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Abstract: Digital technologies ranging from biosensors to virtual reality have revolutionized the
healthcare landscape by offering innovations that hold great promise in addressing the challenges
posed by rapidly aging populations. To optimize healthcare experiences for older people, it is crucial
to understand their user experience (UX) with digital health technologies. This systematic review,
covering articles published from 2013 to 2023, aimed to explore frequently used questionnaires for
assessing digital healthcare UX among older people. The inclusion criteria were original studies
assessing UX in digital health for individuals aged >65 years. Of 184 articles identified, 17 were
selected after rigorous screening. The questionnaires used included the System Usability Scale
(SUS), the User Experience Questionnaire (UEQ), and the Post-Study System Usability Questionnaire.
Customized questionnaires based on models such as the Technology Acceptance Model and the
Almere model were developed in some studies. Owing to its simplicity and effectiveness in assessing
digital health UX among older people, the SUS emerged as the go-to tool (52.9%). Combining the
SUS with the UEQ provided comprehensive insights into UX. Specialized questionnaires were also
used, but further research is needed to validate and adapt these tools for diverse cultural contexts
and evolving technologies.

Keywords: digital health technology; older people; user experience; questionnaire; system usability
scale

1. Introduction

The healthcare landscape has undergone a profound transformation with the ad-
vent of digital technologies. These advancements encompass a wide spectrum of innova-
tions, including biosensors, wearables [1,2], digital healthcare applications such as health
apps [3-6] and chatbots [7,8], remote clinical management tools [9-13], integrated ma-
chine learning algorithms aiding decision-making [14,15], and immersive experiences such
as virtual reality [16-19] and augmented reality [20-22]. Moreover, electronic medical
records [23,24] and visual analytics/dashboards [25-28] have become integral components
of modern healthcare, forming a digital ecosystem that presents unprecedented opportuni-
ties to enhance patient care and monitoring [22]. As far as we know, there is no general
system for digital health technology, but it includes the components outlined in Table 1
from our previous research. Amidst the challenges posed by global aging, these digital
health solutions hold promise in addressing issues associated with reduced physical and
cognitive function, multiple chronic conditions, and shifts in social networks [29]. The
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application of digital technologies has the potential to not only improve quality of life and
well-being, but also foster independent living among older people.

Table 1. General system components of digital healthcare technologies.

Components Description

This is the front-end component accessible through
web or mobile applications that allows users to
interact with the digital health system.

User Interface

This component includes various sensors and devices
Data Collection that collect health-related data, such as wearable
fitness trackers, medical devices, and IoT sensors.

It manages user accounts, preferences, and personal
User Profile Management information SecurQIY.

Ensures secure access to the system by verifying user
Authentication and Authorization identities and granting appropriate permissions.

Stores the collected health data securely, often in
Health Data Storage compliance with healthcare data privacy regulations.

This component processes and analyzes health data to
derive insights, identify patterns, and provide

Data Analysis and Processing - :
personalized recommendations.

Facilitates real-time communication between
healthcare providers and users through video calls,
chat, or other telehealth services.

Telemedicine and Communication

Utilizes machine learning and Al algorithms for tasks
like disease diagnosis, rick prediction, and treatment

Machine Learning Algorithms )
recommendation.

Stores and manages users’ electronic health records,

Electronic Health record (EHR) System including medical history, diagnoses, medications,
and treatments.

Sends alerts, reminders, and notifications to users for
Alerts and Notifications medication, appointments, or other
health-related activities.

In light of advancements in digital health technologies and demographic shifts, it
has become imperative to comprehensively investigate the user experience (UX) of these
technological innovations. UX is defined as a “person’s perception and responses resulting
from the use and/or anticipated use of a product, system, or service” [30]. UX includes all of
the user’s emotions, beliefs, preferences, perceptions, physical and psychological responses,
behaviors, and accomplishments that occur before, during, and after use. Usability, when
interpreted from the perspective of the user’s personal goals, can include the kind of
perceptual and emotional aspects typically associated with UX [30]. The UX investigation
of digital health technologies is a crucial step toward understanding specific needs, such as
those of older people, and achieving optimal healthcare experiences.

Various methods have been used to investigate the UX of digital health technologies,
encompassing questionnaires, interviews, and observations [31]. The focus of this sys-
tematic review is on questionnaires as a method for investigating the UX of digital health
technologies among older people. Questionnaires provide structured and quantifiable data
which can help gather a comprehensive overview of the experiences of older people with
digital health technologies. Moreover, validity and reliability are crucial factors in ensuring
the scientific rigor of such investigations. Original questionnaires are vital when evaluating
specific aspects of digital health technologies [32]. Consequently, both standardized and
custom-designed questionnaires tailored to the nuances of digital health technologies play
a crucial role in uncovering the UX of older people.



Appl. Sci. 2023,13, 12815

30f15

Given this background, the present study aimed to review and introduce the ques-
tionnaires frequently used to assess the UX of older people when using digital healthcare
technologies and to explore the contents of original or customized questionnaires. The
outcomes of this study are expected to provide guidance for designing and implementing
future research endeavors. Moreover, these findings are anticipated to be useful for people
in the industry to assess the UX of older people. This, in turn, will significantly contribute
to the development of user-centric healthcare technologies.

2. Materials and Methods

The methodology employed in this systematic review adhered to the Preferred Re-
porting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines [33]. This
systematic review has been registered in the PROSPERO International Prospective Register
of Systematic Reviews (registration number: CRD42023418271). This systematic review of
the literature was conducted in April 2023, utilizing data from PubMed, Google Scholar,
and the Ichushi Web of Japanese journal databases. To ensure the inclusion of the latest
evidence in the field, the present review analyzed manuscripts and articles published
from 1 January 2013 to 31 March 2023. The selection of this time period was based on the
progress and innovation observed in the field of digital health technology, as well as the
corresponding brush-up on UX research methods. In formulating the inclusion criteria, the
PICOS (P = population, I = interventions, C = comparator, O = outcome, S = study design)
format was adopted.

The inclusion criteria were as follows: (1) original research papers that utilized ques-
tionnaires to assess the UX of digital health technologies among older people; (2) papers
describing the content of original or customized questionnaires used for UX evaluation;
(3) papers with main targets aged >65 years. The exclusion criteria were as follows:
(1) treview articles, protocols, conference papers, and reports; (2) papers lacking full-text
availability; (3) papers that employed interviews for UX assessment; and (4) papers that
assessed the UX of technologies related to specific diseases, such as cancer, surgical and
radiological technologies, and oral hygiene. The targeted population for this review had no
specific income-based restrictions.

The search strategy employed four categories of keywords (Table 2), with the keywords
within each category combined using the “OR” Boolean operator. Subsequently, to retrieve
relevant papers, the results of these searches were combined using the “AND” Boolean
operator. The search was limited to the Title/ Abstract search field and filtered for articles
available only in English or Japanese.

Table 2. Keywords used for the search strategy.

Keywords
Digital health technology Ezz zjegfience Evaluation Questionnaire
Digital health device P Assessment Scale

Quality of experience

Following the initial search, a total of 174 articles were identified from PubMed, with
an additional 6 from Google Scholar and 4 from Ichushi Web. These findings underwent
analysis and screening conducted by three experts from the research team, consisting of
a rehabilitation medicine researcher and two engineering researchers. This collaborative
effort allowed us to consider both geriatric and technical perspectives. The initial screening
was based on the titles and abstracts of the identified articles. Subsequently, the same
experts evaluated the full text of selected papers. In the case of conflicting opinions,
consensus was reached through discussion among the three experts. Finally, a list of
included papers was compiled.

Data extraction involved collecting the following information from included papers:
the first author’s name, year of publication, evaluation questionnaire, details of the original
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Identification ]

Screening [

Eligibility J

[

)

Included

or customized questionnaire employed, and the digital health technology under assess-
ment. The collected data were analyzed using descriptive statistics, including frequency
and frequency percentages. Additionally, an investigation was conducted to determine
whether the reliability and validity of the extracted questionnaires had been verified,
whether manuals for these questionnaires were available, and whether benchmarks had
been established.

3. Results

The comprehensive search of the PubMed, Google Scholar, and Ichushi Web databases
initially yielded 184 papers. A thorough screening of the titles and abstracts led to the
exclusion of 141 papers. Subsequently, the full texts of the remaining 43 papers underwent
meticulous review. In the final analysis, 17 papers were considered suitable for data
extraction [34-50] (Figure 1).

Records Identified through database searching (n=184):
¢ 174 Pubmed
* 6 Google Scholar
*  4Ichushi

A 4

Records after duplicates removed

[

(n=184)
A 4
Records excluded
Records (titles and > (n=141)
abstracts) screened
(n=184)
Excluded full-text articles with reasons
v (n=26):
Full-text articles assessed + Assessing the UX of technologies
for eligibility > related to specific diseases (n=7)
(n=43) * Not assessing the UX of digital
health technologies (n=5)
* No main targets aged 265 years
v (n=b)
Studies incdluded + Lack c.>f .description of ‘the content of
- the original or customized
(n=17) . : _
questionnaire (n=5)
+ Didn’t utilize questionnaires to
assess the UX (n=3)
* Not an original research paper (n=1)

Figure 1. Flowchart of search strategy.

The System Usability Scale (SUS) emerged as the most frequently used standard-
ized questionnaire for assessing digital health technologies among older people (n =9,
52.9%) [35,38,39,42,44,45,48-50]. Other commonly utilized questionnaires included the
User Experience Questionnaire (UEQ) and its short version (1 = 5, 29.4%) [35,37,42,44,45],
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the Post-Study System Usability Questionnaire (PSSUQ; n = 2, 11.8%) [34,42], the Quebec
User Evaluation of Satisfaction with Assistive Technology (QUEST; n = 2, 11.8%) [46,48],
the Facilitators and Barriers Survey/Mobility (FABS/M; n =1, 5.9%) [46], the Psychosocial
Impact of Assistive Devices Scale (PIADS; n = 1, 5.9%) [46], the Telehealth Satisfaction
Questionnaire for Wearable Technology (TSQ-WT; n = 1, 5.9%) [47], and the User Satisfac-
tion Evaluation Questionnaire (USEQ; n = 1, 5.9%) [38]. Eight studies utilized multiple

standardized questionnaires [35,38,39,42,44-46,48] (Table 3).

Table 3. Descriptive analyses of the 17 papers included in the present review.

Author Year Location Subjects Questionnaires Digital Health Technology
14 patients with heart EndHea{[tih:pipS(tll;e Hellenrgc
Bakogiannis et al. [34] 2021 Greece failure (mean age, PSSUQ tcationa’ o¢ case 4
64.9 + 9.7 years) Support Heart Failure app
’ ’ [ThessHF app])
20 community-dwelling
Bergquist et al. [35] 2020 Norway adults (mean age, %%SQ iesl?;raezttgiﬁnila};iﬁifri tion
68.7 + 5.2 years) phy
Wearable device that collect
9 older adults living ~ Customized health data such as heart rate,
Borda et al. [36] 2018 Australia independently questionnaire based on P .
pressure, activity (steps,
(aged > 55 years) the TFI .
calories), sleep, mood, and
diet
. 25 elders (mean age, g AR-based exergame system to
Chen etal. [37] 2020 China 71.5 & 4.1 years) UEQS reduce fall risk
Customized
110 community-dwelling ~ questionnaire based on .
Domingos et al. [38] 2022 Portugal older adults (mean age, the TAM Xf:;iil’i\;icg:;g ;‘acker
68.4 £ 3.1 years) SUS
USEQ
Ireland and 120 older persons with Digital platform to Support
Doyle et al. [39] 2021 le aiun? multimorbidity (mean SUS Self-management of Multiple
& age, 74.2 £ 6.4 years) Chronic Conditions (ProACT)
Customized
. 29 older people living questionnaire based on ~ Buddy robot (emotional
Huang etal. [40] 2021 Taiwan independently the TAM and the companion-type robot)
Almere models
Original questionnaire
Leeetal. [41] 2017 South Korea 313 adults aged >40 years  based on the relevant mHealth application
literature
(1) 40 patients aged
>65 years (1)  SUS,PSSUQ
Macis et al. [42] 2020 Italy (2 19 older adults (2) SUS,UEQ Tele-social-care platform
(mean age, 73 £ !
6 years)
Customized
Moyle et al. [43] 2022 Australia 133 older adults aged questionnaire based on  Aged care technology
>65 years the TAM
SUS
Pérez-Rodriguez et al 42 inpatients aged UEQ
) 2020 Spain Customized FriWalk robotic walker
[44] >45 years . .
questionnaire based on
the TAM
SUS
c . UEQ .
Pérez-Rodriguez et al. . 37 older adults (mean . Technological ecosystem for
2021 Spain Customized
[45] age, 82.1 + 5.4 years) . : remote follow-up
questionnaire based on
the TAM
79 participants (including ~ QUEST 2.0
Salatino et al. [46] 2016 Italy 25 aged 60-80 and 4 aged  PIADS Powered wheelchair
>80 years) FABS/M
Schmidt et al. [47] 2022 Germany 80 older adults (mean TSQ-WT Commercially available

age, 67 4 years)

activity trackers (Fitbit)
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Table 3. Cont.

Author Year Location Subjects Questionnaires Digital Health Technology
Ireland WIISEL (Wirelenn Insole for
) 15 older adults (mean QUEST Independent and Safe Elderly
Stara etal. [46] 2018 italy] age, 70.0 £ 6.4 years) SUS Living) system that monitor
srae fall risk and to detect falls
29 female participants Kinect camera-based
Sun et al. [49] 2019 USA (mean age, 77.5 £ SUS self-initiated fall risk
7.9 years) assessment tool
24 older people (mean Tablet technology for
van Velsen et al. [50] 2018 Netherlands  age, 71.6 years; range, sus Y

62-87 years) screening for health

AR, augmented reality; FABS/M, Facilitators and Barriers Survey/Mobility; PIADS, Psychosocial Impact of
Assistive Devices Scale; PSSUQ, Post-Study System Usability Questionnaire; QUEST, Quebec User Evaluation
of Satisfaction with Assistive Technology; SUS, System Usability Scale; TAM, Technology Acceptance Model;
TFI, Tilburg Frailty Indicator; TSQ-WT, Telehealth Satisfaction Questionnaire for Wearable Technology; UEQ, User
Experience Questionnaire; USEQ, User Satisfaction Evaluation Questionnaire.

Table 4 describes the standardized questionnaires used to assess the UX of digital
health technologies among older people and provides information on their reliability and
validity, the presence of manuals, and benchmarks.

Among the seventeen studies identified, seven utilized original or customized ques-
tionnaires [36,38,40,41,43-45], of which four relied exclusively on customized question-
naires. [6,10,11,13]. Of the six original or customized questionnaires, four were developed
based on the Technology Acceptance Model (TMT) [38,43-45], one was created incorporat-
ing elements of both the TMT and the Almere model [40], another was derived from the
Tilburg Frailty Indicator (TFI) [36], and one was created using relevant literature related to
healthcare services, mobile services, and information communication services [41] (Table 3).
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Table 4. The standardized questionnaires used to assess the user experience of digital health technologies among older people.

Criterion-
Questionnaire Fre;]uency Description of Questionnaire Construct Validity Related Ot}}el: . Reliability Manual Benchmark
n, (%) Validity Validities
Developed by ]ohn.B'rooke in .1986. A score > 68 would
It assesses the usability of various .
: be considered above
products and services such as B
. . . angor et al. [53] (Calculator and average and
hardware, software, mobile devices,  Strong correlations R X C .
. L found significant guide) anything < 68 is
websites, and applications. among the selected 1 s
- . - concurrent validity The reliability of SUS  https: below average.
SuUSs It consists of a 10-item items were reported, . . X ? . . .
9(52.9) . . s - Not verified with a single 7-point ~ was at or just over //measuringu.com/  Grading scale: F,
[51] questionnaire on a 5-point Likert with absolute values .
” . X rating of 0.90 [53]. product/suspack/, SUS score < 60; D,
scale from “Strongly agree” to of r ranging from 0.7 . .
ug . » user-friendliness accessed on 10 July 60 < score < 70;
trongly disagree”. to 0.9 [51]. — . .
. (r = 0.806). 2023. C: 70 < score < 80;
The scores range from 0 to 100, with
Lo . B: 80 < score < 90;
scores >68 indicating good usability
A: score > 90 [52].
[51,52].
The UEQ uses 26 pairs of
contrasting adjectives to evaluate The high
six aspects—attractiveness, correlation
Sersprizlugi}i’iffﬁctliici]’ tion. and According to a factor %%gzei?;}f ion (Handbook) General Benchmark
cpendablity, suriaton, a analysis, the ersrons The reliability of the ~ https: Business Software
novelty—with scales from -3 (most and the SUS (r . . .
. responses to the UEQ was confirmed  //www.ueg-online. ~ Websites and Web
UEQ negative answer) to +3 (most . . - between 0.60 L . . . -
5(29.4) - questionnaire did Not verified with a high org/Material/ services
[54] positive answer) [54]. . . and 0.82, ,
. . not align with the Cronbach’s alpha Handbook.pdf, https:/ /www.ueq-
It includes a comprehensive . . p < 0.0001) .
. initially designed . score of 0.98 [57]. accessed on 10 online.org, accessed
analysis tool and benchmark data structure [56] confirmed the July 2023 on 10 July 2023
set, enabling insightful product ' validity of this y ' y '
quality assessment based on a wide question-
range of user experience naire [57].
studies [55].
PSSUQ Version 3, a 16-item tool on The earliest versions
a 7-point L1kert”scale ?etween of the PSSUQ SYSUSE: 3.80
Strongly agree” and “Strongly demonstrated .
disagree”, assesses user satisfaction significant reliability INFOQUAL: 3.02
. L It showed a INTERQUAL: 2.49
with a website, software, or product . across both the -
ost-study. The factor analysis moderate It has shown overall scale and its Overall: 2.28
PSSUQ Version 3 Eower scox.'es indicate better revealed that three correlation evidence of subscale. For Version https:
2(11.8) - . factors accounted for  (r = 0.80) with s L Not applicable / /uiuxtrend.com/
[58] performance and satisfaction. It has concurrent validity 3, the reliability

three subscales: System Quality
(SysQual), Information Quality
(InfoQual), and Interface Quality
(IntQual), each derived from the
average scores of respective
question sets [59].

87% of the total
variance [58].

other measures
of user

satisfaction [58].

[58].

coefficients are as
follows:

Overall: 0.94,
SysQual: 0.90,
InfoQual: 0.91,
IntQual: 0.83 [59].

pssug-post-study-
system-usability-
questionnaire/,
accessed on 10 July
2023.
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Table 4. Cont.

Criterion-

Questionnaire :rt:gl)lency Description of Questionnaire Construct Validity Related \?atl};fllities Reliability Manual Benchmark
7R Validity
Positive
correlations
were found
between QUEST
It consists of 12 items evaluating 123;) iﬁgstohcei;?ree
user satisfaction with the product (8 Imy act of
items) and service delivery (4 Ass%stive
1tems?. . . . Devices Scale Thg te's.t retest
Each item is posed as a satisfaction (PIADS) reliability, as
query (e.g., “How satisfied are you . : assessed using the
QUEST 2.0 [60] 2 (11.8) with the <questionnaire item> of Not verified %Lr:;rxgrelsfﬁr to Not verified intraclass correlation ~ Not applicable Not applicable
your assistive dev1§e? (e.g., "How moderate for the coefficient, yielded
satisfied are you with the ease of Device and total values of 0.82, 0.82,
adjusting the parts of your assistive QUEST (Pearson and 0.91) [60].
device?”) and uses a 5-point Likert correlation
scale from “not satisfied at all” to coefficient (r
“very satisfied” [60]. between 0.34 to
0.45) and fair
with Services (r
between 0.27 to
0.30) [60].
The items
. . encompassec.l within Normative data for
It examines how environmental the community
factors affect the daily use of support network SCland Stroke [61].
assistive devices, acting as domains exhibit https:/ /www.sralab.
facilitators or ball‘riers. moderate infernal org/rehabilitation-
It is composed of 133 questions Assessment of consistency, as measures/
FABS/M grouped into six domains: primary Assessment of internal consistency, reflected by’ a facilitators-and-
[61] 1(5.9) mobility device home—bu.ﬂt construct validity Not verified content validity, and Cronbach’s alpha Not applicable barriers-survey-
features comm{mit built was conducted [62]. face validity was value raneine from environmental-
L Y conducted [62]. ging influences-
environment and natural features, 0.35 to 0.90. participation-

community destination access,
community facilities access, and
community support network [61].

Test-retest reliability
was demonstrated
with Person’s r
values ranging from
0.52 t0 0.82 [61].

among-people-
lower-limb, accessed
on 10 July 2023.
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Table 4. Cont.

Criterion-

Questionnaire Fregluency Description of Questionnaire Construct Validity Related Ot}}el: . Reliability Manual Benchmark
n, (%) Validity Validities
It comprises 26 items, exploring
perceived ability (12 items), A positive
adaptability (6 items), and correlation was https:/ /www.sralab.
self-esteem (8 items). found between the Ee}Iiea‘LeiTit_reotsz a org/rehabilitation-
Each item is presented in the format  total score on PIADS 2-week g\terval was measures/
PIADS “How has the device influenced and Pleasure and d d ad t psychosocial-
1(5.9) your <item>" (e.g., “How has the Dominance on Not verified Not verified e.eme .a equate, impact-assistive- Not exist
[63] . . with an intraclass .
device influenced your openness to ~ Mehrabian and correlation devicest#
new experiences?”) and is rated on ~ Russell’s PIADS, coefficient of 0.45 osteoarthritis,
a 7-point scale (-3 to +3), ranging although the specific [65] ’ accessed on 10 July
from “decreased a lot/a lot worse”  coefficient was not o 2023.
to “increased a lot/a lot better” reported [64].
[63].
It assesses user satisfaction with
wearable technologies.
It encompasses six dimensions that
evaluate the benefits, usability,
self-concept, privacy, loss of control,
TSQ-WT [66] 1(5.9) g;lzl:}?’sgrﬁfe’ and wearing comfort Unpublished Unpublished Unpublished Unpublished Unpublished Unpublished
Each dimension contains five items
rated on a 5-point Likert scale from
0 (“not at all”) to 4 (“fully agree”),
with higher scores indicating more
positive ratings [66].
It assesses user satisfaction, a
component of usability, in virtual The six items of the
rehabilitation systems. USEQ were
Comprising six items rated on a significantly
USEQ 5-point Likert scale, scores range correlated,
[67] 1(5.9) from 6 (“poor satisfaction”) to 30 Not verified Not verified Not verified demonstrating good ~ Not applicable Not applicable

(“excellent satisfaction”).

The score is evaluated using the
following classifications: poor (0-5),
fair (5-10), good (10-15), very good
(15-20), or excellent (20-25) [67].

internal consistency
with a Cronbach’s
alpha coefficient of
0.716 [67].

FABS/M, Facilitators and Barriers Survey/Mobility; PIADS, Psychosocial Impact of Assistive Devices Scale; PSSUQ, Post-Study System Usability Questionnaire; QUEST, Quebec User
Evaluation of Satisfaction with Assistive Technology; SUS, System Usability Scale; TSQ-WT, Telehealth Satisfaction Questionnaire for Wearable Technology; UEQ, User Experience
Questionnaire; USEQ, User Satisfaction Evaluation Questionnaire.
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4. Discussion

According to the findings of this review, the SUS emerged as the most used standard-
ized questionnaire to assess the UX of digital health technologies among older people, and
it was used without modifications in its standard form. Despite being a self-described
“quick and dirty” usability scale, the SUS has garnered widespread popularity in usability
assessments [51,68,69]. It comprises 10 items, each offering five scale steps, and includes
relevant questions that produce findings useful in understanding UX, with odd-numbered
items conveying a positive tone and even-numbered items expressing a negative tone. Par-
ticipants are instructed to complete the SUS immediately after interacting with the digital
health technologies, recording their prompt responses to each item. The SUS generates an
overall score range from 0 to 100 in 2.5-point increments, and online tools for calculating
SUS scores are freely available. No license fee is required for using the SUS; the only
prerequisite is acknowledgment of the source. Various translations of the SUS exist, but
only a few have undergone psychometric evaluation [70]. Recent studies have consistently
demonstrated high reliability for the SUS (approximately 0.90) and established its validity
and sensitivity in discerning usability disparities, interface types, task accomplishment,
UX, and business success indicators [53]. Furthermore, its concise 10-item format makes it
user-friendly, especially for older people. Additionally, the global average score for overall
SUS is 68.0 &= 12.5 [53]. The grading scale is as follows: F, SUS score < 60; D, 60 < score < 70;
C, 70 < score < 80; B, 80 < score < 90; A, score > 90 [52]. This grading scale is structured in
a way that considers a SUS score of 68 as the center of the range for the ‘C’, such as grading
on a curve. Furthermore, the high correlation between the SUS and the UEQ (r between
0.60 and 0.82, p < 0.0001) [57] could further emphasize its potential as a standard tool for
evaluating usability and UX in digital healthcare technologies for older people.

The UEQ was the second most frequently employed standardized questionnaire. Fur-
thermore, the UEQ was utilized in conjunction with the SUS in four of the five studies it
was employed in [35,42,44,45]. The UEQ and SUS serve similar purposes in assessing the
UX and usability of digital products, but have some differences and unique advantages.
The UEQ includes six aspects—attractiveness, perspicuity, efficiency, dependability, stimu-
lation, and novelty [54]—and offers a more comprehensive and detailed assessment of UX,
including emotional and experiential aspects. On the other hand, the SUS is a simple and ef-
fective tool for assessing overall usability [51,68,69]. It focuses on the usability aspect of UX,
providing a single score that indicates overall usability [51]. Bergquist et al. [35] assessed
the usability of three smartphone app-based self-tests of physical function in home-based
settings using the SUS and UEQ), and reported that the participants experienced high levels
of perceived ease of use when using the apps. Macis et al. [45] employed the SUS and UEQ
to assess the usability and UX of a novel mobile system to prevent disability; in particular,
the UEQ was included as an evaluation tool to complement the domains addressed by the
SUS. Thus, combining both the UEQ and SUS might provide a more holistic understanding
of UX.

The following additional questionnaires were also used: PSSUQ, QUEST, FABS/M,
PIADS, TSQ-WT, and USEQ. Only TSQ-WT was used individually. The PSSUQ focuses on
assessing system usability and measures factors such as system performance, reliability, and
overall satisfaction [58,59]. The QUEST evaluates user satisfaction with assistive technology
specifically and considers factors such as the device’s effectiveness, ease of use, and impact
on daily life [60]. The FABS/M is designed to assess mobility-related assistive devices and
examines the facilitators and barriers that users encounter when using these devices [61].
The PIADS measures the psychosocial impact of assistive devices, focusing on how these
devices affect users’ self-esteem, well-being, and participation in daily activities [63]. The
TSQ-WT is tailored for assessing user satisfaction with wearable telehealth technologies,
considering factors such as ease of use and satisfaction with remote health monitoring [66].
The USEQ is a general questionnaire for evaluating user satisfaction without focusing on
specific domains [67]. These questionnaires are specialized for different purposes, such as
system usability, assistive technology, mobility devices, psychosocial impact, telehealth,
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and overall user satisfaction. Researchers choose the more relevant ones based on study
objectives and the technology being assessed.

The findings of this review indicate that six customized questionnaires have been
developed based on the TMT, Almere model, and TFL. The TAM, initially formulated by
Davis in 1989 [71], is a widely recognized theoretical framework in the field of technology
adoption and user acceptance. It aims to clarify the factors that influence an individual’s
decision to accept and use a new technology or information system. Its core components
are perceived usefulness and perceived ease of use, and these factors directly influence a
user’s intention to use technology, which in turn affects their actual usage behavior [71].
It has been used as a basis for developing questionnaires to assess user perceptions of
new technologies [38,40,43—45]. These questionnaires, which aim to measure perceived
usefulness and perceived ease of use, help predict whether users will adopt a technology.

On the other hand, the Almere model functions as a conceptual framework in the field
of UX design and research. It is designed to provide a structured approach to understand-
ing and enhancing the UX of digital products and services, especially concerning users’
acceptance of socially assistive robots [72]. It encompasses 12 constructs, as stated in the
introduction part [72]. The present review reveals that the Almere model has been used
to measure attitudes toward robot assistance in regard to activities of daily living among
older people living independently [40].

The TFI is an instrument used to quantify the frailty of older adults from their own
perspective across three domains: physical, psychological, and social [73]. Borda et al. [36]
employed the TFI to gain insights into health self-management requirements, frailty, age-
related changes, and the health information support provided by consumer wearable
devices, particularly among older adults living independently.

Additionally, Lee et al. [41] adapted the survey questionnaire items from relevant
literature on healthcare, mobile, and information communication services to explain the
intentions of consumers regarding the use of mHealth applications. This comprehensive
assessment encompassed seven key constructs, each measured with multiple items. The
scale items for health stress and the epistemic value as contextual personal values were
adapted from Sheth et al. [74], while the measurement items for emotion (enjoyment) and
intention to adopt were developed based on the work of Davis et al. [71]. In addition, the
items measuring reassurance were taken from O’Keefe and Sulanowski [75] and modified
for the study. The convenience value was borrowed from Berry et al. [76] and developed
in the study. Finally, the measurement items for the usefulness value were developed
with reference to Davis’s items [71]. All of the measurement items were modified to
emphasize health-related events and behaviors based on personal values with respect to
mHealth [77,78]. They also included the contents of mHealth services. Each item was
measured on a five-point Likert scale ranging from “Strongly disagree” to “Strongly agree”.

Customized questionnaires have been developed based on the theoretical frameworks
of the TMT, Almere model, and TFIL These frameworks primarily focus on understanding
the acceptability of digital technology rather than the user experience. This distinction
is crucial because acceptability assessments primarily investigate factors influencing the
decision to adopt and use technology, such as perceived usefulness and ease of use, which
are essential for technology adoption. On the other hand, user experience assessments
delve deeper into the subjective aspects of interaction with technology, including emotional
responses, satisfaction, and usability. Seknoh et al. (2022) reported that they developed a
generic theoretical framework of acceptability questionnaires that can be adapted to assess
the acceptability of any healthcare intervention [79]. Assessing acceptability might help
identify characteristics of interventions that may be improved.

In conclusion, this systematic review highlights the prevalent use of standardized
questionnaires for evaluating the UX of digital health technologies among older people. In
these questionnaires, the SUS emerged as the most frequently employed tool, underscoring
its popularity and effectiveness in assessing usability. Its simplicity, wide applicability,
and availability of benchmarks make it a valuable choice for evaluating digital healthcare
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technologies. Additionally, the high correlation observed between the SUS and UEQ
suggests their complementary use for a comprehensive understanding of UX. Furthermore,
several other specialized questionnaires were utilized, each tailored to assess specific
aspects of usability and user satisfaction, including user acceptability as a main focus
based on theoretical frameworks. These tailored approaches emphasize the importance of
aligning UX assessment with theoretical frameworks and considering user acceptability,
providing a holistic approach to evaluating digital health technologies for older people.

This study has several limitations. First, the scope of this review was limited to studies
published in English or Japanese, potentially excluding valuable research conducted in
other languages. Moreover, the exclusion of papers lacking a full text and those employing
interviews for UX assessment might have led to the omission of relevant studies. Second,
the focus on older people might limit the generalizability of the findings to younger popu-
lations. Third, the evolving landscape of digital health technologies necessitates continued
research and updates to encompass the latest developments. Finally, the psychometric
properties of some questionnaires and their applicability to diverse cultural contexts re-
quire further investigation to enhance their validity and reliability in assessing UX among
older people.
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