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A Literature Review of Conversational Agents for People with
Intellectual and Developmental Disabilities

Madhuka Nadeeshani , Jacqueline Johnstone , Kirsten Ellis and
Swamy Ananthanarayan

Department of Human-Centred Computing, Monash University, Australia

ABSTRACT
Voice-based conversational agents (CAs) are increasingly pervasive in daily life, offer-
ing hands-free interaction with technology. Recent advancements have expanded
their adoption among underserved populations, including older adults, blind individu-
als, and those with intellectual and developmental disabilities (IDD). Despite growing
interest, the IDD literature on CAs remains scattered and lacks a systematic synthesis.
In this paper, we present a review of 37 studies selected from 1,151 records retrieved
across five databases. We analyse application areas, design and evaluation approaches,
reported limitations, and key design considerations that influence CA usability for peo-
ple with IDD. Our findings reveal the complexity of designing for a population with
varied support needs, and highlight the value of competency-based design methodol-
ogies. We also identify gaps in underexplored domains such as health, education, and
employment, and emphasize the need to strengthen safeguards that enable safe,
transparent, and trustworthy CA use.

KEYWORDS
Conversational agents;
intellectual and
developmental disabilities;
assistive technology;
Human-Computer inter-
action; accessibility

1. Introduction

Conversational Agents (CAs) enable users to interact with smart devices through natural language, pro-
viding seamless access to information and services (Hobert & Von Wolff, 2019). These agents exist in
various forms, including stand-alone smart speakers (e.g., Amazon Echo,1 Google Home2), smart-
phone-embedded assistants (e.g., Siri,3 Google Assistant4) and different customized agents tailored for
specific applications (Even et al., 2022). They are widely used by people to perform daily activities such
as setting timers, establishing routines, streaming multimedia, and home automation tasks (Brill et al.,
2019). Increasingly, CAs have been designed to accommodate the needs of underserved populations
such as older adults (Huang et al., 2025; Simpson et al., 2020; Zubatiy et al., 2021), blind and low vision
people (Choi et al., 2020; Pradhan et al., 2018; Reinders et al., 2023), and people with Intellectual and
Developmental Disabilities (IDD) (Balasuriya et al., 2018; Lewis & Vellino, 2021; Mower, Black, et al.,
2011). CAs have shown great potential in supporting people with IDD by offering an accessible and
intuitive way to interact with technology. They provide hands-free access, facilitate natural and socially
engaging conversations while improving safety by reducing communication barriers (Balasuriya et al.,
2018; Cho, 2019; Fogg, 1998). Beyond facilitating communication, these agents have the potential to
enhance independence and overall quality of life for people with IDD (Volochtchuk et al., 2023). Given
that 30% of people with IDD rely on care partners (Bruce et al., 2008), there is a growing need for
technologies that foster autonomy and reduce dependency. Voice user interfaces provided by CAs offer
an alternative means of accessing technology, fostering greater autonomy and enhancing overall well-
being for people with IDD.
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According to the Diagnostic and Statistical Manual of Mental Disorders − 5 (DSM-5) (American
Psychiatric Association, 2013), IDD is defined as a group of disorders characterized by intellectual limi-
tations and deficits in adaptive behavior. These limitations impact daily functioning, including commu-
nication, cognitive functioning, education, and social interactions (Tass�e et al., n.d). IDD encompasses
a variety of conditions, such as intellectual disabilities, autism spectrum disorder, cognitive disorders,
and developmental disorders, which can manifest in different ways. It is further classified into four
severity levels: mild, moderate, severe, and profound, where the severity determines the type and extent
of support required, with higher levels necessitating greater assistance (Carulla et al., 2011). Exploring
the intersection of CAs and IDD is both timely and crucial, given the growing interest in how these
technologies can support people with IDD. Several studies have investigated the use of CAs for people
with IDD, yet a significant gap remains in understanding the comprehensive impact of these technolo-
gies. Specifically, there is a lack of systematic analysis regarding how CAs are used by people with IDD
in different contexts and the unique challenges they encounter.

To the best of our knowledge, only two existing systematic reviews (Syed Mahmudul et al., 2022;
Volochtchuk et al., 2023) have indirectly explored the interaction between CAs and individuals with
IDD. Volochtchuk et al. (2023) reviewed the use of voice-assisted technology among individuals with
different disabilities, including developmental disabilities, brain injuries, physical disabilities, and visual
impairments. Their analysis of 68 studies identified seven key themes related to the benefits and chal-
lenges of these technologies. However, only seven studies focused on individuals with developmental
disabilities, while the majority addressed other types of disabilities. Additionally, their review was
restricted to peer reviewed journal publications, which may have excluded relevant studies from confer-
ences. Another review (Syed Mahmudul et al., 2022), examined the use of CAs in healthcare for people
with cognitive disabilities, including dementia, Parkinson’s disease and elderly people. This review
examined both text based and voice based CAs, though most studies primarily focused on text based
interactions. Out of the 124 articles analyzed, only 12 studies specifically examined the use of voice
based CAs for individuals with cognitive disabilities. Our review focuses specifically on the use of voice
based CAs for individuals with IDD, offering a more targeted scope compared to previous reviews that
considered a range of disabilities. Additionally, we examine the diverse applications of CAs and meth-
odologies from a Human-Computer Interaction (HCI) perspective. Our contributions include: (i)
Analysis of the diverse application areas of CAs for people with IDD across different domains. (ii)
Analysis of contribution types design and evaluation methods when working with IDD population (iii)
Identification of design considerations to improve the usability of CAs based on insights from existing
research studies. (iv) Synthesis of reported limitations across the included studies.

2. Methodology

2.1. Defining terms and database search

To identify relevant literature, we developed a search strategy focused on two core concepts IDD and
CAs. For IDD, we included terms such as “intellectual disabilit�”, “cognitive disabilit�”, “developmental
disabilit�”, and “intellectual and developmental disabilit�”, using wildcard operators to capture varia-
tions in phrasing. These terms reflect the spectrum of conditions commonly classified under the IDD
umbrella and align with terminology used in the assistive technology. For CAs, our search incorporated
both general descriptors and commercial product names, including “virtual assistant�”, “voice assis-
tant�”, “smart speaker�”, “voice-assisted technolog�”, “Siri”, “Alexa”, “Google Home”, and “Amazon
Echo”. A complete list of search terms for both core concepts is presented in Table 1. Terms within
each concept were joined using “OR”, and the two concept groups were connected using “AND”
operator.

The literature search was conducted across five major databases: Scopus, IEEE Xplore, ACM Digital
Library, Web of Science, and PubMed. The initial search was conducted in the last quarter of 2023 and
yielded 1,083 records. No restrictions were placed on publication year to ensure comprehensive coverage.
A follow-up search was conducted at the end of the first quarter of 2025 to capture more recent publica-
tions, identifying an additional 68 records. In total, the combined search returned 1,151 results: 703

2 M. NADEESHANI ET AL.



from Scopus, 308 from the ACM Digital Library, 96 from IEEE Xplore, 24 from Web of Science, and 20
from PubMed.

2.2. Inclusion and exclusion criteria

The research team collaboratively established a set of inclusion and exclusion criteria based on five key
dimensions: target population, interaction modality, study design, publication type, and language
(Table 2). The search initially captured papers referencing IDD, autism spectrum disorder, Down syn-
drome, learning disabilities (e.g., dyslexia, dysgraphia, dyscalculia), dementia, cognitive disabilities, and
neurodevelopmental disorders. However, we excluded papers on dementia and learning disabilities
because they do not align with standard definitions of IDD (CDC Child Development, 2024; Eunice
Keneddy Shriver, n.d.). Since IDD commonly co-occurs with motor, linguistic, or sensory conditions,
studies involving these conditions were included only when they were explicitly described as part of the
users’ IDD profile. Only studies that examined voice based modalities were included, while those focus-
ing exclusively on text-based interfaces were excluded. Papers were also required to involve individuals
with IDD at any stage of the design, development, testing, or evaluation of CAs, reflecting an emphasis
on participatory and user-centered research. Only peer reviewed journal articles, conference papers,
short papers, and review articles written in English were considered, while abstracts, books, posters,
tutorials, and non-English publications were omitted.

2.3. Screening and study selection

The screening process was conducted in Covidence,5 a systematic literature review management plat-
form, which identified 63 duplicate records and yielded 1,088 unique papers. Title and abstract screen-
ing was then performed independently by two authors using the inclusion and exclusion criteria
described above, categorizing each paper as “yes”, “no”, or “maybe”. Papers marked as “maybe”, along
with any conflicts, were discussed during weekly meetings and resolved collaboratively among all
authors. Following the title and abstract screening, 98 papers were selected for full-text review. The
same two authors independently assessed these full texts using the same criteria and procedure. Final
disagreements were resolved in consultation with all authors, resulting in 33 papers being included in
the final review. The screening process followed the Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) (Sarkis-Onofre et al., 2021) method, and the overall selection flow is
illustrated in Figure 1.

To expand the initial set of selected papers, we applied the snowballing method (Wohlin, 2014), con-
ducting both forward and backward searches. Specifically, we reviewed the reference lists of the
included papers (backward snowballing) and identified newer studies that cited them (forward

Table 1. Search terms used in review.
Concept Search terms

Intellectual and Developmental
Disability

“Intellectual disabilit�” OR “intellectual disorder�” OR “cognitive disabilit�” OR “cognitive disorder�”
OR “developmental disabilit�” OR “developmental disorder�” OR “intellectual and developmental
disabilit�” OR “intellectual and developmental disorder� “

Conversational Agent “Virtual assistant�” OR “voice assistant�” OR “smart speaker�” OR “voice assisted technolog�” OR
“siri” OR “alexa” OR “google home” OR “home pod” OR “amazon echo” OR “google assistant” OR
“conversational agent�”

Table 2. Inclusion and exclusion criteria for study selection.
Dimension Inclusion criteria Exclusion criteria

Population Participants with IDD Participants without IDD (e.g., dementia, learning
disabilities, physical disabilities)

Interaction Modality Voice based CAs (spoken input and/or output) Text based CAs
Study Design Design, development, or evaluation of CAs involving

IDD participants
No participant involvement or purely technical

implementation
Publication Type Peer reviewed journal articles, conference papers,

short papers, and review articles
Abstracts, books, posters, or tutorials

Language English Other languages
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snowballing). The inclusion and exclusion criteria described above were then reapplied to assess the
relevance of these additional records. This process yielded four more papers that met the criteria,
resulting in a final corpus of 37 papers.

2.4. Data extraction and verification

To support systematic and consistent data extraction, we developed a structured spreadsheet with pre-
defined column headers, refined collaboratively through team meetings. The spreadsheet was structured
to capture key attributes including article title, publication venue, year, design methods, evaluation
methods, number of participants, study setting, key findings, application areas, limitations, design con-
siderations, contribution types, and identified challenges. One author performed the initial data extrac-
tion for all included studies, and the entries were subsequently reviewed and discussed with the
research team during weekly meetings. Any discrepancies or ambiguities were resolved in consultation

Figure 1. Search process and outcome flowchart.
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with all authors, and adjustments were made to maintain accuracy and consistency. The finalized
spreadsheet formed the basis for the analysis and synthesis presented in the following sections.

3. Descriptive analysis of the corpus

This section is based on the final set of 37 analyzed articles and outlines key categories, such as publi-
cation trends and corpus characteristics, types of CAs, the spectrum and severity levels of IDD, age
group distributions, and the different categories of research studies.

3.1. Publication trends and corpus characteristics

Analysis of publication trends revealed a steady increase in research on CAs for individuals with IDD
over the past decade (Figure 2). A clear upward trajectory is evident from 2019 onward, reflecting
broader advances in CAs and artificial intelligence since the release of Amazon Alexa (2014) and
Google Assistant (2016). The number of publications continued to grow through 2023, peaking at nine
studies, before a slight decline in 2024. This decline may reflect ongoing publication cycles rather than
a decrease in research activity, given that the final search was conducted in the first quarter of 2025.
Among the included studies, 24 (65%) were published in peer reviewed journals and 13 (35%) in con-
ference proceedings. The most frequent journals were Disability and Rehabilitation: Assistive
Technology and the Journal of Medical Internet Research, while major conference venues included
ACM Conference on Human Factors in Computing Systems and International Conference on Human
Computer interaction.

Of the 37 papers, six studies (16%) were systematic or literature reviews, while the remaining 31
(84%) focused on the design, development, or evaluation of CAs. The majority of studies (n¼ 30)
reported on unique CA systems described in a single publication, while a small subset of systems
appeared across multiple papers, reflecting continued development or longitudinal evaluation efforts.
For example, Emoty system (Catania et al., 2019, 2020; Catania & Garzotto, 2023) was investigated in
three papers (8%), the Rachel system (Mower, Black, et al., 2011; Mower, Lee, et al., 2011) in two
papers (5%), and a transport application developed by Garzotto et al. (Gianotti et al., 2023a, 2023b) in
two papers (5%). These recurring systems allowed exploration across multiple stages of design, develop-
ment, and evaluation, offering longitudinal insights into how CAs evolve through successive iterations.
This overall pattern reflects a maturing research landscape and provides the foundation for examining
the different types of CAs and their design characteristics, discussed in the following subsection.

Figure 2. Distribution of reviewed studies by publication year.
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3.2. Types of CAs

Based on their functionality and interaction design, the CAs identified in the reviewed studies were
grouped into four categories: off-the-shelf CAs (e.g., Google Home, Alexa, Siri), customized CAs devel-
oped for specific user needs, virtual agents featuring on-screen animated characters, and voice based
chatbots designed for task-specific interactions. All of these CAs enable users to communicate through
voice user interfaces. Off-the-shelf CAs are commercially available devices that offer general purpose
features, allowing straightforward voice interactions. In contrast, customized CAs are purpose built to
address particular user requirements, offering personalized functionality for users. Virtual agents
incorporate on-screen animated characters to simulate human like interaction, often combining voice
and visual elements to create a more engaging and immersive experience. Voice based chatbots, on the
other hand, are typically designed for specific tasks or domains and rely primarily on spoken
exchanges.

We did not analyze communication modalities, such as one-way or two-way exchanges, as our pri-
mary focus was on exploring voice-based CAs. A total of 13 studies focused on customized CAs (Allen
et al., 2018; Arya et al., 2023; Bakhai et al., 2020; Catania et al., 2019, 2020; Catania & Garzotto, 2023;
El Rhatassi et al., 2023; Gianotti et al., 2023a; Greuter et al., 2022; Papadogiorgaki et al., 2023; Parvin
et al., 2022; Soleiman et al., 2014; Zhang et al., 2021), while seven studies examined off-the-shelf CAs
(Balasuriya et al., 2018; Lewis & Vellino, 2021; Masina et al., 2020; Smith et al., 2021, 2023; van
Wingerden et al., 2023; Zubatiy et al., 2021). Google Home was the most used CA, appearing in six
studies. In addition, eight studies developed customized virtual CAs featuring on-screen animated char-
acters to enhance user interaction (Ali et al., 2020; Aljameel et al., 2019; Garcia-Pi et al., 2023; Gianotti
et al., 2023a; Mower, Black, et al., 2011; Mower, Lee, et al., 2011; Tanaka et al., 2017; Tarpin-Bernard
et al., 2021), while others focused on voice based chatbots (El Rhatassi et al., 2023). Moreover, some
studies focused on identifying user needs and gathering requirements for future voice based systems to
enhance user interactions with CAs (Koushik & Kane, 2023; Spitale et al., 2020). By examining these
various types of CAs, we aimed to provide a comprehensive understanding of their capabilities and
practical implications for improving interactions for individuals with IDD.

3.3. Spectrum and severity levels of IDD

We identified various terms used by researchers to describe IDD in the analyzed papers, including
intellectual disability, autism spectrum disorder, neurodevelopmental disorders, and cognitive disorders
(Table 3). Additionally, these conditions sometimes co-occurred with other disabilities, such as motor,
mental, physical, linguistic, emotional, and sensory disabilities (B�erub�e et al., 2021; El Rhatassi et al.,
2023; Masina et al., 2020; Tavares et al., 2022; Volochtchuk et al., 2023). We found that autism spec-
trum disorder emerged as the primary focus in 14 studies, while intellectual disabilities were analyzed
in nine studies. Both cognitive disabilities and neurodevelopmental disabilities were addressed in seven
studies each, showing equal representation from the article set. Overall, the diversity of disabilities
within the IDD spectrum highlights the need for tailored interventions and support systems to address
the unique challenges faced by individuals with these conditions.

Although IDD is typically classified into four severity levels: mild, moderate, severe, and profound
(Carulla et al., 2011) the studies we reviewed generally categorized disabilities into only three levels:
mild, moderate, and severe (Table 4). Those with mild IDD require minimal support and can often
complete tasks independently. Individuals with moderate IDD need significant assistance from care-
givers for daily activities. In contrast, those with severe IDD require continuous, intensive support in
all aspects of life, typically provided by caregivers. A limited number of studies have addressed inter-
ventions across all three severity levels (Catania et al., 2020; Catania & Garzotto, 2023; Papadogiorgaki
et al., 2023; Parvin et al., 2022). Most studies focused primarily on mild and moderate levels (Ali et al.,
2020; Catania & Garzotto, 2023; Garcia-Pi et al., 2023; Greuter et al., 2022; Smith et al., 2021; Smith
et al., 2023; Soleiman et al., 2014; van Wingerden et al., 2023), while a significant number did not spe-
cify the severity levels of users (Allen et al., 2018; Arya et al., 2023; Balasuriya et al., 2018; Cha et al.,
2021; Masina et al., 2020; Mower, Black, et al., 2011; Mower, Lee, et al., 2011; Spitale et al., 2020;
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Tanaka et al., 2017; Tavares et al., 2022; Zhang et al., 2021). In addition, some studies were excluded
from the table because, although designed for the target population, they neither involved users in
requirements gathering nor evaluated the system with participants.

3.4. Age group distribution

We categorized the reviewed studies into three broader age groups for clarity (Table 5). The majority
of the studies (17 total) concentrated on adults (18–64 years), demonstrating a prominent research
focus on this age group. Research involving children (0–17 years) was limited, with only ten studies.
Notably, there were only three studies focusing on older adults (65þ years), revealing a significant
research gap and highlighting the need for further exploration in this area. In contrast, research on
CAs for older adults without IDD has grown substantially (Even et al., 2022).

3.5. Data analysis

We conducted a five stage analysis to synthesize the corpus and organize the findings, comprising: (i)
study type and application domain (subsection 4.1); (ii) contribution types, design methods, and evalu-
ation methods (subsection 4.2); (iii) synthesis of cross-study design considerations (subsection 4.3); (iv)
limitations reported in the studies (subsection 4.4); and (v) quality appraisal (Section A). Across stages,
categories and labels were developed iteratively from recurring patterns in the extraction spreadsheet
(subsection 2.4), rather than applying a pre-defined codebook. The first author conducted the initial
clustering and coding, and the second author independently reviewed the codes and categories across
all analysis sections described below. Any disagreements or ambiguous cases were resolved through

Table 3. Range of disabilities in IDD.
Disability type Count of papers References

Autism Spectrum Disorder 14 (Ali et al., 2020; Aljameel et al., 2019; Allen et al., 2018; Bakhai et al., 2020; Cha et al.,
2021; Gianotti et al., 2023a, 2023b; Mower, Black, et al., 2011; Mower, Lee, et al.,
2011; Parvin et al., 2022; Soleiman et al., 2014; Spitale et al., 2020; Tanaka et al.,
2017; Zhang et al., 2021)

Intellectual Disability 9 (Arya et al., 2023; Balasuriya et al., 2018; B�erub�e et al., 2021; Even et al., 2022;
Greuter et al., 2022; Papadogiorgaki et al., 2023; Smith et al., 2021, 2023; van
Wingerden et al., 2023)

Neurodevelopmental Disorder 7 (Catania et al., 2019, 2020, 2023; Catania & Garzotto, 2023; El Rhatassi et al., 2023;
Garcia-Pi et al., 2023; Volochtchuk et al., 2023)

Cognitive Disability 7 (Koushik & Kane, 2023; Masina et al., 2020; Syed Mahmudul et al., 2022; Tarpin-
Bernard et al., 2021; Tavares et al., 2022; Volochtchuk et al., 2023; Zubatiy et al.,
2021)

Table 4. Severity levels of the disabilities.
Disability type Mild Moderate Severe Not specified

Autism Spectrum Disorder (Ali et al., 2020; Gianotti
et al., 2023a, 2023b;
Parvin et al., 2022;
Soleiman et al., 2014)

(Gianotti et al., 2023a,
2023b; Parvin et al.,
2022)

(Parvin et al., 2022) (Allen et al., 2018; Cha
et al., 2021; Mower,
Black, et al., 2011;
Mower, Lee, et al.,
2011; Spitale et al.,
2020; Tanaka et al.,
2017; Zhang et al.,
2021)

Intellectual Disability (Papadogiorgaki et al.,
2023; Smith et al.,
2021, 2023; van
Wingerden et al.,
2023)

(Greuter et al., 2022;
Papadogiorgaki et al.,
2023; Smith et al.,
2021, 2023; van
Wingerden et al.,
2023)

(Papadogiorgaki et al.,
2023)

(Arya et al., 2023;
Balasuriya et al., 2018)

Neurodevelopmental
Disorder

(Catania et al., 2019,
2020; Catania &
Garzotto, 2023)

(Catania et al., 2019,
2020; Catania &
Garzotto, 2023)

(Catania et al., 2020;
Catania & Garzotto,
2023)

–

Cognitive Disability (Zubatiy et al., 2021) – – (Koushik & Kane, 2023;
Lewis & Vellino, 2021;
Masina et al., 2020)
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discussion to reach consensus, and the full research team then reviewed the final categorization for con-
sistency. Although the corpus included six literature reviews (B�erub�e et al., 2021; Catania et al., 2023;
Even et al., 2022; Syed Mahmudul et al., 2022; Tavares et al., 2022; Volochtchuk et al., 2023), our ana-
lysis focuses on the 31 primary studies because the review papers synthesized prior work and did not
report study level CA designs, deployments, or user-study procedures.

3.5.1. Study type and application domain
We analyzed each study along two dimensions: study type (i.e., what the study primarily focused on in
CA for IDD) and application domain (i.e., what the CA was primarily intended to support) (Table 6). For
study type, we reviewed the extracted spreadsheet data, identified recurring patterns in study focus, and
grouped studies into three categories: understanding user needs (examining experiences, needs, barriers,
or preferences of people with IDD), prototype development and evaluation (describing a CA design/imple-
mentation and reporting user-facing testing), and performance evaluation (focusing primarily on quantita-
tive system or interaction measures such as recognition accuracy or task completion). For the application
domain dimension, we categorized each study by identifying the CAs primary intended purpose as
described by the authors. This yielded five high level domains: social interactions, daily activities, health,
education, and employment. We further specified subdomains (e.g., emotional communication training,
general activity support, digital therapies) to differentiate distinct forms of support within each domain.

3.5.2. Contribution types and method mapping
To characterize the types of contributions in prior work and how they were developed and evaluated,
we coded (i) each study’s primary contribution type and (ii) the design and evaluation methods it
reported. We coded each study’s primary contribution type using the HCI contribution classification
framework proposed by Wobbrock and Kientz (2016). Using this framework, we categorized studies as
artifact driven (focus on a CA system, tool, or prototype), empirical (reporting findings from user stud-
ies or field deployments), methodological (proposing a new method or analytic approach), or survey
(synthesising prior work). No included studies fell into the theoretical, dataset, or opinion categories.
We then categorized whether each study explicitly reported specific design methods (co-design, inter-
views, focus groups, questionnaires, other) and evaluation methods (interviews, observations, question-
naires, pilot studies, surveys, quantitative metrics). A method was categorized as present only if it was
explicitly reported as an activity undertaken by the authors. When reporting detail was insufficient to
identify a structured design process, we categorized the methodology as other (e.g., off-the-shelf deploy-
ments, adaptations of existing systems, or methodologically unclear approaches). These binary codes
were compiled into a study by method matrix (Table 7), which we used to derive the descriptive distri-
butions reported in findings and to inspect common method combinations across studies.

3.5.3. Cross-study design considerations
To derive the cross study design considerations summarized in Figure 3, we used a conceptual mapping
approach consistent with HCI literature (Long & Magerko, 2020), in which recurring design relevant
insights are distilled and organized into a framework. For each study, we extracted discrete design
insight statements into the spreadsheet, including (i) reported interaction challenges and breakdowns,
(ii) design strategies used to address them, and (iii) author stated recommendations or implications for

Table 5. Age group distribution of studies.
Age group Count of papers References

Adults (18–64 years) 17 (Bakhai et al., 2020; Balasuriya et al., 2018; Catania et al., 2020; Catania & Garzotto,
2023; Garcia-Pi et al., 2023; Gianotti et al., 2023a, 2023b; Greuter et al., 2022;
Koushik & Kane, 2023; Lewis & Vellino, 2021; Masina et al., 2020; Papadogiorgaki
et al., 2023; Smith et al., 2021, 2023; Tanaka et al., 2017; van Wingerden et al.,
2023), (Cha et al., 2021)�

Children (0–17 years) 10 (Ali et al., 2020; Aljameel et al., 2019; Allen et al., 2018; Mower, Black, et al., 2011;
Mower, Lee, et al., 2011; Parvin et al., 2022; Soleiman et al., 2014; Spitale et al.,
2020; Zhang et al., 2021), (Cha et al., 2021)�

Older Adults (65þ years) 3 (Smith et al., 2023; van Wingerden et al., 2023; Zubatiy et al., 2021)
�Represents studies considering multiple age groups.
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Table 6. Overview of study type and application domain.

Application area Sub domain Articles per category

Understanding users
Prototype development

and evaluation Performance evaluation

Social Interactions Verbal Communication
Trainer

(Spitale et al., 2020) (Ali et al., 2020; Mower,
Black, et al., 2011;
Soleiman et al., 2014)

(Mower, Lee, et al., 2011;
Tanaka et al., 2017)

Emotional
Communication Trainer

(Catania et al., 2020) (Catania et al., 2019;
Catania & Garzotto,
2023)

–

Games − (Greuter et al., 2022;
Zhang et al., 2021)

−

Daily Activities General Activities (Balasuriya et al., 2018;
Cha et al., 2021;
Koushik & Kane, 2023;
Lewis & Vellino, 2021;
Smith et al., 2021;
Zubatiy et al., 2021)

(Allen et al., 2018; Arya
et al., 2023;
Papadogiorgaki et al.,
2023)

(Masina et al., 2020)

Transportation – (Gianotti et al., 2023a,
2023b)

–

Agency and Well-being. (Smith et al., 2023; van
Wingerden et al.,
2023)

− −

Health Oral Care – (Parvin et al., 2022) –
Digital Therapies – (Tarpin–Bernard et al.,

2021)
–

Medical Assistance − (El Rhatassi et al., 2023) −
Employment Job Interviews – (Garcia–Pi et al., 2023) –
Education Higher Education – (Bakhai et al., 2020) –

STEAM − (Aljameel et al., 2019) −

Table 7. Matrix of contribution type, design methods, and evaluation methods across included studies. A filled square
(�) indicates method usage.

Contribution type Design methods Evaluation methods

Paper Emp. Art. Meth. Co. Int. Focus. Quest. Other. Int. Obs. Questi. Pilot. Survey Quant. Other.

Ali et al., 2020 � � � �
Papadogiorgaki et al., 2023 � � � � � �
Gianotti et al., 2023a � � � �
Balasuriya et al., 2018 � � � �
Cha et al., 2021 � � � �
Greuter et al., 2022 � � �
Lewis & Vellino, 2021 � � �
Zhang et al., 2021 � � � �
Parvin et al., 2022 � � � � �
Bakhai et al., 2020 � � �
Garcia-Pi et al., 2023 � � �
Aljameel et al., 2019 � � � �
Zubatiy et al., 2021 � � � �
Mower, Black, et al., 2011 � � �
Mower, Lee, et al., 2011 � � �
Catania et al., 2019 � � � �
Catania & Garzotto, 2023 � � � �
Catania et al., 2020 � � �
Koushik & Kane, 2023 � � � �
Tarpin-Bernard et al., 2021 � � �
El Rhatassi et al., 2023 � � �
Masina et al., 2020 � � � �
Smith et al., 2021 � � �
Smith et al., 2023 � � � � � �
van Wingerden et al., 2023 � � � � �
Tanaka et al., 2017 � � �
Soleiman et al., 2014 � � �
Allen et al., 2018 � � �
Spitale et al., 2020 � � �
Gianotti et al., 2023b � � � �
Arya et al., 2023 � � � �

Column abbreviations: Emp.¼Empirical, Art.¼Artifact, Meth.¼Methodological, Co.¼Co-design, Int.¼Interviews, Focus.¼Focus groups,
Quest.¼Questionnaires, Other.¼Other activities, Obs.¼Observations, Pilot.¼Pilot studies, Survey.¼Surveys, Quant.¼Quantitative evaluations.
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future CA design. We then conducted an iterative clustering process: insights were grouped by concep-
tual similarity, clusters were merged or split where needed, and cluster labels were refined through
repeated comparison across studies to ensure that categories were internally coherent and distinct. The
resulting structure was reviewed through author team discussion until consensus was reached on a sta-
ble set of categories. This synthesis yielded five recurring, design considerations that organize our find-
ings: personalization and user adaptation; multimodal and multisensory support; reducing cognitive
load through interaction simplicity; proactive guidance and communication repair; and supporting
engagement and motivation.

3.5.4. Reported study limitations
After extracting author reported limitations from each study into the structured spreadsheet, we induct-
ively grouped similar limitation statements into higher level categories. We then iteratively clustered
limitations by conceptual similarity, compared clusters across studies to merge overlapping categories
and refine boundaries, and agreed on category labels that captured recurring constraints. The resulting
structure was reviewed through research team discussion until consensus was reached. This synthesis
produced four recurring limitation areas that organize our findings: sample and representativeness con-
straints; methodological constraints (e.g., short duration, single session evaluations, controlled settings);
communication and interaction challenges (e.g., recognition errors, pacing, wake word recall); and eth-
ical constraints (e.g., restrictions on log retention, shared device risks).

3.5.5. Quality appraisal
We conducted a quality appraisal using concepts from the Critical Appraisal Skills Programme (CASP)
checklists (Critical Appraisal Skills Programme, 2018) and the Mixed Methods Appraisal Tool (MMAT)

Figure 3. Conceptual framework showing the five synthesized design considerations and the associated design strat-
egies identified across the reviewed studies.
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(Nha Hong et al., 2018), given the heterogeneous mix of qualitative, quantitative, and mixed-methods
designs in the corpus. Rather than using these criteria to exclude studies, we used them to guide inter-
pretation when methodological reporting was limited (e.g., clarity of procedures, appropriateness of
participants, transparency of data collection and analysis, and ethical reporting). This appraisal helped
us calibrate the strength of claims reported in the findings when reporting quality varied across studies.
Full appraisal criteria and per study summaries are provided in Appendix A.

4. Findings

In this section, we analyze the key research categories, beginning with the study type and application
domains of CAs, followed by an examination of contribution types and design and evaluation methods,
cross-study design considerations and reported study limitations. Each application area opens with an
overview and is followed by an analysis of relevant studies organized into three categories: understand-
ing user needs, prototype development, and performance evaluation. The section concludes with a sum-
mary of the main findings and insights emerging from each subdomain.

4.1. Study type and application domain classification

4.1.1. Social interactions
4.1.1.1. Verbal communication trainer. Individuals with IDD often face challenges in social interac-
tions due to limited exposure to interpersonal communication, which can lead to social exclusion, lone-
liness, and potential health issues (Abbott & McConkey, 2006; Walsh et al., 2019). The social
interactions category is divided into three subdomains: verbal communication trainer, emotional com-
munication trainer, and games. The verbal communication trainer aims to improve speech skills,
whereas the emotional communication trainer focuses on supporting individuals to recognize and
express emotions in communication. Meanwhile, games provide an engaging, low-pressure environment
for practising communication and promoting social interaction. Together, these subdomains highlight
the role of CAs in promoting social engagement and supporting various aspects of interpersonal
communication.

A multi-criterion decision analysis (Spitale et al., 2020) was conducted to explore the needs and pref-
erences of children with autism spectrum disorder for different types of CAs, including social robots,
human-moderated interactions, virtual agents, and off-the-shelf CAs such as Google Home and
Amazon Echo. Their findings revealed that virtual agents were the most preferred, as they helped
reduce feelings of alienation, enhance relational skills, and improve therapy engagement.

In the category of prototype development and evaluation, three studies focused on verbal communi-
cation training. Two of these studies assessed the effectiveness of virtual agents: LISSA (Ali et al., 2020)
and Rachel (Mower, Black, et al., 2011), while another study evaluated a custom parrot themed physical
CA (Robo parrot) (Soleiman et al., 2014). LISSA facilitated informal dialogues with children with high
functioning autism spectrum disorder, providing feedback on nonverbal cues such as eye contact, smile,
volume, and body movements. In contrast, Rachel guided the children through structured activities,
including emotional problem-solving tasks and storytelling exercises, while analyzing multimodal data
such as audio, video, and physiological signals like skin temperature and heart rate. The Robo Parrot,
designed for children with mild to very mild autism (Soleiman et al., 2014), features sensors, motors,
and microphones that enable it to engage in unstructured conversations and respond dynamically to
user interactions through a Wizard-of-Oz approach. Findings from Robo Parrot suggest that although
some children were initially hesitant to engage, their interaction levels increased significantly over time
with parental presence.

Two studies (Mower, Lee, et al., 2011; Tanaka et al., 2017) quantitatively analyzed speech characteris-
tics in children with autism spectrum disorder. One study used the previously developed virtual agent
Rachel (Mower, Black, et al., 2011) to examine differences in speech patterns by comparing children’s
interactions with the Rachel system to their interactions with their parents during verbal activities. The
results indicated that the interactions with Rachel closely mirrored the natural communication patterns
between parents and children, suggesting that parental participation did not significantly influence the
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interaction. In another study (Tanaka et al., 2017), a virtual agent was developed to assist children with
autism spectrum disorder in participating in role-play scenarios on specific topics. The children
received feedback on their verbal performance as well as non-verbal behaviors, such as head move-
ments and smiling frequency. These features were quantitatively analyzed and presented to users to
enhance their social interactions.

The studies highlighted that virtual agents were more effective than voice-only CAs for verbal com-
munication training in children with autism spectrum disorder, as their multimodal nature enhanced
engagement and enthusiasm (Ali et al., 2020; Mower, Black, et al., 2011; Mower, Lee, et al., 2011;
Spitale et al., 2020). Caregivers and participants also preferred virtual agents over human-moderated
interactions, as they provided a safe and non-intimidating environment (Ali et al., 2020; Spitale et al.,
2020). Two studies (Mower, Black, et al., 2011; Soleiman et al., 2014) explored the impact of parental
involvement on children’s engagement but reported contrasting findings. This suggested that virtual
agents were generally more user-friendly than physical CAs, as they required less parental support.
However, the impact of this difference should be explored in future studies. Moreover, studies (Ali
et al., 2020; Mower, Lee, et al., 2011) emphasized the importance of real-time positive reinforcement in
encouraging behavioral adjustments and highlighted the need for a wider range of conversational topics
beyond predefined scenarios to better accommodate individual preferences (Ali et al., 2020; Mower,
Black, et al., 2011). Studies in this category typically involved small, relatively homogeneous samples of
individuals with autism spectrum disorder and reported mostly single-session evaluations.

4.1.1.2. Emotional communication trainer. Emotional communication training is essential for fostering
empathy, building relationships, and enhancing social understanding (Hostyn & Maes, 2009). However,
individuals with IDD often face challenges in expressing emotions, which can affect their social interac-
tions. To address this, three studies (Catania et al., 2019, 2020; Catania & Garzotto, 2023) by Catania
et al. examined Emoty, a web-based customized CA designed to help adults with neurodevelopmental
disorders (mild to severe) to express emotions through voice.

The study Catania et al. (2020) on understanding user needs explored participants’ preferences
regarding Emoty’s anthropomorphic traits, including its use of an Italian feminine voice by Google,
during extended interactions. The findings revealed Emoty’s dual nature: while certain aspects, such as
its precise performance and the comfort users experienced while interacting with it, led to a perception
of it as more machine-like, other features, such as its human-like feminine voice and the comfort users
felt sharing personal thoughts, contributed to a perception of it as more human-like.

In prototype development and evaluation studies (Catania et al., 2019; Catania & Garzotto, 2023),
participants were prompted to read a sentence and express a corresponding emotion (e.g., happy, sad,
angry, fearful, surprised) using their voice, as if acting out the emotion. Emotion probabilities were
then determined using the IBM Watson Tone Analyzer, and real-time feedback was provided based on
these probabilities. Furthermore, Emoty provided visual feedback on its status such as idle, listening,
speaking, or pending, helping users manage the interaction and better understand the system’s
responses. Catania et al. extended their study (Catania & Garzotto, 2023) by introducing a graphical
interface for caregivers in Emoty, enabling them to classify emotions in users’ utterances. This modifi-
cation aimed to address the inaccuracies of the model, which failed to accurately recognize the emo-
tions of the participants in some cases. These two studies (Catania et al., 2019; Catania & Garzotto,
2023) highlighted that although participants initially struggled, they showed significant improvement in
emotional communication with Emoty over time, requiring progressively less assistance from caregivers,
suggesting a positive role for Emoty in enhancing emotional communication.

The studies mentioned above suggest (Catania et al., 2019, 2020; Catania & Garzotto, 2023) that
web-based CAs with visual elements, such as emojis, were more effective than voice-only modalities in
emotional communication training, even for adult users, as they helped maintain interaction and
engagement. Further, studies (Catania et al., 2019; Catania & Garzotto, 2023) highlighted the impor-
tance of implementing real-time feedback and conducting longer-term evaluations in future research.
Long-term evaluations are particularly crucial, as they allow individuals with neurodevelopmental disor-
ders the time needed to adapt to technology effectively. Additionally, studies (Catania et al., 2019;
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Catania & Garzotto, 2023) pointed out the inconvenience of requiring users to click a button each time
they wanted to speak; however, with advances in voice assisted technology, this issue has been
addressed by modern CAs using wake words to activate the system. As these results were generated
within structured, task based settings, they offer limited insight into how emotional communication
would unfold in less constrained, everyday environments.

4.1.1.3. Games. Games play a crucial role in supporting individuals with IDD by promoting social
interactions, enhancing cognitive skills, and providing an engaging learning environment (Tsikinas &
Xinogalos, 2019). To examine the impact of CAs in collaborative gameplay, two studies (Greuter et al.,
2022; Zhang et al., 2021) developed and evaluated prototypes to explore user engagement through
games. Social Adventure (Greuter et al., 2022), a narrative-based game, allowed adults with mild intel-
lectual disabilities to give verbal instructions through customized CA by pronouncing letters or forming
sentences. The other study involving the virtual agent ICON2 (Zhang et al., 2021), focused on collab-
orative problem-solving, where children with autism spectrum disorder worked with the CA to move
puzzle pieces and form shapes. The findings from the Social Adventure study showed that 88% of users
successfully completed all stories, indicating high engagement levels. Similarly, children interacting with
ICON2 rated their enjoyment on a 1–5 Likert scale, with an average score of 4.4, reflecting overall
satisfaction.

These findings suggest the potential of collaborative gameplay in fostering communication and social
interactions. Both studies utilized periodic voice commands to encourage interactions, while one study
incorporated hand movements with a virtual agent to enhance engagement and create a more immer-
sive experience for children. However, some participants struggled with the audio-only narrative
(Greuter et al., 2022), highlighting the limitations of relying solely on auditory input. These findings
indicate that virtual agents, which incorporate multiple interaction methods, may be more user-friendly
than voice-only CAs. However, further research is needed to determine whether this approach sustains
long-term involvement, particularly among adult users in the gaming domain.

4.1.2. Daily activities
Daily activities are essential for individuals with IDD, as they promote independence and enhance life
skills (Pearce, 2013). In our analysis, we found that daily activities span multiple domains, including
general activities, transportation, agency and well-being, and verbal communication. This area has been
widely studied for people with IDD, as engaging in daily activities enhances their quality of life,
improves communication, and supports overall well-being, making it a crucial aspect of their develop-
ment and independence.

4.1.2.1. General activities. Six studies examined general activities to understand the needs of people
with IDD, exploring how individuals engage with tasks such as searching for information, checking
weather updates, setting reminders, and following routines. Among them, five studies investigated the
utilization of off-the-shelf CAs such as Google Home and Amazon Echo (Balasuriya et al., 2018; Cha
et al., 2021; Lewis & Vellino, 2021; Smith et al., 2021; Zubatiy et al., 2021), while another study gath-
ered future requirements for CAs through interviews (Koushik & Kane, 2023). These investigations
were conducted across varying environmental settings, encompassing both disability care environments
(Balasuriya et al., 2018; Cha et al., 2021) and participants’ home environments (Koushik & Kane, 2023;
Lewis & Vellino, 2021; Smith et al., 2021; Zubatiy et al., 2021).

Balasuriya et al. (2018) conducted a study in a disability care environment, exploring how adults
with intellectual disabilities interacted with off-the-shelf CAs, specifically Siri or Google Assistant.
Similarly, Cha et al. investigated the efficacy of a Korean CA (NUGU Candle), in supporting adoles-
cents with autism spectrum disorder in their daily activities (Cha et al., 2021). Balasuriya et al. noted
that 72% of the participants preferred using voice interactions over typing, and half of them successfully
completed the four tasks assigned to them. Despite the benefits, both studies identified several chal-
lenges with CAs, including difficulties in pronouncing the wake words, the need for extra time to for-
mulate questions, stammering and difficulty with specific words. The majority of participants preferred
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breaking complex queries into smaller segments to prevent issues with communicating longer senten-
ces. Furthermore, participants who spoke softly, even without speech impediments, had difficulty being
understood, leading to incorrect search queries. Cha et al. reported that some participants even experi-
enced frustrations and yelled at the device due to pronunciation issues such as, stammering and diffi-
culty with specific words.

Four studies were conducted in home settings (Koushik & Kane, 2023; Lewis & Vellino, 2021; Smith
et al., 2021; Zubatiy et al., 2021); among them Lewis and Vellino (2021) investigated the interaction
between CA and adults with cognitive disabilities for one month. In their study, participants were pro-
vided with Amazon Echo Dot devices, and feedback was collected from both participants and care-
givers. While the feedback was generally positive, some participants expressed concerns about the lack
of Alexa skills in French. Zubatiy et al. (2021) examined the interaction between ten older adults with
mild cognitive impairment and their caregivers using a Google Home device over ten weeks, reporting
an average of six daily interactions per dyad. A semi-randomized controlled trial was conducted with
an intervention group of adults with ID using Amazon Alexa and Google Home (Smith et al., 2021).
The participants’ speech was recorded both prior to and following a 12-week period, during which they
were instructed to say phrases related to the smart speaker (e.g., “turn on the light”) as well as unre-
lated words (e.g., “hat”). The findings indicated a significant improvement in speech intelligibility rat-
ings, with approximately 80% of users and caregivers reporting increased enjoyment and a greater
sense of independence. However, the three studies noted challenges with participants remembering
wake words and connecting the CA to other smart devices. Additionally, Zubatiy et al. found that
some participants had difficulty recalling the smart speaker’s presence and expressed doubts about the
device’s reliability. Another study Koushik and Kane (2023), gathered information on future design sug-
gestions for context-aware CAs tailored to support individuals with cognitive impairments in their daily
activities. Remote interviews with participants and their caregivers revealed desired features, including
task structuring, motivation enhancement, and community support integration, to be incorporated into
future CAs.

In the area of prototype development and evaluation, Papadogiorgaki et al. (2023) developed an inte-
grated customized CA, consisting of both a web-based and a mobile application, designed to support
adults with intellectual disabilities in performing general activities. These activities included accessing
information such as encyclopedia topics, weather forecasts, and entertainment through a CA. The study
showed that the system improved independence in participants with mild intellectual disabilities, ena-
bling them to complete tasks without external help. However, users with severe intellectual disabilities
encountered difficulties with voice recognition, primarily due to unclear speech, which necessitated
caregiver intervention to formulate questions effectively. Similarly, Arya et al. (2023) developed a cus-
tomized CA that featured separate applications for children and parents. The children’s app included
an adaptive microphone that adjusted to speech patterns, enabling activities such as daily habit tasks
and follow schedules set by their parents. The parental app, on the other hand, provided real-time
alerts for safety concerns, such as falls or unusual behavior. Notably, the system achieved an 80% task
completion rate, demonstrating its effectiveness. The study Allen et al. (2018), examined whether the
Amazon Echo could function as a speaker-independent device to retrieve visual scene cues (static
images and videos) to help children with autism follow spoken directives (e.g., “Put the boy behind the
lamp”). The Echo processed voice commands and retrieved cues from the Symboltalk app, displaying
them on an iPad. The initial accuracy was low (8.6%), improved to 45.7% (p. 73) after customizing the
vocabulary, but remained inconsistent (0%−44.4%) in clinical settings due to background noise and
unintentional vocalizations.

Masina et al. (2020) quantitatively examined the impact of cognitive and linguistic functions on the
interaction of adults with cognitive disabilities when using Google Home. Participants initially com-
pleted tasks (e.g., changing colors of lamps, interacting with the TV (e.g., YouTube, Spotify, and
Netflix, setting alarms) with a CA in a simulated environment, after which their vocal intensities were
analyzed using regression models. The study revealed that while participants encountered difficulties
with phrasing, speech rate, comprehension, and pronunciation, those with a certain level of linguistic
ability were still able to communicate effectively with the CA.
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From the above studies, it was concluded that CAs played a supportive role in supporting general
activities and enhancing the independence of individuals with IDD. Contrary to previous suggestions
by prior studies, the multimodal interactive nature of CAs was found to be less critical in daily activ-
ities, as most studies focused on adults and involved relatively simple tasks (Balasuriya et al., 2018;
Lewis & Vellino, 2021; Masina et al., 2020; Zubatiy et al., 2021). Furthermore, studies highlighted the
benefits of using CAs in home environments, where participants engaged in more frequent interactions
and performed a variety of tasks that extended beyond basic activities, such as connecting to smart
devices (Lewis & Vellino, 2021; Zubatiy et al., 2021). Unlike other subdomains, caregivers played an
influential role in helping with some tasks, such as supporting certain activities and responding to
emergencies (Arya et al., 2023; Papadogiorgaki et al., 2023). The study that involved individuals with
cognitive disabilities and their caregivers in all phases concluded that CAs fostered greater independ-
ence for both groups (Zubatiy et al., 2021). The findings suggested that CAs should support multiple
speakers by integrating caregivers more actively and assessing the broader impact of their role in inter-
acting with the CA.

4.1.2.2. Transportation. Transportation is crucial in facilitating daily activities, yet there is a significant
gap in research related to this domain. Gianotti et al. (2023a) developed a customized CA to assist
young adults with high-functioning autism spectrum disorder in navigating train transportation in real
world settings. This application combined virtual reality, augmented reality, and a CA into a mobile
application, augmented by wearable devices. The CA offered real time navigational guidance, assisted
users in navigating paths, and sent proactive alerts if users failed to interact. In emergencies, the CA
could contact caregivers, ensuring timely support and enhancing travel safety.

In a follow-up study (Gianotti et al., 2023b), the authors enhanced their original system by introduc-
ing two methods for triggering CA responses. These included a user initiated mode, where the agent
responds to direct input or queries, and a proactive mode, where the agent triggers responses based on
detecting specific behavioral cues. The study concluded that the proactive mode was particularly effect-
ive for individuals with autism spectrum disorder, improving navigation and overall interaction with
the system. However, some participants felt that the CA lacked a personal touch and was uninviting,
highlighting the need to improve its ability to engage users. This highlights a wider limitation in the
system, indicating that its responses lacked the level of personalization and social engagement needed
by users.

The findings indicated that combining CAs with virtual reality and augmented reality enhances user
interactions in transportation by providing essential visual and auditory cues for navigation. It was sug-
gested that CAs should be more interactive, with a focus on their appearance. Additionally, participants
preferred text messaging over voice responses in noisy, crowded environments, likely due to social
acceptability concerns. This emphasizes the limitations of voice-based CAs and the need for adaptable
interaction strategies based on the context.

4.1.2.3. Agency and well-being. Agency and well-being are essential for supporting individuals with
IDD, as they promote autonomy, confidence, and engagement (Mpofu et al., 2020). Two mixed-method
studies (Smith et al., 2023; van Wingerden et al., 2023) utilized the Warwick-Edinburgh Mental Well-
being Scale to assess the well-being needs of participants while performing activities (e.g., entertain-
ment, asking help). Smith et al. (2023) conducted a 12week study involving 22 adults with intellectual
disabilities. They also noted that ethical and privacy constraints restricted access to detailed device logs,
which limited the behavioral data for analysis. Wingerden et al. (2023) studied CA usage patterns over
20weeks during the COVID − 19 pandemic among individuals with visual impairments and/or mild to
moderate intellectual disabilities. Both studies identified challenges, including issues with speech intelli-
gibility, difficulty remembering phrases, problems accessing device features and unintentionally external
activations.

The findings suggested that off-the-shelf CAs are a cost-effective and easily deployable solution,
making them suitable for large-scale trials. However, their lack of customization for individuals with
IDD can lead to challenges, particularly in terms of speech intelligibility. As a result, longer-term
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evaluations are needed to better understand how users adapt and to identify strategies for improving
interactions over time.

4.1.3. Health
Despite experiencing higher rates of physical and mental health challenges, individuals with IDD often
have limited access to healthcare needs (Reppermund et al., 2019). This makes it crucial to leverage
computer-assisted interventions to raise awareness and address these healthcare disparities. This review
focuses on research across various health domains, including oral care, therapy sessions, and medical
assistance.

4.1.3.1. Oral care. While several interventions have been developed to improve oral care in clinical set-
tings, there is a reported gap in support for oral care at home. The Alexa skill prototype, called
MyDentist (Parvin et al., 2022) was designed to assist children with autism spectrum disorder to per-
form oral care routines at home over a three week period. The skill was developed to assist with the
transition to routine oral care activities by serving as both a motivator and a timer. To enhance engage-
ment during toothbrushing, the application played songs during the timer, making the experience more
pleasant. The study suggested using short sentences, preferably single words, to effectively interact with
Alexa Skills and emphasized the importance of diversifying the dialogue based on the child’s autistic
profile.

4.1.3.2. Digital therapies and medical assistance. In prototype development and evaluation, Theradia
focused on digital therapies (Tarpin-Bernard et al., 2021), while another study explored a voice-based
chatbot for medical assistance (El Rhatassi et al., 2023). Theradia is a virtual agent created to assist
adults with neurodevelopmental disorders during digital therapies. It provides social presence, coaching,
and support using a Wizard-of-Oz approach, and incorporates speech features and facial analysis to
enhance interaction and engagement. The voice-based chatbot aims to offer personalized assistance to
adults with autism spectrum disorder and mental health concerns, including detecting developmental
and mental health disorders and helping users manage their conditions. However, neither of these
applications has been evaluated with end users in real-world settings.

The findings highlighted a preference for customized CAs in the healthcare domain, as they are
better equipped to meet the unique needs of individuals, providing more personalized and effective
support. Although two studies developed prototypes with this goal in mind, neither evaluated them
with individuals with intellectual disabilities, revealing a significant gap in understanding their real-
world applicability. Additionally, interactive features, such as playing songs, have been shown to
enhance engagement, particularly for children, by creating a more personalized and dynamic experi-
ence. Despite the potential benefits of customized CAs for individuals with IDD, their deployment
faces significant challenges, mainly due to the need for extensive customization to effectively meet the
diverse needs of users.

4.1.4. Employment
Individuals with IDD face significant challenges in accessing employment opportunities and are often
under-represented in open employment compared to individuals with other disabilities (Wilson &
Campain, 2020). Despite these challenges, only one study has explored the use of CAs to support
employment.

4.1.4.1. Job interviews. AllyChat (Garcia-Pi et al., 2023) is a virtual agent designed to assist adults with
intellectual disabilities in practising job interviews within a virtual reality environment. A post-pilot
study with neurotypical students provided positive feedback on the visual design of the environment.
However, concerns were raised regarding the agent’s speech speed and language complexity. Therefore,
further research is needed to assess its effectiveness for individuals with intellectual disabilities.

The integration of virtual reality with CAs has the potential to significantly enhance interview train-
ing by providing a more engaging, contextually relevant, and realistic environment. Compared to voice
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only systems, this multimodal approach may improve training effectiveness, offering users a dynamic
and interactive experience. Future research should investigate how this multimodal interaction impacts
individuals with intellectual disabilities and its potential to improve learning outcomes.

4.1.5. Education
Education is crucial for supporting individuals with IDD by providing opportunities for skill develop-
ment, independence, and social integration. However, many face challenges in educational institutes
due to the lack of trained teachers and adequate resources (Hornby & Kauffman, 2024).

4.1.5.1. Higher education. Motivate Me (Bakhai et al., 2020) is a customized CA designed to support
higher education students with autism spectrum disorder to improve their motivation while studying.
The system generates personalized study routines and includes virtual characters that express emotions
when tasks are not completed correctly. The prototype was evaluated with neurotypical students,
achieving a system usability scale score of 71.66. However, its effectiveness with students with autism
spectrum disorder has not yet been assessed.

4.1.5.2. Steam. LANA-I (Aljameel et al., 2019) is a web based Arabic virtual agent designed to teach
science tutorials to children with autism spectrum disorder. The evaluation was conducted in two
phases with neurotypical students: the first phase focused on the design and implementation of the
Arabic CA, while the second phase involved the development of an educational science tutorial. This
tutorial incorporated audio and video features and was integrated into a web application. The results
demonstrated that LANA-I was an effective computer-assisted intervention, as most users provided cor-
rect responses after learning.

These studies revealed some uncertainty about the effectiveness of the above CAs, as they have not
yet been evaluated with people with IDD, similar to their use in employment settings, leaving their
impact on end users unclear. However, the studies demonstrated that interactive elements like audio,
video, and visuals, successfully engage participants across various age groups. Since multimodal interac-
tions may increase cognitive load, future research should focus on how these features specifically affect
individuals with IDD.

4.2. Contribution types, design methods, and evaluation methods

Using the contribution type and method classification outlined in our data analysis, we first classified
all the studies according to their primary contribution (Table 7). Across the 31 primary studies (exclud-
ing surveys (B�erub�e et al., 2021; Catania et al., 2023; Even et al., 2022; Syed Mahmudul et al., 2022;
Tavares et al., 2022; Volochtchuk et al., 2023)), the majority were artifact-driven, with 20 papers
(64.5%) presenting a CA system, tool, or prototype as the main contribution. The remainder reported
empirical investigations (10 papers; 32.3%) or proposed a methodological contribution (1 paper; 3.2%).
In terms of design methods, 13 of the 31 studies (42%) reported a clearly identifiable, structured design
process. The remaining 18 studies (58%) were coded as other because they did not report sufficient
detail to determine a specific design method. In these papers, authors used off-the-shelf CAs
(Balasuriya et al., 2018; Lewis & Vellino, 2021; Masina et al., 2020; Smith et al., 2021, 2023; van
Wingerden et al., 2023; Zubatiy et al., 2021), adapted designs from existing systems or expert-led
designs (Ali et al., 2020; Allen et al., 2018; Mower, Black, et al., 2011; Mower, Lee, et al., 2011;
Soleiman et al., 2014; Zhang et al., 2021), design thinking (Arya et al., 2023), referenced a multi criteria
decision approach (Spitale et al., 2020), or methodologically unclear approaches (El Rhatassi et al.,
2023; Tanaka et al., 2017; Tarpin-Bernard et al., 2021).

Within the studies that reported design methods, interviews and co-design were the most frequently
reported, each appearing in five studies (39%). Focus groups were reported in four studies (31%), while
questionnaires appeared in a single study (8%). Across the co-design studies, participation typically
involved three groups: people with IDD, caregivers (e.g., parents, support staff), and expert stakeholders
(e.g., psychologists, therapists). A subset of studies centered people with IDD in co-design, collaborating
with them to reflect on prior CA use and to envision future roles, personalities, and functions for CAs
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(Cha et al., 2021; Greuter et al., 2022). Other studies reported expert led co-design (Gianotti et al.,
2023a, 2023b), in which experts primarily shaped tasks, visual content, and dialogue flows for aug-
mented reality and virtual reality tasks. A third group adopted mixed co-design, bringing together peo-
ple with IDD and experts to review early prototypes, suggest scenarios, and refine agent behaviors
(Garcia-Pi et al., 2023). Interviews were predominantly semi-structured and conducted either with peo-
ple with IDD or with caregivers. Most studies interviewed people with IDD directly, while two relied
on caregiver interviews (Aljameel et al., 2019; Parvin et al., 2022) to elicit user needs, preferences, and
contextual constraints shaping CA use. One study complemented interviews with short questionnaires
(Papadogiorgaki et al., 2023) to capture communication preferences for the proposed CA directly from
people with IDD. Another study engaged both people with IDD and their caregivers (Koushik & Kane,
2023) to inform shared design decisions. In contrast to co-design and interviews, focus groups were
conducted with expert stakeholders. Focus groups were reported in four studies, three of which were
by Catania et al. (2019, 2020; Catania & Garzotto, 2023); in these studies, focus groups were used
across the exploration, prototyping, and validation stages. Taken together, these design methods indi-
cate that design activities were more often mediated through experts and caregivers than based on sus-
tained, direct engagement with people with IDD. Of the 14 studies that reported design methods, six
(42.9%) involved people with IDD. Across these six studies, IDD participation ranged from 2 to 17 par-
ticipants: 33.3% involved 1–5 participants with IDD, 50% involved 6–10 participants, and 16.7%
involved more than 10 participants, with the largest design cohort including 17 participants.

Compared with design methods, evaluation methods were more consistently reported, with 16 stud-
ies (52%) using multiple evaluation methods (two or more) and involving people with IDD directly.
Across the studies, quantitative performance metrics were reported in 12 studies (39%), interviews in
11 studies (36%), and observations in 10 studies (32%). Questionnaires were used in six studies (19%),
pilot study evaluations in six studies (19%), and surveys in four studies (13%). Most interviews were
conducted directly with people with IDD; in some cases, interviews included both people with IDD
and caregivers (Cha et al., 2021; Lewis & Vellino, 2021; Zubatiy et al., 2021), and only one study con-
ducted interviews with caregivers (Parvin et al., 2022). Observations were particularly important, as sev-
eral studies noted that they enabled researchers to capture non-verbal cues and interaction breakdowns
when participants found it difficult to verbally articulate their experiences (Balasuriya et al., 2018;
Catania et al., 2019, 2020; Catania & Garzotto, 2023; Smith et al., 2023; Soleiman et al., 2014; van
Wingerden et al., 2023). Compared with the design stage, questionnaires appeared more often in evalu-
ation, likely because they are well suited to capturing standardized outcome measures (e.g., satisfaction,
perceived usefulness), whereas design work more often relied on co-design and interviews. Pilot evalua-
tions were reported in six studies and were primarily used to gather initial feedback on usability,
acceptability, and feasibility (Arya et al., 2023; Garcia-Pi et al., 2023; Gianotti et al., 2023b;
Papadogiorgaki et al., 2023; Parvin et al., 2022). Many studies complemented these qualitative data with
quantitative analysis, for example by reporting model or system performance metrics (e.g., recognition
accuracy, task completion rates) or summary statistics derived from standardized scales and task out-
comes (Aljameel et al., 2019; Allen et al., 2018; Arya et al., 2023; Catania et al., 2019; Catania &
Garzotto, 2023; Masina et al., 2020; Mower, Lee, et al., 2011; Smith et al., 2021, 2023; Tanaka et al.,
2017; van Wingerden et al., 2023; Zhang et al., 2021). Across the 28 evaluation studies, 22 involved
people with IDD (78.6%). Among studies reporting participant counts, 20% included 1–5 participants,
35% included 6–10 participants, 30% included 11–20 participants, and 15% included more than 20
participants.

Several patterns emerged when cross-analyzing design and evaluation methods. Studies that reported
co-design did not report quantitative metrics; instead, co-design was typically paired with qualitative
evaluation, most commonly interviews and/or observations. Interviews also appeared to play an end-to-
end role: 80% (four studies) of studies that used interviews during design also used interviews during
evaluation, and three studies (60%) additionally reported evaluation questionnaires. Focus groups
showed a different pairing, most often co-occurring with observation based evaluation in three studies
(75%). Pilot evaluations were reported exclusively in artifact-focused papers in six studies (100%), likely
reflecting the use of pilots to assess the feasibility and usability of newly developed prototypes. Given
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the small corpus and heterogeneous reporting, we interpret these results as descriptive co-occurrence
patterns that highlight common pairings and gaps rather than implying causal relationships.

Some studies also highlighted several challenges in using some evaluation methodologies such as
questionnaires and interviews, with people with IDD. For example, in Social Adventure (Greuter et al.,
2022), researchers noted that eliciting detailed feedback was difficult due to limited expressive commu-
nication, often requiring additional probing, repetition, and cross checking to obtain interpretable
responses. They also reported that administering structured questionnaires was challenging, as partici-
pants found the System Usability Scale difficult to complete and it was not used for the remainder of
the study. Similarly, in Alexism (Parvin et al., 2022), the researchers reported that direct interviews
with children were difficult to conduct and therefore interviewed parents as proxy informants to cap-
ture children’s experiences and perspectives. Some studies (Soleiman et al., 2014; Zubatiy et al., 2021)
noted that having parents present during evaluation sessions could improve engagement by helping to
scaffold interactions and support children who required additional prompting or reassurance. Taken
together, these examples indicate that, although studies applied a range of evaluation methods, their
practical utility depended on the communication demands placed on participants.

We also classified each paper by its dominant study design method (qualitative, quantitative, or
mixed-methods). Across the 31 primary papers (excluding literature reviews), 10 studies (32.3%) used
primarily qualitative designs (e.g., interview based case studies, observational fieldwork, or usability/
prototype pilots) (Balasuriya et al., 2018; Catania et al., 2020; Cha et al., 2021; Garcia-Pi et al., 2023;
Greuter et al., 2022; Koushik & Kane, 2023; Lewis & Vellino, 2021; Mower, Black, et al., 2011;
Papadogiorgaki et al., 2023; Soleiman et al., 2014). Six studies (19.4%) used quantitative designs (e.g.,
controlled comparisons, pre/post testing, or semi-randomised trials) (Aljameel et al., 2019; Allen et al.,
2018; Mower, Lee, et al., 2011; Smith et al., 2021; Tanaka et al., 2017; Zhang et al., 2021). Twelve stud-
ies (38.7%) used mixed-methods approaches, combining qualitative feedback with quantitative perform-
ance metrics, logs, or scale-based measures (Ali et al., 2020; Arya et al., 2023; Bakhai et al., 2020;
Catania et al., 2019; Catania & Garzotto, 2023; Gianotti et al., 2023a, 2023b; Masina et al., 2020; Parvin
et al., 2022; Smith et al., 2023; van Wingerden et al., 2023; Zubatiy et al., 2021). In addition, three
papers (9.7%) proposed concepts or decision frameworks without an end-user evaluation and are there-
fore reported separately (El Rhatassi et al., 2023; Spitale et al., 2020; Tarpin-Bernard et al., 2021).

4.3. Synthesis of cross-study design considerations

Across the included studies, we identified five cross-study design considerations that inform CA design
for individuals with IDD (Figure 3): personalization and user adaptation; multimodal and multisensory
support; reducing cognitive load through interaction simplicity; proactive guidance and communication
repair; and supporting engagement and motivation. Together, these considerations form a conceptual
framework that synthesizes the review’s application areas, usability issues, and methodological patterns
into actionable design priorities.

4.3.1. Personalization and user adaptation
Personalization was a recurring design strategy for aligning CA interactions with the diverse communi-
cation abilities and preferences of people with IDD (Greuter et al., 2022; Koushik & Kane, 2023; Parvin
et al., 2022). Reported personalization strategies primarily targeted pacing and communication style
(e.g., slowing or pausing CA speech (Greuter et al., 2022; Masina et al., 2020), extending listening win-
dows (Masina et al., 2020; Zubatiy et al., 2021), and using short, concrete phrasing (Greuter et al.,
2022; Masina et al., 2020; Parvin et al., 2022)), alongside dialogue adjustments that varied response
length and vocabulary and modulated the level of scaffolding provided. Researchers also highlighted
personalizing ways of initiating interaction and surface characteristics including alternative wake words
(Catania & Garzotto, 2023; Parvin et al., 2022), preferred voices (Gianotti et al., 2023b; Greuter et al.,
2022), embodied characters (Gianotti et al., 2023a), and customizable narrative elements to better reflect
users’ preferences and support continued engagement (Ali et al., 2020; Greuter et al., 2022). Across the
corpus, personalization was primarily implemented through configurable routines and scripted
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interactions (Koushik & Kane, 2023; Parvin et al., 2022), with some work exploring behavior responsive
or predictive adaptation to reduce recurring breakdowns (Ali et al., 2020; Masina et al., 2020).

4.3.2. Multimodal and multisensory support
Multimodal and multisensory interaction was frequently used to accommodate variation in how people
with IDD perceive, express themselves, and sustain attention during CA use (Gianotti et al., 2023a;
Masina et al., 2020; Soleiman et al., 2014; Tanaka et al., 2017). Multimodality shaped both how users
expressed intent and how systems delivered feedback and guidance. To support user expression, several
systems offered speech alternatives such as written text entry or simple on-screen buttons when speech
was difficult or unreliable, reducing dependence on voice only interaction (Catania et al., 2019; Gianotti
et al., 2023a, 2023b). To support feedback and guidance, studies described pairing spoken responses
with visual prompts or on-screen text and using expressive visual cues to help users interpret system
responses and maintain focus (Catania & Garzotto, 2023; Masina et al., 2020; Tanaka et al., 2017). A
small subset further leveraged augmented reality and virtual reality scenarios to embed prompts and
tutorials in concrete environments, supporting in-context guidance and transfer across settings
(Gianotti et al., 2023a, 2023b). Some studies (Aljameel et al., 2019) also suggested short video tutorials
for onboarding as a more accessible alternative to written manuals, enabling users to learn one inter-
action mechanic at a time and practise it immediately. These design suggestions reduced reliance on
speech alone and improved the legibility of system state and guidance, highlighting the value of flexible,
switchable channels for both input and output.

4.3.3. Reducing cognitive load through interaction simplicity
Simplifying interaction patterns was a recurring approach for reducing linguistic and cognitive demands
during CA use (Gianotti et al., 2023b; Masina et al., 2020; Parvin et al., 2022). A common strategy was
to minimize verbosity by using short, clear utterances (including single-word triggers) and avoiding
lengthy or compound command formulations (Gianotti et al., 2023b; Masina et al., 2020; Parvin et al.,
2022). Several systems reduced interaction steps by constraining choices at decision points and breaking
tasks into smaller, sequential units, including through shallow option structures and routine automation
that reduced the need to manage long instruction chains (Greuter et al., 2022; Parvin et al., 2022).
Where learning was a focus, step-by-step walk-throughs that introduced one feature at a time further
supported users to follow and remember task sequences (Gianotti et al., 2023a). In addition, a small
number of studies highlighted the role of low complexity interfaces (e.g., simple touch targets and min-
imal screens) in reducing interaction overhead alongside simplified language (Balasuriya et al., 2018;
Catania et al., 2019).

4.3.4. Proactive guidance and conversational repair
Individuals with IDD often experienced hesitation, incomplete requests, or difficulty initiating help
seeking, making it difficult to get back on track after the interaction broke down (Gianotti et al., 2023b;
Koushik & Kane, 2023; Masina et al., 2020). In response, several systems implemented proactive guid-
ance and repair strategies, including prompts that periodically checked whether users needed help,
clarification questions when commands were ambiguous or incomplete, and scaffolded interaction flow
that guided users through next steps (Cha et al., 2021; Gianotti et al., 2023b; Koushik & Kane, 2023).
Some studies also emphasized the importance of clear system status cues (e.g., indicating when the CA
is listening or responding) to reduce uncertainty during breakdowns (Masina et al., 2020). Researchers
also described caregiver mediated adjustments and mitigation of improper or unachievable requests,
where caregivers could revise prompts or the CA redirected requests that were inappropriate or not
supported by the system (Cha et al., 2021; Koushik & Kane, 2023). These forms of proactive scaffolding
and error handling were described as helping maintain conversational flow and reduce user frustration,
highlighting the value of CAs that can monitor for breakdowns and offer timely, transparent pathways
to repair.
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4.3.5. Supporting engagement and motivation
Across the reviewed systems, motivational support emerged as a recurring design strategy for sustain-
ing participation and encouraging repeated interaction. Studies commonly incorporated immediate
feedback, positive reinforcement, and celebratory responses when users completed tasks or made pro-
gress, often embedded within short narratives featuring recurring characters or game like activities
(Ali et al., 2020; Gianotti et al., 2023b; Greuter et al., 2022; Koushik & Kane, 2023). In addition, sev-
eral systems employed expressive or embodied agents and other affective cues to signal successful
input recognition and support users’ confidence during interaction (Tanaka et al., 2017). Taken
together, these approaches point to a shared emphasis on making progress visible and socially mean-
ingful. Authors consistently associated such motivational features with increased willingness to
engage, greater persistence with challenging tasks, and more positive attitudes toward CAs (Ali et al.,
2020; Bakhai et al., 2020).

4.4. Limitations reported in the studies

Across the studies, we identified recurring patterns in the reported limitations, most commonly relating
to four areas: sample sizes, methodological constraints, communication challenges with CAs, and ethical
considerations. Limitations related to sample size were the most frequently acknowledged and were
consistently described as constraining the robustness and generalizability of the findings. Nine studies
reported issues related to sample size (Catania & Garzotto, 2023; Garcia-Pi et al., 2023; Greuter et al.,
2022; Masina et al., 2020; Papadogiorgaki et al., 2023; Parvin et al., 2022; Soleiman et al., 2014; van
Wingerden et al., 2023; Zhang et al., 2021), limiting both statistical confidence and the diversity of
behavioral observations that could be drawn. Participant pools were also described as homogeneous in
four studies (Catania & Garzotto, 2023; Cha et al., 2021; Masina et al., 2020; Papadogiorgaki et al.,
2023), for example, being drawn from a single organization, educational setting, or geographic region,
which restricted demographic and contextual variation and limited ecological validity. Due to these
constraints, two studies (Aljameel et al., 2019; Bakhai et al., 2020) relied on proxy participants, such as
caregivers or neurotypical students, to approximate the perspectives of individuals with IDD. Although
framed as a pragmatic response to recruitment barriers, the authors acknowledged that this approach
may reduce the authenticity and nuance of perspectives directly captured from people with IDD.

Methodological limitations primarily concerned short study durations (Catania & Garzotto, 2023;
Lewis & Vellino, 2021; Zhang et al., 2021) and single session evaluations (Ali et al., 2020; Bakhai et al.,
2020; Soleiman et al., 2014), which restricted opportunities to examine sustained engagement, learning
processes, or behavioral change over time. Researchers also noted that evaluations were often conducted
in controlled or institutional settings, such as laboratories, clinics, or training centers (Greuter et al.,
2022; Papadogiorgaki et al., 2023), rather than in naturalistic environments, such as participants’
homes. These settings were described as limiting ecological validity and offering only a partial represen-
tation of real-world interaction demands.

Communication related limitations formed another recurrent category, with researchers consistently
highlighting barriers inherent to speech centered interaction. Pronunciation variability was reported as
a key factor contributing to recognition errors and inconsistent system responses in nine studies (Allen
et al., 2018; Arya et al., 2023; Gianotti et al., 2023b; Masina et al., 2020; Papadogiorgaki et al., 2023;
Smith et al., 2023; Soleiman et al., 2014; van Wingerden et al., 2023; Zhang et al., 2021). Two studies
described difficulties arising from unclear or stammered utterances (Balasuriya et al., 2018; Smith et al.,
2021) that reduced intelligibility, and two further studies highlighted soft spoken speech as a barrier
(Arya et al., 2023; Smith et al., 2021), often resulting in incomplete detection. Timing related communi-
cation challenges were also noted: some studies reported that participants needed extended time to for-
mulate requests before speaking, or slow articulation could trigger premature system timeouts or
cutoffs (Balasuriya et al., 2018; Masina et al., 2020). Difficulties recalling wake words were mentioned
in three studies (Greuter et al., 2022; Parvin et al., 2022; Smith et al., 2021), further interrupting con-
versational flow. A subset of three studies highlighted issues related to interface complexity (Ali et al.,
2020; Balasuriya et al., 2018; Catania et al., 2020), such as navigating multi-step menus or configuration
options. In response to these communication and pacing challenges, several studies recommended
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personalizing CA behavior based on the user’s profile (Bakhai et al., 2020; Catania et al., 2019; Greuter
et al., 2022; Koushik & Kane, 2023; Mower, Black, et al., 2011; Parvin et al., 2022), positioning person-
alization as a mitigation strategy.

Ethical concerns were reported in most studies, typically framed in terms of institutional approval,
recruitment, and consent processes, with an emphasis on guardian or caregiver consent. A small num-
ber of papers (two studies), noted that, even when participants and their guardians had consented, it
was not ethically permissible to retain detailed interaction logs because continuous audio capture could
also record co-residents, support staff, or visitors who had not provided consent (Smith et al., 2021,
2023). Consequently, these studies did not retain logging data and instead relied on self-report and staff
observations rather than fine-grained usage traces (e.g., frequency, duration, utterance types), limiting
the level of detail they could provide about everyday device use. Beyond these constraints, one study
(Cha et al., 2021) reported that, in shared or group settings, some participants were concerned that
multiple users could access a common device history (e.g., media requests), creating risks of inadvertent
disclosure of personal information.

5. Discussion

We reviewed 37 studies examining how individuals with IDD engage with voice based CAs. Although
research in this space is growing, individuals with IDD remain under-represented as direct users of
these technologies. In this section, we discuss more effective ways to report on IDD, key usability chal-
lenges in current CA designs, the shift toward competency based systems, inclusive methodologies, and
the ethical considerations and safeguards highlighted in this review, and we propose future directions
for advancing the accessibility and relevance of CAs for individuals with IDD.

5.1. Reporting on IDD

As highlighted in our review, IDD encompasses a broad spectrum of disabilities, with varying degrees
of cognitive functioning. IDD is classified into mild, moderate, severe, and profound severity levels
based on standardized IQ tests in clinical settings (Boat & Wu, 2015). However, only a few studies
(Catania et al., 2020; Catania & Garzotto, 2023; Papadogiorgaki et al., 2023; Parvin et al., 2022) specific-
ally referenced severity levels, while the majority described IDD in more general terms. This lack of
specificity often complicates the interpretation and comparison of findings, as the effectiveness of inter-
ventions can vary significantly across different levels of cognitive functioning. A key issue with catego-
rizing studies based on severity, such as clinical IQ scores, is that it often overlooks the significance of
adaptive functioning and the ability to perform daily life skills. This is further complicated by the fact
that the term IDD varies across countries. For example in UK, the term intellectual disability is also
known as general learning disabilities (Department of Health & Social Care, 2025). In contrast, in the
United States and Australia, IDD is generally distinguished from specific learning disabilities (e.g., dys-
lexia, dysgraphia, dyscalculia), although terms are sometimes used inconsistently in educational and
policy contexts (Grigorenko et al., 2020; Todd et al., 2022).

Instead of broadly categorizing individuals by severity levels, another approach is to use an ability
based classification system for reporting. This approach corresponds with the frameworks utilized by
DSM − 5 (American Psychiatric Association, 2013) and AAIDD (American Association on Intellectual
and Developmental Disabilities) (Shorgen & Turnbull, n.d), which are based on daily living skills and
support levels. By emphasizing specific capabilities, such as whether participants can independently
communicate, follow instructions, or perform daily activities with varying levels of support, this system
allows for a more nuanced understanding of individual needs. We believe that shifting the focus from
severity levels to individual abilities will provide researchers with a clearer picture of the diverse needs
within the IDD community. This approach could lead to more effective solutions that better address
the unique challenges faced by individuals with IDD. It also corresponds with Wobbrock et al.’s (2011)
argument that assistive tools should be designed based on users’ specific abilities, tailoring solutions to
individual traits rather than relying on generalized disability levels. Adopting this perspective could lead
to more personalized and impactful interventions, ultimately improving outcomes for individuals with
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IDD. Reporting participants’ abilities and support needs more clearly provides essential context for
interpreting the interaction breakdowns observed during CA use, which we discuss next.

5.2. Improving usability of CAs

Individuals with IDD encounter recurring usability challenges when interacting with voice based CAs,
which can limit effective use in everyday contexts. Addressing these breakdowns is important for reduc-
ing frustration, supporting confidence, and enabling more reliable interactions. In our review, we sum-
marize the main usability issues reported in the IDD focused CA literature (Table 8) and outline
potential mitigation strategies. These strategies are informed by adjacent CA research with other under-
served user groups, including older adults and blind users, where similar interaction challenges have
been documented.

Pronunciation issues are a significant barrier for individuals with IDD. These difficulties can include
challenges with specific word articulation, such as lisping or stammering (Balasuriya et al., 2018;
Masina et al., 2020; Smith et al., 2023; van Wingerden et al., 2023; Zubatiy et al., 2021), inconsistent
speech rates (Balasuriya et al., 2018; Masina et al., 2020), difficulties in formulating questions
(Balasuriya et al., 2018), and difficulties remembering wake words or commands (Lewis & Vellino,
2021; Zubatiy et al., 2021). These issues often result in unclear or misinterpreted conversations, which
can significantly impact the user experience. More recently, researchers developed a random forest clas-
sifier to identify issues in speech features, which accurately detects lisped words and provides real-time
corrections, thereby improving speech accuracy for individuals with speech impairments (Itagi et al.,
2019). This technique could be extended to address pronunciation and lisping challenges faced by indi-
viduals with IDD when interacting with CAs. Research shows that stammering leads to a reduction in
voice amplitude, which can help identify and remove repetitions, elongations, and pauses, thereby
improving speech recognition. Mishra et al. developed a deep learning algorithm that enhances speech
recognition for individuals who stammer by utilizing these amplitude changes (Mishra et al., 2021).
This method could also improve speech detection and recognition for individuals with IDD when inter-
acting with CAs.

Variations in speech rate can complicate interactions with CAs, as these systems may struggle to
process commands when the speech rate is too slow or too fast. This issue is also prevalent among
older adults, who may experience a slower speech rate due to age related factors (Lee, 2015). Some
studies have suggested that allowing for customizable speech rates in CAs, ranging from slow to fast,
can improve speech detection and response accuracy (Dowding et al., 2024; Wang et al., 2023). Several
studies have shown that some individuals with IDD require additional time to formulate their ques-
tions, which often leads to the device exiting its listening mode during pauses. As a result, this can lead
to incomplete queries and inaccurate responses. To address issues caused by long pauses, recent
research suggests extending the listening window or allowing users to set a specific duration (e.g., three
seconds or more) based on their typical voice interaction patterns. This approach is also used in turn-
taking models for conversational systems with recurrent neural networks, ensuring that pauses are not
mistakenly interpreted as the end of a sentence (Skantze, 2017). Additionally, the time taken to formu-
late questions can be indirectly mitigated by offering prompts or hints to help users frame their ques-
tions more quickly, such as showing possible matches or questions on screen based devices, thus
reducing waiting time for users (Budzinski et al., 2019).

Table 8. Summary of usability issues and potential mitigations.
Usability issues Mitigation strategies

Pronouncing specific / lisp words Detect speech features related to lisping using a random forest algorithm (Itagi et al., 2019)
Stammering Detect stammering using amplitude threshold level and eliminate repetitions using deep learning

methods (Mishra et al., 2021)
Soft speaking Train the models using soft speech (Lin et al., 2023; Zhu et al., 2023)
Varied speech rates Customizing the speech rate by adjusting it from slow to fast (Dowding et al., 2024; Wang et al., 2023)
Extended question formulation Set a recording window and provide hints and suggestions (Budzinski et al., 2019; Skantze, 2017)
Remembering wake actions Use familiar words, employ single word phrases, and prompt actions automatically (Parvin et al., 2022;

Zubatiy et al., 2021)
Complex user interfaces Adapt principles from the WCAG (Caldwell et al., 2008)
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Memory and recall can present significant challenges for individuals with IDD, impacting their ability
to remember specific commands or wake words needed to activate the CA (Zubatiy et al., 2021).
Simplifying activation processes, such as using a single wake phrase or familiar words (Parvin et al., 2022),
or adapting interfaces to prompt relevant actions automatically, can enhance usability and ensure the CA
remains effective even when users struggle to remember commands (Zubatiy et al., 2021). For example, if
a CA learns that a user typically wakes up around 10 a.m. and frequently requests a morning routine, it
could proactively offer this routine without requiring a specific command. Another major issue with CAs
is that even users without speech issues may speak very softly (Cha et al., 2021), making it difficult for the
CA to detect their commands. To address this issue, some researchers suggest training models on soft
speech to improve detection accuracy for typical users (Lin et al., 2023; Zhu et al., 2023).

Research studies also highlight the importance of using clear and straightforward language in CAs and
avoiding exaggerations, as complex or figurative language may confuse individuals with IDD (Cha et al.,
2021; Karwai, 2016). This is particularly crucial, as studies involving children with IDD have raised con-
cerns about the tone of CA voices. Research in this context has focused on enhancing the naturalness of
CA voice by analyzing tone and speech pattern rates to improve communication effectiveness (Ali et al.,
2020). In addition to addressing pronunciation issues, future research should also focus on improving user
interfaces for screen based CAs to reduce cognitive load for individuals with IDD. The touchscreens on
many off-the-shelf voice CAs could incorporate principles from the Web Content Accessibility Guidelines
(WCAG) (Caldwell et al., 2008), particularly the principles of operability and understandability. This would
involve simplifying long, complex sentences and providing large, easily accessible buttons on screen based
devices to enhance usability and make information more comprehensible.

5.3. Toward competency based CAs

Personalization has been consistently emphasized as a key design goal in CAs for individuals with IDD,
aiming to accommodate diverse cognitive, communicative, and contextual needs across domains such
as education, health, social participation, and employment (Koushik & Kane, 2023; Parvin et al., 2022;
Smith et al., 2023). However, the heterogeneous and context-dependent nature of IDD presents persist-
ent challenges for conventional personalization strategies, which typically rely on static user profiles or
generalized ability classifications. These approaches often fail to capture how users’ communication pat-
terns, attention, and comprehension vary across contexts, tasks, and emotional states, which can limit
long-term usability and inclusivity. The competency based design framework (Bayor et al., 2021) pro-
posed by Bayor et al. developed with individuals with intellectual disabilities, provides a valuable con-
ceptual foundation for rethinking personalization in this space. It shifts the focus from static
representations of ability what a user is assumed to be capable of in general to observable competencies,
or the behaviors users actually demonstrate in specific interactions. By emphasizing contextual and situ-
ational performance rather than fixed ability levels, this framework encourages systems to adapt to
demonstrated behaviors, such as conversational initiation, response pacing, or attention to prompts,
rather than relying solely on predefined profiles. This orientation aligns with broader ability based and
adaptive system paradigms (Shneiderman, 2000; Wobbrock et al. 2011) that advocate designing around
users’ actual strengths and strategies rather than their difficulties, while extending them toward con-
tinuous, context aware adaptation.

In a CA context, such an approach would enable systems to act as adaptive partners that evolve
alongside the user. For instance, a competency aware CA could adapt its dialogue flow based on
observed interaction patterns simplifying turn-taking for users who respond briefly, slowing its speech
rate for those who pause frequently, or supplementing voice interaction with visual cues when verbal
engagement decreases. This dynamic adaptation resonates with Loitsch’s (Loitsch, 2018) Adaptive
Inclusive Interactive Systems (AIIS) framework. Developed in a broader accessibility context, AIIS
shows how passive observation and adaptive inference can reduce the need for manual configuration. It
emphasizes automatic adaptation of interface parameters such as modality switching, interaction pacing,
or visual contrast based on observed user behavior, thereby reducing the cognitive and manual effort
required to configure accessibility settings. Collectively, these approaches highlight a shift from one
time personalization toward continuous, interaction driven adaptation. By grounding system behavior
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in observed competencies, rather than assumed abilities, CAs can become more responsive to the lived
experiences of individuals with IDD.

5.4. Encouraging inclusive methodologies

Across both design and evaluation, the corpus relied heavily on researcher-led methods, with limited
use of participatory approaches that position people with IDD as partners in the work. Although co-
design is well recognized in inclusive and disability research as a valuable method for centering the
perspectives of people with IDD (Scior & Werner, n.d; Wang, 2022), it appeared in only 5 out of 31
studies, with only two directly involving individuals with IDD as co-designers (Cha et al., 2021; Greuter
et al., 2022), while one involved people with IDD alongside experts (Garcia-Pi et al., 2023). The remain-
ing co-design papers primarily worked with experts (Gianotti et al., 2023a, 2023b). This limited use
both in terms of how few studies employed co-design at all and how infrequently people with IDD
were involved directly stands in contrast to the centrality of co-design in accessibility and disability
research, and indicates that participatory approaches remain the exception rather than the norm in CA
work for this population.

Authors who attempted co-design pointed to several practical constraints that shaped these meth-
odological choices, including the time and staffing required to run participatory sessions, limited fund-
ing for repeated workshops, and the challenges of engaging non verbal or minimally verbal participants
in methods that rely heavily on spoken interaction (Banire et al., 2024; Kirk et al., 2021; Robb et al.,
2021). To navigate these constraints, researchers adopted alternative techniques to support more access-
ible involvement, such as observations to capture non verbal cues (Ravn et al., 2022), proxy interviews
with caregivers or support staff (Banire et al., 2024), prototyping activities that made abstract concepts
tangible (Robb et al., 2021), and scenario based prompts to help participants explore ideas (Colin
Gibson et al., 2020; Spencer Gonz�alez et al., 2020). In several cases, combining multiple methods pro-
vided the flexibility needed to accommodate diverse communication styles and cognitive profiles
(Banire et al., 2024). These patterns highlight an ongoing challenge for CA research with individuals
with IDD: while participatory and design led approaches are recognized as valuable, they have yet to be
consistently embedded in practice. Developing more accessible, personalized, and communication sensi-
tive adaptations of participatory methods may support deeper involvement in both the design and
evaluation of future CAs (Kenny et al., 2023; McDonald et al., 2022). Such efforts may help align meth-
odological practice with the broader goals of inclusive research and contribute to technologies that
more accurately reflect the needs, contexts, and preferences of people with IDD.

5.5. Strengthening ethical considerations and safeguards

Across our corpus, many IDD studies acknowledged ethical considerations, but discussion was typically
framed as procedural compliance (e.g., institutional approval, recruitment, and consent), often fore-
grounding guardian or caregiver consent (Balasuriya et al., 2018; Lewis & Vellino, 2021; Masina et al.,
2020; Zubatiy et al., 2021). Only a small subset considered ethics as an ongoing concern in everyday
deployment, including what interaction data are captured and reused, how system capabilities and limi-
tations are communicated to users, and how sustained use might shape decision making and help seek-
ing practices (Cha et al., 2021; Smith et al., 2021, 2023). By contrast, CA research in mental health
(B�erub�e et al., 2021; Car et al., 2020; Li et al., 2023) and aging contexts (Huang et al., 2025; Pradhan
et al., 2018; Spangler et al., 2022) engages more directly with risks such as surveillance, misrepresenta-
tion, and dependency, and proposes concrete mitigation strategies. We draw on these safeguards and
discuss how they may need to be adapted for IDD focused CA design and evaluation.

Surveillance emerged as a concern, with some IDD focused studies noting risks associated with stor-
ing voice data or interaction logs (Smith et al., 2021, 2023). Adjacent work with older adults and men-
tal health individuals further details how these issues can become more salient in routine, in-the-home
use, where CAs may be experienced as always on or where logging and sharing practices are unclear
(Car et al., 2020; Huang et al., 2025; Spangler et al., 2022). For people with IDD who may have limited
control over device settings or stay in shared arrangements, unintentional surveillance may pose a
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heightened risk. Safeguards discussed in adjacent domains emphasize making data practices transparent
and easy to control, for example through accessible onboarding about what is captured and why, prom-
inent controls to pause or disable logging, and retention/sharing options that can be configured with
supporters where appropriate (Huang et al., 2025; Li et al., 2023; Spangler et al., 2022).

Some papers in our corpus also highlighted misinterpretation risks, noting that confident CA
responses may lead users to overestimate what the system understands or is able to perform (Cha
et al., 2021; Smith et al., 2021, 2023). For individuals with IDD, this may be compounded by communi-
cation difficulties and the authority often attributed to digital systems. Misheard input and unpredict-
able responses are frequently reported across CA research (Balasuriya et al., 2018; Qin et al., 2025) and
can distort meaning or shift control away from the user. Prior work recommends safeguards that cali-
brate trust by making uncertainty and system boundaries explicit, for example by signaling when the
system is unsure, clarifying when it is providing general rather than personalized information, and sup-
porting repair through clarification prompts, confirmation steps for consequential actions, and simple
correction/undo mechanisms (Car et al., 2020; Huang et al., 2025; Qin et al., 2025).

A further ethical consideration concerns how sustained CA use may reshape support seeking in ways
that increase reliance on the system. In IDD contexts, this may be reinforced when a CA is treated not
only as a functional tool but also as a social companion (Cha et al., 2021; Lewis & Vellino, 2021; van
Wingerden et al., 2023). Work in mental health and aging similarly notes that frequent CA use can shift
decision making, emotional regulation, or social contact onto the system, sometimes at the expense of
human support (Car et al., 2020; Huang et al., 2025; Qin et al., 2025). Although IDD focused papers dis-
cussed dependency less often, many envisioned supports (e.g., daily routines, communication, self-man-
agement) that could become embedded in everyday practice. Safeguards discussed in adjacent domains
emphasize preserving autonomy and maintaining routes to human assistance, including framing the CA
as a helper rather than a decision-maker, prompting involvement of trusted supporters where appropri-
ate, and, in higher risk situations, encouraging escalation to caregivers or professionals (Huang et al.,
2025; Li et al., 2023; Qin et al., 2025). Taken together, these points suggest treating ethics in IDD
focused CA research as an ongoing design and evaluation lens explicitly addressing surveillance, misrep-
resentation, and dependency rather than as a one-off procedural step at recruitment.

5.6. Future directions for CA design

Our findings highlight several research directions for advancing CA design with people with IDD.
Across the corpus, reported usability issues repeatedly centered on interaction breakdowns misrecogni-
tion, hesitation, and incomplete requests and the effort required to recover from them. This points to
several priorities for future CA design with people with IDD. In particular, breakdown recovery should
be treated as a primary interaction goal. Rather than optimizing only for recognition success, CAs
should make system state legible and provide low effort pathways to recover from misrecognition, hesi-
tation, and incomplete requests. This direction also requires evaluations that report breakdown types,
repair attempts, time-to-recovery, and the role of supporters during recovery, in addition to task out-
comes. Recent work in socially assistive robotics points to technical advances that could inform this dir-
ection (Guhr et al., 2024). For example, one study developed an on-device voice interface for a socially
assistive robot and improved recognition accuracy by fine-tuning a wav2vec model on task specific
speech data. Adapting similar approaches for IDD focused CAs may improve recognition robustness,
reduce breakdowns, and better support privacy preserving use in everyday environments.

Personalization often needs to move beyond one time configuration toward support that can evolve
with the user. Rather than relying on extensive upfront setup, future CAs could enable gradual, compe-
tency aware adjustments as communication patterns, attention, and context change while keeping data col-
lection minimal, privacy preserving, and under user control (e.g., lightweight on-device signals or simple
summaries that can be reviewed and edited). Multimodal support may be particularly important where
voice only interaction is a barrier; pairing speech with simple visual cues, short text, or structured choices
can improve comprehension by making responses more concrete, whereas adding parallel channels can
also increase interaction complexity. These possibilities should be developed and validated in everyday set-
tings (e.g., homes and community environments), where noise, distraction, and shared device use routinely

26 M. NADEESHANI ET AL.



shape interaction. Finally, methodological practice may need to better align with inclusive design goals.
Participatory involvement remains limited in the corpus, despite the prevalence of mediated and shared
use contexts; future work could therefore benefit from engaging people with IDD and their support net-
works throughout design and evaluation so that adaptation and repair strategies reflect lived communica-
tion needs rather than expert assumptions. In practice, this includes co-designing repair strategies and
pacing controls with users and caregivers, and reporting how support roles (prompting, mediation, shared-
device management) shaped both design decisions and evaluation outcomes.

Beyond these needs, several application specific opportunities emerge in education, employment, and
healthcare. Work on inclusive learning (Loitsch & Striegl, 2024) demonstrates how artificial intelligence
can scaffold participation through captioning, text simplification, image description generation, and other
accessibility oriented mechanisms. Although developed for higher education, these principles translate dir-
ectly to educational contexts where voice based CAs could support low barrier learning, structured task
guidance, and adaptive content delivery. Early CA studies with individuals with IDD show encouraging
effects on engagement and comprehension (Aljameel et al., 2019; Bakhai et al., 2020), but further work is
needed to understand how these accessibility mechanisms can be tuned to different learner profiles.

In employment settings, early prototypes such as AllyChat (Garcia-Pi et al., 2023) highlight the potential
of CAs to scaffold job readiness tasks by modeling appropriate responses, rehearsing interview skills, and
breaking down complex communication demands into manageable steps. Extending accessibility driven
techniques such as simplified language, multimodal prompts, or adaptive pacing could further support
users with varied cognitive and communication profiles, but empirical evidence on how to balance assist-
ance with autonomy is still limited. Similar opportunities exist in healthcare, where voice interfaces may
help moderate information load, support symptom communication, or scaffold everyday self management
tasks (Syed Mahmudul et al., 2022). Despite promising results in adjacent health domains, voice based
CAs have not been systematically evaluated with IDD users, leaving open questions about accessibility,
comprehension, and interaction safety. Collectively, these trajectories point to a broader challenge, translat-
ing inclusive artificial intelligence principles into application areas CA designs that enhance accessibility,
autonomy, and comprehension for individuals with IDD. Establishing this foundation will be critical for
ensuring that future voice based CAs provide safe, effective, and contextually relevant support across learn-
ing, employment, and healthcare settings.

6. Conclusion

Our literature review provides valuable insights into the use of CAs by individuals with IDD. We iden-
tified various types of CAs and their applications across different application areas, contribution types
and prevailing design and evaluation methods, limitations of the reviewed studies and synthesis of
cross-study design considerations. The findings emphasize the promising potential of CAs to support
individuals with IDD, while also highlighting the challenges in addressing their diverse needs and the
limited involvement of this user group in the design process. These insights suggest the need for more
inclusive, user-centered design approaches to ensure CAs are both effective and accessible for individu-
als with IDD. Future research should prioritize enhancing the usability of CAs, focusing on the devel-
opment of competency based, personalized systems and incorporating co-design approaches to better
engage individuals with IDD. Researchers must also adopt more robust design methodologies to
improve the usability of CAs for individuals across the entire spectrum of IDD, accommodating varying
competencies and support requirements. Moreover, there is a significant need for research in underex-
plored areas such as education, health, and employment to provide better support for individuals with
IDD in these critical domains.

Notes

1. https://www.amazon.com/echo.
2. https://home.google.com/intl/en_au/about-google-home/.
3. https://www.apple.com/siri/.
4. https://assistant.google.com/
5. https://www.covidence.org/.
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Appendix A. Quality appraisal using CASP and MMAT informed criteria

The quality appraisal in Table 9 is based on criteria systematically adapted from the CASP and MMAT checklists.
Rather than applying the full CASP and MMAT tools separately to each study type, we combined overlapping
concepts into five dimensions that could be used consistently across qualitative, quantitative and mixed-methods
studies. “Methodological clarity” covers the clarity of research aims, the appropriateness of the study design, and
the alignment between methods, data, and research questions. “Participant appropriateness” reflects recruitment
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pathways, sampling strategies, and the suitability or representativeness of participants for the stated aims. “Data
collection quality” captures the description and adequacy of data collection procedures and measurements, includ-
ing completeness of outcome data. “Ethics and analysis” combines reporting of ethical approval and procedures
with transparency and rigor in qualitative, quantitative, or mixed-methods analysis. “Reporting transparency”
assesses the clarity with which findings are presented, the use of supporting evidence, and the acknowledgement
of limitations. The resulting CASP and MMAT informed summary is used only to contextualize the strength and
limitations of the evidence base and does not determine which studies are included in the synthesis.

Table 9. Quality appraisal across included studies using CASP and MMAT informed criteria (Y¼ yes, N¼No, CT¼ can’t
tell).

Study
Methodological

clarity Participant appropriateness
Data collection

quality
Ethics and
analysis

Reporting
transparency

Ali et al., 2020 CT Y Y CT Y
Papadogiorgaki et al., 2023 Y Y Y Y Y
Gianotti et al., 2023a Y Y Y Y Y
Balasuriya et al., 2018 Y Y Y Y Y
Cha et al., 2021 Y Y Y Y Y
Greuter et al., 2022 Y Y Y Y Y
Lewis & Vellino, 2021 Y Y Y CT Y
Zhang et al., 2021 Y Y Y Y Y
Parvin et al., 2022 Y Y Y Y Y
Bakhai et al., 2020 Y Y Y CT Y
Garcia-Pi et al., 2023 Y Y Y Y Y
Aljameel et al., 2019 Y N Y Y Y
Zubatiy et al., 2021 Y Y Y Y Y
Mower, Black, et al., 2011 Y Y N CT Y
Mower, Lee, et al. 2011 Y Y N CT Y
Catania et al., 2019 Y Y Y Y Y
Catania & Garzotto, 2023 Y Y Y Y Y
Catania et al. 2020 Y Y Y Y Y
Koushik & Kane, 2023 Y Y CT CT Y
Tarpin-Bernard et al., 2021 CT N Y CT Y
El Rhatassi et al., 2023 CT N Y CT Y
Masina et al., 2020 Y Y Y Y Y
Smith et al., 2021 Y Y Y Y Y
Smith et al., 2023 Y Y Y Y Y
van Wingerden et al., 2023 Y Y Y Y Y
Tanaka et al., 2017 CT Y Y Y CT
Soleiman et al., 2014 Y Y N CT Y
Allen et al., 2018 Y Y Y Y Y
Spitale et al., 2020 Y CT N Y Y
Gianotti et al., 2023b Y Y CT Y Y
Arya et al., 2023 Y Y CT CT Y
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