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Abstract
Social interaction is inherently bidirectional, but research on autistic peer interactions often frames communication as 
unidirectional and in isolation from the peer context. This study investigated natural peer interactions among six autistic 
and six non-autistic adolescents in an inclusive school club over 5 months (14 45-min sessions in total) to examine the 
students’ peer preferences in real-world social interactions and how the preferences changed over time. We further 
examined whether social behavior characteristics differ between student and peer neurotype combinations. Findings 
showed that autistic students were more likely to interact with autistic peers then non-autistic peers. In both autistic and 
non-autistic students, the likelihood of interacting with a same-neurotype peer increased over time. Autistic and non-
autistic students’ within-neurotype social interactions were more likely to reflect relational than functional purposes, be 
characterized as sharing thoughts and experiences rather than requesting help or objects, and be highly reciprocal, as 
compared with cross-neurotype interactions. These peer preferences and patterns of social interactions were not found 
among student-peer dyads with the same genders. These findings suggest that peer interaction is determined by more 
than just a student’s autism diagnosis, but by a combination of student and peer neurotypes.

Lay abstract
Autistic students often experience challenges in peer interactions, especially for young adolescents who are navigating the 
increased social expectations in secondary education. Previous research on the peer interactions of autistic adolescents 
mainly compared the social behaviors of autistic and non-autistic students and overlooked the peers in the social 
context. However, recent research has shown that the social challenges faced by autistic may not be solely contributed 
by their social differences, but a mismatch in the social communication styles between autistic and non-autistic people. 
As such, this study aimed to investigate the student-and-peer match in real-world peer interactions between six autistic 
and six non-autistic adolescents in an inclusive school club. We examined the odds of autistic and non-autistic students 
interacting with either an autistic peer, a non-autistic peer, or multiple peers, and the results showed that autistic 
students were more likely to interact with autistic peers then non-autistic peers. This preference for same-group peer 
interactions strengthened over the 5-month school club in both autistic and non-autistic students. We further found 
that same-group peer interactions, in both autistic and non-autistic students, were more likely to convey a social 
interest rather than a functional purpose or need, be sharing thoughts, experiences, or items rather than requesting 
help or objects, and be highly reciprocal than cross-group social behaviors. Collectively, our findings support that peer 
interaction outcomes may be determined by the match between the group memberships of the student and their peers, 
either autistic or non-autistic, rather than the student’s autism diagnosis.
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Introduction

Peer engagement is an integral component of school expe-
rience, yet autistic students1 in inclusive education com-
monly struggle with peer interaction and experience peer 
rejection and isolation (Cresswell et al., 2019; Humphrey 
& Symes, 2011; Locke et al., 2016; Rotheram-Fuller et al., 
2010). Autistic adolescents experience increased difficul-
ties in peer engagement in secondary education when 
social expectations rapidly change and their differences 
associated with autism become salient (O’Hagan & 
Hebron, 2016; Rotheram-Fuller et al., 2010; Tierney et al., 
2016). Lacking peer connections, autistic adolescents 
experience more loneliness (Lasgaard et al., 2010) and are 
at greater risk of school victimization than their non-autis-
tic peers (Maiano et al., 2016).

Peer engagement is a bidirectional interaction between 
autistic students and their peers, either autistic or non-
autistic. However, studies of peer interaction primarily 
focused on the comparison between autistic and non-autis-
tic social behaviors, not considering the peer context (i.e. 
with whom the students socially interact, e.g. Humphrey & 
Symes, 2011; Locke et  al., 2016). In these comparisons, 
autistic students’ social differences from non-autistic stu-
dents were often interpreted as deficits and the main cause 
of their social challenges. This focus on autistic social 
impairments is also reflected in current social interven-
tions to support peer engagement, which mainly seek to 
build normative social behaviors in autistic students, rather 
than addressing the bidirectional peer interaction context.

Recent research, however, has proposed a shift of focus 
from individual social traits toward the dynamic interac-
tion between autistic individuals and their social partner(s), 
as social interaction difficulties cannot be holistically 
understood outside of the interactional context (Bolis 
et  al., 2017; De Jaegher, 2013; Milton, 2012). Because 
social interactions are interrelationships between two or 
more people, autistic individuals are not the only responsi-
ble party for the creation of barriers to social interaction. 
The potential failure of mutual understanding and social 
connection between both parties are also contributing fac-
tors. These frameworks suggest that the social difficulties 
associated with autism may result from an interpersonal 
mismatch between autistic and non-autistic people, rather 
than deficits of autistic people. The social difficulties, 
therefore, are a “double-empathy problem” experienced 
by both autistic and non-autistic people, as each group 
lacks the insight to socially understand and connect with 
the other (Milton, 2012). While abundant studies have 
documented autistic people’s difficulties in understanding 
non-autistic people’s mental states, more recent findings 

have revealed that such difficulty in perspective-taking is 
two-sided, as non-autistic people also experience difficul-
ties in interpreting autistic perspectives and expressions 
(Alkhaldi et  al., 2019; Edey et  al., 2016; Heasman & 
Gillespie, 2018; Sheppard et al., 2016). In addition, non-
autistic people’s perceptions and interpretation of autistic 
people may perpetuate barriers of mutual understanding 
between autistic and non-autistic people, as research has 
shown that non-autistic people develop negative percep-
tions and lower social intention toward autistic people 
based on thin-slice judgment (Sasson et al., 2017) and that 
non-autistic people’s difficulties in interpreting autistic 
social expression are associated with their unfavorable 
perceptions of autistic people (Alkhaldi et al., 2019). Non-
autistic adults were found to implicitly associate autism 
with unpleasant personal attributes even after receiving an 
autism acceptance training program that increased their 
autism knowledge and familiarity among non-autistic peo-
ple (Jones et al., 2021).

Supporting the double empathy theory, research on 
autistic social experience has revealed that autistic adults 
feel more comfortable, understood, and accepted when 
interacting with their autistic than non-autistic friends and 
families, while they associate their social experience with 
non-autistic people with pressure to conform to normative 
communication styles (Crompton, Hallett, et  al., 2020). 
Consistently, studies have found better relational out-
comes within than cross-autistic and non-autistic neuro-
types, including higher accuracy of information transfer 
(Crompton, Ropar, et  al., 2020), higher self-rated and 
externally observed interpersonal rapport in dyadic inter-
actions (Crompton, Sharp, et  al., 2020), and stronger 
intention for future interactions (Morrison et  al., 2020). 
Studies with the non-autistic population have further 
shown that similarity in broad autism phenotype and 
autistic traits were associated with better friendship qual-
ity and relationship satisfaction, regardless of the length 
of the relationship, participants’ level of aloofness, and 
the average level of autistic traits between in the pair 
(Bolis et al., 2020; Faso et al., 2016). Collectively, these 
studies showed that social challenges experienced by 
autistic people seem to be contributed by a match between 
people rather than individual characteristics, and thus, it 
may be useful to investigate autistic peer interaction 
through the lens of student-peer match. However, no 
research has examined the double empathy problem in 
peer interaction of autistic adolescents, especially in the 
context of inclusive education.

This study aimed to investigate peer interactions in 
inclusive secondary education through the lens of the dou-
ble empathy theory, by examining both student and peer 
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effects on interactions. Specifically, we examined students’ 
peer preferences presented in natural peer interactions in 
an inclusive school club with equal numbers of autistic and 
non-autistic students, and how the peer preferences change 
over the 5-month school club. We further investigated 
whether social behavior characteristics differed by each 
combination of student and peer group memberships in the 
autistic or non-autistic group.

The study addressed two research questions. (1) Do stu-
dents’ peer preferences, as indicated by the relative likeli-
hood of social initiations and responses being made toward 
an autistic peer, a non-autistic peer, or with multiple peers, 
differ between autistic and non-autistic students and 
change over time? (2) Do characteristics of peer interac-
tion behaviors, including social initiation purpose and type 
as well as social response type and reciprocity, differ 
depending on the combinations of student and peer neuro-
types? Based on the double empathy theory, we hypothe-
sized that students would demonstrate stronger preferences 
toward same-neurotype than cross-neurotype peers. We 
further hypothesized that the peer preference would 
strengthen over time, as students may develop closer rela-
tionships with their same-neurotype peers over time and 
increase interactions with those peers, which then contrib-
ute to increased same-neurotype peer interaction. We 
hypothesized that for both autistic and non-autistic stu-
dents, same-group social initiations would more likely pre-
sent relational rather than functional purposes (i.e. 
conveying social interests than addressing functional goals 
or needs), compared with cross-neurotype social initia-
tions, as students may experience stronger mutual under-
standing and social interests with their same-neurotype 
peers. Similarly, we anticipated that students’ same-neuro-
type social initiations would more likely characterize as 
self-disclosure (i.e. sharing their thoughts, experiences, or 
goals) or showing interests in peers (i.e. attending to peer’s 
behaviors or projects) than seeking assistance or objects, 
compared with cross-group social initiations. For social 
responses, we expected that same-neurotype social 
responses would more likely be topic-extending or topic-
relevant rather than tangent to the topic of the preceding 
social behavior, as well as have higher reciprocity, as com-
pared with cross-neurotype responses.

Methods

Research design

This longitudinal study conducted social behavior obser-
vations in an interest-driven school club at an autism inclu-
sion public middle school in a large urban area over 
5 months. The school club was a design and making extra-
curricular program (the Maker Club) that incorporated the 
students’ interests in science, technology, engineering, and 
mathematics (STEM) learning (Martin et al., 2019; Martin 

et  al., 2020). Ethical approval for data collection was 
obtained from the institutional review boards of the school 
district and the research institutes. Written consent was 
obtained from all participants as well as their parents.

Participants

Participants included all 12 students who were enrolled in 
the school club over the 2018–2019 school year. Table 1 
shows participant demographics. To be enrolled in this 
autism inclusion middle school program, all autistic stu-
dents exhibited the following: (1) a diagnosis of autism 
spectrum disorder confirmed by the Autism Diagnostic 
Observation Schedule conducted by trained psychologists 
in the department of education; (2) verbal language on or 
close to the age level; (3) average to above-average intel-
lectual functioning; and (3) academic skills on or above 
the grade level.

Community involvement

We consulted with an autistic researcher (recognized in the 
“Acknowledgements” section) on the methodology and 
the interpretation and reporting of the findings. The school 

Table 1.  Participant demographics.

Autistic 
(n = 6)

Non-autistic 
(n = 6)

Gender
  Male 5 3
  Female 1 3
Race/Ethnicitya

  Hispanic 1 4
  White 2 1
  Black, African American 2 3
  Asian 1 0
  Pacific Islander 0 1
  American Indian 0 1
  Other 2 3
Grade
  6th (age rangeb = 12–13) 3 5
  7th (age rangeb = 13–14) 3 1
Classroom affiliationc

  Classroom A 2 1
  Classroom B 1 1
  Classroom C 0 2
  Classroom D 0 1
  Classroom E 1 0
  Classroom F 2 0
  Classroom G 0 1

aParticipants were allowed to select more than one ethnicity.
bGrade-level age range for the US education system.
cClassroom affiliation is presented as it might imply students’ prior 
relationship with peers.
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club intervention where data were collected was designed 
in consultation with an autistic panelist who chaired the 
advisory board.

Procedure

Video recording.  We video-recorded the school club, which 
met twice a week in a 45-min homeroom period from 
October 2018 to February 2019 excluding days with school 
activities or holidays. Fourteen club sessions over 5 months 
were videotaped and used in social behavior observations. 
To optimize recording quality, three camcorders and three 
professional stereo microphones were used at each ses-
sion, with each pair of the equipment capturing a group of 
students (two to five depending on seat arrangement) at a 
table. Students’ faces were blurred for deidentification.

We included observation periods where each focal stu-
dent had an opportunity to interact with a peer, which was 
when at least one peer was around the student, and the 
teachers were not instructing the whole class or working 
directly with the student. The reason for this data sampling 
was to ensure that the comparison of social behavior fre-
quencies between students was based on similar condi-
tions. After removing teacher instruction sections and 
recordings with insufficient quality, we included a total of 
1129 min of observation (642 min for autistic students and 
487 min for non-autistic students). The mean observation 
length for all students was 86.85 min (range = 31–148 
min), and the mean observation lengths for autistic and 
non-autistic students were 107 and 81.17 min, respec-
tively. Lengths of observation time did not differ signifi-
cantly between autistic and non-autistic students (Wilcoxon 
rank-sum exact test p = 0.31).

School Club Observation of Peer Interaction.  To capture the 
peer preferences and characteristics of social interaction 
behaviors, we developed the School Club Observation of 
Peer Interaction (SCOPI) based on a review of existing 
coding systems of peer interactions (Bauminger et  al., 
2003; Usher et al., 2015), the research questions, and our 
earlier qualitative observations in the school club over a 
school year. The SCOPI captures each instance of social 
initiations and response and further classifies each social 
behavior based on its intended social partner (an autistic 
peer/a non-autistic peer/multiple autistic peers/multiple 
non-autistic peers/mixed peers/ non-specific peers, i.e. 
social behaviors not made toward a specific peer, such as 
talking to the room); initiation purpose (functional/rela-
tional, only initiations addressing explicit functional goals 
or needs were coded as functional, and the rest were coded 
as relational); initiation type (seeking/sharing/attending/
offering/joking); response type (topic-extending/topic-rel-
evance/tangent); and level of reciprocity (low/average/
high) in social responses (see Appendix 1 for full defini-
tions). Specifically, the reciprocity of a social response 

was indicated by its order in the entire interaction sequence 
following a social initiation. Levels of reciprocity in the 
lowest 25% of the observations were defined as low reci-
procity, levels in the highest 25% were defined as high 
reciprocity, and the rest was defined as average reciprocity. 
Recognizing that neurodivergent social behaviors can be 
unconventional (Jaswal & Akhtar, 2019), we neither 
included typical social cues (e.g. eye contact and facial 
expressions) in our target behaviors nor regarded them as 
criteria to identify student social behaviors (i.e. a student’s 
social attempt is recognized even without presenting typi-
cal social cues).

To measure both frequencies and characteristics of peer 
interaction, we selected a cross-classifying event coding 
method, where an observer records each instance of a tar-
get social behavior and classifies the behavior on multiple 
dimensions (Bakeman & Gottman, 1997). Given the com-
plex nature of peer interaction in adolescents, we chose a 
video-based observation, which allows an observer to 
observe multiple behavior characteristics for each social 
behavior through reviewing videos. After developing an 
initial coding scheme, the first author collaborated with a 
group of six graduate students to test the utility of behavior 
definitions and refine the delimitation and description of 
the behavior categories. Two graduate students then coded 
all data of the study. The two coders and the measurement 
developer (the first author) achieved high inter-coder reli-
ability using 27% of all video data, with an average 94% 
agreement (range: 88%–97%) across items. Cohen’s 
Kappa ranged from 0.73 to 0.95, with a mean of 0.85. The 
sample and results of the reliability test were sufficient for 
behavioral observation research (Heyman et  al., 2014). 
Efforts have been made to mask diagnosis information to 
the coders by blurring students’ faces in the videos, 
although the two coders may have ascertained the informa-
tion by listening to the audio.

Data analysis

The unit of analysis was each observed social behavior. We 
began with a descriptive analysis of the proportions of 
social behaviors toward each peer category in each student 
group, followed by Fisher’s exact tests to examine the inde-
pendence between student groups and peer categories.

We then investigated whether the relative likelihoods of 
a social behavior made toward each peer category were pre-
dicted by student group and time using mixed-effects logis-
tic regression (multinomial logistic regression when more 
than two categories were present). Mixed-effects modeling 
was necessary to control for the dependence between the 
repeated measures in each participant. With peer categories 
being the dependent variable, the predictors included a 
dummy variable of student group (autistic relative to non-
autistic), a mean-centered time variable, an interaction term 
between student group and time (group × time, which 



Chen et al.	 1889

models differentiated time trends between groups), and a 
random intercept for each participant. The interaction term 
between student group and time was added to investigate 
the differentiated time effects between groups. We sepa-
rately modeled social behaviors toward a single peer and 
multiple peers as the prior had much higher incidences. 
Single-peer models had only two peer categories (autistic vs 
non-autistic peer), while multiple-peer models had three or 
four categories (autistic peers, non-autistic peers, mixed 
peers, non-specific peers). Non-specific peer was coded for 
social behaviors sending toward no specific peers (e.g. stu-
dent shouting to the room) and was only present in social 
initiations, as social responses were directed toward the 
peer(s) of preceding social behavior(s). Students’ social 
behaviors toward multiple peers were found to be made 
toward at most three peers.

For social behaviors toward a single peer, we investi-
gated whether the interaction term between student and 
peer groups predicted characteristics of social behaviors, 
including initiation purpose, initiation type, response type, 
and reciprocity using mixed-effects logistic regression. 
Multinomial logistic regression was performed for multi-
nomial variables including initiation type, response type, 
and response reciprocity. Independent variables included 
dummy variables of student group (autistic relative to non-
autistic), peer category, and a random intercept for each 
participant. Behaviors toward multiple peers had too few 
incidences for this analysis.

Finally, to examine whether students’ same-group peer 
preferences overlapped with preferences of same-gender 
peers, we conducted the same set of analyses on the com-
binations of student and peer genders. This was a supple-
mentary analysis to explore whether students showed 
similar patterns of same-neurotype and same-group prefer-
ences, as the latter might confound the former.

To address the potential bias in the estimates of mixed-
effects modeling with a small number of clusters (i.e. stu-
dents), we used Bayesian Markov chain Monte Carlo 
(MCMC) estimation, which does not require large-sam-
ple approximation and has been reported to achieve unbi-
ased estimates with low numbers of clusters, even fewer 
than 10 (McNeish & Stapleton, 2014). As there was no 
existing knowledge about the model parameters, we used 
weakly informative priors in Bayesian analysis recom-
mended for logistic regression in the literature, including 
a Student t distribution with 7 degrees of freedom for 
regression coefficients and intercepts, as well as a half-
Cauchy prior with 4 degrees of freedom for the variance 
components (Gelman, 2006; Ghosh et al., 2018; McNeish 
& Stapleton, 2016). Bayesian mixed-effects modeling 
was performed in R using the “brms” package (Bürkner, 
2018; R Core Team, 2019). The Gelman–Rubin conver-
gence statistics were used to determine the convergence 
for each model parameter across three MCMC chains. 

Each model was considered converged if the Gelman–
Rubin Rc for all parameters was less than 1.1.

Missing data management.  Among the total 168 observa-
tions of the 12 participants over 14 sessions, 39% were not 
obtained due to reasons including student absence, stu-
dents positioned outside of camera frames (e.g. at a glue 
gun station where videotaping was not feasible), or poor 
recording quality. Students’ absences were usually due to 
other school activities and persisted in less than three ses-
sions. Given the complex data structure, we used listwise 
deletion for the missing observations, which is a robust 
strategy for logistic regression (Allison, 2001).

Results

Descriptive analysis

Autistic and non-autistic participants did not significantly 
differ by gender and grade compositions (Fisher’s exact 
test ps = 0.55). The students affiliated in seven classes with 
at most two students coming from each class. Fisher’s exact 
test found no significant difference between autistic and 
non-autistic students’ class affiliation (p = 0.52), which 
precluded a part of the potential bias due to differences in 
students’ relationships before and outside of the club.

Figure 1 presents the proportions of social behaviors 
toward each peer category by student groups, based on stu-
dents’ neurotype and gender (Appendices 2 and 3 list the 
percentages of behaviors by peer categories and Fisher’s 
exact test statistics). For peer preference by neurotype, 
Fisher’s exact tests found significant relationships between 
student and peer groups in all behavior categories, sug-
gesting a systematic difference between the peer choices 
of autistic and non-autistic adolescents. Same-neurotype 
social behaviors accounted for the main part of students’ 
peer interactions in both autistic and non-autistic students. 
Students also interacted more with their same-gender peers 
yet to a lesser extent, and Fisher exact tests found signifi-
cant relationships between student and peer groups in all 
behaviors except for attending, joking, offering, and tan-
gent responses.

Peer preferences: group differences and time 
effects

Table 2 presents the results of logistic regression, includ-
ing parameter estimates and their 95% credible intervals, 
which are the Bayesian analog of confidence intervals that 
indicates the range values on the posterior probability dis-
tribution that includes 95% of the probability. The credible 
intervals can be interpreted as, given the data and the prior 
assumptions, the estimate has a 95% probability of falling 
within the range.
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Findings for social initiations toward a single peer found 
that autistic students showed a significantly higher likeli-
hood to initiate interactions with an autistic peer than a non-
autistic peer, while non-autistic students showed lower but 
not significant likelihoods to initiate with an autistic peer 
than a non-autistic peer. Over time, non-autistic students 
were significantly less likely to initiate interactions with 
autistic peers than non-autistic peers, while autistic stu-
dents showed a non-significant increase in likelihood to 
initiate interactions with an autistic peer than a non-autistic 
peer. Initiations toward multiple peers showed non-signifi-
cant same-group preferences in both autistic and non-autis-
tic students, which significantly increased over time.

Models for social responses showed significantly 
higher likelihoods for autistic students to initiate with a 
same-group peer than a non-autistic peer, while non-autis-
tic students showed a non-significant same-group prefer-
ence. Both autistic and non-autistic students significantly 
increased responses with a same-group peer. Responses to 

multiple peers showed time effects in both groups, where 
students significantly increased responses to their same-
group than cross-group peers.

Models based on students’ genders showed that male 
students significantly initiated more with and responded 
more to either single or multiple male peers, while females 
showed non-significant preferences to same-gender peers. 
Different from neurotype models, both male and female 
students significantly increased cross-gender initiation and 
responses over time with a single peer. Such time effects 
were not found for multiple peers. Figure 2 illustrates the 
predicted probability for social behaviors with each peer 
group across time.

Social behavior characteristics

Table 3 lists the findings of logistic regression for social 
behavior characteristics by combinations of student and 
peer groups. Figure 3 shows the predicted probabilities of 

Figure 1.  Proportions of social behaviors to peer categories by student groups.
NA: non-autistic.
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social behavior characteristics by combinations of student 
and peer groups.

Initiation purpose.  The model showed a non-significant 
trend for autistic students’ initiations to be less likely rela-
tional than functional, compared with non-autistic students. 
Initiations toward autistic students were significantly less 
likely to be relational than functional, compared with initia-
tions toward non-autistic students. However, autistic to 
autistic initiations were significantly more likely to be rela-
tional than functional.

Initiation type.  Initiations toward autistic students were 
significantly less likely to be characterized as sharing, 
attending, offering, and joking than seeking, compared 
with initiations toward non-autistic students. However, 
autistic to autistic initiations were significantly more likely 
to be characterized as sharing and offering than seeking.

Response type.  Social responses received by autistic stu-
dents, compared with non-autistic students, were signifi-
cantly less likely to be topic-extending or relevant than 
tangent responses. However, autistic to autistic social 
responses showed non-significantly higher likelihoods of 
topic-extending and relevant than tangent responses.

Response reciprocity.  Social responses received by autistic 
students, compared with non-autistic students, were sig-
nificantly less likely to have high than average reciprocity. 
Autistic to autistic social responses, however, were signifi-
cantly more likely to have high than average reciprocity.

Social behavior characteristics by gender

Student and peer genders showed few significant effects. 
Female students, compared with male students, received 
non-significantly more relational than functional initiation; 

Table 2.  Parameter estimates for peer preference by neurotype and gender match.

Peer neurotype Intercept Autistic vs NA student Time (session) Autistic × Time

Estimatea 95% CIb Estimatea 95% CIb Estimatea 95% CIb Estimatea 95% CIb

Initiation to 1 peer
  Autistic vs NA −0.85 [−2.62, 1.09] 2.73* [0.32, 5.05] −0.07* [−0.15, −0.002] 0.10 [−0.03, 0.22]
Initiation to multiple peers
  Autistic vs NA −2.05 [−5.86, 1.01] 1.47 [−1.91, 5.06] −0.75* [−1.19, −0.36] 1.08* [0.53, 1.68]
  Mixed vs NA 0.87 [−0.89, 2.94] −0.36 [−2.91, 1.81] −0.44* [−0.74, −0.18] 0.17 [−0.29, 0.62]
  Nonspecd vs NA 1.41* [0.16, 2.71] 0.46 [−1.17, 2.2] −0.53* [−0.79, −0.31] 0.45* [0.08, 0.85]
Response to 1 peer
  Autistic vs NA −1.36 [−3.02, 0.49] 3.05* [0.48, 5.43] −0.12* [−0.17, −0.08] 0.22* [0.15, 0.28]
Response to multiple peers
  Autistic vs NA 1.87 [−1.71, 5.91] 0.50 [−3.19, 4.23] −1.33* [−2.52, −0.48] 1.77* [0.78, 3.09]
  Mixed vs NA 3.26* [0.56, 6.53] −1.78 [−5.14, 1.02] −1.39* [−2.27, −0.75] 1.41* [0.67, 2.33]

Peer gender Intercept Female vs male student Time (session) Female × Time

Estimatea 95% CIb Estimatea 95% CIb Estimatea 95% CIb Estimatea 95% CIb

Initiation to 1 peer
  Female vs male −2.04* [−3.89, −0.19] 1.26 [−1.49, 3.88] 0.18* [0.1, 0.26] −0.24* [−0.38, −0.11]
Initiation to multiple peers
  Female vs male −4.77* [−10.54, −1.71] 1.38 [−2.37, 5.2] −0.10 [−0.68, 0.43] 0.15 [−0.6, 0.92]
  Mixed vs male 0.11 [−0.79, 0.94] −0.84 [−2.55, 1.07] 0.05 [−0.11, 0.22] −0.52* [−1.07, −0.06]
 � Nonspecd vs male 0.95* [0.33, 1.5] −1.26 [−2.7, 0.03] −0.07 [−0.22, 0.07] −0.64* [−1.17, −0.22]
Response to 1 peer
  Female vs male −1.68 [−3.61, 0.27] 0.78 [−2.38, 3.59] 0.09* [0.06, 0.13] −0.29* [−0.35, −0.23]
Response to multiple peers
  Female vs male −5.09* [−9.91, −2.26] 3.34 [−0.72, 7.74] −0.44 [−1.26, 0.22] 0.36 [−0.46, 1.41]
  Mixed vs male −0.88 [−2.09, 0.21] 1.23 [−1.25, 3.71] 0.17 [−0.07, 0.38] −1.06* [−1.77, −0.5]

NA = non-autistic; CI: confidence interval.
aEstimates are the mean value of Bayesian posterior distribution.
b95% credible interval of the estimates.
*95% credible interval does not contain zero.
dSocial behaviors made toward non-specific peers (e.g. shout to the room). Only present in social initiations, as social responses were directed 
toward the peer(s) of preceding social behavior(s).
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Figure 2.  Predicted probability of peer interaction by peer groups.
NA: non-autistic.
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more sharing, offering, and joking than seeking behaviors; 
more extending and relevant responses; and more high and 
low reciprocity responses and average reciprocity. Female-
to-female responses were significantly less likely to show 
low reciprocity than average reciprocity.

Discussion

This study examined peer preference and social behavior 
characteristics in bidirectional peer interactions among 
autistic and non-autistic adolescents in an inclusive school 
club. The longitudinal observations of peer interactions 
over 5 months of the school club showed that while both 

autistic and non-autistic students were more likely to initi-
ate with and respond to a same-neurotype peer, only autis-
tic students reached significant peer preference. Both 
autistic and non-autistic students showed significantly 
strengthened preferences of their same-neurotype peers 
over time, either in dyadic or small group interactions with 
a couple of peers. Although students’ same-neurotype 
preferences might be confounded by peer preferences 
based on gender, students’ peer preferences were only sig-
nificant in male students’ social initiations (toward single 
to multiple peers) and responses to multiple peers, and 
they showed significantly increased cross-gender peer 
preferences over time.

Table 3.  Parameter estimates for social behavior characteristics.

Behavior by neurotype Intercept Autistic vs NA student Autistic vs NA peer Autistic student × 
Autistic peer

Estimatea 95% CIb Estimatea 95% CIb Estimatea 95% CIb Estimatea 95% CIb

Initiation purpose
  Relational vs functional 0.39 [−0.27, 1.01] −0.43 [−1.4, 0.6] −0.58* [−1.08, −0.05] 0.87* [0.02, 1.73]
Initiation type
  Sharing vs seeking 0.47 [−0.47, 1.37] −0.65 [−2.01, 0.72] −1.03* [−1.66, −0.41] 1.45* [0.43, 2.54]
  Attending vs seeking 0.22 [−0.47, 0.84] −0.39 [−1.42, 0.74] −1.08* [−1.78, −0.41] 1.01 [−0.11, 2.08]
  Offering vs seeking −1.00* [−1.84, −0.24] −0.83 [−2.37, 0.56] −1.55* [−2.85, −0.45] 2.00* [0.34, 3.86]
  Joking vs seeking −0.72 [−1.92, 0.24] −0.78 [−2.45, 0.92] −1.65* [−2.77, −0.63] 1.50 [−0.06, 3.12]
Response type
  Relevant vs tangent 3.78* [3.15, 4.44] −0.16 [−1.3, 1.06] −0.89* [−1.75, −0.01] 0.85 [−0.52, 2.13]
  Extending vs tangent 3.24* [2.65, 3.86] −0.11 [−1.29, 1.06] −1.12* [−1.98, −0.21] 0.96 [−0.43, 2.27]
Response reciprocity
  High vs average −1.67* [−1.94, −1.41] −0.36 [−0.98, 0.24] −0.74* [−1.41, −0.14] 0.88* [0.05, 1.75]
  Low vs average −0.23* [−0.46, 0] −0.02 [−0.42, 0.38] −0.24 [−0.55, 0.06] 0.27 [−0.17, 0.73]

Behavior by gender Intercept Female vs male student Female vs male peer Female student × 
Female peer

Estimatea 95% CIb Estimatea 95% CIb Estimatea 95% CIb Estimatea 95% CIb

Initiation purposec

  Relational vs functional 0.12 [−0.43, 0.69] −0.05 [−0.99, 0.87] 0.16 [−0.44, 0.74] 0.41 [−0.46, 1.32]
Initiation typec

  Sharing vs seeking −0.14 [−0.85, 0.5] 0.27 [−0.84, 1.43] 0.26 [−0.44, 1.03] 0.56 [−0.46, 1.61]
  Attending vs seeking −0.23 [−0.68, 0.2] −0.34 [−1.26, 0.4] 0.70 [−0.01, 1.41] −0.29 [−1.4, 0.89]
  Offering vs seeking −1.71* [−2.38, −1.11] 0.40 [−0.79, 1.38] 0.33 [−0.93, 1.52] −0.13 [−1.85, 1.52]
  Joking vs seeking −1.35* [−2.27, −0.62] −0.48 [−1.92, 0.98] 0.37 [−0.72, 1.35] 0.11 [−1.45, 1.7]
Response typec

  Relevant vs tangent 3.27* [2.81, 3.77] 0.14 [−0.7, 1] 0.46 [−0.3, 1.3] 0.67 [−0.69, 2.14]
  Extending vs tangent 2.70* [2.24, 3.19] 0.27 [−0.56, 1.06] 0.22 [−0.56, 1.05] 0.86 [−0.52, 2.32]
Response reciprocityc

  High vs average −1.84* [−2.11, −1.58] −0.25 [−0.76, 0.25] 0.04 [−0.41, 0.46] 0.33 [−0.35, 1.03]
  Low vs average −0.32* [−0.57, −0.09] 0.10 [−0.29, 0.55] 0.37* [0.13, 0.63] −0.59* [−1.02, −0.18]

NA: non-autistic.
aEstimates are the mean value of Bayesian posterior distribution.
b95% credible interval of Bayesian estimates.
cReference groups were assigned as the most frequently observed category among each behavior characteristic, that is, functional purpose, sharing 
initiation, topic-relevant response, and average-level reciprocity.
*95% credible interval does not contain zero.
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We further examined whether student and peer groups 
collectively predicted students’ social behavior character-
istics, and the results showed similar patterns of same-neu-
rotype and cross-neurotype social characteristics in both 
autistic and non-autistic students. Non-autistic to autistic 
social behaviors, compared with non-autistic to non-autis-
tic initiations, were less likely to be based on relational 
than functional initiation purposes; less likely to be charac-
terized as sharing, attending, offering, or joking behaviors 
rather than seeking; less likely to be topic-extending or 
relevant than tangent; and less likely to show above-aver-
age reciprocity. On contrary, autistic to autistic initiations 
were more likely to reflect relational than functional pur-
poses, more likely to be characterized as sharing and offer-
ing behaviors rather than seeking, and more likely to show 
above-average reciprocity. These patterns were not found 
in same-gender and cross-gender peer interactions.

Collectively, the findings showed that peer interaction 
is not solely determined by a student’s group membership, 
but the match between the student and their peers. The 
study extends previous research on peer interactions of 
autistic students in inclusive education by considering the 
role of peers and interpersonal match. Supporting the dou-
ble empathy theory, the students showed a trend of same-
neurotype peer preferences that significantly strengthened 
over time, and autistic and non-autistic students shared 
similar patterns of social interaction when interacting with 

same-group peers. Compared with cross-neurotype inter-
actions, both autistic and non-autistic within-neurotype 
interactions were less likely to be based on functional pur-
poses such as in need of assistance or materials and more 
likely to be characterized as sharing thoughts and experi-
ences, showing interests in and attending to peers, offering 
suggestions or objects, and highly reciprocal. These find-
ings emphasized the value of considering the peer factor in 
social interactions, which provides a more comprehensive 
understanding of peer interaction among autistic and non-
autistic adolescents.

These findings, together with our recent study of the 
same data set that found no significant differences between 
social initiation and response rates in the autistic and non-
autistic students in the school club (Chen et  al., 2021), 
challenge the social-deficit framing of autism. This earlier 
study showed that autistic adolescents were capable of 
similar levels of peer interactions as non-autistic adoles-
cents in the supportive context of an interest-based school 
club. This result suggested that the social challenges expe-
rienced by autistic adolescents in inclusive education may 
not have been solely the result of their social impairments, 
but also determined in part by the peer context of peer 
interaction. This study further indicated that student and 
peer group memberships jointly predicted peer interac-
tions, highlighting the importance to consider the bidirec-
tionality of social interactions. The findings are consistent 

Figure 3.  Predicted probabilities for social behavior characteristics.
NA: non-autistic.
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with recent studies suggesting better social communica-
tion outcomes between autistic people and other autistic 
people than between autistic and non-autistic people 
(Crompton, Hallett, et al., 2020; Crompton, Ropar, et al., 
2020; Morrison et al., 2020). Collectively, our studies and 
recent research support the interpersonal mismatch hypoth-
esis that conceptualizes autism as a bidirectional barrier 
between autistic and non-autistic people, rather than indi-
vidual social deficits (Bolis et al., 2017; De Jaegher, 2013; 
Milton, 2012).

The study showed that both autistic and non-autistic 
students’ preferences for cross-neurotype peers decreased 
over time, which seemed to contradict previous findings 
suggesting that increased contact and positive contact 
experience were associated with higher autism acceptance 
in non-autistic people (Gardiner & Iarocci, 2014). The 
strengthened peer preference might be due to students’ 
developed relationships with their same-group peers, 
which increased the likelihood for same-group peer inter-
actions. This might also suggest that although non-autistic 
students may develop higher peer acceptance of autistic 
students over time, they may still prefer within-neurotype 
peer interactions where they experience fewer double 
empathy problems.

This study has implications for future research and 
interventions. First, the findings emphasized the bidirec-
tionality of social interactions, which requires a shift of 
research and practice focus beyond individual social chal-
lenges to the interactional barriers between students and 
their peers. This study presented a preliminary examina-
tion of bidirectional peer interactions in inclusive second-
ary education, and future research with more in-depth 
analysis is needed to further explore the social communi-
cation strengths and barriers in the same-group and cross-
group social interactions among autistic and non-autistic 
students. Second, the findings showed the autistic adoles-
cents’ social strengths in match-group peer interactions, 
which have yet been supported in inclusive school prac-
tices. Stemmed from the social impairment framing of 
autism, school-based social interventions primarily focus 
on building normative social skills in autistic students. Our 
findings highlight the interpersonal congruency between 
the students and their peers, which suggests that providing 
opportunities for autistic within-neurotype interaction may 
support autistic peer connection in inclusive education. 
The peers’ understanding and acceptance of autistic stu-
dents may also contribute to the social barriers between 
autistic and non-autistic students, which are critical topics 
to be addressed by future research and interventions.

The study has limitations that could be addressed in 
future research. The study was conducted with a small 
group of participants, which may reduce statistical power. 
However, the longitudinal observations created a substan-
tial amount of social behavior data, and the Bayesian esti-
mation methods adjusted for the potential bias caused by 

the small cluster number in mixed-effects models 
(McNeish & Stapleton, 2014). As a preliminary investiga-
tion, the study took place in only one site with a small 
group of autistic adolescents who were speaking and with 
average to above-average cognitive ability, which limited 
the generalizability of the findings to the diverse popula-
tion. There was only one autistic female in the study, and 
thus, we were not able to examine gender differences in 
autistic peer interactions. Future research should include a 
more heterogeneous population across multiple sites and 
specifically investigate how peer contexts affect non-ver-
bal peer interaction. In addition, we did not have informa-
tion about students’ prior relationships and contact outside 
the club, as well as their awareness of autism diagnosis of 
themselves and peers, which can have great influences on 
the peer they interact with and their perceptions about 
peers. Research has shown that diagnosis disclosure can 
affect non-autistic peers’ first impressions of autistic peo-
ple (Sasson & Morrison, 2017), and thus, future research 
may investigate its effects on peer interaction in inclusive 
education. Finally, although we consulted an autistic 
researcher about research methods and findings, the social 
behavior observation was developed and coded by non-
autistic researchers, which might not reflect meaningful 
characteristics of autistic social interactions. While we 
have attempted to reduce the influences of coders’ non-
autistic interpretation to autistic social behaviors by 
deploying a relatively objective coding scheme, the non-
autistic coders might still have interpreted autistic behav-
iors differently from what an autistic coder would do. 
While we have attempted to mask information about stu-
dents’ diagnosis to the coders, they might have acquired 
the information over the project, which might influence 
their interpretation of student behaviors.
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Note

1.	 We choose to use the identity-first language (i.e. autistic stu-
dent) rather than the person-first language (i.e. students with 
autism) because it is preferred by more autistic individu-
als, advocates, and their families, who regard autism as an 
inseparable part of their identities (Kenny et al., 2016).
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Appendix 1.  The School Club Observation of Peer Interaction (SCOPI).

Behavior categories Definition

Social initiation The focal student attempts to begin a new social sequence, with either verbal or non-verbal behaviors 
(modified from Bauminger, 2003). As social behaviors can be unconventional, the presence of typical 
social cues (e.g. turning to a specific peer) is not required, and initiation can be made without specifying 
a receiver (e.g. the student repeatedly comments “I think it’ll work” when peers are present, but not 
specifically toward any peer). Beginning a new conversation topic is an initiation.

Purpose of initiation What goal is achieved or conveyed by social initiation?
  Functional The initiation is based on a functional goal or need, e.g. asking for help or an object, or providing 

materials or instructions (modified from Bauminger, 2003).
  Relational The initiation is not functional and conveys a social interest, e.g. showing interest in peers’ projects or 

starting a casual topic.
Type of initiation The format of the initiation.
  Seeking The student asks for help, information, or feedback (e.g. “I need help”, “what do you think about it?”), 

with a focus on themselves (modified from Usher et al., 2015).
  Sharing The student expresses success, feelings, opinions, or experience, or shares objects (e.g. “I’m done!”, “oh 

this is hard”). The behavior is more self-focused than based on an interest toward others (modified from 
Usher et al., 2015).

  Attending The student shows interest in and attention to peer(s) with a focus on others, e.g. greeting a peer, 
complimenting a peer’s project.

  Offering The student offers help or suggestion to a peer, with a focus on others (e.g. “You need help?” or “I 
would recommend you to tape in the battery”).

  Joking The student seeks to amuse a peer, e.g. making a funny noise or showing a sense of humor.
Social response The student responds to a peer’s social behavior in either verbal or non-verbal forms (modified from 

Bauminger, 2003), such as answering a question, granting a request (e.g. “yes, you can take the tape”), or 
extending the conversation. In a reciprocal conversation, only the first behavior is an initiation, and all the 
following behaviors are social responses until a change of topic.

Type of response The function of the response.
  Topic-extending The response sustains the conversation by adding in or asking for new information, e.g. “yes? What about 

him?”
  Topic-relevant The response is relevant to the prior social initiation or conversation, but not extending the topic, e.g. 

offering an answer, rephrasing the initiation for confirmation, granting a request.
  Tangent The response is not explicitly relevant for the initiation but shares a similar context, e.g. Peer: How do I 

sew? Focal student: I forgot to do a knot.
Response reciprocity Each social response was assigned a reciprocity index based on its order in the interaction sequence 

(e.g. a conversation or a reciprocal non-verbal interaction). For example, the first social response after 
initiation was numbered as one, the second social response in the same interaction would be numbered 
as two, and so on until the end of the social sequence. Social responses were then classified into three 
categories based on the quartiles of reciprocity indices of all social responses. A social response with an 
index below the first quartile (25th percentile) was defined as low reciprocity, above the third quartile 
(75th percentile) was defined as high reciprocity, and within the interquartile range (between the 25th 
and 75th percentiles) was defined as average reciprocity.
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