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Abstract 

Introduction: The number of mobile health applications (m-health apps) available to the public 

through online application (app) stores is rapidly increasing. In addition, the general public’s 

interest to use m-health apps as an adjunct to conventional health care services is increasing. 

However, because of the inadequate quality control mechanisms on app stores and lack of 

stringent regulations for m-health apps, there is a risk of apps to have inferior quality or even be 

harmful. In the absence of formal guidelines, users may choose apps based on unreliable 

information such as reviews and ratings on the app download page, or the number of downloads 

for an app. Rating scales to evaluate apps exist for m-health app users, health care providers, and 

researchers. Most are long and complicated scales that are not appropriate for the general public. 

None have been developed using a theoretical framework. The purpose of this thesis was to 

develop the Alberta Rating Index for Apps (ARIA) based on the theories of technology 

acceptance, frameworks of app evaluation, and lived experience of users of mobile health 

applications. 

Methods: A multi strategy study was conducted in three phases. In phase one, the investigator 

conducted six focus groups with users of mobile health applications including older adults, adults 

with a mental health condition, health care providers, and app developers to identify quality 

criteria that were important to users and developers of m-health apps. Next, an item pool was 

generated based on a review of app rating scales. In phase two, the content of the item pool was 

validated using an online survey and a calculation of the content validation index for each item. 

Also in phase two, a sample of participants from the online survey participated in a focus group 

to shortlist the item pool and develop the first draft of ARIA. In phase three, ARIA was piloted 

by nine potential users of m-health apps, including older adults and adults with a mental health 
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condition. Also, in phase three, the inter-rater reliability and criterion-related validity of ARIA 

were examined using 16 participants consisting of 4 older adults, 4 adults with a mental health 

condition, and 4 health care providers. The scores of ARIA were correlated with the scores of 

users’ version of Mobile Apps Rating Scale (U-MARS) to examine the criterion-related validity. 

Results: Nine quality criteria measure the quality of m-health apps: the purpose of the app, 

trustworthiness, privacy, security, affordability, ease of use, functionality, appropriateness to 

target users, and usefulness and satisfaction. Generalizability coefficients (G-coefficients) were 

calculated using ARIA total scores as the measure of reliability. High G-coefficients for health 

care providers (G = 0.98), older adults (G = 0.83) and adults with mental health conditions (G = 

0.88) indicated that users could reliably rate the quality of m-health apps based on total scores of 

ARIA. The positive but low correlation of ARIA’s total scores with U-MARS indicated that both 

assessment tools measure the quality of m-health apps. However, the quality criteria were 

different between the ARIA and U-MARS. Participants in phase three reported that ARIA was 

easier and more convenient compared to U-MARS.  

Conclusion: ARIA is the first mobile application rating index developed based on theories of 

technology acceptance and frameworks of app evaluation. ARIA was designed to be used by 

health care providers and the general public, including older adults, adults with mental health 

conditions, and family caregivers. The content of ARIA was validated through a rigorous 

process. Moreover, three types of app users tested the inter-rater reliability of ARIA. Users 

perceived ARIA to be easier and more convenient compared to U-MARS. Clinical implications 

of ARIA are to help patients, family caregivers, and healthcare providers rate the quality of 

mobile health applications and identify the ones that are acceptable. Health informatics 
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researchers may use ARIA to develop health apps that are useful and acceptable to end users, 

especially older adults.
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CHAPTER 1: Introduction and Review of Literature 

1.1. Mobile Health Apps on App Stores  

Mobile applications (apps) are discrete and independent software that run on mobile 

devices, such as smartphones and tablets [1]. Apps have similar capabilities to programs that run 

on personal computers and enable users to browse the internet, process documents, and play 

videogames on mobile devices such as smartphones or tablets [2]. 

Since 2008, users can download mobile apps from online markets known as app stores. 

Google Inc. and Apple Inc. dominate the app markets with their commercial app stores Google 

Play Store and iTunes, respectively. Apps on Google Play Store work on tablets and phones that 

run the Android open-source operating system. Apps on the iTunes work on Apple’s proprietary 

operating system, the iOS. Google’s Android operating system claims 82.8% of global market 

share while Apple’s iOS owns 13.9% [3]. The remaining market is shared between BlackBerry, 

Nokia, and Windows phones. Both Google Play and iTunes provide various types of apps, 

including books, music, educational apps, games, and health and wellness apps [4]. 

A considerable number of apps on the app stores are related to health and wellness. The 

literature refers to them as mobile health apps, e-health apps, and wellness apps. For 

convenience, they will be referred to as “mobile health apps” or “m-health apps” in this 

dissertation. M-health apps can usually be found under Health and fitness, Lifestyle, and Medical 

categories on the app stores, in both iTunes and Google Play Store [5].  

The number of m-health apps on app stores has increased rapidly over a period of three 

years. In 2014 there were more than 100,000 m-health apps worldwide [6]. This number 

increased to 325,000 in 2017 [7]. A report by the Institute for Health Care Informatics [8] 

estimates that almost 70% of m-health apps are relevant to general health and wellbeing such as 
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diet, lifestyle and stress management, and fitness while the rest are relevant to specific diseases, 

medication information, reminders, and women’s health and pregnancy.  

A considerable number of m-health apps on app stores are relevant to mental health. 

According to the Institute of human data science [8], mental health apps lead the number of apps 

under the disease-specific category. In another review, Donker and colleagues [9] reported that 

24% of health apps on iTunes app store are relevant to mental health, including both disease-

specific apps and apps on outcomes related to mental health (i.e., sleep, meditation, and 

mindfulness). According to the U.S. National Institute of Mental Health [10], the current trends 

in mental health apps include apps for self-management of symptoms, apps for improving 

thinking skills, apps for enhancing social skills, and apps used for passive tracking of a patient’s 

symptoms. 

1.2. Quality of Mobile Health Apps 

The booming number of m-health apps has been reported as consumer-led and 

commercially driven rather than based on scientific evidence [11]. Many mobile health apps 

have not been validated, and the research for these apps lags behind their proliferation and 

adoption by the public [12]. A review of National Health Services (NHS) Apps Library in the 

United Kingdom showed that only 15% of the apps on the library provided evidence that they 

were effective [11]. Moreover, in a systematic review, Donker et al. [9] reported that the 

majority of m-health apps were not developed based on scientific evidence. Content of most of 

the mobile health apps also does not align with practice guidelines or established therapeutic 

principles [13].  

Another concern is the extent to which m-health apps can protect the confidentiality of 

app users’ information. Many apps do not have proper security measures such as data encryption 
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or password protection [12]. In the absence of security measures, users’ information can be 

accessed by unauthorized individuals through digital theft or loss of a mobile device. Also, many 

m-health apps do not explain what information is collected and how the collected data is 

handled. In a review of apps for bipolar mood disorder, only 18 out of 82 apps had a privacy 

policy [13].  

Finally, there is a risk for m-health apps to provide inaccurate or harmful information. In 

a review of online app stores, Bindhim et al. [14] identified several apps that promoted the use of 

illicit drugs. Such concerns create an unclear prospect about the quality and safety of m-health 

apps used by patients and health care professionals [15]. 

1.3. Older Adults and M-Health Apps 

The challenges associated with identifying high-quality apps may impact older adults 

more than other cohorts of app users. In recent years the number of older adults who are using 

smartphones and tablets has increased [16, 17]. At the same time, older adults as a cohort may 

face a spectrum of health issues such as musculoskeletal, cardiac, metabolic, cognitive, and 

mental health which makes them an important target group for health apps. Moreover, older 

adults may face barriers when using smartphones and tablets due to age-related declines in 

sensory, motor, and cognitive skills. These limitations can affect the use of technology in this 

population. Apps that run on touch screen interfaces need to be adapted to the needs and 

limitations of these users. Issues such as small screen sizes of smartphones combined with touch 

screen navigation and complex interactions (e.g., pinch, swipe, or double tap) can be challenging 

for adults with age-related perceptual and sensory changes [18]. 
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1.4. Regulations on M-Health Apps 

Although the number of m-health apps is growing, limited regulations exist for m-health 

apps in industrialized countries. For example, the Food and Drug Administration (FDA) in the 

United States only regulates apps that are either “used as an accessory to an FDA regulated 

medical device” (e.g., apps that allow physicians see medical images on a tablet), or “transform a 

mobile platform into a regulated medical device” (e.g., apps that turn an iPhone to an 

electrocardiograph machine) [19]. In Canada, medical devices for human use are regulated by 

Health Canada according to Medical Device Regulations (MDRs), which were made under the 

Canada Food and Drugs Act (1985) [20]. The Canadian medical device regulations do not 

specifically name mobile apps as medical devices. However, a mobile app may qualify as a 

medical device if its intended use is to make a diagnosis or provide a treatment [20]. If the 

description or labeling of a mobile app specifically states that the primary purpose of the m-

health app is not to make a diagnosis, provide treatment, or prevent a disease, the app does not 

qualify as a medical device [20] and hence does not need Health Canada approval.  

1.5. Quality Control Measures on App Stores 

Limited control measures exist over the quality of apps available on app stores. Google 

Play and iTunes have published guidelines on quality requirements for apps published on their 

app stores. Anyone with computer programming skills and a subscription to the developer 

programs of app markets can make an app and sell it on the app stores as long as the app meets 

the quality requirements set by the app stores [3]. According to Google and Apple design 

guidelines, the concept of quality refers to factors such as user interface, software functionality, 

and whether an app includes illegal content or content that infringes on intellectual property [21, 

22]. The guidelines do not include factors such as the impact of apps on users’ health or whether 
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the content of the app is based on research evidence. As a result, current quality requirements of 

the app stores do not meet the expectations of health care providers and users in terms of m-

health apps.   

1.6. Identifying High Quality Apps 

In the absence of regulations and strict quality measures for m-health apps, consumers 

(i.e., patients and health care providers) may seek other sources for information to identify m-

health apps with high quality [15]. Examples are the app descriptions on the app stores, ratings 

from other users, and endorsements made by users or health care professionals on the internet or 

social media [23]. 

1.6.1. App descriptions on the app stores 

App developers typically include a short description of the content of their app on the 

download page of the app stores. Ideally, this description includes adequate information to help 

average users to decide if the app meets their needs. However, reviews of the app store content 

have shown that most of these descriptions are not trustworthy and are written in a way to 

convince users to download or purchase the apps. The app descriptions may include unrealistic 

or exaggerated claims about the effectiveness of the app or even incorrect information about the 

content of the app [2]. Therefore, researchers have recommended against judging the quality of 

m-health apps based on descriptions provided by app stores alone [11, 23, 24]. 

1.6.2. Users’ ratings and reviews 

App stores allow users to express their satisfaction with each app using a 5-star rating 

system; where five stars mean the user has been very satisfied with the app and no stars means 

that the user was not satisfied at all. Users have the option to post a comment about their 

experience using the app. Moreover, the app stores display the number of downloads for each 
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app, which some users may interpret as an indication of an app’s popularity. App users tend to 

choose apps that are more popular based on number of downloads, higher star ratings, and 

positive reviews posted by previous users [25]. However, studies have shown that such indices 

may not be trustworthy. First, there have been reports among app developers’ community about 

developers who pay for downloads or buy reviews and ratings [3]. App review services are so 

inexpensive that an app developer can pay $5 for 12 positive reviews for his product, or negative 

reviews for his competitor [2].  Second, studies have shown that even the endorsements made by 

real users provide little value to health literature and might be misleading. For example, in a 

review of apps for chronic conditions, Singh et al. [26] reported that consumers’ ratings were 

poor indicators for app’s clinical utility or usability. Studies have also shown that apps with 

lower ratings do not necessarily have poor quality [25]. Based on this evidence, the ratings and 

reviews provided by consumers are not recommended as a source to identify m-health apps with 

high quality. 

1.6.3. Endorsements by health care professionals 

The third source of information used by consumers to identify high-quality m-health apps 

is reviews published by health organizations or enthusiastic health care professionals. Some of 

these reviews come from formal sources such as government health organizations. An example 

of such formal app directories is the National Health Services (NHS) Health Apps Library of the 

United Kingdom. Currently, the library includes 11 categories of health apps: Cancer, Chronic 

Obstructive Pulmonary Disease, Dementia, Dental, Diabetes, Healthy Living, Learning 

Disabilities, Mental Health, Online Community, Pregnancy and Baby, and Other Conditions 

[27]. A team of NHS subject matter experts evaluates apps in the fields such as regulatory, 

clinical safety, and data security. Apps that meet the quality standards of NHS for clinical 
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effectiveness, safety, usability, and accessibility receive the NHS approved badge and are 

published on the NHS online app library.  

Another example is the Addiction and Mental Health Mobile Application Directory by 

Alberta Health Services (AHS) in Canada [28]. The directory has grouped apps into eight major 

categories of disorders according to the Diagnostic and Statistical Manual of Mental Health 

Disorders (DSM-5). The directory is intended to serve as an information resource for 

researchers, health care providers, patients, and app developers. Also, the directory provides 

information on the app’s developers, the app’s operating system (i.e., iOS or Android), and the 

cost of each app. However, unlike the NHS library, apps on the AHS directory have not been 

evaluated against any quality criteria, and the directory provides no information on their usability 

or clinical effectiveness [28].  

An example of nongovernmental app directories is the practicalapps.ca website. It is a 

joint project between the Women’s College Hospital Institute for Health System Solutions and 

Virtual Care and the Ontario Telemedicine Network [29]. A group of volunteer family 

physicians with an interest in mobile health apps collaborate with this initiative. They review 

each app and rate its clinical validity, usability, privacy and security, accessibility, safety, and 

reliability [30]. Other examples of similar informal online reviews include iMedicalApps, which 

is a physician peer review mobile medical and health app website and MedicalApp Journal that 

uses Twitter and Facebook groups to peer review apps and provide information on the latest 

trends in digital medical technology [25].  

Although online app directories provide a single point of reference for users to find m-

health apps, health information experts have advised using such directories with caution. First, 

the trustworthiness of app directories, including those published by reputable sources, have been 
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questioned before. For example, the NHS health apps library was once shut down in 2015 after 

an independent study showed that 66% of the apps approved by NHS had serious security and 

privacy flaws [3]. In light of this report, NHS removed many of the apps that they previously 

considered as high quality before releasing the beta version of the library in April 2017 [27]. 

Second, ratings and reviews provided by these directories can quickly become obsolete due to 

the short life cycles of apps. M-health apps may become unavailable on the app stores within a 

year after their release. In a study of app store dynamics, Larsen et al. [31] demonstrated that 

every three days, one clinically relevant mental health app becomes unavailable to download 

from iTunes or Google Play Store. The most common reason is that the developers do not renew 

their accounts on the app stores, or they do not update the information on their apps. As a result, 

app directories need to frequently update their lists to keep up with the market, which costs 

considerable time and money. 

1.7. M-health App Rating Scales 

Recent literature supports a bottom-up strategy that emphasizes education of consumers 

about how to assess health apps [32] as a cost-effective alternative. One way to achieve this goal 

is to provide app consumers with rating scales that enable them independently to evaluate m-

health apps based on core concepts and quality criteria for them to decide if an app meets their 

needs. Existing rating scales fall under two main categories: scales used to rate the usability of 

m-health apps, and scales to rate the quality of m-health apps. 

1.7.1. App usability rating scales 

Early scales developed to rate m-health apps focused on assessment of the usability of m-

health apps. In the field of information technology, usability refers to the properties of an 

interface (e.g., a mobile app) that is associated with attributes such as ease of use, learnability, 
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efficiency, memorability, error rates and user satisfaction [33]. Most of the mobile usability 

rating scales are modified versions of earlier usability scales that were initially developed to rate 

the usability of computer programs and websites. An example of these scales is the System 

Usability Scale (SUS) developed by Brooke as “a quick and dirty usability scale” for information 

systems in general [34]. The scale has been used in many studies to evaluate the usability of m-

health apps for different health issues such as weight loss [35], mobility [36], pneumonia [37], 

stress management [38], and adverse drug reaction [39].  

Table 1.1 shows a list of scales, reported in the literature, used to rate the usability of m-

health apps. The most common constructs used in these scales are perceived usefulness and 

perceived ease of use, adopted from the Technology Acceptance Model (TAM) [40].  

Table 1. 1. App usability assessment scales 
Name of the scale [References] Scale construct(s) 

Perceived Usefulness and Ease of use 

questionnaire (PUEU) [41] 

Perceived usefulness, Perceived ease of use 

Software Usability Measurement Inventory 

(SUMI) [42] 

Efficiency, Affect, Helpfulness, 

Controllability, Learnability 

System Usability Scale (SUS) [35, 38, 39, 43-52] Ease of use, Functionality, Satisfaction 

ISOMETRIC [53] Suitability for the task, Self-descriptiveness, 

Controllability, Conformity with user 

expectations, Error tolerance, Suitability for 

individualization, Suitability for learning. 

USE Questionnaire [54, 55] Usefulness, Ease of use, Ease of learning, 

Satisfaction 

Health-ITUES [56-58] Impact, Perceived usefulness, Perceived ease 

of use, User control 

Computer System Usability Questionnaire 

(CSUQ) [59] 

Ease of use, User satisfaction, Errors, 

Functionality, Design 
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1.7.2. App quality rating scales 

Although usability scales can rate the degree to which an m-health app is easy to learn 

and use, they do not cover criteria that are important to health care providers such as security of 

the app, customizability of the features, appropriateness to the users, and trustworthiness of the 

health information provided [60]. Therefore, attempts have been made to create quality rating 

scales for m-health apps to cover the criteria that are important to health care providers as well as 

usability experts. Some of these scales were developed to rate the quality of m-health apps that 

were specific to one health domain or health care issue. An example is Enlight, which was 

designed to rate the quality of apps used for behavior change. Another example is the AQEL, a 

scale for evaluating the quality of nutrition apps. (Table 1.2).   

Table 1. 2. Quality rating scales for apps specific to a particular health domain 
Name of the scale [References] Scale construct(s) 

APPLICATION scoring system [61, 62] Comprehensiveness, Price, Paid subscription, Literature 

used, In-app purchase, Connectivity, Advertisement, Text 

search field, Inter-device compatibility, Other 

components (video, image, special features), Navigation 

ease, Subjective presentation 

Quality Assessment tool for Evaluating 

Medical Apps (QAEM) [63] 

Appropriateness of app, Reliability, Usability, Privacy 

Enlight [64] Usability, Visual Design, User Engagement, Content, 

Therapeutic Persuasiveness, Therapeutic Alliance, 

General Subjective evaluation of Program’s Potential 

Credibility checklist, Evidence Based Program, Privacy 

explanation checklist, Basic security checklist 

Nutrition App Quality Evaluation (AQEL) 

[65] 

Behavior change potential, Support of knowledge 

acquisition, App function, Skill development, App 

purpose  

MedAd-AppQ [66] Content reliability, Feature usefulness, Feature 

convenience  
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Others were developed to rate the quality of health apps in general (Table 1.3). The most 

commonly used scale in this group is the Mobile Application Rating Scale (MARS), used in more 

than 16 studies since 2015. MARS is a 23-item scale based on 372 criteria for evaluation and 

assessment of apps and web pages extracted from 25 published papers, conference proceedings, 

and online resources.  

Table 1. 3. Quality rating scales for general m-health apps 

Name of the scale [References] Scale construct(s) 

App Chronic Disease Checklist [67] Engagement, Functionality, Ease of use, Information 

management  

Health Care Apps Evaluation Tool [68] Content (accuracy, understandability, objectivity), 

Interface design (consistency, the suitability of design, 

the accuracy of wording), Technology (security) 

Royal College of Physicians’ Health 

Informatics Unit checklist [69] 

Who developed the app, and what is inside it? 

How well does the app work? 

Is there any evidence that the app does actually alleviate 

the problem? 

The Organisation for the Review of Care and 

Health Applications- 24 Question Assessment 

(ORCHA-24) [70] 

Data governance, Clinical efficacy, and assurance, User 

experience, and engagement 

Mobile Application Rating Scale (MARS) [5, 

71-86]  

Engagement, Functionality, Aesthetics, Information, App 

subjective quality 

Mobile Application Rating Scale-User version 

(U-MARS) [87] 

Engagement, Functionality, Aesthetics, Information, App 

subjective quality 

 

MARS has four objective quality subscales (engagement, functionality, aesthetics, and 

information), and one subjective quality subscale. Items in each subscale are rated based on a 5-

point scale. MARS was first developed to evaluate the quality of mental health mobile apps on 

the iTunes app store [5]. The user version of MARS (U-MARS) was published one year later for 
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adolescents and young adults [87]. U-MARS is currently the only m-health app rating scale 

available for the general public to rate the quality of m-health apps. 

1.7.3. Shortcomings of current app quality rating scales  

While the current quality rating scales are important steps towards creating transparent 

and consistent methods to evaluate the quality of m-health apps, they have shortcomings. First, 

most of the current quality rating scales are not appropriate for the general public to use. Except 

for U-MARS, quality rating scales were initially designed for users with training in health or 

informatics, such as researchers and health care experts. The language used in these scales is 

technical and can be difficult for the general public. Moreover, the end users of m-health apps 

such as patients or older adults were not involved in the development process of any of these 

scales. 

Second, none of these scales have been developed based on a theoretical framework for 

the evaluation of m-health apps. Instead, the developers have relied only on a “panel of experts” 

to determine the quality criteria measured by these scales. Without a theoretical framework to 

guide the assessment criteria used in quality rating scales, the validity of the ratings provided by 

such scales would be limited. In other words, app users cannot be confident if the rating scales 

include all assessment criteria that are relevant to the quality of m-health apps (content validity) 

or if the ratings provided by these scales truly measure the quality of m-health apps (construct 

validity). 

The quality criteria measured by the current app quality rating scales are diverse. This 

diversity suggests a weak consensus among experts over the criteria to assess the quality of m-

health apps. For example, MARS measures criteria such as engagement, functionality, aesthetics, 

and quality of information. On the other hand, ORCHA-24 looks at data governance, clinical 
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efficacy and assurance, and user experience and engagement as the measures of quality. The 

RCP checklist only focuses on three factors: who developed the app, if the app works correctly, 

and if there is any evidence on the effectiveness of the intervention provided by the app. The 

diversity of the assessment criteria used in the existing app quality scales indicates that the 

concept of quality is a composite construct. However, none of the existing app quality scales 

capture the range of the assessment criteria to adequately measure the quality of m-health apps. 

Moreover, as stated, none of the current rating scales can support and justify the quality criteria 

they asses as valid measure of quality of m-health apps.  

1.8. Frameworks for Evaluating M-Health Apps 

Without a guiding framework, it is not possible to confidently define the assessment 

criteria that truly and adequately measure the quality of m-health apps. Earlier literature on 

frameworks for evaluation of technologies focused on predicting acceptance and use of 

information technologies in general. Because of the specific features of mobile health apps, in 

recent years, attempts have been made to create evaluation frameworks exclusively for mobile 

health applications. This section reviews the traditional technology acceptance and use models 

followed by the frameworks developed solely for the evaluation of mobile health applications.   

1.8.1. Technology acceptance and use models 

Successful implementation of technology solutions in health care depends on the 

acceptance of technology by patients, their family caregivers, and clinicians. Several theoretical 

models have been developed to explain the acceptance of technology (Table 1.4). Some focus on 

factors that impact the usability such as Nielsen Model of Usability [33], others focus on the 

acceptance of technology, such as Technology Acceptance Model (TAM) [88]. On the other hand, 

sociological research has taken a macro level approach that emphasizes the whole process from 
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purchase to acceptance and adoption of technology. An example of these models is Rogers’ 

Innovation Diffusion Theory (IDT) [89] that explains the process through which users in a 

community accept an innovation. According to this theory, every successful innovation will be 

accepted first by enthusiasts (2.5% of population) followed by the visionaries (13.5%), the early 

majority (34%), the late majority (34%) and finally by the skeptics (16%) [89].   

Table 1. 4. Technology acceptance and use models 

Name of the model Authors [References] Criteria 

Nielsen Model Nielsen [33] Usefulness, Utility, Usability, Easy to 

Learn, Efficient To Use, Easy to 

Remember, Few Errors, Subjectively 

Pleasing, Social Acceptability, Practical 

Acceptability, Cost, Compatibility, 

Reliability 

TAM Davis [40] Social Influence, Perceived Ease of Use, 

Perceived Usefulness 

UTAUT-2 Venkatesh, Thong, and Xu 

[90] 

Performance Expectancy, Effort 

Expectancy, Social Influence, Facilitating 

Conditions, Hedonic Motivation, Price 

Value, Habit 

STAM Renaud and Biljon [91] Social Influence, Perceived Usefulness, 

Facilitating Conditions, Ease of Use, 

Learning 

 

Comprehensive frameworks also exist by merging earlier models (see Table 1.4). An 

example is the Unified Theory of Acceptance and Use of Technology (UTAUT) [92] that 

combines and unifies eight earlier models of technology acceptance and use. According to this 

framework, the mediator factors of technology acceptance are performance expectancy, effort 
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expectancy, social influence, and facilitating conditions. The effect of these factors can be 

moderated by other factors such as age, gender, and experience. A revised version of this model 

(UTAUT-2) also adds price value, hedonic motivation, and habit as mediators of technology 

acceptance and use [90]. 

Another example of comprehensive technology acceptance models is the Senior 

Technology Acceptance and Adoption Model (STAM) [91]. This model incorporates factors that 

influence technology acceptance and examines the process of technology adoption by older 

adults (i.e., merging TAM and IDT). According to this model, the adoption process has three 

phases: objectification, incorporation, and conversion or non-conversion. In the objectification 

phase, a technology user determines the role of technology in his or her life. During this process, 

the perceived usefulness of a technology combined with the social influence impact the user’s 

behavioral intention to use the technology. In the second phase, through experimentation and 

exploration, the user evaluates the usefulness of the technology. Facilitating conditions and ease 

of learning and use can significantly impact the user’s experience and eventually confirm or 

reject the usefulness of the technology. If the user confirms the usefulness of the technology, 

then, in phase three, the technology is accepted and adopted. If not, then the user rejects the 

technology. 

Both UTAUT-2 and STAM consider technology usefulness as an essential factor to predict 

the acceptance of the technology. Nielsen [93] defines usefulness as users’ combined perception 

about usability and utility. He defines usability as “a quality attribute that assesses how easy user 

interfaces are to use” [93]. It has five components: 

a) Learnability: how easy it is for users to accomplish basic tasks the first time they 

encounter the design? 
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b) Efficiency: Once users have learned the design, how quickly can users perform? 

c) Memorability: When users return to the product after a period of not using it, how easily 

they can re-establish their proficiency?  

d) Errors: how many errors do users make, how severe are these errors, and how easily can 

they recover from the errors?  

e) Satisfaction: how pleasant is to use the design? [33] 

Moreover, Nielsen defines utility as the extent to which the technology provides features 

that the user needs [33]. Nielsen, however, does not describe the elements of utility. According 

to Nielsen, usefulness is the extent to which technology meets a user’s needs while at the same 

time, it is easy and pleasant to use. 

1.8.2. Mobile app quality evaluation frameworks 

Many studies have used rating scales based on technology acceptance models to assess 

m-health apps. For example, System Usability Scale (SUS) [34], which was developed based on 

TAM, has been used in at least 16 studies to evaluate apps on app stores [35, 38, 39, 43-52]. 

However, according to the recent studies, m-health app quality criteria that are important to 

consumers exceed those covered by earlier models of usability and technology acceptance. 

Examples of these criteria are the trustworthiness of the app developer, cost, and cultural 

appropriateness of the content [94], which were not covered in any of the usability models.  

Several frameworks have been developed to meet these expectations regarding the 

evaluation of the quality of m-health apps. Examples of the most recent app evaluation 

frameworks are the App synopsis [95], Health On the Net code [96], Canadian Framework for 

Assessment of Mental Health Apps [94], and Health Care Information and Management Systems 

Society (HIMSS) framework [97] (Table 1. 5).  
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One of the earliest frameworks for evaluating the quality of apps was App synopsis, 

developed by Albrecht and Pramann [95]. They developed this framework based on conventional 

models of evaluating transparency and objectivity of clinical research. The primary purpose of 

this framework was to set reporting standards for app developers and encourage them to list 

features of m-health apps in a way that assist users in deciding which apps to choose objectively. 

Albrecht and Pramann suggest that app developers should be held responsible for describing 

their apps according to the standards set by app-synopsis through distribution channels such as 

app stores and corresponding web pages.  

Table 1. 5. Frameworks for evaluating wellness apps 
Name of App Evaluation 

Framework [References] 

Author(s) Criteria 

App synopsis [95] Albrecht, Noll, Von 

Jan, Jungnickel, and 

Pramann   

1) Imprint (information about manufacturer)  

2) Rationale (app’s intended purpose); 

3) Functionality 

4) Validity and reliability of the information 

5) Data requisitioning and management  

6) Data protection 

7) Data transmission 

HON Foundation CODE [96]  Health on the Net 

Foundation 

1) Information is Authoritative (the author is 

clear) 

2) Purpose of the app is clear; Confidentiality 

3) Information is referenced 

4) Justification of claims 

5) Developers contact details 

6) Funding source is clear 

7) Editorial content and advertisements are 

distinguished from one another 
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Table 1.5. Continued 
Name of App Evaluation 

Framework [References] 

Author(s) Criteria 

Canadian Framework for 

Mental Health Apps [94] 

CIHR and MHCC 1) Effectiveness  

2) Clinical claims 

3) Usability 

4) User Desirability 

5) Security 

6) Functionality 

7) Interoperability 

8) Supported Platforms 

9) Target Users 

10) Price 

11) Transparency 

12) Inclusion 

Health Care Information and 

Management Systems Society 

(HIMSS) [97] 

Chan, Torous, Hinton, 

and Yellowlees  

A) Usefulness  

1) Validity and accuracy (of app function) 

2) Reliability (of app functions) 

3) Clinical Effectiveness 

4) Time and number of sessions 

B) Usability 

1) Satisfaction 

2) Usability (easy to use) 

3) Disability accessibility  

4) Cultural acceptability 

 Socioeconomic accessibility  

C: Integration and Infrastructure:  

1) Security Workflow 

2) Data integration 

3) Safety 

4) Privacy 
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The App-Synopsis includes the following criteria [95]: 

1) Imprint: the app should consist of information about the manufacturer and distributor 

and their associates  

2) Rational: apps’ intended purpose, target users, and its categorization as a medical app 

3) Functionality: includes a description of the functionality and features of the app, 

details about the measures of the usability of the app 

4) Validity and reliability: which information sources the app uses and how reliable these 

sources are 

5) Data requisition and management: Description of the amount and types of data that are 

being collected and processed  

6) Data protection and privacy: How the manufacturer adheres to data protection and 

privacy laws and regulations in the related jurisdiction 

7) Data transmission and storage: description of all measures taken to protect data that is 

transmitted or stored by the app 

The developers of app-synopsis suggest that the criteria can serve as a guideline for users, 

researchers, and app developers to test the quality of m-health apps [95]. 

Ben-Mussa and Paget [98] developed a framework by adopting quality criteria from 

Health on the Net Foundation code (HON-Code) to evaluate the most popular health mobile apps 

in the UK. HON foundation is an international not-for-profit accreditation program for health 

websites [99]. The foundation has set principles and standards for reliable and trustworthy health 

information on the World Wide Web. HON mandate is to reduce misunderstanding by clarifying 

the context of the information and enable users to validate and choose suitable information for 
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themselves [98]. Ben-Mussa and Paget framework includes eight principles from the HON-

Code: 

1) The information must be authoritative: All medical information presented by (or 

calculations performed by an app) must be attributed to an author, and his or her training in the 

field must be mentioned.  

2) Purpose (of the app): A statement declaring that the (app) is not meant to replace the 

advice of a health professional is necessary. A brief description of the (app)’s mission, purpose, 

and the intended audience is required. A summary of the organization behind the (app), its 

mission, and its use is also required. 

3) Confidentiality: The (app publisher) must describe its privacy policy regarding how 

you treat confidential, private, or semi-private information such as email addresses and the 

content of emails received from or sent to (its users). 

4) The information must be documented, referenced, and dated: All medical content 

(including calculations and formulae) must have a specific date of creation and the last 

modification date. 

5) Justification of claims: All claims, including information about the benefits or 

performance of any treatment (medical or surgical), commercial product, or service, have to be 

backed up with scientific evidence such as medical journals, reports, or others. 

6) App contact details: The (app) must be operational, and the information must be 

accessible and presented clearly. There must be a way to contact the app publisher, such as a 

working email address or contact form, for visitors who would like to have more details or 

support. 

7) Funding: The app publisher must include a statement declaring its sources of funding. 



21 
 

8) Editorial and advertising policy: App developers must declare any conflicts of interest 

and external influences which could affect the objectivity of the editorial content in the 

disclaimer. All apps that display paying banners must have an advertising policy. This policy 

must explain how the publisher distinguishes between editorial and advertising content and 

which advertisements are accepted [98]. 

Chan et al. [97] have developed an evaluation framework for mental health mobile apps 

following the quality evaluation guidelines from the Health Care Information and Management 

Systems Society (HIMSS), the American telemedicine association, and the U.S. Federal 

government. This framework proposes three dimensions of evaluation criteria for mental health 

mobile apps, which are usefulness dimension, usability dimension, and integration and 

infrastructure dimension. 

The usefulness dimension includes the following factors: 

1) Validity and accuracy: if the app works as advertised; 

2) Reliability: if the app functions consistently; 

3) Effectiveness: if the app is clinically effective; 

4) Time and number of sessions: how much time should a user spend on the app to see 

benefits). 

The usability dimension includes the following:  

1) Satisfaction and rewards: if the app is pleasurable 

2) Usability: can the user easily use the app 

3) Disability accessibility: if the app incorporates the needs of blind users 

4) Cultural accessibility: if factors such as language and ethnicity define the app 
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5) Socioeconomic accessibility: if the app takes into consideration age, income, and tech 

literacy) 

 Finally, the Integration and infrastructure dimension includes the following: 

1) Security: if the data is encrypted 

2) Workflow integration: if the app works within the user’s workflow 

3) Data integration: if the app shares data with other apps or systems 

4) Safety: if the app takes into consideration patient safety for example risk of suicide 

5) Privacy: if the app contains a robust privacy policy that addresses the type of 

information collected, stored, and shared [97]  

The most recent framework for the evaluation of mobile apps has been developed by the 

Mental Health Commission of Canada (MHCC) and the Canadian Institute of Health Research 

(CIHR). The main purpose of this framework was to help m-health app users across Canada 

make informed decisions about mental health apps that they use. Users may include people who 

manage their mental health, health care providers who are interested in recommending good apps 

to their patients, and app developers who like to improve their products [100]. Stakeholders such 

as app users and developers, health care providers, mental health advocates, people with lived 

experience of mental health problems, policymakers, and researchers participated in several 

focus groups to contribute to the development of this framework [100]. The framework consists 

of two major criteria: (1) evaluation, and (2) information. The evaluation criteria consist of the 

following factors [100]:  

1) Effectiveness: what is the app’s intended purpose? Can it do what it says it will? Is 

there proof? 
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2) Clinical claims: If the app makes certain clinical claims (e.g., reduce stress or anxiety) 

does it give proof of its efficacy? 

3) Usability: Is the app user-friendly and engaging enough to make people want to keep 

using it?  

4) User desirability: Will the target users want to (or are able) to use the app? 

5) Security and privacy: Does the app clearly state how it will collect, store, use, and 

protect personal health information? Is this information easy to find or hidden deep 

within the app? Does the app meet all applicable federal and provincial/territorial 

legislative standards and requirements regarding personal health information? 

The information section of the framework consists of the following criteria [100]:  

1) Functionality: What functions does the app offer? (e.g., journaling, mood tracking, 

guided exercises) 

2) Interoperability:  Does the app use open standards allowing it to exchange data with 

other health apps or tools?  

3) Support platform: Is the app exclusive to one platform which may create accessibility 

barriers? Or is it available to many users across Android and iOS and other devices? 

4) Target users: Who is the intended audience for the app? Is it clear who should or 

should not be using it? 

5) Price: Is the app upfront about its costs, or are there hidden or extra fees? Will the 

price create accessibility barriers for the intended users?  

6) Transparency: Does the app clearly state the individuals or organizations involved in 

its development? Does it state who provided the funding for its development?  
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7) Inclusion: Where the target users involved in the development and testing of the app 

to ensure it responds to their needs and expectations? How diverse was the user 

input? Were people from a variety of populations with unique mental health 

challenges involved (e.g., immigrant, refugee, ethno-cultural and racialized 

communities, First Nations, Inuit, Metis, LGBTQ2+, homeless people, seniors, 

youth)?    

1.9. Summary and Gaps 

The number of m-health apps is rapidly increasing in app stores. In addition, the general 

public’s interest to use m-health apps as an adjunct to conventional health practices is increasing. 

However, because of the inadequate quality control mechanisms on app stores as well as lack of 

stringent regulations for m-health apps, there is a risk of harmful apps or apps with inferior 

quality available to the public. In the absence of recommendations by health experts, users may 

choose apps based on unreliable information such as reviews and ratings on the app download 

page or the number of downloads for an app. 

Government and private organizations have made efforts to review m-health apps and 

introduce the ones with high quality to the public through online directories of apps. However, 

due to the short life cycle of m-health apps, the maintenance of such directories is costly and 

impractical. The ratings on these directories may quickly become obsolete because by the time 

the review process is complete a new version of the app may appear on the store or the publisher 

may remove the app from the app store. A more realistic alternative is to create a criteria-based 

scale for users and their advocates to evaluate the quality of apps based on their needs. 

Several m-health app rating scales exist for experts and researchers. Most of them are 

long and complicated scales that are not usable by the general public who have little or no formal 
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training in health or informatics. None have been developed using a theoretical framework 

although several frameworks exist. Without using a theoretical framework it is not clear if the 

existing app quality rating scales capture the criteria to adequately assess the quality of m-health 

apps. There is a need for a rating scale based on theoretical frameworks of m-health app 

evaluation that can be used by expert and non-expert users and can help them to make an 

informed decision when selecting and using an m-health app.  

1.10. Rationale 

The review of the current state of knowledge shows that in the absence of formal quality 

control on mobile health applications (m-health apps), end users may access apps that do not 

meet their needs. Existing scales are relatively long and complicated for average end users who 

have limited or no training. Moreover, none of these scales have been based on theoretical 

frameworks of app evaluation to support criteria that define quality. There is a need for a short, 

easy-to-use, and user-friendly rating scale or index for the general public users of m-health apps 

(including older adults) that is theoretically supported by frameworks of app evaluation and 

models of technology acceptance and use.  

1.11. Objective 

The objective of this study was to create an assessment tool based on frameworks of app 

evaluation and users' experience that helps m-health app consumers (e.g., patients and family and 

professional caregivers) rate the quality of m-health apps and make an informed decision when 

selecting m-health apps. This assessment tool is named the Alberta Rating Index for Apps 

(ARIA). 

1.12. Research Questions  

This study addressed the following research questions:  
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1) What are the criteria to rate the quality of mobile health apps? 

2) How can users of m-health apps measure the extent to which m-health apps meet the 

quality criteria mentioned in question one? 

3) Can health care providers, older adults, and adult with a chronic health condition use 

ARIA as a criteria-based index to reliably rate the quality of m-health apps?  

4) What is the criterion-based validity of total quality scores of ARIA compared to U-

MARS?  
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 CHAPTER 2: METHODS 

A multiple strategy sequential design with qualitative and quantitative components was 

used to achieve the objectives of this study and answer the research questions. Following 

Streiner and Norman’s guidelines for developing health measurement scales [101], the 

investigator conducted this study in three phases: 

Phase 1: To identify relevant assessment criteria for quality of m-health apps, and generate 

an item pool (research question 1) 

Phase 2: To validate the content of the item pool and shortlist the items (research question 2).  

Phase 3: To develop and test reliability and criterion related validity of ARIA (research 

questions 3 and 4) 

2.1. Phase One – Identifying the Quality Criteria and Generating an Item Pool 

Phase 1 of the study consisted of two main research activities. In the first research 

activity, the investigator used focus groups of users of m-health apps to identify the criteria to 

rate the quality of m-heath apps from users’ perspective. In the second research activity the 

investigator developed an item pool to measure the quality criteria identified in the first research 

activity. 

2.1.1. Identifying the relevant quality criteria for m-health apps according to end 

users 

To identify the criteria relevant to the quality of m-health apps, the investigator first 

extracted the quality criteria from models of technology acceptance and use and frameworks for 

app evaluation. Next, the investigator examined which of these criteria were important from end 

users’ perspective. To achieve this goal, he conducted six focus groups with m-health app 

consumers and app developers. Focus groups are interviews with small groups of people on a 
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specific topic that help researchers to get a variety of perspectives and increase confidence in 

patterns that emerge from the interviews. Focus groups are widely used in marketing and 

business research that aim to evaluate the opinions of consumers about a specific product or 

service [102].  

2.1.1.1. Sampling and inclusion criteria 

The investigator used a convenience sampling method to recruit the following groups of 

participants for this study: older adults, adults with a mental health condition, health care 

providers, and app developers. This strategy is useful in focus groups to “create specific 

information-rich groups that can reveal and illuminate important group patterns” [102]. 

The investigator recruited participants using the following inclusion criteria: 

1) Able to communicate in English (verbal and written) 

2) Owns and uses a smartphone 

In addition, participants also met the following group-specific inclusion criteria:  

1) Adults with a mental health condition 

a) Aged 18 to 64 years 

b) Have a history of a mental health condition 

This group provided insight on if and how adults aging with a mental health condition 

use mobile apps to manage their wellness. 

2) Healthy older adults 

a) At least 65 years of age 

This group provided insight into the age-related needs of older adults who are interested 

in using m-health apps.  
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3) Health care providers 

a) Be a licensed health care provider 

b) Have at least two years of experience providing health services 

The investigator included this group to investigate if health care providers use m-health 

apps in their practice, if their patients ask them to recommend any m-health apps, and how they 

choose apps to use or recommend to their patients. 

4) App developers 

a) Be experienced with the development of applications related to health care 

b) Hold a degree certificate or a diploma from a university or college program in 

the field of computer science or computer engineering 

This group provided insight on what factors contribute to the interface, technical 

functionality, and security and privacy of m-health apps.  

2.1.1.2. Exclusion criteria 

Participants were excluded from the study if they: 

1) were not familiar with smartphones 

2) had severe physical, visual, and hearing limitations that could not be corrected with 

the use of an assistive device 

3) had severe mental or cognitive impairments who were not able to provide informed 

consent  

2.1.1.3. Procedure 

During each focus group, the investigator (PA) assumed the role of the facilitator. He 

explained the study objectives and procedure to the participants. Participants read the 
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information letter (Appendix B), asked any questions that they had about the study, and signed 

the consent forms to participate in the focus group. 

During the focus group, the investigator first gave each participant a tablet on which he 

had installed three mental health apps earlier. Participants were requested to use each app for at 

least 5 minutes to become familiar with the type of apps that were of interest for the study. In the 

next step, the investigator asked participants to suggest items that they believed should be on a 

scale or index to rate the quality of mental health apps. Next, the facilitator requested the 

participants to discuss the quality criteria that they believed were important to assess the quality 

of mental health apps. The facilitator took notes of the criteria mentioned by the participants at 

each focus group. 

The facilitator also provided the list of the criteria he identified earlier from the 

technology acceptance models and app evaluation frameworks to the participants and asked them 

to discuss the importance of these criteria. The criteria were appearance, compatibility, security, 

cost, ease of use, enjoyability, usefulness, learnability, privacy, social acceptability, and recovery 

from errors. Next the facilitator asked participants to rank the criteria from the technology 

acceptance models and app evaluation frameworks from the most important to the least 

important. The facilitator audio recorded the focus groups digitally. Each focus group lasted for a 

maximum of two hours, with a 15-minute break in the middle of each session.  

The initial plan was to invite participants to a second focus group to classify the items 

that they had suggested. However, none of the participants in any of the focus groups suggested 

items to rate the quality criteria for mobile apps. For this reason, the investigator did not ask 

them to attend a second focus group. Instead, the investigator used previously developed app 

quality scales as the main source to generate the item pool. 
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2.1.1.4. Data analysis 

The investigator transcribed all the recordings verbatim. Next, a researcher colleague of 

the investigator (Noelannah Neubauer) randomly selected 50% of the transcripts and verified their 

correctness by listening to the original audio recordings. The investigator used thematic analysis 

method as described by Braun and Clarke [103] to identify common themes on quality criteria 

mentioned by different groups of participants. Thematic analysis is “a method used for 

identifying, analyzing, and reporting patterns (themes) within data” [103]. Unlike other methods 

of qualitative analysis such as grounded theory, thematic analysis is not bounded by any pre-

existing theoretical position, and for this reason, it has more flexibility in terms of ontology and 

epistemology that makes it suitable for different methodologies [103]. 

To analyze the data, the investigator entered the transcripts into QSR International's 

NVivo 12 (2018) Data management Software. The investigator read the transcripts several times 

to become familiar with the data. In the next step, he systematically coded the features of data 

that were of interest according to the research question (i.e., factors to evaluate the quality of m-

health apps, the interpretation of participants of the identified criteria, and the importance of each 

quality criteria). Next, relevant codes were collated to generate themes (criteria to assess the 

quality of m-health apps). A second independent researcher colleague (Christine Daum) 

reviewed the codes in one-third of transcripts that were randomly selected to verify the validity 

of the coding process. 

2.1.2. Generating the item pool 

In the second research activity of phase one, after identifying the quality criteria for m-

health apps, the investigator generated an item pool using the previously developed scales for 
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mobile apps as a primary source of items. The investigator identified these scales through a 

systematic review of the literature on scales for mobile apps. 

2.1.2.1. Data source and search strategy 

The investigator examined the peer-reviewed literature between Jan 2000 and July 2018 

in three medical databases (Medline and CINAHL via EBSCO and PsycINFO via Ovid) and one 

computer science database (IEEE Explore). The medical databases were searched using the 

following search string that was developed using MeSH terms (where applicable) and keywords 

in consultation with a subject librarian with expertise in the area of rehabilitation medicine: 

(“Mobile Application*” or “mobile app*” or "Portable Electronic App*" or "Portable 

Software App*" or portable software app*) AND (quality or criteria or evaluat* or usability).  

The Computer science database was searched using the following terms: ((Mobile 

application*) AND (quality OR usability)) AND (Health).  

The grey literature was searched through the following online sources using “health 

mobile app” as our search string:  Nielsen Norman Group website, Google material design 

guidelines, Health on the NET foundation (HON) website, and Google custom search for 

Canadian government documents. 

2.1.2.2. Inclusion criteria 

Studies that met the following criteria were included in the review. 

1) Were published from 01/01/2000 and 31/07/2018 

2) Were published in any language and were available in full text in peer-reviewed 

journals or conference proceedings from searched databases and the grey literature 

3) Used any design (descriptive, experimental, reviews) or any methodology 

(qualitative, quantitative, or mixed)  
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4) Reported a scale or questionnaire for rating the usability or quality of health-related 

mobile or tablet applications 

2.1.2.3. Exclusion criteria 

Studies that met the following criteria were not included in the review. 

1) Either the abstract or full text was not available 

2) Were about apps not related to health or wellness (e.g., business apps, educational 

apps, etc.) 

3) Did not report any scale for rating the usability or quality of health-related mobile or 

tablet applications 

4) Were only about websites and not portable device apps 

2.1.2.4. Study selection procedure 

The investigator exported all retrieved results to a reference manager software (EndNote 

X7.7.1, © 1988-2016 Thompson Reuters) and removed all duplicates. Next, the investigator and 

one of his research colleagues (Noelannah Neubauer) first independently screened the titles and 

abstracts to select potential papers for full-text review based on the selection criteria. In the next 

step, both reviewers read the full texts of selected articles and identified the ones that contained a 

scale for evaluation of m-health apps and chose them for data extraction. At the end of each step, 

the reviewers resolved disagreements through consensus. Unresolved disputes were forwarded to 

a third colleague (Antonio Miguel Cruz) to settle.  

2.1.2.5. Classification of scale items 

The investigator followed the methodology used by Nouri et al. [104] for this step. The 

investigator extracted the items identified from the scales and entered them in an excel 

spreadsheet. Next, the investigator compared similar items from different scales and grouped 
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them under relevant quality criteria identified from the focus groups in the previous phase or the 

frameworks of app evaluation discussed in chapter one. Examples of quality criteria used were 

usefulness, ease of use, enjoyability, cost, security, privacy, and aesthetics. 

In the next step, the investigator forwarded the categorized items to a panel of experts, 

including three researchers with experience in evaluation of health technology and scale 

development (Adriana Rios Rincon, Antonio Miguel Cruz, and Mary Roduta Roberts). The panel 

members reviewed the items independently and rated the degree to which they agreed with the 

classification made by the investigator, using a 3-point Likert scale (1 – the item does not align at 

all with suggested quality criterion; 2 – the item aligns moderately with the suggested quality 

criterion, and 3 – the item aligns perfectly with the suggested quality criterion).  

For each item, the investigator accepted the majority of votes between the panel members 

(2 out of 3). When there was not a majority vote, the investigator accepted decision by Antonio 

Miguel-Cruz since he had more experience with technology acceptance models and usability 

studies. In the final step, the investigator excluded the redundant items and items that the panel 

did not identify as relevant. The investigator edited the remaining items to improve readability 

and used them to generate the item pool. 

2.2. Phase Two – Developing ARIA 

In phase two, first the investigator validated the content of the item pool using an online 

survey method and calculating content validity index for each item. Next, the investigator 

recruited a panel of experts to short list the items that were identified as valid in the online 

survey and develop the pilot draft of the index, which had an acceptable length (number of 

items) for the general users, and covered all quality criteria for mobile health apps. 
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2.2.1. Content Validation 

In the first research activity, users and developers of m-health apps reviewed the 

relevance and adequacy of items per each quality criteria. This process is technically referred to 

as content validation [101].  

2.2.1.1. Participants 

Participants were selected based on the same inclusion and exclusion criteria used to 

recruit focus group participants in phase one. Following Lynn [105] recommendations for 

content validation of the scale items, a minimum of 10 participants would be adequate to rate the 

content validity of a scale. Participants were recruited using a convenient sampling method and 

through the personal contacts of the investigator, participants in the focus groups in phase one, 

and from a network of mental health research collaborators affiliated to the Mental Health 

Commission of Canada.  

2.2.1.2. Procedure 

An online survey was developed using the Survey Gizmo Platform based on generated 

items and relevant quality criteria. The link of the online survey was forwarded to each 

participant by e-mail. A paper version of the survey is provided in Appendix C. Next, 

participants rated the relevance of each item to the given quality criterion on a 3-point scale: 1- 

Not relevant, 2- Relevant and 3- Unable to assess relevance. Moreover, participants were 

requested to add any additional items that they believed were missing from the list and suggest 

any revisions to the wording of the items.  

2.2.1.3. Data analysis 

The investigator calculated the content validity index (CVI) for each item by dividing the 

number of participants who endorsed the item as relevant to the total number of participants in 
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the survey. To avoid inflation of agreement due to chance factors Lynn’s criteria was used for 

acceptability of CVI that incorporates the standard error of the proportion [105]. According to 

Lynn, the acceptable CVI for each item when 10 judges participate in ratings is 0.8 [105] (i.e., at 

least 80% of the participants must endorse the item as relevant).  

2.2.2. Shortlisting the validated items 

The objective of the second research activity in phase two was to reduce the length of the 

index by removing redundant or less relevant items to make the index acceptable to the general 

public while maintaining the content coverage of the index (i.e., cover all relevant criteria for 

quality of m-health apps). To achieve this goal, the investigator conducted a focus group of 

experts and stakeholders to review the items and shortlist the most relevant ones through 

discussion and voting. 

2.2.2.1. Participants 

The investigator recruited the participants based on the following inclusion criteria: 

1) At least 18 years of age  

2) Able to communicate in English (verbal and written) 

3) Own and use a smartphone for at least one year  

Participants were purposefully selected from the following stakeholder groups so that at 

least one older adult (>60 years of age), one adult with lived experience of mental health 

conditions, one mental health care provider, and one person with expertise in technology 

usability evaluation would be present in the focus group. 

2.2.2.2. Procedure 

Participants received the study information letter and consent form (Appendix B) either 

in person or by e-mail. The investigator answered any questions they had and collected their 
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signed consent to participate in the study (in person or via e-mail). After providing consent to 

partake in the study, participants received the study package that included the agenda for the 

focus group and a copy of the index review form (Appendix D), at least one week before the 

focus group. 

The index review form included 51 items distributed unevenly under 10 quality criteria 

for mobile health apps. Participants were requested to review the items and indicate which items 

should be kept and which ones should be removed from the index by marking “X” in a box 

provided on the review form in front of each item. Participants were reminded that the objective 

was to reduce the length of the index while it covered all 10 quality criteria. Participants were 

also requested to use the comment section to explain their decisions or make any suggestions. 

On the day of the focus group, the investigator assumed the role of the group facilitator. 

First, each participant named items she or he had chosen to keep and which ones to remove with 

a brief justification for her or his choice. Next, participants voted on which items should be kept 

for each criterion. Any disagreements were solved through discussion until consensus was 

achieved. At the end of this phase, the investigator used the shortlisted items to develop the pilot 

draft of Alberta Rating Index for APPS (ARIA) (Appendix E). 

2.3. Phase Three – Testing ARIA 

Phase three consisted of two research activities. In the first activity, the pilot draft of the 

index was tested in a pilot study for readability and comprehensibility of the items. In the second 

activity, the reliability and validity of the index were examined.  

2.3.1. Pilot Testing 

To investigate the readability and comprehensibility of the items, the investigator tested 

the first draft of ARIA in a pilot study using a “think aloud” method [101]. In this method, 
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participants used ARIA to rate the quality of an m-health app and think aloud as they answered 

the questions in the index. 

2.3.1.1. Participants 

Studies recommend a minimum of five participants for pilot studies that use the think-

aloud method [33]. Participants were recruited purposefully based on the inclusion and exclusion 

criteria used in 2.2.2.1.  

2.3.1.2. Procedure 

The investigator met with each participant in person at a location that was convenient to 

the participant. The investigator presented each participant an information letter (Appendix B) 

and obtained participants’ signed consent to partake in the study. Next, each participant 

downloaded a sample mental health app (i.e., CBT-i Coach) from iTunes or Google Play store on 

her or his smart phone. This app was chosen purposefully from the mental health app directory 

of Alberta Health Services (AHS) [28] because of its features that applied to our index. Next, 

each participant used the pilot draft of ARIA (Appendix E) to rate the quality of the CBT-I 

Coach app. Participants were requested to think aloud and verbalize their thought process while 

they responded to each item in the index. Participants were asked to explain the following: 

1) how they interpreted each item 

2) if the items were easy to understand 

3) if the scale responses were appropriate for the items 

4) if they needed more prompts to answers each item 

5) if they recommended any revisions to improve the comprehensibility of the items 
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The investigator recorded each session digitally and wrote any comments or 

recommendations made by the participants. The investigator revised ARIA based on the 

comments and suggestions made by the participants and used it in the next phase of the study. 

2.3.2. Testing the reliability and validity of ARIA 

In the second research activity of phase 3, the inter-rater reliability and criterion related 

validity of ARIA were studied. To test the inter-rater reliability, the investigator used a fully-

crossed design within the framework of generalizability theory (G-Theory) [106]. In this design, 

raters were recruited from different groups of users of m-health apps. All raters rated all apps 

against all quality domains (raters x apps x quality domains) [106]. The fully crossed design 

enabled us to investigate the different sources of variability (i.e., raters, apps, and index items) 

that could contribute to the variability of app quality scores obtained from using the index (i.e., 

ARIA). 

The investigator asked the raters to evaluate the quality of apps one more time with the 

user version of the Mobile Application Rating Scale (U-MARS) [87]. The total scores from U-

MARS were correlated later with total scores from the new index to test the criterion-related 

validity of the index. Although U-MARS is not the gold-standard scale for rating mobile apps, it 

is currently the only scale designed for end users to rate apps. 

2.3.2.1. Participants 

Participants (hereafter referred to as raters) were recruited from potential end users of m-

health apps based on the following inclusion criteria: 

1) At least 18 years of age 

2) Able to communicate in English (verbal and written) 

3) Own and use a smartphone for at least one year  
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4) Half of the raters were iPhone users, and the other half were Android device users. 

At least two raters were needed to estimate the rater variance component using G-theory. 

Moreover, the reliability of scores across three groups of raters (older adults, younger adults, and 

health care providers) was of interest to the investigator. For this reason, 12 raters were recruited 

for this study (4 older adults, 4 adults with lived experience of mental health condition, and 4 

mental health care providers). Two raters in each group were iPhone users, and the other two 

were Android users. 

Participants were excluded if they: 

1) Had severe physical, visual, and hearing limitations that could not be accommodated 

by the use of an assistive device. 

2) Had severe mental or cognitive impairments who were not able to provide informed 

consent.  

2.3.2.2. M-health apps 

The purpose of the new index was to help care providers and adults with mental health 

conditions identify mental health apps with high quality and usability. Mental health apps are 

under different categories on app stores, including wellness, medical, and lifestyle. However, due 

to limitations of the search function of app stores, searching for mental health apps on the app 

stores may not identify a representative sample of apps that span various mental health 

conditions and target audience. As an alternative, the investigator used the Alberta Health 

Service’s (AHS) Addiction and Mental Health Mobile App Directory [28] as the source of m-

health apps in this study.  

The AHS m-health app directory includes a variety of apps for different populations and 

mental health conditions. The directory has been developed through a comprehensive search for 
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apps in different databases, organization websites, news articles, and information sources in the 

public domain. For this reason, the investigator identified the directory as a better source to 

select a representative sample of mental health apps that were likely to be used by patients or 

recommended by health care providers. The directory had 39 apps under several categories of 

mental health conditions [28]. However, some of the apps on the directory were not suitable for 

the target users of our index. Examples were apps for neurodevelopmental conditions and apps 

developed as an educational tool for medical students.  

According to the developers of the directory, the quality and usability of the apps on the 

directory were not evaluated. Therefore, to include apps that were relevant and to avoid selecting 

apps that were potentially harmful to the participants, the investigator pre-screened and 

shortlisted the apps on the directory based on the following inclusion criteria:  

1) Available on both iOS and Android markets 

2) Developed for general app users with no medical training 

3) Designed for mental health conditions common in adults and older adults 

4) Did not include inappropriate or potentially harmful content  

Fifteen apps were shortlisted in the following categories: 

1) Substance abuse (3 apps), 

2) Mood disorders (2 apps), 

3) Anxiety disorders (2 apps), 

4) PTSD (1 app), 

5) Eating disorder (1 app), 

6) Stress (3 apps),  

7) Medication reminder (2 apps) 
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8) Sleep (1 app) 

Next, the investigator selected at least one app from each category to represent all 

relevant mental health conditions covered in the directory. For categories with more than one 

app, the selection was made by flipping a coin. The investigator selected two apps from the stress 

management and Substance abuse categories since there were three apps under each. This 

process resulted in a sample of 11 apps that were relevant to mental health conditions and were 

accessible on both iOS and Android app markets. 

2.3.2.3. Procedure 

The investigator first met with each rater individually and presented the information letter 

(Appendix B) and obtained their signed consent. Next, the investigator demonstrated for each 

rater how to use ARIA and the user version of the mobile application rating scale (U-MARS) 

[87] to rate the quality of mobile apps. Each rater used ARIA and U-MARS in a practice round 

using two apps (selected from the directory in addition to the sample of this study). The 

investigator was present during the practice rounds. Raters had the opportunity to ask any 

questions until they felt comfortable to use both ARIA and U-MARS. 

Next, each rater received the list of 11 apps (numbered as app number 1 to 11). Also, 

each rater received adequate paper copies of ARIA and U-MARS (Appendices F-H). Raters took 

the list of the apps and the scales home to rate the apps on their own. Raters were instructed to 

download each app on their smartphone and use it for as long as they needed to become familiar 

with the app’s features. This time could vary for different apps. Next, raters were instructed to 

rate apps numbered 1 to 5 with ARIA first and U-MARS second; and apps numbered 6 to 11 

with U-MARS first and with ARIA second, to follow a crossover design and prevent the impact 

of fatigue, learning effect, or carryover effect. 
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The investigator instructed the participants in the health care provider group to rate the 

apps based on a detailed mock patient profile (Appendix I). Participants in the older adults and 

adults with a mental health condition groups were instructed to rate the apps according to their 

needs and expectations (i.e., as if they wanted to use the apps themselves). For this reason, the 

results were mainly analyzed by groups collapsed across raters.  

 The raters had 30 days to complete the ratings for all 11 apps. During this time, they 

could contact the investigator if they had any issues or questions. Besides, the investigator gave 

each rater a follow-up call every week and asked if they had any questions or concerns. After 30 

days, the investigator met with each rater and collected completed copies of the scales.  

2.3.2.4. Data analysis 

Descriptive analyses (frequencies, means, and standard deviation) were used to describe 

the distribution of app total scores by raters within each group. Moreover we explored if a floor 

effect (percent of apps rated at the floor of the index, equivalent of 10% worst possible score on 

the index) and a ceiling effect (percent of apps rated at the ceiling of the scale, equivalent of 10% 

best results on the index) were present [107]. Next, two-way 3 x 4 (Group x Rater) mixed 

factorial analysis of variance (ANOVA) was conducted to investigate: 

1) The between subject effect: If the average total index score given by each group of raters was 

significantly different from the other groups (between subject factor with three levels: health 

care providers, older adults, and adults with mental health condition). 

2) The simple effect of within subject effect: If raters within each group, rated the apps 

differently from each other (within subject factor with four levels of raters).  

In the next step, item level analysis was conducted. Descriptive analyses (frequencies and 

mean) were used to investigate the distribution of responses to each item by raters within each 
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group. The inter-item correlation and item total correlation analysis was conducted using the 

Spearman rank’s correlation test. The expected correlation between items that measured the 

same criterion was moderate to high. On the other hand, items that measured different quality 

criteria were not expected to correlate highly with each other. All items were expected to 

correlate moderately with the index total score [101]. 

A two-facet generalizability study (G-study) [106] was conducted with quality of apps 

fully crossed with index items and raters (i.e., A x I x R), for each rater group separately (i.e., 

health care providers, older adults, and adults with mental health condition). This study 

investigated the proportion of variance associated with index items, raters, and quality of apps, 

and calculated the G-coefficient as the measure of reliability for the item scores.  

Next, the investigator conducted a single-facet generalizability (G-study) [106] with 

quality of apps fully crossed with raters (i.e., App x R) for each rater group separately. This 

study investigated the proportion of variance associated with quality of apps and raters, as well 

as the G-coefficient as the measure of reliability for the total index score.  

Then, to test the criterion-related validity of ARIA, the investigator correlated the total 

scores from ARIA with the total scores from U-MARS for the same apps.  

IBM SPSS statistical package 25 [108] was used for all the statistical analyses. A peer-

reviewed SPSS Syntax [109] was used to estimate the variance components and the G-

coefficient in the G-Study. The type one error (alpha) was set at 0.05 for all the analyses. 

Finally, raters provided a general feedback in an exit interview regarding their experience 

of using ARIA in comparison to U-MARS (i.e., which one was easier or more useful). The 

interviewer recorded raters’ feedback digitally and transcribed the recordings verbatim. The 
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investigator summarized the feedback and presented them in the final section of chapter three of 

this dissertation.   

2.4. Ethical Considerations 

The methods and procedures of all the phases in this study were approved by the Ethics 

Review Board of the University of Alberta (REB2) on February 9, 2017, protocol 

number: Pro00067856 (Appendix A).  
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 CHAPTER 3: RESULTS 

The objective of this study was to create an assessment tool to assist end users to make 

informed decisions when selecting an m-health app. These end users include older adults, 

patients, family caregivers, and health care providers. To achieve this objective, a multi strategy 

study was conducted in three phases. Each phase consists of a number of research activities. In 

this chapter, the findings of the research activities within each phase and how they connect to 

each other are presented.   

3.1. Phase One – Identifying the Quality Criteria and Generating an Item Pool 

In phase one, the investigator conducted two research activities. First, the quality criteria 

that were important to m-health app users (i.e., older adults, patients, and health care providers) 

and app developers were identified. In the second activity, an item pool was generated through a 

systematic review of the m-health app quality rating scales developed in previous studies. 

3.1.1. Quality criteria for m-health apps according to end users 

In the first research activity in phase one, the criteria that were important to users of 

mobile health apps were identified. First, the investigator extracted 11 quality criteria for mobile 

apps from technology acceptance models (i.e., UTAUT2, STAM, and Nielsen’s Model) and 

frameworks for app evaluation (i.e., App synopsis, HIMSS, HON, and CIHR- MHCC). The 

criteria identified were appearance, compatibility, security, Affordability, ease of use, 

enjoyability, usefulness, learnability, privacy, social acceptability, and recovery from errors. In 

the next step, end users of m-health apps participated in six focus groups and discussed which of 

these criteria were important from their perspective. During the focus groups, participants 

discussed their experience with using m-health apps, types of m-health apps they used, and 

factors they considered important when selecting and using an app. The investigator also 
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presented the list of 11 quality criteria that he had identified earlier to the focus group 

participants and asked them to rank the criteria from the most important (1st place) to the least 

important (11th place). 

3.1.1.1 Participants’ characteristics 

Twenty five end users of m-health apps (seven older adults, seven adults with mental 

health condition, and 11 health care providers) and seven app developers participated in six focus 

groups (Table 3.1) and discussed which of these criteria were important from their perspective.  

Table 3. 1. Focus Group Participants 

Groups Gender (n) 
Male/Female 

Mean Age (SD) Length of time using a 
smartphone (years) 

Older adults  2/5 73 (5.3) At least 2 
Adults with mental 
health condition 

3/4 53 (8.9) More than 5 

Health care providers  4/7 38 (15) More than 5 
App Developers  4/3 29 (8.4) More than 5 

 

Seven older adults, five females and two males, participated in two focus groups. The 

first focus group was conducted at Seniors Association of Greater Edmonton (SAGE) and the 

second focus group was conducted at the Faculty of Rehabilitation Medicine, University of 

Alberta. All participants owned and used a smartphone for at least two years, however, two 

participants said that this technology was very new to them, and they were still learning how to 

use it. Four participants did not know how to download and install apps from app stores, and 

they relied on assistance from spouse or children to download new apps.  

Seven adults with mental health condition, three females and four males, participated in 

one focus group. Participants were all members of the Organization for Bipolar and Affective 

Disorder (OBAD) in Calgary, where the focus group was conducted. All participants in this 

focus group owned and used a smartphone for more than five years.  



48 
 

The investigator recruited 11 health care providers, seven occupational therapists and 

four psychologists, who participated in two focus groups. The first focus group was at the 

Faculty of Rehabilitation Medicine (Corbett Hall), University of Alberta. Participants in the first 

focus group were occupational therapist researchers. The second focus group was at the 

Canadian Back Institute (CBI) Health center in Calgary. Participants in the second focus group 

were clinicians (four clinical psychologists and three occupational therapists).  

The last focus group was held at the Department of Computing Science (Athabasca Hall), 

University of Alberta. Participants in this focus group were graduate students and post-doctoral 

fellows (three females and four males) who had experience in software and app development. 

This group was referred to as the app developer group in this dissertation. 

3.1.1.2 Important quality criteria from the app user’s perspective 

Participants in each focus group discussed the quality criteria that were important to 

them. However, they were not able to suggest many criteria on their own. In order to facilitate 

the discussion, the investigator presented them the framework he developed from the models of 

usability and frameworks for evaluation of app quality. Next, the investigator asked the 

participants to discuss the importance of the criteria presented to them and rank them from the 

most important to the least important.  

Table 3.2 shows the rankings made by different participant groups. The most important 

ones across all groups of participants were usefulness, ease of use, and privacy and security. 

Privacy and security were ranked almost consistently together, hence they are presented in the 

same cell in Table 3.2. On the other hand, participants ranked social acceptability and 

compatibility at the bottom of the list. The remaining criteria (i.e., appearance, enjoyability, and 

affordability) were ranked in between (Table 3.2).  
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Table 3. 2. Quality criteria ranked by groups of participants 

 Older adults Adults with mental 

health condition 

Health care  

Providers 

App developers 

Ranked as three 
most important 

Security and Privacy Usefulness Usefulness Usefulness 

Ease of use Cost Ease of use Ease of use 

Usefulness Security and privacy Security and 
privacy 

Cost 

Ranked as 
middle high 

Learnability Ease of use Cost Enjoyability 

Appearance Learnability Learnability Security and Privacy 

Ranked as 
middle low 

Cost Compatibility Enjoyability Appearance 

Enjoyability Enjoyability Appearance Learnability 

Ranked as three 
least important 

Compatibility Appearance Recovery from 
Error 

Recovery from Error 

Recovery from error Social Acceptability  Social 
Acceptability  

Compatibility 

Social Acceptability Recovery from Error Compatibility Social Acceptability  
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3.1.1.2.1. Usefulness 

Participants in the adults with mental health condition group, app developer group, and 

health care providers group ranked usefulness as the most important criteria. The older adult 

participants ranked usefulness as the third most important factor. According to all participants, 

factors that determined the usefulness of an m-health app were effectiveness, if the app delivered 

what it promised, and the differences that using an app would make in the users’ day to day life. 

Participants in the health care provider group used terms such as effectiveness, efficacy, content 

validity, face validity, and functionality to imply usefulness. For convenience, and only in this 

section, quotes from participants in the adults with mental health condition group are labeled 

“client”. 

Older adult 4: “[to me usefulness is] what is the content and [if] it relates to what I am 

looking for. … [If the app] gives me the answers that I want. I think that is about it. I mostly use 

that for information.” 

Client 1: “Whether it is accomplishing the goals that I am setting out to accomplish. Like 

when I want to track something or express my thoughts if it is doing that thing effectively.” 

 Health care provider 1: “Does it do what it says it is going to do? So, I think that is face 

validity too if you think about it.  If I am looking at the title of the app and then I go into the app, 

is it matching and then does the content also match?” 

 App developer 6: “It is also that it should be functional and do what it is supposed to do. 

Because if it does not do what it is supposed to be doing, then why would I use it?” 

3.1.1.2.2. Ease of use 

Most of the participants ranked ease of use as the second most important factor. 

Participants said that they expect m-health apps to be self-explanatory, easy to learn and take 
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very little of their time. Participants in the app developers group used “intuitive” as an alternative 

term for ease of use. Participants said that ease of use implies factors such as ease of navigation, 

visibility of the items, simple commands (i.e., use of tap instead of double-tap or pinch), ease of 

learning, and recovery from errors. 

Older adult 5: “Ease of use of course, once you get in there, can you navigate your way? 

Are there any problems?” 

Older adult 7: “[if] I just be able to see clearly what is available in the apps how to get 

the information quickly, find where the area that I am interested in quickly, and to use it if I have 

to input and then to get in and out of it sort of to save it, and carry on.” 

Client 2: “Whether I can figure it out or not. [If] there is a logical sequence, things that 

are close to each other are related, that they are not like back and forth between the screens.” 

App developer 5: “Being intuitive is first, so if I cannot figure it out like in the first two 

minutes, then I will think that probably there are better apps out there.” 

App developer 4: “Just by like opening the app and like looking at the icons, I should 

know how to use that without actually having to read anything.” 

Some participants believed that ease of use is part of usefulness or contributes to 

usefulness: 

Health care provider 1: “To me, that [ease of use] goes with usefulness. Because that is 

part of it and if it is not easy to use then to me, it is useless. For the technology because 

technology gives the assumption that it is easy, it is meaningful, it is accessible, and if it gets too 

complex, too many layers, like do this or do that, or there are many menu items that are 

overwhelming, then I am not going to use it”. 

Others believed that ease of use comes from the design of the app. 
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Client 2: “It is like internal decorating. For example, things that are related to coffee 

maker are close to the coffee maker, and you should not walk across the room for that. So, it is a 

kind of design.” 

Some participants suggested including learnability as sub-criteria under ease of use. 

Older adult 2: “well learnability kind of goes with ease of use… [it must be easy] to learn 

how to maneuver it”. 

3.1.1.2.3. Privacy and security 

The third most important factor mentioned by the participants was the extent to which m-

health apps can protect user’s privacy and safeguard the information collected by the app. The 

main concern among older adult participants were the threats from malware and unauthorized 

access to their information.  

Older adult 2: “Security of course. Because there is so much malware out there now that 

is very dangerous.”  

Older adult 7: “I am not comfortable because there are people that they have that, what 

you call it, when you are typing in your password, they know what keys you are pressing they 

know!” 

Older adult 5: “For security, I would ask how easy it is to hack into it.” 

Older adult participants named several strategies to protect their privacy and security 

while using mobile apps. For example, they said that they downloaded apps from a legitimate 

source (by legitimate they referred to iTunes and Google Play store), or asked for help from a 

trusted friend or relative who had experience with apps. Some used a malware or virus protection 

software, and others used a secure authentication strategy (e.g., a password or the fingerprint 

identification feature of the phone). 
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Older adult 7: “I am pretty sure that as long as you keep your malware and antivirus 

apps up to date [you will be safe].” 

Older adult 5: “You need to have a login.” 

Older adult 6: “I find it quite easy just using my thumbprint. It is more secure than 

someone guessing your password.” 

Older adult 3: “I would like it to come from a legitimate source; a reliable source so 

rather than from nowhere because you do have no idea what could happen.” 

One of the older adult participants believed that there is very little that older adults can do 

to protect their security and privacy when they access the internet. 

Older adult 1: “… and the last thing that I put at the very bottom is privacy because of 

the fact; there is no privacy on the internet… to me, privacy is important, but once it is out there, 

it is out there, and anybody could get it, and hackers are getting smarter and smarter all the 

time.” 

Some participants expressed a similar sense of helplessness regarding protecting privacy 

and security in the app developer group:  

App developer 1: “I select the security the last because when you need the app, and you 

are downloading it from the Google play, your information is already on Google so there is not 

much you can do about that.” 

App developer 6: “Because nothing is private online. If you have the resources to get the 

information you want, for example, the credit card information, you can get it.” 

The health care provider participants said they are seriously concerned about the privacy 

of patients and the security of information collected by m-health apps. Health care providers are 

required to follow strict regulations to protect patients’ data. For this reason, they are very 
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cautious when it comes to recommending m-health apps. In general, health care providers said 

that they need to know the answers to three questions before they use or recommend an m-health 

app: 1) what kind of information the app might collect, 2) who may access this information, and 

3) what security measures exist in the app to protect patients’ data. 

Health care provider 1: “My concern for me is one thing, but for recommending it to 

clients I am very concerned about their privacy and protecting them from predators really, in 

terms of marketing and selling false information or products. That is what worries me a lot.” 

Health care provider 9: “As a psychologist, I am always thinking about that. Especially 

for mental health like where is this information going. If someone is using this information. If 

they are like using this to track coping [strategies] or symptoms [of clients]. Who is seeing that 

information? I think people need to be clear about that, so I did lump that with security as well in 

terms of where that information is going, is it being stored in Canada or even outside of 

Canada? I would like to have an understanding of that.” 

3.1.1.3. Factors perceived as least important 

3.1.1.3.1. Social acceptability 

Participants in most groups said that social acceptability is not very important when it 

comes to choosing an m-health app. According to most of the participants, if an intervention or 

technology worked for someone, it did not matter what other people thought. Besides, the older 

adult participants believed that society is, in fact, more supportive of seniors using new 

technologies.   

Older adult 1: “Social acceptability is not really important to me because if it is good for 

me and is beneficial for me or whoever needs to use it, it does not matter if somebody likes it, it 

does not matter at all, as long as it is helping the person that needs it.” 
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Older adult 7: “I think socially acceptable for us seniors is more likely just to not worry 

about what other people think; we just say what we want.” 

Older adult 5: “I think [these days] there is more support; it is more acceptable.” 

Some of the health care providers, however, said that if the environment (e.g., work, or 

school) is not supportive of using m-health apps, then it may negatively impact the adherence to 

the interventions provided through m-health apps: 

Health care provider 7: “For the group that I am working with, a lot of it is return to 

work. So, we try to pick up apps that they are more likely to use in their workplace and not be 

embarrassed that to see that their coworkers or their supervisor actually see them use, cause if 

they are not going to use it at work what is the point of having them practice the skill.” 

3.1.1.3.2. Compatibility. 

Most users, especially older adults, only own one smart device. Users with one device did 

not consider the compatibility of the health apps with multiple devices or operating systems as a 

major concern to them. On the other hand, a few users who owned different devices (e.g., an 

iPhone and a Samsung tablet) said they preferred to use apps that work on both of their devices. 

Some of the health care providers said that compatibility is an important factor because no matter 

how good an app is, they cannot recommend it to their clients who do not use a compatible 

smartphone or tablet. 

Older adult 7: “Compatibility; again, I don't, I just assume a lot of this thing, I am using 

the apple iPhone a lot and the tablet, so I pretty well stick with that.” 

Health care provider 5: “I feel like some of my favorite apps that I have used for clients, 

they aren’t available for android, and then I am explaining how to use them in the group 
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[therapy session], but I am like, unfortunately, this is only for ‘Apple’ and like it is really a 

useful tool, but you cannot use it.” 

3.1.1.4. Factors ranked in between 

3.1.1.4.1. Appearance 

For older adults and adults with mental health conditions, size of the fonts and icons, 

colours, and pattern of the content were important features under the appearance of apps. 

Older adults 5: “I think that appearance is one of the top ones, because if you click on it 

and you do not like it, or you download it, and you don't like it [you probably won't use it]…. you 

don't want something that is too busy, cause if it is sort of juvenile looking that will lose my 

attention.” 

Older adults 4: “Appearance, [if] the colour is good, I find on here that the font is small 

especially for someone as you get older, your eyesight is not that good, and you may wear 

glasses.” 

Client 5: “For appearance: colour, fonts, and images that is the main three for me.” 

According to the health care providers and app developers, the importance of appearance 

was for its impact on the ease of use: 

Health care provider 5: “The appearance, I feel like that is, you know, really minimum 

but in terms of the ease of use I find some of them have too many choices and that could be very 

overwhelming and when you are anxious or having a panic attack and if you are going through 

one and you are like I do not know how to use this I cannot figure out.” 

  App developer 5: “I also care about the aesthetics, like how clean is the design. 

Because for some apps they can get really busy, at that point, it might contribute as not as 

intuitive”. 
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3.1.1.4.2. Enjoyability 

According to participants in the older adults group, the enjoyability of m-health apps was 

a factor of ease of use and usefulness. Therefore, if an app is easy to use and useful, then users 

will most probably enjoy using the app. Besides, older adults said that they did not care about 

using apps as a means of amusement or fun. 

Older adult 7: “If it has to do with health, something like blood pressure, or if I have to 

put something in or answer something, it [must be] easy to do. I don’t care if it is fun or dull. If it 

gives me the information that I want, I find it enjoyable I don’t want to be entertained; I do not 

need music, if it is information then I am simply in it for the information I do not want to play 

games.” 

Although older adults did not show interest in using fun factors in m-health apps, they 

said that it was important to them if the app was engaging: 

Older adult 1: “If I download an app and I use it for few times, if I do not like it and find 

that I am just spinning my wheels, if I do not find it making me more engaged or stimulating my 

mind, I just delete it, I won't keep it.” 

Like the older adults group, adults with mental health condition group valued an app 

being stimulating and engaging more than it being fun and enjoyable: 

 Client 5: “For enjoyability, it has to be stimulating, it has to provide a purposefulness, 

and it has to have an outcome.” 

The app developers used the term “user engagement” to imply enjoyability. While 

previous scales have suggested time spent on the app as an index for engagement, participants in 

this focus group suggested the frequency of return to use the app as a better measure to rate 

engagement:  
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App developer 5: “The idea is that if you spend too much time on it, it is more engaging, 

but with this way, if you like to use it quickly and put it away, then wanting to come back to it, 

that is where you know if it is engaging or not. For example, you use it and put it away; then in a 

few minutes or hours, you may want to use it again. So, I guess that may be a better scale for 

how engaging it is.” 

3.1.1.4.3. Affordability 

According to the participants in this study, m-health apps should come at a reasonable 

price, particularly for participants with low income due to disability or retirement. Besides, 

people with chronic conditions will probably use more than one app. Therefore, if apps are costly 

or not paid for by grants, health care plans, or insurance policies, many patients with a chronic 

condition cannot afford them. Most participants suggested $5 as the upper limit for purchasing 

m-health apps in general however, they also said that they would pay higher amounts if they find 

the app useful.  

Older adult 1: “It depends, I cannot put a dollar sign depending on what it is; it might be 

different things. I do not mind spending on things like ‘Lumosity’ I think I can get it for $70 for 

two years and I think that is cheap. But so that one is OK but if it were a game or something I 

would not want to pay $70 because I do not think it is helping my brain as much as the other 

would be helping my brain so I would rather pay more for my brain than for my enjoyment.” 

Client 1: “Because you need more than [one] app unless you have a group of them. 

Because I will probably use one app for depression and one for bipolar, they will add up.” 

Health care provider 10: “I feel like it depends, if it is a one-time cost you pay once and 

you get the app you know forever, or if like you have got a cost coming in every month because 

then it is harder to justify am I really going to use it now or two months? Am I going to pay this 
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money and continue paying for a year or six months and not end up using it and is it really useful 

at that point especially if you do not like it?” 

Health care provider 5: “Finances are typically a big strain if they are off on disability 

and even if they spend a couple of dollars on an app and I know it tends to be the better ones you 

have actually to pay for them or you have to buy the add on so I would try to find both resources, 

like this costs this much or there is a couple that they are free they do not have as many options 

or tools on them, but they kind of give you the basics.” 

3.1.1.5. Criteria suggested to be added or removed from the framework 

Participants suggested several changes to the framework that was presented to them by 

the investigator. For example, participants in health care provider and adults with mental health 

condition groups suggested adding a criterion to evaluate if the app or the information provided 

within the app come from credible sources: 

Health care provider 4: “As this technology is exploding there is the element of which 

ones are reliable and which ones are sensitive or rigorous enough that one can rely on, there is 

that quality assurance kind of element because there is a lot out there, and also where is the 

access point. Where is the source? The Mayo Clinic? Heart and Stroke (Foundation)?”  

Participants suggested that the investigator added customizability to the framework. 

Customizability will evaluate the degree of freedom that users have to customize the features of 

m-health apps according to their needs and preferences. 

Client 1: “The app should have different categories, such as putting in medications, 

dealing with friends, colleagues, and work, whatever, sleep, medication food but, that is good but 

I want to customize it! Yeah customizable is the word.” 
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Client 7: “I would like to adjust it also based on my observations or if I changed my 

mind. In a way that it might change the outcome. Also, customizability of font size and stuff”. 

Participants suggested the investigator to use functionality of the app instead of recovery 

from errors (i.e., if the app functions with no errors). 

Health care provider 7: “And then recovery from errors, I do not know, I find all 

technology has errors all the times so just closing it up and being able to restart it I do not think 

that as a big deal, but if it negatively impacts the overall function of the app then it will be a 

problem”. 

Older adult 2: “Well this one [The app] wouldn’t let me go back with the arrow so I had 

to go home but it came back up again. It is not the recovery from the error I think, but if there 

are many errors in it. I think functionality is what I mean”. 

Participants in all focus groups suggested that the investigator change “enjoyability” to 

“user engagement” because they believed m-health apps should be engaging to encourage 

adherence, and not necessarily fun. They suggested that engagement may depend on how useful 

the app is, or what features it has that entice users to adhere to using the app. 

Older adult 7: “if it gives me the information that I want, I find it enjoyable, I don’t want 

to be entertained, I do not need music, I do not want to play games”. 

Client 5: “For enjoyability, it has to be stimulating, it has to provide a purposefulness, 

and it has to have an outcome”. 

App developer 5: “The idea is that if you spend too much time on it, it is more engaging, 

but with this way if you like to use it quick and put it away, then wanting to come back to it, that 

is where you know if it is engaging or not. For example, you use it and put it away, then in few 
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minutes or hours you may want to use it again. So, I guess that maybe that is a better scale for 

how engaging it is”. 

Client 7: “My problem with them is that I do not stick with them. That is the big issue. 

Especially when you are trying to keep records of it”. 

Health care provider 7: “if we are recommending it as clinicians for them to use post 

treatment is it going to be something that they are going to be able to use down the road or is it 

just going to be like a habit that dies off that you try but it does not engage you maybe that”. 

3.1.1.6. User-oriented framework for quality of m-health apps. 

The objective of the focus groups was to identify which quality criteria are important 

from the perspective of m-health app users and app developers. Participants were not able to 

suggest many criteria on their own. Therefore, the investigator presented them the list of criteria 

that he had extracted from the usability models and frame works of app evaluation. Participants 

then discussed which of these criteria were important and ranked them from the most important 

to the least important. Besides, they suggested the investigator to add, remove, or rephrase some 

of the criteria he had identified earlier. 

The list of criteria presented to the participants included the following: appearance, 

compatibility, security, cost, ease of use, enjoyability, usefulness, learnability, privacy, social 

acceptability, and recovery from errors. Participants in the focus group ranked usefulness, ease of 

use, privacy, and security as the most important criteria. In contrast, they ranked social 

acceptability and compatibility as the least important criteria and suggested that these criteria 

should be excluded from the framework. In addition, they suggested that learnability could be 

covered under ease of use. They also suggested the investigator add trustworthiness and 

customizability to the framework. Finally, they recommended the investigator to rename cost, 
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enjoyability and recovery from errors, to affordability, engagement, and functionality, 

respectively. 

Next, the investigator revised the initial list of quality criteria that he had extracted from 

the usability models and frameworks of app evaluation and developed the user-oriented version 

of the framework for evaluating mobile health apps (Figure 3.1). 

 
Figure 3. 1. User-oriented framework for quality of m-health apps 
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3.1.1.7. App quality: A composite construct 

Most often, researchers are interested in measuring hypothetical constructs that are not 

directly measurable. However, it is possible to measure the observable manifestations of such 

constructs using items of a scale. According to the Classical Test Theory (CTT), a universe of 

items exist that tap into the hypothetical construct. Since the same underlying construct has 

caused them all, they are referred to as effect indicators (they are the effects of the hypothetical 

construct). Also, the items in the scale must be homogenous. In other words, they must correlate 

with each other. 

For example, we may not be able to measure anxiety directly. However, from research, 

we may know that anxiety causes symptoms such as sweatiness, worrying, and sleep 

disturbances. If we develop items to measure such manifestations, we may indirectly measure 

anxiety.   

However, there are several situations that none of these apply. Some constructs do not 

cause effects in the environment. Instead, few criteria (causal indicators) define them. These 

constructs are referred to as composite constructs [101]. Casual indicators are independent of one 

another. Therefore they are not correlated with each other. As a result, the assumptions of 

homogeneity from CTT do not apply in such cases. The assessment tools comprised of causal 

indicators to measure composite constructs are usually referred to as indices. 

An example is measuring recent stressful life events that may include items as the death 

of a spouse, receiving a driving ticket, or purchasing a new house [101]. Logically neither of 

these are correlated to the other. However, all of them may have a role in causing a stressful life.  

According to the user-oriented framework developed in phase 1, one may conclude that 

app quality is most probably a composite construct defined by at least 10 quality criteria 
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identified in phase 1. As a result, to measure the quality of mobile health apps, it is advised to 

follow guidelines for developing an index rather than a scale, the practical implications of which 

are as follows: 

• Items do not have to correlate to each other 

• Assumptions of homogeneity and relevant statistical procedures (i.e., internal 

consistency, Cronbach alpha, and factor analysis) do not apply here 

• The index must cover all quality criteria that measure the quality of mobile health apps 

3.1.2. Generating the Item Pool  

In the next step, the investigator generated an item pool for each of the following quality 

criteria identified in the previous study: privacy, security, usefulness, trustworthiness, ease of 

use, appearance (aesthetics), engagement, affordability, customizability, and functionality. 

The initial plan of the investigator was to generate the item pool based on the suggestions 

made by the participants in the focus groups in the previous phase. However, none of the 

participants were able to suggest items to assess the identified quality criteria of mobile health 

apps. As an alternative, the investigator used the scales developed in previous studies as a source 

to generate the item pool for the index.  

The investigator conducted a systematic review of the literature following PRISMA 

statement (Preferred Reporting Items for Systematic reviews and Meta-Analyses) [110] to 

identify scales and questionnaires used in previous studies to rate the quality and usability of 

apps. Next, he extracted the items from the identified scales and mapped them to the ten quality 

criteria that were identified in the previous study. 
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3.1.2.1. Characteristics of identified sources for scale items 

In total, 4402 papers were identified. After removing 725 duplicate records, the 

investigator and a research colleague (Noelannah Neubauer) reviewed the title and abstract of 

3677 remaining papers, from which 206 papers met the inclusion criteria and were selected for 

full-text review. After reviewing the full text, 122 additional papers that did not meet the 

inclusion criteria were excluded.  They also reviewed the references of the papers eligible for 

full-text review and identified three additional articles that met the inclusion criteria for data 

abstraction. Finally, they selected 87 papers for data extraction. The investigator and his 

colleague did not find any additional scales or questionnaires in the grey literature. The review 

process is presented in Figure 3.2. 
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Figure 3. 2. Review process 

Records after removing the duplicates 

(n = 3677) 

Records selected for 
abstract review  

(n = 2089) 

Full-text articles assessed for 
eligibility  

(n = 206) 

1588 records 
excluded after 
screening titles 

Articles selected for data 
synthesis  

(n =87) 

Articles did not 
report any scale or 
questionnaires 
(n=109) 

Articles were not 
about health apps 
(n=4) 

Full-text were not 
accessible (n=9) 

Sc
re

en
in

g 
Id

en
tif

ic
at

io
n 

El
ig

ib
ili

ty
 

In
cl

ud
ed

 
Records identified through 

other sources  

(n = 0) 

Records identified through 

searching the databases 

1883 records 
excluded after 

screening abstracts 

Articles found by 
reviewing the 

references (n = 3) 



67 
 

3.1.2.2. Scales and questionnaires 

A total of 48 rating scales for health apps were identified in 87 studies included in this 

review. Of these scales, 23 were app usability scales, and 25 were app quality rating scales 

(Table 3.3).  

Usability refers to a multi-dimensional property of a computer interface that is associated 

with attributes such as ease of use, learnability, efficiency, memorability, error rates and user 

satisfaction [33]. However, such scales do not cover criteria that are important to health care 

providers such as security of the app, customizability of the features, appropriateness to the 

users, and trustworthiness of the health information provided [60]. Therefore, attempts have been 

made to create quality rating scales for m-health apps to cover the criteria that are important to 

health care providers as well as usability experts.   

Most of the usability scales that we identified in this review were scales initially used for 

usability assessment of other information technologies such as computers or websites. Examples 

are Perceived usefulness and ease of use questionnaire (PUEU) [111], Software Usability 

Measurement Inventory (SUMI) [42], Computer system usability questionnaire [112], and System 

Usability Scale (SUS) [34]. On the other hand, scales such as the ISOMETRIC [113], Usefulness, 

Satisfaction, and Ease of use (USE) Questionnaire [114], Health Information Technology 

Usability Evaluation Scale (Health-ITUES) [115], and Quality of Experience (QOE) [116] were 

exclusively developed for usability assessment of mobile health apps. The investigators also 

identified 15 studies that used a different scale to evaluate usability of m-health apps, however, 

none of these studies had named the usability scale they used or developed (Table 3.3). 

In addition to the usability scales, the review identified 25 scales that rated criteria which 

were not covered by the usability scales. These scales were generally named as quality rating 
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scales. However, unlike the usability scales, none of the quality rating scales were based on a 

clear definition of the quality of mobile health apps. In addition, none of the quality rating scales 

were developed based on any of the frameworks for evaluating the quality of m-health apps. 

Some of the quality rating scales were exclusively developed to rate the quality of apps that were 

relevant to specific health condition. These scales were APPLICATION [61] (for pregnancy 

wheel apps), Enlight [64] and NICE [117] (for change of behavior apps), Fitness app scoring 

instrument [118] (for fitness apps), MedAd-AppQ [66] (for medical adherence apps), Nutrition 

App Quality Evaluation (AQEL) [65] (for nutrition apps), and Quality Assessment tool for 

Evaluating Medical Apps (QAEM) [63] (for medication complication apps).  

The investigator identified 18 scales that were developed to rate the quality of m-health 

apps in general: App Chronic Disease Checklist [67], Health Care Apps Evaluation Tool [68], 

Royal College of Physicians’ Health Informatics Unit checklist [69], Organisation for the 

Review of Care and Health Applications- 24 Question Assessment (ORCHA-24) [70], and Mobile 

Application Rating Scale (MARS) [5, 71-86] and its users version U-MARS [87]. The investigator 

identified one study that used three different scales to evaluate the quality of panic disorder apps: 

Silberg Scale (for accountability of the information provided), Discern scale (for transparency 

and quality of information) and Abbott’s scale (for interactivity) [119]. Besides, the same study 

and three others used recommendations of Health on the Net Foundation (HON-code) [99] to 

rate the quality of the information provided in different health apps [119-122]. Finally, ten 

studies reported developing an app quality rating scale but did not name the scale that they 

developed (Table 3.3). 
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Table 3. 3. Scales identified in the literature 
App Usability Scales [references] App Quality Scale [references] 

Perceived Useful and Ease of use  
questionnaire (PUEU) [41] 

APPLICATION scoring system [61, 62] 

Software Usability Measurement 
Inventory (SUMI) [42] 

Quality Assessment tool for Evaluating Medical 
Apps (QAEM) [63] 

System Usability Scale (SUS) [35, 38, 
39, 43-52] 

NICE guidelines [117] 

ISOMETRIC [53] Enlight [64] 
USE Questionnaire [54, 55]  Fitness app scoring instrument [118] 
Quality of Experience (QOE) [116, 123] Nutrition App Quality Evaluation (AQEL) [65] 
Health-ITUES [56-58] MedAd-AppQ [66] 
Computer System Usability 
Questionnaire [59] 

Silberg Scale [120, 124-126] 
  

Not named [127] Brief  Discern  scale [119] 
Not named [128, 129] The modified version of Abbott's scale [119] 
Not named [130] App Chronic Disease Checklist [67] 
Not named [131] Health Care Apps Evaluation Tool [68] 
Not named [132] Royal College of Physicians’ Health Informatics 

Unit checklist [69] 
Not named [133] The Organisation for the Review of Care and 

Health Applications- 24 Question Assessment 
(ORCHA-24) [70] 

Not named [134] Mobile Application Rating Scale (MARS) [5, 71-
86]  

Not named [135] Mobile Application Rating Scale-User version 
(U-MARS) [87] 

Not named [136] HON-Code [119-121]   
Not named [137] Not named [138-140] 
Not named [141] Not named [142] 
Not named [143] Not named [144] 
Not named [145] Not named [146]  
Not named [147] Not named [148] 
Not named [149] Not named [150] 
 Not named [151] 
 Not named [152] 

 
3.1.2.3. Classification of scale items 

The investigator extracted 771 items from the scales identified in the review. The 

investigator grouped similar items under the same quality criteria. In the next step, a panel of 
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experts with expertise in the field of technology acceptance and scale development (Adriana 

Rios Rincon, Antonio Miguel-Cruz, and Mary Roduta Roberts) independently reviewed the items 

mapped to each criterion and rated the extent to which each item aligned with the suggested 

criterion using a 3-point Likert scale (1= item does not align at all, 2= item aligns moderately 

with suggested construct, and 3= item aligns perfectly).The investigator found the median of the 

ratings by all reviewers. Items with a median rating score of 3 across all three raters (i.e., at least 

2 raters rated the item as aligns perfectly) were considered as correctly mapped. The reviewers 

agreed that 82% (632/771) of items were mapped correctly by the investigator (Table 3.4).  

Table 3. 4. Summary of the initial mapping of the scale items 

Criteria Number of items 
mapped to each 
criterion by PA 

Number of items reviewers 
agreed were correctly 
mapped (%) 

Aesthetics 52 31 (56) 

Affordability 3 3 (100) 

Customizability 14 13 (93) 

Ease of use 174 160 (92) 

Functionality 27 22 (81) 

Privacy 40 31 (77.5) 

Satisfaction 19 19 (100) 

Security 29 24 (82.75) 

Trustworthiness 112 98 (87.5) 

Usefulness 204 175 (86) 

User Engagement 13 9 (69) 

Not categorized 84 47 (56) 

Total 771 632 (82) 
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In the next step, the investigator revised the classification of items based on the 

reviewers’ feedback (Table 3.5). In total, reviewers suggested that 18% of the items (139/778) to 

be classified under a different criterion. The investigator placed these items under the criteria 

suggested by the majority of the reviewers (2 out of 3). In cases where reviewers did not agree 

with each other, the criteria suggested by Antonio Miguel-Cruz was accepted since he had more 

experience with theories of usability and acceptance. 

Moreover, 8% of the items (69/771) did not match any of our criteria. These items were 

either too specific to certain apps or health care conditions (e.g., “Definition of enuresis [in the 

app] is in accordance with ICCS” [142]) or they were not relevant to measuring quality of apps 

(e.g., “Adequate sample sizes for evaluation of app ensured” [117]) and therefore were not used 

in the item pool (Appendix J).  

Table 3. 5. Final distribution of items under the quality criteria 
Criteria  Number of Items 

under each 
criterion 

Aesthetics 37 

Affordability 3 

Customizability 21 

Ease of use 195 

Functionality 31 

Privacy 34 

Satisfaction 33 

Security 30 

Trustworthiness 107 

Usefulness 185 

User engagement 26 

Not categorized 69 

Total 771 
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The investigator used the remaining items to generate an item pool with 74 items 

distributed unevenly under ten quality criteria (Appendix C). Under each category, the 

investigator merged items that measured the same attribute. For example, the item “Is the privacy 

policy available within the app” [45]; was merged with a similarly worded item to “Is there a 

data privacy policy, either within the app itself or on a website” [71]. The final item pool is 

available in Appendix C. 

3.2. Phase Two – Developing ARIA 

The objective of this phase was to develop the first draft of ARIA. To achieve this 

objective the investigator conducted two research activities. In the first activity, the investigator 

assessed the relevance and representativeness of items in the item pool. In the second activity, 

the investigator recruited a panel of experts to short list the items that were identified as relevant 

in the first activity and develop the first draft of ARIA. 

To facilitate the content validation process in the first research activity, the investigator 

developed an online survey using the SurveyGizmo® platform and e-mailed the link to a group 

of potential users of m-health apps including health care providers, patients with lived experience 

of mental health conditions, and older adults. Appendix C presents a paper-based version of the 

survey. 

3.2.1. Participants’ Characteristics 

Eighteen participants completed the survey. Participants were from four provinces of 

Canada (Alberta, Ontario, Quebec, and Newfoundland & Labrador). Half of the participants 

were below 50 years of age. Participants were from different stakeholder groups, including 

health care providers (8), older adults (1), adults with mental health condition (6), and app 
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developers (3). All participants owned and used a smartphone for at least four years, and 13 of 

them also owned a tablet (Table 3.6). 

Table 3. 6. Characteristics of survey participants 

Participant group Gender (N) 

Female/Male 

Age range (N) Province of Residence 

Health care provider 7/1 30 – 39 (3) 

40 – 49 (1) 

50 – 59 (2) 

60 & above (2)  

Alberta: 7 

Newfoundland & Labrador: 

1 

App developer 2/1 30 – 39 (2) 

40 – 49 (1) 

Ontario: 2 

Quebec: 1 

Adults with mental 

health condition 

1/5 20 – 29 (1) 

30 – 39 (1) 

50 – 59 (2) 

60 & above (2)  

Alberta: 5 

Ontario: 1 

Older adults 0/1 60 & above (1) Alberta: 1 

 

3.2.2. Content validation of the item pool 

To quantify the level of agreement of participants with the relevance of the items to the 

given criteria, the investigator calculated the content validity index (CVI) for each item. The CVI 

is the proportion of survey participants that rate an item as relevant to a given quality criterion. 

Following Lynn’s recommendation [105], items endorsed by at least 80% of the survey 

participants as relevant (i.e., CVI ≥ 0.8) were considered valid. In total, 47 items met this 

criterion (Table 3.7).   
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Table 3. 7. Summary of the content validation survey results 

Criteria  Total number of 
items 

Number of Items 
with CVI ≥0.8 

CVI Average 
(Range) 

Aesthetics 5 3 0.83 
(0.67 – 0.94) 

Affordability 4 2 0.85 
(0.78 – 1.00) 

Customizability 5 5 0.86 
(0.83 – 0.89) 

Ease of use 15 11 0.85 
(0.61 – 1.00) 

Functionality 6 4 0.86 
(0.61 – 1.00) 

Privacy 6 1 0.74 
(0.61 – 1.00) 

Security 7 7 0.91 
(0.83 – 0.94) 

Trustworthiness 13 8 0.79 
(0.5 – 0.89) 

Usefulness 7 4 0.83 
(0.67 – 1.00) 

User engagement 6 2 0.75 
(0.56 – 0.89) 

Total 74 47 0.83 
(0.5 – 1.00) 
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A complete list of items and their associated CVIs is available in Appendix K. The 

investigator deleted the items with CVI below 0.8, except for three items. Under Privacy, the 

investigator retained item number five (the item that evaluated if an app accessed the phones 

sensors such as microphone and camera) since this seemed to be a major concern from the 

interviews in phase 1 and also the CVI for this item was 0.77, which was very close to 0.8 

threshold. Under appearance and aesthetics, the investigator decided to keep item number 49 

because it had been used in 12 other scales identified in the literature, and its CVI was 0.78. 

Under Affordability, the investigator decided to keep item number 66 since it was important to 

users according to the focus groups in phase 1 and also the CVI for this item was also very close 

to the threshold (i.e., 0.78).  

Moreover, the investigator made a number of revisions to the items as suggested in the 

comments made by the survey participants. Under privacy, the investigator broke item number 

one into four items to facilitate answering this item. Under Security, the investigator combined 

item 11 and 12 because they were very similar. Under user engagement, the investigator added 

one item to the pool (i.e., the app uses various ways such as notifications, reminders, or 

achievement points to engage users) based on a suggestion made by one of the participants with 

app development background. As a result of these changes, the total number of items in the 

revised version of the item pool increased to 53 (Appendix D). 

3.2.3. Shortlisting the validated items 

In the first activity of phase two, a quantitative method (CVI) was used to identify the 

relevant items to each criterion. The objective of the second activity in phase two was to use a 

qualitative method to determine the optimum length of the index by removing redundant or items 
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that were not very important while maintaining the content coverage of the index (i.e., to ensure 

that the index covers all relevant quality criteria). 

To achieve this objective, the investigator used the revised version of the item pool 

(developed in 3.2.2) and created an item review form (Appendix D). The form was sent to a 

panel of m-health app consumers including two older adults, one adult with a mental health 

condition, one expert in usability evaluation, one occupational therapist, and one psychologist. 

The panel members were asked to review the items on the form and recommend which ones to 

keep and which ones to remove to reduce the length of the index while maintaining its content 

coverage. The panel members had one week for this task. 

Next, the panel members participated in a focus group. During this focus group, the panel 

members discussed and agreed by consensus on which items should be kept on the index and 

which ones should be removed. In addition to the panel members, the investigator and two 

members of his supervisory committee (Drs. Lili Liu and Mary Roduta Roberts) were present 

during the focus group as facilitators. The facilitators did not participate in the voting process. 

Table 3.8 presents the summary of the decisions and votes made by the panel members.  
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Table 3. 8. Summary of the decisions made by the panel members 

Item 
number 

Voted to keep 
the item (n) 

Voted to remove 
the item (n) 

Final recommendation (after 
discussions) 

New Item 
number 

(Appendix E) 

1 3 3 Merge 1-5 5 

2 4 2 
Merge 1-5 

5 

3 4 2 
Merge 1-5 

5 

4 4 2 
Merge 1-5 

5 

5 2 5 
Merge 1-5 

5 

6 4 2 Revise 7 

7 2 4 Delete 
NA 

8 2 4 Delete 
NA 

9 5 1 Delete 
NA 

10 4 2 Revise and merge with 6 7 

11 4 2 Revise and merge with 6 7 

12 4 2 Revise 2 

13 4 2 Revise 9 

14 4 2 Keep 4 

15 5 1 Revise and merge with 12 2 

16 4 2 Delete NA 

17 3 3 Revise and merge with 14 4 

18 3 3 Revise 3 
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Table 3. 8. Continued 

Item 
number 

Voted to keep 
the item (n) 

Voted to remove 
the item (n) 

Final recommendation (after 
discussions) 

New Item 
(Appendix E) 

19 4 2 Revise and merge with18 3 

20 4 2 Revise 10 

21 4 2 Delete NA 

22 4 2 revise 11 

23 3 3 Revise and merge with 22 11 

24 5 1 Delete NA 

25 6 0 Revise and merge with 22 11 

26 6 0 Revise 12 

27 4 2 Revise and merge with 22 11 

28 5 1 Revise and merge with 22 11 

29 5 1 Delete NA 

30 3 3 Revise merge with 22 11 

31 5 1 Delete 
NA 

32 5 1 Delete 
NA 

33 6 0 Delete 
NA 

34 3 3 Delete 
NA 

35 5 1 Revise 15 

36 4 2 Delete NA 
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Table 3. 8. Continued 

Item 
number 

Voted to keep 
the item (n) 

Voted to remove 
the item (n) 

Final recommendation (after 
discussions) 

New Item 
(Appendix E) 

37 3 3 Delete NA 

38 3 3 Revise 14 

39 5 1 Revise and merge with 38 14 

40 5 1 Revise and merge with 38 14 

41 4 2 Revise and merge with 38 14 

42 4 2 Revise and merge with 38 14 

43 6 0 Delete 
NA 

44 5 1 Delete 
NA 

45 5 1 Keep 13 

46 4 2 Delete NA 

47 6 0 Revise 6 

48 3 3 Revise and merge with 47 6 

49 2 4 Revise and merge with 47 6 

50 6 0 Revise 1 

51 4 2 Delete NA 

52 4 2 Revise merge with 50 1 

53 2 4 Delete NA 
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3.2.3.1. Focus group findings 

Most of the panel members voted for fewer items to make the scale easy to use for the 

general public. They said that many of the items were redundant and could be merged with other 

items or deleted without reducing the content coverage of the index. At the end of the session, 

the panel members made the following recommendations. 

3.2.3.1.1. Format of the index 

The panel members recommended that the index should have two parts. The first part of 

the index should include items that pertain to screening an m-health app before downloading it 

on one’s mobile device. Examples are items that rate the purpose of the app, trustworthiness of 

the developers, and affordability of the app based on the information available on the app store 

or the app developers’ website. The second part of the index should include items that rate the 

usability and functionality of m-health apps.  

3.2.3.1.2. Privacy and Security 

Panel members recommended that the index has at least one item on the privacy policy of 

the app. They also recommended that the privacy policy in the m-health app must address at least 

three key areas: (1) what information will be collected by the app, (2) who will have access to 

this information, and (3) how this information will be used. Moreover, they recommended that at 

least one item be included in the index to rate the ways the app protects users’ information from 

unauthorized access. 

3.2.3.1.3. Trustworthiness 

Panel members recommended that at least one item be included to address each of the 

following factors relevant to trustworthiness of the app: the credibility of the developers, risk 

assessment, conflict of interest, and source of information. 
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3.2.3.1.4. Ease of use 

 Regarding the ease of use, the focus group recommended merging items from other 

criteria such as functionality and aesthetics under ease of use. They suggested that the new 

construct include the following items: ease of navigation, visibility of the components, 

comprehensibility of the information, functionality, and that the app is error-free. 

3.2.3.1.5. User engagement 

Participants suggested that the investigator remove this criterion. They justified that user 

engagement is a factor of ease of use, functionality, and visual appeal. According to the 

participants, since these items have already been covered in the previous criteria, a standalone 

criterion for engagement would be redundant. However, participants suggested that two items be 

added to measure general satisfaction and to assess if the app is pleasing to use.  

3.2.3.1.6. Customizability 

Participants suggested one item to rate general customizability of app settings and 

functions such as font size, language, sound, and notifications. 

3.2.3.1.7. Affordability 

Participants recommended one item to rate the degree to which users find the app 

affordable. They suggested adding cues such as being aware of download fees, subscription fees, 

and any free versions. 

3.2.3.1.8. Usefulness 

Participants suggested using two items for this criterion. For part A, they suggested an 

item that rates the extent to which the purpose and goals described in the app are relevant to the 

user. For part B, they suggested one item to rate the degree to which users find apps useful (i.e., 

perceived usefulness).  
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3.2.3.1.9. Appropriateness of the app for the target group 

Participants suggested that the scale needs one item to rate the extent to which the content 

of an m-health app is appropriate for the users considering their age, gender, culture, and 

education. This factor was also mentioned in the framework for the assessment of mental health 

apps by the Mental Health Commission of Canada (MHCC). In the original item pool, this item 

was under Aesthetics. However, because of its importance as pointed out by the focus group 

participants, and to comply with the MHCC framework, the investigator created a new criterion 

with one item to address the appropriateness of the content.  

3.2.3.2. Developing the pilot draft of ARIA 

Based on the recommendations of the panel members, the pilot draft of ARIA was 

developed (Appendix E). In addition to items that were generated from the item pool, four new 

items were generated for the pilot version based on recommendations made by the panel 

members (items 8, 16, 17, and 18).  

3.3. Phase Three – Testing ARIA 

This phase consisted of two activities. First, the first draft (pilot) of ARIA was pilot 

tested by a small group of potential target users of m-health apps. Next, the investigator revised 

the pilot draft based on the comments and recommendations made by the participants in the pilot 

study and created the final version of ARIA. In the second research activity, 12 potential users of 

m-health apps, used the final version of ARIA to rate the quality of 11 m-health apps in the field 

of mental health. The investigator used these ratings to assess the inter-rater reliability of ARIA 

in a generalizability study (G-study). 
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3.3.1. Pilot testing 

Two older adults and seven adults with a mental health condition used the pilot draft of 

ARIA to rate the quality of one m-health mobile app in the investigator’s presence (Table 3.9). 

Participants were requested to think aloud and describe their thought process while applying the 

index to the given app. Moreover, they suggested any changes or revisions that they thought 

were needed to improve the readability of the index items.  

Table 3. 9. Participants in the pilot study 

Participant group (N) 
Mean Age (SD) 

 
Gender 
(F/M) 

Phone used 
(iPhone/Android) 

Older adults (2) 73 (7) 0/2 2/0 
Adults with mental 
health condition (7) 

 
53 (8.9) 

 
2/5 

 
3/4 

 
3.3.1.1. Findings from the pilot study 

The findings from the interviews during the pilot study are as follows. 

3.3.1.1.1. Instructions 

Participants found the instructions for part B easier to understand than the instructions for 

part A. Many of the participants were unable to find the answers to the items in part A. However, 

after the investigator provided adequate cues, all participants were able to answer the questions 

in part A. They recommended the investigator to revise the instructions in part A by providing 

details on where to find the information to answer each item in this section (see Appendix F and 

G, added instructions are in bold face letters). Moreover, almost all the participants forgot to 

calculate the overall score for each part. They mentioned that it was not implied that they needed 

to add up the scores, and this direction should be added at the end of each part of the index.  
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3.3.1.1.2. Scaling anchors 

Participants found the scaling anchors (i.e., not at all true – completely true) difficult to 

understand. Some selected not at all true where they should have selected not applicable. When 

prompted by the investigator, they said that in their opinion, when a statement was not true; 

hence, it was not applicable. They recommended using the traditional 5-point Likert scales 

(completely disagree – completely agree with neutral as the midpoint) and removal of Not 

applicable option to reduce risk of confusion. 

3.3.1.1.3. Index constructs 

Participants recommended the investigator to provide the quality criteria in a sidebar on 

the left side of the questions. They believed providing the criteria would help users better 

understand and interpret the ratings. 

3.3.1.1.4. Overall star-rating system 

Participants recommended that the investigator add an overall star rating for the quality 

of apps at the end of the index. They justified that this will help users to provide their overall 

rating of the quality of the app using a visual tool. 

3.3.1.2. Developing the final version of ARIA 

The investigator revised the index based on the recommendations received from the 

participants in the think aloud study. To improve the comprehensibility of the items, participants 

recommended the investigator to change the tone of the questions from the third person (e.g., 

“the content of the app is appropriate for the intended users of the app”) to the first person (e.g., 

“the content of the app is appropriate for me”). While this would improve the comprehensibility 

of the index items for patients, it may make the items awkward for care providers who usually 

rate the quality of the apps on behalf of a third person. Therefore, the investigator created two 
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versions of the index: one for health care providers (Appendix F), and one for the general users 

of m-health apps (Appendix G). 

3.3.2. Reliability testing 

In this phase, 12 potential users of m-health apps (Table 3.10) used ARIA to rate the quality of a 

sample of 11 apps. The objective of this study was to investigate the extent and sources of 

variability of total scores of ARIA when it was applied to assess a sample of mental health 

mobile apps by different app users. 

Table 3. 10. Raters’ characteristics 

Participant group (N) 
Gender 
(F/M) 

Mean Age (SD) Phone used 
(iPhone/Android) 

Occupational therapists (4) 4/0 35 (8.3) 2/2 
Older Adults (4) 0/4 66.5 (8.5) 2/2 
Adults with a mental 
health condition (4) 2/2 49 (9.3) 2/2 

 

Three groups of raters were recruited: four health care providers, four older adults, and 

four adults living with a mental health condition. The investigator instructed the participants in 

the health care provider group to rate the apps based on a detailed mock patient profile 

(Appendix I). Participants in the older adults and adults with a mental health condition groups 

were instructed to rate the apps according to their needs and expectations (i.e., as if they wanted 

to use the apps themselves). For this reason, the results were mainly analyzed by groups 

collapsed across raters.  

3.3.2.1. Distribution of app total scores by raters within each group 

Figures 3.3 – 3.5 presents the distribution of scores for each app by raters in each group. 

The total possible scores for the index ranged between 0 and 72 points. The lowest score was 19, 

given to the Headspace app by rater 1 in the older adults group (Figure 3.4). The highest score 
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was 66, given to Moodjournal app by rater 4 in the adult with mental health condition group 

(Figure 3.5).  

 
Figure 3. 3. Distribution of total scores of ARIA for each app by raters in health care 
provider group 

 
Figure 3. 4. Distribution of total scores of ARIA for each app by raters in older adults 
group 

 
Figure 3. 5. Distribution of total scores by raters in adults with mental health condition 
group 

0
10
20
30
40
50
60

Rater 1

Rater 2

Rater 3

Rater 4

0
10
20
30
40
50
60
70

Rater 1

Rater 2

Rater 3

Rater 4

0
10
20
30
40
50
60
70

Rater 1

Rater 2

Rater 3

Rater 4



87 
 

 

Of all scores given by all raters, only 2 (1.5%) were within 10% of the best possible 

scores for the index (i.e., between 64.8 and 72). None of the scores were within the 10% of worst 

possible scores for this index (i.e., between 0 and 7.2). The distribution of the total scores does 

not signal a potential ceiling or floor effect for total scores of ARIA.  

3.3.2.2. Comparing average total scores across groups and raters 

The range and distribution of total scores for each app varied between different groups of 

raters (Figure 3.6). For example, occupational therapists rated SayingWhen (an app for managing 

drinking problem) the lowest (29.5, SD=6.13) and Mindshift-CBT the highest (51.5, SD=2.5). On 

the other hand, the older adults rated Headspace (an app to teach mindfulness) the lowest 

(42.5/72, SD=16.42) and the Pillreminder (an app to help with medical adherence) the highest 

(58/72, SD=3.91). The adults with a mental health condition group rated the RREatingDisorder 

(an app to help with eating disorders) the lowest (42/72, SD=4.96) and the Sayingwhen the 

highest (55.5/72, SD=7.54).  

The observed between-group differences suggest that raters in each group have different 

needs and preferences, which indicates that ARIA may differentiate between the needs, goals 

and expectations of the app users. For example, the mock patient profile given to the OTs stated 

that the patient is not a smoker. Therefore, the SmokeFree app, for example, was irrelevant to 

this patient. As a result, the occupational therapist participants rated the SmokeFree app much 

lower than the other participants who probably found it more relevant to them. 
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Figure 3. 6. Distribution of total score of ARIA for apps by each group  
Raters in each group combined 
 

The investigator conducted 3 x 4 (Group x Rater) mixed factorial analysis of variance 

(ANOVA) to investigate the following: 

1) If the average total score given by health care providers, older adults, and adults with 

mental health condition are significantly different from each other (i.e., between subject factor 

with three levels: health care providers, older adults, and adults with mental health condition). 

2) If raters within each group, have rated the apps significantly different from each other 

(i.e., within subject factor with four levels of raters within each group)  

Mixed factorial Analysis of variances (ANOVA) confirmed a significant between subject 

(Group) effect (F (2, 30) = 10.45, p<0.01) with the health care provider group rating the apps 

significantly lower than the older adults group (mean difference = 10.2, 95% CIs [16.2, 4.182]) 

and the patient group (mean difference =8.31, 95% CI [14.34, 2.29]) (Figure 3.7).  
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Figure 3. 7. Average total scores of ARIA for all apps by each group of raters. 
*Significant difference with other groups at P<0.001 
 

The mixed factorial ANOVA indicated a significant two-way (Group x Rater) interaction 

effect (F (6, 90) = 3.8, p<0.05). Therefore, simple effect analysis of the total scores within each 

group of raters was conducted, using Bonferroni correction to identify if raters within each group 

scored the apps significantly different from each other. The results indicated no significant 

differences in the total scores within the health care provider group. However, the total scores by 

two participants in the older adults group (raters 3 and 4) and the total score of one participant in 

the adults with mental health condition group (rater 4) were significantly higher in comparison to 

their peers (Figure 3.8). 
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Figure 3. 8. Average total scores of ARIA by raters within each group.  
* The mean score is significantly higher than the other raters within each group (p<0.05). Adjustment for 
multiple comparisons: Bonferroni. 

 
On the other hand, while the total scores given by raters in each group positively 

correlated with their peers, the total scores given by rater 4 in the older adults group and the total 

scores given by rater 4 in the adults with mental health condition group negatively correlated 

with their peers (Table 3.11).  
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Table 3. 11. Correlation matrix of total scores of ARIA for all participants. 

Group  Health care providers Older Adults Adults with mental health condition 

 Raters 2 3 4 1 2 3 4 1 2 3 4 
Health care 
providers 

1 0.898** 0.775** 0.862** 0.076 0.803** 0.679* -0.676* -0.516 -0.127 -0.468  0.614* 

2  0.942** 0.833** 0.007 0.843** 0.705* -0.660* -0.624* -0.213 -0.584  0.587 
3    0.731* 0.001 0.722* 0.594 -0.514 -0.714* -0.382 -0.718*  0.481 
4      0.201 0.845** 0.632* -0.608*§ -0.263  0.129 -0.181  0.451 

Older Adults 1        -0.043 0.643*  0.126 -0.004 -0.203 -0.094 -0.337 
2          0.566 -0.533§ -0.315  0.201 -0.213  0.412 
3            -0.449§ -0.432 -0.303 -0.471  0.235 
4               0.143  0.167  0.192 -0.881**§ 

Adults with 
mental health 
condition 

1                 0.506  0.930** -0.232§ 
2                   0.765** -0.126§ 
3                    -0.235§ 

** Correlation is significant at the 0.01 level (2-tailed). 
* Correlation is significant at the 0.05 level (2-tailed). 
§ Correlation with peers is negative. 
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Average ratings within items by raters ranged from 0.27 to 3.8 in the health care provider 

group (Table 3.12), 1.18 to 3.9 in the older adults group (Table 3.13), and 1.81 to 3.27 in the 

adults with mental health condition group (Table 3.14). The standard deviations around these 

averages were in the range of 0.405 and 2.00 that suggests ARIA was sensitive to variability in 

the different attributes of apps rated. 

The negative correlations with peers suggest that rater 4 in the older adults group and 

rater 4 in the adults with mental health condition group may not have used ARIA the same way 

as their peers. One reason could be that they have misunderstood the instructions. Another reason 

could be that they have rated all apps high to please the researcher. As a result, the ratings by 

these two participants may negatively impact the reliability of the index and hence the 

investigator decided to remove the ratings of these two raters from the subsequent analyses in 

this study. 

The investigator compared the average total scores between the iPhone users and Android 

users within each group using an un-paired t-test, to investigate any possible impact of the 

operating system used on the rating scores. No significant difference was found between iPhone 

users and Android users in the health care providers group. Interestingly, a significant difference 

existed between the mean total rating scores of iPhone users and Android users in the older 

adults group (mean difference = 9.5 points, 95% CIs [5.2, 13.7], p<0.01), and the adults with 

mental health condition group (mean difference = 6 points, 95% CIs [1.83, 10.35], p< 0.01). 

However, after removing the raters with off – the – chart ratings (i.e., rater number 4 in older 

adults group and rater number 4 in adults with mental health condition group) from the analysis, 

no significant differences were seen between the mean scores of iPhone users and Android users 

within any of the groups.  
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Table 3. 12. Ratings by items in health care providers group 
 

Health Care Providers 
 Mean (SD) 

 

Items Rater 1 Rater 2 Rater 3 Rater 4 All raters 
combined 

A1 2.09 (2.02) 2.18 (2.09) 2.18 (2.09) 2.18 (1.33) 2.16 (1.84) 

A2 2 (2) 2.45 (1.69) 2.18 (1.6) 2.18 (1.4) 2.2 (1.64) 

A3 2.45 (1.69) 0.64 (1.12) 0.64 (1.12) 0.27 (0.9) 1 (1.48) 

A4 0.36 (1.21) 0 (0) 0 (0) 0.36 (0.81) 0.18 (0.72) 

A5 3.82 (0.6) 3.36 (1.21) 3.09 (1.58) 3.45 (1.21) 3.43 (1.19) 

A6 3.45 (0.93) 3.55 (0.93) 3.55 (0.93) 3.18 (1.25) 3.43 (1) 

B1 2.18 (2.09) 2.18 (2.09) 2.55 (2.02) 2 (1.95) 2.23 (1.98) 

B2 0.91 (1.64) 0.73 (1.19) 0.45 (0.93) 2.64 (1.75) 1.18 (1.62) 

B3 0.55 (1.29) 0.73 (1.27) 0.73 (1.27) 0.82 (1.08) 0.7 (1.19) 

B4 3.27 (0.79) 3.36 (0.92) 3.36 (0.92) 2.82 (0.87) 3.2 (0.88) 

B5 3.27 (0.65) 3.27 (0.65) 3.36 (0.5) 2.82 (0.6) 3.18 (0.62) 

B6 3.45 (0.69) 3.27 (0.79) 3.45 (0.69) 3.45 (0.69) 3.41 (0.69) 

B7 3.55 (0.52) 3.45 (0.93) 3.82 (0.4) 3.55 (0.52) 3.59 (0.62) 

B8 1.82 (1.47) 1.55 (1.63) 2 (1.79) 1.55 (1.13) 1.73 (1.48) 

B9 4 (0) 3.64 (0.5) 3.64 (0.5) 3.45 (0.52) 3.68 (0.47) 

B10 1.73 (1.85) 1.82 (1.94) 1.73 (2) 2 (1.48) 1.82 (1.77) 

B11 1.73 (1.85) 1.82 (1.94) 1.73 (2) 1.91 (1.58) 1.8 (1.79) 

B12 1.73 (1.85) 1.73 (2) 1.73 (2) 2.18 (1.47) 1.84 (1.79) 

Total 42.36 (8.94) 39.73 (8.81) 40.18 (8.69) 40.82 (5.88) 40.77 (7.95) 

Stars 3.36 (1.36) 2.73 (1) 2.55 (1.21) 2.64 (0.92) 2.82 (1.15) 
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Table 3. 13. Ratings by items in older adults group 

 
Older Adults 

Mean (SD) 
 

Items Rater 1 Rater 2 Rater 3 Rater 4 
All raters 

combined 

A1 3.45 (0.93) 1.27 (1.19) 3.64 (1.21) 3.27 (1.01) 2.91 (1.43) 

A2 1.73 (1.19) 2.36 (1.36) 3 (1.1) 3.36 (0.81) 2.61 (1.26) 

A3 1.27 (1.1) 1.18 (1.66) 2.27 (2) 3.18 (0.75) 1.98 (1.64) 

A4 0.82 (0.4) 0.55 (1.04) 0.36 (0.67) 2.36 (1.12) 1.02 (1.15) 

A5 3.64 (1.21) 3.73 (0.9) 3.55 (0.93) 3.36 (0.92) 3.57 (0.97) 

A6 3.36 (1.21) 3.27 (1.1) 3.73 (0.9) 3.09 (1.04) 3.36 (1.06) 

B1 2 (1.95) 2 (1.95) 2.18 (2.09) 2.09 (1.45) 2.07 (1.81) 

B2 1.82 (1.4) 1.73 (1.62) 1.55 (1.86) 2.73 (1.27) 1.95 (1.57) 

B3 0.73 (0.65) 1.91 (1.81) 1.45 (1.51) 3.09 (0.7) 1.8 (1.5) 

B4 3.45 (0.52) 3.27 (0.65) 3.91 (0.3) 3.45 (1.21) 3.52 (0.76) 

B5 3.09 (1.14) 3.55 (0.52) 3.73 (0.47) 3.55 (0.69) 3.48 (0.76) 

B6 3.27 (0.47) 3.55 (0.52) 3.64 (0.81) 3.82 (0.4) 3.57 (0.59) 

B7 3.27 (1.27) 4 (0) 4 (0) 3.91 (0.3) 3.8 (0.7) 

B8 1.55 (1.21) 1.73 (1.19) 1.18 (1.4) 1.82 (1.47) 1.57 (1.3) 

B9 3.27 (1.19) 3.64 (0.5) 4 (0) 3.91 (0.3) 3.7 (0.7) 

B10 3.45 (1.29) 1.91 (1.51) 3.73 (0.9) 3.82 (0.6) 3.23 (1.34) 

B11 3.18 (1.25) 3.18 (0.6) 3.64 (0.92) 3.91 (0.3) 3.48 (0.88) 

B12 3.27 (1.19) 3 (0.63) 3.36 (0.81) 3.82 (0.4) 3.36 (0.84) 

Total 46.64 (9.6) 45.82 (7.48) 52.91 (6.56) 58.55 (4.39) 50.98 (8.73) 

Stars 3.09 (1.14) 3.27 (0.47) 3.82 (0.87) 4.45 (0.69) 3.66 (0.96) 
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Table 3. 14. Ratings by items in adults with mental health condition group 

 Adults with mental health condition 
Mean (SD) 

 

Items Rater 1 Rater 2 Rater 3 Rater 4 All raters 
combined 

A1 2.91 (0.54) 2.36 (1.03) 3.09 (0.54) 2.45 (1.81) 2.7 (1.11) 

A2 2.73 (1.01) 3 (0.45) 3.09 (0.54) 3.73 (0.65) 3.14 (0.77) 

A3 1.27 (0.79) 2.18 (1.25) 2 (0.77) 1.82 (1.08) 1.82 (1.02) 

A4 1.45 (0.69) 2 (1.1) 2 (0.77) 1.27 (1.01) 1.68 (0.93) 

A5 3 (0.63) 3.18 (0.6) 3.09 (0.54) 3.64 (0.67) 3.23 (0.64) 

A6 2.91 (0.94) 2.73 (1.01) 2.82 (0.87) 3.73 (0.9) 3.05 (0.99) 

B1 2.27 (1.01) 2.45 (1.51) 2.55 (1.04) 2.09 (2.02) 2.34 (1.41) 

B2 1.64 (0.5) 2.27 (0.9) 2.18 (0.6) 3.27 (1.1) 2.34 (0.99) 

B3 2.64 (0.81) 2.45 (0.93) 2.73 (0.65) 3.82 (0.6) 2.91 (0.91) 

B4 3.09 (0.54) 3.09 (0.3) 3.18 (0.4) 3.55 (0.93) 3.23 (0.6) 

B5 3 (0.89) 3 (0) 2.91 (0.54) 3.73 (0.47) 3.16 (0.64) 

B6 3.18 (0.75) 2.82 (0.75) 3.27 (0.65) 3.82 (0.4) 3.27 (0.73) 

B7 3 (0.77) 2.82 (0.6) 3.09 (0.7) 3.73 (0.47) 3.16 (0.71) 

B8 2.09 (1.04) 2 (1) 2.09 (0.7) 1.36 (1.36) 1.89 (1.06) 

B9 3 (1) 2.45 (1.04) 2.91 (0.83) 3.36 (1.29) 2.93 (1.07) 

B10 2.82 (0.75) 2.64 (0.5) 2.82 (0.6) 2.73 (1.85) 2.75 (1.04) 

B11 2.91 (0.83) 2.18 (0.98) 2.64 (0.67) 3.55 (0.69) 2.82 (0.92) 

B12 2.91 (0.83) 1.64 (1.29) 2.64 (0.81) 3.55 (1.21) 2.68 (1.23) 

Total 46.82 (7.67) 45.27 (4.96) 49.09 (5.63) 55.18 (6.95) 49.09 (7.25) 

Stars 3.27 (1.01) 2.73 (0.9) 3.27 (1.01) 4.18 (1.08) 3.36 (1.1) 
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3.3.2.3. The distribution of responses to the items 

Figures 3.9 to 3.27 show the distribution of responses to the items of ARIA across all 

apps by each group when raters within each group are combined. Please note that raters who did 

not understand the task (i.e., rater four in the older adults group and rater four in the adults with 

mental health condition group) were excluded from this analysis.  

In general, the shape of the distributions of the responses to the items were similar 

between three groups of raters (i.e., health care providers, older adults, and adults with mental 

health conditions). The distributions of responses to 1A (purpose), 2A (Trustworthiness), 5A 

(privacy), 6A (Affordability), 4B, 5B, 6B (Ease of use), 7B (functionality), and 9B 

(Appropriateness for target users) were negatively skewed. This finding indicates that raters in 

all groups scored these items higher for the apps that were included in this study. 

In contrast, items such as 3A and 4A were positively skewed in all groups of raters, 

which means raters did not agree that the statements were true about most of the apps in the 

study. A closer examination of the app descriptions by the investigator indicated that many apps 

included in this study did not include the relevant information to help raters answer these items. 

For example, most of them did not have any statements about risks associated with using the app 

(topic of interest in item 3A) or none of them in fact clearly stated any conflicts of interests 

(topic of interest in item 4A) in the app descriptions or the developers’ website.   

The raters’ responses to items such as 1B, 10B, 11B and 12B were distributed at the two 

ends of the scale (i.e., most responses were around 0 or 4). The shape of the distribution of 

responses to these items suggested that a dichotomous (Yes – No) scale may be a better 

alternative to rate these items.  
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Finally, the distribution of responses to the overall star ratings (Figure 3.27) indicated 

that, in general, the health care providers rated the apps lower than the older adults and adults 

with mental health condition group.  
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Figure 3. 9. Distribution of average rating scores to item 1A  
Across all apps by each group; Raters within each group combined; ratings from 0 (Strongly Disagree) to 4 (Strongly Agree) 
 

   
Figure 3. 10. Distribution of average rating scores to item 2A  
Across all apps by each group; Raters within each group combined; ratings from 0 (Strongly Disagree) to 4 (Strongly Agree) 
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Figure 3. 11. Distribution of average rating scores to item 3A  
Across all apps by each group; Raters within each group combined; ratings from 0 (Strongly Disagree) to 4 (Strongly Agree) 
 

   
Figure 3. 12. Distribution of average rating scores to item 4A 
Across all apps by each group; Raters within each group combined; ratings from 0 (Strongly Disagree) to 4 (Strongly Agree) 
 

 

0
1
2
3
4
5
6

0 1 2 3 4

Health care providers

0

1

2

3

4

5

0 1 2 3 4

Older Adults

0
1
2
3
4
5
6

0 1 2 3 4

Adults with mental health 
condition

0

2

4

6

8

10

0 1 2 3 4

Health care providers

0

2

4

6

8

0 1 2 3 4

Older Adults

0
1
2
3
4
5
6

0 1 2 3 4

Adults with mental health 
condition



100 
 

   
Figure 3. 13.  Distribution of average rating scores to item 5A  
Across all apps by each group; Raters within each group combined; ratings from 0 (Strongly Disagree) to 4 (Strongly Agree) 
 

   
Figure 3. 14. Distribution of average rating scores to item 6A  
Across all apps by each group; Raters within each group combined; ratings from 0 (Strongly Disagree) to 4 (Strongly Agree) 
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Figure 3. 15. Distribution of average rating scores to item 1B  
Across all apps by each group; Raters within each group combined; ratings from 0 (Strongly Disagree) to 4 (Strongly Agree) 
 

   
Figure 3. 16. Distribution of average rating scores to item 2B  
Across all apps by each group; Raters within each group combined; ratings from 0 (Strongly Disagree) to 4 (Strongly Agree) 
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Figure 3. 17. Distribution of average rating scores to item 3B  
Across all apps by each group; Raters within each group combined; ratings from 0 (Strongly Disagree) to 4 (Strongly Agree) 

 

   
Figure 3. 18. Distribution of average rating scores to item 4B  
Across all apps by each group; Raters within each group combined; ratings from 0 (Strongly Disagree) to 4 (Strongly Agree) 
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Figure 3. 19. Distribution of average rating scores to item 5B  
Across all apps by each group; Raters within each group combined; ratings from 0 (Strongly Disagree) to 4 (Strongly Agree) 
 

   
Figure 3. 20. Distribution of average rating scores to item 6B  
Across all apps by each group; Raters within each group combined; ratings from 0 (Strongly Disagree) to 4 (Strongly Agree) 
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Figure 3. 21. Distribution of average rating scores to item 7B  
Across all apps by each group; Raters within each group combined; ratings from 0 (Strongly Disagree) to 4 (Strongly Agree) 
 

   
Figure 3. 22. Distribution of average rating scores to item 8B  
Across all apps by each group; Raters within each group combined; ratings from 0 (Strongly Disagree) to 4 (Strongly Agree) 
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Figure 3. 23. Distribution of average rating scores to item 9B  
Across all apps by each group; Raters within each group combined; ratings from 0 (Strongly Disagree) to 4 (Strongly Agree) 
 

   
Figure 3. 24. Distribution of average rating scores to item 10B  
Across all apps by each group; Raters within each group combined; ratings from 0 (Strongly Disagree) to 4 (Strongly Agree) 
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Figure 3. 25. Distribution of average rating scores to item 11B  
 Across all apps by each group; Raters within each group combined; ratings from 0 (Strongly Disagree) to 4 (Strongly Agree) 
 

   
Figure 3. 26. Distribution of average rating scores to item 12B  
Across all apps by each group; Raters within each group combined; ratings from 0 (Strongly Disagree) to 4 (Strongly Agree) 
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Figure 3. 27. Distribution of average star ratings across all apps by each group  
(Raters within each group combined) 
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3.3.2.4. Inter-item correlations within each group 

Tables 3.15 – 3.17 show the inter-item and item-total correlations by health care 

providers, older adults, and adults with mental health condition groups, respectively. For the 

older adults and adults with mental health condition, the correlations were calculated after 

removing the raters who did not understand the rating task (i.e., rater number four in older adults 

group and rater number four in adults with mental health condition group). 

The investigator hypothesized that the quality of health apps was a composite variable 

and is defined by nine causal indicators (e.g., ease of use, security, affordability, etc.) that were 

not necessarily related to each other [101]. For example, if an app was easy to use, it did not 

mean that it was necessarily secure or affordable. As a result, the investigator did not expect to 

see a high correlation between the index item scores from different constructs (Tables 3.15 – 

3.17). 

Five constructs had more than one item. These were Trustworthiness (items 2A – 4A and 

Item 3B), Security (items 1B and 2B), Ease of use (items 4B – 6B), Functionality (items 7B and 

8B), and Usefulness and Satisfaction (items 10B – 12B). Except for the Ease of use and 

Usefulness and satisfaction, there was a weak inter-item correlation between the items of the 

other constructs with multiple items.  

The low inter-item correlation in items of Security, Functionality, and Trustworthiness 

may be due to the composite nature of these constructs. In other words, these constructs may 

have been consisted of items that are not necessarily correlated. For example, the items under 

security (1B: The app uses at least one security measure and 2B: The app asks for users’ consent 

if it needs to access the phone’s data) were completely independent from each other.   
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Tables 3.15 – 3.17 also present the correlation between each item and the total score as 

well as the correlation of the total score and the overall star ratings. Eight items in health care 

providers group, seven in older adults group, and 12 items in adults with mental health condition 

group correlated moderate to highly (0.5 – 0.8) with the index total score. The highest 

correlations were between items under Usefulness and Satisfaction and the total index score 

(Tables 3.17 – 3.19). The total index score and overall star ratings were also highly correlated in 

health care provider (0.843) and adults with mental health groups (0.759) and the older adults 

group (0.608).  
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Table 3. 15. Correlations between averages for item scores in Health care providers group 

 
* Correlation is significant at the 0.05 level (2-tailed). 
** Correlation is significant at the 0.01 level (2-tailed) 
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Table 3. 16. Correlations between averages for item scores in older adults group 

 
* Correlation is significant at the 0.05 level (2-tailed). 
** Correlation is significant at the 0.01 level (2-tailed)  
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Table 3. 17. Correlations between averages for item scores in adults with mental health condition group 

 
* Correlation is significant at the 0.05 level (2-tailed). 
** Correlation is significant at the 0.01 level (2-tailed). 
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3.3.2.5. Generalizability analysis of the items of ARIA 

Tables 3.18 – 3.20 present the variance components and the proportions of variance 

(Proport.) from the two facet (A x I x R) G-study analysis of the items (I) and raters (R) in health 

care providers, older adults, and adults with mental health condition groups respectively. The 

proportions of variance associated with raters (R) is negligible is all groups (0.00 in health care 

providers, 0.04 in older adults, and 0.04 in adults with mental health condition), which indicates 

a high level of consistency among raters. Moreover, a high proportion of variance associated 

with items (0.17 in older adults, 0.30 in adults with mental health condition, and 0.34 in health 

care providers) indicates that items of ARIA measure criteria that are not related to each other.  

Table 3. 18. Variance decomposition of items (health care providers) 
  df SS MS Variance Proport. G 
A 10 128.513 12.851 0.099 0.033 0.552 
I 17 878.864 51.698 1.023 0.343 
R 3 2.429 0.81 0 0 
A x I 170 945.942 5.564 1.271 0.426 
A x R 30 20.154 0.672 0.011 0.004 
I x R 51 81.753 1.603 0.102 0.034 
A x I x R , e 510 244.664 0.48 0.48 0.161 

df: degree of freedom; SS: sum of square, MS: mean square, G: Measure of reliability 
A: Quality of apps (Object of measurement); I: Index items (Facet 1);  
R: Raters (Facet 2) 

The proportion of variance (Proport.) associated with app quality (A) was notably low in 

the older adults group (0.00) and adults with mental health group (0.011) in comparison to the 

health care providers group (0.033). This is also reflected by the low generalizability coefficient 

(G) in older adults (0.002) and adults with mental health condition (0.248) compared to the 

health care providers group (0.552). 
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Table 3. 19. Variance decomposition of items (older adults)  
  df SS MS Variance  Proport. G 
A 10 40.402 4.04 0 0 0.002 
I 17 567.052 33.356 0.66 0.307 
R 3 65.064 21.688 0.086 0.04 
A x I 170 376.962 2.217 0.369 0.172 
A x R 30 76.588 2.553 0.101 0.047 
I x R 51 145.095 2.845 0.191 0.089 
A x I x R , e 510 377.503 0.74 0.74 0.345 

df: degree of freedom; SS: sum of square, MS: mean square, G: Measure of reliability 
A: Quality of apps (Object of measurement); I: Index items (Facet 1); 
R: Raters (Facet 2) 

 
Table 3. 20. Variance decomposition of items (adults with mental health condition) 
  df        SS MS Variance Proport G 
A 10 37.924 3.792 0.013 0.011 0.248 
I 17 195.818 11.519 0.201 0.172 
R 3 34.737 11.579 0.044 0.038 
A x I 170 263.848 1.552 0.272 0.233 
A x R 30 52.874 1.762 0.072 0.062 
I x R 51 81.444 1.597 0.103 0.088 
A x I x R, e 510 236.444 0.464 0.464 0.397 

df: degree of freedom; SS: sum of square, MS: mean square, G: Measure of reliability 
A: Quality of apps (Object of measurement); I: Index items (Facet 1);  
R: Raters (Facet 2) 

The variance proportion associated with the error interaction between the quality of apps, 

Items, and Raters (A x I x R, e) was relatively high especially in older adults (0.345) and adults 

with mental health condition (0.394). This finding suggests that there might be potential rater 

idiosyncrasies and other factors such as unidentified facets and confounding effects that 

influence ratings of the quality of m-health apps, especially by older adults and adults with 

mental health conditions [153]. This finding is in accord with the observed low G coefficient and 

low proportion of variance associated with app quality (A) in older adults and adults with mental 

health condition groups. 
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The variance proportion associated with error interaction was much lower in the health 

care providers group (0.161), which is in accord with the higher variance proportion associated 

with apps quality (A) and the higher G coefficient in the health care provider group. A possible 

explanation can be that the health care providers in this study rated apps according to a very 

detailed patient profile which reduced the amount of unaccounted variabilities and idiosyncrasies 

(i.e., different needs and expectations) that existed among participants in older adults group and 

adults with mental health condition group. 

The generalizability analysis of the app quality based on the item scores confirmed two 

points. First, the high variance proportion associated with the items provides supporting evidence 

that items of ARIA measure different attributes of apps. Second, the users’ responses to these 

items can be influenced by their personal needs, experience, and expectations, which was 

reflected by high interaction (A x I x R, e) and low reliability coefficient (G). This indicates that 

items of ARIA enable users to rate quality of apps based on their own needs and expectations. As 

it was observed in the health care providers group, when the raters are very similar in terms of 

their needs and expectations, the interaction error term will decrease and the reliability 

coefficient (G) will increase.  

3.3.2.6. Generalizability analysis of total score of ARIA 

A single facet G-study was conducted on apps and raters (App x R), using the total scores 

of ARIA, for each rater group separately to investigate the reliability of the composite score that 

combined all individual items in the index. 

3.3.2.6.1. Results from the health care providers group 

Variance components and the proportions of the variance of the G-study in Health care 

provider group is presented in table 3.21. The proportion of variance associated with apps (APP), 
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raters (R), and error interaction (APP x R, e) are 0.816, 0.003, and 0.18, respectively. The 

variance proportion associated with apps indicates a large proportion of the observed variability 

(81.6%) is associated with the differences between app qualities. Moreover, the variance 

associated with differences between raters is negligible (0.003) that means rating behavior did 

not substantially vary between raters in health care providers group. Finally, a high G-

Coefficient of 0.948 indicates that the total score of ARIA can be used reliably to measure the 

quality of apps by health care providers.   

 
Table 3. 21. Variance decomposition of total score (health care providers)  

Source df SS MS Variance 
Proportion of 
Variance 
explained 

G 

APP 10 2313.227 231.323 54.808 0.816 0.948 

R 3 43.727 14.576 0.226 0.003  

APP x R, e 30 362.773 12.092 12.092 0.18  

APP: quality of apps (object of measurement); R: Raters (Facet 1), e: error 

 
3.3.2.6.2. Results from the older adults group 

The G-study of index total scores from the older adults group is presented in Table 3.22. 

Analysis of data from all participants (condition 1) showed a large proportion of variance 

associated with error interaction (0.547) and a very low G-coefficient (0.368). As indicated 

earlier, the investigator suspected that one of the raters (rater 4) did not completely understand 

the task and as a result produced inconsistent ratings in comparison to his peers. Removing this 

participant from the analysis resulted in a significant increase in the variance proportion 

associated with the index scores (+0.21) and a significant increase in the G-coefficient (+0.36). 
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The investigator noticed that one of the participants (rater 1) in the older adults group had 

rated one of the apps (Headspace) very low in comparison to his peers (19 versus 50 average 

score of the other three). To remove the confounding effect of this error, the investigator 

excluded the scores for the Headspace app from the older adults group and ran the G-study once 

more (condition 3). The results indicated a significantly higher G-coefficient (0.829), as well as 

high variance proportions associated with total sores (0.419), and a much smaller variance 

proportion associated with error interaction (0.28).  

Table 3. 22. Variance decomposition of total score (older Adults) 

Condition Source df SS MS Variance 
Proportion of 
Variance 
explained 

G 

1 APP 10 727.227 72.723 6.692 0.08 0.368 

R 3 1171.16 390.386 31.312 0.373  

APP x R, e 30 1378.59 45.953 45.953 0.547  

2 APP 10 1072.85 107.285 21.758 0.29 0.608 

R 2 331.091 165.545 11.23 0.15  

APP x R, e 20 840.242 42.012 42.012 0.56  

3 APP 9 712.167 79.13 21.859 0.419 0.829* 

R 2 361.4 180.7 16.715 0.321  

APP x R, e 18 243.933 13.552 13.552 0.26  

APP: Quality of apps (object of measurement); R: Raters (Facet 1), e: error  
Condition 1: 4 raters and 11 apps 
Condition 2: 3 raters and 11 apps (excluding rater number 4) 
Condition 3: 3 raters and 10 apps (excluding rater number 4 and app number 11) 
*Highest G coefficient 

The proportion of variance associated with raters was relatively high among older adults 

in all three conditions (0.373, 0.15, and 0.321) which indicates the personal differences between 

the participants in this group and its impact on the ratings.  
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3.3.2.6.3. Results from the adults with mental health condition group 

Like the older adults group, the investigator ran the analysis for the adults with mental 

health condition group once with all raters included and once after removing rater 4. By 

removing rater 4, the variance proportion associated with index total score increased from 0.16 to 

0.656. Besides the variance proportion associated with interaction error term decreased from 

0.55 to 0.279, and the variance proportion associated with rater effect decreased from 0.282 to 

0.065. Finally, the G-coefficient increased from 0.535 to 0.876 (Table 3.23). 

Table 3. 23. Variance decomposition of total score (adults with mental health condition) 

Condition Source df SS MS Variance 
Proportion 
of Variance 
explained 

G 

1 APP 10 682.636 68.264 9.135 0.16 0.535 

 R 3 625.273 208.424 16.064 0.282  

 APP x R x e 30 951.727 31.724 31.724 0.557  

2 APP 10 921.879 92.188 26.915 0.656 0.876* 

 R 2 81.152 40.576 2.648 0.065  

 APP x R x e 20 228.848 11.442 11.442 0.279  

APP: Quality of apps (object of measurement); R: Raters (Facet 1), e: error  
Condition 1: 4 raters and 11 apps 
Condition 2: 3 raters and 11 apps (excluding rater number 4) 
*Highest G-coefficient 
 

3.3.2.7. Generalizability study of the overall star ratings 

A single facet G-study was conducted on the quality of apps and the raters (APP x R) 

using the overall star ratings for each group.  In the health care providers group the results of the 

G-study using the overall star ratings (Table 3.24) were consistent with the results of the G-study 

using the total index score: high variance proportion for the object of measurement or the quality 
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of apps (0.576), low variance proportion for raters (0.066) and interaction (0.358), and a high G-

coefficient (0.865).  

Table 3. 24. Variance decomposition of star ratings (health care providers) 

Source df SS MS Variance 
Proportion of 
Variance 
explained 

G 

APP 10 37.045 3.705 0.802 0.576 0.865 

R 3 4.545 1.515 0.092 0.066   

APP x R, e 30 14.955 0.498 0.498 0.358   

APP: The quality of apps (object of measurement); R: Raters (Facet 1), e: error 
 

However, this was not true for the older adults group. Unlike the health care providers 

group, the results of G-study of overall star rating for older adults showed a G-coefficient of 0 

and a very large variance proportion associated with rater x total score interaction (0.706), which 

indicates that the older adult participants in this study did not reliably use the star rating system 

to rate the quality of apps (Table 3.25). 
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Table 3. 25. Variance decomposition of star ratings (older adults) 

Source df SS MS Variance 
Proportion of 
Variance 
explained 

G 

APP 10 5.136 0.514 0 0 0 

R 3 12.432 4.144 0.309 0.294   

APP x R, e 30 22.318 0.744 0.744 0.706   

APP: The quality of apps (object of measurement); R: Raters (Facet 1), e: error 
 

The results from adults with mental health condition followed the same pattern as the 

health care providers group. However, a larger variance proportion associated with the raters 

(0.226) and APP x Rater interaction error was observed in this group (0.59). One possible 

explanation is that unlike the health care provider group who rated the apps based on the same 

mock patient profile, participants in the adults with mental health condition group rated the apps 

based on their own needs. Therefore, the variance proportion associated with the interaction of 

rater and scores reflects the personal differences between patients when evaluating overall app 

quality using star ratings (Table 3.26). This difference has also been reflected in the lower G-

coefficient in adults with mental health condition group in comparison to the health care 

providers group. 

Table 3. 26. Variance decomposition of star ratings (adults with mental health condition) 

Source df SS MS Variance 
Proportion of 
Variance 
explained 

G 

S 10 17.182 1.718 0.238 0.183 0.554 

R 3 12 4 0.294 0.226   

S x R, e 30 23 0.767 0.767 0.59   

S: star rating (object of measurement); R: Raters (Facet 1), e: error
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3.3.3. Validity testing 

To investigate the criterion validity of ARIA, the average total scores of ARIA given by 

the participants in each group were correlated with the average total scores from the users’ 

version of Mobile Application Rating Scale (U-MARS) for the same apps given by the same 

participants. Although U-MARS is not the gold standard app quality scale, it is currently the only 

one with a users’ version available.  

The results are presented in Figures 3.28 – 3.30. The Spearman’s rho correlation test 

indicated a low to moderate positive correlation between total scores of ARIA and U-MARS 

repeated over all three groups of participants. The results indicate that ARIA and U-MARS 

measure similar but different attributes of an underlying concept that could be associated with 

the quality of mobile health apps. 

 
Figure 3. 28. Correlation between ARIA and U-MARS (health care providers)  
(Spearman’s rho for total scores = 0.526) 
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Figure 3. 29. Correlation between ARIA and U-MARS (older adults) 
(Spearman’s rho for total scores = 0.128) 

 

 
Figure 3. 30. Correlation between ARIA and U-MARS (adults with mental health 
condition)  
(Spearman’s rho for total scores = 0.38) 
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3.3.4. Raters’ comments. 

At the end of the reliability study, the investigator asked participants who used both 

ARIA and U-MARS share their feedback and comments about using these assessment tools to 

rate the sample of apps in this study. 

All participants said that they found ARIA easier to use than U-MARS. Participants 

mentioned that they found ARIA shorter, easier, and more comprehensive. Moreover, they said 

that ARIA was more user-centered and enabled them to assess the app based on their needs and 

objectives. 

Older adult 1: “I think it has the right questions, and I think it covers all the essential 

points, and it is easy to use.”  

 Older adult 2: For example, for me I would have scored the medication reminder app 

fairly highly [with the new index] because the app was relevant to me but other apps would not, 

but when I get to the U-MARS scoring I might not have given it [medication reminder] a score 

higher than the other apps because I was rating it against whether I thought that app would be 

useful for somebody else, with all those functions, so it did not lose or gain any points for 

relevance to me. 

Older adult 2: The value of the AGE-WELL one [ARIA] was that it was short, and it just 

required you to add up things. The U-MARS was also relatively easy, but I needed to pull out the 

calculator from time to time, and sometimes it was four questions, sometimes three, and five and 

so the chances of error increased. 

Health care provider 1: “Definitely yours [ARIA] is easier since it does not require me to 

calculate the averages [unlike in U-MARS], and it is easier to understand because you have just 

5-point Likert scale and at the end, I just have to add the scores and write it down”.  
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Adult with mental health condition 2: “The U-MARS was also good, but sometimes my 

math was probably off, I always had to go back and check if it was right.”  

Participants in the older adults group and health care providers group said that it was 

difficult to answer item 3A (availability of a statement on risks) and 4A (if the app states any 

conflicts of interest), based on the information available on the app stores or within the apps.  

Health care provider 4: “The other one was number 3 the risk association, I had a hard 

time finding if there was any risk associated”. 

Older adult 2: “With the AGE-WELL form [ARIA], often apps missed any indication of 

potential risks associated with it, and that was a question that caused me rating them very low. 

The conflict of interest was also seldom listed in either, but even, later on, I had to dig to try and 

find any indication”. 

Health care provider 1: “The question number 4 in part A is complicated. I would suggest 

change or remove it.” 

The negatively skewed distribution of the scores to item 3A and 4A (see 3.3.2.4) 

confirms this comment by the participants and supports that many apps fail to include 

information about the risk associated with their use or any conflict of interest. These findings 

may suggest that such items be removed or reworded. 

  Participants believed that some items might not apply to certain apps and hence, the not 

applicable option may help in those situations. However, they also agreed that adding a not 

applicable option can make the total score calculation cumbersome. 

Older adult 2: “Security was an interesting question especially B2 question it is not 

always an issue if the app is asking your personal information. I do not mind not having a 

password if it is an app that is helping me meditate, because it is not gathering any information, 
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I just put it down and cool my jets. It might be a little bit difficult for me to evaluate if it is asking 

to rate it between 0 and 4, but how do I rate it if security is not an issue. If it did not ask me for 

security and I gave it 0, versus when it did not need any security, so I gave it a 4. It is one of 

those ones that having an NA would be valuable and somehow you will need to exclude that 

number which implied to me that it might be better for the overall scoring to do a percentage 

score or something so that I can adjust the total number and exclude some questions because 

they were not relevant to that particular app”. 

Finally, raters found ARIA educational and that it brought to their attention aspects of the 

apps that they did not consider previously. 

Health care provider 3: “I liked your cues because being new at it not knowing where to 

find the information, not knowing what to look for, I really enjoyed having those cues to guide 

me to this is where you need to look for, so I thought those were really helpful.” 

Overall, participants’ feedback and comments regarding their experience using ARIA to 

rate the quality of the apps were positive and supported our findings from the quantitative 

analysis.  
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 CHAPTER 4: DISCUSSION AND CONCLUSION 

4.1. Project Overview 

The objective of this study was to develop the Alberta Rating Index for Apps (ARIA), a 

rating index for users of m-health apps such as the general public, patients, older adults, family 

caregivers, and health care providers to make informed decisions when they choose m-health 

apps. 

 To achieve this objective, a multi-strategy study was conducted in three phases to answer 

the following research questions: 

1) What are the criteria to rate the quality of mobile health apps? 

2) How can users of m-health apps measure the extent to which m-health apps meet the 

quality criteria mentioned in question one? 

3) Can health care providers, older adults, and adult with a chronic health condition use 

ARIA, a criteria-based index, to reliably rate the quality of m-health apps?  

4) What is the criterion validity of total quality scores of ARIA against U-MARS?  

 In phase one, the criteria that were important to measure the quality of m-health apps 

were identified. First, the investigator extracted the quality criteria from three models of 

technology acceptance and use and four frameworks of mobile app quality evaluation. Next, 

different stakeholders, including older adults, adults with mental health conditions, clinicians, 

and app developers, participated in 6 focus groups, to validate the identified quality criteria or 

suggest new ones that were missing. At the end of this process, the investigator developed a user 

based framework for evaluating m-health apps based on the criteria that were approved by the 

stakeholders. 
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In the second part of phase one, an item pool was generated to measure the quality 

criteria identified in the first part. The investigator used a systematic review of the literature to 

locate scales and assessment tools previously developed to rate the quality and usability of 

information technologies and mobile applications. Next, scale items were extracted from the 

scales identified. A panel of three experts in the field of health technology evaluation mapped the 

items to the quality criteria identified in the first part. Unnecessary items were removed and 

similar ones were merged. The result was an item pool with 74 items distributed unevenly under 

10 quality criteria. 

In phase two, the investigator validated the content of the item pool. He used an online 

survey to recruit 18 stakeholders and ask them to review the item pool and rate the relevance of 

each item to the given criteria. Participants in this study included app evaluators, clinicians, older 

adults, and adults with mental health conditions. Participants were recruited from four different 

provinces of Canada to increase the diversity of opinions involved in the content validation 

process. A content validity index (CVI) was calculated based on the responses from the 

participants. The investigator kept items with CVI ≥ 80 (endorsed as valid by at least 80% of the 

survey participants) and deleted the rest of the items from the item pool. In the next step, one-

third of the participants in the online survey (n=6) joined in a focus group to shortlist the items 

identified as relevant in the online survey and create the first draft of the index. The primary 

objective of this activity was to create an index with the right length (i.e., number of items) to be 

usable by the general public while it covered all the quality criteria identified in phase one. The 

first draft of the index included 18 items, nine criteria, and two sections and was named Alberta 

Rating Index for Apps (ARIA).  
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In phase three, first the investigator pilot-tested the pilot draft of ARIA with nine users of 

m-health apps (two older adults, and seven adults with mental health conditions). He revised 

pilot draft of ARIA based on the comments and feedback from participants in the pilot study. In 

the second part of phase three, final version of ARIA was tested by 12 potential users of m-

health apps on 11 different health apps mostly related to mental health conditions. The apps were 

selected form the directory of mental health apps of Alberta health services (AHS) addiction and 

mental health research partnership program [28]. Participants were requested to download each 

app on their smartphone, use the app for as long as they need to become familiar with its 

features, and then rate the quality of each app twice: once with our index (ARIA) and once with 

the users’ version of Mobile Application Rating Scale (U-MARS). The investigator used the 

ratings to investigate the inter-rater reliability of the index in a Generalizability study (G-Study). 

The investigator also correlated total scores of ARIA with total scores of U-MARS to study the 

criterion related validity of ARIA.  

4.2. Quality Criteria for M-Health Apps 

The first research question was to identify the criteria for evaluating the quality of apps. 

To answer the first research question the investigator reviewed the current scales used in the 

literature for evaluation of m-health apps as well as all theories and models for the usability of 

information technology and evaluation of the quality of mobile apps. 

The review indicated that there are at least 48 different scales used in the literature to 

evaluate mobile health apps, from which 23 scales were used for usability evaluation of apps. 

Usability refers to a multi-dimensional property of a computer interface that is associated with 

attributes such as ease of use, learnability, efficiency, memorability, error rates, and user 

satisfaction [33]. Such criteria are usually of interest to app developers and human-computer 
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interface researchers. Most of these criteria are common between mobile apps and other 

information technologies, such as computer programs and websites. Several theoretical models 

have been developed to explain and predict consumers’ behavior in terms of acceptance and use 

of information technologies. Examples are the Technology Acceptance Model (TAM) [88], 

Rogers’ Innovation Diffusion Theory [89], and the revised Unified Theory of Acceptance and 

Use of Technology (UTAUT 2) [92]. 

While usability is a necessary condition, it is not sufficient for quality of m-health apps. 

Other factors such as evidence of scientific accuracy, the effectiveness of the interventions, and 

safety have been reported in the literature as additional quality criteria for health information 

technologies including mobile apps [3, 154, 155]. However, there is no consensus on the criteria 

to measure the quality of m-health apps.  

One issue with the existing mobile app rating scales is that none of them have been 

developed based on a theoretical framework for the evaluation of m-health apps. Without a 

theoretical framework, the content validity of these scales would be questionable. In other words, 

app users cannot be confident if the existing rating scales include all assessment criteria that are 

relevant to the quality of m-health apps. Besides, non-expert potential app users such as older 

adults and adults with mental health conditions were not involved in the development process of 

the existing scales. As a result, the existing scales do not provide ratings that reflect the true 

experience of non-expert users of m-health apps. 

To avoid this pitfall, a framework for quality of m-health apps was developed based on 

current theoretical models for usability and quality evaluation of mobile apps. The theoretical 

models and frameworks that were used included Unified Theory of Acceptance and Use of 

Technology [92], Seniors Technology Acceptance Model [91], Nielsen’s model of usability [33], 
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App synopsis [95], Health On the Net code [96], Canadian Framework for Assessment of Mental 

Health Apps [94], and Health Care Information and Management Systems Society (HIMSS) 

framework [97]. Next, the framework was reviewed and approved by several groups of potential 

users of m-health apps who participated in six focus groups. 

The user-oriented framework that we developed in phase 1 indicated that mobile app 

quality is a composite construct. Unlike hypothetical constructs that have (theoretically a 

universe of) observable correlated manifestations, composite constructs are defined by a number 

of finite independent criteria. From a theoretical perspective, hypothetical variables are bets 

measured with scales, and composite variables are best measured with indices. While 

assumptions of homogeneity such as internal consistency and loading of the items on the primary 

factor are crucial for scales, none of these hold for indices. Instead, an index must include all 

casual indicators, otherwise it may underestimate the composite construct of interest. 

The findings of this study indicated that in general, there is a consensus over the most 

important criteria for quality of m-health apps between different stakeholders such as older 

adults, adults with mental health condition, health care providers, and app developers. The top 

most important criteria according to the participants in this study were usefulness, ease of use, 

security, and privacy. Also, health care providers insisted on including the trustworthiness of the 

developers and source of information provided within m-health apps. Other important criteria 

were customizability, affordability, and functionality. 

Following the focus groups, the investigator generated an item pool for the identified 

criteria. The initial plan of the investigator was to generate the item pool based on the 

suggestions made by the participants in the focus groups in the previous phase. However, none 

of the participants were able to suggest items to assess the identified quality criteria of mobile 
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health apps. As an alternative, the investigator used the scales developed in previous studies as a 

source to generate the item pool for the index. The investigator extracted 771 items from the 

previous scales for rating mobile apps. Next, the investigator mapped the extracted items to the 

identified quality criteria. The mapping process was reviewed and revised by three experts in the 

field of technology evaluation and scale development. Similar items were merged, and irrelevant 

ones were deleted. At the end, an item pool was generated with 74 items unevenly distributed 

under nine quality criteria.  

4.3. Content Validation of the Item Pool 

The investigator used a two-step procedure to validate the content of the item pool. In the 

first step, he used an online survey to reach a wide range of audience. Participants in the survey 

were from four different provinces of Canada and included all spectrum of potential m-health 

app users, including clinicians, adults with mental health condition, older adults, and technology 

developers. Participants were requested to rate the relevance of items to the given criteria using a 

3-point scale (1- Not relevant, 2- Relevant and 3- Unable to assess relevance). The investigator 

quantified participant’s judgments using an index for content validity (CVI) by calculating the 

proportion of participants who endorsed an item as relevant [105]. To avoid inflation of 

agreement due to chance, Lynn’s criteria were followed: only items with CVI ≥ 0.8 were 

accepted as valid items [105].  

In the next step, six users of m-health apps were invited to join a focus group to further 

shortlist the most relevant items within each criterion and suggest any final modifications. The 

rigorous two step content validation process brings confidence that the index content are relevant 

and adequately capture the criteria to assess quality of m-health apps. 
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Readers may question why procedures such as factor analysis were not used to identify 

the most relevant items for this index. To respond to this critique, one needs to consider that the 

quality of apps is a composite construct defined by nine causal indicators (e.g., ease of use, 

security, affordability, etc.). However, there is no logical reason to believe that these causal 

indicators are related to each other. For example, if an app is easy to use, it does not mean that it 

is necessarily secure or affordable. Since the items of the index are not expected to be correlated 

with each other, the use of indices of homogeneity such as coefficient alpha, item-total 

correlation, and factor analysis are not appropriate [101]. Instead, as with all other assessment 

tools that measure composite constructs, it is important to make sure that the index includes all 

relevant criteria that define the quality of m-health apps.  

4.4. Distribution of the Scores  

The total score of ARIA for each app averaged across all 12 raters ranged between 41 and 

52. The range of distribution was even wider within each group of raters (Health care providers: 

29.5 – 51.5; Older adults: 42.5 – 58; Adults with mental health condition: 42 – 55.5). The wide 

range of distribution of total scores indicates that ARIA is capable of discriminating between 

apps based on its defined quality criteria. 

Distribution of the ratings for items collapsed across raters and apps suggests that some 

items may benefit from revisions to the wording of the items or the scaling anchors. For 

example, the responses to items 1B, 10B, 11B, and 12B are distributed at both ends of the 

scaling spectrum (i.e., raters have either agreed or disagreed with these items). This observation 

suggests that perhaps these items should be rated using a dichotomous scale (i.e., Yes – No). 

Moreover, the distributions of the items 3A and 4A were positively skewed, which mean most of 

the raters have either completely agreed or completely disagreed with these items. Item 3A asked 
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if the app included a statement on the risks associated with using the app. Item 4A asked if the 

app declares any conflicts of interest. The positive skewness of the responses to these items 

suggests that either the attributes of interest were not present in most of the apps in this study, or 

the raters were not able to identify the attribute of interest in the apps. Further studies with a 

more diverse sample of apps are needed to clarify the real reason behind such observation. 

4.5. Reliability of the Scores 

Three groups of potential users of mental health mobile apps were recruited to test the 

performance of ARIA. Moreover, 50% of participants in each group were recruited from iPhone 

users and the other 50% from the Android users to eliminate any biases due to the operating 

system. On average, participants in the health care providers group rated the apps selected for 

this study lower than the other groups of raters. There are two potential reasons for this. First, 

participants in the health care providers group rated apps based on a very specific profile for a 

mock patient. The characteristics of the mock patient may have been very different from the 

characteristics of the participants in the other groups. Another reason can be that participants in 

the health care providers group were stricter with items relevant to trustworthiness, security, and 

privacy, and as a result, their total scores were lower compared to other groups. 

The generalizability study of the index items indicated a small variance proportion 

associated with raters within groups, which indicates raters within each group were consistent. 

On the other hand, the largest proportion of variance was associated with the items, confirming 

that the construct under study (i.e., m-health app quality) is a composite construct, caused by 

several independent indicators (i.e., items).  

The generalizability study of total scores of ARIA for the health care providers group 

indicated that the scores provided by health care providers to rate the quality of m-health apps 
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were reliable (G=0.948). Moreover, the variance component associated with raters was very low, 

which indicates raters in the health care providers group were very consistent. 

The analysis of variance of the ratings provided evidence that the ratings made by rater 

number 4 in the older adults group and rater number 4 in the adults with mental health condition 

group were not consistent with the ratings made by their peers. These two participants, for some 

reasons, may have misunderstood the task, and as a result, their ratings did not reflect their true 

evaluation of the quality of apps used in this study. The findings from the generalizability study 

also showed that the variance proportion associated with the object of measurement (i.e., index 

total scores) and the G coefficient increased after these raters were excluded from the analyses. 

The high G coefficient, after removing the inconsistent raters, indicates that the total scores 

generated by older adults and adults with mental health condition, were reliable.  

The results of the G study on star ratings were very interesting. For the health care 

providers group, the results were consistent with the total index score, which indicated that star 

ratings of app quality provided by health care providers were highly reliable. However, the 

variance proportion of the interaction between raters and star ratings was considerably high 

among participants in the older adults group and adults with mental health condition group which 

indicated a significant impact of potential rater idiosyncrasies and other systematic influences on 

the star ratings. This finding is consistent with other studies that reported star ratings by 

consumers as an unreliable measure for app quality [25, 26]. 

4.6. Comparability of the Ratings with Other Scales 

Currently, there is no other gold standard scale for the quality of m-health apps. 

Moreover, the only other scale that has been designed for the general public is U-MARS. 

Participants in all groups were asked to rate the quality of the sample of mental health apps 
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twice: once with ARIA and once with U-MARS. The total scores from ARIA were compared to 

total scores of U-MARS. The results indicated low to moderate positive correlation between the 

total scores of ARIA and the total scores of U-MARS. The results suggest that both scales may 

measure unique and different attributes of the same underlying construct. However, further 

studies are needed to confirm the validity of the scores by each of these assessment tools. 

4.7. Limitations 

While the investigator employed rigorous methods and strategies to create and test ARIA, 

the study faces several limitations. First, the diversity of the mobile apps used in reliability 

testing was relatively low. However, since the app raters who participated in the study were from 

the general public (including older adults and adults with mental health condition), the 

investigator could not risk exposing the participants to apps that were very poor in terms of 

quality or were potentially harmful. For this reason, the sample of apps used in this study were 

selected from the directory of mental health apps of Alberta health services (AHS) addiction and 

mental health research partnership program [28]. Although the quality of apps in this directory 

have not been evaluated, they have been screened by AHS to make sure they are not very poor or 

harmful. As a result, the apps on the directory are similar to each other in many criteria. In spite 

of this, the diversity of the scores by raters indicated that the index is capable to distinguish 

between the apps that were more or less similar.  

Second, the study could benefit from a larger sample of apps. However, considering the 

burden that evaluating apps with two scales might have on older adults and adults with mental 

health condition, the investigator kept the number of apps for this study at a convenient limit. 

Even with 11 apps, three participants were not able to complete the ratings in the given time and 

asked for an extension to complete the ratings. 
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The study could also benefit from a more diverse group of raters such as health care 

providers from other disciplines, adults with other health conditions, and apps for other health 

care issues. However, considering the timelines for this project, the scope of this study was 

limited to mental health apps and relevant stakeholders. 

Perhaps the most notable limitation of the study is that the results provide only 

preliminary evidence for the validity of the ratings. However, this is a common issue shared by 

all assessment tools for the quality of m-health apps. Further studies with a focus on how the 

rating scores by this index may predict or impact acceptance and use of apps by different users 

are warranted to investigate the validity and usefulness of the index scores. 

4.8. Clinical implications and statement of contribution 

ARIA can help health care providers and patients to rate the quality of mobile health 

applications and find the ones that best meet their goals and expectations. Unlike other rating 

scales such as U-MARS that only provide a general rating for the quality of mobile health apps, 

ARIA can provide an individually tailored rating based on the goals, needs, and expectation of 

the user. 

Currently, clinicians and the general public use the information from unreliable sources 

such as word of mouth, star ratings, advertisements, and reviews from unverified users on app 

stores to select mobile health apps. ARIA provides a validated checklist of criteria for health care 

providers and the general public to use as cues that can help them make an informed decision 

when selecting mobile health applications.  

The ARIA was created primarily for use by the consumers of m-health apps.  However, it 

may also benefit app developers and researchers in the field of health care informatics. Currently, 

the best practice is to engage potential users from the early stages of the design and development 
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of m-health apps. While this is a beneficial method to identify potential design issues sooner than 

later, participants may not be able to test all aspects of an app, especially if they do not have 

extensive experience related to the evaluation of the quality of mobile apps.  

A criteria-based assessment tool, such as ARIA, can help m-health app developers in two 

ways. First, the index can educate app developers about the quality their m-health apps should 

meet to be acceptable by the general public. Second, app developers can provide ARIA to the 

participants in usability studies in order to use the quality criteria as cues to more 

comprehensively evaluate the quality of the app under development. 

Although only mental health apps were used for reliability testing in this study, patients 

and clinicians can use ARIA to rate the quality of other health-related apps since the items in 

ARIA were designed to rate attributes of mobile health apps in general. 

ARIA has a care provider version. Health care providers and family caregivers can use 

this version, as a proxy, to rate the quality of health apps for their clients or family members. 

ARIA has a user’s version that can be used by the general public, including patients and older 

adults, to rate the quality of m-health apps for their use. We have also translated ARIA to French 

and will test reliability of the French version in the future studies (Appendix F and G). 

The investigator strongly advises users to exercise caution when using any rating scales 

to rate the quality of m-health applications. Currently, most mobile health apps (unless specified 

otherwise) are considered consumer products, and therefore, health care providers and patients 

may only use them at their own risk. Use of quality rating scales such as those introduced in this 

study may help users make an informed decision and choose apps with better quality. However, 

no rating scale can identify all issues and risks associated with m-health apps. Moreover, rating 
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scales do not measure the effectiveness or validity of mobile health apps. Such attributes can 

only be determined through studies with focus on validity and clinical effectiveness.  

As we mentioned earlier, mobile app quality is a composite construct, hence it is best 

measured with an index that includes all important quality criteria. None of the other mobile app 

rating scales are supported by frameworks of app quality evaluation or models of technology 

acceptance and use. As a result their ratings fall short of measuring all criteria that are important 

for measuring quality of mobile health apps. ARIA is grounded in frameworks of app evaluation 

and theories of technology acceptance and use. The content of ARIA has also been validated by 

users of mobile health apps as well as health informatics experts, which gives this index an 

advantage in comparison to the other scales.   

4.9. Future Research 

The results of this study provided a guideline for future studies to evaluate the quality of 

information technologies, including mobile health apps. ARIA can be further validated on apps 

relevant to different health care conditions and by different consumers, including health care 

providers in different disciplines and patients with health conditions other than mental health 

issues. App developers and researchers can also use ARIA to develop health-related apps to 

better address the needs and goals of patients, health care providers, and family caregivers.  

One important step is to disseminate ARIA and make it accessible to potential users. The 

investigator intends to develop and validate an online (web-based) version of ARIA for the 

general public. App users who are interested in rating a mobile health app can use this tool 

instead of the paper-based version. Users can log in to the website and answer relevant questions 

about their experience using the app. The web-based ARIA will automatically report the final 

total quality score as well as a short recommendation about using the app under evaluation. The 
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web-based version can also record the ratings provided for each app and eventually create a 

crowd-sourced directory for mobile health applications. We have also translated ARIA into 

French to make it more accessible to Canadians. We will test the reliability of the French version 

in the web-based form in future studies. 

4.10. Conclusion 

The number of mobile health applications is rapidly increasing. However, minimal 

regulations and control mechanisms on online app markets have increased the risk of the public 

using apps with poor quality or apps that are harmful. Previous attempts to create a scale to 

evaluate the quality of health apps have been focused on expert consumers. Besides, none of 

these scales were grounded in theoretical frameworks of usability assessment and quality 

evaluation of mobile apps.  

In this study, an index was developed based on theories of technology acceptance as well 

as frameworks for evaluation of the quality of mobile health apps. The content of the index was 

rigorously validated to make sure it includes all relevant criteria and items to measure the quality 

of m-health apps. The index was named Alberta Rating Index for Apps (ARIA). 

The study confirmed that at least nine criteria rate the quality of mobile health apps. 

These criteria are purpose, trustworthiness, privacy, security, affordability, ease of use, 

functionality, appropriateness for target users, and usefulness and satisfaction.   

The results from the reliability study confirmed that health care providers, older adults, 

and adults with mental health condition may reliably use ARIA to rate the quality of m-health 

apps according to their goals, needs, and preferences. Moreover, the users of m-health apps 

prefer ARIA in comparison to U-MARS since it is more comprehensive and easier to use. Based 
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on these findings, it is concluded that ARIA is superior to other app quality rating scales because 

of its content validity, reliability, and ease of use.  
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Appendix B: Information Letters and Consent Forms 

Study Title:  A Rating Scale for Mental Health Mobile Applications for Older Adults 

(Phase 1) 

Research Investigator: Peyman Azad Khanegah 

3-48, Corbett Hall 

Faculty of Rehabilitation medicine 

University of Alberta 

Edmonton, AB, T6G 2G4 

azadkhan@ualberta.ca 

(780) 695-0447 

Supervisor: Dr. Lili Liu 

Department of Occupational Therapy 

University of Alberta 

Edmonton, AB, T6G 2G4 

lili.liu@ualberta.ca 

(780) 492-1728 

Background 

There are numerous mental health mobile applications (apps) available to the public. 

People can download these apps from online app markets. Few mental health apps are designed 

to take into consideration age-related cognitive, perceptual and sensory changes. We know very 

little about the quality of mental health apps. Currently, there are no scales to help users rate the 

quality of mental health apps. 

Several stakeholders may benefit from using a scale to rate the quality of mental health 

apps. Examples are adults with a mental health condition, older adults, caregivers, clinicians, and 

app developers. We invite you to participate in this study because you belong to a stakeholder 

group that can use the scale. We want to know your inputs and suggestions about what is a good 

quality mental health mobile app.  

Purpose 

To create a scale that mental health service providers can use to rate the quality of mental 

health mobile apps for older adults.  

Study Procedures 

mailto:azadkhan@ualberta.ca
mailto:lili.liu@ualberta.ca
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We ask you to participate in two focus groups.  

In the first focus group, we will give you a tablet with three mental health apps installed 

on it. You will use each app for 5 minutes. After that, we will ask you to suggest items that 

should be on a scale to measure the quality of a mental health app. An example is “how easy the 

app is to use”. You may think of as many items as you can. We will audio record all of the 

suggestions and then transcribe them. 

The second focus group will take place approximately two months after the first focus 

group. In the second focus group, we will ask you to categorize the items that you and other 

stakeholders suggested in the first focus group. We will write each item on a flash card. We will 

also write the name of each category on a large sheet of paper and place them in front of you. We 

will ask you to place each item under the category that best relates to it. For example, the item: 

“the app is easy to use” goes under the category “ease of use”.  

Each focus group will last for maximum of two hours. There will be between 4 to 6 

participants in each focus group. In addition, at least two researchers will be present in each 

focus group. The focus groups will take place in Faculty of Rehabilitation Medicine at 

University of Alberta.  

You can take a break at any time that you feel you need to. In addition, we will provide 

refreshments. We will audio record the focus groups and transcribe them. We will not collect any 

identifying information such as your name. If we find any identifying information such as names 

in the transcripts, we will remove them before conducting any analyses. We will review the 

transcripts and list all items that you think should be in an app quality rating scale.  

Benefits  

You may not directly benefit from participating in this study. 
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However, the use of mobile technology in healthcare provision is new. This project will 

add to this body of knowledge and will help us to develop a scale that clinicians can use to rate 

the quality of mental health mobile apps.  

There will be no costs for your participation. We will provide the tablet with the 

applications already installed on them. We will also compensate parking or transportation costs.  

Risk 

To our knowledge, there are no risks in using the mobile devices or tablets. Many people 

on daily basis are using these devices.  

Voluntary Participation 

Your participation is voluntary. 

You do not have to answer questions or participate if you feel uncomfortable and you can 

stop taking part at any time during the focus group. 

You can withdraw from the study prior to the focus group, during the focus group, or up 

to two weeks after the focus groups. If you withdraw, we will attempt to remove your audio-

recorded comments, but depending on the voice quality, this may not be possible. 

After two weeks, we will have transcribed the audio recordings and removed all the 

identifying information from the transcripts. If you decide to withdraw from the study after this 

time, it is not possible for us to identify your comments to remove them from our results. 

Confidentiality & Anonymity 

The investigator will use the results of this study to write a PhD dissertation. We plan to 

present the findings in a scientific conference and use them to write a paper for publication. We 

will not use any information that may result in your identification in our presentations or 

publications.  
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The research team will make every effort to keep your information private. We will keep 

the information collected confidential, unless we are requested by law to reveal the information. 

As much as possible the information we keep will be anonymous; it will not have your name on 

it. We will guard your privacy as much as possible and use your information only for this 

project. We cannot guarantee that others in the focus group will maintain the confidentiality of 

what is said. Any electronic information will be stored at secure University of Alberta locations. 

The information will be password protected. Only the members of the research team and the 

Research Ethics Board at the University of Alberta will have access to this data. All records will 

be destroyed after five years. We may use the data we get from this study in future research, but 

if we do this, it will have to be approved by a Research Ethics Board. 

Further Information 

If you have any questions regarding this study, please contact: 

Peyman Azad-Khaneghah, PhD candidate, Faculty of Rehabilitation Medicine, 

University of Alberta; Phone: (780) 695-0447 

Dr. John Misiaszek, Associate Dean Research, Faculty of Rehabilitation 

Medicine, University of Alberta; Phone: (780) 492-2412 

The plan for this study has been reviewed for its adherence to ethical guidelines by a 

Research Ethics Board at the University of Alberta. For questions regarding participant rights 

and ethical conduct of research, contact the Research Ethics Office at (780) 492-2615. 

  



169 
 

 
 

Consent Statement 

I have read this form and the research study has been explained to me.  I have been given 

the opportunity to ask questions and my questions have been answered.  If I have additional 

questions, I have been told whom to contact. I agree to participate in the research study described 

above and will receive a copy of this consent form. I will receive a copy of this consent form 

after I sign it. 

 

 

 

 

______________________________________________  _______________ 

Participant’s Name (printed) and Signature    Date 

 

 

 

 

______________________________________________  _______________ 

Name (printed) and Signature of Person Obtaining Consent  Date  
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Paper based Survey Information Letter (phase2) 

Research Investigator: Peyman Azad Khanegah 

3-48, Corbett Hall 

Faculty of Rehabilitation medicine 

University of Alberta 

Edmonton, AB, T6G 2G4 

azadkhan@ualberta.ca 

(780) 695-0447 

Supervisor: Dr. Lili Liu 

Department of Occupational Therapy 

University of Alberta 

Edmonton, AB, T6G 2G4 

lili.liu@ualberta.ca 

(780) 492-1728 

Background 

The purpose of this study is to make a scale to help users rate the quality of wellness 

mobile applications (apps). There are many wellness apps that people can download from online 

app markets. We know very little about the quality of wellness apps. Right now, there are no 

scales to help users rate the quality of wellness apps. 

You may have been involved in the first part of this study. In the first part we defined 10 

quality indicators for wellness apps. Then we created a list of statements to rate apps for each 

indicator. Now, we want to evaluate the relevance of the statements to the quality indicators.  

Study Procedures 

We will use a Delphi technique for this study.  We will use two or three rounds of 

surveys. The aim is to achieve consensus between participants about the relevance of the 

statements to the quality indicators. Completing the first survey will imply that you consent to 

participate. It also means that you are willing to receive the second survey. Each survey will have 

simple and specific instructions. We may give you a third and final survey if we do not achieve 

consensus after the second survey. 

mailto:azadkhan@ualberta.ca
mailto:lili.liu@ualberta.ca
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The amount of time necessary to complete this survey will vary with each participant, but 

it should not be more than 15 minutes. There will be no right or wrong answers. You only need 

to tell us how relevant you think each statement is to the given quality indicator. 

Benefits 

You may not directly benefit from participating in this study. The use of mobile apps in 

healthcare provision is new. This project will help us to make a scale for users to rate the quality 

of wellness mobile apps. 

Risk 

To our knowledge, there are no risks in participating in Delphi surveys. There will be no 

costs for your participation. 

Voluntary Participation 

It is voluntary to participate in this study. You do not have to participate if you feel 

uncomfortable. 

You do not have to answer questions that make you uncomfortable. If you do not agree to 

participate you will not receive any more surveys from us. 

If you decide to leave the study after you completed a survey, you have up to one week to 

inform us. To do so, contact Peyman Azad by e-mail (azadkhan@ualberta.ca) or phone (780-695 

0447) and we will remove your survey from the study. After one week, we will remove all the 

identifying information from the surveys. At this point it will be impossible for us to find your 

completed survey and remove it from the study.  

Confidentiality & Anonymity 

The investigator will use the results of this study to write a PhD dissertation. Moreover, 

we may present the findings in a scientific conference and use them to write a peer reviewed 
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paper. We will not use any information that may result in your identification in our presentations 

or publications. 

The research team will make every effort to keep your information private. We will use 

your responses only for this project. Any electronic information will be stored at secure 

University of Alberta locations. The information will be password protected. We will remove all 

identifying information from the responses before conducting any analysis. None of this 

electronic information will include your name or personal information. All records will be 

destroyed after five years. We may use the data we get from this study in future research, but if 

we do this, it will have to be approved by a Research Ethics Board. 

Further Information 

If you have any questions regarding this study, please contact: 

• Peyman Azad-Khaneghah, AGE-WELL HQP and PhD candidate, Faculty of 

Rehabilitation Medicine, University of Alberta; Phone: (780) 695-0447 

• Dr. Lili Liu, Professor and Chair; Dept. of Occupational Therapy Faculty of 

Rehabilitation Medicine, University of Alberta; Phone: (780) 492-1728 

• Dr. John Misiaszek, Associate Dean Research, Faculty of Rehabilitation Medicine, 

University of Alberta; Phone: (780) 492-2412 

The plan for this study has been reviewed for its adherence to ethical guidelines by a 

Research Ethics Board at the University of Alberta. For questions regarding participant rights 

and ethical conduct of research, contact the Research Ethics Office at (780) 492-2615. 

Consent Statement  

I acknowledge that completing and submitting the survey implies that I have read the 

information letter for this study, I have been given the opportunity to ask questions, and my 
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questions have been answered.  If I have additional questions, I have been told whom to contact. 

I agree to participate in the research study described above. 
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Study Title:  A Rating Index for Mobile Health Applications (Phase 3.1) 

Research Investigator: Peyman Azad Khanegah 

3-48, Corbett Hall 

Faculty of Rehabilitation medicine 

University of Alberta 

Edmonton, AB, T6G 2G4 

azadkhan@ualberta.ca 

(780) 695-0447 

Supervisors: Drs. Lili Liu 

And Mary Roduta Roberts 

Department of Occupational Therapy 

University of Alberta 

Edmonton, AB, T6G 2G4 

lili.liu@ualberta.ca 

Mary.Roberts@ualberta.ca 

Background 

The purpose of this study is to make an index to help end users such as older adults, 

patients, and clinicians rate the quality of mobile health applications (m-health apps). People can 

download many m-health apps from online app markets. We know very little about the quality of 

m-health apps. Right now, there are no Indices to help end users rate the quality of m-health 

apps. 

In the previous phases of this study, we defined 10 constructs and 51 items to rate the 

quality of m-health apps. In this phase, we want to know if the number of items and the length of 

the index is acceptable to users of the index. Users include app users, technology developers, and 

health care providers. 

We invite you to participate in this phase because we think you belong to one of the 

stakeholder groups who may use the index.   

Purpose 

To determine if the length of the index is acceptable to users of m-health apps including 

adults, technology developers, and healthcare providers. 

 

 

mailto:azadkhan@ualberta.ca
mailto:lili.liu@ualberta.ca


175 
 

 
 

Pre-focus group activity 

We will ask you to complete an index review form before you participate in the focus 

group. The purpose of the review form is to prepare you for the focus group. You will receive the 

index review form at least one week before the focus group. We will ask you to complete this 

form and bring it with you to the focus group.  

The objective of this exercise is to reduce the length of the index by removing 

unnecessary or redundant items from the index. On the index review form, you will see 10 

quality domains for mobile health apps. Each quality domain has a number of items. We will ask 

you to review the items and tell us if we should keep or remove any of them from the index. 

Indicate your decision by marking “X” in the box provided on the review form. Note that while 

we want to reduce the length of the index, it must cover all 10-quality domains. Feel free to 

provide any comments in the comment section of the review form. 

We will ask you to bring the index review forms with you to the focus group. The 

researcher will collect the form at the end of the focus group. 

Focus group 

There will be five or six other participants in the focus group, who like you, are 

stakeholders who would use the index. We will ask you to share with the rest of the participants 

in the focus group if you find the length of the index acceptable, and if not, which items you 

suggest we remove from the index. We will also ask you to provide a short rationale for your 

decision. Each participant will have 8 minutes for this task.  

After everyone shares their choice and rational, the researcher will read each selected 

item and will ask participants to raise their hand if they agree that we should remove the item. 

The researcher will record the number of votes for each item.  
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After voting for all items, the group will take a break for 15 minutes. Meanwhile the 

researcher will remove the items that have received the majority of votes (at least 50% + 1) from 

the index and will print a copy of the new index. 

After the break, the researcher will give each participant a copy of the new index to 

review. The group will spend 10 minutes for this task.  

After the group reviewed the new index, the Researcher will ask participants to raise their 

hand if they do not find the new length of the index acceptable. 

Next, the researcher will ask participants who do not find the new length acceptable to 

share which items they suggest to remove and their rational for this choice. The researcher will 

record the suggested items. 

The researcher will read each item suggested and will ask the participants to raise their 

hand if they agree we should remove the item. The researcher will record the number of votes for 

each item and will remove items that receive the majority of votes (50%+1).    

The focus group will be about two hours and will take place in Corbett Hall, Faculty of 

Rehabilitation Medicine-University of Alberta. The building is located on 8205, 114 Street, 

Edmonton, Alberta. 

You can take a break at any time that you feel you need to. In addition, we will provide 

refreshments during the focus groups. We will audio record the focus group and transcribe it 

verbatim. The researchers will also take notes during the sessions. We will remove any 

identifying information such as your name before we analyze the notes or the transcripts. 

Benefits  
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We will give a $20 gift card as a token of appreciation to you for participating in this 

focus group. We will also compensate for the parking costs at Corbett Hall and/or public transit 

to and from the study location. We will provide refreshments during the focus groups. 

If you need to travel from another city to participate in the study, we will compensate for 

the round trip ground transportation and accommodation for up to 1 night. 

Risk 

To our knowledge, there are no risks in participating in focus groups. 

Voluntary Participation 

Your participation is voluntary. 

You do not have to answer questions or participate if you feel uncomfortable and you can 

stop taking part at any time during the focus group. 

You can withdraw from the study prior to the focus group, during the focus group, or up 

to two weeks after the focus groups. If you withdraw, we will attempt to remove your audio-

recorded comments, but depending on the voice quality, this may not be possible. 

 After two weeks, we will have transcribed the audio recordings and removed all the 

identifying information from the transcripts. If you decide to withdraw from the study after this 

time, it is not possible for us to identify your comments to remove them from our results. 

 

Confidentiality & Anonymity 

The researcher will use the results of this study to write a PhD dissertation. We plan to 

present the findings in a scientific conference and use them to write a paper for publication. We 

will not use any information that may result in your identification in our presentations or 

publications.  



178 
 

 
 

The research team will make every effort to keep your information private. We will keep 

the information collected confidential, unless we are requested by law to reveal the information. 

As much as possible the information we keep will be anonymous; it will not have your name on 

it. We will guard your privacy as much as possible and use your information only for this 

project. We cannot guarantee that others in the focus group will maintain the confidentiality of 

what is said.  

Any electronic information will be stored at secure University of Alberta locations. The 

information will be password protected. Only the members of the research team and the 

Research Ethics Board at the University of Alberta will have access to this data. All records will 

be destroyed after five years. We may use the data we get from this study in future research, but 

if we do this, it will have to be approved by a Research Ethics Board. 

Further Information 

If you have any questions regarding this study, please contact: 

• Peyman Azad-Khaneghah, PhD candidate, Faculty of Rehabilitation Medicine, 

University of Alberta; Phone: (780) 695-0447 

• Dr. Lili Liu, Professor and Chair; Dept. of Occupational Therapy Faculty of 

Rehabilitation Medicine, University of Alberta; Phone: (780) 492 0399 

• Dr. Mary Roduta-Roberts, Assistant Professor; Dept. of Occupational Therapy Faculty of 

Rehabilitation Medicine, University of Alberta; Phone:(780) 492 0399 

• Dr. John Misiaszek, Associate Dean Research, Faculty of Rehabilitation Medicine, 

University of Alberta; Phone: (780) 492-2412 
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The plan for this study has been reviewed for its adherence to ethical guidelines by a 

Research Ethics Board at the University of Alberta. For questions regarding participant rights 

and ethical conduct of research, contact the Research Ethics Office at (780) 492-2615. 

 

Consent Statement 

I have read this form and the research study has been explained to me.  I have been given 

the opportunity to ask questions and my questions have been answered.  If I have additional 

questions, I have been told whom to contact. I agree to participate in the research study described 

above and will receive a copy of this signed consent form. 

 

 

 

 

______________________________________________  _______________ 

Participant’s Name (printed) and Signature    Date 

 

 

 

 

______________________________________________  _______________ 

Name (printed) and Signature of Person Obtaining Consent  Date  
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Study Title: A Rating Index for Mobile Health Applications (Phase 3.2) 

Research Investigator: Peyman Azad Khanegah 

3-48, Corbett Hall 

Faculty of Rehabilitation medicine 

University of Alberta 

Edmonton, AB, T6G 2G4 

azadkhan@ualberta.ca 

(780) 695-0447 

Supervisors: Drs. Lili Liu 

And Mary Roduta Roberts 

Department of Occupational Therapy 

University of Alberta 

Edmonton, AB, T6G 2G4 

lili.liu@ualberta.ca 

Mary.Roberts@ualberta.ca 

Background 

The purpose of this study is to create an index for users such as older adults, patients, and 

health professionals to rate the quality of mobile health applications (m-health apps). People can 

download many m-health apps from online app markets. We know very little about the quality of 

m-health apps.  

We invite you to participate in this study because we think you belong to one of the 

stakeholder groups who may use the index.   

Purpose 

To ensure that the items in this index used to rate the quality of m-health apps are clear 

and easy to understand. 

Study Procedures 

We ask you to participate in a 1-hour one-on-one interview to review the clarity of the 

items in the index that we have developed for quality and usability of m-health apps.  

We ask you to bring your smart phone to the interview. We ask you to download and 

install an m-health app that is compatible with your smart phone. We will also provide you with 

a copy of the index to rate the quality and usability of the m-health app. 

mailto:azadkhan@ualberta.ca
mailto:lili.liu@ualberta.ca
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We ask you to tell us everything that comes to mind as you answer each item in the 

index. Particularly we are interested to know how you interpreted the item, if the item was easy 

to understand, if the scale responses were appropriate for the item, if you needed more prompts 

to answer the item, and if you recommend any revisions to improve the clarity of the item. The 

researcher may also provide prompts to help you if necessary.     

The session will take place at the University of Alberta, Room 1-43 Corbett Hall, 8205, 

114 Street, Edmonton, Alberta. The session will take 1 hour. You can take a break at any time.  

The researcher will audio record the session and transcribe it verbatim. The researcher 

will also observe how you apply the index and will take notes. The researcher will remove any 

identifying information such as your name from the notes and transcripts. 

Benefits  

We will give a $20 gift card as a token of appreciation to you for participating in this 

study. 

Risk 

To our knowledge, there are no risks in using smart phones or completing the rating 

scale. 

Voluntary Participation 

Your participation is voluntary. 

You do not have to answer questions or participate if you feel uncomfortable and you can 

stop taking part at any time during the session. 

You can withdraw from the study prior to the interview session, during the interview, or 

up to two weeks after the interview. If you withdraw within two weeks, we will remove your 

audio-recorded comments. After two weeks, we will have completed revising the index. At this 
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point, since we have merged your data with data collected from other participants, it is not 

possible for us to reliably identify your comments and remove them from our results. 

Confidentiality & Anonymity 

The researcher will use the results of this study to write a PhD dissertation. We plan to 

present the findings in a scientific conference and use them to write a paper for publication. We 

will not use any information that may result in your identification in our presentations or 

publications.  

The research team will make every effort to keep your information private. We will keep 

the information collected confidential, unless we are requested by law to reveal the information. 

As much as possible the information we keep will be anonymous; it will not have your name on 

it. We will guard your privacy as much as possible and use your information only for this 

project.  

Any electronic information will be stored at secure University of Alberta locations. The 

information will be password protected. Only the members of the research team and the 

Research Ethics Board at the University of Alberta will have access to this data. All records will 

be destroyed after five years. We may use the data we get from this study in future research, but 

if we do this, we will seek approval from the Research Ethics Board. 

Further Information 

If you have any questions regarding this study, please contact: 

• Peyman Azad-Khaneghah, PhD candidate, Faculty of Rehabilitation Medicine, 

University of Alberta; Phone: (780) 695-0447 

• Dr. Lili Liu, Professor and Chair; Dept. of Occupational Therapy Faculty of 

Rehabilitation Medicine, University of Alberta; Phone: (780) 492 0399 



183 
 

 
 

• Dr. Mary Roduta-Roberts, Assistant Professor; Dept. of Occupational Therapy Faculty of 

Rehabilitation Medicine, University of Alberta; Phone:(780) 492 0399 

• Dr. John Misiaszek, Associate Dean Research, Faculty of Rehabilitation Medicine, 

University of Alberta; Phone: (780) 492-2412 

The plan for this study has been reviewed for its adherence to ethical guidelines by a 

Research Ethics Board at the University of Alberta. For questions regarding participant rights 

and ethical conduct of research, contact the Research Ethics Office at (780) 492-2615. 

Consent Statement 

I have read this form and the research study has been explained to me.  I have been given 

the opportunity to ask questions and my questions have been answered.  If I have additional 

questions, I have been told whom to contact. I agree to participate in the research study described 

above and will receive a copy of this signed consent form. 

 

______________________________________________  _______________ 

Participant’s Name (printed) and Signature    Date 

 

 

______________________________________________  _______________ 

Name (printed) and Signature of Person Obtaining Consent  Date  
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Study Title:  A Rating Index for Mobile Health Applications (Phase 3.3) 

Research Investigator: Peyman Azad Khanegah 

3-48, Corbett Hall 

Faculty of Rehabilitation medicine 

University of Alberta 

Edmonton, AB, T6G 2G4 

azadkhan@ualberta.ca 

(780) 695-0447 

Supervisors: Drs. Lili Liu 

And Mary Roduta Roberts 

Department of Occupational Therapy 

University of Alberta 

Edmonton, AB, T6G 2G4 

lili.liu@ualberta.ca 

Mary.Roberts@ualberta.ca 

Background 

The purpose of this study is to create an index for users such as older adults, patients, and 

health professionals to rate the quality of mobile health applications (m-health apps). People can 

download many m-health apps from online app markets. We know very little about the quality of 

m-health apps.  

We invite you to participate in this study because we think you belong to one of the 

stakeholder groups who may use the index.   

Purpose 

To investigate the reliability and validity of the index to rate the quality and usability of 

m-health apps. 

Study Procedures 

The researcher will meet with you in a one-on-one session to teach you how to use the 

indices for this study. You will need to bring your smart phone with you to this practice session. 

The researcher will ask you to download and install two m-health apps that are compatible with 

your smart phone. He will ask you to apply the index that we have developed to rate the quality 

and usability of the apps. The name of this scale is Alberta Index for Quality and Usability of m-

Health Apps (the new index, for short). Next, the researcher will ask you to rate the same apps 

mailto:azadkhan@ualberta.ca
mailto:lili.liu@ualberta.ca


185 
 

 
 

once more, but using another index called Mobile Application Rating Scale for Users (U-

MARS). The researcher will answer any questions you may have on how to use each of the 

indices. 

After learning to use the two indices, the researcher will give you a list of 10 more m-

health apps that are compatible to your smart phone. The researcher will also give you 10 paper 

copies of the new index and 10 copies of U-MARS. 

You will take the list of the apps and the copies of the indices home. The apps on the list 

are numbered from 1 to 10. You will need to download each app on your smart phone. For apps 

numbered 1 to 5, first use the new index to rate the quality of the app and write the total score on 

the paper copy of the index. Next, use U-MARS to rate the quality of the same app and write the 

total score in the specified space on the index. For apps numbered 6 to 10, first use U-MARS to 

rate their quality and after that, use the new index to rate the quality of the same apps. Once 

again, make sure you write down the total scores in the specified spaces on the paper copies of 

the indices. 

It will take a total of 30 minutes to rate each app and complete both indices. You will 

have 30 days to complete all ratings. During this time, if you have any questions or difficulties 

with using the indices you may contact the researcher by phone or e-mail. The researcher will 

also contact you (by phone or e-mail) every 7 days to follow up on your progress and answer any 

questions or concerns you may have. After 30 days, the researcher will meet with you and collect 

the completed indices.  

Benefits  

We will give a $30 gift card as a token of appreciation to you for participating in this 

study. We will also compensate the costs of apps that you need to purchase for this study. 
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Risk 

To our knowledge, there are no risks in using smart phones or completing the rating 

scale. 

Voluntary Participation 

Your participation is voluntary. 

You do not have to participate if you feel uncomfortable and you can stop taking part at 

any time during the study. 

You can withdraw your participation during the study or up to one week after you gave 

the completed indices to the researcher. If you withdraw, we will remove your completed indices 

from the study. 

After 1 week, we will have removed all the identifying information from the indices. If 

you decide to withdraw from the study after this time, it is not possible for us to identify which 

indices you completed to remove them from our results. 

Confidentiality & Anonymity 

The researcher will use the results of this study to write a PhD dissertation. We plan to 

present the findings in a scientific conference and use them to write a paper for publication. We 

will not use any information that may result in your identification in our presentations or 

publications.  

The research team will make every effort to keep your information private. We will keep 

the information collected confidential, unless we are requested by law to reveal the information. 

As much as possible the information we keep will be anonymous; it will not have your name on 

it. We will guard your privacy as much as possible and use your information only for this 

project.  
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Any electronic information will be stored at secure University of Alberta locations. The 

information will be password protected. Only the members of the research team and the 

Research Ethics Board at the University of Alberta will have access to this data. All records will 

be destroyed after five years. We may use the data we get from this study in future research, but 

if we do this, it will have to be approved by a Research Ethics Board. 

Further Information 

If you have any questions regarding this study, please contact: 

• Peyman Azad-Khaneghah, PhD candidate, Faculty of Rehabilitation Medicine, 

University of Alberta; Phone: (780) 695-0447 

• Dr. Lili Liu, Professor and Chair; Dept. of Occupational Therapy Faculty of 

Rehabilitation Medicine, University of Alberta; Phone: (780) 492 0399 

• Dr. Mary Roduta-Roberts, Assistant Professor; Dept. of Occupational Therapy 

Faculty of Rehabilitation Medicine, University of Alberta; Phone:(780) 492 0399 

• Dr. John Misiaszek, Associate Dean Research, Faculty of Rehabilitation Medicine, 

University of Alberta; Phone: (780) 492-2412 

The plan for this study has been reviewed for its adherence to ethical guidelines by a 

Research Ethics Board at the University of Alberta. For questions regarding participant rights 

and ethical conduct of research, contact the Research Ethics Office at (780) 492-2615. 
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Consent Statement 

I have read this form and the research study has been explained to me.  I have been given 

the opportunity to ask questions and my questions have been answered.  If I have additional 

questions, I have been told whom to contact. I agree to participate in the research study described 

above and will receive a copy of this signed consent form. 

 

______________________________________________  _______________ 

Participant’s Name (printed) and Signature    Date 

 

______________________________________________  _______________ 

Name (printed) and Signature of Person Obtaining Consent  Date  
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Appendix C: Paper based survey 

 
Section 1. Demographics 
 
First Name:  -------------------------------  Last Name: ------------------------------------- 
 
E-mail address: ------------------------------------------ 
 
Age range:  20-29  30-39  40-49  50-59  60 and above  
   
Which of the following describes you: 
1) I am an occupational Therapist  
2) I am a psychologist  
3) I am a psychiatrist  
4) I am a nurse 
5) I am an app developer 
6) I am an app user 
7) Others (Please specify) ----------------------------------------------- 
 
How many years have you used a smart phone? ----------------------- Years  
 
How many years have you used a tablet? ---------------------------------Years  
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Section 2. 
Instructions. Please rate the relevance of each statement to the given quality indicator. The 
options are 1) Not relevant 2) Relevant 3) Unable to assess relevance.  

1. Privacy 

For each statement, rate its relevance 
for evaluating whether the app protects 
the privacy of its users (Put X in the box 
provided) 

Not relevant Relevant Unable to 
assess 
relevance  

1. The app has a privacy policy that 
indicates what information is collected 
by the app, who will have access to this 
information, and how this information 
will be used. 

   

2. The app description indicates 
compliance with a health information 
act or privacy regulation (e.g., Health 
Information Act of Canada) 

   

3. The app asks users to enter personal 
information such as name, date of 
birth, home address, or phone number. 

   

4. The app asks users to enter personal 
financial information such as credit 
card number or debit card number. 

   

5. The app requests access to phone 
sensors such as the microphone, 
camera, or location of the phone. 

   

6. The app collects users’ password for 
social media (e.g., for Face book, 
Twitter, Instagram) or e-mail. 
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Suggest revisions to any of the statements in this list. (Use back of this page if you 
need more space) 

 

Suggest statements that are missing in this list. (Use back of this page if you need 
more space) 

 

 
2. Security 

For each statement, rate its relevance 
for evaluating whether the app uses 
ways to secure users’ information (Put 
X in the box provided) 

Not relevant Relevant Unable to 
assess 
relevance  

7. The app uses various ways to protect 
users’ information that is recorded on 
the smart phone (e.g., log in 
password) 

   

8. The app protects users’ information 
that is recorded on the app website or 
cloud. 

   

9. The app protects users’ information 
that is transmitted (e.g., via the 
internet, Wi-Fi, or Bluetooth) 

   

10. The app notifies users if another 
person accesses their account from a 
different device 
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11. The app requires users to create a 
password before starting to use the 
app. 

   

12. The app requires users to create a 
password before starting to record 
their data on a cloud or a website. 

   

13. The app description states that the 
app encrypts users’ information that 
is recorded or transmitted. 

   

Suggest revisions to any of the statements in this list. (Use back of this page if you 
need more space) 

 

Suggest statements that are missing in this list. (Use back of this page if you need 
more space) 
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3. Trustworthiness 

For each statement, rate its 
relevance for evaluating whether an 
app provides up-to-date, credible, 
and trustworthy information (Put X 
in the box provided) 

Not relevant Relevant Unable to 
assess 
relevance  

14. The app has been updated less than 
a year ago. 

   

15. The app was developed by credible 
developer(s) based on the 
information on the app description 
(e.g., government health services). 

   

16. The app description mentions 
health care professionals were 
involved in development of the 
app. 

   

17. The app description mentions 
potential users (e.g., older adults, 
patients, etc.) were involved in 
development of the app. 

   

18. The app provides evidence on its 
effectiveness (e.g., link to 
scientific studies). 

   

19. The app provides evidence of 
approval from a third party such as 
Health Canada or FDA. 

   

20. The app clearly states the source of 
the health information that it 
provides. 
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21. The app clearly specifies its 
financial sponsors. 

   

22. The paid version of the app 
advertises a particular health care 
product (e.g., medication, assistive 
device, meal plan, food 
supplement) 

   

 
 
3. Trustworthiness (continued) 

For each statement, rate its 
relevance for evaluating whether a 
health app provides up-to-date, 
credible, and trustworthy 
information (Put X in the box 
provided) 

Not relevant Relevant Unable to 
assess 
relevance  

23. The app content can cause harm 
(e.g., create suicidal ideas, 
encourage drug abuse) 

   

24. The app discloses any potential 
risks that users may face if they 
use the content of the app.  

   

25. There is evidence of conflict of 
interest (e.g., a pharmaceutical 
company has developed a 
depression app that advertises a 
certain anti-depressant medication) 

   

26. Conflict of interest, if present, are 
declared. 
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Suggest revisions to any of the statements in this list. (Use back of this page if you 
need more space) 

 

Suggest statements that are missing in this list. (Use back of this page if you need 
more space)  

 

 
4. Ease of Use 

For each statement, rate the 
relevance of the statement to 
evaluating whether the app is 
easy to use (Put X in the box 
provided) 

Not relevant Relevant Unable to 
assess 
relevance  

27. In general, the app is easy to 
use.  
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28. The app provides 
information that is easy to 
understand.  

   

29. The app uses icons that are 
easy to understand. 

   

30. It is easy to navigate 
different pages of the app. 

   

31. The app uses font size that is 
easy to see 

   

32. The app uses colours that are 
easy to see. 

   

33. The app uses icons that are 
easy to see. 

   

34. The app’s touchable 
elements are large enough to 
be touched using one finger. 

   

35. The app provides a link for 
technical support to the 
users.  

   

36. Mistakes are easy to fix in 
the app (e.g., entering wrong 
information or deleting data) 

   

37. The app lets me know if I 
enter wrong information. 
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38. The app confirms with user 
before information is 
removed or deleted. 

   

39. In general, it is easy to make 
changes to the information 
that a user enters in the app. 

   

40. The app is accessible for 
those who have visual 
impairments. 

   

41. The app is accessible for 
those who have hearing 
impairments.  

   

Suggest revisions to any of the statements in this list. (Use back of this page if you 
need more space) 

 

Suggest statements that are missing in this list.  (Use back of this page if you need 
more space) 
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5. User engagement 

For each statement, rate its 
relevance for evaluating 
whether an app is engaging 
and/or enjoyable to use (Put X 
in the box provided) 

Not relevant Relevant Unable to assess 
relevance  

42. The app features are 
interactive. 

   

43. The app features are 
engaging. 

   

44. The app uses various ways 
such as notifications, 
reminders, or achievement 
points to engage users.  

   

45. The app content is presented 
in an interesting way (e.g., 
contains the right mix of 
video/audio/text/graphics). 

   

46. The app attracts users to use 
it regularly 

   

47. The app provides feedback 
on user’s actions (e.g., 
providing prompts, 
notifications, and reminders). 
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Suggest revisions to any of the statements in this list. (Use back of this page if you 
need more space) 

 

 

 

 

Suggest statements that are missing in this list.  (Use back of this page if you need 
more space) 

 

 
6. Aesthetics 

For each statement, rate its relevance 
for evaluating aesthetics in an app. 
(Put X in the box provided) 

Not relevant Relevant Unable to 
assess 
relevance  

48. The app uses colours that are 
attractive. 

   

49. Layout design: the arrangement of 
elements 
(buttons/icons/menus/content) on 
the screen are Attractive. 

   

50. Visual Design: the visual 
presentation of the app is attractive. 
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51. Graphics: The quality/resolution of 
graphics used for 
buttons/icons/menus/content is high. 

   

52. In general, the app’s appearance is 
appropriate for the target users. 

   

Suggest revisions to any of the statements in this list. (Use back of this page if you 
need more space) 

 

 

 

 

Suggest statements that are missing in this list.  (Use back of this page if you need 
more space) 
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7. Customizability 

For each statement, rate its relevance 
for evaluating whether features of an 
app are customizable (Put X in the box 
provided) 

Not relevant Relevant Unable to 
assess 
relevance  

53. User can change features of the app 
(e.g., font type, font Size, font colour, 
background colour, size of the 
images, icons, colour of icons, 
notifications, sound/music, 
Language).  

   

54. User can zoom in or out to see the 
content better. 

   

55. User can change the app language to 
the one that she/ he prefers. 

   

56. The app retains all necessary settings 
for features of the app (e.g. sound, 
content, notifications, etc.). 

   

57. The app helps automate some tasks, 
(e.g., pre-populated fields, 
suggestions based on previous inputs) 

   

Suggest revisions to any of the statements in this list. (Use back of this page if you 
need more space) 
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Suggest statements that are missing in this list.  (Use back of this page if you need 
more space) 

 

 

 

 

 
 
8. Functionality 

For each statement, rate the relevance 
for evaluating the functionality of an 
app (Put X in the box provided) 

Not relevant Relevant Unable to 
assess 
relevance  

58. The app components work correctly 
(e.g., Does not crash, all links work) 

   

59. The app needs internet connection to 
work. 

   

60. The app sends information to other 
phones, apps, or devices. 

   

61. The app receives information from 
other phones, apps, or devices (e.g., 
Fitbit or smart watches).  

   

62. The app is available for different 
operating systems (e.g., android and 
Apple). 

   

63. The app is available for different 
devices (e.g., phone, tablet, desktop 
computer). 
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Suggest revisions to any of the statements in this list. (Use back of this page if you 
need more space) 

 

Suggest statements that are missing in this list.  (Use back of this page if you need 
more space) 

 

 

 
 
9. Affordability 

For each statement, rate its 
relevance for evaluating whether 
an app is affordable (Put X in the 
box provided) 

Not relevant Relevant Unable to assess 
relevance  

64. The app has a free trial version.    

65. The app is free    

66. A recurrent (e.g., monthly, 
annually) membership fee is 
required to keep using the app.  

   

67. The app is affordable.     
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Suggest revisions to any of the statements in this list. (Use back of this page if you 
need more space) 

 

Suggest statements that are missing in this list.  (Use back of this page if you need 
more space) 

 

 
10. Usefulness 

For each statement, rate its relevance 
for evaluating whether an app is useful 
(Put X in the box provided) 

Not 
relevant 

Relevant Unable to 
assess 
relevance  

68. The purpose of the app is clearly 
stated or implied in its name or 
description in the app description. 

   

69. The app content includes what is 
implied in the name or described in 
the app description. 

   

70. The app provides useful health 
information. 

   

71. The app is useful for self-monitoring 
symptoms (e.g., blood sugar, blood 
pressure, mood, anxiety levels, pain) 

   

 

  



205 
 

 
 

 

72. The app is useful as a reminder (e.g., 
for medications/appointments). 

   

73. The app is useful for making 
appointments with health care 
professionals. 

   

74. The app is useful to communicate 
with health care professionals. 

   

Suggest revisions to any of the statements in this list. (Use back of this page if you 
need more space) 

 

Suggest statements that are missing in this list.  (Use back of this page if you need 
more space) 
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Appendix D: Index Review Form 

ID………………………………. 

This review form is designed to help you prepare for the focus group on ……………………………. 

Please bring this completed from to the focus group. 

The objective of this exercise is to reduce the length of the index or the number of items. Please 

review each item and suggest whether it should be kept or removed by marking “X” in the box. 

Note that the index should cover all quality domains from “Privacy” to “Usefulness”. Feel free 

to add your comments in the provided space. 

A) Privacy: Items in this construct measure how transparent m-health 
apps are about the user information that the app collects. 

Keep  Remove 

1. The app has a privacy policy    

2. The app’s privacy policy explains what information is collected by 
the app 

  

3. The app’s privacy policy explains who will have access to the 
information collected by the app 

  

4. The app’s privacy policy explains how the information collected by 
the app will be used 

  

5. The app requests access to phone sensors such as the microphone, 

camera, or location of the phone. 

  

Comments: 
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B) Security: Items in this construct look at the measures m-health apps 

take to prevent unauthorized access to app users’ information. 

Keep Remove 

6. The app uses various ways to protect users' information that is 

recorded on the smart phone (e.g., login password). 

  

7. The app uses various ways to protect users' information that it 

records on the app website or cloud (e.g., log in password or data 

encryption).  

  

8. The app notifies users if another person accesses their account from 

a different device. 

  

9. The app protects users' information that is transmitted (e.g., via the 

internet, Wi-Fi, or Bluetooth).  

  

10. The app description states that the app encrypts users' information 

that is recorded or transmitted. 

  

11. The app requires users to create a password before starting to use 

the app. 

  

Comments: 
 
 
 
 
 
 
C) Trustworthiness: Items in this construct measure if m-health apps provide 

any evidence that the information they provide are reliable and trustworthy. 

Keep Remove 

12. The app description mentions that health care professionals were 

involved in development of the app’s content. 

  

13. The app clearly states the source of the health information that it 

provides. 
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Trustworthiness (continued): Items in this construct measure if m-health apps 

provide any evidence that the information they provide are reliable and 

trustworthy. 

Keep Remove 

14. The app declares any conflict of interest, if present.   

15. The app was developed by credible developer(s) based on the 

information on the app description (e.g., government health 

services). 

  

16. The app provides evidence of approval from a credible third party 

(examples are governmental organizations, not for profit 

organizations, hospitals, or universities).  

  

17. There is evidence of conflict of interest in the app (e.g., a 

pharmaceutical company has developed a depression app that 

advertises a certain anti-depressant medication).  

  

18. The app content can cause harm (e.g., create suicidal ideas, 

encourage drug abuse). 

  

19. The app discloses any potential risks that users may face if they use 

the content of the app. 

  

Comments: 
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D) Ease of use: Items in this construct measure if users perceive m-

health apps easy to use.   

Keep Remove 

20. It is easy to navigate different pages of the app.    

21. It is easy to make changes to the information that a user enters in 

the app. 

  

22. The app uses icons that are easy to understand.   

23. The app uses icons that are easy to see.    

24. It is easy to fix mistakes in the app (e.g., entering wrong 

information or deleting data). 

  

25. In general, the app is easy to use.    

26. The app provides information that is easy to understand.    

27. The app uses default font size that is easy to see.   

28. The app's touchable elements are large enough to be touched 

using one finger.  

  

29. The app confirms with user before information is removed or 

deleted.  

  

30. The app uses colours that are easy to see.   

Comments: 
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E) User engagement: Items in this construct measure the degree to 

which m-health apps engage users. 

Keep Remove 

31. The app content is presented in an interesting way (e.g., contains 

the right mix of video, audio, text and graphics).  

  

32. In general the app features are engaging.   

33. The app uses various ways such as notifications, reminders, or 

achievement points to engage users.   

  

Comments: 
 
 
 
 
 
 
F) Aesthetics: Items in this construct measure if m-health apps are 

visually appealing. Elements considered are colours used, size and type 

of fonts, size and shape of the icons used, and arrangement of the 

elements 

Keep Remove 

34. The quality of the graphics used in the app is high.   

35. In general, the app's appearance is appropriate for the target 

users. 

  

36. The visual presentation of the app is attractive.   

37. The arrangement of elements such as buttons, icons, menus, or 

content on the screen are Attractive. 

  

Comments: 
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G) Customizability: Items in this construct measure the extent a user 

can modify settings of m-health apps. 

Keep Remove 

38. User can zoom in or out to see the content better.    

39. The app retains all necessary settings made by the user for 

features of the app (e.g. sound, notifications, etc.).  

  

40. User can change features of the app (e.g., font type, font Size, font 

colour, background colour, size of the images, icons, colour of icons, 

notifications, sound/music, Language). 

  

41. User can change the app’s language to the one that she/he 

prefers. 

  

42. The app helps automate some tasks, (e.g., pre-populated fields, 

suggestions based on previous inputs). 

  

Comments: 
 
 
 
 
 
 
 
 
H) Functionality: Items in this construct measure if m-health apps work 

properly. 

Keep Remove 

43. The app is available for different operating systems (e.g., android 

and Apple).  

  

44. The app is available for different devices (e.g., phone, tablet, 

desktop computer). 

  

45. The app components work correctly (e.g., Does not crash, all links 

work). 
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Functionality (Continued): Items in this construct measure if m-health 

apps work properly. 

Keep Remove 

46. The app receives information from other phones, apps, or devices 

(e.g., Fitbit or smart watches). 

  

Comments: 
 
 
 
 
 
 
 
 
 
I) Affordability: Items in this construct measure if users perceive the 

costs of using m-health apps is worth the benefits. 

Keep Remove 

47. The app is affordable.    

48. The app has a free version.   

49. A recurrent (e.g., monthly, annually) membership fee is required to 

keep using the app. 

  

Comments: 
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J) Usefulness: Items in this construct measure the degree to which 

users perceive m-health apps useful. 

Keep Remove 

50. The app provides useful health information.    

51. The app is useful for self-monitoring symptoms (e.g., blood sugar, 

blood pressure, mood, anxiety levels, or pain).  

  

Usefulness (Continued): Items in this construct measure the degree to 

which users perceive m-health apps useful. 

Keep Remove 

52. The app content includes what is implied in the name or described 

in the app description.  

  

53. The app is useful as a reminder (e.g., for medications or 

appointments).  

  

Comments: 
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Appendix E: Pilot Draft of Alberta Rating Index for Apps (ARIA-Pilot) 
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Appendix F: Alberta Rating Index for Apps-Users version 
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219 
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Appendix G: Alberta Rating Index for Apps-Care providers 
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Appendix H: Mobile Application Rating Scale: User version (u-MARS) 

Instructions for use: 

Raters should: 

1. Use the app and trial it thoroughly for at least 10 minutes; 

2. Determine how easy it is to use, how well it functions and does it do what it purports to do; 

3. Review app settings, developer information, external links, security features, etc. 

Scoring 

A: Engagement Mean Score = ________________ 

B: Functionality Mean Score = ________________ 

C: Aesthetics Mean Score = ________________ 

D: Information Mean Score* = ________________ 

* Exclude questions rated as “N/A” from the mean score calculation. 

App quality mean score ___________________ = A + B + C + D / 4 
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App Name: ____________________________________________________________ 

Circle the number that most accurately represents the quality of the app you are rating. 

All items are rated on a 5-point scale from “1.Inadequate” to “5.Excellent”. Select N/A if the app 

component is irrelevant. 

App Quality Ratings 

SECTION A 

Engagement – fun, interesting, customisable, interactive, has prompts (e.g. sends alerts, 

messages, reminders, feedback, enables sharing) 

1. Entertainment: Is the app fun/entertaining to use? Does it have components that make it more 

fun than other similar apps? 

1. Dull, not fun or entertaining at all 

2. Mostly boring 

3. OK, fun enough to entertain user for a brief time (< 5 minutes) 

4. Moderately fun and entertaining, would entertain user for some time (5-10 minutes 

total) 

5. Highly entertaining and fun, would stimulate repeat use 

2. Interest: Is the app interesting to use? Does it present its information in an interesting way 

compared to other similar apps? 

1. Not interesting at all 

2. Mostly uninteresting 

3. OK, neither interesting nor uninteresting; would engage user for a brief time (< 5 

minutes) 

4. Moderately interesting; would engage user for some time (5-10 minutes total) 

5. Very interesting, would engage user in repeat use 
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3. Customisation: Does it allow you to customise the settings and preferences that you would like 

to (e.g. sound, content and notifications)? 

1. Does not allow any customisation or requires setting to be input every time 

2. Allows little customisation and that limits app’s functions 

3. Basic customisation to function adequately 

4. Allows numerous options for customisation 

5. Allows complete tailoring the user’s characteristics/preferences, remembers all 

settings 

4. Interactivity: Does it allow user input, provide feedback, contain prompts (reminders, 

sharing options, notifications, etc.)? 

1.  No interactive features and/or no response to user input 

2.  Some, but not enough interactive features which limits app’s functions 

3.  Basic interactive features to function adequately 

4. Offers a variety of interactive features, feedback and user input options 

5. Very high level of responsiveness through interactive features, feedback and user 

input options 

5. Target group: Is the app content (visuals, language, design) appropriate for the target 

audience? 

1. Completely inappropriate, unclear or confusing 

2. Mostly inappropriate, unclear or confusing 

3. Acceptable but not specifically designed for the target audience. May be 

inappropriate/ unclear/confusing at times 

4. Designed for the target audience, with minor issues 

5. Designed specifically for the target audience, no issues found 
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SECTION B 

Functionality – app functioning, easy to learn, navigation, flow logic, and gestural design 

of app 

6. Performance: How accurately/fast do the app features (functions) and components 

(buttons/menus) work? 

1. App is broken; no/insufficient/inaccurate response (e.g. crashes/bugs/broken features, 

etc.) 

2. Some functions work, but lagging or contains major technical problems 

3. App works overall. Some technical problems need fixing, or is slow at times 

4. Mostly functional with minor/negligible problems 

5. Perfect/timely response; no technical bugs found, or contains a ‘loading time left’ 

indicator (if relevant) 

7. Ease of use: How easy is it to learn how to use the app; how clear are the menu labels, 

icons and instructions? 

1. No/limited instructions; menu labels, icons are confusing; complicated 

2. Takes a lot of time or effort 

3. Takes some time or effort 

4. Easy to learn (or has clear instructions) 

5. Able to use app immediately; intuitive; simple (no instructions needed) 

8. Navigation: Does moving between screens make sense; Does app have all necessary links 

between screens? 

1. No logical connection between screens at all /navigation is difficult 

2. Understandable after a lot of time/effort 

3. Understandable after some time/effort 
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4. Easy to understand/navigate 

5. Perfectly logical, easy, clear and intuitive screen flow throughout, and/or has 

shortcuts 

9. Gestural design: Do taps/swipes/pinches/scrolls make sense? Are they consistent across all 

components/screens? 

1. Completely inconsistent/confusing 

2. Often inconsistent/confusing 

3. OK with some inconsistencies/confusing elements 

4.  Mostly consistent/intuitive with negligible problems 

5. Perfectly consistent and intuitive 

SECTION C 

Aesthetics – graphic design, overall visual appeal, colour scheme, and stylistic consistency 

10. Layout: Is arrangement and size of buttons, icons, menus and content on the screen 

appropriate? 

1. Very bad design, cluttered, some options impossible to select, locate, see or read 

2. Bad design, random, unclear, some options difficult to select/locate/see/read 

3. Satisfactory, few problems with selecting/locating/seeing/reading items 

4. Mostly clear, able to select/locate/see/read items 

5. Professional, simple, clear, orderly, logically organised 
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11. Graphics: How high is the quality/resolution of graphics used for buttons, icons, menus and 

content? 

1. Graphics appear amateur, very poor visual design - disproportionate, stylistically 

inconsistent 

2. Low quality/low resolution graphics; low quality visual design – disproportionate 

3. Moderate quality graphics and visual design (generally consistent in style) 

4. High quality/resolution graphics and visual design – mostly proportionate, consistent 

in style 

5. Very high quality/resolution graphics and visual design - proportionate, consistent in 

style throughout 

12. Visual appeal: How good does the app look? 

1. Ugly, unpleasant to look at, poorly designed, clashing, mismatched colours 

2. Bad – poorly designed, bad use of colour, visually boring 

3. OK – average, neither pleasant, nor unpleasant 

4. Pleasant – seamless graphics – consistent and professionally designed 

5. Beautiful – very attractive, memorable, stands out; use of colour enhances app 

features/menus 
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SECTION D 

Information – Contains high quality information (e.g. text, feedback, measures, 

references) from a credible source. 

13. Quality of information: Is app content correct, well written, and relevant to the 

goal/topic of the app? 

N/A There is no information within the app 

1 Irrelevant/inappropriate/incoherent/incorrect 

2 Poor. Barely relevant/appropriate/coherent/may be incorrect 

3 Moderately relevant/appropriate/coherent/and appears correct 

4 Relevant/appropriate/coherent/correct 

5 Highly relevant, appropriate, coherent, and correct 

14. Quantity of information: Is the information within the app comprehensive but concise? 

N/A There is no information within the app 

1. Minimal or overwhelming 

2. Insufficient or possibly overwhelming 

3. OK but not comprehensive or concise 

4. Offers a broad range of information, has some gaps or unnecessary detail; or has no 

links to more information and resources 

5. Comprehensive and concise; contains links to more information and resources 
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15. Visual information: Is visual explanation of concepts – through charts/graphs/images/videos, 

etc. – clear, logical, correct? 

N/A There is no visual information within the app (e.g. it only contains audio, or text) 

1. Completely unclear/confusing/wrong or necessary but missing 

2. Mostly unclear/confusing/wrong 

3. OK but often unclear/confusing/wrong 

4.  Mostly clear/logical/correct with negligible issues 

5. Perfectly clear/logical/correct 

16. Credibility of source: does the information within the app seem to come from a credible 

source? 

N/A There is no information within the app 

1. Suspicious source 

2. Lacks credibility 

3. Not suspicious but legitimacy of source is unclear 

4. Possibly comes from a legitimate source 

5. Definitely comes from a legitimate/specialised source 

App subjective quality 

SECTION E 

17. Would you recommend this app to people who might benefit from it? 

1. Not at all. I would not recommend this app to anyone 

2. There are very few people I would recommend this app to 

3. Maybe. There are several people I would recommend this app to 

4. There are many people I would recommend this app to 

5. Definitely. I would recommend this app to everyone 
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18. How many times do you think you would use this app in the next 12 months if it was relevant 

to you? 

1. None 

2. 1-2 

3. 3-10 

4. 10-50 

5. 5 >50 

19. Would you pay for this app? 

1 Definitely not 

2 

3 

4 

5 Definitely yes 

20. What is your overall (star) rating of the app? 

 One of the worst apps I’ve used 

 

 Average 

 

 One of the best apps I've used 
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Appendix I: Mock Patient Profile 

The following is a profile for a hypothetical patient. Consider this information when 

you rate the quality of the apps in this study. 

• Gender: Male    Age: 65 years 

• Height: 170 Cm (5’ 6”)  Weight: 78 Kg (172 lb) 

• Language(s) spoken: English Annual income: $20,000 (AISH) 

• Education: High school diploma 

• Occupation: Retired 

• Marital status: Single (Never Married) 

• Living arrangement: Lives alone 

• Housing: Lives in a subsidized condo 

• Medical History 

• Diagnosis: Bipolar mood disorder (Was diagnosed 40 years ago) 

• Chief complaint(s): Poor sleep, Forgets to take medication on time, tired, and low 

energy during the day.  

• The patient is not a smoker, has no known substance abuse problems, and is not 

suffering from any eating disorders.  

• Medications:  Mood stabilizers and Antidepressant-antipsychotic medication.  

• Psychotherapy: Cognitive behavioral therapy (CBT) 

• Current Mental Status 

• Suicidal ideation: NO 

• Delusions/Hallucinations: NO 

• Insight: Has insight into his condition,  Motivated to get better 
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Appendix J: Items that did not fit any criteria 

1. Detail of depth [of wound] meant for ID physician [151] 

2. Filling in a mEMA app questionnaire was an interruption of my daily activities 

[127] 

3. After the researcher's explanation I understood how the app would work [127] 

4. Filling in 1 mEMA app questionnaire took too long [127] 

5. I carried my smartphone with me every day [127] 

6. I filled in the mEMA app questionnaires 4 times a day [127] 

7. I filled in the mEMA app questionnaires for 7 consecutive days [127] 

8. It is easy to carry the smartphone with me [127] 

9. Fast achievement of a first feeling of success [128] 

10. It is easy to access the app [133] 

11. The app is an effective strategy for discharge education [133] 

12. Overall impression [130] 

13. Does it provide a mechanism to turn off app advertising [144] 

14. Does it show in the download what content or services offered by the app (App 

Store) [144] 

15. Does the app check the size of the download [144] 

16. Does the app indicate the user profile to which it is addressed? 

(professional/patient) [144] 

17. Does the app Web site belong to a partner [144] 

18. In the app, is there information on the accessibility features [144] 

19. Is the level of evidence or grade of recommendation used indicated [144] 
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20. Is there an age verification process for the user [144] 

21. Felt confident [44] 

22. use if prescribed [44] 

23. well organized [44] 

24. Does this app provide an explanation for its grading system either in the app or on 

their website [148] 

25. Does this app use an evidence grading system [148] 

26. How many topics does this app indicate it contains on their website [148] 

27. What is the method of evidence collection the app uses to create the information in 

their topics (Look for the method on the website) [148] 

28. Advertisement [61] 

29. Application comprehensiveness [61] 

30. Other components (images, videos, special features) [61] 

31. Text Search Fields [61] 

32. Do long tasks show non-stationary activity indicators [123] 

33. Is the login delayed to allow the user to use a particular functionality first [123] 

34. Would you change or add something from this application [123] 

35. Is there any specific clinical scenario or patient subgroup in which using the app 

seems particularly likely to be useful [69] 

36. I would use this app if it were available at my health facility [59] 

37. Does app categorize interactions [between medications] according to severity [63] 

38. Does app include information for special populations (e.g., pediatrics, pregnancy, 

renal/liver dysfunction) [63] 
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39. Adaption of existing data collection systems [117] 

40. Adequate sample sizes for evaluation ensured [117] 

41. Are novel BCTs employed by app to be evaluated [117] 

42. Collected data available to relevant bodies [117] 

43. Consider times when users more open to change [117] 

44. Detailed description of the app publicly available [117] 

45. Does the evaluation use qualitative tools [117] 

46. Establishment of routine data collection [117] 

47. Evaluation planned prior to release of app [117] 

48. Is a description of the evaluation design available [117] 

49. Is it clear which BCT was employed [117] 

50. Process and outcomes using objective measures [117] 

51. Publicly available manual [117] 

52. Specialist input for evaluation [117] 

53. Take account of users’ environment [117] 

54. Uptake and reach of the app assessed [117] 

55. Use of one or more recognized BCT [117] 

56. Will intervention fidelity be evaluated [117] 

57. Will outcomes be assessed for over 1 year [117] 

58. Will the efficacy of the app be evaluated [117] 

59. Will the impact on health inequalities be assessed [117] 

60. Definition of enuresis in accordance with ICCS (2010) [International Children’s 

Continence Society (ICCS)] [142] 
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61. I would prefer to use a mobile app-based reporting system, such as the AEFI app, 

instead of a web-based system on a computer [135] 

62. For programs explicitly designed to be used by minors, the system includes a 

section requiring the approval/supervision of a legal guardian [64] 

63. Relatability. Does the EHP offer a good representation of a human factor that is 

easily relatable within the therapeutic context/process? Examples include a 

professional character who directs the user throughout the program; a peer who was 

in a similar situation and is now better (e.g., fitness); 

a vivid virtual character who leads the user; a community of people working 

together for change. [64] 

64. Does app contain a disclaimer or similar statement, clearly declaring that the app is 

not meant to replace the advice of a health professional? 

(0) No disclaimer stated 

(1) Yes, a disclaimer / similar statement exists [66] 

65. Does the app have snooze/postpone function? 

(0) No, it does not have snooze and postpone functions 

(1) Yes, it has snooze/postpone function [66] 

66. Will you do something differently after using this app [65] 

67. Will you try to do something new after using this app [65] 

68. Topics covered in enough detail [65] 

69. Is there a statement within the app about the developer’s commitment to addressing 

problems reported to them? (eg, timescales to respond, commitment to eradicate 

reported bugs and faults) [70] 
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Appendix K: Content validation index (CVI) for items 

Item 
number  

Criteria Item  CVI 

1 Privacy The app has a privacy policy that indicates what 
information is collected by the app, who will have access 
to this information, and how this information will be used 
[43, 63, 64, 66, 68-70, 120, 140, 144].  

1 

2 Privacy The app description indicates compliance with a health 
information act or privacy regulation (e.g., Health 
Information Act of Canada) [64, 68]. 

0.72 

3 Privacy The app asks users to enter personal information such as 
name, date of birth, home address, or phone number [43, 
69]. 

0.61 

4 Privacy The app asks users to enter personal financial information 
such as credit card number or debit card number [43, 69]. 

0.72 

5 Privacy The app requests access to phone sensors such as the 
microphone, camera, or location of the phone. 

0.78 

6 Privacy The app collects users' password for social media (e.g., for 
Face book, Twitter, Instagram) or e-mail [64]. 

0.61 

7 Security The app uses various ways to protect users' information 
that is recorded on the smart phone (e.g., log in password) 
[43, 63, 64, 67, 68, 70, 122, 144, 146, 156] 

0.94 

8 Security The app protects users' information that is recorded on the 
app website or cloud [144]. 

0.94 

9 Security The app protects users' information that is transmitted 
(e.g., via the internet, Wi-Fi, or Bluetooth) [64, 70, 144]. 

0.89 

10 Security The app notifies users if another person accesses their 
account from a different device [64, 144, 156]. 

0.94 

11 Security The app requires users to create a password before starting 
to use the app [63, 64, 67, 144]. 

0.83 

12 Security The app requires users to create a password before starting 
to record their data on a cloud or a website [64]. 

0.94 

13 Security The app description states that the app encrypts users' 
information that is recorded or transmitted [156]. 

0.89 
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Item 
number  

Criteria Item  CVI 

14 Trustworthiness The app has been updated less than a year ago [63, 64, 
117, 122, 144, 146, 148, 157]. 

0.67 

15 Trustworthiness The app was developed by credible developer(s) based on 
the information on the app description (e.g., government 
health services) [5, 63, 64, 66, 67, 69, 85, 120, 144, 148, 
157]. 

0.83 

16 Trustworthiness The app description mentions health care professionals 
were involved in development of the app [63, 64, 66, 68, 
85, 117, 144, 148, 157]. 

0.89 

17 Trustworthiness The app description mentions potential users (e.g., older 
adults, patients, etc.) were involved in development of the 
app [64, 66, 70, 85, 117, 144, 148, 157]. 

0.72 

18 Trustworthiness The app provides evidence on its effectiveness (e.g., link to 
scientific studies) [5, 63, 64, 69, 70, 85, 117, 148]. 

0.78 

19 Trustworthiness The app provides evidence of approval from a third party 
such as Health Canada or FDA [63, 64, 69, 70, 85, 117]. 

0.83 

20 Trustworthiness The app clearly states the source of the health information 
that it provides [61, 63, 64, 67-69, 120, 144, 146, 148, 
157]. 

0.89 

21 Trustworthiness The app clearly specifies its financial sponsors [63, 66, 
120, 144, 157]. 

0.72 

22 Trustworthiness The paid version of the app advertises a particular health 
care product (e.g., medication, assistive device, meal plan, 
food supplement) [120, 144] 

0.50 

23 Trustworthiness There is evidence of conflict of interest (e.g., a 
pharmaceutical company has developed a depression app 
that advertises a certain anti-depressant medication) [63, 
66, 120, 157] 

0.83 

24 Trustworthiness Conflict of interest, if present, are declared [63, 66, 120, 
157]. 

0.89 

25 Trustworthiness The app content can cause harm (e.g., create suicidal ideas, 
encourage drug abuse) [117] 

0.83 

26 Trustworthiness The app discloses any potential risks that users may face if 
they use the content of the app [117, 144].  

0.83 

27 Ease of Use In general, the app is easy to use [5, 44, 55, 57, 59, 63, 64, 
66-68, 85, 111, 127, 128, 131, 137, 141, 142, 146, 149, 
151, 158-161].  

0.89 
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Item 
number  

Criteria Item  CVI 

28 Ease of Use The app provides information that is easy to understand 
[44, 57, 59, 63, 64, 67, 68, 70, 85, 111, 122, 128, 130, 131, 
133, 140-142, 159, 160].  

0.89 

29 Ease of Use The app uses icons that are easy to understand [67, 68, 
122, 128, 140, 141, 146].  

0.94 

30 Ease of Use It is easy to navigate different pages of the app [5, 63-65, 
67, 85, 122, 130, 131, 133, 143, 146, 158, 161].  

1 

31 Ease of Use The app uses font size that is easy to see [63, 64, 67, 68, 
133] 

0.89 

32 Ease of Use The app uses colours that are easy to see [146].  0.83 

33 Ease of Use The app uses icons that are easy to see.  0.94 

34 Ease of Use The app's touchable elements are large enough to be 
touched using one finger [64].  

0.89 

35 Ease of Use The app provides a link for technical support to the users 
[63, 69, 70, 122, 144, 146, 151, 162].  

0.72 

36 Ease of Use Mistakes are easy to fix in the app (e.g., entering wrong 
information or deleting data) [44, 57, 59, 128, 131, 159] 

0.94 

37 Ease of Use The app lets me know if I enter wrong information [122, 
131].  

0.78 

38 Ease of Use The app confirms with user before information is removed 
or deleted [123].  

0.89 

39 Ease of Use In general, it is easy to make changes to the information 
that a user enters in the app [44, 128].  

1 

40 Ease of Use The app is accessible for those who have visual 
impairments [70, 162].  

0.67 

41 Ease of Use The app is accessible for those who have hearing 
impairments [70, 162].  

0.61 

42 User 
engagement 

The app features are interactive [5, 64].  0.78 

43 User 
engagement 

The app features are engaging [142].  0.83 
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Item 
number  

Criteria Item  CVI 

44 User 
engagement 

The app uses various ways such as notifications, 
reminders, or achievement points to engage users [5, 64, 
67].  

0.72 

45 User 
engagement 

The app content is presented in an interesting way (e.g., 
contains the right mix of video/audio/text/graphics) [64, 
127].  

0.89 

46 User 
engagement 

The app attracts users to use it regularly [44, 133, 160, 
163].  

0.56 

47 User 
engagement 

The app provides feedback on user's actions (e.g., 
providing prompts, notifications, and reminders) [65, 67, 
122, 158].  

0.72 

48 Aesthetics The app uses colours that are attractive [68, 123].  0.67 

49 Aesthetics Layout design: the arrangement of elements 
(buttons/icons/menus/content) on the screen are Attractive 
[44, 59, 63, 64, 68, 69, 122, 128, 133, 146, 158, 164].  

0.78 

50 Aesthetics Visual Design: the visual presentation of the app is 
attractive [5, 64, 122, 133, 137, 146, 158].  

0.83 

51 Aesthetics Graphics: The quality/resolution of graphics used for 
buttons/icons/menus/content is high [5, 85].  

0.94 

52 Aesthetics In general, the app's appearance is appropriate for the 
target users [5, 63, 69, 85, 131, 144, 146, 151, 162].  

0.94 

53 Customizability User can change features of the app (e.g., font type, font 
Size, font colour, background colour, size of the images, 
icons, colour of icons, notifications, sound/music, 
Language) [63, 64, 67, 128, 146].  

0.83 

54 Customizability User can zoom in or out to see the content better [5].  0.89 

55 Customizability User can change the app language to the one that she/he 
prefer [142, 146].  

0.83 

56 Customizability The app retains all necessary settings for features of the 
app (e.g. sound, content, notifications, etc.) [5].  

0.89 

57 Customizability The app helps automate some tasks, (e.g., pre-populated 
fields, suggestions based on previous inputs) [64, 66, 67, 
117, 122, 144, 146]  

0.83 

58 Functionality The app components work correctly (e.g., Does not crash, 
all links work) [5, 44, 63, 65, 67, 85, 122, 127, 144] 

0.94 
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Item 
number  

Criteria Item  CVI 

59 Functionality The app needs internet connection to work [61, 63, 67].  0.78 

60 Functionality The app sends information to other phones, apps, or 
devices [61, 63, 67, 142, 146].  

0.61 

61 Functionality The app receives information from other phones, apps, or 
devices (e.g., Fitbit or smart watches) [61, 63, 67].  

0.83 

62 Functionality The app is available for different operating systems (e.g., 
android and Apple) [144].  

1.00 

63 Functionality The app is available for different devices (e.g., phone, 
tablet, desktop computer) [144].  

1.00 

64 Affordability The app has a free trial version [61].  0.78 

65 Affordability The app is free [61]. 0.83 

66 Affordability A recurrent (e.g., monthly, annually) membership fee is 
required to keep using the app [61].  

0.78 

67 Affordability The app is affordable [61].  1.00 

68 Usefulness The purpose of the app is clearly stated or implied in its 
name or description in the app description [5, 54, 64-66, 
69, 70, 117, 120, 133, 144, 146].  

0.78 

69 Usefulness The app content includes what is implied in the name or 
described in the app description [5, 65, 131, 146].  

0.83 

70 Usefulness The app provides useful health information [44, 65, 66, 
130, 132, 133]. 

1.00 

71 Usefulness The app is useful for self-monitoring symptoms (e.g., 
blood sugar, blood pressure, mood, anxiety levels, pain) 
[57, 63, 66, 67, 117, 122, 132] 

0.94 

72 Usefulness The app is useful as a reminder (e.g., for 
medications/appointments) [66, 67]. 

0.83 

73 Usefulness The app is useful for making appointments with health 
care professionals [66, 117]. 

0.72 

74 Usefulness The app is useful to communicate with health care 
professionals [66, 111, 120, 123]. 

0.67 
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