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Abstract
Background Autistic individuals often have difficulty flexibly adjusting their behavior. However, laboratory 
experiments have yielded inconsistent results, potentially due to various influencing factors, which need to be 
examined in detail. This study aimed to investigate the hypothesis that the social content of stimuli could play a 
specific role in some of the flexibility challenges faced by autistic individuals. The second aim was to explore sex 
differences in this context.

Methods We analyzed data from 256 adult participants (124 with autism), matched on age, gender, and sex, 
who performed an emotional shifting task involving unpredictable shifts between positive and negative stimuli. 
Additionally, the task included both social and non-social conditions.

Results Our results revealed a larger switch cost in the social than in the non-social condition, and this was more 
pronounced in autistic than in non-autistic individuals. Furthermore, we observed that autistic females differed from 
autistic males in the non-social condition and from non-autistic females in the social condition.

Limitations The online nature of the study reduced the control over participant conditions. In addition, further 
studies are needed to investigate whether these results apply to the broader autism spectrum.

Conclusions Building on previous research demonstrating a greater switch cost in autistic than non-autistic 
individuals for socio-emotional stimuli, our study further extends these findings by highlighting that the social 
context, rather than the emotional nature of the stimuli alone, may play a significant role in the flexibility challenges 
faced by autistic individuals. Our findings also contribute to the literature on sex differences in autism.
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Background
Some characteristics associated with autism, such as 
stereotyped behaviors, intolerance to uncertainty, and 
resistance to change, have been linked to difficulties in 
cognitive flexibility [1, 2]. Cognitive flexibility is a cogni-
tive ability that encompasses the capacity to change per-
spectives, adjust behavior in response to changes, and 
shift between tasks and mental sets. For a broader con-
ceptualization and more definitions, see [3]. It is a critical 
adaptive skill, usually evaluated through task shifting (or 
task switching), and involves other executive functions 
such as inhibition (of the prior task). Responses after a 
task switch are slower and usually more error-prone due 
to the associated cost, known as the “switch cost” [4].

Cognitive flexibility is often impaired in autistic indi-
viduals. Real-life assessments of flexibility using explicit 
questionnaires, such as the Behavioral Rating Inventory 
of Executive Function (BRIEF) [5, 6], highlight cognitive 
flexibility challenges in autism [7, 8]. However, studies 
employing cognitive flexibility tasks have yielded incon-
sistent findings [for reviews, see 9, 10]. Some tasks have 
not found differences between autistic and non-autistic 
individuals, while others indicate larger switch costs 
in autism after task switching, evidenced by increased 
response times and/or higher error rates [for a review, 
see 10]. These discrepancies are possibly due to task het-
erogeneity [11, 12]. Tasks involving unpredictable shifts, 
implicit rules, or social content may be more ecologi-
cally valid and better suited to highlighting the flexibility 
difficulties encountered by autistic individuals [13–15]. 
Autistic individuals may still adapt to predictable and 
explicit shifts [9].

Cognitive flexibility challenges in autism might con-
tribute to impairments in social interactions, which is the 
second major domain of difficulties in autism [16]. Social 
interactions and facial emotion recognition, which are 
challenging for autistic individuals [17–19], require flex-
ible adjustments to the situation and context. Interest-
ingly, studies have shown a positive correlation between 
cognitive flexibility and facial emotion recognition [20], 
particularly in context [21], in autistic children. In addi-
tion, higher cognitive flexibility in non-autistic youths has 
been linked to greater social competence in interacting 
with others [22]. While these results suggest that these 
two abilities are linked, they have predominantly been 
investigated in independent tasks, making it difficult to 
precisely understand cognitive flexibility in autism dur-
ing socio-emotional situations. Although one study has 
combined the two tasks [11], the results were inconclu-
sive, possibly due to a lack of complexity arising from the 
predictability of the task or its lack of ecological validity.

A recent study compared the performance of autistic 
and non-autistic participants on a new task [23], called 
the Emotional Shifting Task (EST) [24]. Participants 

were asked to evaluate the valence of an emotional face, 
first out of and then in context. This context could either 
confirm (non-shift condition) or contradict (shift condi-
tion) the initial evaluation. In the latter case, participants 
had to adjust their initial prediction based on the con-
text. While this task involved unpredictable shifts with 
implicit rules (as the potential shift has to be inferred 
by the participant according to the context) and socio-
emotional content, participants also performed the Task 
Switching Task (TST) [25] in the same study. This latter 
task featured predictable shifts with explicit rules and 
non-social/non-emotional content. In line with their 
hypotheses, the authors observed a fall-off in correct 
responses and increased response times in autistic par-
ticipants compared to non-autistic participants in the 
shift condition of the EST (i.e., increased switch cost in 
autism). This was not observed in the TST. While these 
findings suggest that flexibility difficulties in autism may 
be particularly pronounced in complex situations involv-
ing unpredictable and implicit shifts of socio-emotional 
stimuli, they do not tell us which specific factor (unpre-
dictability, implicitness, social content, or emotional 
content) contributes most to the flexibility challenges of 
autistic individuals. More specifically, given the social dif-
ficulties encountered by autistic individuals, the results 
might be explained by the social content of the scenes 
and might be less pronounced or disappear altogether 
if emotional but non-social scenes were used. Little 
research has explored the behavioral or neural response 
to emotional non-social stimuli in autism, but those that 
have done so have tended to show preserved abilities 
[26]. This question will therefore have to be addressed.

Furthermore, the findings of Lacroix et al., [23] revealed 
sex differences, which were particularly evident on the 
EST. Autistic females exhibited an intermediate profile of 
emotion recognition in context, being faster than autistic 
males but slower than non-autistic females, on the EST 
and performing at the same level as non-autistic males. 
However, this effect did not interact with the shift con-
dition. This result suggests that, rather than exhibiting 
superior cognitive flexibility, autistic females may simply 
process complex socio-emotional stimuli more effectively 
than autistic males. However, the results reported in the 
literature on this subject are mixed [27–29]. This finding 
is consistent with a growing body of research highlight-
ing sex and gender differences in the phenotypes of autis-
tic males and females, indicating that autistic females 
have better social abilities than autistic males for a com-
prehensive review and meta-analysis, refer to [30]. These 
differences might mirror sex differences found in the 
general population [31, 32]. While these results may find 
support in neurophysiological sex differences in face pro-
cessing in autism [33, 34], the evidence remains limited 
and requires replication.
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The aim of the current study was to better investi-
gate the role of social content in explaining the results 
reported by Lacroix et al. [23] and, more broadly, to 
understand the role of social content in flexibility dif-
ficulties in autism during emotional situations. To this 
end, we developed a new task based on the EST (referred 
to as EST-2) that includes both social and non-social 
emotional stimuli. Our main hypothesis is that autistic 
individuals will find it more difficult to shift perspective 
(adjusting their predictions) than non-autistic individu-
als, particularly in response to social stimuli. This would 
translate into fewer correct responses and/or longer 
response times. Additionally, we anticipated that autistic 
females would experience fewer difficulties in this regard 
than autistic males (i.e., increased number of correct 
responses/shorter response times). Finally, the literature 
makes it clear that negative stimuli are more difficult to 
process than positive stimuli [35], especially for autistic 
participants [18, 36, 37]. Since our task comprised both 
positive and negative stimuli, we controlled for this factor 
and made the complementary hypothesis that lower per-
formances would be observed for negative than positive 
stimuli, particularly in the autistic group. Such an obser-
vation would be consistent with the findings of Lacroix et 
al. [23]. These hypotheses were preregistered and a more 
detailed version of the expected main effects and interac-
tion effects is provided in the pre-registration document.

Method
Participants
A total of 274 participants, aged between 18 and 45 
years old, completed the entire study. The decision to 
choose participants aged 18 to 45 takes account of the 
late maturation and early decline of executive function. 
In accordance with our exclusion criteria outlined in the 
preregistration document, 5 non-autistic participants 
were excluded because they had an autism quotient 
over 32. Additionally, 7 autistic participants and 1 non-
autistic participant were excluded because their correct 
response score for emotion recognition without context 
was below 60%. Considering the investigation of sex and 
gender differences, the 5 autistic transgender individu-
als (female-to-male) were also excluded from the analy-
ses as there were not enough of them to perform group 
comparisons. Thus, participants were matched on sex 
and gender and were all cisgender. The final sample com-
prised 124 autistic participants (63 females) and 132 non-
autistic participants (70 females). Autistic participants 
were recruited with the assistance of specialized centers, 
physicians, autism-focused associations, and social net-
works. Participants recruited via the latter two channels 
had to contact us to receive the study link, allowing us 
to verify their formal diagnosis. Non-autistic participants 
were recruited through social networks and, similarly to 

autistic participants, they first had to send us an email, 
allowing us to verify that they met the inclusion criteria. 
Non-autistic participants were not enrolled in the study if 
they suspected themselves of being autistic or if they had 
a close family member (child, parent, or sibling) on the 
autism spectrum. Participants were not included if they 
were undergoing medical treatment that could alter their 
cognitive function.

Material and procedure
The study was conducted online using the PsyToolkit 
platform [38, 39]. At the beginning of the study, partici-
pants were presented with an informed consent form, 
which they had to approve before proceeding. They were 
also instructed to ensure they were in a quiet and undis-
turbed environment during the tasks. They were asked 
to provide demographic information including sex, age, 
and diagnoses (i.e., autism diagnosis and other psychiat-
ric/neurological diagnoses or other neurodevelopmental 
diagnoses). Following this, participants performed two 
tasks: the EST-2 and another task for a separate research 
question. The tasks were presented in a randomized 
order. After this, the participants were asked to complete 
the Autism Spectrum Questionnaire. Finally, to assess 
the validity of the experimental condition, participants 
were asked whether they had been disturbed in any way 
during the tasks and invited to provide any comments.

The emotional shifting Task-2 (EST-2)
This task, lasting 10  min, was composed of 72 pairs of 
emotional stimuli, half of which were social (i.e., involv-
ing humans), and the other half not social (i.e., not 
involving humans). In addition, in each condition, half of 
the stimuli had a positive valence and the other half had 
a negative valence. The stimuli used were selected from 
the following databases: Natural Disasters Picture System 
[40], International Affective Picture System [41], Geneva 
Affective Picture Database [42], Nencki Affective Picture 
System [43], and Open Affective Standardized Image Set 
[44]. Further images were also taken from the internet 
(copyright-free images). The images were selected after 
a series of pretests regarding their valence and arousal, 
as described in Supplementary Materials. There was no 
significant difference in arousal between social and non-
social stimuli.

During the EST-2, each trial started with the display 
of a cropped image. For the social stimuli, the image was 
cropped around a human body part (usually the face), 
and for the non-social stimuli, around a meaningful part 
of the image (See Fig.  1. A). Participants were asked to 
evaluate the valence of these cropped stimuli as nega-
tive or positive. The image then appeared uncropped and 
the participants were asked to evaluate the valence of the 
uncropped image. In half of the trials in each condition 
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(i.e., social and non-social), the valence of the cropped 
and uncropped images were congruent, correspond-
ing to the non-shift condition. In the other half, they 
were incongruent, corresponding to the shift condition. 
Hence, the plan included 9 stimulus pairs x 2 social con-
ditions x 2 emotions x 2 shift conditions (see Fig. 1. A for 
example stimuli in the non-social condition). Figure 1. B 
presents a trial in schematic form. All stimulus pairs were 
randomized.

The Autism Spectrum Quotient [AQ − 45]. The AQ is a 
50-item scale related to autistic traits. Five areas are eval-
uated and include 10 questions each: social skills, atten-
tion switching, attention to detail, communication, and 
imagination. Participants rate their agreement with state-
ments on a 4-point Likert scale, going from “definitely 
agree” to “definitely disagree”. Each question is rated 0 or 
1. A score of 32 or above is associated with high autistic 
traits.

Analyses
All analyses were conducted using R [46] and RStudio 
[47] version 2023.12.1 + 402. We compared the four sub-
groups of our sample (autistic males, autistic females, 
non-autistic males, and non-autistic females) using Pear-
son’s Chi-square test with Yale’s correction for categorical 
variables and linear models for continuous variables. For 

post-hoc comparisons of significant differences in cat-
egorical and continuous variables, we employed the Chi-
square test of association and Tukey’s HSD, respectively.

We used the lme4 package [48] to analyze the EST-2 on 
the basis of accuracy, defined as the number of correct 
responses, and response time (RT) for correct responses 
on the uncropped images, when participants had pro-
vided a correct answer on the cropped images. The 
analysis of accuracy in response to the cropped images is 
presented in Supplementary Materials. A mixed-effects 
logistic regression was employed for the analysis of accu-
racy, given the binomial nature of this dependent vari-
able, while a generalized mixed-effects model with an 
inverse Gaussian function was used for RT analyses [49]. 
Results tables are presented in Supplementary Materials. 
The models included group (autism vs. no autism), sex 
(males vs. females), shift condition (non-shift vs. shift), 
social condition (non-social vs. social), and emotion 
(negative vs. positive) as fixed effects, along with psychi-
atric/neurological and neurodevelopmental diagnoses 
other than autism as covariates, as some of the associated 
conditions can impair executive functions (e.g., ADHD).

The random effects structure was kept maximal and 
was reduced in the case of model non-convergence [50]. 
Due to the absence of a standardized approach for com-
puting effect sizes in mixed models, unstandardized 

Fig. 1 (A) Stimuli. Examples of pairs of stimuli in each condition for non-social stimuli for the Emotional Shifting Task, i.e., shift vs. nonshift x positive vs. 
negative (for the second image). (B) Procedure. Schematic presentation of one trial. All stimulus images are freely available for use, with a CC0 public 
domain license for the shift images and a Pixabay content license for the non-shift images
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effect sizes are presented [51]. They correspond to 
β  coefficient values, as each factor within the model 
involved dichotomous variables contrast-coded as -0.5 
and 0.5, thus making their interpretation straightforward. 
Significant interactions are plotted and described with 
the emmeans package [52], using estimated marginal 
means (i.e., the estimation of each effect devoid of the 
influence of other factors accounted for in the statistical 
model) and 95% confidence intervals [53, 54]. Pairwise 
comparisons using estimated marginal means and error 
were also conducted, employing Tukey adjustment to 
estimate differences (β  values). As pre-registered, corre-
lations with AQ were performed as complementary anal-
yses. They are presented in Supplementary Materials.

Results
Participants
Demographics of the final sample are summarized 
in Table  1. There were no significant differences in 
age between groups. However, disparities emerged in 

educational attainment, with autistic males exhibiting 
lower levels than both non-autistic males (p < 0.001) and 
females (p = 0.03). As anticipated, significant differences 
were found in AQ scores, with autistic individuals scor-
ing higher than non-autistic counterparts (all p < 0.001). 
Furthermore, non-autistic males had higher AQ scores 
than non-autistic females (p = 0.03). Autistic males 
received their diagnosis at a younger age than autistic 
females (p < 0.001). Lastly, autistic participants presented 
with a greater number of comorbid diagnoses than non-
autistic participants (all p < 0.001).

EST-2
Analyses on accuracy
An analysis of accuracy based on rated valence of the 
picture with context, following a correct answer on the 
picture without context, revealed lower odds of correct 
responses in the shift than in the non-shift condition (β  
= -2.9, 95% CI [-3.45, -2.34], p < 0.001), and in the social 
than in the non-social condition (β  = -0.66, 95% CI [-1.2, 
-0.13], p = 0.016). In addition, autistic participants had 
lower odds of making a correct response (β  = 0.3, 95% 
CI [0.06, 0.54], p = 0.013) than non-autistic participants.

These main effects were further qualified by an inter-
action effect between group, sex and the social nature of 
the stimuli on the odds of correct responses (β  = 0.61, 
95% CI [0.06, 1.15], p = 0.029). Post-hoc comparisons 
revealed a significantly higher odds of correct responses 
in autistic females than autistic males in the non-social 
condition (β  = -0.52, 95% CI [-1.02, -0.03], p = 0.035), not 
observed in the social condition (β  = 0.01, 95% CI [-0.42, 
0.44], p = 1) and not observed in the non autistic group 
(non-autistic females vs. non autistic males in the non-
social condition: β  = -0.03, 95% CI [-0.52, 0.47], p = 0.999; 
in the social condition: β  = -0.1, 95% CI [-0.55, 0.35], 
p = 0.943). Post-hoc comparisons also revealed a lower 
odds of correct responses in autistic females than non-
autistic females in the social condition (β  = -0.52, 95% 
CI [-0.98, -0.06], p = 0.02), not observed in the non-social 
condition (β  = 0.11, 95% CI [-0.42, 0.64], p = 0.955). This 
was not observed in males (autistic vs. non-autistic males 
in the non-social condition: β  = -0.39, 95% CI [-0.9, 
0.12], p = 0.196; in the social condition: β  = -0.41, 95% 
CI [-0.88, 0.06], p = 0.116). This interaction is depicted in 
Fig. 2.

Analyses on RT
Analyses showed longer RT in the shift than in the non-
shift condition (β  = 158, 95% CI [137, 178], p < 0.001) 
and in the social than in the non-social condition (β  = 
61, 95% CI [12, 111], p = 0.016). Autistic participants were 
slower than non-autistic participants (β  = -90, 95% CI 
[-110, -69], p < 0.001). Additionally, RT were longer for 
negative than positive stimuli (β  = -66, 95% CI [-85, -47], 

Table 1 Demographics. Mean value, standard deviation (SD), 
and range for age, education, AQ scores, age at the diagnosis of 
autism, as well as the percentage of participants with a diagnosis 
other than autism for each group, and group comparison. 
AQ = autism quotient, N-miss = number of missing data

Autistic 
Females 
(N = 63)

Autistic 
Males 
(N = 61)

Non-
Autistic 
Females 
(N = 70)

Non-
Autistic 
Males 
(N = 62)

p 
value

Age 0.066
Mean (SD) 35.4 (6.8) 32.1 (7.7) 34.1 (7.7) 35.0 (7.1)
Range 19.0–45.0 18.0–45.0 19.0–45.0 20.0–45.0
Educational 
Attainment

0.002

Mean (SD) 14.5 (1.9) 13.7 (2.0) 14.5 (1.1) 14.9 (1.6)
Range 9.0–17.0 9.0–17.0 12.0–17.0 9.0–17.0
AQ < 0.001
Mean (SD) 38.2 (5.3) 36.7 (5.8) 14.3 (7.6) 17.5 (7.5)
Range 24.0–49.0 25.0–50.0 1.0–32.0 1.0–32.0
Diagnostic age
N-Miss 1 0 < 0.001
Mean (SD) 34.9 (6.7) 28.7 (10.2)
Range 19.0–46.0 4.0–47.0
Psychiatric/
neurological 
Diagnosis

< 0.001

No 46 (73.0%) 47 (77.0%) 70 
(100.0%)

62 
(100.0%)

Yes 17 (27.0%) 14 (23.0%) 0 (0.0%) 0 (0.0%)
Neurodevel-
opmental Di-
agnosis (other 
than autism)

< 0.001

No 48 (76.2%) 43 (70.5%) 66 
(94.3%)

59 
(95.2%)

Yes 15 (23.8%) 18 (29.5%) 4 (5.7%) 3 (4.8%)
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p < 0.001) and for females than males (β  = 19, 95% CI [2, 
37], p = 0.031).

The main effects on RT were qualified by significant 
two-way and three-way interaction effects, which are 
presented both here and in Fig.  3. First, the interaction 
effect between group and shift (β  = -27, 95% CI [-43, 
-10], p = 0.001) revealed that the difference between the 
shift and non-shift condition was larger in autism (β  = 
-171, 95% CI [-199, -144], p < 0.001) than in non-autistic 
individuals (β  = -144, 95% CI [-174, -114], p < 0.001). 
In addition, the interaction effect between the group 
and the social nature of the stimuli (β  = -55, 95% CI 
[-74, -36], p < 0.001) indicated that the difference in RT 
between social and non-social stimuli was also larger 
in autism (β  = -89, 95% CI [-153, -24], p = 0.002) than 
in non-autistic participants (β  = -34, 95% CI [-102, 34], 
p = 0.579). Finally, the interaction between the shift and 
the social nature of the stimuli (β  = 103, 95% CI [85, 
121], p < 0.001) revealed that the RT difference between 
social and non-social stimuli was larger in the shift (β  = 
-113, 95% CI [-181, -44], p < 0.001) than in the non-shift 
condition (β  = -10, 95% CI [-73, 54], p = 0.979). However, 
these three interactions were qualified by a three-way 
interaction between group, shift and the social nature of 
the stimuli (β  = -42, 95% CI [-59, -25], p < 0.001) indi-
cating that while the difference between the shift and 
non-shift conditions was larger in the autistic than in the 

non-autistic individuals, this difference was more pro-
nounced in the social than in the non-social condition 
(shift vs. no shift in autism and non-social condition: β  
= -109, 95% CI [-147, -72], p < 0.001; in autism and social 
condition: β  = -233, 95% CI [-267, -199], p < 0.001; in no-
autim and non-social condition: β  = -103, 95% CI [-145, 
-62], p < 0.001; in no-autism and social condition: β  = 
-185, 95% CI [-221, -150], p < 0.001).

In addition, a significant interaction between group 
and emotion (β  = -28, 95% CI [-50, -6], 95% CI [-50, 
-6], p = 0.012) showed that the difference in RT between 
negative and positive stimuli was more pronounced in 
non-autistic (β  = 80, 95% CI [50, 110], p < 0.001) than in 
autistic individuals (β  = 52, 95% CI [25, 79], p < 0.001). 
This interaction was qualified by a three-way interaction 
between group, sex and emotion (β  = 24, 95% CI [0, 49], 
p = 0.05), indicating that this slower response time for 
negative than positive stimuli in non-autistic individu-
als was more pronounced in males (positive vs. negative 
stimuli in non-autistic males: β  = 95, 95% CI [58, 133], p 
< 0.001, autistic males: β  = 55, 95% CI [18, 93], p < 0.001, 
non-autistic females: β  = 65, 95% CI [22, 108], p < 0.001, 
autistic females: β  = 49, 95% CI [14, 84], p = 0.001).

Finally, there was an interaction between shift and sex 
(β  = 34, 95% CI [13, 55], p = 0.002), indicating that the 
difference in RT between the shift and non-shift con-
ditions was smaller in males (β  = -141, 95% CI [-171, 

Fig. 2 Interaction between group, sex, and social content for correct responses. The box plots represent the observed median correct response rates 
for emotion recognition with context, with the interquartile range and individual data points for each condition. The red crosses represent the observed 
means. In addition, the colored points represent the estimated marginal means with their 95% CI
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-111], p < 0.001) than females (β  = -175, 95% CI [-204, 
-145], p < 0.001). However, this interaction, along with 
the aforementioned interaction between group and shift, 
was further qualified by a three-way interaction involving 
group, shift, and sex (β  = 56, 95% CI [39, 73], p < 0.001). 
This revealed that the reduced difference in RT between 
the shift and the non-shift conditions in males compared 
to females was more pronounced in the non-autistic 
group than it was in the autistic group (shift vs. no shift 
in ASD Females: β  = -174, 95% CI [-212, -136], p < 0.001; 
ASD Males: β  = -168, 95% CI [-206, -131], p < 0.001; 
non-autistic females: β  = -175, 95% CI [-213, -137], p 
< 0.001; non-autistic males: β  = -113, 95% CI [-153, -74], 
p < 0.001).

Discussion
The main goal of the study was to explore whether the 
social nature of stimuli significantly influences the per-
formance of autistic individuals during a socio-emotional 
flexibility task. We also aimed to investigate sex differ-
ences within this context. In line with our hypothesis, 
our results indicated that autistic individuals find it more 
difficult than non-autistic individuals to adjust their pre-
dictions to emotional contexts, particularly when the 
context is social. Additionally, we found sex differences: 
autistic females performed more accurately than autistic 

males on non-social stimuli (and did not differ from 
non-autistic females), but performed less accurately than 
non-autistic females on social stimuli (and did not differ 
from autistic males). These findings have implications 
for understanding cognitive flexibility in autism and the 
unique profile of autistic females.

In the current study, participants were asked to first 
evaluate the emotional valence of a cropped image and 
then to reassess the same image within its contextual set-
ting. Our analyses revealed that participants experienced 
significant difficulty in accurately and swiftly reassess-
ing the emotional valence when it differed from their 
initial evaluation, indicating that this re-evaluation was 
associated with a significant switch cost. This suggests 
that the task effectively captured the demanded cogni-
tive flexibility. Additionally, we found a significant inter-
action between shift condition and participant group in 
RT, with autistic individuals showing a more pronounced 
switch cost than non-autistic individuals. Autistic partici-
pants found it more challenging to adjust to unexpected 
socio-emotional contexts, as evidenced by their longer 
RTs. These findings replicate earlier research on both 
non-autistic [24, 55] and autistic participants [23] using 
similar tasks, but with new stimuli and participants. This 
underscores the robustness of the Emotional Shifting 

Fig. 3 Significant interactions on RT. The box plots represent the observed median response time (RT) for emotion recognition with context, with the 
interquartile range and individual data points for each condition. The red crosses represent the observed means. In addition, the colored points represent 
the estimated marginal means with their 95% CI. The first line (A) represents the significant two-way interactions and the second line (B) represents the 
significant three-way interactions (relative to the corresponding two-way interactions). M = Males; F = Females; Neg = Negative stimuli (with context); 
Pos = Positive stimuli (with context); Soc = Social stimuli, NonSoc = Non-social stimuli
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Task (EST) and its extended version (EST-2), as well as 
the reliability of the observed results.

As outlined previously, the primary goal of this study 
was to examine the impact of the social nature of stim-
uli on our results. Our findings revealed that emotional 
stimuli with social content significantly reduced accuracy 
and increased RT. This observation is consistent with 
previous research showing slower RTs for social versus 
non-social affective scenes, as reported in the COMPASS 
database [56]. However, our study extends these find-
ings by demonstrating an interaction between the shift 
condition and the social nature of the stimuli. More spe-
cifically, social stimuli led to a greater switch cost than 
non-social stimuli, as reflected by the RT, even though 
arousal levels were balanced between the two types of 
stimuli. Our results, which were obtained using naturalis-
tic stimuli, provide additional evidence that social stimuli 
can convey more ambiguous emotional signals than non-
social stimuli [57], particularly when the context deviates 
from the initially predicted emotion. Alternatively, this 
might also suggest that social information captures atten-
tion more strongly, making it more costly to disengage 
attention and, consequently, leading to slower RTs [56].

In line with our preregistered hypotheses, the results 
revealed significantly longer RTs for social stimuli than 
for non-social stimuli, particularly in autistic rather 
than non-autistic individuals, as is indicated by a signifi-
cant interaction between group and the social nature of 
the stimuli. This increased difficulty in processing social 
stimuli is consistent with a range of challenges faced 
by autistic individuals when processing social situa-
tions. These include reduced attention to faces and eyes, 
delayed N170 responses to faces, decreased brain acti-
vation during face processing, and difficulties in emo-
tion recognition for meta-analyses see [58–61]. While 
research on behavioral responses to non-social emotional 
stimuli in autism is limited, our findings are also com-
patible with those of existing studies that have reported 
normative behavior or physiological responses (e.g., skin 
conductance) to non-social emotionally arousing stimuli 
in autistic individuals [26, 62].

The interaction was further nuanced by a significant 
three-way interaction between group, shift, and the 
social nature of the stimuli, showing that the switch cost 
reflected by the RTs was particularly pronounced for 
social stimuli in autistic individuals. These findings are 
consistent with the everyday difficulties experienced by 
autistic individuals in adjusting to social contexts, which 
are often marked by unpredictability. The results also 
echo previous conclusions suggesting that autistic adults 
may rely on learned patterns for social evaluation  [63]. 
This would reduce their ability to adjust to social situa-
tions if they are not congruent with the learned pattern. 

Shifting trials would be one example of such a situation 
[63].

These results could also be interpreted in the context 
of the enhanced perceptual functioning theory of autism 
[64], which suggests that autistic individuals are more 
inclined to process local rather than global features. 
Since the processing of the scenes in our task required a 
more global approach than the processing of the cropped 
image, this might explain the increased switch cost in 
autism. However, the similar switch cost observed for 
non-social stimuli in both autistic and non-autistic par-
ticipants suggests that autistic individuals can process 
the global scene and can recognize and adapt to unpre-
dictable emotional changes in non-social contexts. This 
finding reduces the likelihood that enhanced perceptual 
functioning alone explains the results. Alternatively, the 
higher level of ambiguity associated with social cues 
might contribute to the observed difficulties [14, 65].

Overall, these results replicate, and more importantly 
extend the findings of Lacroix et al. [23], who used a 
similar task with socio-emotional stimuli and showed a 
larger increase in RT in the shift as measured against the 
non-shift condition in autistic versus non-autistic partici-
pants. Our study further shows that this pattern is spe-
cifically associated with social stimuli.

While emotion recognition is typically faster in females 
than in males, including in the field of autism research 
[23, 66, but 67], this effect was not replicated in our study. 
Instead, males responded faster than females. We also 
observed a two-way interaction between shift and sex 
on RT, as well as three-way interactions between group, 
shift, and sex on RT, indicating a reduced difference in 
RT between the shift and non-shift conditions in males, 
and particularly in non-autistic individuals. This reduced 
switch cost in males suggests higher emotional flexibil-
ity abilities, especially in non-autistic individuals. Since 
this effect was not found by Lacroix et al. [23], it might 
have been driven by the inclusion of non-social stimuli 
in our study. However, this is unlikely given the absence 
of an interaction between sex, shift, and the social nature 
of the stimuli. Additional research is needed to better 
understand this effect and examine whether it may be 
consistent with the literature suggesting sex differences 
in the way non-autistic individuals process emotional sig-
nals, due to socio-cultural and biological differences [31].

Furthermore, the results revealed an effect of the three-
way interaction between group, sex and the social nature 
of the stimuli on accuracy. Like Lacroix et al. [23], our 
results did not indicate sex differences in accuracy for 
social stimuli. However, the inclusion of emotional non-
social stimuli in this new task revealed higher accuracy 
for autistic females than for autistic males, a difference 
not observed in non-autistic individuals. Additionally, 
autistic females were less accurate than non-autistic 



Page 9 of 12Lacroix et al. Molecular Autism           (2024) 15:49 

females in the social condition, an effect not seen in males 
or in the non-social condition. These findings differ from 
Lacroix et al. [23], who observed lower accuracy only in 
autistic compared to non-autistic males. Therefore, our 
results should be interpreted with caution. Nevertheless, 
they suggest an intermediate profile for autistic females: 
while they struggle more than non-autistic females with 
social stimuli, they have fewer difficulties with non-social 
stimuli than autistic males. This pattern, showing charac-
teristics of both autistic and non-autistic individuals, has 
been observed in other studies [33, 34, 68]. This finding 
could indicate that autistic females adapt better to real-
life situations, although they still face challenges in social 
contexts.

Finally, our analyses revealed longer RT when the emo-
tional context was negative, particularly among non-
autistic individuals and especially in males. This finding 
contradicts our preregistered complementary hypothesis 
that this effect would be more pronounced in autism. 
However, no interaction with the shift condition was 
observed, an observation which differs from previous 
findings [23, 24]. Despite this, our results are consistent 
with the existing literature indicating shorter reaction 
times for positive stimuli in both non-autistic [35] and 
autistic individuals [for a review, see 18].

Limitations
The online nature of the study constitutes a limitation, as 
it reduces control over diagnosis and experimental con-
ditions. However, participants were carefully selected 
to mitigate this issue (see Method). Despite this limita-
tion, online research remains an appropriate method 
for studying autistic individuals, and particularly those 
without intellectual disabilities, as it mitigates the anxi-
ety related to unfamiliar situations and social interactions 
[69].

Due to the requirements of the ethical committee and 
the General Data Protection Regulation, we were unable 
to ask specifically about other diagnoses. We asked gen-
eral questions (e.g., “Have you been diagnosed with 
another neurodevelopmental disorder such as ADHD, 
dyslexia, dyspraxia, etc.?”) to minimize the online collec-
tion of sensitive information. This approach, while nec-
essary, prevented a more precise understanding of which 
comorbidities might influence the results. Conditions 
such as ADHD [70], depression [71], and anxiety [72] are 
known, in particular, to affect task switching and process-
ing speed. Nevertheless, comorbidities were included 
as covariates in our analyses, ensuring that our results 
account for the variance explained by other diagnoses. 
Thus, even though autistic and non-autistic individuals 
differed in the number of comorbidities, a finding consis-
tent with the existing literature [73], this was taken into 
account in our analyses.

Certain socio-demographic differences may also be 
perceived as weaknesses. Specifically, autistic males 
exhibited lower educational attainment than the other 
groups. However, educational achievement in autism 
often falls below the levels expected based on IQ [74], 
and the mean educational attainment of autistic males in 
our study corresponds to the second year of a bachelor’s 
degree program. Although our sample appears homoge-
neous in terms of intellectual abilities, it does not fully 
represent the entire autism spectrum, a common limita-
tion in studies involving autistic individuals.

Conclusions
Our study demonstrates that autistic individuals exhibit 
a larger switch cost than non-autistic individuals when 
evaluating the emotional content of an image in an 
unpredictable context, thus replicating previous findings. 
Importantly, this discrepancy is only evident for social 
stimuli. In non-social contexts, autistic individuals show 
no difference in switch cost compared to non-autistic 
individuals. These results suggest that the cognitive flex-
ibility of autistic individuals is not inherently impaired; 
instead, their difficulty is modulated by the nature of 
the stimuli. This likely contributes to the mixed results 
observed when investigating flexibility abilities in autistic 
individuals and points to possible ways to better deter-
mine which other factors, beyond the social nature of the 
stimuli, contribute to their difficulties.

Additionally, our findings highlight the fact that autistic 
females differ both from autistic males (in the process-
ing of non-social stimuli) and non-autistic females (in the 
processing of social stimuli). This result underscores the 
unique profile of autistic females, emphasizing the need 
for a better understanding and recognition of their expe-
riences and the link between this profile and their under-
recognition and under-diagnosis.
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