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Abstract

Background: As the field of robotics and smart wearables continues to advance rapidly, the evaluation of their usability
becomes paramount. Researchers may encounter difficulty in finding a suitable questionnaire for evaluating the usability
of robotics and smart wearables. Therefore, the aim of this study is to identify the most commonly utilized questionnaires
for assessing the usability of robots and smart wearables.

Methods: A comprehensive search of databases, including PubMed, Web of Science, and Scopus, was conducted for this
scoping review. Two authors performed the selection of articles and data extraction using a 10-field data extraction
form. In cases of disagreements, a third author was consulted to reach a consensus. The inclusions were English-language
original research articles that utilized validated questionnaires to assess the usability of healthcare robots and smart wear-
ables. The exclusions comprised review articles, non-English publications, studies not focused on usability, those assessing
clinical outcomes, articles lacking questionnaire details, and those using non-validated or researcher-made questionnaires.
Descriptive statistics methods (frequency and percentage), were employed to analyze the data.

Results: A total of 314 articles were obtained, and after eliminating irrelevant and duplicate articles, a final selection of 50
articles was included in this review. A total of 17 questionnaires were identified to evaluate the usability of robots and smart
wearables, with 10 questionnaires specifically for wearables and 7 questionnaires for robots. The System Usability Scale
(50%) and Post-Study System Usability Questionnaire (19.44%) were the predominant questionnaires utilized to assess
the usability of smart wearables. Moreover, the most commonly used questionnaires for evaluating the usability of robots
were the System Usability Scale (56.66%), User Experience Questionnaire (16.66%), and Quebec User Evaluation of
Satisfaction with Assistive Technology (10%).

Conclusion: Commonly employed questionnaires serve as valuable tools in assessing the usability of robots and smart wear-
ables, aiding in the refinement and optimization of these technologies for enhanced user experiences. By incorporating user
feedback and insights, designers can strive towards creating more intuitive and effective robotic and wearable solutions.
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Introduction
The lack of usability in robots and smart wearables poses
significant challenges that hinder their effective integration
and adoption. Firstly, it hinders user adoption and accept-
ance, as complex interfaces and controls make these tech-
nologies difficult to operate for individuals without
specialized knowledge or training. This leads to frustration
and limited engagement with the devices.1 Secondly, inad-
equate usability hinders the effortless assimilation of robots
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and wearables into daily routines, limiting the potential bene-
fits and functionality of robots and wearables.2 The lack of
intuitive and natural interaction further restricts user engage-
ment and hampers the overall user experience.3 Moreover,
poor usability can result in errors, inefficiencies, and decreased
productivity, undermining the intended advantages of these
technologies.4 Overcoming these challenges is essential to
unlock the full potential of robots and smart wearables, ensur-
ing their effective utilization, and maximizing user satisfac-
tion.5 One of the ways to overcome these challenges is to
evaluate the continuous usability of these technologies.

Assessing and measuring the usability of robots and
smart wearables are crucial steps in understanding how
well these technologies meet user needs and expecta-
tions.6,7 To accomplish this, researchers and practitioners
rely on questionnaires specifically designed to evaluate
the usability of these devices.6 These questionnaires serve
as valuable tools for gathering user feedback, identifying
areas for improvement, and enhancing the overall user
experience. As far as we know, no study has been con-
ducted to identify the most common usability evaluation
questionnaires for robots and smart wearables. Only two
studies have identified and introduced the most common
questionnaires for evaluating telemedicine services,8 as
well as assessing satisfaction, acceptance, usability, and
quality outcomes of m-health Apps.9 Moreover, existing lit-
erature has diligently explored usability scores in digital
health,10 the usability of robots and smart wearables has
remained a relatively underexplored frontier. The chal-
lenges posed by the lack of intuitive interaction and integra-
tion into daily routines are distinctive to these technologies
and necessitate a specialized focus.11 Meyer et al.,6 high-
lighted the scarcity of dedicated studies evaluating the
usability of robots and wearables, emphasizing the lack of
clear evaluation tools and guidelines, despite the consensus
on the importance of usability in user-centered design.
Khakurel et al.,7 noted that due to the relatively recent emer-
gence of wearable devices as a field of study, there is a scar-
city of research examining usability and usability
evaluation tools and its correlation with various types of
wearable technology. Conducting various studies to intro-
duce usability evaluation tools, evaluation methods, stan-
dards, and metrics can be very helpful in this field.

Therefore, this scoping review endeavors to provide a
comprehensive understanding of the most utilized question-
naires for evaluating the usability of robots and smart wear-
ables. By illuminating this specific facet, our study offers
novel insights that bridge a critical gap in the existing litera-
ture. Our study distinguishes itself from previous work in
several ways. First, we focus specifically on robots and
smart wearables, which have distinct usability characteristics
compared to other digital health technologies. Second, we
adopt a comprehensive scoping reviewmethodology, ensuring
a thorough examination of the available literature. Third, we
provide a detailed analysis of the identified questionnaires.

Moreover, this scoping review not only contributes to
the ongoing discourse on usability evaluations but also
serves as a valuable resource for researchers, practitioners,
and developers working in robotics and wearable technol-
ogy. By providing a comprehensive overview of the most
commonly used questionnaires, we assist in the selection
and application of appropriate tools for usability assess-
ment. Moreover, our findings pave the way for future
research on usability evaluation methodologies, ultimately
contributing to the development of more intuitive, user-
friendly, and impactful robots and smart wearables.

Material and methods
The Preferred Reporting Items for Systematic reviews and
Meta-Analyses extension for Scoping Reviews (PRISMA-
ScR) checklist was utilized in this study to ensure the selec-
tion of studies and proper reporting of the results (More
details in Appendix A).

Information sources and search strategy

To identify articles pertaining to questionnaires used for
evaluating the usability of robots and smart wearables, a
comprehensive search was conducted in three databases:
PubMed, Web of Science, and Scopus, until May 30,
2023. To search these databases, relevant keywords
related to robots, wearables, usability, and questionnaires
were utilized. The following combinations of keywords
were employed to locate relevant articles:

((Robots OR smart wearables OR wearable OR wearable
devices OR wearable apparatus) AND (usability evaluation
OR usability assessment) AND (questionnaire))

Inclusion and exclusion criteria

In order to ascertain the inclusion of studies, we systemat-
ically applied predefined inclusion and exclusion criteria,
detailed in Table 1. These criteria served as the basis for
our selection process, ensuring a rigorous and transparent
approach to study inclusion.

Paper selection

In the initial stage, abstracts of all relevant articles were
obtained from three databases, namely PubMed, Web of
Science, and Scopus, and were imported into the EndNote
X9 software by the author, KHM. Duplicate articles were
subsequently eliminated from the dataset. Then, two
authors (KHM, RM) independently reviewed all the
retrieved papers based on their titles and abstracts.
Subsequently, the same individuals evaluated the full text
of the selected papers. In cases where disagreements
arose, the opinion of another author (KB) was sought.
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Data extraction

The included articles were analyzed, and the following
information was extracted: first author’s name, year of pub-
lication, country of origin, study aim, target population,
type of wearable, type of robot, sample size, sample size
based on breakdown of male and female participants, inter-
vention period, and the name of the questionnaire used.

Quality appraisal

Using the 2018 version of the Mixed Methods Appraisal
Tool (MMAT), authors RM and KHM independently con-
ducted a comprehensive assessment of the studies.12 Any
disagreements between the original author were resolved
through discussions with an additional author (KB) until a
consensus was reached. The evaluation of studies was
carried out in accordance with the MMAT criteria relevant
to the chosen category. It is noteworthy that the most recent
version of MMAT provides a descriptive quality assess-
ment rather than a cumulative numerical score. In each
study category, response options included “yes,” “no,”
and “can’t tell”. The selection of “can’t tell” signified insuf-
ficient information in the study to provide a definitive “yes”
or “no” response.13

Synthesis of results

After storing and managing the data in MS Excel for pro-
cessing, one author (KHM) thoroughly reviewed the
imported data, conducting tasks such as spell-checking
and cell formatting to ensure accuracy and consistency.
Descriptive statistics, specifically frequency and percentage
calculations, were employed to summarize the collected

data. The descriptive data derived from the findings of the
included articles were meticulously organized into tables
and figures based on thematic categorization. This approach
facilitated the presentation of the review’s findings and
guided the study aims by KB and RM.

Results
A total of 314 articles were initially retrieved for this study.
After excluding duplicates, a careful review and assessment
of the remaining 268 studies was conducted based on pre-
defined inclusion and exclusion criteria. Ultimately, 50 arti-
cles met the criteria and were included in the study. The
details of the search process and study selection are visually
presented in Figure 1.

Characteristics of the included studies

A comprehensive summary of the chosen articles is out-
lined in Table 2.

Study distribution by year and country

As shown in Figure 2, the majority of the studies included
in this study were conducted in Italy (n= 6 (wearables= 4,
robots= 2), 12%) and United Kingdom (n= 5(wearables=
4, robots= 1), 10%) (More details in Table 2).

As shown in Figure 3, the majority of articles focusing
on the most used questionnaires for evaluating the usability
of robots and smart wearables were published in 2020
(n= 11),22–29,52–54 2021 (n= 9),1,0–34,55–57 and 2022 (n=
10),35–41,58–60 respectively (More details in Table 2).

In the studies related to the evaluation of smart wearables,
the largest sample size was 110 people, consisting of 60

Table 1. Study inclusion and exclusion criteria summary.

Criteria type Inclusion criteria Exclusion criteria

Study design Original observational and interventional research articles
using a valid and referenced questionnaire

Review articles

Language English language publications Non-English language publications

Topic focus Usability evaluation of robots and smart wearables in the
healthcare field

Studies not specifically addressing the usability of
robots and smart wearables

Outcome
evaluation

Valid and referenced questionnaire for usability
assessment

Studies evaluating clinical outcomes

Questionnaire
details

Articles with details about the questionnaires used Articles lacking details about the questionnaires used

Questionnaire
status

Valid and referenced questionnaire for usability evaluation
of robots and smart wearables

Questionnaires that have not undergone validation
and researcher-made questionnaires

Moulaei et al. 3



women and 50 men.40 Additionally, the smallest sample size
in these studies included 4 people, comprising 2 women and 2
men.18 In evaluating the usability of robots, the largest sample
size in the studies included 1860 people, with 919 women and
941 men.48 In evaluating the usability of robots, the smallest
sample size in these studies included 5 people, with the partici-
pation rate of men and women varying in these studies45,59,60

(More details in Table 2).
The minimum and maximum intervention time for

evaluating the usability of wearables was 5 minutes19 and
2 years,30 respectively. In addition, the minimum and
maximum intervention time for evaluating the usability of
robots was 5 minutes61 and 6 months,52 respectively.

Evaluation questionnaire

The most frequently used questionnaires for evaluating the
usability of smart wearables. The questionnaires used to
evaluate the usability of wearables are shown in Table 3.
Ten questionnaires were identified to evaluate the usability of
wearables. System Usability Scale (SUS) (50%), Post-Study
System Usability Questionnaire (PSSUQ) (19.44%), Quebec

User Evaluation of Satisfaction with Assistive Technology
(QUEST) (8.33%), and Mobile Application Rating Scale
(8.33%) were the most used questionnaires.

The most frequently used questionnaires for evaluating the
usability of robots. Seven questionnaires were identified
for evaluating the usability of robots (Table 4). SUS
(56.66%), User Experience Questionnaire (UEQ)
(16.66%), and QUEST (10%) were the most used question-
naires for evaluating the usability of robots.

Quality appraisal

The results of the studies’ quality evaluation are outlined in
Appendix B.

Discussion
This paper presents an identification of the most prevalent
and extensively employed questionnaires utilized for asses-
sing the usability of robots and smart wearables. The SUS
and PSSUQ have emerged as the primary questionnaires

Figure 1. Study selection process.
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used to assess the usability of smart wearables.
Additionally, SUS, UEQ, and QUEST have been identified
as the prevailing questionnaires employed to evaluate the
usability of robots.

In the review conducted by Hajesmaeel-Gohari et al.,9

the SUS and PSSUQ emerged as two commonly used ques-
tionnaires to assess satisfaction, usability, acceptance, and
quality outcomes in the field of mobile health. According

to their beliefs, the SUS is a widely used questionnaire for
assessing the usability of electronic systems. In comparison
to other questionnaires like CSUQ, SUS is considered a
faster tool for evaluating perceived usability, as it contains
fewer items and a simpler scale. Additionally, the SUS ques-
tionnaire includes a satisfaction question, which is often eval-
uated separately in dedicated satisfaction assessment tools
but is encompassed within the usability evaluation. Due to

Figure 2. Distribution of the studies based on country.

Figure 3. Distribution of the studies in terms of publication year.
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its features, reproducibility, reliability, and validity, research-
ers and evaluators of mHealth services frequently employ the
SUS questionnaire,9 Kaya et al.,76 also asserted that the SUS
incorporating an adjective scale rating stands out as a widely
embraced and user-friendly questionnaire for assessing the
usability of various products. This approach offers a straight-
forward score calculation, providing a comprehensive snap-
shot of a product’s usability. Other studies also demonstrate
that, with its straightforward scoring system, SUS facilitates
efficient and rapid administration, rendering it a cost-
effective option for usability testing.77 The questionnaire’s
enduring presence in usability evaluation enables longitu-
dinal comparisons, and its established credibility within the
field enhances the trustworthiness of the insights it gener-
ates.78 The assertion by Kaya et al.,76 further solidifies
SUS as a user-friendly and versatile tool for assessing
various product usability. Additionally, the findings of
other studies affirm SUS’s efficiency in terms of scoring,
administration, and cost-effectiveness, while its enduring
presence allows for meaningful longitudinal comparisons.
Overall, the extensive support from multiple studies under-
scores the credibility and utility of the SUS questionnaire
in providing valuable insights for usability evaluations and
beyond. It is recommended that future research explores
potential enhancements or adaptations to further optimize
its applicability in evolving technological landscapes.

Moreover, PSSUQ provides a comprehensive assess-
ment of system usability, capturing users’ perceptions of
different aspects such as efficiency, learnability, and satis-
faction, allowing for a holistic evaluation. The question-
naire is a well-established and validated tool, ensuring
reliable and valid results, providing accurate insights into
the usability of the system.9 The study by Vlachogianni
and Tselios,79 shows that the comprehensive assessment
approach of PSSUQ, covering efficiency, learnability, and
satisfaction, ensures a thorough understanding of the user
experience with these devices. Moreover, the PSSUQ is
designed to be a practical and efficient tool, requiring
users to respond to a limited number of items, making it
feasible for use in various research and evaluation settings,
enabling timely and valuable usability feedback.9,64,65

Researchers and designers can rely on these questionnaires
to obtain reliable and comparable usability data for smart
wearables, enabling them to make informed decisions
regarding improvements or optimizations. Moreover, in dif-
ferent studies,80 the utility of PSSUQ is particularly empha-
sized in the context of smart wearables, where researchers
and designers can depend on its reliability to obtain com-
parable usability data. Additionally, researchers and smart
wearable device designers can depend on PSSUQ to
obtain reliable and comparable usability data, enabling
informed decision-making for improvements or optimiza-
tions. Moreover, PSSUQ’s adaptability allows for explor-
ation of potential refinements, ensuring its continued
applicability and relevance in the ever-evolving landscape

of smart wearables. As future developments in smart wear-
able technology unfold, it is recommended that researchers
explore potential refinements or adaptations to ensure the
continued applicability and relevance of PSSUQ in evolv-
ing technological landscapes.

Additionally, as emphasized in the study, the importance
of the SUS, UEQ, and QUEST becomes evident when asses-
sing the usability of robots. These questionnaires have
emerged as the prevailing choices among researchers and
practitioners, emphasizing their suitability and reliability in
assessing the usability aspects specific to robotics.8,9 SUS
simplicity and efficiency make it a widely adopted tool, par-
ticularly valuable for assessing user experiences with robotic
systems. The standardized nature of SUS enables consistent
and comparable evaluations across different robots, fostering
reliable insights into their usability.46,59,60,62 Hesen81

believed that, with a concise set of items, SUS minimizes
respondent burden, ensuring quick and straightforward
assessments. The questionnaire’s versatility allows it to be
applied to various robotic interfaces and applications,
making it adaptable to the diverse functionalities of robotic
systems.82 Additionally, the SUS’s scoring system provides
a quantitative measure of usability, aiding in the comparison
of different robots. As a well-established and validated tool,
SUS has gained credibility in the field, offering a reliable
means for designers and researchers to gather valuable feed-
back, identify usability issues, and make informed decisions
to optimize the user experience with robotic technologies.

The UEQ, with its simplicity and comprehensiveness,
provides a holistic assessment of user experience by meas-
uring key dimensions like attractiveness, perspicuity, effi-
ciency, dependability, stimulation, and novelty.9 It offers
a standardized approach that allows for reliable compari-
sons across different interfaces or products. Fitriana
et al.,83 believed that the comprehensive nature of UEQ
allows for the assessment of diverse aspects such as attract-
iveness, efficiency, novelty, and dependability, providing a
holistic perspective on the user’s interaction with a product
or system. Hussain et al.,84 also mention that the standar-
dized format of UEQ facilitates consistent evaluations
across various contexts, contributing to reliable and com-
parable results. With its user-friendly design, UEQ
ensures accessibility for a wide range of respondents,
thereby promoting high response rates and yielding valu-
able insights. Additionally, the questionnaire’s flexibility
allows it to be adapted to different interfaces and applica-
tions, enhancing its applicability across diverse domains.
UEQ’s ability to generate actionable feedback makes it a
valuable tool for designers and researchers, enabling
informed decision-making to optimize and enhance user
experiences. Moreover, the flexibility of the questionnaire
enables adaptation to various interfaces and applications,
thereby enhancing its relevance across diverse domains
for robotic systems. The UEQ’s capacity to generate action-
able feedback establishes it as a valuable tool for robotic
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designers and researchers, facilitating informed decision-
making to optimize and enhance user interactions with
robotic technologies.85

On the other hand, QUEST focuses on specific aspects
such as user satisfaction, efficiency, and engagement, pro-
viding valuable insights into the usability and user inter-
action of a system.86 These questionnaires offer a
standardized and reliable approach for assessing the usabil-
ity aspects specific to health systems, making them essential
tools in this field of research. This evaluation tool is specif-
ically tailored for assistive technology, making it uniquely
suited for appraising robots designed to aid individuals.
QUEST’s structured format and focus on user satisfaction
allow for a comprehensive understanding of how well a
robot fulfills its intended purpose. Its well-defined categor-
ies, such as effectiveness, ease of use, and satisfaction,
facilitate a detailed analysis of user experiences.48,54,56

Demers et al.,87 believed that QUEST offers a standardized
and validated framework, ensuring reliability and consist-
ency in evaluations. The adaptability of QUEST to different
assistive robotic systems contributes to its versatility in cap-
turing varied user perspectives.48,56 With its emphasis on
user satisfaction and its established reliability, QUEST
stands out as a valuable instrument for gaining insights
into the performance and impact of assistive robots,
aiding designers and researchers in refining and optimizing
these technologies to better meet user needs. In conclusion,
the adaptability of QUEST to diverse assistive robotic
systems further enhances its versatility, capturing varied
user perspectives. With a strong emphasis on user satisfac-
tion and a proven track record of reliability, QUEST
emerges as an indispensable tool for discerning the per-
formance and impact of assistive robots. It serves as a
guiding resource for designers and researchers, aiding in
the continual refinement and optimization of these tech-
nologies to better address user needs in the ever-evolving
landscape of health systems and assistive robotics.

In the end, it should be mentioned that by understanding
the questionnaires commonly utilized in these domains, sta-
keholders involved in the development and evaluation of
robots and smart wearables can benefit from a standardized
approach. Consistency in usability assessment enables
benchmarking, comparison of results, and identification of
best practices. Moreover, the utilization of well-established
questionnaires facilitates knowledge sharing and collabor-
ation among researchers, leading to the advancement of
usability evaluation methodologies.

Limitations of the study

There were a few limitations in our study. Firstly, the inclu-
sion criteria for this study only considered articles pub-
lished in English, potentially excluding relevant studies
published in other languages. Additionally, the search for
related studies was conducted using three scientific

databases: Scopus, PubMed, and Web of Science. To
ensure more comprehensive results, it is recommended
that future studies include articles published in other lan-
guages and a broader range of databases. Furthermore, it
is important to note that this study did not conduct a critical
appraisal of individual sources of evidence, and this limita-
tion should be addressed in future studies.

Conclusion
This paper has identified the most common and widely used
questionnaires employed in the evaluation of the usability of
robots and smart wearables. The SUS and Post-Study
System Usability Questionnaire (PSSUQ) emerged as the pre-
dominant questionnaires utilized for assessing the usability of
smart wearables. Furthermore, the SUS, UEQ, and Quebec
User Evaluation of Satisfaction with Assistive Technology
(QUEST) were identified as the most commonly used ques-
tionnaires for evaluating the usability of robots.

The utilization of these questionnaires plays a crucial role
in enhancing the design and user experience of robots and
smart wearables. By incorporating these widely used evalu-
ation tools, researchers and practitioners can gain valuable
insights into the strengths, weaknesses, and areas for improve-
ment. This knowledge can drive advancements in creating
more user-friendly and efficient technologies within the
dynamic realm of robotics and smart wearables. Continued
exploration and application of these questionnaires will con-
tribute to the ongoing evolution of these technologies, ultim-
ately benefiting users and enhancing their overall satisfaction.
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