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ABSTRACT
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Background: The 2030 Agenda for Sustainable Development adapted by the United Nations
envisions inclusive and equitable quality education. While there is a growing body of research
on interventions designed to help children on the autism spectrum adapt to the school environ-
ment, accommodations to children needs have been given less attention.

Objective: To synthesize the literature on accommodations in the learning environment for chil-
dren on the autism spectrum (ages 5-19years) in mainstream school, with a specific focus on
the effects on functioning, educational outcomes and well-being.

Methods: A systematic search was conducted. The study selection and data extraction were per-
formed by two independent reviewers. Eligible studies were assessed according to the What
Works Clearinghouse (WWC) standards.

Results: The search yielded 6102 citations. Only 37 eligible studies were identified, of which 14
met the WWC standards. This inconclusive and heterogeneous body of research tentatively sug-
gest that accommodations in the pedagogical and psychosocial leaning environment can
improve performance and function in school.

Conclusion and significance: Accommodations in the learning environment is a promising but
understudied approach. Creative research and innovation will be needed to support policy mak-
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ers and school personnel in their quest to ensure inclusive and equitable education.

Introduction

Parties to the Convention on the Rights of Persons
with Disabilities are required to ensure that children
with disabilities are not excluded from primary and
secondary education due to their disability, that they
receive the support required within the general educa-
tion system, and that reasonable accommodation is
provided [1-3]. Inclusive education is based on the
right of all children to a common education in their
locality regardless of their background, attainment or
disability [2]. The high priority given to inclusive
education by the United Nations (UN) is further
underscored by the 2030 Agenda for Sustainable
Development, which embraces the goal ‘to ensure
inclusive and equitable quality education and promote
lifelong learning opportunities for all’ [4].

There is a broad consensus that inclusion is much
more than physically integration in school [5-9]. In
contrast to integration, which focuses on the student’s
ability to adapt, inclusion demands environmental
changes in response to diversity. In their general com-
ment on inclusive education, the UN’s Committee on
the Rights of Persons with Disabilities states that
‘inclusion involves a process of systemic reform
embodying changes and modifications in content,
teaching methods, approaches, structures and strat-
egies in education to overcome barriers with a vision
serving to provide all students of the relevant age
range with an equitable and participatory learning
experience and environment that best corresponds
to their [10].
Consequently, main stream school for children with
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disability is not inclusive education, unless it is
accompanied by adequate structural change. The
inclusive classroom is a milieu where diverse group of
students are taught together, not separately [5,11].
Inclusive education should ideally consist of a broad
repertoire of activities to help children develop and
participate more fully in society. Across education,
health services and social welfare, more inclusive
agendas entail collective problem-solving procedures
and collaborative practices [5,9]. However, the educa-
tion system apparently experiences challenges finding
practical solutions to the specific needs of each indi-
vidual student [12-16]. The UN identifies several bar-
riers to education for persons with
disabilities, including lack of knowledge and research
[10]. Better insight into efficacious practices, com-
bined with implementation support, is therefore
needed [17,18].

Autism spectrum disorder (ASD) is a neurodeve-
lopmental disorder characterised by social communi-
cation impairments and restricted, repetitive
behaviour [19], causing functional impairment
[20-22]. The estimated prevalence is about 1.85%
among children and adolescents in the USA and other
high-income countries [23]. The condition is associ-
ated with challenges in several cognitive domains (e.g.
executive functions, language, memory, theory of
mind and generalisation of knowledge), which can
affect functioning in school [24-27] and hinder suc-
cessful learning [28]. Also, difficulties with social
communication can complicate interaction with peers,
non-verbal communication and comprehension of
texts [19,29]. In addition, ASD co-varies with intellec-
tual disability to a high degree [30]. Consequently,
mainstream school can be stressful and challenging
for children on the autism spectrum [15,31-33]. This
group of students often struggle in school [34-36]
and have high rates of absenteeism [37]. Moreover,
children on the autism spectrum are at increased risk
of bullying, loneliness, low quality of life and anx-
iety [31,38-42].

As the number of children with ASD educated in
inclusive settings is increasing, the need for strategies
to facilitate inclusion has become urgent [15,43,44].
While there is guidance for teachers in guidelines and
expert testimony [45], more empirical evidence is
needed. A recent systematic review of interventions
for students with ASD in inclusive settings suggest
that function-based interventions, visual supports,
self-monitoring strategies and peer-mediated interven-
tions have moderate to large effects on social commu-
nication skills [46]. The comprehensive review

inclusive

provides a timely overview of the field, and under-
scores the need for more high-quality studies.
Notably, the implicit rationale for most of the inter-
ventions in this and other reviews [45,47-50] seems
to be to help the child adapt to the school environ-
ment by modifying child behaviours (e.g. through
improved social skills and reduced disruptive behav-
iour). While this approach has proven successful,
there are potential downsides. The time and effort
required can be demanding for the child, and the
interventions will not always achieve the intended
outcome. In addition, children might perceive that
the responsibility for successful inclusion rests solely
with them and their ability to adapt to the school
environment. Furthermore, unless the environment is
characterised by an understanding and positive atti-
tude, it is unlikely that improved skills will automatic-
ally lead to better inclusion [51-53]. These
approaches are also resource demanding and might
not be sustainable in the school environment.

The opposite approach, to intervene indirectly by
making accommodations in the learning environment,
has been given less attention. This is surprising, espe-
cially since the UN clearly states that structural
change is required for inclusive education.
Accommodations in the physical, pedagogical, and
psychosocial environments therefore emerge as under-
studied complements to interventions directly target-
ing the student’s abilities. Theoretically, there might
not always be a clear boundary between these two
approaches. For instance, peer-mentoring, reinforce-
ment, and prompting could be viewed as efforts to
help children adapt to the environment, but also as
accommodations in the environment. Furthermore,
the outcome of interest is often the same in both
approaches (e.g. improved skills, functioning, and
well-being). These conceptual challenges might con-
tribute to the relative neglect of contextual factors,
and a one-sided focus on skills training. We, there-
fore, believe that is important to delineate contextual
interventions specifically designed to improve the
learning environment, so that these options are given
more attention in both research and practice. This
might nudge the field to move beyond intensive
behavioural treatments [54], and start focussing more
on environmental changes that will not impose a dis-
proportionate burden on the children themselves.

Recent years have seen a surge in research activity
related to environmental barriers in general for people
on the autism spectrum. The critical work on deter-
mining the functional circumstances of ASD using
the World Health Organisation International



Classification of Functioning, Disability and Health
(ICF) [20] clearly demonstrates that a multitude of
functional potentials in autism lie outside of the indi-
vidual [22,55]. The ICF is based on a bio-psycho-
social model of functioning, which conceptualises
functioning and disability as the outcome of complex
interactions between health conditions and contextual
factors (environmental and personal factors). Some
countries, such as Australia, have already adopted the
ICF as the leading theoretical framework for autism
assessment and intervention [56]. The appropriateness
of using the ICF model to address challenges in dif-
ferent real-life settings in ASD (e.g. employment and
adulthood transitions) has previously been illustrated
[57,58]. This development has set the scene for inter-
ventions focussing more specifically on environmental
factors. The need for such accommodations is further
underscored by a recent scoping review on supporting
and hindering environments, suggesting that the
environment can be an important facilitator for par-
ticipation [59]. The modest body of research on
workplace accommodations for adults with ASD ten-
tatively suggest that minimising distractions, reducing
noise, predictable job duties and considerations
regarding technology can be helpful [60]. While simi-
lar aspects are likely to be relevant also in school, no
comprehensive review of this literature is available. A
review focussing narrowly on the design of the phys-
ical classroom environment on young children with
ASD found a small number of relevant studies, most
of which focussed on pre-school children or children
in segregated settings [43].

To the best of our knowledge, there is no previous
systematic review focussing specifically on accommo-
dations in the learning environment of children on
the autism spectrum in mainstream school. The
objectives of this systematic review were:

1. To provide an overview of the different types of
accommodation in the learning environment that
have been evaluated to date, including mapping
of the environmental factors targeted.

2. To review and synthesise the empirical evidence
regarding the effects of these accommodations on
school performance, functioning in school, and
quality of life.

Method

This systematic review was registered in advance with
PROSPERO (CDR42019124496) and was reported in
accordance with the PRISMA statement [61].
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Theoretical framework

Accommodation in the learning environment was
defined as a contextual change that did not require
adaptation from the student, over and above what is
required from their peers. The learning environment,
in turn, was operationalized by applying a theoretical
framework derived from a model used by National
Agency for Special Needs Education and Schools
(SPSM) [62-64], a Swedish government agency
charged with ensuring that all children, young people
and adults regardless of functional ability, have
adequate conditions to fulfil their educational goals.
The model covers physical, psychosocial and peda-
gogical environment (and subdomains). To clarify the
relevance of each subdomain for students with ASD,
we identified a sample of corresponding environmen-
tal factors from the second-level ICF categories
included in the comprehensive ICF core set for indi-
viduals with ASD across the entire lifespan [22] (see
Table 1).

Search

Following a pilot search in ERIC, the search was con-
ducted in December 2018 and updated in June 2019.
The search was performed by librarians at Karolinska
Institutet Library (KIB) in the following databases:
MEDLINE (Ovid), PsycInfo (Ovid), ERIC (ProQuest)
and Web of Science. See Supplementary Appendix A
for the full electronic search strategy.

Study selection

Studies were selected based on predefined eligibility
criteria (Table 2). The study selection was conducted
using Endnote X9, Clarivate Analytics. Titles and
abstracts were assessed against the eligibility criteria
by two independent reviewers. Any report selected by
at least one reviewer was then assessed for eligibility
based on full-text. Disagreements at this stage were
resolved by a third reviewer. In some cases, a fourth
reviewer was consulted. If insufficient information
was provided, the corresponding author was con-
tacted. If no response was received, the final decision
was made based on the available information. The
inter-rater agreement was 92% for the screening phase
and 91% for the assessment in full text.

Risk of bias

Studies meeting the eligibility criteria were assessed
for risk of bias using What Works Clearinghouse
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Table 1. Model outlining domains of the learning environment and corresponding environmental factors.

Learning
environment domain

Subdomain

Sample ICF environmental factors®

Psychosocial

Belonging and participation
Coherence

Planned activities outside school
Co-operation

Social norms and attitudes

€320, e325, e420, e455, e465 (friends, peers, individual attitudes, social norms)
€585 (education services and systems)

€320, e125 (friends, communication)

€360, e455 (other professionals, individual attitudes)

€320, e325, e420, e430 e455, e465 (friends, peers, individual attitudes, social norms)

Pedagogical Pedagogical strategies and support €125, e130 (products and technology for communication, education)
Staff and other professionals €330, 360 (people in positions of authority, other professionals)
Different learning approaches €585 (education services, systems)
Tools for learning, supporting tools €130 (products for education)
Digital learning €130 (technology for education)
Language and communication e125 (communication)
Motivation €320, e325, e360 (friends, other professionals)
Physical Room for learning €240, €250 (light, sound)
Sound €250 (sound)
Visual environment €125, e240 (communication, light)
Air quality -

Outdoor environment -

Second-level International Classification of Functioning, Disability and Health (ICF) categories included in the comprehensive ICF core set for individuals

with ASD across the entire lifespan [22].

Table 2. Eligibility criteria.

PICOS Inclusion

Exclusion

Population e Autism spectrum disorder® according to the current or
previous editions of the Diagnostic and Statistical
Manual of Mental Disorders (DSM) or the International
Classification of Diseases (ICD), and;

e Between 5 and 19 years of age, and;

e Primarily attending mainstream school (50% or more)

Accommodations in the physical, psychosocial, or

pedagogical learning environment, including:

e Organisation (e.g., classroom organisation, teacher

assistants, collaboration between professionals);

Teacher competence (e.g. teacher training);

Peer involvement/social activities;

Assistive technology;

Accommodations related to school subjects (e.g., maths

or science) or other school-specific activities

Intervention

Comparator No treatment, treatment as usual, waitlist control,
experimental control designs matched for time/contact,
active comparator, or no comparator

QOutcome Observations, test scores, or teacher-, parent- or self-
assessment of any of the following:

e functioning in school context (e.g., social engagement,
on-task behaviour, transitions between activities);

e educational outcome, including performance,
achievement, and participation (e.g., test scores, grade
point average, attendance);

e quality of life/well-being (any validated measure)

Setting Mainstream school settings

Randomised and non-randomised studies of interventions,
mixed method studies

Peer-reviewed original research published in English from
1990 onward

Study design

Publications

e Below 5 and above 19 years of age, or;
e Primarily attending segregated settings, pre-school,
kindergarten, college or university

e Training of skills or functioning in general (e.g.,
social skills training);

e psychological treatment of cooccurring conditions
(e.g. cognitive behavioural therapy for depression
or anxiety);

e Pharmacological treatment;

e Interventions that partly consist of accommodations
in the learning environment, but did not evaluate
the effect of these elements separately

N/A

Any other outcome

Interventions taking place outside mainstream schools
(e.g., clinical and segregated settings)
Qualitative design, observational study (no intervention)

e Gray literature;
e Publications prior to 1990;
e Publications in other languages than English

?Including the diagnostic terms autistic disorder, Asperger’s syndrome, and pervasive developmental disorder — not otherwise specified/unspecified from

DSM-IV and ICD-10.

(WWCQC) Standards Handbook Version 4.0 and

attrition in the studies could have been affected by

Reviewer Guidance for Use with the Procedures
Handbook and Standards Handbook [65,66]. Two
independent reviewers assessed study quality accord-
ing to WWC standards. The reviewers completed the
WWC group design standards online training and
were certified. Since it was deemed that level of

the intervention in group designs, the cautious set of
assumptions for acceptable attrition was used. For
single-case design (SCD) studies, the inter-assessor
agreement (IAA) was assessed per outcome. IAA for
at least 20% of the data points for every outcome of
interest was deemed sufficient. When the information
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Table 3. Study characteristics of studies meeting the What Works Clearinghouse standards.

Study design,

Type of accommodation

Author, year, age and (ICF environmental Study
country, reference sample size factors targeted)? Outcome quality Effect
Adcock and Cuvo (2009)  SCD, MBD across three Pedagogical environment: Educational outcome: Meets standards with Strong evidence of a
USA [89] behaviours package of behavioural Academic tasks reservations causal relation
n=3 procedures (130, e455) PEM =1 (SD = 0)
Age =7-10

Asaro-Saddler and Saddler
(2010) USA [96]

Asaro-Saddler and Bak
(2012) USA [95]

Chiak et al. (2010)
USA [92]

Dugan et al. (1995)
USA [72]

Jones et al. (2013)
USA [90]

Kamps et al. (1994)
USA [77]

Kasari et al. (2012)
USA [75]

Kasari et al. (2016)
USA [76]

Koegel et al. (2012)
USA [73]

Koegel et al. (2014)
USA [74]

Schatz et al. (2016)

USA [93]

Stasolla et al. (2016)
Italy [94]

Tekin-Iftar and Olcay-Giil
(2016) Turkey [91]

SCD, MDB across multiple
baselines

n=3

Age =6—-9

SCD, MBD across participants

n=3

Age =8-9
SCD, RD
n=4

Age =6—8
SCD, RD
n=2

Age =9-10
SCD, RD
n=1

Age = seventh grade

SCD, MDB across participants
with reversal

n=3

Age =8-9

RCT

Exp. group

n=15

Age M=7.60 (SD = 1.35)
Control group

n=15

Age M = 8.23
(SD = 1.48)
RCT

Exp. group
n=82

Age M=8.13 (SD = 1.55)
Control group

n=66
Age M = 8.23
(SD = 1.63)

SCD, MBD across participants
n=3
Age = 11-14

SCD, MBD across participants
n=3
Age =8—-10

SCD, MBD across participants
n=3
Age =9—11

SCD, changing criterion design
n=3
Age = 8—10

SCD, MPD across behaviours
and replicated across
participants

n=3

Age =10—-11

Pedagogical environment:
self-regulated strategy
development for story
writing (€125, e130)
Pedagogical environment:
SRSD for story writing
(€125, e130)
Pedagogical environment:

Video-modelling with response-

based prompting (e130)
Pedagogical environment:
Cooperative learning group

(€125, €320, e325)
Pedagogical environment:
Token economy and a

contingency contract (e130)

Psychosocial environment:

Classwide peer tutoring (125,

€320, e325, e465)

Psychosocial environment:
Peer-mediated intervention
(e125, €320, €325, e420)

Psychosocial environment:

Peer groups with social
activities (125, €320,
€325, e420)

Psychosocial environment:
Lunchtime clubs based on

preservative interest (e125,

€320, e325)

Psychosocial environment:

Paraprofessional training and
social groups (€125, €320,

€325, e455)

Pedagogical environment:
Video self-modelling (e130)

Pedagogical environment:

Computer-based programs with

vocal output (e130)

Pedagogical environment:

Simultaneous prompting
procedure in small group
arrangement (e130)

Educational outcome:
Number of words in
writing sample

Educational outcome:
Holistic quality of writing

Functioning in school:
Transitions between
school activities
Functioning in school:
Social interaction

Functioning in school:
On-task behaviour;
talk -outs

Functioning in school:
Social interaction

Functioning in school:

Social network salience;
social engagement;
solitary play

Functioning in school:

Social network salience
social engagement;
solitary play

Functioning in school:
Social engagement;
social initiation

Functioning in school:
Social engagement;
social initiation

Functioning in school:
On-task behaviour during
maths class

Educational outcome:
Academic tasks
Functioning in school:
On-task behaviour

Educational outcome:
Academic target skills

Meets standards with
reservation

Meets standards with
reservations

Meets standards with
reservations

Meets standards with
reservations

Meets standards with
reservations

Meets standards with
reservation

Meets standards without
reservations

(Attrition was determined
based on available
information)

Meets standards without
reservations

(Full information about
missing data was
not available)

Meets standards without
reservation

Meets standards with
reservations

Meets standards without

reservations

Meets standards without
reservations

Meets standards with
reservations

No evidence (minor
change in level for one
participant)

PEM = 0.89 (SD = 0.19)

Strong evidence of a
causal relation

PEM=1 (SD = 0)

Strong evidence of a
causal relation (for 3/4)

PEM =0.96 (SD 0.08)

Strong evidence of a
causal relation

PEM =0.97 (SD 0.06)

Strong evidence of a
causal relation, on-task

PEM =1 (SD = 0)

No evidence, talk-outs

PEM = 0.59 (SD = 0.12)

No evidence (no
convincing baseline
pattern for one
participant)

PEM = 0.93 (SD = 0.10)

Statistical analysis

Hierarchical linear
modelling (HLM) and
2 x 2 analysis of
covariance (ANCOVA)

Mixed results

Generalized linear mixed
models (GLMM)
Mixed results

Strong evidence of a
causal relation for
engagement

PEM = 1 (SD = 0)

No evidence for initiation

PEM = 0.94 (SD = 1)

Strong evidence of a
causal relation for
engagement

PEM = 1 (SD = 0)

No evidence for initiation

PEM =1 (SD = 0)

No evidence (no
convincing baseline
pattern)

PEM = 0.77 (SD = 0.22)

Strong evidence of a
causal relation

PEM not assessed due to
raw data not available
in the article

Strong evidence of a
causal relation

PEM =1 (SD = 0)

MBD: multiple baseline design; MPD: multiple probe design; PEM: percentage exceeding the median, evidence of effect demonstrated according to visual
analysis; RCT: randomised controlled trial; RD: reversal design; SCD: single case design.
Second-level International Classification of Functioning, Disability and Health (ICF) categories included in the comprehensive ICF core set for individuals
with ASD across the entire lifespan [22].
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about the TAA was not sufficient to determine the
study quality, an author query was sent. In cases the
author did not respond, a judgement was made based
on the information provided in the published article.

Data collection process

Data extraction for studies meeting WWC standards
(with or without reservation) was performed by two
independent reviewers. A data extraction form was
created and piloted. Extracted information included:
study setting, demographic characteristics, study
methodology, intervention, comparator, and out-
comes. In studies reporting disaggregated data, data
was only extracted for participants that met the eligi-
bility criteria.

Synthesis

In order to address the two separate review questions,
the synthesis was performed in two steps. First, the
different types of accommodations evaluated in the
eligible studies (regardless of risk of bias assessment)
were identified. In order to provide a perspicuous
overview, all eligible studies were categorized as phys-
ical, psychosocial or educational learning environ-
ment. This categorization was decided by consensus
among the authors. For each domain, we identified
environmental factors reflecting the specific accom-
modation, using the second-level ICF categories
included in the comprehensive ICF core set for indi-
viduals with ASD across the entire lifespan [22].

In the second part of the synthesis, the relevant
outcomes were presented (and synthesized when pos-
sible) for the studies meeting the WWC design stand-
ards (with or without reservations). This was done
separately for each of the three outcome domains
considered in this review. For SCD studies, a visual
analysis was conducted only for the outcomes and
participants meeting the inclusion criteria and the
WWC design quality standards. Visual analysis was
performed according to the WWC Standards
Handbook Version 4.0 in order to identify indications
of a causal relation [65]. Visual analysis was per-
formed within phases (level, trend, variability), and
across phases (immediacy of effect, overlap and con-
sistency). A study had to demonstrate three effects
without any non-effect to be judged as showing
strong evidence of a causal relation, while three effects
and at least one non-effect was judged as moderate
evidence of a causal relation [67-69]. The assessment
of the design standards and visual analysis was piloted

on five articles to ensure inter-rater agreement. For
effect size of each individual study using SCD, the
points exceeding the median of the baseline phase
(PEM) was calculated [70,71]. PEM is not sensitive to
outliers and have a statistical distribution [69,71] and
was therefore deemed appropriate. A PEM score
above 0.90 represented high effectiveness, PEM of
0.70-0.89 was determined moderate effectiveness and
a PEM score below 0.70 was judged as ineffective
[69]. The quantitative synthesis was performed for
SCD studies by calculating the mean effect size across
studies for the studies which used similar out-
come measures.

Results
Study selection

The database search yielded 6102 citations. After the
screening of abstracts, 723 articles were assessed for
eligibility in full-text. A total of 37 articles (reporting
on 37 unique studies) were deemed eligible, while 686
articles were excluded. The most common reason for
exclusion was that the intervention was conducted in
a segregated school setting (see Figure 1).

Study characteristics

The 37 eligible studies were published between 1994
and 2019. The majority of the articles (n=30) used
an SCD. Other designs were group design without
comparison (n=4), randomised controlled trials
(RCT; n=2) and quasi-randomised design (n=1).
Studies were conducted in USA (n=24), UK (n=4),
Australia (n=3), Italy (n=2), Canada (n=1),
Turkey (n=1), Greece (n=1) and Spain (n=1).

A total of 14 studies met WWC standards with
and without reservations, while 23 did not meet the
standards (see Supplementary Appendix B). An
author query was sent for eight articles regarding
IAA, randomisation process, or the handling of miss-
ing data. Two RCTs, both of which compared peer
interventions with didactic social skills training, met
the WWC group design standards without reserva-
tions. While the peer interventions were deemed to fit
our definition of accommodation (i.e. with the peers
representing the social environment of the child), the
social skills training did not. Thus, the social skills
training arms in these studies were strictly regarded
as comparators. Participants were predominantly boys
around eight years of age (see Table 3). The add-
itional 12 studies that met the WWC standards (n =3
without reservations and n =9 with reservations) used
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Figure 1. PRISMA flow chart.
multiple baseline design (n=6), reversal-design  school cafeteria (n=1), school playground (n=1) or
(n=3), multiple probe design (n=2) and changing a changing setting in the school (n=1). All SCD
criterion design (n=1). These 12 SCD studies studies used a treatment-as-usual approach or a base-

included a total of 34 children between the ages of 6
tol4 (87% male overall) with a diagnosis of ASD. IQ
was reported for 58% of the participants, with a mean
IQ of 70.6 (SD = 23.2, range 35-105). Additional
support provided in school was applied behaviour
analysis, speech and language therapy, occupational
therapy, support teacher, individual educational plan,
pull-out recourses, attendance in special education
classes, one-on-one support, counselling and recourse
room support. Some articles (n=7) reported co-
occurring conditions of the participants such as lan-
guage impairment, intellectual disability, ADHD,
depression and anxiety disorder. The majority of the
interventions in the SCD studies were conducted in
the child’s classroom (n=7), while some took place
in a resource room (n=1), therapy room (n=1),

line condition without the intervention (see Table 3).
Due to the high heterogeneity of the interventions
and outcomes, a quantitative synthesis (using PEM)
could only be conducted for three studies with similar
outcome [72-74].

Types of accommodations

Psychosocial environment

Four of the studies meeting the WWC standard
assessed peer interventions designed to improve the
psychosocial environment for children with ASD. In
an intervention called PEER [75], typically developing
(TD) peers were trained to use strategies to engage
children with ASD on the playground. The peers
were taught to identify children who were not
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involved in play and engage the children through role
play, modelling or direct instructions. An intervention
called ENGAGE [76] focussed on arranging social
groups to engage the children in social activities,
without directly training the TD-children involved.
Another study used a peer-mediated teaching strategy
called class-wide peer tutoring [77]. Students with
ASD and their TD-peers were assigned to a tutor-
learner dyad each week, with altered roles. Further,
one study assessed the effectiveness of lunch clubs
based on perseverative interest [73]. Finally, one study
assessed paraprofessional training. Paraprofessionals
were given 1-h didactic training workshop. Social
groups were then held by the paraprofessionals, where
TD peers and children with ASD met for games or
other activities at lunch or recess [74].

In addition, several of the studies that were ultim-
ately excluded from the synthesis due to insufficient
study quality investigated interventions in the psycho-
social environment. Seven studies evaluated interven-
tions to improve participation and belonging through
peer training [78-84]. Additional studies assessed a
class-wide system with support in multiple domains
within the learning environment [85], computer
group work with adult support to improve function-
ing and interactions [86], and a model where person-
nel was trained to implement social engagement
programs to reduce loneliness [87]. Finally, a quasi-
experimental controlled trial assessed a transition sup-
port model for children from primary to secondary
school [88].

In the psychosocial domain, accommodations
related to the second level ICF codes €320 (acquain-
tances, peers, colleagues, neighbours and community
members), €325 (friends), e420 (individual attitudes)
and e465 (social norms) were identified. All these cat-
egories, in turn, were related to belonging and
participation.

Pedagogical environment

Nine studies that met the WWC standard assessed
accommodations focussed on functioning in school
and academic achievement. Adcock and Cuvo [89]
assessed a behavioural package to improve academic
performance of children with ASD. Prompting fading,
praise and tokens were used in different ways during
task acquisition. Another study assessed a reward sys-
tem with tokens, which was collaboratively framed
with the participant [90]. Finally, one study assessed
simultaneous prompting in small group arrangement,
in order to learn specific academic tasks, after which
children were rewarded with an activity [91]. Dugan

et al. [72] assessed reinforcement and cooperative
learning groups with instructional strategies for prob-
lem solving and enhanced on-task engagement. Three
studies evaluated assistive technology to improve
functioning in school and academic achievement.
Two of the studies assessed video modelling [92,93].
In both studies, the child with ASD watched a video
recording of him-/herself performing a certain task
(e.g. sitting down at his/her desk). The third study
[94] assessed assistive technology in the form of an
Android touch tablet with vocal output on completion
of academic tasks (e.g. mathematics or history). Two
additional studies assessed self-regulated strategy
development (SRSD) to improve story writing. The
training involved six lessons on planning, creating,
and reviewing one’s story writing. This included
learning different writing strategies (e.g. mnemonics
to remember instructions for story writing), as well as
strategies to self-monitor [95,96].

The studies that did not meet WWC standards
investigated a range of interventions in the pedagogical
domain: how structural sessions of practical philosophy
with the whole class affects participation and engage-
ment [97]; assistive technology for written composition
[98]; scaffolding models to improve writing [99];
cooperative learning groups in reading [100]; access to
the general curriculum by modified activities [79];
explicit scaffolding of strategies for mathematical prob-
lem-solving [101]; reinforcement for academic product-
ivity [102]; robots for educational adjustment [103];
repeated reading for oral reading fluency [104]; func-
tional activities and multimedia for constructive
engagement [105]; peer support for academic engage-
ment [106] and visual schedules and support [107,108].

The accommodations in the pedagogical environ-
ment covered by this body of literature concerned
el25 (products and technology for communication),
el30 (products and technology for education) and
e455 (individual attitudes of other professionals).

Physical environment
We identified no studies evaluating accommodations
specifically targeting the physical environment.

Outcomes

Functioning in the school context

Ten of the 14 studies meeting the WWC standards
involved outcomes concerning functioning in school.
Six studies, two of which were RCTs, measured social
interaction in the school context. The two RCTs eval-
uated the effects of peer interventions on social



network salience, as well as on social engagement and
solitary play in the playground [75,76]. One of the
studies also included teacher perception of social skills
as an outcome measure [75]. The first of these studies
[75] used a 2 x 2 factorial design, where the partici-
pants were randomised to a peer-mediated interven-
tion (PEER), skills-training (CHILD), a combination
of those or neither. Children receiving both PEER
and CHILD had significantly higher social network
salience scores at postintervention and 12-week fol-
low-up compared to those receiving only CHILD, but
not compared to those receiving only PEER. There
was a faster decrease in solitary play among partici-
pants receiving PEER, and there was also an increase
in joint engagement at follow-up in this group. While
PEER was associated with a higher number of
received friendship nominations at postintervention,
there were no group differences regarding outward
friendship nominations, rejections, or reciprocal
friendships. Teacher-ratings of children’s social skills
significantly changed to post-treatment, with a signifi-
cant main effect for PEER. In contrast, the second
RCT [76] found no difference between a peer inter-
vention (ENGAGE) and didactic social skills training
(SKILLS) regarding change in social network salience,
while the SKILLS group increased social engagement
and decreased solitary play significantly more than
the ENGAGE group [76].

One SCD study evaluating class-wide peer tutoring
did not show any evidence of effect on social inter-
action [77]. Additionally, a cooperative learning group
[72], lunch clubs based on perseverative interests [73]
and paraprofessional training [74], demonstrated
effects on social engagement. A quantitative synthesis
of the effect sizes in these studies resulted in mean
PEM = 0.99 (SD = 0.0017). In two of these studies
[73,74], social interaction was measured both as social
engagement and social initiation. Strong evidence of
causal relation was shown for social engagement,
while no evidence of causal relation was demonstrated
for social initiation in any of the studies.

Three SCD studies evaluated the effects of different
interventions on the children’s on-task behaviour. A
behavioural intervention (i.e. token economy with a
contingency contract) [90] and a computer-based pro-
gram [94] showed strong evidence of a causal rela-
tion, while video-self modelling showed no evidence
of effect [93]. The studies on token economy with a
contingency contract also assessed the effect on talk-
outs in the classroom, but demonstrated no evidence
[90]. Finally, video-modelling showed strong evidence
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of causal relation on transitions between school activ-
ities for three out of four participants [92].

Educational outcomes

Five of the 14 studies meeting the WWC standards
assessed educational outcomes. All of these included
educational outcomes in the form of academic
achievement [89,91,94,96]. Two studies assessed self-
regulated strategy development for story writing
[95,96], and used number of words and holistic qual-
ity of a writing sample as outcomes. No evidence of a
causal relation was demonstrated for number of
words in any of the studies. However, one of the
studies showed strong evidence of a causal relation on
holistic quality [95]. In the remaining studies, a com-
puter-based program showed strong evidence of a
causal relation with completion of academic tasks
[94], a behavioural intervention with outcomes such
as correct responding on maths task demonstrated
effects [89], and another behavioural intervention
demonstrated effect on academic skills [91].

Well-being
None of the 14 studies included outcomes related to
the child’s well-being or quality of life.

Discussion

This systematic review focussed on accommodations
to improve the learning environment for children on
the autism spectrum in mainstream school. No more
than 14 articles of sufficient study quality were identi-
fied, underscoring the need for more research in this
field. The evaluated interventions were heterogeneous
and the results were inconsistent. However, the pre-
liminary evidence suggests that interventions in this
domain can be effective. A few studies indicate that
pedagogical interventions (e.g. behavioural strategies,
writing instructional strategy and computer-based
programs) can have positive effects on school per-
formance. In addition, specific forms of peer interven-
tions, behavioural strategies, assistive technologies and
paraprofessional training seemed to have the potential
to improve functioning in school. Despite the rela-
tively wide range of interventions evaluated, few high-
quality studies were available for each of these inter-
ventions. In addition, generalizability was restricted
by the small number of participants. Our confidence
in the results is therefore limited.

The present review included several accommoda-
tions in the psychosocial and pedagogical environ-
ment, but no accommodations in the physical
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environment were identified for inclusion. Several of
the studies evaluated pedagogical interventions with
the aim to improve school performance, none of
which were included in a recent comprehensive
review of interventions for students with autism in
inclusive settings by Watkins et al. [46]. This discrep-
ancy seems to stem from differences in eligibility cri-
teria, as Watkins and colleagues specifically focussed
interventions that targeted skill-based or behavioural
outcomes. All except one of these studies suggested
evidence of a causal relation. Parents express a lack of
proper academic adjustments for their children with
ASD [42,109-111], and previous research has mainly
been conducted in segregated settings [112-115].
Clearly, it is now time to give more priority to
research on pedagogical strategies in mainstream
school. Studies in the psychosocial domain predomin-
antly evaluated peer interventions, which partly over-
lapped with the review by Watkins et al. [46]. The
only RCTs included showed inconsistent results,
when comparing peer interventions with social skills
training. A recent systematic review of peer-mediated
interventions for children with ASD reported that the
only study that did not include a peer training com-
ponent also was the single one that did not have a
significant effect on social initiation [116], suggesting
that an element of training might be necessary. The
studies investigating the effect of assistive technologies
yielded mixed results regarding functioning in school,
including transition between activities and on-task
behaviour. Meta-analyses examining video modelling
in general suggest strong effects for some children
with ASD, and also that age moderates the effect,
with greater benefits for younger children [117,118].
With the rapid technological development and stead-
ily increasing use of technological devices in school,
this area seems bound to be front and centre in the
coming years.

Several gaps in the literature were identified. No
study included adolescents above 14 years of age and
participants were predominantly males. Consequently,
the literature provides no guidance regarding age-
and sex-specific challenges and solutions. The mean
IQ score of the participants was two standard devia-
tions below the population average, which is unlikely
to be representative of children on the autism spec-
trum in mainstream school [119,120]. It is also prob-
lematic that no study measured the effects on the
children’s well-being. School has a major role in pro-
moting well-being for children with diverse needs,
and it is important to clarify how accommodation of
the school environment might improve the adverse

situation many children on the spectrum find them-
selves in. Our mapping of environmental factors,
based on the ICF core set for ASD, revealed that
some areas of the learning environment so far seem
to have been neglected by researchers. Notably, stud-
ies of the physical environment (e.g. light, sound) are
lacking. The outdoor environment at school is pre-
sumably also of importance, although this aspect was
missing from the ICF core set. Moreover, attitudes
and norms were not adequately covered by the
included studies.

With a holistic view on inclusion, diverse aspects
such as participation, belonging and achievement
must be considered [121,122]. Individual needs may
be approached from several entry points (e.g. individ-
ual training, group training, accommodations). It is
also important to note that inclusion of students with
disabilities requires flexible strategies and co-oper-
ation among different professions (e.g. school psych-
ologist, special needs teacher, occupational therapists
and classroom teacher) [43,45]. In fact, a lack of col-
laboration among different professions has been iden-
tified as a hindering factor in school settings and
outside school for individuals with ASD [59]. It is
possible that comprehensive approaches involving
multiple professions could be the most effective way
to address this complexity. While several comprehen-
sive programs for school students with ASD have
been developed [123-130], no evaluation of any such
intervention was identified for the present review.
Moving forward, co-operation and more focus on
environmental factors seems crucial to reduce barriers
and develop more inclusive agendas.

The results of this systematic review should be
interpreted with caution. First, we used strict inclu-
sion criteria in order to shed light on this specific
body of research. Consequently, some studies of prac-
tical relevance did not make the cut. For instance, a
small RCT evaluating peer engagement on the school
playground [131] and a study of a web application
designed to promote literacy development [132] were
excluded due to the fact that some participants
attended pre-school. In addition, a previous literature
review on the impact of the classroom design on
young children with ASD [43] did identify a few stud-
ies looking at the effects of (e.g. coloured overlays on
reading ability [133], and alternative seating on class-
room behaviour [134]). However, these studies were
conducted either in pre-school or segregated settings,
and were consequently not eligible for the present
review. In practical decision-making, a wider scope of
studies could therefore be considered. This also



includes the broader literature on accommodations
for school children with different disabilities, and
accommodations targeting specific functions related
to ASD. Second, the disproportionately high number
of single-case studies was striking. Single-case design
can certainly be robust [68,135], and several of the
included studies did show strong evidence of causal
relations. Nevertheless, the results do not readily gen-
eralize to other students. Therefore, an important
next step will be to replicate the findings systematic-
ally in SCDs and in group designs. Also, the relatively
low number of RCTs identified raises questions about
potential barriers to conducting large-scale studies in
this field. Third, and equally important, there must be
an increased awareness of sustainable research [18],
including exploration of implementation in school
settings [136] and identification of barriers for effect-
ive changes in the learning environment [17,129].
Furthermore, interdisciplinary collaboration between
research fields and development of partnerships will
be important to narrow the research and practice gap
[18,59,137]. Thus, conceptual frameworks such as
occupational adaptation [138] might shed more light
on the student by environment interaction, and inter-
disciplinary teams including both occupational thera-
pists and teachers could be particularly well-equipped
to lead innovation in this field. Finally, while awaiting
more research and better guidance, educators should
be encouraged to keep up their daily work to ensure
inclusive education and equal opportunities for chil-
dren on the autism spectrum.
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