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Abstract

Background: Chronic diseases are one of the leading causes of disability and death in people over 60 years. Mobile health
applications can revolutionize healthcare delivery and management of chronic conditions as well as reduce healthcare costs.
Unfortunately, many of these applications are not designed for elderly patients with chronic diseases. Therefore, it is crucial to
create a reliable and specialized tool that developers and researchers can use to assess the usability of mobile (mHesalth)
applications designed specifically for elderly patients.

Objective: To develop and validate a mHeal th application usability evaluation scale for elderly patients with chronic diseases.

Methods: We developed the first edition of the scale from March to September 2022 through literature review, interview, team
discussion, and the Delphi method. Between October and December 2022, the improved scale after a pilot test was used to
conduct surveys in Guangzhou, Guangdong, China, to analyze and screen items using the Item Discrimination Index, Correlation
coefficient, Internal consistency test, and exploratory factor analysis. From October 2022 to February 2023, we completed the
data collection and evaluation of the reliability and validity of the scale.

Results: The finalized scale included six dimensions and 23 items. Item-level content validity indices and the average scale
content validity index ranged from 0.85-1. The validation evaluation showed that the scale has a good fit, with a ?2/df ratio of
1.728 and various fit indices ranging from 0.817-0.928. The AVE and CR values also met the recommended criteria, with a
value greater than 0.4 and 0.6, respectively. Additionally, the Cronbach's ? coefficient for the full scale and subscales ranged
from 0.758-0.911, indicating good internal consistency.

Conclusions: The mHealth application usability evaluation scale for older adults with chronic disease was developed with
rigorous steps, showing good reliability and validity. The scale can be used to evaluate the usability of mHealth among older
adults and promote the age-appropriateness of mHealth.
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Development and validation of a mobile health application usability scale for

older adults with chronic diseases

Abstract

Background: Chronic diseases are one of the leading causes of disability and death in people over
60 years old. Mobile health applications can revolutionize healthcare delivery and management of
chronic conditions and reduce healthcare costs. Unfortunately, many of these applications are not
designed for elderly patients with chronic diseases. Therefore, it is crucial to create a reliable and
specialized tool that developers and researchers can use to assess the usability of mobile (mHealth)
applications designed specifically for elderly patients.

Objective: To develop and validate a mHealth application usability evaluation scale for elderly
patients with chronic diseases.

Methods: We developed the first edition of the scale from March to September 2022 through
literature review, interview, team discussion, and the Delphi method. Between October and
December 2022, the improved scale after a pilot test was used to conduct surveys in Guangzhou,
Guangdong, China, to analyze and screen items using the Item Discrimination Index, Correlation
coefficient, Internal consistency test, and exploratory factor analysis. From October 2022 to February
2023, we completed the data collection and evaluation of the reliability and validity of the scale.
Results: The finalized scale included six dimensions and 23 items. Item-level content validity
indices and the average scale content validity index ranged from 0.85—1. The validation evaluation
showed that the scale has a good fit, with a x*df ratio of 1.728 and various fit indices ranging from
0.817-0.928. The values of Average Variance extraction and Composite Reliability also met the
recommended criteria, with a value greater than 0.4 and 0.6, respectively. Additionally, the
Cronbach's a coefficient for the full scale and subscales ranged from 0.758-0.911, indicating good
internal consistency.

Conclusions: The usability scale for elderly patients with chronic diseases is a reliable and valid
instrument. It fills gaps in existing tools, offering a comprehensive assessment of mHealth app
usability among target audience. It has the potential to improve mHealth app design and promote
age-appropriateness of healthcare delivery.

Keywords: MHealth app, usability, instrument development, validation, older adults, chronic

diseases
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Introduction

As the world's population ages and chronic diseases continue to be prevalent, the care needs of
elderly patients are becoming increasingly important. There were over 700 million older people
worldwide in 2019, which is set to double by 2050 [1]. Older adults are at increased risk of
developing chronic diseases and care dependence; chronic diseases are the leading causes of
disability and mortality in people over 60 years [1]. Improving symptom management, sleep quality,
health education, self-management ability, and information exchange can help promote health, well-
being, and security while reducing social alienation [2]. Failure to meet these needs can result in
reduced physical, psychological, and social functions, increased hospitalization, medication
complexity, discomfort, decreased quality of life, and even death [3,4]. Additionally, the ongoing
course and high complication rate of chronic diseases significantly increase physical and
psychological stress on family caregivers and the economic burden on society [5-7]. It is essential to
meet the needs of elderly patients with chronic diseases to promote their health and well-being and
reduce the burden on caregivers and society.

Mobile health applications (mHealth Apps) have had remarkable effects on the management of
chronic diseases, breaking through temporal and spatial barriers of traditional medical service
models. These apps support patients through health education, remote monitoring and feedback, and
psychosocial interventions, improving medication adherence and lifestyles [8-10]. Patients benefit
from improved adherence, promotion of healthy behaviors, enhanced symptom and complication
management, better clinical indicators and quality of life, reduced readmissions and mortality, and
cost savings on healthcare expenses and trips to the doctor; caregivers also benefit from improved
physical and mental health [11-14]. Involving patients with chronic diseases in mHealth is essential.

Without a standardized usability assessment, designing and implementing mHealth apps that meet
the needs of elderly individuals with chronic diseases can be challenging. Previously, assessments
have relied on interviews and questionnaire surveys. Qualitative data regarding usability can be
categorized as positive or negative [18]. Favorable usability encompasses feelings of convenience,
usefulness, relaxation, support, and empowerment. In contrast, unfavorable usability is characterized
by stress, difficulty, helplessness, mistrust, or a desire to disengage. Questionnaire surveys have
gained prominence due to their ease of implementation and data analysis. However, the existing
usability assessment tools do not adequately address the unique requirements of mHealth apps
tailored for elderly patients with chronic diseases. The System Usability Scale (SUS) [19] and the
Post-Study System Usability Questionnaire (PSSUQ) [20] collect user feedback on system usability,
but they do not differentiate mHealth apps from other systems. The MHealth App Usability
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Questionnaire (MAUQ) [21] was designed to assess mHealth app usability, encompassing aspects
like ease of use, efficiency, learnability, and satisfaction. Although the MAUQ has been translated
and adapted into various versions [22-24], it still has limitations because individuals over 65 years
old or those with limited education were excluded during the development process. Other existing
tools also suffer from shortcomings, such as inadequate sampling methods, a lack of a robust
theoretical framework, and incomplete evaluations [25, 26]. To address these gaps, we aimed to
create and validate a usability scale, named the mHealth app usability scale for the elderly with
chronic diseases (MAUS-EC), specifically tailored for mHealth apps intended for older adults with

chronic diseases.
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Evidence synthesis and theoretical framework

Current evidence suggests various factors that shape their perceptions, experiences, and
behaviors toward the acceptance and utilization of mHealth applications among elderly
patients with chronic diseases. Firstly, the responsiveness of mHealth apps to individual
needs on chronic disease management is crucial for their popularity among users. Positive
perceptions regarding the app's ability to facilitate communication with healthcare providers,
enhance disease management knowledge, promote a sense of control over health, and
foster a proactive approach to monitoring and managing health conditions are key drivers of
user engagement. [15, 27-38]. Secondly, while elderly patients appreciate the easy
communication options provided by mHealth and find illness management manageable,
they also encounter challenges such as difficulty in understanding health education
materials, navigating the app, and experiencing technical issues. These usability challenges
detract from the overall convenience and effectiveness of mHealth, highlighting the
importance of user-friendly design and intuitive interfaces. [15, 17, 27, 33, 34, 38-45].
Thirdly, social influences also play a significant role. Approval and recommendations from
family encourage users to embrace these technologies, underscoring the influence of social
networks on technology acceptance and utilization. [35, 36, 42]. Fourthly, adequate
technical assistance and clear instructions are essential for optimal user experience.
Conversely, the absence of technical support and unclear guidelines can impede usability.
[35, 36, 42, 43]. Fifthly, reluctance to engage with mHealth stems from factors such as
unfamiliarity with electronic devices, challenges in usage, and apprehensions about
potential damage or mistakes. Negative past experiences with digital technology and
perceived investment of time and effort contribute to resistance toward adoption [17, 29, 34,
33, 40, 45]. Sixthly, privacy and security undermine the trust and confidence of users [31].
Lastly, trust in healthcare professionals and confidence in the effectiveness of mHealth

disease management methods are essential for user acceptance. [27, 34-36, 39, 43, 46].

These elements align with the dimensions of the Extended Unified Theory of Acceptance
and Use of Technology (Extended UTAUT) model [47, 48], which provides a
comprehensive framework for understanding the adoption and utilization of technology. As
a result, we have chosen to map the dimensions and scales under the components of this
theoretical framework to provide a comprehensive understanding of mHealth adoption

among this population.

https://preprints.jmir.org/preprint/53796 [unpublished, peer-reviewed preprint]



JMIR Preprints Yuetal

Methods

Overview

This research project consisted of three parts. In Study 1, literature review, interviews, the Extended
Unified Theory of Acceptance and Use of Technology (Extended UTAUT model) [47, 48], and
research team discussions were used to form a pool of candidate items. After that, in Study 2, the
Delphi method [49] was applied to create the dimensions and items of the initial version of MAUS-
EC. We conducted Study 3, which involved a process of item analysis and screening, to identify the
most informative items for each domain. Additionally, we evaluated the reliability and validity of the

instrument we developed in Study 3.

Ethics

As part of a large-scale research project, this series of studies has been approved by the Medical
Ethics Committee of our University (JNUKY-2022-038). Researchers responsible for data collection
underwent comprehensive training sessions aimed at addressing stereotypes or biases related to
aging, chronic disease, and technology use, as well as enhancing their communication skills. Clear
explanations regarding the purpose of the study, the procedures involved, confidentiality measures,
and the voluntary nature of participation were provided to all potential participants. Participants were
assured that their involvement in the study would not impact their rights to receive healthcare
services or lead to any differential treatment. Informed consent was obtained from all participants
involved in the development and validation process of the usability scale, ensuring that they
understood the study's objectives, procedures, and potential risks and benefits. Furthermore,
participants were informed that they had the right to withdraw from the study at any time if they felt
uncomfortable or experienced emotional responses or psychological distress due to technological

barriers.

Study 1: Assembling a pool of candidate items

Literature Search

Seven English databases and four Chinese databases were searched to collect published research
papers on the attitude and experience of elderly patients with chronic diseases using mHealth. The
databases included PubMed, Embase, the Cochrane Library, Web of Science, Scopus, CINAHL,
ProQuest, The China National Knowledge Infrastructure (CNKI), Weipu (VIP), Wanfang Data, and
the Chinese biomedical literature service system (SinoMed). Eligible studies were as follows: (1)
Study participants were aged 60 years or older and diagnosed with at least one chronic disease; (2)

Research phenomenon: the experience of using mHealth; (3) Research methods: qualitative studies
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guruaang

or mixed-method studies with qualitative results. Methodologies were not limited to descriptive
qualitative research, phenomenology, ethnography, and grounded theory. The exclusion criteria
were: (1) The full text is unavailable; (2) Mixed-method studies in which qualitative results cannot
be extracted; (3) Editorials, conference papers, case reports, and papers without peer review; (4)
Non-Chinese and English literature. Relevant MeSH terms and free terms were used to develop
search strategies for the databases.

MHealth as a concept and field of study emerged around the early 2000s [50], so the publication
timeline for including literature was limited from January 2000 to March 2022. Figure 1 illustrates
the search process using PubMed as an example. Two nursing master's students within our research
team independently conducted the screening and initial item development. The study screening and
selection process is presented comprehensively using a flow diagram in Figure 2. We formed two
initial item pools based on the results from all the included studies. The item pools were then
discussed with a nursing professor, and a collective decision was made to form a formal literature-

based item pool.

In-depth interviews

We used purposeful sampling to recruit participants from a tertiary hospital in Guangzhou,
Guangdong Province, between March and May 2022. To be eligible, participants had to have at least
one chronic condition, be 60 years or older, be a current or past user of mHealth, understand and
answer the interview questions independently, and provide informed consent. Face-to-face
interviews were conducted with patients who provided informed consent. After data collection, the

first author supplemented the literature-based items pool.

Research team discussion

A research team consisting of three highly experienced nursing professors specializing in chronic
disease management, mHealth, and scale development, two accomplished lecturers with doctorate
degrees in Nursing and specialized knowledge in chronic disease care and scale development, one
senior clinical nursing expert, and the first author, were assembled to enhance the quality of the
items. This team modified items in the pool for Delphi expert review. Furthermore, the team chose
potential experts and designed the consultation questionnaire. Following each round of expert
consultation, the team discussed the expert opinions and relevant indicators. The team members

made appropriate adjustments or deletions and ultimately produced the initial version of the scale.

https://preprints.jmir.org/preprint/53796 [unpublished, peer-reviewed preprint]
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Study 2: The development of the initial version of MAUS-EC
Recruitment of Experts for the Delphi

The Delphi method was used to ensure anonymous expression of opinions, with multiple rounds of
questionnaire surveys and systematic steps to reach basic unanimous views of the experts consulted.
To be considered as an expert, candidates had to meet the following criteria: (1) Possess a master's
degree or higher; (2) Have at least five years’ experience in the healthcare or research of elderly
patients with chronic diseases in tertiary hospitals or institutions of higher education or the field of
mHealth; (3) Hold the title of deputy senior or higher, although exceptions were made for those with
exceptional knowledge and experience; (4) Took part in this research voluntarily and actively
collaborated to complete consultations.

The process of identifying qualified experts commenced with the first author conducting a
comprehensive search through the publications available on the China National Knowledge
Infrastructure (CNKI), which is the largest online literature search database in China. Official
website introduction pages of universities and affiliated hospitals were scrutinized to ensure a
thorough exploration. Additionally, our team members helped connect experts through their social
networks. Pertinent details regarding the potential experts, encompassing their educational
background, research focus, and professional designation, alongside their contact information, were
meticulously recorded in a Word document. Following this, the research team engaged in extensive
discussions aimed at maximizing the diversity of expertise and geographic representation among the
identified experts. Subsequently, an electronic version of the consultation questionnaire for the
experts was issued through WeChat and NetEase Email Master to invite their involvement in the

consultation process and gather their opinions.

Data Collection and Analysis

The Delphi study was initiated online in August 2022. The objectives of our study were
communicated to the experts via email, along with the consultation questionnaire. The questionnaire
comprised five sections aimed at gathering expert opinions and information. The first section
includes a form with 5-point scales for collecting opinions on the importance of dimensions and
suggested revisions. The second part included a form with 5-point scales for evaluating the
importance value of items, 4-point scales for evaluating the relevance, and suggested modifications.
The third section asked experts to rate their familiarity with the information they provided before,
using a 5-point scale. The fourth section featured a table for experts to assess the foundation of the

basis of their judgment, including practical experience, theoretical knowledge, references, and
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personal intuition, graded on a scale of 1-3. Finally, the fifth section was an expert information
collection sheet.

The selection process for the Delphi panel experts was conducted meticulously to ensure
representation from diverse backgrounds and expertise relevant to the study. Experts were identified
through a comprehensive search of reputable sources such as academic databases, professional
networks, and industry affiliations. The criteria for expert selection included qualifications such as
advanced degrees, extensive experience in healthcare or research related to elderly patients with
chronic diseases, and expertise in the field of mobile health (mHealth). After compiling a list of
potential experts, invitations were extended to 27 individuals who met these criteria.

During the first round of consultation, experts were provided with detailed information about the
study and participation requirements. They were given four weeks to respond to the initial
questionnaire, with reminders sent every two weeks to ensure maximum participation. Following a
careful review of the responses and incorporation of participants' feedback, adjustments to the scale
were made by the first author in consultation with the research team. In the second round of Delphi,
the results of the first iteration were shared with all experts who responded to the preliminary survey.
This allowed experts to gain insights from their peers and further refine their responses. Similar to
the first round, experts were given four weeks to provide feedback. The rationale behind conducting
two rounds of Delphi was to facilitate iterative consensus-building among the expert panel, ensuring
thorough exploration of diverse perspectives and achieving convergence of opinions. The anonymity
of experts was maintained throughout both rounds to encourage candid and unbiased feedback. After
the second round of Delphi, the results were collated, and it was found that expert opinions had
converged. The consultation process concluded in September 2022. Following minor revisions based
on the second round of consultation and discussions within the research team, the initial version of

the MAUS-EC was formed.

Study 3. Refining and validating MAUS-EC
Participants and setting

From October 2022 to January 2023, trained investigators used convenience sampling to recruit
elderly patients with chronic diseases who had experience using smart devices and mobile
applications in a tertiary hospital and two residential communities in Guangzhou, Guangdong.
During this phase, participants were selected based on specific inclusion and exclusion criteria.
Inclusion criteria encompassed the following: participants had to be elderly individuals aged 60 years
or older with a confirmed diagnosis of one or more chronic diseases, such as diabetes, hypertension,

heart disease, or respiratory conditions. Exclusion criteria included cognitive impairment or
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dementia, severe physical limitations that would impede interaction with smart devices or mobile
applications, and lack of prior experience with such technologies.

The participants were required to rate their agreement with items in MAUS-EC on a scale from 1
(strongly disagree) to 5 (strongly agree). Before the formal investigation, 30 elderly patients with
chronic diseases pretested the scale to assess its comprehensibility and testability. According to the
recommendation [51], a sample size of at least 100 and 200 is required for the Exploratory Factor
Analysis (EFA) and Confirmatory Factor Analysis (CFA), respectively. Data analysis was conducted
using IBM SPSS Statistics 26.0 and IBM SPSS Amos 28.0.

The apps and tasks required to perform

Before the survey, participants were explained the study objective and the MAUS-EC. They were
also provided with a basic introduction and brief demonstration of the mHealth application.
Participants were asked to use one of the eight corresponding apps from the Data.ai database with a
rating of at least 4.5 and complete specific tasks. The database offers free access to current rankings
and market data for apps on iOS and Android App Stores. The apps used were Spring Rain Doctor,
Xiaohe Health, Gaoxin Health, Diabetes Nurse, Kidney Online, Dongdong Oncology, Lansheng
Brain Doctor, and Respiratory Rehabilitation. The tasks included: (1) registering and logging in to
the app; (2) completing personal information, settings, and medical history, and adding physiological
indicator records; (3) familiarizing themselves with various modules, browsing, and trying to publish
text, pictures, or video information; (4) completing monitoring records and physical and mental
condition assessments; (5) contacting healthcare personnel using mHealth to check the instructions

and messages received.

Item Analyses

A thorough item analysis and screening procedure were performed using the Item Discrimination
Index (IDI), Correlation Analysis, Cronbach's «, and EFA [52]. This approach strategically
amalgamates the strengths of different methods while circumventing their respective limitations,
ultimately enhancing the robustness and consistency of the screening results [32].

(1) Item Discrimination Index

IDI [53] measures an item's ability to distinguish between high- and low-performing individuals. It is
calculated by comparing the proportion of high-scoring individuals who answered an item correctly
to the proportion of low-scoring individuals who did the same. The 27" percentile score represents
the upper bound of the low-scoring group, and the 73rd percentile score represents the lower bound

of the high-scoring group. The critical ratio (CR) is the average difference between high- and low-
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scoring groups for each item. An independent sample t-test was then used to compare the scores of
these two groups on each item to determine whether the difference was statistically significant;
otherwise, the item was considered for removal [53].

(2) Correlation coefficient

The Item-Total Correlation (ITC) is calculated using Pearson Correlation, which measures the
correlation between a specific item's score and the overall test score. The Corrected Item-Total
Correlation (CITC) accounts for the contribution of the specific item being analyzed to the total
score. CITC = ITC * Vv (Variance of Total Scores / Variance of Total Scores Excluding the Item).
CITC adjusts the correlation to consider the item's variance and its impact on the variance of the total
score. Moreover, it provides a more accurate assessment of the item's relationship with the construct
being measured. Items with a correlation coefficient above 0.4 are often considered acceptable [53,
54].

(3) Internal consistency test

Cronbach's « [52], a classic index for testing internal consistency test, was used for assessing the
internal consistency reliability of the scale. If removing an item increases Cronbach's «, it suggests
that the item negatively contributed to the internal consistency of the dimension. This could indicate
that the item was not closely related to the other items or that it measured a different aspect of the
construct. In this case, removing the item could potentially improve the overall reliability of the
dimension.

(4) Exploratory Factor Analysis

EFA [52] is a methodology capable of unveiling latent constructs or dimensions that elucidate the
correlations among items. This approach aids in refining the measurement instrument, detecting
potential issues with specific items, and acquiring deeper insights into the underlying structure of the

phenomenon being measured.

Validity and Reliability assessment

(1) Content validity

Content validity is a fundamental concept that evaluates the extent to which the content of a
measurement instrument aligns accurately with the construct it is intended to measure [49]. Two
indices are most commonly used to evaluate content validity, including the Item-Level Content
Validity Index (I-CVI) and the Average Scale-Level Content Validity Index (S-CVI/Ave) [55]. The
I-CVI, derived from the expert consultation questionnaire, is computed by the experts who rated
items 3 or 4 for relevance; this count is then divided by the total number of experts consulted. This

index measures the proportion of experts who rate a specific item as relevant or appropriate. The S-
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CVI/Ave is the average of I-CVI values across all items, reflecting the average agreement among
experts regarding the relevance of items within the scale.

(2) Confirmatory Factor Analysis

CFA is a statistical technique employed to evaluate and validate the construct validity of a
measurement instrument [52]. Embedded within structural equation modeling (SEM), the primary
objective of CFA is to validate whether the hypothesized relationships between the observed items
and their latent constructs correspond harmoniously with the theoretical expectations [52]. The
Goodness-of-fit Indices used were the Chi-Square divided by Degrees of Freedom (x*/df), Goodness-
of-Fit Index (GFI), Adjusted Goodness-of-Fit Index (AGFI), CFI (Comparative Fit Index),
Incremental Fit Index (IFI), Tucker-Lewis Index (TLI), Root Mean Square Error of Approximation
(RMSEA), and Standardized Root Mean Square Residual (SRMR). These Goodness-of-fit Indices
help evaluate how well the model aligns with the observed data.

(3) Convergent Validity

Convergent validity [56] measures how well multiple items of the same latent construct or factor in
an SEM model are related. It assesses whether different indicators that theoretically are supposed to
measure the same construct do so. Standardized factor loadings (SFL) provide insights into how well
the indicators measure the underlying constructs. The standard error (SE) reflects the degree of
uncertainty in the estimated parameter. Smaller standard errors indicate greater precision in the
estimate, while larger standard errors suggest higher uncertainty. Composite reliability (CR) is used
to assess the internal consistency or reliability of latent constructs (also known as factors or
variables) in an SEM model. The Average Variance Extracted (AVE) was used for measuring the
proportion of variance captured by the latent construct about measurement error. Coefficients
calculated the correlations between different items measuring the same construct.

(4) Internal Consistency Reliability

We used Cronbach's o to assess how well items in the scale measure the same underlying construct.

A higher alpha indicates higher internal consistency.

Results

The pool of candidate items
We developed the pool of candidate items (Table 1) for review by Delphi experts after reviewing 22
original studies, interviewing 19 elderly patients with chronic diseases, and discussing with the

research team twice.
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Results of two rounds of Delphi expert consultation

Characteristics of the Delphi experts

Twenty experts completed two rounds of consultation. These experts came from 14 universities and
six tertiary hospitals located across various regions: Guangdong Province, Anhui Province, Hunan
Province, Jiangsu Province, Beijing City, Shanghai City, Zhengzhou City, and Xi'an City. The
experts had an average age of 44.55 years (standard deviation [SD] 9.32), with an average relevant
research experience of 15 + 8.5 years. Eleven experts held senior professional titles, and six held
deputy senior titles. Furthermore, there were 14 experts with doctoral degrees and six with master's

degrees (Table 2).

Experts’ enthusiasm

The response rate of the expert consultation questionnaires reflects the expert positivity coefficient,
with a rate over 70% indicating a high positivity [57]. Twenty-seven inquiry questionnaires were
sent in the first round, yielding 20 responses completed with expert opinions and insights, resulting
in a commendable positive coefficient of 74.1%. In the second round, 20 consultation questionnaires
were issued, and the suggestions and opinions of experts were also obtained. The expert positivity
coefficient reached 100%. Both rounds achieved positive coefficients meeting the recommended
criteria, demonstrating the active engagement, and significant investment of experts in this research

project.

Expert Authority Coefficient

The Expert Authority Coefficient is used to determine the experts’ level of authority or influence
in the context of this study. Cognitive Authority (Ca) was calculated based on experts’ self-
evaluation judgment. Cr was calculated from (Ca +Cs) / 2. As shown in Table 3, the authority
coefficient of both rounds was higher than 0.7, indicating that the degree of authority was good and

the consultation results were reliable [53].

Coordination Degree of Experts
The average importance and the full score ratio reflect the concentration of experts' opinions on the
article. In the first and second rounds of correspondence, the average importance of each item ranged

from 3.37-5 and 4.1-4.9, and the full score ratio ranged from 0.22—1 and 0.45-0.9, respectively.
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Expert Opinion Coordination Degree Index
The degree of coordination of experts' opinions is measured by the Coefficient of Variation (CV).
In the first and second rounds of consultation, the CV of each item ranged from 0 to 0.5 and 0.063 to

0.37, respectively. The results of these two rounds of inquiry were statistically significant (P<0.05).

Initial Version of MAUS-EC

Experts provided their input on dimensions and items. Dimensions and items were deleted or
modified based on the experts’ feedback, considering three key indicators and our team discussions.
As shown in Table 4, items with a Mean Importance Score (MIS) of < 3.50, a Full-Scale Ratio (FSR)
of < 0.2, or a CV of > 0.25 were subject to modification or removal [53]. Following the initial round
of inquiries, 13 items were removed, and 13 were modified. There were suggestions for adding three
items. Items 19 and 20 were merged into a single item, as were items 21 and 22, along with items 36
and 37. Based on the feedback and evaluation criteria of the experts and following our group
discussions, six items were removed, and four were modified. Items 23 and 26 were merged into a
single item, as were items 34 and 35 (Table 4). After two rounds of expert consultation, the initial
version of MAUS-EC was constructed to comprise six dimensions and 32 items. These dimensions
encompassed nine items for Perceived Usefulness, nine for Perceived Ease of Use, four for
Facilitating Conditions, three for Technology Anxiety, three for Perceived Safety, and four for

Professional Trust.

Refinement and Validation of MAUS-E

Polit survey results indicate that the scale items are clearly constructed and easily understandable.
However, we have observed that all the items within the same dimension were either all positive or
all negative, with no alternating positive and negative items. This presents a potential risk of
response bias. Therefore, we made adjustments to the following items: (1) "MHealth allows me to
get health information and support from fellow patients" was modified to "MHealth has not enabled
me to obtain health information and support from fellow patients (-)"; (2) "I am more confident in
managing my illness" was modified to "I still lack confidence in managing my illness (-)"; (3)
"Managing my illness with mHealth is not difficult for me" was modified to "Managing my illness
with mHealth is difficult for me (-)"; (4) "MHealth frequently lags, making it difficult to use (-)" was
modified to "MHealth is smooth, I find it user-friendly"”; (5) "I am not familiar with electronic
devices, and using mHealth makes me nervous (-)" was modified to "I am familiar with electronic
devices, using mHealth does not make me nervous"; (6) "MHealth may leak my personal and health

information, so I think it is unsafe (-)" was modified to "MHealth will not disclose my personal and
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health information, I feel secure."

Results of Item Analysis and Screening

We collected 175 valid responses during this stage: 109 (62.3%) from males and 66 (37.7%) from
females. Among these respondents, 93 (53.1%) in the were between 60—69 years age group, 62
(35.4%) in the 70-79 age group, and the remaining 20 individuals (11.4%) were aged between 80
and 92. One hundred (57.1%) participants resided in urban areas, and 133 (76%) were married. The
educational background of the participants was as follows: primary school or below, 78/175 (44.6%);
junior high school, 69/175 (39.4%); high school or vocational education, 22/175 (12.6%); and
college or above, 6/175 (0.3%). Among all respondents, 32.6% had an average monthly household
income of less than 2000 yuan, 60.6% had an income between 2001 and 6000 yuan, and 0.7% had an
income exceeding 6000 yuan.

(1) Item Discrimination Index

As depicted in Table 5, the results of the independent sample t-test have revealed that only items 20
and 30 did not display a significant difference (p > 0.05). In such a scenario, if the items exhibit a
critical ratio (CR value) < 3 [53], it signifies poor discrimination and may be considered for removal.
Additionally, all items, except for items 20 and 30, demonstrated effective discrimination.

(2) Correlation coefficient

Table 5 reveals that several items do not meet the thresholds and can be considered for deletion.
Specifically, Items 1, 2, 9, 17-22, 26, 28, 29, 31, and 32 did not satisfy the criteria of ITC > 0.4; they
also did not demonstrate a significant difference (p < 0.05) or have a CITC > 0.4.

(3) Internal consistency test

Cronbach's o values were computed for each dimension, with the following results: Dimension 1
(Items 1-9), Dimension 2 (Items 10-18), Dimension 3 (Items 19-22), Dimension 4 (Items 23-25),
Dimension 5 (Items 26-28), and Dimension 6 (Items 29-32) had a value of 0.712, 0.774, 0.524,
0.817, 0.758, and 0.686, respectively. After removing Items 9, 18, 26, and 29, the Cronbach's «
values for the corresponding dimension improved by 0.094, 0.022, 0.034, and 0.072, respectively.
Considering other relevant indicators, it was advisable to reconsider the exclusion of Dimension 3.
But Cronbach's a coefficient of dimension 3 cannot meet the minimum requirement of 0.6 [58], and
its items 19~22 should be considered for deletion.

(4) Exploratory factor analysis

After analysis, the Kaiser-Meyer-Olkin (KMO) value was found to be 0.789, and Bartlett’s sphericity
test was statistically significant (P < 0.05), indicating that it was appropriate to conduct EFA [59,

60]. Six factors were extracted based on the criterion of eigenvalues greater than 1. The scree plot in
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Figure 3 illustrates a transition from steep to stable, indicating a satisfactory factor solution. The
cumulative variance contribution rate reached 68.12%, exceeding the 60% threshold, which suggests
that the model is acceptable [52]. We eliminated two cross-loaded items, Items 7 and 8, although
their factor loadings were more than 0.4.

In summary, items 7-9, 18-22, and 29 were removed (Table 5). We, therefore, obtained a scale of 23

items in six dimensions and began the validation survey and analysis.

Reliability and validity evaluation of MAUS-EC

Two hundred respondents (males: 124/200, 62%; females: 76/200, 36%) completed this validation
survey; 107 were aged between 60 and 69 years old (53.5%), 68 participants were aged between 70
and 79, and 25 individuals were aged 80 or above (12.5%). In total, 155 (77.5%) people resided in
urban areas, while 45 (22.5%) lived in rural areas, respectively. The majority of participants were
married (185/200). More than half of the respondents (116/200) had at least a junior high school
education (junior high school: 63/200, 31.5%; high school or vocational school: 42/200, 21%;
college or higher: 11/200, 5.5%). The average monthly family income was stratified as follows: 2000
yuan or less (94/200, 47%), 2001 to 6000 yuan (94/200, 47%), and more than 6000 yuan (12/200,
6%). One yuan is approximately equal to 0.14 US dollars.

Evaluation of scale reliability and validity

(1) Content validity

The I-CVI ranged from 0.85-1, which aligns with the minimum requirement of 0.78 [55].
Furthermore, the average S-CVI was 0.97, exceeding the specified threshold of 0.9 [55].

(2) Structural validity

The model formed by CFA (Figure 4) grouped four items: Item 14—"The font and icons are too
small to see (-)"; Item 15—"Sharper contrast in text and background colors is needed (-)"; Item 16
—"Adding disease measurement results manually on mHealth is annoying (-)"; and Item 17—
"MHealth brings inconvenience due to lack of synchronization of diagnosis and treatment
information in different hospitals (-), into a single dimension". Parameter estimates for this model all
met the criteria (Table 6), indicating that this new model better aligns with the observed data
compared to the initial model. The formed dimension was, therefore, renamed "Access
Empowerment".

(3) Convergent Validity

The SFL, AVE, and CR were greater than 0.5, 0.4, and 0.6, respectively (Table 7). These results align
with the established standards [65-68].
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(4) Reliability evaluation
As shown in Table 8, the Cronbach's o of MAUS-EC was 0.85, and the Cronbach's o coefficients for
dimensions 1-6 were 0.813, 0.911, 0.854, 0.858, 0.788, and 0.758, respectively. All Cronbach's o

coefficients exceeded 0.7 and were in the acceptable range [69].

Discussion

This study reports on the development of a scale (MAUS-EC) to measure the usability of mHealth
apps among older adults with chronic diseases and also assessed its psychometric proprieties among
a sample of older Chinese adults. This scale has 23 items in six domains to operationalize the
usability, providing researchers and stakeholders with a reliable and valid instrument to improve the
age-appropriateness of mHealth.

Compared with previous usability testing tools, such as SUS, PSSUQ, and MAUQ [19-21], we
adopted a series of organized and standardized empirical studies focused on elderly patients with
chronic diseases. The development of scale items is based on a systematic literature review and the
existing framework, showing a solid theoretical foundation. In-depth interviews extended
information relating to the interactions between the patients and mHealth. Our experienced research
team members promoted the accuracy and readability of the items through discussion. The Delphi
method was used to further modify the scale items, conducted among experts from the central,
northern, and eastern regions as well as the southern coastal areas of China. Their expertise included
chronic disease care, aging care, and mHealth. These observations reflect the geographical and
professional representation of the experts. The Delphi survey also gave them sufficient time and
energy to consult relevant materials, enrich background knowledge, think more thoroughly, and
express their views fully about the scale through "back-to-back” communication [49]. A pilot survey
using a small sample strengthened the feasibility of measurement.

In this study, we analyzed the differentiation, representativeness, independence, and internal
consistency of all items. We found that the items performed well in terms of differentiation, which
may be related to systematic development progress and multiple revisions. The initial version of
MAUS-EC formulated after two rounds of expert consultation, consisted of 32 items, each meeting
the selection criteria for stability [52]. We referred to relevant indicators and combined expertise
during the item screening process. CFA was conducted to examine the factor structure, resulting in

six dimensions (perceived usefulness, perceived ease of use, access empowerment, technology
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anxiety, perceived security, and professional trust) forming the final version of MAUS-EC. These
dimensions encompass various aspects of the use of mHealth for elderly patients with chronic
diseases, including cognitive, behavioral, physiological, and psychological factors. The
comprehensiveness of the scale dimensions ensures that what is measured under each dimension is
different. Employing a one-size-fits-all tool, such as the System Usability Scale (SUS) [19], for
assessing usability is problematic. This is especially evident when considering the unique challenges
faced by aging individuals living with chronic conditions since they have their own set of needs and
experiences when interacting with mHealth apps. While there may be some overlap with dimensions
such as ease of use, ease of learning, simplicity, effectiveness, information, and user interface in
PSSUQ [20], these characteristics alone do not capture the diverse complexities involved. The
MAUQ [21] faces even more significant challenges, as it excludes older adults without a high school
or higher education and those aged outside the range of 18 to 65 years in its development. However,
our tool effectively addresses these gaps, ensuring inclusivity and relevance.

The first subdimension (items 1 to 6), which is perceived usefulness, refers to the extent to which
an older patient believes that using mHealth would enhance their chronic disease management. A
system characterized by high perceived usefulness is one where users perceive a positive relationship
between its use and their performance outcomes [70]. Higher scores in this dimension indicate that
users perceive the application as providing valuable support in their healthcare management, thereby
enhancing overall usability. Perceived ease of use, the second subdimension across items 7 to 10,
refers to the degree to which an individual believes that using the mHealth application would require
minimal effort. Effort is a finite resource that individuals allocate to chronic disease management.
Consequently, all else being equal, an application perceived to be easier to use than another is more
likely to be accepted by users [70]. Higher scores in this dimension indicate that users find the
application easy to use and navigate, leading to improved usability. Access empowerment is the third
subdimension (items 11 to 14). pertains to the technical support mHealth provides for the population.
It evaluates the extent to which users feel empowered to access and utilize the application to manage
their health independently. Higher scores in this dimension indicate that users feel confident and
empowered in utilizing the application.

The fourth subdimension (items 15 to 17), technology anxiety [71], addresses the negative
emotions that may arise when using mHealth. This dimension addresses the negative emotions that
may arise when using mHealth applications, such as anxiety or discomfort related to technology use.
Lower scores in this dimension indicate lower levels of technology anxiety, leading to improved

usability. Perceived Security - the fifth subdimension (items 18, 19, and 20), concerns the degree to
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which users believe their personal information can be secured when using mHealth applications. It
evaluates users' perceptions of data confidentiality, integrity, and protection from unauthorized
access or misuse, which is similar to the subjective judgment on perceived security risk among
healthcare practitioners [72]. Higher scores in this dimension indicate greater trust and confidence in
the security measures of the application, thereby enhancing usability by fostering user trust and
engagement.

Items 20 to 23 are professional trust that measures the degree of trust in the professionalism of
mHealth applications. It assesses users' perceptions of the accuracy, relevance, and credibility of
health information provided through the application. Higher scores in this dimension indicate greater
trust in the credibility and reliability of the application, enhancing usability by promoting user
satisfaction and adherence to health recommendations.

In summary, MAUS-EC was developed through a theory-driven and evidence-based approach
while following the principles of the development process, reflecting good reliability and validity.
The qualitative and quantitative evaluation and the screening of the items met the requirements of
psychometrics. This feasible scale helps evaluate the usability of mHealth apps from the perspective
of older adults with chronic diseases. The instrument is also easy to understand, without redundant
items, and it has a suitable number of items for older adults with chronic diseases to respond to.
Future research should focus more on improving the usability of mHealth and enhancing the age-
appropriateness of the healthcare delivery model in the evolving digital environment through this
tool. Particular attention should be paid to individuals with low scores to reduce digital health

inequalities.

Implications
The development of the mHealth application usability scale for older adults with chronic diseases has
profound implications beyond design and implementation. It catalyzes ongoing research and
innovation in mobile health, fostering collaboration across the healthcare ecosystem to improve the
relevance, trustworthiness, security, and accessibility of mobile health solutions. By translating
research findings into actionable strategies, stakeholders can collectively enhance the quality of care
and life for elderly patients with chronic conditions.

Participatory design, involving end users throughout the iterative design process [73], will form
the foundation for prototype features and functions tailored to address the management needs and
priorities of older adults. Multidisciplinary teams, including clinician-scientists, user experience

researchers, app designers, and developers, collaborate systematically to develop applications that
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adhere to established principles. Leveraging collective expertise, these teams address usability
barriers identified through the scale, enhancing user engagement and adherence to digital self-care
solutions. Simplified interfaces, enhanced navigation aids, and consistent wearable devices aim to
reduce physical and cognitive load for older adults. Education on privacy and data security features
addresses concerns about personal information, fostering trust in the application. Additionally,
gamification elements and reward systems make applications more engaging and less anxious,
incentivizing users to achieve their health goals. The effective translation of new knowledge, social
technologies, and engagement techniques holds the promise of yielding novel approaches for
empowering, engaging, and educating older adults with chronic diseases [74].

Continuous evaluation and refinement of mHealth apps, facilitated through usability scales, ensure
their feasibility and effectiveness in meeting the evolving needs of older adults with chronic diseases.
Insights gleaned from usability assessments play a crucial role in shaping healthcare policy and
guiding the development of guidelines and standards for mobile health application design.
Policymakers are thus empowered to advocate for user-centered design principles and robust testing
protocols, thereby enhancing the quality and safety of mobile health interventions and fostering trust
among users and healthcare providers. Moreover, perceived value, acting as a mediator in mobile app
usage intention and promotion strategies [75], can be further bolstered through appropriate
propaganda. In this context, APP operators may employ fear-based advertising strategies to
incentivize users to adopt security protection measures and related software services [76], thereby
reinforcing the overall efficacy and acceptance of mobile health applications.

A comprehensive onboarding process is vital in ensuring that older adults can effectively utilize
mHealth apps. This process not only guides users through the initial setup and use of the application
but also provides personalized training resources and accessible help channels, which are essential
for overcoming any technological challenges they may face. However, the role of social workers,
support communities, and caregivers cannot be overstated in this context [77]. They play a crucial
role in empowering older adults to embrace and navigate these digital health solutions with
confidence. Through their assistance, guidance, and education efforts, they not only enhance access
empowerment but also alleviate the technology anxiety that users may experience. This fosters a
supportive and inclusive environment where older adults feel encouraged to embrace digital health
solutions, leading to improved engagement and ultimately better health outcomes.

Further research directions could include testing the scale's applicability in longitudinal studies to
assess its sensitivity to changes over time among older adults with chronic diseases. Moreover,

exploring the scale's effectiveness in different cultural contexts would offer valuable insights into its
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cross-cultural validity and usability. These future research endeavors would contribute to refining the
scale's utility and ensuring its effectiveness across diverse populations and settings, ultimately
enhancing its impact on the design and implementation of mobile health solutions for elderly patients

with chronic conditions.

Limitations

The limitations of this study should be acknowledged for a comprehensive understanding of its
findings. Firstly, the elderly patients with chronic diseases surveyed were exclusively from
Guangzhou City, Guangdong Province in China, representing an urban setting. To ensure the scale's
applicability to rural older adults, future research should include participants from rural areas.
Moreover, China's culture of collectivism and family-centeredness may influence older adults'
perceptions of mobile health applications, potentially impacting usability. Cultural factors should be
considered when interpreting the study's results and adapting the usability scale for use in diverse
cultural contexts. Additionally, the study's cross-sectional design limits its ability to assess the long-
term usability of mHealth applications. Longitudinal studies would be beneficial to evaluate the
sustained usability and effectiveness of these applications among older adults with chronic diseases.
Furthermore, the mHealth apps examined in this study represent only a subset of those available on
the market. Including a wider range of samples and considering additional usability factors process
would enhance its utility for designing and developing mHealth apps tailored to the intended user

base.

Conclusions

Our study introduces the Mobile Health Application Usability Scale for Elderly Patients with
Chronic Diseases (MAUS-EC), a robust instrument developed through systematic empirical studies
and expert consultation. With 23 items across six domains, MAUS-EC demonstrates good reliability
and validity, offering researchers and stakeholders a comprehensive tool to assess the usability of
mHealth apps among older adults with chronic diseases. Its multidimensional structure addresses
various aspects of usability, filling gaps left by previous tools and ensuring inclusivity, relevance,
and applicability across diverse user demographics. MAUS-EC's subdimensions capture key factors
such as perceived usefulness, ease of use, access empowerment, technology anxiety, perceived

security, and professional trust, providing a nuanced understanding of mHealth app usability. Future
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research should leverage MAUS-EC to drive improvements in mHealth app design and enhance

healthcare delivery models for aging populations in digital environments.
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The search strategy used in PubMed.

("Older adults" OR “Elderly" OR "Senior citizens" OR “Aging population” OR "Older individuals™)y AND
{"Hypertension" OR "Diabetes” OR "Heart disease™ OR "Arthritis" OR "Chronic obstructive pulmonary
disease" OR "COPD" OR "Osteoporosis™) AND ("mHealth® OR “"Mobile health® OR “Mobile
applications” OR "Smartphone apps" OR "Mobile technology™) AND ("Attitude” OR "Perception” OR
"Opinion” OR "Viewpoint" OR "Sentiment") AND ("Experience” OR "User experience™ OR "Patient
experience” OR "Lived experience”) AND ("Ethnography™ OR "Phenomenology” OR "Grounded theory™
OR "Marrative analysis” OR "Content analysis” OR "Thematic analysis")
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The study screening and selection process.

Yuetd

Records excluded (n=1813):

Literature unrelated to the topic were

excluded after reading the titles and abstracts

Records identified through
= database searching (n=6093):
%-_ PubMed (n=1580), Embase (n=1386), The
? Cochrane Library (n=9), Web of Science
g (n=1577), Scopus (n=1281), CINAHL
(=112}, ProQuest (n=17), CNEKI (=40,
Wanfang Data (n=86), VIP (n=3)
Duplicate records
removed (n=1987)
&
=
=,
=
Fiill-text assessed for
eligibality (o=174)
5 Records screened (n=22)
e
=
a

Records excluded (n=152):

& Participants do not match {unable to determine
the age of participants or participants are < 60
years old: data of caregivers, nurses, and doctors
cannol be extracted) (n=22)

o Mixed methods design used: qualitative research
section canivd be extracted (n=4)

& Review articles (n=103}
e Unable to access full text (n=7)

¢ Non-Chinese and non-English literature (n=16)
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Gravel diagram.
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Table 1. The pool of candidate items.
URL.: http://asset.jmir.pub/assets/280d78f 3bffcla3ff 78ca76cab3c9ad9.docx

Table 2. Delphi experts demographics.
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Table 3. The Expert Positivity Coefficient.
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Table 4. Indicators of two rounds of Delphi consultation and the screening results.
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Table 5. Item analysis and screening.
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Table 6. Fit indices of the structural equation models.
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Table 7. Indicators of convergent validity.
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Table 8. Cronbach's ? of MAUS-EC and the subscales.
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