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ABSTRACT

A growing body of work on robot-mediated therapy suggests that robots can elicit engagement and novel social behaviors among
users with autism. In this narrative review, we trace the full historical arc of this field to date, from its inception in 2001 to 2024,

covering 304 studies that present a robot for autism support. Early work largely consisted of short, highly structured sessions

conducted in controlled laboratory or clinical environments. More recent research has shifted toward longer-term, real-world

deployments in which robots operate with greater autonomy and engage users over multiple days or weeks. However, evidence
for lasting and generalized benefits is still limited. The literature also remains focused primarily on children, with comparatively
little research involving adults or individuals across a wider range of support needs. Despite rapid growth over these past two
decades, the research remains fragmented across disciplinary boundaries, with robotics and clinical communities advancing

similar goals without a cohesive, shared research framework. To address this, we offer a translational roadmap that details what

interventions work, for whom, under which conditions, and why. We highlight current methodological gaps, outline key design

considerations, and propose priorities for future research.

1 | Introduction

Formally known as Autism Spectrum Disorder (ASD), autism
encompasses a broad range of neurodevelopmental conditions,
marked by significant variability in communication styles, cogni-
tive profiles, sensory processing, and daily functioning. The oper-
ational criteria have evolved over time, sometimes ahead of fully
conclusive scientific consensus and reflecting shifting clinical per-
spectives (Waterhouse and Waterhouse 2012; Rosen et al. 2021).
Yet, core diagnostic hallmarks have remained consistent: persistent
difficulties in social communication and interaction, alongside
restricted, repetitive patterns of behavior, interests, or activities
(Rosen et al. 2021; American Psychiatric Association 2013).

Although autism is regarded as a lifelong condition, a range
of behavioral interventions have been shown to meaningfully

© 2026 International Society for Autism Research and Wiley Periodicals LLC.

improve quality of life and support greater independence.
Early intervention programs, in particular, aim to tar-
get foundational social and adaptive skills during critical
psycho-developmental windows (LeBlanc and Fagiolini 2011;
Marin 2016) in order to maximize the potential for lasting,
long-term impact (Landa 2018). However, these programs de-
mand sustained time, expertise, and involvement from fam-
ilies, clinicians, and educators—making equitable access a
persistent challenge (Bearss et al. 2022). These challenges are
further intensified by the profound heterogeneity of the au-
tism spectrum, which necessitates highly individualized care.
However, such personalized models are difficult to implement
at scale within institutional systems that often default to stan-
dardized protocols (e.g., in public schools (Locke et al. 2015),
child welfare models (Bilaver and Havlicek 2013), or health-
care (Weir et al. 2022)).
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Summary

For over two decades, researchers have tested different
ways robots might support autism therapy. The results are
encouraging, but we still need a clearer picture of what
works, for whom, and why. In this narrative review, we
bring together the lessons learned so far and discuss next
steps for future research.

To supplement the level of human involvement required for
personalized and readily available care, some approaches
have explored the use of non-human partners to facilitate
human-human social interaction, such as in pet-assisted
therapy (Redefer and Goodman 1989; Solomon 2010). Digital
tools such as computer-assisted programs and virtual reality
platforms have also shown potential to support engagement
and skill development in individuals with ASD (Mesa-Gresa
et al. 2018; Ramdoss et al. 2012). However, there remains
limited research on the specific mechanisms that make these
facilitative interactions effective and on the conditions neces-
sary to generalize gains to real-world engagement with human
partners.

Robots, particularly socially assistive robots (SARs), extend this
line of inquiry by offering physically embodied, interactive sys-
tems that can engage users in structured, socially meaningful
ways. By virtue of their embodiment, robots enable co-present,
behaviorally contingent, real-time social interaction. Together,
these properties distinguish SARs from simulated or purely vir-
tual technologies. In autism-focused studies, the inclusion of
SARs has been associated with increased engagement, improved
attention regulation, and more appropriate social behaviors, in-
cluding joint attention and spontaneous imitation (Scassellati
et al. 2012; Pennisi et al. 2016).

1.1 | Scope of This Review

This narrative review summarizes the current state of research
on robots for ASD therapy for a broad interdisciplinary audience.
We organize the review around three connected but discrete
phases: designing the intervention goals and structure; engineer-
ing the robot's physical form and behavior to deliver those goals;
and evaluating the outcomes of the robot-assisted intervention.
In particular, intervention design (Section 2) concerns the so-
cial, cognitive, or behavioral goals the robot is meant to support.
Robot development (Section 3) concerns the design choices that
shape the robot's form and function to support the intervention.
Finally, evaluation (Section 4) considers whether the system
achieves its intended outcomes. These phases are often iterative
and overlap, but together they form a common structure for de-
signing, developing, and deploying robots for autism therapy.

We did not pursue a formal systematic review or meta-analysis
because the literature is highly heterogeneous in study aims,
robot platforms, participant profiles, intervention targets, set-
tings, and outcome measures, making pooled quantitative anal-
ysis inappropriate. Instead, we use a structured, preregistered
method (Ramnauth et al. 2024) to narratively synthesize how

the field has evolved and where methodological and clinical
gaps remain. Additional details, including the PRISMA-style
flowchart, database-specific search queries, and inclusion and
exclusion criteria, are provided as Appendix A.

The review draws on an extensive collection of peer-reviewed
studies published from 2001 to 2024. Studies were included if
they involved direct interaction between at least one physically
embodied robot and at least one individual with a formal diag-
nosis of ASD. We excluded studies involving only virtual agents,
screen-based representations, design-only systems without user
interaction, robots used solely for mechanical or nonsocial assis-
tance, and papers that did not report empirical interaction data
with autistic participants. Applying these criteria yielded a final
corpus of 304 studies, summarized as Appendix B (Table B1).

Numerous reviews have examined the use of robots in autism
therapy, including two foundational reviews published in
2012. Scassellati et al. (2012) offered a robotics-centered per-
spective that emphasizes system design, behavior modeling,
and early technical challenges. Diehl et al. (2012) assessed
clinical utility, critically examining the therapeutic validity
and evidence base of robotic interventions to outline meth-
odological gaps in the literature. Both reviews concluded that
robots showed promise for eliciting engagement and social
behaviors in children with ASD, but that the evidence base
remained preliminary, with small samples, limited experi-
mental rigor, and little evidence of clinically meaningful gen-
eralization. Together, these reviews formalized the research
agenda for the following decade. In the present review, we use
them as a historical benchmark for examining how the field
has responded to those challenges. Since these 2012 reviews—
which together captured 21 studies, a subset of the 55 studies
captured in this present review—an additional 249 studies
have been published within this recent decade (from 2013 to
2024; Figure 1).

Subsequent reviews have examined robots for autism therapy from
several important perspectives, including therapeutic roles and
robot embodiment (Cabibihan et al. 2013; Kumazaki et al. 2020;
Puglisi et al. 2022), evidence quality and clinical readiness (Begum
et al. 2016; Dickstein-Fischer et al. 2018), child-focused outcomes
and meta-analytic efficacy (Pennisi et al. 2016; Alabdulkareem
et al. 2022; Kouroupa et al. 2022; Alkhaldi et al. 2026), and
broader taxonomies of robot applications (Ismail et al. 2019; Saleh
et al. 2021; Szymona et al. 2021). The present review differs by
treating robot-assisted autism therapy as a translational pipeline
rather than as a single intervention category. Specifically, we ex-
amine how intervention goals are selected, how robotic form and
function are designed to support those goals, and how outcomes
are evaluated for clinical meaning, generalization, and real-world
use. This framing allows us to synthesize the field's development
from 2001 to 2024 while identifying why persistent gaps in stan-
dardization, clinical integration, population coverage, and long-
term evaluation remain.

1.2 | Field Growth

The literature on robot-assisted autism therapy has expanded
substantially since its early exploratory phase. Between 2001
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FIGURE1 | Annual publication count by venue domain. This figure shows the number of published studies per year, between January 2000 and
January 2025, categorized by broad venue domain: Technical (blue), clinical (red), and other or interdisciplinary (purple).

and 2004, only four studies were published (Werry et al. 2001;
Dautenhahn and Werry 2002; Robins, Dautenhahn, et al. 2004;
Robins, Dickerson, et al. 2004), largely reflecting proof-of-concept.
Publication volume grew modestly in 2005-2008, with 15 studies,
asresearchers began introducing more structured pilot evaluations
and early humanoid platforms. The field then gained momentum
in 2009-2012, with 36 studies, coinciding with wider access to pro-
grammable robots and increased interdisciplinary interest.

Following the 2012 agenda-setting reviews, the literature ex-
panded more rapidly. We identified 64 studies in 2013-2016 and
101 studies in 2017-2020, marking the field's most active period
to date. This growth was accompanied by broader intervention
targets, more autonomous systems, and early movement beyond
tightly controlled laboratory or clinical settings toward schools,
homes, and other real-world contexts. Although publication vol-
ume declined to 84 studies in 2021-2024, likely reflecting some
combination of COVID-19-related disruption, output remained
historically high. Overall, these trends suggest that the field has
moved from demonstrating whether users will engage with robots
toward asking how robot-assisted interventions can be sustained,
adapted, and evaluated in more ecologically valid settings.

1.3 | Disciplinary Fragmentation

Following the 2012 agenda-setting reviews, the field expanded not
only in volume but also in disciplinary breadth. At that point, only
six clinical studies had been published (Kozima et al. 2007; Pioggia
et al. 2008; Stribling et al. 2009; Giannopulu and Pradel 2010;
Huskens et al. 2013; Kim et al. 2013). Of the 249 studies published
from 2013 onward, 58 (23%) appeared in clinical venues and 27
(11%) in interdisciplinary outlets. Nevertheless, SAR research for

autism therapy remains divided between robotics and clinical do-
mains, which differ in timelines and evidentiary standards.

In clinical psychology, studies typically appear in longer
manuscripts (10-30+ pages) in monthly or quarterly journals
that are peer reviewed and highly competitive. These studies
tend to be large-scale experiments that involve hypothesis-
driven controlled trials, are statistically powered to detect
group-level effects, and evaluate therapeutic efficacy through
validated outcome measures. In robotics, on the other hand,
high-impact findings are often disseminated through com-
petitive, peer-reviewed, annual conference proceedings, typ-
ically featuring short-format papers (6-10 pages). User testing
in robotics frequently centers on fine-grained qualitative and
quantitative data collected from a small number of partic-
ipants. From our corpus, it is not uncommon for studies to
include detailed, second-by-second analyses of system perfor-
mance or user behavior based on data from a single partici-
pant or fewer than 10.

Thus, robotics rewards rapid iteration and technical novelty,
often leading to the publication of new systems within months
of their development—even before the system has undergone
extensive user testing. In contrast, clinical research typically
unfolds over much longer timeframes, requiring extended re-
cruitment, standardized assessment, and ethical oversight,
spanning several years. This temporal misalignment is exac-
erbated by the short lifecycle of robotic platforms: many com-
mercial or research-grade robots have become outdated or
unsupported within 3-5years of their release,! making it dif-
ficult to sustain research beyond initial pilot studies. As a re-
sult, clinically validated interventions may be tied to platforms
that no longer reflect the state-of-the-art, while state-of-the-art
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platforms may lack the empirical validation required to demon-
strate therapeutic use.

This divide matters because it reveals differing disciplinary val-
ues. To illustrate, a robotics study may emphasize that a robot’s
emotion classifier achieves 85% accuracy or that its engagement
model outperforms a baseline in predicting attention. While
these are meaningful technical milestones, they may have lim-
ited clinical relevance if not linked to real-world improvements
in a child's behavior or functioning. From a clinical perspective,
the more pressing question might be: Does detecting a child's
emotional cues with 85% accuracy translate into improved so-
cial participation? If a child is still not initiating interactions
with peers, then even the most accurate classifier may not
meaningfully impact therapeutic outcomes. The most impactful
studies would connect the two—for example, showing that an
emotion classifier enabled the robot to keep the child engaged
longer, which correlated with the child learning more, which led
to improvements in the child's experiences outside of the spe-
cific human-robot context.

This disconnect raises an important question: Are we building
technically impressive systems that lack clinical relevance? Or
are we conducting clinically meaningful interventions with out-
dated or fragile platforms? Although there is a growing degree
of cross-pollination between technical innovation and clinical
application, there remains no unified framework for conducting
SAR research in a way that fully satisfies both engineering and
clinical expectations.

2 | Intervention Design and Goals

Here, we focus on how intervention goals are designed and
structured. We first summarize established clinical approaches
to ASD therapy, then examine how these approaches have been
adapted in robot-mediated contexts. We consider the social, cog-
nitive, and behavioral targets of these interventions, situating
them within developmental needs across age groups. Finally,
we identify gaps in current intervention designs and highlight
opportunities for more targeted, developmentally appropriate
approaches.

2.1 | Clinical Foundations of Autism Therapy

ASD interventions are often structured programs designed to
teach young children (Lovaas 1987; Dawson et al. 2010) how
to initiate, sustain, and respond appropriately in social interac-
tions (Paul 2008; Arnold et al. 2000). Complex skills, such as
engaging appropriately with peers, are broken down into low-
level, teachable components (e.g., maintaining eye contact, turn-
taking, greeting others, or interpreting facial expressions) and
are taught explicitly through role play and repetition (Peters-
Scheffer et al. 2011; Foxx 2008; Hustyi et al. 2023).

Generally, humans deduce the unwritten rules of social
interaction through everyday observation and exposure
(Bandura 1962). For instance, we learn the social constructs of
when to initiate a handshake versus a wave, how close to stand
during a conversation, or when to make eye contact and when

to look away—all by observing and imitating others around us.
These behaviors are rarely taught explicitly; instead, they are ab-
sorbed through repeated exposure to contexts where timing and
appropriateness nuance often defy simple, rule-based explana-
tions. However, for ASD, this kind of incidental social learning
may be less accessible.

Many individuals with ASD experience difficulties with imita-
tion or interpreting social cues (Smith and Bryson 1994), and
may not naturally seek out or attend to the social interactions
by which these norms are typically learned (Spain et al. 2018).

Rather than relying on passive exposure, many programs actively
shape behavior through reinforcement-based methods, such as
Applied Behavior Analysis (ABA) (Foxx 2008). Organic sources
of reinforcement appear in peer-mediated strategies (DiSalvo
and Oswald 2002; Chang and Locke 2016) such as in Naturalistic
Developmental Behavioral Interventions (NDBIs), in which chil-
dren practice skills alongside neurotypical peers in small-group
settings, allowing for real-time feedback and social modeling.

Crucially, most interventions involve caregivers to ensure that
the exercises during structured sessions is repeated beyond
scheduled therapy times and spaces. The ultimate goal is not
merely to teach isolated, low-level social skills, but to foster the
capacity for socially meaningful and developmentally appropri-
ate engagement that can generalize beyond the confines of for-
mal intervention. For instance, even a modest improvement in
joint attention—that is, the ability to coordinate attention with
another person toward a shared object or event—can serve as a
critical scaffold for more complex skills such as participating in
cooperative play across diverse, real-world contexts.

2.2 | Targeted Behaviors for Robot Therapy

Roboticists have applied many of these established clinical prac-
tices to create SARs that model, prompt, and reinforce key social
behaviors in structured and repeatable ways. To this end, robots
have been developed to support a variety of interaction goals,
which we summarize here.

While the seminal reviews in 2012 demonstrate the field's exclu-
sive focus on children at that time, the recent decade has seen a
notable broadening in user demographics. We organize this sec-
tion by age group to examine how intervention goals align with
developmental needs. This categorization should be interpreted
flexibly, as many studies included broad age ranges spanning
multiple developmental stages (e.g., Pioggia et al. 2008; Feil-
Seifer and Matari¢ 2009; Pioggia et al. 2007; Nakadoi 2015; da
Luz Schreider et al. 2024), and few directly compare outcomes
across age groups. After presenting our age-based analysis, we
turn to a complementary examination of how the intervention
goals vary between studies stratified by functional profile and
diagnostic presentation.

2.2.1 | Early Childhood: Joint Attention and Imitation

Atypical gaze behavior is a core diagnostic feature of ASD and
is closely linked to many social and communicative difficulties
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characteristic of the condition. As such, it is one of the earliest
targets for intervention (robotic or otherwise). More than half of
the studies in our corpus (N=162, 53.3%) report robotic interac-
tions aimed at developing gaze-related skills, such as making eye
contact, gaze following, and joint attention.? Of these, 84 studies
(52%) involved participant samples in which the age range pri-
marily constituted of those in early childhood (birth through age
5). This distribution suggests that, while gaze is a central focus in
early childhood interventions, it remains a priority across later
developmental stages.

Many studies report spontaneous joint attention during robot in-
teractions, such as children shifting gaze between the robot and
an adult or pointing toward the robot to share interest. These be-
haviors are typically measured through eye-tracking or frame-
by-frame gaze coding, which provides fine-grained evidence of
engagement but often remains limited to the immediate robot-
child context. A notable exception is Scassellati et al. (2018),
which explicitly tested generalization using a clinician-
administered joint-attention probe (Bean and Eigsti 2012) be-
fore, during, and after the intervention, measuring whether
children transferred robot-supported joint-attention behaviors
to a new social context without the robot.

Imitation is another common target, appearing in 87 studies in
our corpus (28.6%). Because many social routines are learned
by observing and reproducing others' actions, SARs often use
exaggerated, salient cues to invite imitation. In some studies,
children are explicitly prompted by the robot or an adult to copy
robot actions (e.g., Robins, Dautenhahn, et al. 2004; Duquette
et al. 2008; Robins et al. 2005); in others, imitation emerges
more spontaneously with repeated exposure to the robot's be-
havior (e.g., Scassellati et al. 2018; Shamsuddin, Yussof, Ismail,
Hanapiah, et al. 2012). Sixteen studies specifically targeted
motor imitation or praxis training.

2.2.2 | Middle Childhood: Turn-Taking, Language,
and Peer Engagement

In middle childhood (approximately ages 6-12), robot-assisted
interventions continue to target foundational behaviors
such as joint attention and imitation but increasingly embed
them within school- and peer-relevant tasks. Compared with
early-childhood studies, which emphasize gaze-related be-
haviors, studies in this age range more often focus on lan-
guage use.

Expressive and receptive language goals at this age often involve
expanding vocabulary, improving sentence use, or practicing
the back-and-forth of conversation. SARs are used in this capac-
ity to model clear, consistent speech patterns, provide contin-
gent social responses, and create opportunities for low-pressure
conversational practice. Sixty-five studies in our corpus (21.4%)
support these goals. For example, Kim et al. (2013) found that
children with ASD produced more speech in robot-mediated ses-
sions than in adult-led ones, while Pioggia et al. (2008) and Lee,
Takehashi, Nagai, Obinata, and Stefanov (2012) reported gains
in communicative responding following repeated, animated
robot interactions. These studies suggest that predictable, en-
gaging robot routines may help elicit both expressive behaviors,

such as labeling and requesting, and receptive behaviors, such
as following instructions.

Turn-taking is an inherent feature of SAR-based interventions,
even when it is not the explicit target of the design. Human-—
robot interaction is reciprocal: the robot elicits a response,
and the user is expected to attend and respond in turn. Still,
turn-taking appears as a targeted and measured outcome in
40 studies in our corpus (13.2%). These studies range from col-
laborative activities that require alternating roles or contribu-
tions (e.g., Huskens et al. 2015; Wainer et al. 2014; Dimitrova
et al. 2012), to conversational practice, information-sharing,
self-disclosure (e.g., Pliasa and Fachantidis 2019), and sponta-
neous help-seeking (e.g., Melo et al. 2019), all of which depend
on reciprocal timing.

Together, these behaviors can scaffold more effective peer en-
gagement as children become better able to initiate and sustain
conversations, interpret social cues, and respond contingently to
others. However, our data do not show an expected proportional
shift toward triadic or group-based designs in middle childhood
(53%, compared to 59% of early-childhood studies), a point we
return to in Section 2.3.

2.2.3 | Adulthood: Emotion Expression
and Vocational Readiness

Of all behavioral targets of SARs for ASD, emotion recognition
and expression span a wider range of age groups, appearing in
nearly equal proportions across early childhood, middle child-
hood, and adolescence (ages 13-17). In early childhood, emotion
recognition is often taught through visual attention to facial
expressions or affective cues, frequently paired with gaze and
imitation tasks. In middle childhood, interventions shift toward
expressive skills such as identifying, labeling, and appropriately
responding to one's own or others' emotions, often through dia-
logue and storytelling. By adolescence (16 studies total, nine of
which target emotion-related skills), interventions continue to
emphasize recognizing emotions in others and expressing ap-
propriate emotional responses. Notably, there are currently no
studies in the corpus that explicitly teach emotional regulation
strategies—that is, what to actually do when experiencing stress
or anxiety.

Despite the growing social and functional demands of adoles-
cence, studies with adolescents remain rare, comprising only
5.3% of the corpus. Few SAR-based interventions target do-
mains that become especially salient during this period, such
as emotional regulation, independent living, or vocational
readiness. Adult studies are even less common, with only nine
studies involving adults with ASD (3.0%), four of which focus
on adult social contexts exclusively through job interview prac-
tice (Kumazaki, Muramatsu, Yoshikawa, Corbett, et al. 2019;
Shahverdi et al. 2023; Kumazaki, Warren, Corbett, et al. 2017;
Kumazaki, Muramatsu, Yoshikawa, Matsumoto, et al. 2019).
While employment readiness is important, this narrow empha-
sis leaves broader adult needs largely unaddressed, including
daily living skills, workplace social dynamics, financial liter-
acy, community navigation, and everyday emotional regulation.
Only one study (Ramnauth et al. 2022) begins to address this
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broader scope by targeting interruption resiliency, a skill linked
to both employability and daily self-regulation.

2.2.4 | Participant Profiles and Functional Variation

Developmental stage is a useful lens for organizing intervention
goals, but it does not capture the full diversity of needs and ca-
pabilities across the autism spectrum. In practice, interventions
are also shaped by support needs, verbal ability, cognitive func-
tioning, mental age, and co-occurring conditions. These factors
often determine who is eligible to participate in SAR studies and
what therapeutic goals are prioritized, even among individuals
of the same chronological age.

Most studies in our corpus focus on participants with fewer
support needs or normative IQ, sometimes described as “high-
functioning.”® This likely reflects the practical demands of
many SAR protocols, which often require participants to fol-
low robot or adult prompts, attend to structured tasks, and
complete standardized assessments. While these require-
ments support feasibility and experimental control, they also
exclude many individuals with higher support needs, includ-
ing minimally verbal individuals and those with co-occurring
intellectual disabilities.

This bias is also evident in how studies report diagnostic and
inclusion criteria. Although all studies report an autism diagno-
sis, the specificity of that diagnosis varies widely: some simply
state that participants had ASD, while others report confirma-
tion through tools such as the ADOS-2 (Kim and Lord 2018),
SCQ (Snow 2021), or clinical judgment. Inclusion criteria also
often favor participants with fewer support needs, requiring, for
example, verbal fluency, typical vision or hearing, or the ability
to remain seated and attend to a robot for a set period of time.
These restrictions are often necessary for safety, feasibility, ex-
perimental control, and the suitability of the intervention target,
but they also limit generalizability and contribute to the under-
representation of individuals with more complex communica-
tion or cognitive profiles.

A small number of studies explicitly attempt to address this gap.
Abu-Amara et al. (2024) designed a robot-based intervention for
children with moderate to severe ASD, while Giannopulu and
Pradel (2012) worked with children diagnosed with severe au-
tism, using rhythmic movement and sensory feedback to reduce
anxiety.* Clabaugh et al. (2019) also emphasized long-duration,
personalized adaptation as a necessary step toward supporting
children who may not engage reliably in short, lab-based ses-
sions. These examples remain exceptions. Because most stud-
ies focus on participants with fewer support needs, the field
has not yet produced robust within-sample comparisons across
functional profiles. As a result, it remains difficult to determine
which robot-assisted interventions work for whom or how robot
behavior should be adapted for users with more complex needs.

2.3 | Structure of Robot Therapy

Beyond the specific behavioral skill targeted, we now consider
the structural elements of robot-based therapy.

These elements include the physical setting in which the therapy
takes place, the configuration of interactions (e.g., dyadic between
just the robot and participants, or small group in several peers in-
teract with the robot alongside the participant; examples shown in
Figure 2), and the amount of exposure to the therapy and robot.

2.3.1 | Intervention Setting

The setting of SAR therapy shapes both feasibility and ecologi-
cal validity. Across the corpus, most studies were still conducted
in controlled laboratory or clinical environments (233 studies;
76.6%), reflecting the field's early emphasis on experimental con-
trol, proof-of-concept demonstrations, and researcher-supported
robot operation. These settings enabled detailed behavioral cod-
ing and technical oversight but offered limited insight into how
robot-assisted interventions function in everyday contexts.

Since 2012, more studies have moved into real-world environ-
ments, especially schools and homes. In our corpus, 52 studies
took place in school settings, where robot-assisted activities
could be embedded into classroom routines and observed along-
side teacher facilitation and peer interaction. Only nine stud-
ies described in-home deployments, despite the home offering
a highly naturalistic context for studying caregiver involve-
ment, spontaneous interaction, and changes in daily routines.
Of these home studies, seven involved repeated sessions over
at least 1week, eight used dyadic child-robot interaction, and
only one directly incorporated a caregiver in a triadic interven-
tion (Scassellati et al. 2018). Only one targeted adults with ASD
(Ramnauth et al. 2022), and only one included a control condi-
tion (Silva et al. 2019).

Home deployments highlight both the promise and difficulty
of real-world SAR use. Because therapists or researchers can-
not typically remain present across multi-day or week-long in-
terventions, these studies require greater robot autonomy and
must contend with the variability of household environments.
At the same time, compared with schools, homes provide fewer
opportunities for structured observation of peer interaction or
externally guided social generalization.

Despite this shift toward more naturalistic settings, all studies
in our corpus remain confined to a single physical context. None
implement structured generalization procedures across settings,
such as classroom-based robot sessions followed by observa-
tion in peer-rich contexts like the playground or cafeteria. This
remains a missed opportunity to test whether SAR-supported
gains translate into spontaneous human-human interaction be-
yond the intervention setting.

2.3.2 | Interaction Configuration

The most common experimental setup is a single child inter-
acting one-on-one with a robot (N=169, 55.6% of our corpus).
This dyadic structure is especially common in interventions
targeting foundational skills such as joint attention, imitation,
and turn-taking, where the robot's controlled behavior can
make specific social cues more salient. By limiting the number
of social partners, dyadic designs support experimental control
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FIGURE 2 | Examples of robot-assisted autism research. The collage shows (A) Keepon in early caregiver-mediated sessions designed to elicit
contingent social responses (Kozima et al. 2005); (B) Kaspar in structured classroom games for teaching visual perspective-taking (Wood et al. 2018);
(C) CHARLIE, an adaptive robot for reaction-time training using hand and face tracking (Boccanfuso and O'Kane 2011; Boccanfuso et al. 2017); and
(D) a month-long autonomous in-home deployment using Jibo to support storytelling, turn-taking, and joint attention in family routines (Scassellati
et al. 2018). Together, these examples highlight the field's heterogeneity in duration (minutes-long sessions to multiweek deployments), context (lab-
oratories, clinics, schools, and homes), interaction structures (dyadic vs. triadic; free play vs. structured games), and therapeutic goals, illustrating
the methodological range through which robots have been explored as supports for children with autism. Photographs are reproduced courtesy of the

respective authors, who obtained the appropriate informed consent from identifiable participants for publication of the images.

and make it easier to isolate how robot actions shape child re-
sponses. However, they may also create a disconnect between
the learning context and the intended transfer context, since the
robot is often both the instructional agent and the primary social
target, even when the broader goal is improved human-human
interaction.

Triadic designs introduce a third participant, typically a thera-
pist, caregiver, researcher, or peer, who can scaffold the inter-
action (N=117, 38.5%). These configurations allow the adult
or peer to interpret the robot's behavior, model responses, pro-
vide reinforcement, and create richer opportunities for gener-
alization. Still, relatively few studies use peer-mediated triads,
despite the central role of peer interaction in everyday social de-
velopment. This limits opportunities to practice contingent be-
havior with a more natural social partner and makes it harder to
evaluate whether robot-supported gains transfer to typical peer
contexts.

A small number of studies instead create triadic interac-
tions using two robots as social agents (Soleiman et al. 2023;
Kumazaki, Muramatsu, Yoshikawa, Yoshimura, et al. 2019;
Takata et al. 2023). For example, Soleiman et al. (Kostrubiec
et al. 2024) used two parrot-like robots to model social ex-
changes for emotion recognition, creating a fully robotic so-
cial environment that a single robot could not provide alone.
Overall, however, most SAR studies continue to rely on

configurations in which the robot is the main or only social
partner. While this simplifies intervention delivery and out-
come measurement, it leaves open whether observed gains
persist beyond the robotic context or transfer to more complex
human social interactions.

2.3.3 | Session Frequency and Duration

Session frequency and duration also shape the feasibility and
therapeutic impact of SAR-based autism interventions. Early
studies, particularly before 2012, were often single-session ex-
periments or short trials of only two or three sessions, designed
to test feasibility, capture initial user responses, or pilot specific
behaviors such as joint attention or imitation. While useful for
proof-of-concept work, these designs offer limited insight into
sustained engagement, learning over time, or generalized be-
havioral change.

This limitation is important because meaningful behavioral
change does not occur in a single session, and children’s en-
gagement can vary substantially across days or even within the
same day. A child may be highly engaged in one session and dis-
tracted, frustrated, or unwilling to interact in the next. Human
therapists are trained to respond to this variability, and SAR
systems intended for therapy must eventually support similar
adaptability (Begum et al. 2016).
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More recent work has increasingly moved toward repeated
sessions and longer-term deployments, reflecting a shift from
feasibility testing toward measuring therapeutic change over
time. Twenty studies in our corpus feature interventions last-
ing several days to multiple months,> allowing researchers to
examine skill acquisition, novelty and habituation effects, sus-
tained engagement, and the need for personalization as users
progress.

3 | Design of Robot Form and Function

At its core, the robot is meant to serve as a stimulus for elicit-
ing desired behaviors from users. To do so, SARs adapt estab-
lished clinical practices (Section 2.1) into embodied systems that
model, prompt, and reinforce social behaviors in structured and
repeatable ways (Section 2.2).

However, SAR research involves more than placing a psy-
chosocial intervention onto a robotic platform. It raises new
design questions about how to create systems that are accept-
able, intuitive, and therapeutically useful. Under what condi-
tions do users accept an assistive robot in their environment
(Zehnder et al. 2022; van den Berk-Smeekens et al. 2020;
Frenkel et al. 2025)? How should the robot's behavior adapt
to user personality or cognitive profile (Sorrentino et al. 2021;
Shi et al. 2022)? How can robots initiate interaction in ways
that feel approachable without requiring extensive training or
acclimation (Zheng et al. 2017; Coeckelbergh et al. 2016)? And,
critically, how can SARs support therapeutic goals without be-
coming the primary social focus or displacing opportunities for
human-human interaction?

The previous section examined how these questions are shaped
by the overall intervention structure. Here, we focus on the
robot itself: how it first appears to the user, and how its behavior
unfolds within the therapeutic framework. These design choices
center on two basic questions: how should the robot look, and
how should the robot behave?

3.1 | Form: How Should the Robot Look?

The physical form of a SAR is a non-trivial design choice. Prior
work spans a wide range of embodiments, from highly an-
thropomorphic robots with silicone skin and expressive facial
features (e.g., KASPAR (Dautenhahn et al. 2009), Actroid-F
(Yoshikawa et al. 2011), Milo (Robokind 2018)), to visually
simplified, cartoon-like systems with exaggerated primary fea-
tures and reduced secondary features (e.g., Sota and CommU
(Osaka University, and Vstone Co., Ltd./Ishiguro Symbiotic
HRI Project 2015), NAO (SoftBank Robotics 2022), QTrobot
(LuxAl, n.d.)), to low-actuation, limbless, stationary, or
animal-like robots (e.g., Paro (PARO Robots U.S., Inc. 2014),
Pleo (Fernaeus et al. 2010), Keepon (Kozima et al. 2009), Kiwi
(Pakkar et al. 2019)). The variety of robot form is illustrated in
Figure 3.

These aesthetic decisions are rarely arbitrary and instead re-
flect competing priorities in therapeutic design: on one hand,
the desire to create an engaging, relatable partner that can

adequately convey social cues; on the other, the need to avoid
overstimulation, uncanny valley effects, or distraction. This
is a particularly important consideration when designing for
users with heightened sensory sensitivity or social anxiety. We
outline a few nuanced aspects of robot form below, focusing
on specific design considerations that arise in the context of
ASD therapy.

3.1.1 | Material Properties

Physical materials are a critical design consideration for SARs
in ASD therapy, especially when tactile interaction is part of
the intervention. Examples include the soft Veltex exterior of a
fish-shaped robot designed for non-verbal children with autism
(Soft Interaction Lab 2014), the silicone skin used for KASPAR
(Dautenhahn et al. 2009), and Keepon's rubberized, squeezable
body, which was designed to invite repeated touch (Kozima
et al. 2009). Touch-responsive coverings, such as RoboSkin on
KASPAR (Dautenhahn et al. 2009) and pressure-sensitive foam
layers in the Huggable robot (Stiehl et al. 2006), further allow
robots to detect and respond to physical contact.

These designs show that touch can serve as a meaningful com-
munication channel, particularly for users with limited verbal
or nonverbal expression. While robots are often imagined as
hard plastic systems that communicate primarily through vi-
sual or auditory cues, SARs for ASD therapy increasingly use
soft, textured materials to support more holistic, multisensory
forms of engagement (Casas-Bocanegra et al. 2020; Pinto-Bernal
et al. 2022).

3.1.2 | Safety and Mechanical Complexity

Safety in human-robot interaction is a multidimensional de-
sign concern, spanning physical, emotional, and social risk.
In ASD interventions, this is especially important because
children may have unpredictable responses to novel stim-
uli. Researchers therefore often adopt conservative design
choices, such as limiting movement speed, range of motion,
and applied force; avoiding sharp edges; covering joints to pre-
vent pinching; and using compliant or soft materials where
contact may occur. Pepper, for example, includes soft arm pad-
ding and compliant joints to reduce the risk of physical harm
during interaction.

These safety concerns also shape decisions about mechani-
cal complexity. A higher number of degrees of freedom can
support smoother, more expressive movement, but it also in-
creases cost, calibration demands, mechanical failure points,
and maintenance burden, especially in long-term or real-world
deployments. For this reason, many ASD-focused SARs inten-
tionally use simplified designs that reduce both technical risk
and sensory load. Robota, for instance, uses simple head and
arm gestures for imitation games (Billard et al. 2007), while
Keepon conveys affect through only four motors for bouncing,
tilting, and turning (Kozima et al. 2009). These streamlined
behaviors can still communicate attention and emotion with-
out overwhelming the user or making the system unnecessar-
ily fragile.
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FIGURE 3 | Examples of robot embodiments. The collage above shows (A) Keepon, a small, compliant, creaturelike robot with a two-axis head
and tactile input for simple expressive behaviors; (B) Pleo, a quadrupedal animatronic dinosaur with lifelike motion driven by multiple servos and
touch sensors; (C) Kaspar, a child-sized humanoid with simplified facial features and limited articulated gestures to reduce sensory complexity; (D)
Jibo, a tabletop social robot with a three-axis expressive head and an animated eye displayed on a screen; (E) NAO, a fully articulated bipedal hu-
manoid enabling complex gestures and postures; (F) Kiwi, an owl-like tabletop robot with an animated facial display, and expressive head and body
motion; (G) InfanToid, an infant-like mechanical torso with exaggerated facial cues and upper-body actuation; (H) CHARLIE, a robot with actuated
head and arms and integrated hand- and face-tracking sensors for responsive interaction; and (I) Pepper, a full-height mobile humanoid with artic-
ulated arms, speech capabilities, and a touchscreen interface. Photographs are reproduced courtesy of the respective authors, who confirmed that
appropriate informed consent for publication was obtained from identifiable participants (B. Scassellati for panels A, B, D, and E; and M. Matari¢

for panel F).

3.1.3 | Mobility

Researchers must make strategic decisions about a robot's level
of physical expressiveness and mobility based on the goals of
the interaction, technical feasibility, and the demands of the
therapeutic setting. As most SAR interventions are designed
for children, and given that children are the demographic least
prone to staying in one place for a therapy session, the robot's
mobility becomes another crucial factor. While some robots are
designed to move freely through space (rolling or walking along-
side users), many remain stationary on tables or stands. Fixed
robots offer greater mechanical stability, reduced safety risks,
and tighter control over interaction context, making them well
suited for structured therapeutic tasks. In contrast, mobile ro-
bots allow for dynamic, spatial interactions such as following a
child, guiding navigation, or exploring a shared environment.
These interactions can be more engaging and naturalistic but
also introduce new technical challenges in autonomous naviga-
tion and behavior coordination.

3.1.4 | Cost and Maintainability

Cost and maintainability are practical constraints that shape
platform selection in SAR research. Many commonly used ro-
bots are commercial-grade systems costing 10,000 to more than
30,000 USD, with additional expenses for software licenses, de-
veloper tools, accessories, maintenance contracts, and replace-
ment parts. These costs can quickly limit scalability, especially

when studies require multiple robots for parallel testing, multi-
site trials, or long-term deployment.

Repairability and customization pose additional challenges.
Some commercial platforms are closed systems that require
manufacturer servicing or restrict access to internal hard-
ware, making it difficult to troubleshoot failures during a
study. Each additional robot also increases the burden of
setup, calibration, software updates, storage, and repair. As a
result, researchers may need to stagger sessions, reduce sam-
ple sizes, or limit deployment duration.

These constraints matter for clinical translation as well. When
deployed outside of controlled lab settings, robots must be re-
liable, easy to maintain, and recover quickly from failure;
otherwise, disruptions can reduce clinician trust and make in-
tegration into routine care less likely. Limited repairability or
vendor dependence may also restrict access for under-resourced
settings. For this reason, researchers and clinicians must weigh
the expressive and technical affordances of high-end robots
against the practical demands of sustained use, sometimes fa-
voring simpler tablet-based or custom-built platforms that offer
sufficient functionality at lower cost.

3.2 | Function: How Should the Robot Behave?

The behavioral design of SARs (how they speak, move, re-
spond, and guide interaction) has prompted rich exploration.

Autism Research, 2026
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Some systems emulate the structured, directive style of a
clinician or interventionist (e.g., prompting a child to make
eye contact or initiate turn-taking; Chung et al. 2025; Mishra
and Conn Welch 2024), while others adopt more peer-like or
playful interaction styles aimed at encouraging spontaneous
engagement (e.g., storytelling, imitation games; Kozima
et al. 2009; Kanda et al. 2004). We organize these consider-
ations of the role a robot should function within the therapy
context, and how SAR research has approached behavioral
autonomy and adaptation.

3.2.1 | Roles of the Robot

The role a robot assumes in therapy shapes both its behav-
ioral repertoire and how children perceive and engage with it.
Across the corpus, robots most often function as instructors
(N=205; 67.4%), followed by peers (N=64; 21.1%) and medi-
ators or facilitators (N=17; 5.6%).° Instructor robots provide
structured prompts, reinforcement, and correction, making
them well suited for teaching specific skills such as joint at-
tention, turn-taking, or emotion recognition. Peer-like robots
emphasize playful, bidirectional engagement and may elicit
more spontaneous behaviors such as smiling, vocalization,
imitation, or shared attention. Mediator robots are positioned
less as the central partner and more as a bridge between the
child and other people, helping scaffold triadic interaction,
shared activities, or communication with caregivers, clini-
cians, or peers.

Most SAR interventions still place the robot in an instructional
role, which supports consistency and repetition but may limit
opportunities for spontaneous interaction or generalization
beyond the robot. A smaller subset of studies reverses this dy-
namic through learning-by-teaching, where the child becomes
the instructor and the robot becomes the learner. This struc-
ture may increase motivation and self-efficacy by giving the
child an active social role. For example, Zaraki et al. (2020)
used a treasure-hunt game in which children taught a robot
to associate toys with locations, while Barnes et al. (2021) de-
signed a dance game in which the robot learned by imitating
the child's movements. In both cases, the robot's learner role
created opportunities for children to organize their knowl-
edge, give feedback, initiate interaction, and sustain engage-
ment over time.

3.2.2 | Balancing Autonomy and Adaptation

One common interpretation of “autonomy” in human-robot
interaction refers to a system's ability to operate within ex-
pected parameters without requiring direct human involve-
ment. Under this definition, autonomy is not synonymous
with adaptiveness. A fully scripted robot may be autonomous
if it can run without human control, while a highly adaptive
system may still require human oversight if a therapist or re-
searcher is interpreting and managing the interaction. Based
on the 299 studies that provided sufficient detail, we catego-
rized systems in our corpus as fully autonomous (N=100;
33.4%), semi-autonomous (N =183; 61.2%), or non-autonomous
(N=16; 5.4%).

This distinction is important because systems on the scripted end
of the spectrum are often more likely to meet criteria for auton-
omous operation: their behavior is predictable, rule-based, and
easier to keep within expected bounds. In contrast, systems that in-
terpret and respond to complex human behavior introduce greater
variability, making it harder to define and guarantee appropriate
outcomes using traditional if-then logic. Fully autonomous sys-
tems perceive, decide, and act without human intervention during
the session, while semi-autonomous systems combine robot con-
trol with human oversight, often through Wizard-of-Oz control.
Non-autonomous systems are fully teleoperated or manually con-
trolled. Each approach reflects a tradeoff between control, flexibil-
ity, scalability, and ecological validity.

SAR interventions vary widely in their level of therapeutic con-
tingency, or the degree to which the robot adapts its behavior
to the user's state. At one end of the spectrum are fully scripted
systems that follow fixed routines, offering consistency and pre-
dictability but little personalization. Of the 272 studies in our
corpus with sufficient methodological detail, 97 (36%) used
scripted designs in which the robot's behavior was identical
across participants. These approaches are especially common in
early intervention work, where fixed routines can help isolate
target behaviors such as gaze or turn-taking.

More adaptive systems adjust aspects of the interaction in re-
sponse to user behavior, such as changing the pace of the session,
modifying prompts, or responding to detected engagement or af-
fect. Some systems rely on therapist-in-the-loop control through
Wizard-of-Oz paradigms, while others use autonomous sensing
or algorithmic adaptation. For example, Lemaignan et al. (2024)
describe a robot that modulates its emotional responses based on
children's detected anxiety levels, while Clabaugh et al. (2019)
adapt game difficulty to maintain an appropriate challenge level
for each child. Other systems combine therapist oversight with
affective modeling to support more nuanced interaction (Mazzei
et al. 2011; Soleiman et al. 2014). Most of these systems remain
reactive: the robot detects a behavior and then selects a pre-
defined response.

Machine learning creates the possibility of moving from reactive
adaptation toward anticipatory guidance. By combining current
behavioral cues with patterns observed across earlier interac-
tions, a SAR could estimate when a user is likely to disengage,
become frustrated, or require additional support and intervene
before the interaction breaks down (Huang and Mutlu 2016;
Ramnauth et al. 2026). For example, the robot might adjust its
pacing, simplify a task, offer a break, or invite support from a
nearby caregiver. This capability could allow the robot to move
more fluidly between instructor and mediator roles.

Even with these advances, most adaptive SARs personalize only
a small set of predefined parameters, such as timing, prompt
frequency, task difficulty, or feedback. Few can interpret the in-
tent and context of a child's spoken input or adapt flexibly across
sessions and social situations. Adaptation also rarely changes
the structure of the interaction itself. As children acquire new
skills, the robot may need to shift from being the primary social
partner to facilitating interaction with another person—for ex-
ample, by inviting a sibling into an activity or reducing its own
involvement when the child turns toward a parent. No system
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in our corpus demonstrates this degree of structural flexibility
beyond the child-robot dyad.

Finally, the rationale behind adaptation is often underdevel-
oped. Many systems assume that detecting a behavior, such as
looking away or appearing frustrated, should trigger a fixed re-
sponse. Yet these mappings are rarely grounded in a clear model
of learning or social motivation. Similarly, feedback is often
tied to task performance, such as earning points or completing
a level, rather than to the quality of the user's social behavior.
More targeted social feedback could help users connect their
actions to the underlying goals of the intervention, while still
preserving the value of implicit feedback through modeling and
guided practice.

4 | Evaluation of Robot Therapy

Evaluating SAR interventions for autism requires balancing
clinical standards with the practical realities of HRI. Small sam-
ples, short deployments, novelty effects, limited controls, and
difficulties conducting longitudinal research are not unique
to autism-focused SARs; they are common across HRI studies
involving real users, particularly in naturalistic settings. These
challenges are especially consequential in autism research,
however, because interventions must accommodate substantial
individual variation while demonstrating outcomes that extend
beyond the immediate robot interaction. The limitation arises
when findings from exploratory or technically focused work are
interpreted as evidence of therapeutic efficacy or population-
level generalizability.

Early SAR studies typically relied on in-session measures, such
as eye contact, gesture imitation, or task compliance, as proxies
for therapeutic benefit. Although these measures provide useful
evidence of feasibility and immediate social influence, they may
reflect novelty or exposure rather than lasting developmental
change (Erel et al. 2024; Smedegaard 2019). The foundational
reviews of 2012 accordingly highlighted small samples, limited
controls, and minimal follow-up. Since then, the field has in-
creasingly adopted baseline measures, comparison conditions,
standardized outcomes, and longitudinal designs. This section
examines that progress while distinguishing evidence of techni-
cal feasibility from evidence of therapeutic efficacy.

4.1 | Study Design and Sample Sizes

Where earlier work often amounted to anecdotal case studies
or proof-of-concept pilots involving less than five participants,
we now see substantially larger trials. Our review identified 19
randomized controlled trials (RCTs; 6.2% of our overall corpus),
a remarkable increase from essentially zero true RCTs in 2012.7
These RCTs also include sample sizes that were unheard of a de-
cade ago. For example, van den Berk-Smeekens et al. (2022) en-
rolled 73 children in a 3-arm trial. Zheng et al. (2020) conducted
an RCT with 20 toddlers with ASD to test a robot-mediated joint
attention intervention. Marino et al. (2020) ran an RCT with 14
children to evaluate a robot-based socio-emotional skills train-
ing. Although these numbers remain modest by clinical trial
standards (where sample sizes often range from several dozen

to hundreds of participants), they represent a clear improvement
over earlier SAR studies, which frequently included only a hand-
ful of participants.

In parallel with the rise of RCTs, many recent studies now in-
corporate control or comparison conditions—features that were
often absent in earlier SAR research. Common experimental
designs include comparisons between robot-assisted therapy
and treatment-as-usual, or between robot-assisted and human-
only versions of the same intervention. These designs aim to
isolate the contribution of the robot itself. For example, Marino
et al. (2020) compared a CBT-based emotional intervention de-
livered by the humanoid robot NAO versus the same content de-
livered by a human alone; children in the robot-assisted group
demonstrated greater improvements in emotion understanding.
Similarly, Zheng et al. (2020) evaluated a robot-based joint atten-
tion intervention against a no-robot control. Although the group
differences were small and not statistically significant, the study
nonetheless contributed valuable insights into ASD outcome
variability and helped establish a framework for more rigorous
evaluation.

Establishing a robust baseline is essential for assessing the im-
pact of any intervention. In real-world settings outside controlled
clinical or laboratory environments, however, implementing
equivalent non-robotic control conditions is often impractical.
As a result, many studies, especially those involving small sam-
ples, individualized interventions, or in-home deployments,
adopt within-subject approaches in which each participant
serves as their own control. This tradition is well established in
autism research through single-subject experimental designs
(e.g., A-B, A-B-A, or multiple-baseline designs), which explic-
itly structure baseline, intervention, and maintenance phases
to support causal inference in the presence of substantial inter-
individual variability.

While SAR studies frequently rely on within-subject compar-
isons, they often do so in ways that only partially align with
established single-subject methodology. For example, baseline
phases may be relatively brief or insufficiently characterized,
phase transitions may be driven by logistical considerations
rather than stability criteria, and intervention effects are some-
times inferred from aggregate trends rather than systematic
within-case analysis. In addition, key features of single-subject
designs (such as staggered intervention onset across behaviors
or participants, explicit replication logic, or planned withdrawal
or maintenance phases) are not consistently leveraged. As a
result, SAR studies may capture promising behavioral change
while falling short of the inferential clarity and clinical inter-
pretability that single-subject designs are intended to provide.
Greater alignment with this methodological tradition would not
require larger samples, but rather more deliberate use of its ex-
isting structure and analytic logic.

Before questions of efficacy can be meaningfully addressed,
many robot studies first confront the challenge of demonstrat-
ing feasibility. Deploying robots in real-world contexts—such
as homes, clinics, or classrooms—requires overcoming signif-
icant technical barriers, including system autonomy, reliabil-
ity, and context awareness (Tapus et al. 2007). Recruitment is
also difficult, but sample size alone does not capture the central
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challenge. Autism encompasses substantial variation in com-
munication, cognition, sensory processing, motor ability, co-
occurring conditions, and support needs, as well as individual
strengths that may shape how a person engages with a robot. A
small sample may therefore contain considerable within-group
variation, while restrictive protocols may disproportionately re-
cruit verbally fluent participants with fewer support needs who
can follow prompts and complete standardized assessments.
Consequently, even larger studies may not be representative
of the broader autism spectrum, and aggregate outcomes may
obscure meaningful differences in who benefits from a partic-
ular intervention. Early-stage studies appropriately prioritize
whether a system can operate safely, consistently, and accept-
ably, but stronger therapeutic claims require clear reporting of
participant characteristics and, where possible, analysis of out-
comes across relevant functional profiles.

In this early-stage context, conventional notions of evaluation
rooted in clinical trial standards may not be the most appropri-
ate or practical. In clinical practice, measuring progress in social
skills is often subjective and infrequent, relying heavily on ther-
apist observations or parent reports. In contrast, robots and their
associated sensors (cameras, microphones, even wearables) can
provide continuous, objective tracking of behaviors. For exam-
ple, a robot's vision system can count how many times a child
initiates eye contact each session, or how their latency to respond
changes over time. These metrics can be graphed and used by
clinicians to make data-driven decisions (much like a behavior
analyst uses frequency counts in ABA). Where robotics brings
the potential for more fine-grain detection, analysis, and predic-
tion to the therapeutic context, it introduces an alternate view of
“sample size.” SAR researchers that aim to evaluate system fea-
sibility would examine system performance over user outcomes.
Therefore, “sample size” may refer to the number of system ac-
tions or interaction sessions, in contrast to the traditional clinical
definition based on the number of human participants.

Atthesame time, effective SAR design is not only about capturing
richer behavioral data, but about ensuring that these measures,
learning processes, and robot behaviors are presented in ways
that clinicians can readily interpret and act upon. Automated
methods can assist observation and decision-making, but their
outputs should be surfaced through clinician-facing interfaces
that make underlying signals visible rather than reducing them
to opaque scores or model decisions. Examples of this may in-
clude showing which behavioral cues were detected, how con-
sistently they appeared over time, and how confident the system
is in its assessments. Such interfaces can allow clinicians to ver-
ify, contextualize, and, when necessary, override automated in-
ferences using established therapeutic frameworks. Developing
transparency-oriented interfaces represents a near-term and un-
derexplored opportunity to accelerate the safe and meaningful
integration of automation into SARs. In the meantime, trans-
parency, interpretability, and alignment with clinical protocols
remain essential benchmarks for ASD-HRI research.

4.2 | Outcome Measures

Outcome evaluation in SAR research for autism spans a wide
range of measures, including standardized clinical instruments,

fine-grained behavioral coding, engagement metrics, and as-
sessments of generalization and retention. Together, these ap-
proaches reflect a gradual maturation of the field toward more
rigorous, clinically grounded evaluation practices.

4.2.1 | Standardized Clinical
and Caregiver-Report Measures

Early studies often relied on qualitative observations (e.g., “the
child smiled more with the robot” (Kozima et al. 2007; Wainer
et al. 2014)) or bespoke metrics that lacked baseline comparisons
or clinical validation. More recent work, however, has increas-
ingly incorporated standardized instruments alongside objective
behavioral coding. For example, parent- or teacher-report tools
like the Social Responsiveness Scale (SRS) and the Vineland
Adaptive Behavior Scales are now commonly used to assess
changes in social functioning and adaptive behavior across ev-
eryday contexts (e.g., Lee and Nagae 2021; Feng et al. 2022; So
et al. 2020). Some studies also report clinical diagnostic scores,
such as ADI-R or ADOS, collected before and after intervention
(e.g., Yunetal. 2017; Cao, Esteban, et al. 2019; Billing et al. 2020),
although these measures are not designed to be highly sensitive
to short-term change (Sterrett 2021; Kim et al. 2019). In response,
several autism-specific instruments such as the Autism Impact
Measure (AIM) (Kanne et al. 2014) and the Autism Behavior
Inventory (ABI) (Bangerter et al. 2017), have been developed to
better capture treatment-related change over shorter timescales.

4.2.2 | Proximal Behavioral Coding
and Skill-Specific Measures

Increasingly, SAR researchers have also emphasized proximal
behavioral measures that directly capture interaction qual-
ity, such as the frequency of eye contact, verbal initiations,
or time spent in joint attention. For instance, Huijnen et al.'s
Kaspar mediation study (Huijnen et al. 2021) employed de-
tailed, human-coded micro-behavioral analysis to quantify
non-verbal imitation, physical contact, attention span, and
distraction during robot- versus teacher-led sessions. This fine-
grained approach revealed longer attention spans and lower
distraction rates in robot-mediated sessions. While such mea-
sures are not themselves standardized clinical assessments,
they parallel outcome metrics commonly used in ABA and
other behavioral intervention frameworks, and they provide a
more transparent link between robot behavior and observable
child responses.

4.2.3 | Engagement as an Outcome and Mediator

Engagement has likewise emerged as a central outcome variable
in SAR research. Early work often treated engagement qualita-
tively or implicitly; more recent studies have increasingly op-
erationalized it through formal behavioral indicators, such as
interaction frequency, response latency, or sustained attention
across sessions. For example, Jain et al. (2020) analyzed engage-
ment trajectories across more than 20 sessions and developed
predictive models to identify when a child was beginning to
disengage. This progression reflects a broader maturation in the
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field, as engagement has shifted from a loosely defined experi-
ential construct to a measurable and analyzable component of
intervention design. At the same time, researchers increasingly
acknowledge that engagement functions both as an outcome
and as a mediator of learning, motivating the use of engage-
ment measures alongside direct assessments of skill acquisi-
tion and generalization.® As a result, many interventions now
explicitly target the maintenance of social engagement, such as
through proxy measures of eye contact, turn-taking, and shared
attention, as key therapeutic goals alongside traditional skill
acquisition.

Despite this progress, operationalizing engagement remains a
complex and ongoing challenge. Much like basic emotions of
anxiety or frustration, engagement can manifest in highly in-
dividualized ways and may not always be easily inferred from
surface-level behaviors. A nervous child may show a furrowed
brow or a forced smile, and a disengaged child may appear still
and compliant. For children with ASD, who may avoid eye con-
tact or exhibit atypical gaze patterns, engagement might instead
be expressed through body orientation, consistent verbal par-
ticipation, or physical proximity to the robot. These variations
highlight the limitations of relying on surface-level behaviors
as proxies for internal states. Consequently, the selection of out-
come variables that best reflect true engagement remains an
active topic of methodological debate in SAR research, with no
single metric universally accepted as sufficient. This stands in
contrast to clinician observation, where the atypicality or nature
of an atypical response can often be decoded through a subjec-
tive but holistic synthesis of cues.

4.2.4 | Retention and Generalization of Skills
and Strategies

Retention and generalization have become increasingly prom-
inent outcome measures for SAR impact, addressing concerns
raised in early reviews about whether robot-mediated gains
persist and extend beyond the interaction itself. Here, we distin-
guish between skills, which may become increasingly fluent or
automatic through practice, and strategies, which are deliberate,
goal-oriented behaviors used to achieve a particular outcome.
Vocabulary acquisition, for example, may be treated as a learned
skill, whereas joint attention and engagement are better under-
stood as social strategies that must be applied flexibly across
people and settings.

Earlier, it was unclear whether a child who practiced greeting
a robot would later greet a person, or whether gains observed
during the intervention would persist once the robot was re-
moved. More recent studies have begun to address this through
follow-up assessments and human-generalization probes. For
example, Scassellati et al. (2018) evaluated children's joint at-
tention with a clinician outside the robot context. Assessments
were conducted before, during, and after a month-long robot in-
tervention. Following the intervention, children demonstrated
improved joint attention with adults, while caregivers reported
fewer prompts and more spontaneous communication at home.
These findings provided early evidence that social strategies
practiced during robot-assisted interactions could generalize to
new social partners and everyday contexts.

Retention is another critical outcome increasingly addressed in
recent studies, often through follow-up assessments conducted
weeks or months after the intervention. These assessments in-
dicate whether users retain acquired skills or continue apply-
ing strategies introduced during the intervention. For example,
Clabaugh et al. reported long-term retention of intervention con-
tent by the children, likely owing to the adaptive nature of the
teaching (Clabaugh et al. 2019). Similarly, Trombly et al. (2022)
used an emotionally adaptive robot to teach vocabulary to chil-
dren with ASD and found that the children retained the target
words more effectively than a control group. For deliberate so-
cial strategies, however, retention alone is not sufficient; re-
peated practice across diverse people, settings, and situations is
necessary for flexible generalization beyond the SAR context.

5 | Discussion

Over the past two decades, robots have emerged as promis-
ing tools for supporting individuals with ASD, often eliciting
engagement and novel social behaviors that may be difficult
to achieve in traditional therapeutic settings. In revisiting the
field after the two agenda-setting reviews published in 2012, we
find a field that has grown substantially but has only partially
resolved the central challenges those reviews identified. SAR
research has moved beyond early proof-of-concept demonstra-
tions toward more structured interventions, more autonomous
systems, and, in some cases, longer-term deployments in homes,
schools, and other real-world contexts. At the same time, many
studies remain short, samples are often small, and evidence for
retention, generalization, and clinically meaningful change is
still limited.

One reason the literature remains difficult to interpret is that
robots appear to support autism therapy through several over-
lapping mechanisms rather than through one clearly defined
pathway. Across studies, robots vary widely in appearance, be-
havior, autonomy, interaction structure, and therapeutic role.
Yet positive effects are reported across many of these designs.
This suggests that the success of robots for autism therapy may
not rely on a single feature, such as embodiment, predictabil-
ity, novelty, or expressiveness. Instead, robots may be useful
because they occupy a distinctive space on a spectrum of socia-
bility: more socially evocative than inanimate toys or screen-
based tools, yet often less complex and demanding than human
partners. For some users, this middle ground may create a man-
ageable context for practicing social attention, imitation, turn-
taking, communication, or emotional expression.

However, engagement with a robot is not itself sufficient evi-
dence of therapeutic benefit. A child may look at a robot, smile
during an interaction, or complete a structured game without
necessarily developing a behavior or strategy that carries over
into everyday life. The central question is therefore not simply
whether robots elicit social behavior, but whether those behav-
iors are retained, generalized, and used meaningfully with other
people. For example, a robot that elicits joint attention during a
game is most clinically meaningful if that interaction helps the
child coordinate attention with caregivers, clinicians, teachers,
or peers outside the robot session. Similarly, a robot that sup-
ports conversational practice should be evaluated not only by
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whether the user responds to the robot, but by whether the user
can communicate more flexibly in human-human contexts.

This is why the field needs to treat robot-assisted autism ther-
apy as a full intervention pipeline rather than as a collection of
isolated robot interactions. As described throughout this review,
every stage of SAR research involves design choices: what behav-
ior or strategy the intervention should target, where the interac-
tion should take place, who should be involved, how long and
how often sessions should occur, how the robot should look and
behave, and how outcomes should be measured. These choices
are interdependent. A robot designed for a brief laboratory inter-
action may be very different from one intended for a month-long
home deployment. A robot that models emotional expressions
may require different sensing, feedback, and evaluation than a
robot that mediates peer interaction. Without clearer alignment
between intervention goals, robot capabilities, deployment con-
text, and outcome measures, it remains difficult to determine
whether mixed findings reflect differences in the robot, the user
population, the intervention structure, or the evaluation design.

Importantly, these evaluation challenges are not unique to
autism-focused SAR research. Much of HRI struggles with
small samples, short deployments, novelty effects, and limited
ecological validity, especially when studies involve real users in
real-world settings. These challenges are intensified in ASD re-
search because autism is profoundly heterogeneous and because
the outcomes of interest are often subtle, context-dependent,
and developmentally variable. A strategy that is meaningful for
a verbally fluent child practicing conversation may not be appro-
priate for a minimally verbal child with different sensory, motor,
or communication needs. Similarly, a social behavior that is use-
ful in a clinic may not generalize to a playground, classroom,
workplace, or home routine without deliberate opportunities for
practice across settings.

The reviewed literature also remains narrow in who it rep-
resents. Most studies continue to focus on children, especially
those who can follow structured prompts, participate in stan-
dardized tasks, and interact with the robot in ways that are easy
to measure. Adolescents, adults, minimally verbal individuals,
individuals with intellectual disability, and people with more
complex sensory or communication profiles remain underrep-
resented. This limits our understanding of how robot-assisted
interventions may need to change across the lifespan and across
support needs. Future systems should not assume a single au-
tism profile. They should be flexible enough to accommodate
different communication modalities, sensory preferences, cog-
nitive profiles, and goals for participation.

Overall, the field has made meaningful progress since 2012.
Robots are no longer only novel stimuli used in brief laboratory
demonstrations; they are increasingly being explored as adap-
tive, embodied systems that can support structured intervention
in more naturalistic settings. Yet the field's central translational
challenge remains: aligning what robots can do with what users
with autism need and with what clinical evidence can mean-
ingfully demonstrate. The next decade of SAR research should
move beyond showing that robots can attract attention or elicit
engagement. The more important goal is to determine how
robot-assisted interventions can support durable, generalizable,

and personally meaningful outcomes across the diversity of the
autism spectrum.
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Endnotes

IFor example, to date, Pepper ceased production in 2021, NAO has not
had a major hardware revision since 2018, and platforms such as Jibo,
Cozmo, and Vector became unsupported within only a few years of re-
lease following company closures or discontinued cloud/SDK support.

2This excludes studies focused solely on general task-oriented attention.

3We retain the term “high-functioning” when referring to participants
because it remains widely used in the studies reviewed here, while
recognizing that the term is contested and often reductive; where pos-
sible, we use alternatives such as “individuals with fewer or greater
support needs” (Vivanti 2020).

4The Childhood Autism Rating Scale (CARS) is a clinician-rated mea-
sure of autism symptom severity, with scores above 37 indicating
severe symptomatology. These scores index autism symptoms and
should not be conflated with cognitive impairment, which is mea-
sured separately through IQ, developmental, or adaptive functioning
assessments.

SThese 20 studies are examined in greater depth in our separate review
(Matheus et al. 2025), which situates them within the broader litera-
ture on long-term human-robot interaction.

®These categories are useful for organizing the literature, but they are
not always mutually exclusive. A robot may engage in playful, peer-
like exchanges while also guiding an activity or facilitating interaction
with another person. For analysis, we assigned each study a single pri-
mary role based on the role described in the paper, the robot's behavior,
and the interaction it predominantly supported.

7A randomized controlled trial is a rigorous experimental design in
which participants are randomly assigned to either an intervention
group (receiving the robot-assisted therapy) or a control group (receiv-
ing standard treatment or no intervention). This methodology mini-
mizes selection bias and enables clearer attribution of observed effects
to the intervention itself.

8While engagement is often considered a prerequisite for learning, it
does not guarantee skill acquisition. Consequently, many SAR studies
now pair engagement metrics with direct measures of learning out-
comes and transfer.
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Appendix A: Review Methodology

To improve transparency and reproducibility, this narrative synthesis
was informed by a structured literature search. We report the identi-
fication, screening, and inclusion of studies in the final corpus using a
PRISMAstyle flow diagram (Figure A1). Because the aim of this paper
is to provide a narrative and translational synthesis rather than a sys-
tematic review or meta-analysis, we did not conduct a formal risk-of-
bias assessment or pooled effect-size estimation. The search protocol
was preregistered (Ramnauth et al. 2024).

Search Queries

The original corpus search covered publications from 2001 through
2024 and was conducted in January 2025.

The general search string used for title, abstract, and keyword searches
was:

(“Autism” OR “Autism Spectrum Disorder” OR
“ASD”) AND (“Social Robot” OR “Humanoid Robot”
OR “Assistive Robot” OR “Robotic Companion” OR
“Robot*”) AND (“Therapy” OR “Social Skill*”

OR “Behavioral Support” OR “Education” OR
“Intervention” OR “Training”)

For PubMed, the search was adapted to title/abstract fields as follows:

(autism[tiab] OR "Autism Spectrum Disorder" [tiab]
OR ASD[tiab]) AND ("Social Robot"[tiab]OR
"Humanoid Robot" [tiab] OR "Assistive Robot"[tiab]
OR "Robotic Companion"[tiab] OR robot*[tiab])

AND (therapyl[tiab] OR "Social Skill*"[tiab] OR
"Behavioral Support"[tiab] OR education[tiab] OR
intervention[tiab] OR training[tiab])

Records identified from database searches

_§ after source-level deduplication/filtering
=
©
£ PubMed (n = 41), IEEE Xplore (n = 240),
‘aé; ACM Digital Library (n = 59), Scopus (n = 394)
]
Total database records: n = 734
Unique records screened by title
n =762
Records retained for abstract screening
2 n =622
i=
[}
Q
()
7}

Records sought for full-text review
n =329

Studies included in final narrative corpus
n =304

FIGURE Al | PRISMA-style flow diagram for corpus construction.

For IEEE Xplore, the search was adapted to title and abstract fields:

(“Title”:“Autism” OR “Abstract”:“Autism”

OR “Title”:“Autism Spectrum Disorder” OR
“Abstract”:“Autism Spectrum Disorder” OR
“Title”:“ASD” OR “Abstract”:“ASD”) AND

(“"Title” :“Social Robot” OR “Abstract”:“Social
Robot” OR “Title”:“Humanoid Robot” OR
“Abstract”:“Humanoid Robot” OR “Title”:“Assistive
Robot” OR “Abstract”:“Assistive Robot” OR
“Title”:“Robotic Companion” OR “Abstract”:“Robotic
Companion” OR “Title”:“Robot*” OR
“Abstract”:“Robot*”)AND (“Title”:“Therapy” OR
“Abstract”:“Therapy” OR “Title”:“Social Skill*” OR
“Abstract”:“Social

Skill*” OR “Title”:“Behavioral Support”

OR “Abstract”:“Behavioral Support” OR
“Title”:“Education” OR “Abstract”:“Education” OR
“Title”:“Intervention” OR “Abstract”:“Intervention”
OR “Title”:“Training” OR “Abstract”:“Training”)

For Scopus, the same conceptual search terms were used. Source exclu-
sions were applied to reduce duplicate indexing of records already cap-
tured through targeted IEEE and ACM searches and to reduce retrieval
of review-oriented sources:

. AND NOT (SOURCE (“IEEE Transactions” OR “ACM
Computing Surveys” OR “IEEE Robotics and
Automation Magazine” OR “ACM Transactions on
Human-Robot Interaction”))

The database searches identified 734 unique records after source-level
deduplication and filtering. An additional 28 records were identified
through Google Scholar and citation chasing, yielding 762 unique re-
cords for title screening. Of these, 140 records were excluded after title

Additional records identified through
Google Scholar and citation chasing
n=28

Records excluded after title screening
n =140

Records excluded after abstract screening
n =293

Common reasons: review/commentary;
lack of physical robot; no human-robot interaction;
no ASD participant interaction; mixed groups without
ASD-specific focus; non-peer-reviewed publication.

Full-text reports excluded
n=25
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screening, leaving 622 records for abstract screening. After abstract
screening, 293 records were excluded, leaving 329 reports for full-text
review. Twenty-five reports were excluded after full-text review. The
final corpus consisted of 304 peer-reviewed empirical studies.

Eligibility Criteria
Studies were eligible for inclusion if they met all of the following criteria:

1. Peer-reviewed publication type: The study was published as a
peer-reviewed journal article or peer-reviewed conference paper.
Preprints, extended abstracts, posters, workshop abstracts, tech-
nical reports, dissertations, theses, and other non-peer-reviewed
records were excluded.

2. Target population: The study involved participants with a for-
mal diagnosis of autism spectrum disorder or a closely related
diagnostic label used historically in the literature. Studies were
included only when the diagnosis was explicitly stated, either
through clinical diagnosis, standardized diagnostic instruments,
or clear reporting by the authors.

3. Physically embodied robot: The intervention or interaction in-
volved a physically present robot. Studies involving only vir-
tual agents, screen-based avatars, simulated robots, or purely
software-based systems were excluded.

4. Direct human-robot interaction: The study involved real-world
interaction between at least one robot and at least one human
participant with autism. Studies were excluded if they described
robot design, simulation, technical architecture, or algorithmic
development without direct interaction involving participants
with ASD.

5. Social or therapeutic role of the robot: The robot played a direct
role in social, communicative, behavioral, educational, or ther-
apeutic interaction. Social interaction was defined broadly and
included verbal or nonverbal communication, joint attention,
imitation, emotion recognition or expression, cooperative tasks,
turn-taking, social engagement, and robot-mediated interaction
with another person. Studies were excluded when the robot was
used only as a nonsocial mechanical aid, delivery device, reward
system, or task platform without a direct role in social communi-
cation, social engagement, or autism-focused intervention.

6. Autism-specific design or outcome relevance: Studies involving
mixed participant groups were included only when the design,
analysis, or outcome focus was clearly relevant to participants
with autism. Studies were excluded when individuals with autism
were grouped with other populations and no clear autism-specific
design rationale, analysis, or outcome focus was provided.

Appendix B: Review Corpus and Summary Table

The table below provides a high-level summary of the data and key
study characteristics extracted from the review. To conserve space
and improve readability, a set of standardized abbreviations is used
throughout the table.

The “Venue” column indicates the domain of the publication, with T re-
ferring to technical venues (e.g., robotics, AI, HRI), C to clinical venues
(e.g., medical or psychological journals), and I to interdisciplinary or
other venues (e.g., education, rehabilitation).

Study design types are abbreviated as follows: Case or SS for case stud-
ies or single-subject designs, Exp.|RCT for randomized controlled trials
and Exp.|Non-RCT for experimental design without a randomized con-
trol, Obs.|CS for observational cross-sectional studies, Pilot for pilot or
feasibility studies, Method for methodological or validation work, and
System for system/prototype descriptions. Other|unk. refers to study
designs that were either unconventional or not clearly reported by the
authors.

The “Targeted Skills” column reflects the focus of the intervention. Cog.
refers to cognitive skills such as reasoning and problem-solving, JA to

joint attention, Eng. to general social engagement, Im. to imitation,
Gaze to visual attention or gaze-following, Com.|NV to non-verbal
communication, and Com.|V to verbal communication. Emo. captures
emotion recognition or expression, TT denotes turn-taking, Motor re-
fers to motor skills or coordination, Stereotypy reflects efforts to re-
duce repetitive behaviors, and Sensory relates to sensory engagement.

Participant age groups are coded as Early for early childhood
(0-5years), Middle for middle childhood (6-12years), Teen for adoles-
cence (13-17years), Adult for participants 18 years or older, and Mixed
for studies spanning multiple age ranges.

The robot column lists either the robot platform (e.g., NAO, KASPAR,
Keepon) or Custom for bespoke robots. Other|G refers to general-
purpose platforms. Autonomy is marked as A for fully autonomous op-
eration, S for partially or semi-autonomous, and N for non-autonomous
control.

The robot's role is denoted as Peer (social companion), Trainer (in-
structor, therapist, or coach), Mediator (facilitator of social interac-
tion), or Other|G for generalized roles.

Lastly, the “Interaction Structure” column describes the social config-
uration of the intervention: Dyadic indicates one-on-one interaction
between the child and the robot; Triadic|Ther. involves a child-robot-
therapist configuration; Triadic|Peer includes a peer who mediates
or participates in the interaction; Triadic|Parent denotes caregiver
involvement; and Triadic|Other refers to other triadic arrangements
not captured by the previous categories. Group-based or nonstandard
configurations are listed as Other.

The label unk. is used throughout to indicate missing or unreported
data.
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