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Abstract

Introduction: Assistive Technologies (AT) designed for individuals with motor disabilities
face challenges related to their usability and user experience (UX). Proper evaluation
of these aspects is essential to ensure their effectiveness, acceptance, and adoption in
real-world contexts. Objective: To identify and analyze the most relevant research areas
in the assessment of usability and UX of AT aimed at individuals with motor disabilities,
through a scientometric analysis of scientific production over the past decade. Method:
A literature review of 184 articles indexed in Web of Science and PubMed (2014-2024)
was conducted, using the GQM (Goal-Question-Metric) approach, PICOC criteria, and
algorithm-based analysis in MATLAB, with visualization in Gephi. Results: Eight research
areas were identified, focusing on topics such as robotic innovation, personalization,
participatory design, and the development of interaction systems, among others. Trends
highlight the importance of user-centered approaches, technological customization, and
multidimensional evaluation. Conclusion: The study revealed the need to integrate both
technical and subjective dimensions in the design of AT. Participatory methodologies,
longitudinal evaluations, and the integration of emerging technologies are recommended
to ensure devices that are functional and emotionally meaningful.
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Research areas in the usability and user experience of assistive technologies for motor disability: a scientometric analysis

Resumen

Introduccién: Las Tecnologfas de Asistencia (TA) destinadas a personas con
discapacidad motriz enfrentan desafios relacionados con su usabilidad y experiencia de
usuario (UX). La evaluacién adecuada de estos aspectos resulta esencial para garantizar
su efectividad, aceptacién y adopcién en contextos reales. Objetivo: Identificar y analizar
las dreas de investigacién mds relevantes en la evaluacién de la usabilidad y la UX de TA
dirigidas a personas con discapacidad motriz, mediante un andlisis cienciométrico de la
produccién cientifica en la tltima década. Método: Se realizé una revisién bibliografica
de 184 articulos indexados en Web of Science y PubMed (2014-2024), empleando
el enfoque GQM (Goal-Question-Metric), criterios PICOC y andlisis con algoritmos
en MATLAB vy visualizacién en Gephi. Resultados: Se identificaron ocho dreas de
investigacién centradas en diversos temas como innovacién robética, personalizacién,
disefio participativo, desarrollo de sistemas de interaccién, entre otras. Las tendencias
destacan la importancia de enfoques centrados en el usuario, personalizacién
tecnoldgica y evaluacién multidimensional. Conclusién: Se revelé la necesidad de
integrar dimensiones técnicas y subjetivas en el disefio de TA. Se recomienda fomentar
metodologias participativas, evaluaciones longitudinales e integracién de tecnologias
emergentes para garantizar dispositivos funcionales y emocionalmente significativos.

Palabras clave: Ergonomia, Disefio Centrado en el Usuario, Personas con Discapacidad,
Dispositivos de Autoayuda.

Resumo

Introdugio: As Tecnologias Assistivas (TA) destinadas a pessoas com deficiéncia
motora enfrentam desafios relacionados 4 sua usabilidade e & experiéncia do usudrio
(UX). A avaliagio adequada desses aspectos ¢ essencial para garantir sua eficdcia,
aceitagio e adogio em contextos reais. Objetivo: Identificar e analisar as 4reas
de pesquisa mais relevantes na avaliagio da usabilidade e da UX das TA voltadas a
pessoas com deficiéncia motora, por meio de uma andlise cienciométrica da producio
cientifica na dltima década. Método: Foi realizada uma revisio bibliogréfica de 184
artigos indexados nas bases Web of Science e PubMed (2014-2024), utilizando a
abordagem GQM (Goal-Question-Metric), critérios PICOC e andlise baseada em
algoritmos no MATLAB, com visualizagio em Gephi. Resultados: Foram identificadas
oito dreas de pesquisa com foco em temas como inovagio robdtica, personalizagio,
desenho participativo, desenvolvimento de sistemas de interacdo, entre outros. As
tendéncias destacam a importincia de abordagens centradas no usudrio, personalizagio
tecnoldgica e avaliagio multidimensional. Conclusao: O estudo revelou a necessidade
de integrar dimensoes técnicas e subjetivas no desenho das TA. Recomenda-se fomentar
metodologias participativas, avaliagdes longitudinais e a integracio de tecnologias
emergentes para garantir dispositivos funcionais e emocionalmente significativos.

Palavras-chave: Ergonomia, Design Centrado no Usudrio, Pessoas com Deficiéncia,
Tecnologia Assistiva.

Introduction

Assistive Technologies (AT), also called Supportive Technologies (STs), are defined
by the World Health Organization (2022) as the set of knowledge, products, and services
designed to support people with functional difficulties or limitations and that seek to
promoteindependenceandsocialinclusion. Thesetechnologiesrange from physical devices
such as prostheses and wheelchairs to digital solutions and environmental adaptations.
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However, their adoption and effectiveness are conditioned by factors that transcend the
technical, such as emotional acceptance, cultural adaptability, and coherence with the
real needs of users.

The design of ATs has undergone significant progress focused on providing
better functionality and quality of life for people with physical disabilities, through
interdisciplinary projects that evaluate, recommend, and develop devices adapted
to their needs (Amaral et al., 2020). Nonetheless, the success of these devices
depends both on their technical innovation and on their ability to be effectively
integrated into the daily lives of users (Bissoli et al., 2019). In this context, User
Experience (UX) and Usability emerge as fundamental pillars to ensure that Assistive
Technologies (ATs) not only fulfill their technical functions but are also perceived
as accessible, satisfying, and emotionally meaningful tools. According to ISO 9241-
210, UX is defined as a person’s perceptions and responses resulting from the use or
anticipated use of a product or service, thus encompassing the emotional reactions
that technology evokes in the user (Godoi et al., 2020). Usability, according to
ISO 9241-11, refers to the extent to which a product can be used by users to
achieve specific goals effectively, efficiently, and satisfactorily in a given context,
focusing on the functionality and practical results of the user-system interaction
(Godoi et al., 2020).

The objective of this study is to identify and analyze the main areas of research in
the evaluation of usability and UX in ATs aimed at people with motor disabilities.
This objective is achieved through a scientometric analysis of scientific production
published between 2014 and 2024. Furthermore, the aim was not only to map the
current state of knowledge, but also to highlight critical gaps, proposing guidelines for
future developments that balance objective factors related to usability and subjective
factors inherent to UX.

By integrating articles with interdisciplinary perspectives, this work underscores
the urgency of addressing the human and social dimensions in the development
of assistive technologies. The findings aim to guide researchers, designers, and
healthcare professionals toward solutions that, beyond their clinical efficacy, foster
the autonomy, dignity, and full participation of people with motor disabilities
in society.

Method

Methodological approach

This bibliometric study was based on the Goal-Question-Metric (GQM) paradigm,
developed by Basili & Rombach (1988). This approach provided the research with
a solid structure, starting from a defined objective, a specific central question, and
quantifiable metrics that allowed the systematic analysis of the results.

The objective (Goal) of this approach was to identify the research areas related to
the methods, methodologies, and models used to evaluate usability and UX in assistive
products for people with motor disabilities. Likewise, the research question was defined as:
What are the research focuses related to the methodologies, techniques, and/or methods
that have been used to evaluate Usability and UX in assistive products designed for
people with motor disabilities?
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Finally, two metrics were defined: first, the number of scientific publications
related to the evaluation of Usability and UX in assistive products for people with
motor disabilities; and second, the number of the most recurrent research areas in the
analyzed studies.

Search and selection of studies

The literature review was carried out between July and November 2024 using a
systematic two-phase procedure. To define the state of knowledge in the last decade,
the search for publications was restricted to the period between 2014 and 2024.

In the first phase, a preliminary evaluation of the titles and abstracts of the retrieved
articles was conducted, applying specific inclusion and exclusion criteria. Documents
whose relevance could not be definitively determined in this initial stage were retained
for further, more detailed analysis. The second phase consisted of a full-text review of
the preselected articles to confirm their suitability in relation to the specific objectives
of the study.

The study sought to explore research focused on the implementation, development,
and testing of methods, methodologies, and models used to evaluate usability and
UX in assistive technology for people with motor disabilities. Furthermore, this study
approached the topic from the perspective of ergonomic researchers and healthcare
professionals, particularly those involved in rehabilitation.

The selection of data sources was based on several key factors. First, priority was
given to databases offering efficient search engines, facilitating the rapid and accurate
retrieval of relevant information. Second, the capacity of the sources to allow searches
using similar terms within search strings was considered, which is crucial for capturing
the diversity of vocabulary and approaches used in scientific research. Finally, data
sources covering a broad spectrum of scientific literature were selected, guaranteeing a
high volume of results and a greater probability of identifying all studies relevant to the
research topic.

Based on the above, the search process was carried out in the electronic databases
Web of Science and PubMed, recognized for their academic rigor and their extensive
coverage of scientific literature in areas such as health, engineering, and design.

To define the keywords for the search string, the PICOC criteria (Population,
Intervention, Comparison, Outcomes, and Context), based on Kitchenham & Charters
(2007), were applied. Thus, the criteria were defined as follows:

Population (P): Users with motor disabilities who use assistive technology.

Intervention (I): Methodologies and techniques for evaluating usability and UX.

Comparison (C): Not applicable (the objective of this research is not to compare

information).

Results (O): Impact evaluated through user satisfaction, usability, and UX.

Context (C): Not applicable (a specific geographic, social, or technical context was

not established).

Table 1 presents the search string used in the databases, which was structured based
on the research by Godoi (2021).
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Table 1. Terms and search string.

(“assistive technology” OR “adaptive technology” OR “assistive device” OR
“rehabilitation technology” OR “disability equipment” OR “adaptive device”)

(“questionnaire” OR “tool” OR “framework” OR “technique” OR “method”
OR “model” OR “process” OR “guideline” OR “pattern” OR “metric” OR
“approach” OR “inspection” OR “principle” OR “heuristic” OR “evaluation”

OR “assessment”)

AND

Population

AND

Intervention

(“satisfaction of the user” OR “user satisfaction” OR “usability evaluation”
OR “usability assessment” OR “usability improvement” OR
“usability assurance” OR “user evaluation” OR “user experience evaluation”
Results « . » « . . »
OR “user experience assessment” OR “user experience improvement” OR
“user experience assurance” OR “UX evaluation” OR “UX assessment” OR

“UX improvement” OR “UX assurance”)

Inclusion criteria

CI1: Articles focused on usability and/or UX evaluation methodologies in AT for
people with disabilities.

CI2: Studies that present tools, models, or processes for evaluating usabilicy/UX in AT.
CI3: Experimental studies that apply usability/UX evaluation methodologies in AT.
ClI4: Research with specific samples of users with motor disabilities.

Exclusion criteria

CE1: Studies without full-text access (restricted, paid, or unavailable).

CE2: Articles in languages other than English.

CE3: Duplicate publications.

CE4: Documents not peer-reviewed (theses, proceedings, technical reports, etc.).

Information processing and analysis

For the analysis, a coding system was implemented for the selected articles. Each
publication was identified with the label “Art_x” (where x represents a consecutive
number), supplemented with four key variables: year of publication, total number of
citations according to Google Scholar, average annual citations (calculated by dividing
the total citations by the number of years since publication), and its corresponding
bibliographic reference. This information processing can be seen in the research of
Cdzares Vieyra (2024) and Torres-Cockrell et al. (2024).

Elidentificador del articulo funciona como una etiqueta tinica para cada documento,
estableciendo un vinculo directo con su respectiva referencia en la seccién bibliogréfica.

The article identifier functions as a unique label for each document, establishing a
direct link with its respective reference in the bibliography section. The year of publication
allows the examination of the chronological distribution of the articles, facilitating the
identification of patterns or trends in academic production over time. Furthermore, the
average number of citations per year is used as an indicator of the impact and relevance
of each article within the scientific community, allowing the identification of those works
that have had the greatest influence and recognition in the field of study.
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The analysis was performed using algorithms developed in MATLAB, adapted
from the methodology of Cdzares Vieyra (2024). This methodology employs support
vector machines to classify scientific publications based on the co-occurrence of key
terms, generating a matrix of elements that represents the semantic relationship
between documents and concepts. In this matrix, the intersection of rows and
columns represents various relationships between the analyzed articles. These
relationships reflect connections between authors and all the words that make up
the discourse of the topic in question, forming a complex network that captures the
interrelationships present in the corpus. This matrix was subsequently exported to
the Gephi software for visualization and structural analysis. In Gephi, a complex
network was constructed in which the nodes represented both the articles and the
significant terms extracted from the corpus, and the connections between them
reflected their level of co-occurrence.

Analysis of communities (or research areas)

In the visualization generated by Gephi, the size of the nodes indicates their level
of authority, which helps identify their importance and relevance within the overall
network structure. Furthermore, to identify communities within the network,
the Louvain community detection algorithm was used, implemented through
the Gephi software. This method allows the network to be divided into subsets,
optimizing the modularity index. A resolution factor of 0.9 was established, which
favors the detection of intermediate communities (neither too fragmented nor
excessively broad). Once the communities were identified, a qualitative analysis
of each thematic group was conducted through a thorough reading of the articles
belonging to each community to identify patterns, methodological approaches, and
emerging lines of research on usability and UX in AT. Finally, the resulting thematic
groups underwent a qualitative review to ensure their internal consistency and
distinctiveness, leading to the final consolidation of the research areas presented in
this study.

Results

The initial literature search yielded a total of 398 records. Of these, 3 documents
were excluded due to the lack of full text and 112 because they were duplicates,
prioritizing records from PubMed over those from Web of Science. After this initial
screening, 283 articles were submitted for full-text review in the second phase,
resulting in the final selection of 184 documents based on their thematic relevance to
the usability and UX of assistive technology (AT) for people with motor disabilities.

Of the 184 articles analyzed, 63 (34.23%) were produced by, or in collaboration
with, schools, faculties, laboratories, or institutions specializing in occupational
therapy. This highlights the relevance of this discipline in the evaluation and
development processes of AT, particularly regarding functional suitability and user
experience.

Figure 1 illustrates the temporal distribution of the resulting articles throughout
the study period. This graph allows the visualization of the temporal distribution of
publications, offering a clear perspective on the evolution and volume of academic
output during the analyzed time interval.
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Figure 1. Temporal distribution of selected articles.

In addition, the dispersion of the average annual citations of the articles included in
the review reveals that most publications have a moderate citation rate, predominantly
between 1 and 5 citations per year. However, some exceptional works with a significantly
higher impact were identified, reaching values close to 20 citations annually. This
variability in the citation rate could be associated with factors such as thematic relevance,
interdisciplinary scope, or the authors’ influence in their areas of specialization.

Figure 2 also shows a word cloud generated by MATLAB from the complete set of
analyzed documents, highlighting the most recurrent terms or words (those with the greatest
length). Among the predominant words are: ‘jlnzrtz'cipant " development,” “adaptive,” ‘accept,”
‘activivy,” ‘effect,” “robotic,” “validity,” “assistive,” ‘functionality,” and ‘personalize.” These terms
reflect a research approach focused on the technical and subjective validation of the devices.
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Figure 2. Word Cloud.
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Figure 3 presents the complex network generated by Gephi, where the nodes represent both
article identifiers and keywords. The color coding used in Figure 3 indicates the membership
of the nodes (articles and keywords) in the thematic communities identified by the Louvain
community detection algorithm. Each color representsa distinct thematic group (aresearch area),
facilitating the visualization of the knowledge structure and co-occurrence points within the
corpus. The classification of the nodes is also distinguished by this color coding. On the other
hand, Figure 4 provides a detailed analysis of the concepts “user,” “Assistive Technology,” and
“device,” which act as central nodes within their respective networks.

Figure 4. Detail of the Network Generated by Gephi.
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As a result of the analysis, nine distinct communities were identified, each
representing a specific thematic grouping within the field of study. These communities
reflect different lines of research related to the methodologies, techniques, and/or
approaches used to evaluate usability and UX in assistive products designed for people
with motor disabilities.

It is important to note that, although the algorithmic analysis in Gephi initially
identified nine thematic communities, a subsequent qualitative analysis was conducted
to validate their coherence and conceptual distinction. As a result of this interpretative
stage, it was determined that two of the communities, one focused on the assessment of
the impact of technologies from the UX perspective (composed of only 3 articles) and
another on the multidimensional evaluation of AT (17 articles), presented such significant
thematic overlap that their separation was not justifiable. Both addressed the evaluation
of the impact on the user’s quality of life from a holistic perspective. Therefore, the
methodological decision was made to merge them into a single and more robust research
area, resulting in the final classification of eight main areas described below, organized in
descending order according to the number of articles that compose them:

- Exploration of usability in multicultural environments through the use of the

QUEST 2.0 instrument (80 articles).

- Participatory design and co-creation of AT (39 articles).

- Multidimensional evaluation of AT (20 articles).

- Design and development of control systems based on HCI and BCI (12 articles).
- Development, adaptation, and personalization of AT (10 articles).

- Parametric design and 3D printing in AT (9 articles).

- Virtual reality in clinical and home environments (9 articles).

- Innovation in exoskeletons and robotic devices (5 articles).

Analysis and Discussion

The analysis of the word cloud (Figure 2) revealed the most frequent terms in
the selected scientific studies, offering a significant perspective on the predominant
conceptual frameworks in usability and UX research in assistive technology for people
with motor disabilities. A central concept identified is ‘development,” reflecting the
dynamism of technological production in this area. Research has focused on the design
and continuous improvement of devices that aim to address specific mobility limitations
(Moineau etal., 2021; Gowran et al., 2022). However, this development has transcended
technical aspects, progressively incorporating adaptive and contextual dimensions, as
evidenced by the frequent appearance of the term “adaptive.” This indicates that devices
are no longer conceived as standardized solutions but rather as configurable systems
that respond to individual variations, which is particularly relevant given the diversity
of motor impairments (Howard et al., 2024; Thorsen et al., 2024).

In thissame vein, the term ‘personalize”also highlights the importance of personalization
in assistive technology (AT) design. The literature emphasizes that the effectiveness of a
device is closely related to its ability to adapt to the user’s preferences, body shape, and
lifestyle (Moineau et al., 2021; Benham et al., 2024; Davoudian Talab et al., 2024). This
focus on personalization is linked to improvements in device acceptance, as suggested by
the prominent use of the word “ccepr. ” Several studies report that acceptance depends not
only on technical functionality but also on subjective factors such as comfort, aesthetics,
social perception, and the user’s self-esteem (De Lima & Alves, 20205 Silva & Alves, 2020).
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The term ‘functionality” also occupies a relevant position, confirming that assistive
technologies (ATs) must meet operational efficiency criteria for specific tasks. However,
their mere presence does not guarantee adherence or continued use of the device
(Meyer et al., 2022). User experience (UX), as a mediating variable, largely determines
whether a functional AT will also be satisfactory and meaningful. This relates to the
term ‘effect,” which is linked to both clinical and psychosocial outcomes. Recent
studies analyze the effect of ATs on activities of daily living, emotional well-being, and
social participation, indicating a more holistic approach to evaluating their impact
(Chen et al., 2014; Domingues et al., 2019).

On the other hand, the recurrence of the term “obotic” reflects robust research
related to exoskeletons, intelligent prostheses, and automated rehabilitation systems.
In this field, robotics not only contributes to mobility but also to the possibility of
programming personalized adjustments, sensory feedback, and task automation
(Ambrosini et al., 2014; Barria et al., 2023; Ferndndez-Vizquez et al., 2021). However,
these technological advances demand rigorous validation processes, which explains
the relevance of the term “validizy” in the analyzed literature. This highlights the
need for controlled studies, standardized tests, and the use of comparable metrics to
objectively demonstrate the efficacy, safety, and reliability of the developed solutions
(Ferndndez-Vdzquez et al., 2021; Hampshire et al., 2022).

Additionally, the high frequency of the term ssistive” not only confirms the
thematic focus of the analyzed corpus but also reveals the consolidation of this area as an
interdisciplinary field. It brings together knowledge from industrial design, ergonomics,
engineering, physiotherapy, and psychology (Amaral et al., 2020; Silva & Alves, 2020).

Research areas identified from the generated communities

The following lines of research were defined, grouping the different methodological
and thematic approaches to the evaluation of usability and UX in assistive technology
for people with motor disabilities. These are presented below in descending order
according to the number of articles they comprise:

Area 1 - Exploration of usability in multicultural environments using the QUEST 2.0
instrument (Quebec User Evaluation of Satisfaction with Assistive Technology)

Comprising 80 articles, this area addresses the standardized evaluation of usability in
multicultural contexts. The QUEST 2.0 questionnaire emerges as the fundamental tool
for measuring satisfaction with AT devices and associated services, seeking to prevent
the abandonment of AT products (Guerreiro et al., 2022).

The research focuses on the need for cultural and linguistic adaptation of
the instrument, which has been translated and validated in numerous languages
(Carvalho et al., 2014; Colucci et al., 2021; Guerreiro et al., 2022; Kablan et al., 2022).
Although QUEST 2.0 aims for universality, it is essential to validate its psychometric
properties in specific populations using different assistive technologies (ATs), such
as prostheses (Kablan et al., 2022), orthoses (Yang et al., 2018), and wheelchairs
(Berardi et al., 2021; Gitlow et al., 2020).

This systematic evaluation of usability (Janson et al., 2020; Colucci et al., 2021;
Kablan et al., 2022) is crucial for identifying determinants of satisfaction and factors
of continued use, allowing the optimization of device design and the refinement of
prescription processes.
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Area 2 - Participatory design and co-creation of ATs

This area, which includes 39 articles, is distinguished by its focus on the methodology
and design process, rather than on the attributes of the final product. The premise
is that, for the successful integration of assistive technologies (ATs), users must be
considered active partners in development, not passive recipients. Participatory design
and co-creation emerge as key methodologies for identifying real needs, barriers to
use, and individual preferences that traditional processes overlook (Alder et al., 2023;
Clanchy et al., 2024).

The development of ATs such as orthoses or human-machine interfaces aims to
facilitate daily activities (Roentgen et al., 2021), but their adoption depends critically on
this approach. Several studies report that a lack of functional, aesthetic, and contextual
suitability severely limits the use of these devices (Vegt et al., 2017; Surucu et al., 2022).
Therefore, comfort, aesthetics, and social acceptability are valued, as demonstrated
by the development of visually acceptable lightweight carbon orthoses (Gasq et al.,
2023; Schladen et al., 2020). Therefore, this approach is essential for designing truly
effective, sustainable, and humanized ATs that respond to the diversity of experiences
and promote full participation in society.

Area 3 - Multidimensional evaluation of AT

This area, composed of 20 articles, goes beyond approaches focused only on
technical functionality (Chen et al., 2014; Swinnen et al., 2017). It proposes a holistic
evaluation that integrates technical, psychosocial, and service dimensions, centered
on the impact on quality of life from the UX perspective. Its contribution is the
identification of the determining factors for the acceptance and continued use of the
AT device (Young et al., 2023).

Research in this area starts from the premise that a functional AT does not
guarantee its use (Chen et al., 2014); ignoring UX can lead to early abandonment
of the device (Meyer et al., 2022). Therefore, user participation in the evaluation is
crucial (Meyer et al., 2022; Young et al., 2023), addressing ergonomic, cognitive, and
emotional factors. It is revealed that, although functionality is essential, aspects such
as appearance and discretion significantly influence acceptance (Swinnen et al., 2017).
Methodologically, models are proposed that integrate objective and subjective metrics
(Ensink et al., 2022), also highlighting the importance of timely and personalized
prescription of AT, showing that early interventions with adapted designs improve
adherence and tolerance to AT (Bertini et al., 2024).

Area 4 - Design and development of control systems based on HCI and BCI.

Composed of 12 articles, this area proposes technological solutions for people
with severe motor disabilities (Amyotrophic Lateral Sclerosis, cerebral palsy). Given
the limitations of traditional interfaces, systems based on Human-Computer Interaction
(HCI) and Brain-Computer Interfaces (BCI) emerge, enabling the control of devices
through neurophysiological signals without the need for muscular movement
(Schettini et al., 2015; Sumak et al., 2019). This area is essential for offering new
pathways for communication and interaction, improving autonomy and quality of life
(Borges et al., 2022; Holz et al., 2015; Noda, 2018; Schettini et al., 2015).
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Optimal evaluation and user-centered design are essential to transfer these technologies
from the laboratory to everyday contexts (Bissoli et al., 2019; Kithner et al., 2017;
Riccio et al., 2015). Although BCIs demonstrate feasibility, challenges remain regarding
response speed; however, their usability (effectiveness, efficiency, and satisfaction) does not
differ significantly from conventional interfaces (Schettini et al., 2015). In this area, modular
and customizable systems (Schettini et al., 2015) and hybrid approaches (BCI combined
with electromyography) (Kithner et al., 2017; Riccio et al., 2015) are explored, as well as
eye-tracking technologies in alternative interfaces (Bissoli et al., 2019; Borges et al., 2022).

Area 5 - Development, adaptation, and personalization of AT

This area, composed of 10 articles, focuses on the final attributes and technical
outcomes of AT, emphasizing that innovation must translate into personalized and
effective solutions. The focus is not on the design process, but on the characteristics that
guarantee success in real-world use: functional, safe, comfortable, and motivating devices.

Research in this area seeks to create robust and reliable systems for autonomous use
in any environment (Guillén-Climent et al., 2021). This implies deep adaptation to
individual characteristics, from residual motor capacities to aesthetic preferences and
the intended purpose of use (sports or daily use) (Barria et al., 2023; Ju et al., 2021;
Yurkewich et al., 2020). The objective of this research area is to develop devices that are
easy to use, lightweight (Ju et al., 2021; Suulker et al., 2024), and precisely fitted to avoid
pain or fatigue (Barria et al., 2023; Guillén-Climent et al., 2021). Continuous feedback
from users and therapists is essential for the iterative development of AT products and
for reducing device abandonment (Barria et al., 2023; Guillén-Climent et al., 2021;
Yurkewich etal., 2020). This comprehensive approach ensures that the technology not only
functions but also significantly improves the quality of life of people with motor disabilities
by enabling them to perform daily activities more independently (Ju et al., 2021).

Area 6 - Parametric design and 3D printing in AT devices

Composed of 9 articles, this area transforms the field of AT by combining industrial
design with digital manufacturing. Its relevance lies in addressing the need for
personalization, reducing access barriers, and using innovative materials.

Parametric design, through 3D scanning and digital modeling, enables the creation of
devices adapted to the user’s morphology, optimizing geometries in prostheses for specific
tasks (Lee et al., 2018) and improving the ergonomics of orthoses (Chu et al., 2022).
In terms of efficiency, 3D printing drastically reduces time and costs, enabling the
fabrication of functional prostheses in less than 48 hours (Lee et al., 2018), which is
crucial for early rehabilitation (Zuniga, 2018).

Regarding materials, the use of filaments with antibacterial properties (Zuniga,
2018) and the fabrication of seamless orthoses with ductile materials that increase
comfort are explored (Chu et al., 2022). This combination of computational design
and additive manufacturing redefines the standards of AT, offering greater comfort and
more accessible personalized solutions (Lee et al., 2019; Marinho et al., 2020).

Area 7 - Virtual reality in clinical and home environments

This area, composed of 9 articles, evaluates advanced AT with emphasis on Virtual Reality
(VR) to improve function, quality oflife, and social participation of people with motor disabilities,
both in clinical and home environments (Tamplin et al., 2020; Van Dijsseldonk et al., 2020).
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The importance of VR lies in its ability to offer immersive experiences that go
beyond the limitations of conventional telehealth. For example, in music therapy
interventions, VR has proven to be an accessible solution that allows individuals with
tetraplegia to participate in singing groups from their homes, eliminating mobility
barriers (Tamplin et al., 2020). Participants report positive experiences and a temporary
“escape” from their physical condition. Furthermore, the use of avatars in VR can
reduce inhibitions and embarrassment (Tamplin et al., 2020). These findings indicate
that immersive AT can significantly improve social participation and quality of life for
people with disabilities (Van Dijsseldonk et al., 2020).

Area 8 - Innovation in exoskeletons and robotic devices

This area, composed of 5 articles, focuses on the development of exoskeletons and
robotic systems aimed at efficient and personalized interaction, integrating usability and
UX to restore mobility and improve quality of life.

Research addresses solutions for lower-limb amputations, where microprocessor-
controlled knee prostheses significantly improve balance, mobility, and user satisfaction
(Lansade et al., 2018). For people with multiple sclerosis (MS), powered exoskeletons
emerge as a viable and safe alternative (Kozlowski et al., 2017), reporting high satisfaction
among users and therapists, along with improvements in gait and psychosocial well-being
(Ferndndez-Vizquez et al., 2021). In powered wheelchairs, innovation focuses on stability
and safety on uneven terrain, using controlled robotic suspension systems and evaluating
usability to optimize design (Sivakanthan et al., 2020). As the analyzed studies indicate,
the success of these technologies depends not only on their clinical effectiveness but also
on their ability to adapt to the real needs of people with motor disabilities.

Conclusions

This bibliometric study has identified and analyzed the main research areas
surrounding the evaluation of usability and UX in assistive technology (AT) for motor
disabilities, revealing eight key areas ranging from robotic exoskeletons to HCI/BCI
systems. The findings highlight three fundamental pillars for the effective design of
AT: the personalization and adaptability of devices, the integration of participatory
methodologies, and multidimensional evaluation that transcends the technical to
incorporate subjective dimensions such as psychosocial factors.

For designers, these results underscore the need to adopt user-centered approaches
from the initial stages of the design process, where principles of ergonomics, additive
manufacturing, and co-creation methodologies can be incorporated. In particular, 3D
printing emerges as a key technology for balancing personalization, functionality, and
affordability. Furthermore, the study reveals that the success of AT depends critically
on its ability to seamlessly integrate into daily life, requiring solutions that balance
technical complexity with ease of use.

On the other hand, this study presents methodological limitations that restrict
opportunities for future research. The selection of bibliographic sources, limited to the
Web of Science and PubMed databases, together with the exclusion of publications
in languages other than English, may have omitted relevant contributions from other
geographical or linguistic contexts. These limitations motivate the proposal of four
conditions that could contribute to the advancement of knowledge in this field.
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First, longitudinal evaluations are needed to examine the sustained impact of assistive
technologies (ATs) on users quality of life, moving beyond the one-off approaches
prevalent in the current literature. Second, it is imperative to establish standardized
protocols for participatory design, with special attention to their applicability in
multicultural environments, where sociocultural factors can significantly influence co-
creation processes.

Likewise, it is necessary to systematically investigate the incorporation of emerging
technologies (such as artificial intelligence systems) into the iterative processes of AT
evaluation, design, and development. Finally, the urgent need to refine comprehensive
evaluation methodologies that integrate objective metrics with subjective UX indicators
is evident, paying particular attention to the emotional and psychosocial dimensions of
using these devices.

These guidelines not only address the identified limitations but also guide future
research toward more robust and multidimensional approaches to studying usability
and UX in assistive technology for people with motor disabilities. Ultimately, this
work reinforces the idea that innovation in assistive technology must transcend the
purely technological to address human and social dimensions. Collaboration among
designers, engineers, healthcare professionals, and end users will be key to developing
truly inclusive solutions that bridge the gap between technological innovation and
practical accessibility.
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