognition performance and cognitive ability in autistic in-
dividuals compared to non-autistic individuals. Supporting this,
previous work has found that IQ (Keating, Sowden, et al. 2026)
and mental age (Hobson 1986) are linked to enhanced emotion
recognition performance for autistic but not non-autistic people.
Building on these findings, our study found that a stronger un-
derstanding of emotion terms was linked to enhanced emotion
recognition for autistic people only. This lends further support to
the idea that autistic people may follow alternative, cognitively
mediated strategies to recognize the emotions of other people.

The results of the current study contradict previous findings
suggesting that autistic individuals have less differentiated ex-
periences and concepts of emotions (Erbas et al. 2013). There
are numerous potential explanations for this discrepancy.
First, in the analyses conducted here, we have controlled for
alexithymia—an important confounding variable that was not
controlled for in previous studies. Hence, it is possible that the
autistic participants tested in previous studies had less differen-
tiated experiences and concepts of emotion due to co-occurring
alexithymia, rather than due to autism itself, in line with the
alexithymia hypothesis (Bird and Cook 2013). Second, it could
be the case that autistic individuals have particular difficulties
on emotion differentiation tasks that require them to translate
their emotional experiences into words (e.g., the photo emotion
differentiation task in Erbas et al. 2013), but do not exhibit differ-
ences with respect to tasks that purely focus on differentiating
internal emotional states (such as our EmoMap task). Although
this thesis is a possibility, it is not probable since, if this were
the case, we would have expected our autistic participants to
perform more poorly than their non-autistic counterparts on
the emotional vocabulary test. Third, this discrepancy in find-
ings could arise due to differences in demographics. Although
the sample in the current study comprised 58 autistic and 59
non-autistic adults (with a mean age in each group of 33.26 and
32.27years respectively), previous studies have tested younger
samples (e.g., Erbas et al. (2013) tested 18 autistic and 26 non-
autistic adolescents with a mean age of 16.71 and 16.56years,
respectively). As such, it is possible that autistic individuals
have particular difficulties differentiating experiences and con-
cepts of emotions relative to their non-autistic peers during ad-
olescence, which disappear as they transition into adulthood.
Further research is necessary to (a) replicate the results of the
current study, and (b) formally test under what conditions and
tasks (e.g., age, language-based tasks) autistic people exhibit dif-
ficulties with emotion differentiation.

5.1 | Implications

The results of the current study pave the way for future support
systems to help both autistic and non-autistic people to accu-
rately recognize emotional facial expressions. Specifically, such
systems could support non-autistic individuals in distinguishing
emotional experiences and concepts while helping autistic indi-
viduals deepen their understanding of emotion concepts—which
could enhance emotion recognition in both groups. Indeed, re-
cent work demonstrates the promise of this approach. This study
used a five-day intervention to deepen participants’ understand-
ing of emotion concepts and improve their ability to differen-
tiate them by providing detailed information and encouraging
comparisons between concepts (Vedernikova et al. 2021). This
intervention had promising effects, successfully improving
emotion concept knowledge and downstream emotion differen-
tiation performance, relative to an active control group, immedi-
ately after training and at follow-up a month later (Vedernikova
et al. 2021). Such interventions have the potential for widespread
benefits: Improved emotion differentiation is linked not only to
accurate emotion recognition but also to adaptive emotion reg-
ulation, better psychosocial functioning, and reduced mental
health difficulties (Smidt and Suvak 2015; Kashdan et al. 2015;
Trull et al. 2015; Hoemann et al. 2021; Thompson et al. 2021;
O'Toole et al. 2020; Seah and Coifman 2022). Further research is
necessary to assess whether such interventions have longer term
benefits for conceptual emotion knowledge and emotion differ-
entiation, and to determine whether these interventions could
have downstream benefits for autistic and non-autistic emotion
recognition.

5.2 | Limitations and Future Directions

It is important to address the limitations of our study with re-
spect to sample generalizability. The participants in the cur-
rent study were predominantly White (78.6%; see Supporting
Information A), highly educated (47% with an undergraduate
bachelor's degree or higher; see Supporting Information B),
adults from the United Kingdom. As such, our sample may not
be representative of those with lower levels of education or intel-
lectual disabilities, or those from different racial, ethnic, or cul-
tural backgrounds. While the inclusion of adults is a significant
strength of this study, as this group is typically greatly under-
represented in autism research (just 21% of studies involve this
group (Kirby and McDonald 2021)), it is important to note that
our findings may not generalize to children and adolescents. As
discussed, there may be differences between autistic and non-
autistic individuals in emotion-processing during childhood and
adolescence that disappear as they transition into adulthood.
Finally, in the current study, our sample comprised a slightly
higher number of females than males in both the autistic (53%
female, 41% male) and non-autistic (56% female, 44% male)
groups. This is also a strength of the study, as women are often
underrepresented in autism research (Watkins et al. 2014; Mo
et al. 2021). However, since modern estimates indicate that there
are two males to every one autistic female (D'Mello et al. 2022),
our sample may not be representative of the autistic population
more generally. Nevertheless, our post hoc tests demonstrate
that there were no interactions between sex and group in our
analyses comparing the autistic and non-autistic individuals on
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emotion-processing (see Supporting Information F). These re-
sults suggest that there are no differences between autistic and
non-autistic adults in emotional consistency, emotion differenti-
ation, and the understanding or differentiation of emotion con-
cepts, irrespective of sex. As such, our findings are likely to be
representative of both males and females.

Finally, although here we found no significant differences be-
tween autistic and non-autistic adults on our emotion-related
variables, our Bayesian analyses only found anecdotal-moderate
evidence for these null effects. Specifically, we found anecdotal
evidence that there are no differences between groups with
respect to emotion differentiation [distance between clusters:
BF,, =1.24; distance within clusters: BF,; =2.60] and the un-
derstanding of emotion terms [BFj; =2.49], and moderate ev-
idence with respect to emotional consistency [BF j, =5.37] and
the differentiation of semantic emotion concepts [between
valence conceptual distance: BF j, =5.05; within valence con-
ceptual distance: BF, =3.66]. While the moderate evidence
for these latter effects affords us confidence in our findings,
future investigations should aim to replicate these results, and
particularly those regarding emotion differentiation and the
understanding of emotion terms. As this study was not pre-
registered, incorporating pre-registered protocols in future
work would further strengthen external confidence in our re-
sults. Consistent with our approach, such future investigations
should control for alexithymia to ensure that any differences
between groups truly arise due to autism, rather than due to
underlying alexithymia.

5.3 | Conclusions

This study found no differences between autistic and non-autistic
adults in the consistency or differentiation of their emotional ex-
periences, nor their understanding or differentiation of semantic
emotion concepts, after accounting for alexithymia. However,
there were differences in the psychological mechanisms in-
volved in autistic and non-autistic emotion recognition. For non-
autistic people, the ability to differentiate one's own emotions
contributed to enhanced emotion recognition. Although having
more differentiated emotion concepts (indirectly) contributed to
elevated emotion recognition for non-autistic people, having a
more precise understanding of emotion concepts contributed for
autistic people. The results of the current study pave the way for
future systems to help both autistic and non-autistic people to
more accurately recognize emotional facial expressions.

Author Contributions

C.T.K. and J.L.C. conceptualized and designed the study. C.T.K. and
C.K. collected the data. C.T.K. and C.K. analyzed the data. C.T.K. wrote
an initial draft. Supervision was conducted by J.L.C. All authors re-
viewed and provided feedback on the draft and approved the submitted
manuscript.

Acknowledgments

We thank the Birmingham Psychology Autism Research Team
Consultancy Committee for their input on this study.

Funding

This project was supported by the Medical Research Council (MRC,
United Kingdom) (MR/R015813/1) and the European Union's Horizon
2020 Research and Innovation Programme under ERC-2017-STG (grant
agreement no. 757583).

Ethics Statement

This study was approved by the Science, Technology, Engineering and
Mathematics (STEM) ethics committee at the University of Birmingham
(ERN_16-0281AP9D) and conducted in line with the principles of the
revised Helsinki Declaration.

Consent

All participants provided informed consent.

Conflicts of Interest

The authors declare no conflicts of interest.

Data Availability Statement

The data and analysis script corresponding to this study are available
online at https://osf.io/4xfet/. Many of the tasks used in the current
study are also openly available online at https://app.gorilla.sc/openm
aterials/447800.

References

Abu-Akel, A., C. Allison, S. Baron-Cohen, and D. Heinke. 2019. “The
Distribution of Autistic Traits Across the Autism Spectrum: Evidence
for Discontinuous Dimensional Subpopulations Underlying the Autism
Continuum.” Molecular Autism 10, no. 1: 24. https://doi.org/10.1186/
$13229-019-0275-3.

American Psychiatric Association. 2013. Diagnostic and Statistical
Manual of Mental Disorders. American Journal of Psychiatry. 5th ed.
American Psychiatric Association. https://doi.org/10.1176/appi.books.
9780890425596.744053.

Ashwin, C., E. Chapman, L. Colle, and S. Baron-Cohen. 2006.
“Impaired Recognition of Negative Basic Emotions in Autism: A Test of
the Amygdala Theory.” Social Neuroscience 1, no. 3—4: 349-363. https://
doi.org/10.1080/17470910601040772.

Bagby, R. M., J. D. A. Parker, and G. J. Taylor. 1994. “The Twenty-Item
Toronto Alexithymia Scale-I. Item Selection and Cross-Validation of the
Factor Structure.” Journal of Psychosomatic Research 38, no. 1: 23-32.
https://doi.org/10.1016/0022-3999(94)90005-1.

Bal, E., E. Harden, D. Lamb, A. V. Van Hecke, J. W. Denver, and S. W.
Porges. 2010. “Emotion Recognition in Children With Autism Spectrum
Disorders: Relations to Eye Gaze and Autonomic State.” Journal of
Autism and Developmental Disorders 40, no. 3: 358-370. https://doi.org/
10.1007/s10803-009-0884-3.

Baron, R. M., and D. A. Kenny. 1986. “The Moderator-Mediator
Variable Distinction in Social Psychological Research: Conceptual,
Strategic, and Statistical Considerations.” Journal of Personality and
Social Psychology 51, no. 6: 1173-1182. https://doi.org/10.1037/0022-
3514.51.6.1173.

Baron-Cohen, S., O. Golan, and E. Ashwin. 2009. “Can Emotion
Recognition Be Taught to Children With Autism Spectrum Conditions?”
Philosophical Transactions of the Royal Society of London. Series B,
Biological Sciences 364, no. 1535: 3567-3574. https://doi.org/10.1098/
rstb.2009.0191.

Baron-Cohen, S., O. Golan, S. Wheelwright, Y. Granader, and J. Hill.
2010. “Emotion Word Comprehension From 4 to 16Years Old: A

14

Autism Research, 2026


https://osf.io/4xfet/
https://app.gorilla.sc/openmaterials/447800
https://app.gorilla.sc/openmaterials/447800
https://doi.org/10.1186/s13229-019-0275-3
https://doi.org/10.1186/s13229-019-0275-3
https://doi.org/10.1176/appi.books.9780890425596.744053
https://doi.org/10.1176/appi.books.9780890425596.744053
https://doi.org/10.1080/17470910601040772
https://doi.org/10.1080/17470910601040772
https://doi.org/10.1016/0022-3999(94)90005-1
https://doi.org/10.1007/s10803-009-0884-3
https://doi.org/10.1007/s10803-009-0884-3
https://doi.org/10.1037/0022-3514.51.6.1173
https://doi.org/10.1037/0022-3514.51.6.1173
https://doi.org/10.1098/rstb.2009.0191
https://doi.org/10.1098/rstb.2009.0191

Developmental Survey.” Frontiers in Evolutionary Neuroscience 2: 109.
https://doi.org/10.3389/fnevo.2010.00109.

Baron-Cohen, S., S. Wheelwright, R. Skinner, J. Martin, and E. Clubley.
2001. “The Autism-Spectrum Quotient (AQ): Evidence From Asperger
Syndrome/High-Functioning Autism, Males and Females, Scientists
and Mathematicians.” Journal of Autism and Developmental Disorders
31: 5-17.

Barrett, L. F. 2006. “Solving the Emotion Paradox: Categorization and
the Experience of Emotion.” Personality and Social Psychology Review
10, no. 1: 20-46. https://doi.org/10.1207/515327957pspr1001_2.

Bird, G., and R. Cook. 2013. “Mixed Emotions: The Contribution of
Alexithymia to the Emotional Symptoms of Autism.” Translational
Psychiatry 3, no. 7: 61. https://doi.org/10.1038/tp.2013.61.

Breiman, L. 2001. “Random Forests.” Machine Learning 45, no. 1: 5-32.
https://doi.org/10.1023/A:1010933404324.

Brewer, R., F. Biotti, C. Catmur, et al. 2016. “Can Neurotypical
Individuals Read Autistic Facial Expressions? Atypical Production of
Emotional Facial Expressions in Autism Spectrum Disorders.” Autism
Research 9, no. 2: 262-271. https://doi.org/10.1002/aur.1508.

Cheung, M. W. L. 2007. “Comparison of Approaches to Constructing
Confidence Intervals for Mediating Effects Using Structural Equation
Models.” Structural Equation Modeling: A Multidisciplinary Journal 14,
no. 2: 227-246.

Chierchia, G., D. Fuhrmann, L. J. Knoll, B. P. Pi-Sunyer, A. L.
Sakhardande, and S. J. Blakemore. 2019. “The Matrix Reasoning Item
Bank (MaRs-IB): Novel, Open-Access Abstract Reasoning Items for
Adolescents and Adults.” Royal Society Open Science 6, no. 10: 190232.
https://doi.org/10.1098/rs0s.190232.

Cook, R., R. Brewer, P. Shah, and G. Bird. 2013. “Alexithymia, Not
Autism, Predicts Poor Recognition of Emotional Facial Expressions.”
Psychological Science 24, no. 5: 723-732. https://doi.org/10.1177/09567
97612463582.

D'Mello, A. M., 1. R. Frosch, C. E. Li, A. L. Cardinaux, and J. D. E.
Gabrieli. 2022. “Exclusion of Females in Autism Research: Empirical
Evidence for a ‘Leaky’ Recruitment-To-Research Pipeline.” Autism
Research 15, no. 10: 1929-1940.

Ekman, P., and W. V. Friesen. 1971. “Constants Across Cultures in the
Face and Emotion.” Journal of Personality and Social Psychology 17, no.
2:124-1209.

Erbas, Y., E. Ceulemans, J. Boonen, I. Noens, and P. Kuppens. 2013.
“Emotion Differentiation in Autism Spectrum Disorder.” Research
in Autism Spectrum Disorder 7, no. 10: 1221-1227. https://doi.org/10.
1016/j.rasd.2013.07.007.

Faul, F., E. Erdfelder, A. G. Lang, and A. Buchner. 2007. “G* Power 3: A
Flexible Statistical Power Analysis Program for the Social, Behavioral,
and Biomedical Sciences.” Behavior Research Methods 39, no. 2: 175-
191. https://doi.org/10.3758/BF03193146.

Fletcher-Watson, S., J. Adams, K. Brook, et al. 2019. “Making the
Future Together: Shaping Autism Research Through Meaningful
Participation.” Autism 23, no. 4: 943-953. https://doi.org/10.1177/13623
61318786721.

Foster, G. C., D. Lane, D. Scott, et al. 2018. “An Introduction to
Psychological Statistics.”

Frith, U., and F. Happé. 1994. “Language and Communication in oAu-
tistic Disorders.” Philosophical Transactions of the Royal Society of
London. Series B, Biological Sciences 346, no. 1315: 97-104. https://doi.
0rg/10.1098/rstb.1994.0133.

Fritz, M. S., and D. P. MacKinnon. 2007. “Required Sample Size to
Detect the Mediated Effect.” Psychological Science 18, no. 3: 233-239.

Geelhand, P., F. Papastamou, E. Clin, et al. 2023. “Autism-Related
Language Preferences of French-Speaking Autistic Adults: An Online
Survey.” Autism in Adulthood 5: 56. https://doi.org/10.1089/aut.
2022.0056.

Gunzler, D., T. Chen, P. Wu, and H. Zhang. 2013. “Introduction to
Mediation Analysis With Structural Equation Modeling.” Shanghai
Archives of Psychiatry 25, no. 6: 390-394. https://doi.org/10.3969/j.issn.
1002-0829.2013.06.009.

Harms, M. B., A. Martin, and G. L. Wallace. 2010. “Facial Emotion
Recognition in Autism Spectrum Disorders: A Review of Behavioral
and Neuroimaging Studies.” Neuropsychology Review 20, no. 3: 290-
322. https://doi.org/10.1007/s11065-010-9138-6.

Hickman, L. J., C. T. Keating, A. Ferrari, and J. L. Cook. 2022.
“Skin Conductance as an Index of Alexithymic Traits in the General
Population.” Psychological Reports 125, no. 3: 1363-1379. https://doi.
org/10.1177/00332941211005118.

Hobson, R. P. 1986. “The Autistic Child's Appraisal of Expressions
of Emotion.” Journal of Child Psychology and Psychiatry 27, no. 3:
321-342.

Hoemann, K., C. Nielson, A. Yuen, J. W. Gurera, K. S. Quigley, and L. F.
Barrett. 2021. “Expertise in Emotion: A Scoping Review and Unifying
Framework for Individual Differences in the Mental Representation of
Emotional Experience.” Psychological Bulletin 147, no. 11: 1159-1183.

Huggins, C. F., I. M. Cameron, and J. H. Williams. 2021. “Autistic
Traits Predict Underestimation of Emotional Abilities.” Journal of
Experimental Psychology. General 150, no. 5: 930. https://doi.org/10.
1037/xge0000784.

Johnston, R., K. Jones, and D. Manley. 2018. “Confounding and
Collinearity in Regression Analysis: A Cautionary Tale and an
Alternative Procedure, Illustrated by Studies of British Voting
Behaviour.” Quality and Quantity 52: 1957-1976. https://doi.org/10.
1007/s11135-017-0584-6.

Kashdan, T. B., L. F. Barrett, and P. E. McKnight. 2015. “Unpacking
Emotion Differentiation: Transforming Unpleasant Experience
by Perceiving Distinctions in Negativity.” Current Directions in
Psychological Science 24, no. 1: 10-16.

Keating, C. T. 2021. “Participatory Autism Research: How Consultation
Benefits Everyone.” Frontiers in Psychology 12: 713982. https://doi.org/
10.3389/fpsyg.2021.713982.

Keating, C. T. 2024. “Demystifying Emotion-Processing: Autism,
Alexithymia, and the Underlying Psychological Mechanisms.”
(Doctoral Dissertation, University of Birmingham).

Keating, C. T.,and J. Cook. 2023a. “EmoMap: An Emotional Granularity
Task Without Labels.” Affective Science.

Keating, C. T., and J. Cook. 2023c. “Sadness, Sorrow, or Despair:
Improving Existing Tasks Assessing Emotional Granularity.” PsyPAG
Quarterly 124: 26. https://doi.org/10.53841/bpspag.2023.1.124.26.

Keating, C. T., and J. L. Cook. 2020. “Facial Expression Production and
Recognition in Autism Spectrum Disorders: A Shifting Landscape.”
Child and Adolescent Psychiatric Clinics of North America 29, no. 3:
557-571. https://doi.org/10.1016/j.chc.2020.02.006.

Keating, C. T.,and J. L. Cook. 2023b. “The Inside-Out Model of Emotion
Recognition: How the Shape of One's Internal Emotional Landscape
Influences the Recognition of Others’ Emotions.” Scientific Reports 13,
no. 1: 21490. https://doi.org/10.1038/541598-023-48469-8.

Keating, C.T., D.S. Fraser, S. Sowden, and J. L. Cook. 2022. “Differences
Between Autistic and Non-Autistic Adults in the Recognition of Anger
From Facial Motion Remain After Controlling for Alexithymia.”
Journal of Autism and Developmental Disorders 52, no. 4: 1855-1871.
https://doi.org/10.1007/s10803-021-05083-9.

Autism Research, 2026

15


https://doi.org/10.3389/fnevo.2010.00109
https://doi.org/10.1207/s15327957pspr1001_2
https://doi.org/10.1038/tp.2013.61
https://doi.org/10.1023/A:1010933404324
https://doi.org/10.1002/aur.1508
https://doi.org/10.1098/rsos.190232
https://doi.org/10.1177/0956797612463582
https://doi.org/10.1177/0956797612463582
https://doi.org/10.1016/j.rasd.2013.07.007
https://doi.org/10.1016/j.rasd.2013.07.007
https://doi.org/10.3758/BF03193146
https://doi.org/10.1177/1362361318786721
https://doi.org/10.1177/1362361318786721
https://doi.org/10.1098/rstb.1994.0133
https://doi.org/10.1098/rstb.1994.0133
https://doi.org/10.1089/aut.2022.0056
https://doi.org/10.1089/aut.2022.0056
https://doi.org/10.3969/j.issn.1002-0829.2013.06.009
https://doi.org/10.3969/j.issn.1002-0829.2013.06.009
https://doi.org/10.1007/s11065-010-9138-6
https://doi.org/10.1177/00332941211005118
https://doi.org/10.1177/00332941211005118
https://doi.org/10.1037/xge0000784
https://doi.org/10.1037/xge0000784
https://doi.org/10.1007/s11135-017-0584-6
https://doi.org/10.1007/s11135-017-0584-6
https://doi.org/10.3389/fpsyg.2021.713982
https://doi.org/10.3389/fpsyg.2021.713982
https://doi.org/10.53841/bpspag.2023.1.124.26
https://doi.org/10.1016/j.chc.2020.02.006
https://doi.org/10.1038/s41598-023-48469-8
https://doi.org/10.1007/s10803-021-05083-9

Keating, C. T., L. Hickman, J. Leung, et al. 2022. “Autism-Related
Language Preferences Across the Globe: A Mixed Methods
Investigation.” Autism Research 1-23. https://doi.org/10.1002/
aur.2864.

Keating, C.T.,E.Ichijo,andJ. L. Cook. 2023. “Autistic Adults Exhibit Highly
Precise Representations of Others’ Emotions but a Reduced Influence of
Emotion Representations on Emotion Recognition Accuracy.” Scientific
Reports 13, no. 1: 11875. https://doi.org/10.1038/s41598-023-39070-0.

Keating, C. T., S. Sowden, H. O'Donoghue, and J. L. Cook. 2026.
“Mismatching Expressions: Spatiotemporal and Kinematic Differences
in Autistic and Non-Autistic Facial Expressions.” Autism Research.
https://doi.org/10.1002/aur.70157.

Kenward, M. G., and J. H. Roger. 1997. “Small Sample Inference for
Fixed Effects From Restricted Maximum Likelihood.” Biometrics 53,
no. 3: 983-997.

Khurana, D., A. Koli, K. Khatter, and S. Singh. 2023. “Natural
Language Processing: State of the Art, Current Trends and Challenges.”
Multimedia Tools and Applications 82: 3713-3744. https://doi.org/10.
1007/s11042-022-13428-4.

Kinnaird, E., C. Stewart, and K. Tchanturia. 2019. “Investigating
Alexithymia in Autism: A Systematic Review and Meta-Analysis.”
European Psychiatry 55: 80-89. https://doi.org/10.1016/j.eurpsy.2018.
09.004.

Kirby, A. V., and K. E. McDonald. 2021. “The State of the Science on
Autism in Adulthood: Building an Evidence Base for Change.” Autism
in Adulthood 3, no. 1: 2—-4.

Kursa, M. B., and W. R. Rudnicki. 2010. “Feature Selection With the
Boruta Package.” Journal of Statistical Software 36: 1-13. https://doi.
0rg/10.18637/jss.v036.i11.

Lee, M. D., and E. J. Wagenmakers. 2014. Bayesian Cognitive Modelling:
A Practical Course. Cambridge University Press. https://doi.org/10.
1017/CB0O9781139087759.

Leung, R. C., E. W. Pang, J. A. Brian, and M. J. Taylor. 2019. “Happy and
Angry Faces Elicit Atypical Neural Activation in Children With Autism
Spectrum Disorder.” Biological Psychiatry: Cognitive Neuroscience and
Neuroimaging 4, no. 12: 1021-1030. https://doi.org/10.1016/j.bpsc.2019.
03.013.

Lindquist, K. A., and L. F. Barrett. 2008. “Constructing Emotion: The
Experience of Fear as a Conceptual Act.” Psychological Science 19, no.
9: 898-903.

Lindquist, K. A., A. B. Satpute, and M. Gendron. 2015. “Does Language
Do More Than Communicate Emotion?” Current Directions in
Psychological Science 24, no. 2: 99-108. https://doi.org/10.1177/09637
21414553440.

Lozier, L. M., J. W. Vanmeter, and A. A. Marsh. 2014. “Impairments in
Facial Affect Recognition Associated With Autism Spectrum Disorders:
A Meta-Analysis.” Development and Psychopathology 26, no. 4: 933-945.
https://doi.org/10.1017/S0954579414000479.

Luke, S. G. 2017. “Evaluating Significance in Linear Mixed-Effects
Models in R.” Behavior Research Methods 49: 1494-1502. https://doi.
org/10.3758/s13428-016-0809-y.

MacKinnon, D. P., C. M. Lockwood, and J. Williams. 2004. “Confidence
Limits for the Indirect Effect: Distribution of the Product and Resampling
Methods.” Multivariate Behavioral Research 39, no. 1: 99-128.

Marchewka, A., L. Zurawski, K. Jednor6g, and A. Grabowska. 2014.
“The Nencki Affective Picture System (NAPS): Introduction to a Novel,
Standardized, Wide-Range, High-Quality, Realistic Picture Database.”
Behavior Research Methods 46: 596-610. https://doi.org/10.3758/s1342
8-013-0379-1.

Mazzanti, S. 2020. “Boruta Explained Exactly How You Wished
Someone Explained to You.” Towards Data Science.

Mikels, J. A., B. L. Fredrickson, G. R. Larkin, C. M. Lindberg, S. J.
Maglio, and P. A. Reuter-Lorenz. 2005. “Emotional Category Data on
Images From the International Affective Picture System.” Behavior
Research Methods 37, no. 4: 626-630. https://doi.org/10.3758/bf031
92732.

Milosavljevic, B., V. Carter Leno, E. Simonoff, et al. 2016. “Alexithymia
in Adolescents With Autism Spectrum Disorder: Its Relationship to
Internalising Difficulties, Sensory Modulation and Social Cognition.”
Journal of Autism and Developmental Disorders 46, no. 4: 1354-1367.
https://doi.org/10.1007/s10803-015-2670-8.

Mo, K., T. Sadoway, S. Bonato, et al. 2021. “Sex/Gender Differences
in the Human Autistic Brains: A Systematic Review of 20Years of
Neuroimaging Research.” NeuroImage: Clinical 32: 102811.

Nemiah, J. C., H. Freyberger, and P. E. Sifneos. 1976. “Alexithymia: A
View of the Psychosomatic Process.” Modern Trends in Psychosoamtic
Medicine 3: 430-439.

Nook, E. C., K. A. Lindquist, and J. Zaki. 2015. “A New Look at Emotion
Perception: Concepts Speed and Shape Facial Emotion Recognition.”
Emotion 15, no. 5: 569-578. https://doi.org/10.1037/a0039166.

Nook, E. C.,, S. F. Sasse, H. K. Lambert, K. A. McLaughlin, and
L. H. Somerville. 2017. “Increasing Verbal Knowledge Mediates
Development of Multidimensional Emotion Representations.” Nature
Human Behaviour 1, no. 12: 881-889. https://doi.org/10.1038/s4156
2-017-0238-7.

Ola, L., and F. Gullon-Scott. 2020. “Facial Emotion Recognition in
Autistic Adult Females Correlates With Alexithymia, Not Autism.”
Autism 24: 2021-2034. https://doi.org/10.1177/1362361320932727.

O'Toole, M. S., M. E. Renna, E. Elkjer, M. B. Mikkelsen, and D.
S. Mennin. 2020. “A Systematic Review and Meta-Analysis of the
Association Between Complexity of Emotion Experience and Behavioral
Adaptation.” Emotion Review 12, no. 1: 23-38.

Riegel, M., L. Zurawski, M. Wierzba, et al. 2016. “Characterization of
the Nencki Affective Picture System by Discrete Emotional Categories
(NAPS BE).” Behavior Research Methods 48: 600-612. https://doi.org/
10.3758/s13428-015-0620-1.

Rump, K. M., J. L. Giovannelli, N. J. Minshew, and M. S. Strauss.
2009. “The Development of Emotion Recognition in Individuals With
Autism.” Child Development 80, no. 5: 1434-1447. https://doi.org/10.
1111/j.1467-8624.2009.01343.x.

Russell, J. A. 1980. “A Circumplex Model of Affect.” Journal of
Personality and Social Psychology 39, no. 6: 1161-1178.

Rutherford, M. D., and D. N. McIntosh. 2007. “Rules Versus Prototype
Matching: Strategies of Perception of Emotional Facial Expressions in
the Autism Spectrum.” Journal of Autism and Developmental Disorders
37:187-196. https://doi.org/10.1007/s10803-006-0151-9.

Ruzich, E., C. Allison, P. Smith, et al. 2015. “Measuring Autistic
Traits in the General Population: A Systematic Review of the Autism-
Spectrum Quotient (AQ) in a Nonclinical Population Sample of 6,900
Typical Adult Males and Females.” Molecular Autism 6, no. 1: 2. https://
doi.org/10.1186/2040-2392-6-2.

Seah, T. H., and K. G. Coifman. 2022. “Emotion Differentiation and
Behavioral Dysregulation in Clinical and Nonclinical Samples: A Meta-
Analysis.” Emotion 22, no. 7: 1686-1697. https://doi.org/10.1037/emo00
00968.

Smidt, K. E., and M. K. Suvak. 2015. “A Brief, but Nuanced, Review of
Emotional Granularity and Emotion Differentiation Research.” Current
Opinion in Psychology 3: 48-51.

Song, Y., and Y. Hakoda. 2018. “Selective Impairment of Basic Emotion
Recognition in People With Autism: Discrimination Thresholds for
Recognition of Facial Expressions of Varying Intensities.” Journal of
Autism and Developmental Disorders 48, no. 6: 1886-1894. https://doi.
0rg/10.1007/s10803-017-3428-2.

16

Autism Research, 2026


https://doi.org/10.1002/aur.2864
https://doi.org/10.1002/aur.2864
https://doi.org/10.1038/s41598-023-39070-0
https://doi.org/10.1002/aur.70157
https://doi.org/10.1007/s11042-022-13428-4
https://doi.org/10.1007/s11042-022-13428-4
https://doi.org/10.1016/j.eurpsy.2018.09.004
https://doi.org/10.1016/j.eurpsy.2018.09.004
https://doi.org/10.18637/jss.v036.i11
https://doi.org/10.18637/jss.v036.i11
https://doi.org/10.1017/CBO9781139087759
https://doi.org/10.1017/CBO9781139087759
https://doi.org/10.1016/j.bpsc.2019.03.013
https://doi.org/10.1016/j.bpsc.2019.03.013
https://doi.org/10.1177/0963721414553440
https://doi.org/10.1177/0963721414553440
https://doi.org/10.1017/S0954579414000479
https://doi.org/10.3758/s13428-016-0809-y
https://doi.org/10.3758/s13428-016-0809-y
https://doi.org/10.3758/s13428-013-0379-1
https://doi.org/10.3758/s13428-013-0379-1
https://doi.org/10.3758/bf03192732
https://doi.org/10.3758/bf03192732
https://doi.org/10.1007/s10803-015-2670-8
https://doi.org/10.1037/a0039166
https://doi.org/10.1038/s41562-017-0238-7
https://doi.org/10.1038/s41562-017-0238-7
https://doi.org/10.1177/1362361320932727
https://doi.org/10.3758/s13428-015-0620-1
https://doi.org/10.3758/s13428-015-0620-1
https://doi.org/10.1111/j.1467-8624.2009.01343.x
https://doi.org/10.1111/j.1467-8624.2009.01343.x
https://doi.org/10.1007/s10803-006-0151-9
https://doi.org/10.1186/2040-2392-6-2
https://doi.org/10.1186/2040-2392-6-2
https://doi.org/10.1037/emo0000968
https://doi.org/10.1037/emo0000968
https://doi.org/10.1007/s10803-017-3428-2
https://doi.org/10.1007/s10803-017-3428-2

Sowden, S., B. A. Schuster, C. T. Keating, D. S. Fraser, and J. L. Cook.
2021. “The Role of Movement Kinematics in Facial Emotion Expression
Production and Recognition.” Emotion 21: 1041-1061. https://doi.org/
10.1037/emo0000835.

Stevenson, J. L., and K. R. Hart. 2017. “Psychometric Properties
of the Autism-Spectrum Quotient for Assessing Low and High
Levels of Autistic Traits in College Students.” Journal of Autism and
Developmental Disorders 47, no. 6: 1838-1853. https://doi.org/10.1007/
$10803-017-3109-1.

Taylor, G. J., R. M. Bagby, and J. D. Parker. 2003. “The 20-Item Toronto
Alexithymia Scale: IV. Reliability and Factorial Validity in Different
Languages and Cultures.” Journal of Psychosomatic Research 55, no. 3:
277-283. https://doi.org/10.1016/S0022-3999(02)00601-3.

Thompson, R. J., T. Springstein, and M. Boden. 2021. “Gaining Clarity
About Emotion Differentiation.” Social and Personality Psychology
Compass 15, no. 3: e12584.

Trull, T.J.,S.P.Lane, P. Koval, and U. W. Ebner-Priemer. 2015. “Affective
Dynamics in Psychopathology.” Emotion Review 7, no. 4: 355-361.

Valente, M. J., O. Gonzalez, M. Miocevi¢, and D. P. MacKinnon. 2016.
“A Note on Testing Mediated Effects in Structural Equation Models:
Reconciling Past and Current Research on the Performance of the Test
of Joint Significance.” Educational and Psychological Measurement 76,
no. 6: 889-911.

van der Klis, M., and J. Tellings. 2022. “Generating Semantic Maps
Through Multidimensional Scaling: Linguistic Applications and
Theory.” Corpus Linguistics and Linguistic Theory 18: 627-665. https://
doi.org/10.1515/cl1t-2021-0018.

Vedernikova, E., P. Kuppens, and Y. Erbas. 2021. “From Knowledge
to Differentiation: Increasing Emotion Knowledge Through an
Intervention Increases Negative Emotion Differentiation.” Frontiers in
Psychology 12: 703757.

Vogindroukas, I., M. Stankova, E. N. Chelas, and A. Proedrou. 2022.
“Language and Speech Characteristics in Autism.” Neuropsychiatric
Disease and Treatment 18: 2367-2377. https://doi.org/10.2147/NDT.
S331987.

Walsh, J. A., M. D. Vida, and M. D. Rutherford. 2014. “Strategies for
Perceiving Facial Expressions in Adults With Autism Spectrum
Disorder.” Journal of Autism and Developmental Disorders 44:
1018-1026.

Watkins, E. E., Z. J. Zimmermann, and A. Poling. 2014. “The Gender
of Participants in Published Research Involving People With Autism
Spectrum Disorders.” Research in Autism Spectrum Disorder 8, no. 2:
143-146.

Whitehouse, A. J., M. Hickey, and A. Ronald. 2011. “Are Autistic Traits
in the General Population Stable Across Development?” PLoS One 6, no.
8:0023029. https://doi.org/10.1371/journal.pone.0023029.

Widen, S. C., J. T. Pochedly, and J. A. Russell. 2015. “The Development
of Emotion Concepts: A Story Superiority Effect in Older Children and
Adolescents.” Journal of Experimental Child Psychology 131: 186-192.
https://doi.org/10.1016/j.jecp.2014.10.009.

Yeung, M. K. 2022. “A Systematic Review and Meta-Analysis of Facial
Emotion Recognition in Autism Spectrum Disorder: The Specificity
of Deficits and the Role of Task Characteristics.” Neuroscience and
Biobehavioral Reviews 133: 104518. https://doi.org/10.1016/j.neubiorev.
2021.104518.

Supporting Information

Additional supporting information can be found online in the
Supporting Information section. Data S1: aur70162-sup-0001-supinfo.
docx.

Autism Research, 2026

17


https://doi.org/10.1037/emo0000835
https://doi.org/10.1037/emo0000835
https://doi.org/10.1007/s10803-017-3109-1
https://doi.org/10.1007/s10803-017-3109-1
https://doi.org/10.1016/S0022-3999(02)00601-3
https://doi.org/10.1515/cllt-2021-0018
https://doi.org/10.1515/cllt-2021-0018
https://doi.org/10.2147/NDT.S331987
https://doi.org/10.2147/NDT.S331987
https://doi.org/10.1371/journal.pone.0023029
https://doi.org/10.1016/j.jecp.2014.10.009
https://doi.org/10.1016/j.neubiorev.2021.104518
https://doi.org/10.1016/j.neubiorev.2021.104518

	The Conceptualization, Experience, and Recognition of Emotion in Autism: Differences in the Psychological Mechanisms Involved in Autistic and Non-Autistic Emotion Recognition
	ABSTRACT
	Summary
	1   |   Introduction
	2   |   Methods
	2.1   |   Participants
	2.2   |   Community Involvement

	3   |   Procedures
	3.1   |   Materials and Stimuli
	3.1.1   |   The AQ
	3.1.2   |   The Toronto Alexithymia Scale
	3.1.3   |   EmoMap
	3.1.4   |   PLF Emotion Recognition Task
	3.1.5   |   Emotional Vocabulary Test
	3.1.6   |   The Matrix Reasoning Item Bank

	3.2   |   Statistical Analyses

	4   |   Results
	4.1   |   Analyses Comparing Autistic and Non-Autistic Participants
	4.1.1   |   No Differences Between Groups in Emotional Consistency
	4.1.2   |   No Differences Between Groups in Emotion Differentiation for Distinct Emotional States
	4.1.3   |   No Differences Between Groups in Emotion Differentiation for Similar Emotional States
	4.1.4   |   No Differences Between Groups in Levels of Understanding of Emotion Concepts
	4.1.5   |   No Differences Between Groups in the Differentiation of Semantic Emotion Concepts

	4.2   |   Different Combinations of Variables Are Important for Autistic and Non-Autistic Emotion Recognition
	4.3   |   Exploratory Analyses: Emotion Differentiation Mediates the Relationship Between the Differentiation of Semantic Emotion Concepts and Emotion Recognition for Non-Autistic People

	5   |   Discussion
	5.1   |   Implications
	5.2   |   Limitations and Future Directions
	5.3   |   Conclusions

	Author Contributions
	Acknowledgments
	Funding
	Ethics Statement
	Consent
	Conflicts of Interest
	Data Availability Statement
	References


