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Abstrak 

Isu kebolehgunaan adalah salah satu halangan terbesar untuk menerapkan teknologi 

Aplikasi Penjagaan Kesihatan Mudah Alih. Akibatnya, pengguna MHealth Apps 

menjadi keliru dalam memilih aplikasi yang sesuai. Aplikasi ini hendaklah mematuhi 

ukuran kebolehgunaan untuk memastikan ia dapat memberi kepuasan dan diterima oleh 

pengguna, terutamanya pesakit penyakit kronik. Model penilaian kebolehgunaan 

semasa tidak memenuhi ciri kebolehgunaan MHealth. Model-model ini lebih 

cenderung memfokuskan pada aplikasi web atau aplikasi mudah alih umum. Di 

samping itu, penilaian mHealth untuk penambahbaikan selanjutnya menjadi sukar atau 

tidak tepat. Oleh itu, objektif utama kajian ini adalah untuk membina model penilaian 

kebolehgunaan untuk aplikasi mudah alih penyakit kronik. Rekabentuk penyelidikan 

kaedah gabungan digunakan dimana data kualitatif dikumpulkan melalui tinjauan 

literatur sistematik untuk mengenal pasti ciri kebolehgunaan dan ukuran untuk 

MHealth. Teknik pensampelan bertujuan digunakan untuk temu bual separa berstruktur 

dengan pengguna sebenar dalam mengumpulkan keperluan kebolehgunaan untuk 

model penilaian kebolehgunaan. Ciri-ciri kebolehgunaan dan pembangunan model 

disahkan oleh pakar-pakar pengetahuan dan domain. Ujian kebolehgunaan telah 

dilakukan dengan pesakit penyakit kronik sebagai responden, menggunakan aplikasi 

penyakit kronik yang dipilih dari aplikasi mudah alih sumber terbuka untuk 

mengesahkan kelayakan pelaksanaan model yang dicadangkan. Hasil kajian 

menunjukkan sejumlah lima (5) ciri kegunaan, dua belas (12) sub-ciri, dan empat puluh 

dua (42) metrik telah dihasilkan. Model ini diubah suai berdasarkan maklum balas 

daripada pakar. Ini menunjukkan kebolehpercayaan, kesahan, dan penggunaan model 

sebagai panduan kepada pembangun dalam membangunkan aplikasi penjagaan 

kesihatan mudah alih untuk penyakit kronik. Kajian ini memberikan sumbangan 

dengan menyediakan model kebolehgunaan untuk pengamal dan pembangun dengan 

memasukkan faktor kebolehgunaan baharu seperti pengurusan diri sebagai salah satu 

faktor kebolehgunaan untuk penyakit kronik. Di samping itu, model ini memberikan 

panduan terperinci cara menggunakan model dalam menilai aplikasi mudah alih untuk 

menghasilkan aplikasi MHealth yang berguna untuk pesakit dengan penyakit kronik. 

 

Kata kunci: Model Penilaian Kebolehgunaan, Kesihatan Mudah Alih, Pengurusan 

Penyakit Kronik, Kualiti dalam Model Bersepadu Terpakai (QUIM), Ulasan Pakar.  
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Abstract 

The usability issues stand as one of the biggest obstacles to implement Mobile 

Healthcare Applications technologies. Consequently, the MHealth Apps users become 

confused in choosing the right apps for them. These applications must comply with the 

usability measure to ensure they can satisfy and are acceptable, especially chronic 

disease patients. Current usability evaluation models do not fulfill the usability 

characteristics and MHealth. These models tend to focus on the web application or 

general mobile apps. In addition, the evaluation of mHealth for further improvement 

becomes difficult or inaccurate. Thus, the main objective of this study is to construct a 

usability evaluation model for the chronic disease mobile application. A mixed methods 

research design was used in which qualitative data was collected using a systematic 

literature review to identify the usability characteristic and measures for MHealth. A 

purposive sampling technique was applied for semi-structured interviews with real 

users in gathering the usability requirements for the usability evaluation model. The 

usability characteristics and model development were verified by knowledge and 

domain experts. Usability testing was conducted with chronic disease patients as 

respondents, using chronic disease applications selected from an open-source mobile 

application to validate the implementation feasibility of the proposed model. Findings 

showed a total of five (5) usability characteristics, twelve (12) sub-characteristic, and 

forty-two (42) metrics were generated. The model was improvised based on the 

feedback from experts. This demonstrated the reliability, validity, and applicability of 

the model as guidelines to developers in developing the mobile healthcare application 

for chronic disease. This study makes a contribution by providing a usability model for 

usability practitioners and developers by incorporating new usability factors such as 

self-management as one of the usability factors for chronic disease. In addition, the 

model provides detailed guidelines to apply the model in evaluating mobile application 

to produce usable MHealth applications for patients with chronic diseases. 

Keywords: Usability evaluation model, Mobile Health, Chronic Disease Management, 

QUIM or Quality in Used Integrated Model, Expert review.  
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CHAPTER ONE 

INTRODUCTION 

1.0 Overview  

This chapter introduces a general view of the overall study. It contains the main topic 

of research including an introduction to the mobile application developed for chronic 

disease and its usability evaluation. This portion also covers the background of the 

study, the problem statement, the research framework, the research questions, as well 

as objectives, scope, and significance of the study. 

1.1 Background of the study  

An application more commonly referred to as “app” is a piece of software encoded with 

a purpose of executing a specific task. As a rule of thumb, apps are designed to run 

efficiently on portable devices such as smartphones, tablets, laptops, and even 

smartwatches (Kao & Liebovitz, 2017). Mobile health (mHealth), a novel use for these 

mobile devices, is the utilization of the features exhibited by wireless digital phones for 

supporting the health progress of its users. With the global population using these 

devices reaching nearly 5 billion, mHealth is an easy way to reach a large audience with 

maximum efficiency (Fatehi et al., 2017). The world health organization (WHO) has 

described mHealth as a sub-branch of electronic health. Its focal points are supplying 

information about user’s health and even offers services through smart digital devices 

(Househ et al., 2015). mHealth apps are unique applications related to health and 

lifestyle. The goal of mHealth apps is to boost the user’s health by using an array of 

features offered by modern-day phones (Kao & Liebovitz, 2017). 
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It has the potential to change the means of clinical research and healthcare worldwide 

if appropriately used (Steinhubl et al., 2015). This makes mobile health apps quite 

popular, with a staggering 325,000 apps cumulatively available on both android and 

apple platforms in 2017 (Cho et al., 2018).  

Advancements in digital mobile technology have offered a lot of new opportunities, 

such as facilitating chronic disease management. This aspect allows professionals to 

monitor individual patients’ conditions and keep a database of the more susceptible 

users within the population; this also enables healthcare teams to provide real-time 

interventions (Wilhide III et al., 2016). 

 A chronic disease “is a physical or mental health condition that lasts more than one 

year and causes functional restrictions or requires ongoing monitoring or treatment.” 

Statistically, chronic disease s inflict the most financial burden on families in the US 

and are among the most common conditions(Anderson & Horvath, 2004; Raghupathi 

& Raghupathi, 2018). This is emphasized by the wide range of health issues that fall 

under it, such as diabetes, cancer, arthritis, respiratory disorders, obesity, and even oral 

conditions, all of which can cause long-term impairment, worse life quality, and in 

worst cases, death (Raghupathi & Raghupathi, 2018).  

Many of the patients suffering from chronic diseases nowadays are looking for mobile 

applications that aid them at anytime and anywhere. mHealth apps can do that for the 

general public, allowing users to take a more active position in handling their health 

(Årsand et al., 2012). These apps can more effectively engage patients (Baldwin et al., 

2017) and facilitate positive behavior and ultimately help them achieve their health 

goals (Goyal & Cafazzo, 2013).  All the chronic disease apps require self-management 

which refer to “tasks that an individual must undertake to live well with one or more 
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chronic conditions” (El-Gayar et al., 2013). One of the major issues found related to 

self-management in chronic disease management apps is related to usability such as 

limited data entry, adjusting personal settings along with learnability, aesthetics, and 

error management (El-Gayar et al., 2013). Digital diaries and SMS, emails can be used 

to support cancer patients, but digital diary feature is not well accepted due to small 

keyboard. Most of the identified issues in chronic disease management apps for cancer 

patients were related to ease of input, screen readability and glanceability (Mirkovic et 

al., 2014).  

The WHO has declared that chronic conditions have been the leading cause of death 

globally, claiming roughly six out of every ten deaths making chronic diseases one of 

the most prevalent world problems (Lee et al., 2018).  As reported by the Centers for 

Disease Control and Prevention of the US, almost 50% of adults in the US, 117 million 

people, have at least one chronic disease such as heart conditions, cancer, diabetes, 

obesity, or arthritis (Ward et al., 2015). Considering cases outside the US, the European 

Union has over 40% of their population over 15 afflicted with a chronic condition. 

(Nolte et al., 2008). These conditions are also responsible for a large portion of deaths 

in Southeast Asia (Sharma, 2013).  

Worldwide increase in chronic disease patients without effective management is life 

threatening. Engaging and empowering patients to manage their own health to improve 

their living conditions and increase life expectancy (Whitehead & Seaton, 2016). 

Therefore, most likely, mHealth will be the next significant entity in the prevention and 

management of diabetics, which is the most prevalent chronic disease (Househ et al., 

2015).  
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Many widespread chronic diseases, such as heart disease, diabetes, and arthritis, show 

different attributes and needs but these chronic diseases share common tasks and 

challenges to perform disease management dealing with symptoms and disability; 

observing physical indicators; complex medication routine; sustaining nutrition, diet, 

and exercise; difficult lifestyle adjustments; and communicating with health care 

providers (Grady & Gough, 2014; Wagner et al., 2001). Therefore, different chronic 

disease applications share same functionalities. It has been proven that patients' 

involvement in the management of their chronic illnesses is linked with a greater sense 

of independence and a higher standard of living; consequently, causing the downfall of 

healthcare consumption and expenses (Jones et al., 2018).   

Despite the significant number of mHealth applications available to the public, almost 

25% of these apps remain unused post download, with many of these apps poorly 

designed and evidence-based (Domnich et al., 2016). This leads to several apps being 

designed carelessly and not being centered around their targeted user population (Slade 

& Wallace, 2017).  

Moreover, the current data attained from the literature regarding the utilization of 

mHealth to better health standards have shown discrepancies. Certain researchers have 

found mHealth based behavioral interventions to positively affect chronic disease 

management, while others failed to obtain any meaningful correlations between them 

(Hamine et al., 2015). These studies have been evaluated based on the feasibility as 

well as acceptability of mHealth devices (Lee et al., 2018). Although certain literature 

has shown positive results pertaining to the benefits of integrating mHealth with the 

current healthcare models to improve outcomes (Dobson et al., 2015), however, due to 

highly variable data, its effectiveness has proved inconsistent  (Free et al., 2013; Kumar 
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et al., 2013). The evidence shows that integrating mHealth into clinical care is staked 

with hurdles. This is because, in the present, we do not have sufficient evidence that 

backs up the incorporation of several technologies into the current model, and the 

existence of monetary, regulatory issues create more obstructions. Furthermore, the 

choice to suggest an application to a user has reprimands if the information it provides 

is wrong, ineffective, or damaging. (Nouri et al., 2018). With the popularity of these 

medical management apps rising, Healthcare institutions are faced with a dilemma: the 

most common apps utilized by patients are plagued with accuracy and validity issues; 

however, the medical personals do not have a trustworthy alternate to suggest 

(Boudreaux et al., 2014).   

The issue stems from the lack of methods that could be used to evaluate the quality of 

mHealth applications as compared to their substitutes in medical websites (BinDhim et 

al., 2015). To summarize, the concerns related to mHealth apps are many, from play 

store placement and recommendations of the right apps to lack of  assessment standards, 

and pressure to properly incorporate them in current healthcare models (Zhang et al., 

2014). The most pivotal of all the issues mentioned above are limited proof of clinical 

effectiveness, limited modes of assessment and review, and possibilities of privacy 

breaches (Carroll et al., 2017). Furthermore, the apps’ usability is also known as the 

crucial aspect of the application interface and a critical point to the success or failure of 

any system or application (Shitkova et al., 2015). Thus, in-depth studies on usability 

and effectiveness are pivotal for proper integration (Overdijkink et al., 2018). The fact 

that one of the leading causes of limited acceptance of telemedicine systems is sub-par 

usability features (Lacerda et al., 2014).  
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Poor usability may trigger a loss of interest in mHealth apps  (Zhou et al., 2019).  To 

this day, usability-related issues stand as one of the biggest hurdles to implementing 

mHealth technologies as sub-par quality app design leads to usage difficulty or even 

misinterpretation of the app data, potentially resulting in detrimental consequences 

(Cho et al., 2018; Schnall et al., 2015). 

The word "usability" refers to methods for improving the ease of use during the design 

process (Nielsen, 2012). ISO/IEC 25010 describes this term as “extent to which a 

product can be used to achieve specified goals with effectiveness, efficiency, and 

satisfaction in a specified context of use.” In addition, ISO 9241–11 supports this claim 

by stating the “specified goals” are crucial aspects of usability. While ISO 9241–11 

does allow for a far wider point of view as compared to ISO 9126–1, the two align and 

complement each other (Abran et al., 2003). The model processed by ISO 9241–11 

isn’t without flaw, and certain authors  such as (Dix et al., 2003),  (Nielsen, 1993)  and 

(Abran et al., 2003) have attempted to improve it through the addition of “learnability 

characteristic (Zapata et al., 2015).  

Moreover, the usability of mobile applications, in general, has seen progress while 

common for web applications, usability guidelines for mobile devices are rarely 

encountered in scientific literature, especially in a well-structured format (Shitkova et 

al., 2015). 

As pointed out by Zhang and Adipat (2005), smartphones also have limitations in 

hardware, mobility, and data entry problems (Liew et al., 2019). Regardless there are 

different tools available to evaluate the quality of health related websites, little 

consideration is given to the methods providing information about how to assess or 

evaluate the mHealth applications (Nouri et al., 2018).  
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Only few mHealth apps have undergone rigorous usability evaluation prior to their 

dissemination (Zapata et al., 2015). Measuring usability is an almost sure-fire method 

of assuring the effectiveness of the application for the user (Zhou et al., 2019). In 

addition, when it comes to healthcare, the assessment is seen as a crucial feature for its 

incorporation and ultimately use. (Househ et al., 2015).  

It is important to note that previous studies and models used different terms to address 

usability characteristics such as usability attributes, sub-attributes, characteristics, sub 

characteristics, factors, criteria, sub-criteria, usability measures, usability goals and 

usability construct (Baharuddin et al., 2013; Coursaris & Kim, 2011; Dubey et al., 2012; 

Harrison et al., 2013; Hussain et al., 2013; Kasali et al., 2019; Seffah et al., 2006). 

However, ISO quality models used the term characteristics and sub-characteristics. 

Therefore, in this study the term usability characteristic and sub-characteristic are used 

to maintain consistency. The usability characteristic alone is not sufficient to identify 

the usefulness of an application; thus, it has been broken down into sub-characteristic 

for the measurable attribute (Tan et al., 2013). Sub-characteristic corresponds to the 

usability characteristic, which can be evaluated into more meaningful results through 

metrics (Seffah, et al., 2006). Metrics are defined as a countable attribute that can be 

extracted from the raw data collected during the usability evaluation conducted (Seffah, 

et al., 2006). Furthermore, to ensure effective implementation of the health information 

tool, usability has to be one of the core aspects considered from the beginning of system 

design (Goldberg et al., 2011). This means that usability assessments are empirical in 

pinpointing usability violations, guide system updates to allow a smoother transition to 

the end-user ultimately (Issa & Isaias, 2015). Thus, to ensure a sufficient and in-depth 

evaluation of usability, multiple tools are recommended, including analysis by 

technological scientists and intended users (Jaspers, 2009; Yen & Bakken, 2009). 
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1.2 Motivation of the study 

The motivation of the research is limited and substantially addressed usability. Despite 

the increased number of mHealth apps, one fourth of these apps never get used after 

download and most of them are develop without evidence and low in quality (Domnich 

et al., 2016) and are developed without careful consideration of their intended user 

populations’ characteristics(Slade & Wallace, 2017).  Therefore, with the growth in 

mHealth, there is a need to evaluate such applications’ usability (Househ et al., 2015). 

Moreover, the present research suggests that evidence about enhancing health outcomes 

with the help of mHealth approach are unpredictable. Few studies shown that use of 

health based behavioral interventions have potentially to improve chronic disease 

management, however rest of the studies did not get supportive results (Hamine et al., 

2015). Literature available to measure the usability of mHealth application is very 

limited and ambiguous to implement (Brown et al., 2013; Kasali et al., 2019; Kaur & 

Haghighi, 2016). Besides that, intended user requirements and characteristics are 

neglected in the available research. Which make them difficult to apply in real word 

environment. By evaluating the usability of the mHealth mobile apps, both developers 

and designers can identify the strengths and weaknesses of the mHealth mobile 

applications interface (Househ et al., 2015).  Hence, there is a need for a new systematic 

usability evaluation model for chronic disease mobile applications. The usability 

evaluation model in this research focused on mobile applications developed for chronic 

disease patients and the lack of substance use in these applications. 
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1.3 Problem Statement 

Extensive research on mHealth applications has revealed that better quality apps could 

allow user empowerment, improve medication adherence, and less healthcare 

expenditure (Zhou et al., 2019). Usability is a key factor for the success of mHealth 

apps (Zapata et al., 2018). However, limited number of mHealth app is published after 

comprehensive usability evaluation whereas the low usability is one of the main hurdles 

in the adoption health technology (Cho et al., 2018). In the present, relevant data on 

usability of mHealth applications is absent and roughly 95% of the apps haven’t been 

put through usability evaluation (Brown et al., 2013; LeRouge & Wickramasinghe, 

2013). and choosing the right evaluation method is important in performing usability 

testing. Therefore, the usability of mHealth apps services still needs a closer inspection 

(El-Gayar et al., 2013; Mulvaney et al., 2011; Tsai et al., 2007).  Thus, high standard 

usability is vital for user acceptance, mostly due to smartphones’ widespread use 

globally (Georgsson & Staggers, 2016). Usability plays a major role in the acceptance 

of these apps when the target user is unfamiliar or inexperienced in utilizing mobile 

technology (Zapata et al., 2015).  

Usability factors remain vital obstacles to adoption of mHealth technologies (Brown et 

al., 2013; Cho et al., 2018) as such mHealth apps produced with low quality are difficult 

to use, or are misused, which can lead to unintended consequences (Cho et al., 

2018).Thus, usability assessments are empirical to pinpoint usability violations, guide 

system modification and enhance technology acceptance by their intended users (Issa 

& Isaias, 2015). Considering the staggering numbers of mHealth apps and lack of 

usability evaluation, it is unclear what the effect of better assessment is on the user 
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interaction, but it is assumed to be great. Thus, close monitoring is required to perform 

systematic mHealth usability evaluations (Georgsson & Staggers, 2016). 

Through speculation, it can be noted that mHealth apps have witnessed a 41% 

compounded yearly rise in the years leading up to 2020. Ironically, studies have also 

shown falling download rates for these applications as well as declining adherence from 

the patient (Liew et al., 2019). A study depicted that most mobile health apps with low 

quality usability designs fail to retain patients. Furthermore, tracking information has 

revealed that patients usually give roughly half a minute to familiarizing themselves 

with the app before taking towards alternatives or abandoning the health apps altogether 

(Liew et al., 2019). As mobile health apps’ production continues to rise, there is a 

demand for proper assessment and standardization of these apps by third-party 

institutions or researchers.  

The emphasis on usability as the most crucial variable for a successful app is depicted 

repeatedly (Gagnon et al., 2016; Schnall et al., 2016; Zapata et al., 2014). When 

analyzing healthcare applications, a couple of reoccurring flaws are tiny text, 

inadequate contrast, and inconsistency  (Zapata et al., 2018; Zapata et al., 2014).   

Unfortunately, the research done on mHealth usability is lacking (El-Gayar et al., 2013; 

Georgsson & Staggers, 2016). Since mHealth applications exist primarily for healthcare 

use, they have to be active and accessible anytime as any interruption in their operation 

could cause serious threats to the patients’ health (Zhou et al., 2017). Complex interface 

may lead to the failure of the system as user may repeal it as (Khan & Donthula, 2019) 

mentioned during usability testing, participants experience difficulty while using the 

application and were not able to navigate in the app structure and couldn’t differentiate 

between layout and icons hence lost interest with the passage of the time. 
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According to Smith and Schatz (2010), the use of mobile phones is technically feasible 

for support chronic illnesses and efforts made by HCI and bioinformatics will surely 

aid the usability of health management apps. However, insufficient color contrast, small 

text, and scrolling wheels; these are found in mHealth applications and pose problems 

for older adults suffering from chronic disease (Whitlock & McLaughlin, 2012). A 

report about usability evaluation of cancer-supporting apps revealed that there is a more 

significant issue related to the usability of screen and data input; that indicates users are 

struggling with data viewing and input due to the small size of screens (Mirkovic et al., 

2014).  

Wildenbos et al. (2019) assessed mHealth apps and report usability issues as underlying 

aging barrier such as users oversaw the important icons and faced difficulty in reading 

small text and problems in selecting scroll bar and clicking on small features. 50% of 

the identified usability issues were categorized as motivational barrier. 31 % of issues 

were related to cognitive barrier and identified largely influencing the usability of app. 

Users mentioned the navigation hierarchy of apps was ambiguous and difficult to return 

to previously shown information in the app as users were unable to perform functions 

apart from main functionalities. 

 Zapata et al. (2018) identified in high number of usability issues in mHealth apps such 

as lack of consistency, small texts and poor color contrast. Baek et al. (2018) conducted 

a usability test and results showed that success rate of tasks related to health information 

was 100% and 70% for other tasks, but task related to self-management showed only 

25% success rate and mostly participants failed to complete the task which showed that 

user interface and icon image require improvement.  
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Similarly a usability test was conducted by Vélez et al. (2014) to analyze the 

effectiveness of mHealth app. The result was neutral regarding the “ease of use” but 

researchers identified the need for additional functionality and better usability. There 

are promising opportunities for mHealth; however, due to a lack of “usable” apps that 

can improve the user’s health, this technology will stay ambiguous (Househ et al., 

2015).  

It is worth mentioning to include the patients in the application design process. This 

allows for the development of a software based on their requirement. In this method, 

usability is a more effective tool than regular development (Khan & Donthula, 2019). 

There is still some room for extensive research on employing better user center design 

practices in the evolving area of mHealth (Khan & Donthula, 2019).  

Prior to usability assessment, goals are determined for the usability attributes, which 

are used as usability judgment criteria of the end product, and assigning metrics to the 

tested attributes, which act as measures for the usability of the product (Khan & 

Donthula, 2019). This makes it simpler for usability testing to be more precise and 

pinpoint the app’s exact problems (Khan & Adnan, 2010). 

Brown and Kim (2018) a highlight that developers of mHealth apps are neither an 

expert on the disease for which they are hoping to manage nor consider the user for 

which they intend to empower. Overall, traditional heuristics, as defined by Nielsen, 

also apply to the interface design of mobile apps, but in some cases may not always be 

applicable.  

The mobile application consists of user interface elements such as navigational 

functions; thus, evaluating the application with general desktop-based guidelines might 

lead to an irrelevant conclusion of usability (Rahmat, 2017).  
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Smartphone app features such as pinch, tap, and swipe have become the primary data 

entry model. Content sharing, and updates are made possible, thus requiring greater 

accessibility. These features are characterized as smartphone apps and create mobile-

specific usability problems absent in desktop-based computing. Hence, the usability 

evaluation of an application involves different criteria and measurements compared to 

desktop computing (Rahmat, 2017).  

An overwhelming amount of research has been conducted on developing novel mobile 

application usability models due to unique aspects in the apps like their small sizes, 

connectivity problems, battery drainage problems, less computation power, and the 

special issues present only in portable devices (Alnanih et al., 2013; Harrison et al., 

2013; Hussain et al., 2013). However, these models are general and focus on the core 

characteristics of usability and each of them introduced different set of usability 

attributes and do not provide extensive testing of the model. Which make them difficult 

to be applicable for specific mobile application.  Unfortunately, the details concerning 

“how?” and “in what way?”  the specific user characteristics can produce differences 

in task performance are not apparent when studying mHealth systems (Georgsson & 

Staggers, 2016). 

Paradoxically, there does exist an international standard that helps in the development 

of mHealth systems, but it isn’t adopted by the bulk of the healthcare system yet 

(Georgsson & Staggers, 2016). The use of these International Organization for 

Standardization (ISO) guidelines and tools could significantly improve usability 

assessment globally (Bevan, 2009; SVANÆSab et al., 2008).  This would require the 

testers to evaluate all of the suggested parameters, including effectiveness, efficiency, 

and satisfaction giving a complete image of any app’s usability (Frøkjær et al., 2000; 
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Georgsson & Staggers, 2016; Lyles et al., 2014).  By analyzing the available literature, 

it has been uncovered that the testing techniques used for web design apply to mobile 

applications proving for there to be an overlap in usability criteria for both (Khan & 

Donthula, 2019).  

Past studies revealed that generic usability models commonly used in usability 

evaluation for mobile applications were meant for desktop applications (Baharuddin et 

al., 2013; Harrison et al., 2013; Hussain, 2012; Coursaris & Kim, 2011). There are a 

number of standards and models are available in literature (Abran et al., 2003; Alonso-

Ríos et al., 2009; Bass & John, 2003; Boehm et al., 1976; Dubey et al., 2012; McCall 

et al., 1977; Seffah et al., 2001; Shackel, 2009). However, each of them describes 

usability in terms of a different set of attributes that are very briefly and vaguely 

defined. These models are not consistent for example when they intersect, they do so 

only to some extent, with different terms used to include the same attribute or with the 

same term used to describe different concepts (Dubey et al., 2012). Therefore, they are 

very difficult to use and to communicate.  

Moreover, these practices have limitations as they haven’t been designed for mobile 

technologies. For example, a desktop screen-capture program cannot fixate touch input 

on smartphones or tablets; this limits the usability data collected even with adapting 

this technique by using external camera units (Brown et al., 2013).  No doubt, strides 

have been made towards developing a novel usability model targeted solely at mobile 

apps by considering the relevant parameters (e.g., mobility, connectivity, and additional 

cognitive load) (Harrison et al., 2013; Hussain, 2012). However, the question of which 

model would be the most optimum to employ for mHealth app usability studies cannot 

be answered without through evaluation  (Zhou et al., 2017).  
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Moreover, certain researchers attempted to modify the present usability frameworks 

and questionnaires to make the models applicable to mobile app usability assessments. 

Unfortunately, none of the modified models have gained standardized popularity and 

haven’t been widely used by fellow testers (Zhou et al., 2019). There have been several 

review articles produced tackling usability research for mobile applications (Alturki & 

Gay, 2019; Baharuddin et al., 2013; Harrison et al., 2013; Hussain, 2012; Weichbroth, 

2020). Unfortunately, the bulk of these reviews did not pay any specific attention to the 

mHealth app usability evaluation.  

To date there is only three usability evaluation model has been designed for the mobile 

health applications (Brown et al., 2013; Kasali et al., 2019; Kaur & Haghighi, 2016). 

Although, (Brown et al., 2013; Kaur & Haghighi, 2016) refer to ISO 9241-11:2011 but 

(Kasali et al., 2019) extract usability characteristics from previous models designed for 

usability evaluation such as PACMAD (Harrison et al., 2013) and integrated 

measurement model (IMM) (Hasan & Al-Sarayreh, 2015). However, in three of these 

models all selected characteristics are not referred to ISO quality models except the 

three characteristics mentioned in ISO 9241-11:2011 named as Efficiency, 

Effectiveness and Satisfaction. 

 In addition, these models do not perform specific research such as systematic literature 

review or meta-analysis to identify the characteristics suitable for mHealth mobile 

application instead they refer to general usability models which are developed for 

desktop. Unfortunately, the intended user requirements are also ignored in them. 

Whereas Reynoldson et al., (2014) mentioned that Involving users earlier in the 

development of health apps is advised, as well as establishing ways to merge user 

requirements with evidence-based content, to provide high-quality and usable apps. 
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Hence, other characteristic, such as accessibility tend to be overlooked in these usability 

models that are most prominent despite their likely impact on the success or failure of 

an application.  Lastly (Brown et al., 2013; Kaur & Haghighi, 2016)  provide a list of 

only usability characteristics to perform usability evaluation of mHealth application and 

(Kasali et al., 2019) provide a list of criteria and sub-criteria however different terms 

used in study such as attributes, factors, sub factors, metrics, criteria and sub criteria 

make it confusing. Moreover, the metrics from the extension of PACMAD are used in 

this model.  

Therefore, to fulfill these gaps in a convincible approach, establishing a usability 

evaluation model with measurable usability elements (usability characteristics, sub-

characteristics, and metrics) becomes imperative so that the application can be 

examined to determine whether it fulfills usability principles and meets the customer 

needs. The above discussion suggests that the usability evaluation model for chronic 

disease mHealth applications is essential need. The existing applications use a general 

usability model that provides basic guidelines for mobile applications and the 

developed model for mHealth applications usability evaluation are incomplete and 

cannot cover the needs of chronic diseases mobile applications.  

1.4 Research Questions 

This study will address the following three key questions. 

1. What are the usability issues and requirements of the chronic disease mobile 

application? 

2. What are the usability characteristics, sub-characteristics, and metrics for 

chronic disease mobile applications usability evaluation? 
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3. How to construct a usability evaluation model for chronic disease mobile 

application? 

4. How to evaluate the proposed model? 

1.5 Research Objective 

This research aims to study the construct of the usability evaluation model for mobile 

health applications for chronic disease.  

The specific objectives of the study are given below:  

1. To identify the usability issues and requirements of the chronic disease mobile 

application. 

2.  To identify the usability characteristics, sub-characteristics, and metrics for 

chronic disease mobile applications usability evaluation. 

3. To construct a usability model through theoretical and exploratory study for 

chronic disease mobile application. 

4. To evaluate the proposed model through domain experts and usability testing.  

1.6 Scope of the Research  

This study concentrates on the production of the usability evaluation model for chronic 

disease mobile apps. This model is mainly concerned with the appropriate and 

convenient recognition of the characteristics, sub-characteristics, and metrics which is 

used as a component of the developed model designed for the suitability of patients 

living with long term disease (who are mainly older adults) to satisfy the user demands 

and requirements for mobile application.  
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Theoretical studies about usability are important but interacting with real users who 

have special needs is vital. It opens eyes to their requirements and reveals some big 

coverage gaps. Therefore, Interviews were conducted with chronic disease patients 

from PKU, UUM, which lead to identifying the real problems and challenges faced by 

chronic disease applications. The developed model is accessed and verified by usability 

experts from academic scholars, usability practitioners, and medical doctors’ experts in 

chronic disease treatment, and the mobile application development industry. It 

guarantees the quality of characteristics and metrics in the developed model.  

Furthermore, a focus group was conducted with six domain experts who have 

experience in apps development in mobile health. On the other hand, usability testing 

was conducted to validate the developed metrics where both objective and subjective 

data was measured through evaluation and survey with the actual participants.  

Two sample applications named Glucose Buddy and Medi-safe downloaded from 

Apple Store and from android were used in usability testing in order to examine its 

accuracy and applicability in real-world environment. As such, this study is not 

intended to evaluate the chronic disease applications but to produce a reliable usability 

evaluation model for chronic disease application’s interfaces. 

Construction of the model is based on ISO quality models related to usability such as 

ISO9241-11:2011, ISO25010:2011, ISO25022:2016, ISO 25023:2016, and quality in 

used integrated measurement (QUIM) model. Consequently, the model can help 

measure the usability of the chronic disease mobile application and identify usability 

issues in the development of mobile applications, especially for chronic diseases. 

Furthermore, this model was tested with real users of the applications to examine its 
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effectiveness, which provides an appropriate, convenient, and transparent usability 

evaluation approach for chronic disease applications. 

1.7 Research Contributions 

This study has both theoretical and practical implications. Usability evaluation of 

chronic disease applications can facilitate in identifying usability issues regarding 

strengths and weaknesses of the interface in line with usability principles or guidelines. 

This research attempts to propose the usability evaluation model chronic disease 

management mobile apps. However, this research’s contributions can be defined in four 

(4) most important aspects, the body of knowledge, health sectors, software developers, 

and usability evaluation practitioners.  

1.7.1 Body of Knowledge 

This study contributes to the body of knowledge in human-computer interaction (HCI), 

particularly in the aspect of the usability evaluation approach on the mobile application 

area. It has been mentioned earlier that usability construct is one of the main challenges 

faced by researchers and usability practitioners (Dubey, et al., 2012; Seffah, et al., 

2006). Therefore, the contributions of this study to the body of knowledge are 

summarized as follows. 

1.7.2 The Usability Evaluation Model for Chronic disease Management 

Application 

The model is built from the outcomes of the systematic literature review and intended 

user requirements. Which is further supported by the ISO quality models related to 

usability and (QUIM) model (Seffah, et al., 2006). The model followed the same 

conceptual design as mentioned in ISO quality models. It provides clear explanations 
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on the relationship between characteristic, sub-characteristic, and metrics that the 

researchers in HCI may use as a guide for usability measurements construct. The 

usability characteristics, sub-characteristics, and metrics are integrated as the proposed 

model’s components and customized to chronic disease application interfaces. This is 

also due to the limited studies that previously concentrate on this issue, specifically for 

chronic disease mobile applications. It may equally serve as a guide to the researchers 

who are conducting a similar study. 

1.7.3 The Usability Characteristics for Chronic disease Management Applications 

The proposed model brings together usability characteristics, sub-characteristics, and 

metrics and defines them according to their relations with one another in a consistent 

way for quality usability measurement. Such explanations may not be found in the 

existing usability evaluation models for mobile applications. This provides value to the 

proposed model, especially for designers and developers who are not usability experts 

or do not have much experience evaluating mobile applications’ usability.  

Moreover, the defined measures are only for chronic disease mobile applications, which 

are previously left behind in the usability domain, making them unique from others. 

Additionally, the approach used in the development of the proposed model could guide 

the HCI researchers to develop a specific usability model for mobile applications.  

1.7.4 Mobile Health Application Developers and Usability Practitioners 

This study aims to provide a usability evaluation model that particularly focuses on the 

chronic disease mobile applications interface. Therefore, this study assists mobile 

application developers in designing a more effective and usable chronic disease 

applications interface that meets patients’ (users’) needs by achieving this aim. For 
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instance, the issue of self-management, (fill of fields for password and username), 

presentation of menu items and their functions, navigation system, use of color for the 

interface attractions, and output display/font size.  

Similarly, the model helps the usability practitioners and mobile software developers 

design a more effective and usable interface that follows a set of usability principles 

and meets patients’ satisfaction, specifically of the chronic disease apps. Moreover, a 

chronic disease application developer in the health sector around the world may gain 

benefits of these chronic disease usability measures; it could assist mHealth developers 

in assessing the strengths and weaknesses of their mHealth application interface and 

updating it to meet the users need and new technological challenges. 

1.7.5 Healthcare Domain – Chronis Diseases. 

This study attempts to propose the usability evaluation model for the chronic disease 

mobile applications that contribute to the healthcare domain. The mHealth tools can 

promote the management and prevention of chronic illnesses, such as HIV, cancer, and 

diabetics. It has the potential to address many of the healthcare needs, including 

adherence to medications, self-monitoring, and retention in chronic disease care and 

treatment. In summary, the stakeholders that will benefit from this study are medical 

device companies, medical app publishers, health care professionals and executives, 

government policymakers, and organizing bodies. 

1.8 Thesis Outline  

This thesis consists of six chapters including this chapter. The outline of the remaining 

chapters of the thesis is as follows: 

Chapter one: Introduction 
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This chapter presents a brief discourse on usability literature and usability models that 

predefined. Discussions are also given towards the domain of chronic disease 

management usability on mobile and narrowed into specific characteristics to be used 

for model development was introduced.  

Chapter Two: Literature Review  

This chapter presents a brief discourse on usability literature and usability models that 

predefined. The discussion is also forward towards the domain of chronic disease 

mobile health applications usability and narrowed into specific characteristics to be 

used for model development was introduced.  

Chapter Three: Research Methodology  

This chapter presents the research methodology that is used to achieve the objective of 

this study. It discusses the four phases that were conducted to develop the usability 

evaluation model for chronic disease mobile applications. 

Chapter Four: Model Development  

This chapter present the detailed process of model development. Systematic literature 

review and the identified usability characteristics and sub characteristics and metric and 

linked them together as proposed model  

Chapter Five: Model Verification  

This chapter presents the proposed model that has been developed and verified by 

experts. The verification results were later used to modify the proposed model and 

presented the revised model of this study 
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Chapter Six: Model Validation 

This chapter presents the evaluation part of the developed model conducted with the 

usability practitioner and application developer as well as usability testing conducted 

with the actual users to validate data collection ability of the developed model. Result 

of the model validation conducted was also analyzed and discussed.  

Chapter Seven: Discussion and Conclusion 

This chapter concludes overall in the whole study. Contribution and discussion on the 

limitation as well as future work suggestion are also included. 

1.9 Summary 

This chapter has introduced the study aim and purpose as well as discussed on the 

problem statement. Besides that, this chapter also highlighted the research questions 

and objectives besides the significance of the study. Finally, the outline of this thesis 

was described. 
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CHAPTER TWO 

LITERATURE REVIEW 

2.0 Introduction 

This chapter starts with the introduction of mHealth and chronic disease mobile 

application, then the need of mobile apps for chronic disease and its functionalities are 

discussed and issues faced by chronic disease application. Moreover, important user 

requirements are identified from previous literature. Overview of usability, and existing 

usability evaluation standards and models for evaluating usability in general and 

specific for mobile apps including mHealth are discussed in detail. ISO standards and 

QUIM are discussed specifically for the development of the proposed usability 

evaluation model for the chronic disease mobile application. 

2.1 Mobile Health 

Mobile health is essentially medical assistance or service provided through 

smartphones or other digital devices; it encompasses the use of these devices in data 

extraction and compilation, user communication, medication tracking, medi-care 

interventions, and prescription adherence (Becker et al., 2014).Mobile health modifies 

the traditional means of delivery for healthcare, by providing the continuous and 

pervasive healthcare anytime, at any place. mHealth is witnessing tremendous growth 

and has been highlighted as an important new approach for management of chronic 

health conditions (Jones et al., 2018).  

The healthcare application sector has been on the rise, with the number of users steadily 

increasing throughout the years. As of 2017, more than 320,000 mobile health 

(mHealth) apps were produced and distributed in the market on both Apple and Android 

platforms, and more apps are being developed every day (Cho et al., 2018; Nouri et al., 
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2018). These health applications have the potential to change the method and standard 

of clinical research and the health sector globally (Steinhubl et al., 2015). Furthermore, 

the economic growth of mHealth applications is mind-blowing, so it is only natural that 

technological tycoons such as Apple continue to invest in both hardware and software 

to support the development of these mobile healthcare applications. This monetary 

influx into mHealth apps is due to the positive growth of the mHealth market, which 

has shown a five-time increase from 2012, starting at a net worth of $6.7 billion, 

through to 2018, expanding to almost $33.59 billion. Further interpolation showed that 

by 2022, the sector's gross revenue is projected to be $102.4 billion compared to $25.39 

billion in 2017 (Statista Research Department, 2019) which is more likely to increase 

up to $102.4 billion by 2022 (Adoriasoft, 2017). These mHealth applications are 

widely used and accepted by healthcare professionals and patients. In fact, it has 

become the third largest category after utilities and games with expected annual growth 

of 23% in the coming five years (Molina-Recio et al., 2015).  

The increase in mHealth has changed the perspective of providing care to chronic 

disease patients and how they interact with each other to manage their health. Overall, 

mHealth promise to improve patient satisfaction, managing self-change in behavior and 

mode of health care delivery (Dicianno et al., 2015). 

As mHealth is rising, about half of patients surveyed predict that mHealth will expand 

the ease, cost and quality of healthcare in the next few years and 96% of current 

mHealth app users believe the apps help improve their quality of life (Jones et al., 2018).  

In addition, 6 in 10 doctors and payers believe that its extensive acceptance is 

predestined and 7 in 10 believe health apps will encourage patients to take more 

responsibility for their health (Jones et al., 2018). A large part of this development was 
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initiated due to mHealth applications' capacity in terms of patient communication, 

tracing, and awareness. Moreover, they greatly enhance access to healthcare, medical 

diagnosis, treatment adherence, as well as management of disease in poverty-inflicted 

areas and chronic illnesses (Marcolino et al., 2018).  

mHealth offers several other benefits, such as communication, decision support, 

reduction of paperwork and medical errors, effective resource and knwledge 

management and time-saving (Yen et al., 2014). Globally, increase in usage of mobile 

devices, made it possible for mHealth to overcome health burdens of chronic disease s 

(Dehling et al., 2015). The main advantage of mobile health is that it facilitates the 

patients outside of the expensive hospitals and inopportune clinics. World Health 

Organization claims that mHealth has been broadly utilized by patients and doctors 

such as giving reminders or alerts, cure compliance, medical records, information 

accessibility, observation, online surveys, and data collection. mHealth provides 

solutions for emerging health problems such as the high costs of health services, 

expansion of chronic illness, uninterrupted access to health facilities independent of 

place and time,  and  patient empowerment (Silva et al., 2015).  

2.1.1 mHealth Applications for Chronic disease. 

The prevalence of chronic diseases due to poor health behaviors is a significant 

challenge for the world and is associated with increased cost of treatment and illness 

management. In the United States, 75% of healthcare expenses are done on the 

individuals facing chronic conditions (Parmanto et al., 2013). 

60% of global healthcare expenditure are done on patients with chronic diseases and 

has the possibility to reach up to 80% by the end of 2020 (Parmanto et al., 2013). 

Chronic disease is a prominent topic of research when considering mHealth apps. 
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Unsurprisingly, these diseases impact third-world countries to a much higher degree, 

with roughly 90% of deaths due to obstructive pulmonary disease and around 80% of 

deaths due to diabetes mellitus and cardiovascular conditions taking place in developing 

countries (Beratarrechea et al., 2014). However, chronic disease patients can improve 

their life quality, self-efficacy and medication adherence by using  mHealth apps 

(Johnson et al., 2015).  

Worldwide increase in chronic disease patients without effective management is life 

threatening. Therefore, it is necessary to engage and empower patients to manage their 

own health to improve their living conditions and increase life expectancy (Whitehead 

& Seaton, 2016). There is a large amount of chronic diseases, such as diabetes, cancer, 

arthritis, respiratory disorders,  and even oral conditions (Raghupathi & Raghupathi, 

2018) heart disease, glaucoma, different types of diabetes (Ramkumar et al., 2016), 

obesity which is officially recognized as a chronic disease by The American Medical 

Association since 2013 (Stoner & Cornwall, 2014), hypertension, HIV/AIDS  and many 

other (de Sá et al., 2017) all of which can cause long-term impairment, worse life 

quality, and in worst cases, death. 

One approach to deal with the problem of high incidence of these chronic conditions is 

through technology (Vianna & Barbosa, 2013). Many widespread chronic diseases, 

such as heart disease, diabetes, and arthritis, show different attributes and needs but 

these chronic diseases share common tasks and challenges to perform disease 

management dealing with symptoms and disability; observing physical indicators; 

complex medication routine; sustaining nutrition, diet, and exercise; difficult lifestyle 

adjustments; and communicating with health care providers (Grady & Gough, 2014; 

Wagner et al., 2001). Therefore, different chronic disease applications share same 
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functionalities. It has been proven that patients' involvement in the management of their 

chronic illnesses is linked with a greater sense of independence and a higher standard 

of living; consequently, causing the downfall of healthcare consumption and expenses 

(Jones et al., 2018).  A research done by Ramirez et al. (2016) revealed that  patients 

who were relatively low in socioeconomic status and older in age show more interest 

in using mHealth for managing chronic disease and improving health. Use of the 

mHealth platform on a routine basis is acceptable for several reasons as it could record 

medicine use, daily symptoms reporting, measure oxygen saturation and pulse rate 

(Hardinge et al., 2015). 

Moreover, the user can improve collaboration with their healthcare professionals and 

family caregivers. According to research2guidance, the biggest market in the next five 

years for mobile health apps would be diabetics, followed by hypertension, high blood 

pressure and obesity (Jahns, 2015). Thus, by enabling the chronic disease apps the life 

quality of patients and caregivers could be improved.  

mHealth apps are generally split into two types, wellness management applications, and 

disease management applications. While these are the main categories, others such as 

self-diagnosis, medical patient portals, and medication reminders are also a part of this 

growing market (Kao & Liebovitz, 2017). The subcategory of chronic disease 

management has been on the rise, with roughly 25% of the medical health apps focusing 

on treatment management (Aitken & Lyle, 2015).Therefore, most likely, mHealth will 

be the next significant entity in the prevention and management of diabetics, which is 

the most prevalent chronic disease (Househ et al., 2015). 
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Different authors divide mHealth apps into different categories. A large chunk, roughly 

65%, of medical health applications focus on its patients' general well-being, such as 

diet and exercise, with just about 15% of the applications targeting the management of 

specific conditions (e.g., diabetes, high blood pressure). The rest of mHealth apps are 

employed for medical practitioners (e.g., medication references, assistance with 

diagnoses), pregnancy management, and health awareness resources (Jones et al., 

2018). Atha (2019) mentioned that the most needed mHealth apps by world can be 

divided into three categories: (1) apps that watch heart health (2) apps that track and 

manage chronic disease and (3) apps that help healthcare professionals. In addition 

Zhang et al. (2014) mentioned that mHealth applications are divided into three main 

types: (1) apps for health experts  (2) apps related to medical education and students 

and  (3) apps for patients focusing on disease management for chronic illness.   

A quarter of mHealth apps focus on disease and treatment management, reflecting the 

growing interest and popularity of chronic disease mobile apps (Aitken & Lyle, 2015). 

Many of these apps promise to provide adherence to a medication when adherence to 

medication is a major problem that affects 50–60% of chronically ill patients while 

incorrect dosing and non-adherence significantly reduced the effectiveness of treatment 

(Sadasivam et al., 2012).  

Functionality of these apps has been split into seven main categories: inform, instruct, 

record, display, guide, remind/alert, and communicate (Farzandipour et al., 2017). A 

previous study addressed that mobile intervention has also been categorized in 2017 by 

Hui et al. (2017) into seven classes: education, monitoring/electronic diary, action 

plans, medication reminders/prompts, facilitating professional support, raising patient 

awareness of asthma control, and decision support for professionals. Following this 
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study, the results claimed that the support and aid (such as recording patient-entered 

data and providing educational information and reminders) given by mHealth 

applications to patients had expected to outperform any other IT-based interventions 

(such as phone calls, text messages, etc.) in terms of effectiveness. 

mHealth can provide accessible tools with less price to enhance management of chronic 

diseases and balance gaps in developing countries through existing and growing mobile 

phone networks (Beratarrechea et al., 2014). 

2.2 Usability issues in Chronic disease mHealth Apps. 

App stores are full with increasing number of mHealth apps while customers are unable 

to choose the right app for their needs to avoid useless apps on their smartphones (van 

Velsen et al., 2013). The main issue faced by overwhelming number of health apps is 

the deficiency of guidance and usability evaluation. Although mHealth apps are 

producing on larger scale but still 95% of them, have not been evaluated or tested at 

any point of development (Househ et al., 2015). Currently, only about 1 out of 5 health 

apps appears to be providing useful interaction among patient and the provider. Since 

the ratio is very low, providers and patients may get confused with the selection 

possibilities of health apps (Zhang et al., 2014).   

As outlined by Smith and Schatz (2010), mobile devices can aid in administering health 

care to chronic conditions, but the success rate of these schemes is linked to the user 

interface, usability, design, and adequate assessment. Moreover, issues regarding 

usability, including bad color contrast, small text, and scrolling wheels are found in 

mHealth application especially for older adults suffering from chronic disease 

(Whitlock & McLaughlin, 2012).  
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Analysis of healthcare apps by Aitken and Gauntlett (2013) concluded that a significant 

number of mobile health apps currently available is not adequate with the variety of 

characteristic spread all over in health care. Another study surveyed health apps and 

found only 27 apps out of 400 that exactly address about the specific chronic disease 

(Sama et al., 2014). However, these apps lack user engagement and offered only one or 

two functions. Applications that combine information delivery and assist in treatment 

through data collection, reminders, and advisory features are unavailable (Arnhold et 

al., 2014). As the assessment of applications gets more rigorous, the central criterion 

for an app's efficiency has been its ability to deliver useful, precise, and timely 

information and provide instruction to the patients to enhance user experience (Ventola, 

2014).   

Arnhold et al., (2014) assessed the usability and functionality of a specific category of 

medical health applications, chronic disease management, with a particular focus on 

diabetes patients. They tested the effect of several application aspects on the users' 

experiences; they discovered that despite the large number of apps dedicated to diabetic 

patients, the majority offered at most two basic features. The apps that showed 

multifunctionality received lower scores when tested for usability.  

Mirkovic et al. (2014) mentioned that special consideration needs to be given to the 

needs of patients such as health literacy and their previous experience with the 

technology and knowledge to maintain their disease. For example, logging of food will 

be different for someone trying to lose weight and for the diabetic patient who need to 

consider the relation between food and blood glucose.  

Digital diaries and SMS, emails can be used to support cancer patients, but digital diary 

feature is not well accepted due to small keyboard. Moreover, Respondents who 
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participated in app testing highlight the need to have a bigger font size for screens with 

extensive information such as screen showing tips and activities related to 

health(Mirkovic et al., 2014). Additionally, they experienced problems with data entry 

which suggest the need to provide additional affordance for example allowing to type 

text in a horizontal mode. Similarly, they did not understand the meaning of the text 

and often confused images in the text with buttons in the introduction screen.  

Hence, most of the identified issues were related to ease of input, screen readability and 

glanceability. Organization of symptoms in collapsible sets, font size. Additionally, 

high number of issues was related to mismatch between system and real world such as 

meaning of icons and system feedback support during navigation. Results suggested 

that use of standard design such as system icons, option names can help users.  

Mirkovic et al. (2014) suggests a native app for patients private mobile and using its 

features to resemble ones on the standard mobile devices such as organization of 

content, menus, navigation) can further support users while providing a better match 

between system features and the real world. (Mirkovic et al., 2014). Grindrod et al. 

(2014) suggested the application designers to consider the age-related changes for older 

adults such as hearing loss, vision, mobility challenges and therefore to include clear 

button, high contrast and large font in apps.  

Therefore, Innovative solutions are required to overcome the major challenge faced by 

health systems globally to control and prevent chronic disease s (Raghu et al., 2015). 

Many mHealth applications are available but there is less information available to 

support or identify the best approach to their use.   

 Issues regarding medical apps were identified by conducting an online survey on 

national level in 2015 by New York university revealed that a large portion of the 
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sample (427/934, 45.7%) reported that they downloaded health apps they no longer use. 

The most frequent reasons for discontinuance were the application took too much time 

to enter data (190/427, 44.5%), user loss interest (173/427, 40.5%), hidden costs 

(154/427, 36.1%), apps were confusing to use (140/427, 32.8%), and did not like that 

the apps shared their data with friends (124/427, 29.0%) (Krebs & Duncan, 2015). 

This divergence suggest that users have problems with the interfaces of available apps 

rather than the idea of getting health information from apps in general. Results of the 

same research suggest that researchers should focus on qualitative methods and 

usability testing to identify the usability requirements of quality apps and to ensure 

health apps fulfill the needs of intended users (Krebs & Duncan, 2015).  

Zapata et al. (2015) performed systematic literature review on mHealth papers and 

found attractiveness as the least frequently evaluated characteristics however it has a 

strong influence as Attractiveness affects the decision to start using an application 

hence it shouldn’t be ignored but previously evaluation of usability has been fixated on 

the operational ease of use and lead to low results. Therefore, operability is found as 

most frequently studied characteristic. Understandability of cell phones is almost half 

of the desktop screens. Limited space on mobile screen makes it difficult to scroll and 

navigate between pages as mainly users of mHealth apps are elderly. Therefore, 

understandability is consequently a key factor to be evaluated. Similarly, learnability is 

also important to evaluate as older adults have difficulties in learning to use technical 

devices and applications. However little research has focused on training programs 

rather than improving the learnability of mobile devices.  

A study reviewed 34 apps focused on heart failure an found recording information as 

one common function. Despite the large influx of mHealth apps being developed, few 
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offer proper feedback to reported input, notifications about medication, or digital 

interaction with the providers. Furthermore, there is a lack of specialized apps dedicated 

to chronic condition management, such as patients with heart disease who require 

optimized symptom assessment and self-management tools, but many apps are 

designed for healthy lifestyle support (Creber et al., 2016) 

A research done on tuberculosis apps found, out of many only 24 apps were fulfilling 

inclusion criteria. The frightening concern was that each app possess different 

functionalities but several issues were found in them such as crashing of apps, 

inconsistent data entries, incorrect grammar and spelling, and links without featured 

data (Iribarren et al., 2016).  

Inflammatory bowel disease applications, for instance, require improvement in the area 

of medical personnel involvement, adherence to international clinical standards, and 

reinforcement from medical studies. These issues pose safety and quality concerns, 

especially when the apps are considered as possible medical tools from a medical 

professional's point of view (Con & De Cruz, 2016).
  

Sarkar et al. (2016) mentioned that user requirements should be considered for chronic 

conditions, current applications do not address usability issue for diverse patients. 

Usability testing was conducted with participants where participants perform given task 

on 11 mHealth apps. Three themes emerged from the results were lack of confidence 

with technology, difficulty to use design and navigation and concern to use technology 

for self-management.  

Toribio-Guzmán et al. (2017) evaluated an mHealth app with heuristic evaluation and 

usability testing. Users found issues related to understand the field name, using links to 

attach picture and locating buttons. Jake-Schoffman et al 2017 mentioned that usability 
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needs to be evaluated through different dimensions, such as ease of operating the app, 

understanding and learning the app, error rate compared with the usage and satisfaction 

with the attractiveness of the app. 

(Cho et al., 2018) mentioned that limited number of mHealth app is published after 

comprehensive usability evaluation whereas the low usability is one of the main hurdles 

in the adoption health technology. Moreover, usability evaluations are necessary to 

perform to achieve the success of mHealth apps and choosing the right evaluation 

method is important in performing usability testing.  

(Cho et al., 2018) used end user testing and heuristic evaluation to perform usability 

evaluation of the develop HIV prevention app and results showed the high user 

acceptance. However, experts identified usability issues related to interface whereas 

end user identified problems related to task performance.  

Baek et al. (2018) conducted a usability test by performing given task on a prototype 

app. Results showed that success rate of tasks related to health information was 100% 

and few other tasks showed 70% success rate, but task related to self-management 

showed only 25% success rate and mostly participants failed to complete the task which 

showed that user interface and icon image require overall improvement. Existing 

studies also showed that chronic disease managing apps should have user centered 

features including graphs, sending alerts, text messages. Moreover, providing visual 

educational materials using videos, proposing tailored goals, accessing patients’ health 

record data, and including functions that enable patients to record their status were also 

mentioned as important factors of user-centered design features.  

Børøsund et al. (2018) mentioned that usability testing of a prototype app showed that 

easy navigation, innovative icons and engaging design to adhere users and visible 
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option for listening and reading are required. Similarly, cancer patients preferred to use 

an easy useful and user-friendly app with understandable language to manage their 

stress. Moreover, these requirements were supported by health experts as well.  

Fuller-Tyszkiewicz et al. (2018) conducted usability testing of a depression app name 

as blue watch through health care experts, end users and researchers. All of them agreed 

that app was offering evidence-based content, appealing visual outlet and engaging for 

users however experts mentioned that self-monitoring features and different 

physiological option and layout of content might be difficult for end users to navigate.  

Brown and Kim (2018) mentioned that excessive popup screens in the apps become 

disruptive for the users instead of helping them. Few app also do not provide any 

“emergency exit” or noticeable exit to return to the home screen. way to return to the 

home screen without navigation through different screens. Brown and Kim (2018) also 

highlight the developers of mHealth apps are neither an expert on the disease for which 

they are hoping to manage nor consider the user for which they intend to empower. 

Overall, traditional heuristics, as defined by Nielsen, also apply to the interface design 

of mobile apps, but in some cases may not always be applicable.  

Zapata et al. (2018) mentioned that usability is a key factor for the success of mHealth 

apps but unfortunately a high number of usability problems are identified in these apps 

such as lack of consistency, small texts and poor color contrast. During the evaluation 

of S health app issues identified were related to navigation as user have to go all the 

way back to home screen, writing style as S health use some abbreviations, exclamation 

marks and formal writing whereas abbreviation cause 5% of medical errors and use of 

exclamation mark can be considered as shouting. Start-up experience in the S health 

was not pleasant as user open the app it shows some license agreement and disclaimer. 
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However, it is good practice, but it shouldn’t interrupt the user experience. Users also 

mentioned about the free text data entry as using keyboard could be tiresome. 

Moreover, S health does not use some predefined icons instead used button with texts. 

Similarly Jones et al. (2018) conducted an online survey about mHealth apps with 

individual living with disabilities and received comments about usability and 

accessibility related issues. These comments comprise about difficulty in setting and 

using app regularly, lack of accuracy in apps related to measurements and monitoring 

such as exercise app does not record activity for wheelchair and lack of apps for 

disability. Most of them requested for the apps with assistive technology such as screen 

reader, blind participants mentioned the need for captioning in the apps using video. A 

common suggestion received from them was an app to manage health information, 

symptom tracking and providing better communication. Mostly participants request for 

an app that should be all inn one and could perform tracking of nutrition, activity and 

medicines and health data such as blood pressure, heart rate etc. 

Complex interface may lead to the failure of the system as user may repeal it as (Khan 

& Donthula, 2019) mentioned during usability testing, participants experience 

difficulty while using the application and were not able to navigate in the app structure 

and couldn’t differentiate between layout and icons hence lost interest with the passage 

of the time. Therefore, to motivate the users app should be easy to use, and user should 

be facilitated by help in accomplishing task and a walkthrough tutorial might help to 

understand the available functionalities and jargons. Moreover, user desired for the 

distinguishable color as observations revealed that users were not able to differentiate 

the background and the help icon in the interface.  Therefore, colors must be integrated 

in such a way that they differentiate from the background for all the users.  Moreover, 

to increase visibility there should be an option for desired font size. Personalization 
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options for language could also help to improve the readability and accessibility of the 

application for elder users(Khan & Donthula, 2019). 

Wildenbos et al. (2019) assessed two mHealth apps to identify usability problems.  

Patients experience usability issues in both apps and these issues were categorized as 

underlying aging barrier such as users oversaw the important icons and faced difficulty 

in reading small text and problems in selecting scroll bar and clicking on small features.  

50% of the identified usability issues were categorized as motivational barrier such as 

low literacy and low trust on their own ability of using the application. Such as users 

feel lost after visiting the website or browser in the app. 31 % of issues were related to 

cognitive barrier and identified largely influencing the usability of app. Users 

mentioned the navigation hierarchy of both apps was ambiguous and difficult to return 

to previously shown information in the app.  In the second app, users were unable to 

perform functions apart from main functionalities and couldn’t find the help 

information. 

Similarly Liew et al. (2019) mentioned the need to improve the usability experience of 

mHealth apps and for this purpose performed a qualitative research and conducted 

qualitative interviews with mHealth insiders and qualitative survey with consumers 

using the list of themes grouped into 5 categories of Nielsen usability model. Results 

showed Satisfaction as the top attribute for both mHealth insiders and consumers 

followed by Errors- and Efficiency-related themes. Satisfaction was referred to user 

likability, comfort, and pleasure. 

The approach to evaluate mHealth apps usability is tends to be overlooked and 

challanging despite its likely impact on both doctors and patients. Current litrature 

states that the most serious issue with mHealth applications as discussed by different 
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authors is the universal design approach for evaluating chronic disease apps and overall 

mHealth apps which  might not be an excellent choice for any technology development 

because it contradicts in many aspects to be adapted for mHealth applications 

development especially when the user is patient. In addition, no specific usability 

evaluation model for mHealth apps is discussed for chronic disease applications 

evaluation. Most of the studies used Nielsen usability model however  Brown and Kim 

(2018) mentioned that traditional heuristics, as defined by Nielsen, may apply to the 

interface design of mobile apps, but in some cases may not always be applicable. 

Especially when current applications identify usability related issues such as ease of 

input, crashing of apps, inconsistent data entries, incorrect grammar and spelling,  links 

without featured data, small texts, poor color contrast, problems in selecting scroll bar 

and clicking on small features, screen readability, use of abbreviation, no emergency 

exit button, locating button, lack of walkthrough tutorial and moving around the 

interface which is related to navigation. These are not given consideration at any point 

and many more. These issues highlight the need to develop a proper and verified model 

for usability evaluation and it demands more rigorous research in this area. 

2.3 Usability Requirements for Chronic disease Mobile Health Applications 

Usability requirements are used to show the degree of ease with which the system is to 

be used. Due to the definition of the term having some ambiguity, there is a lack of 

literature on defining it, and even experienced practitioners find it hard to define 

usability requirements claiming that it is "the system shall be easy to use" (Lauesen & 

Younessi, 1998). IEEE 29148:2011 define “usability requirements as usability 

requirements and objectives for the system include measurable effectiveness, 

efficiency, and satisfaction criteria in specific contexts of use”. Provide the basis for 
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the design and evaluation of systems to meet the user needs. ISO 9241-210 mentioned 

that “specifying the user requirements includes identifying the relevant usability 

requirements (i.e. criteria for effectiveness, efficiency and satisfaction in specified 

contexts of use)”. Therefore, selection of requirement was also based on the context of 

use in terms of users, goal, task and environment as describe in ISO 9241-11:2018.  In 

term of user context, many user characteristics influence the use of the application such 

as experience expert or novice age, gender, physical ability, occupation and education 

level (Constantinos & Dan, 2007), Goals are the intended outcome(s) to be achieved, 

and tasks comprise a series of activities to reach the goal. Various blends of activities 

forge discrete paths that can be used to attain the same goal, resulting in different 

usability degrees (ISO 9241:2018). For example, goals within the context of use in 

chronic disease application would be medication adherence and task within context of 

use taking medicine. In this study task are more focused towards entering the daily 

activities, taking medicine, identifying alerts and incoming notifications which are 

more focused on patients and disease management. Moreover, requirements in terms of 

technology are also considered such as mobile device differs from desktop device such 

as keyboard type, limitation on screen size, storage and design.  

Mobile apps designed to address chronic diseases typically have same functions such 

as providing disease information, diet and lifestyle tips, symptom tracking, electronic 

diary and medication notifications. However, some apps provide more self-

management functions for severity in disease (Con & De Cruz, 2016). It would be more 

beneficial to inculcate mHealth applications as a strategy to ensure effective self-

management of chronic conditions for various kinds of users. The tools and features of 

mHealth applications serve seven different sets of roles (notify, instruct, record, present, 

help, alert, and connect) (Farzandipour et al., 2017).  
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In the same way, (Hui et al., 2017) categorized the distinct characteristics of mhealth 

applications into separate groups (training, detection, personalized plans, reminders, 

user support, preventative methods for asthma, and automatic prescription advice for 

health practitioners. Conclusively, the efficiency of mHealth apps improves with 

adequate accessibility and increased user-friendly features. It would be fair to assume 

that such applications feature has higher effectiveness than other forms of digital 

interventions (such as text message, phone call, email, and Web site), which generally 

lack sufficient characteristics or offer limited accessibility. Hence, one of the design 

parameters for a successful mHealth app is the incorporation of a variety of functional 

tools or features into the app during development (Farzandipour et al., 2017).  

However, these tools and functions should be user friendly so user can get the complete 

benefit of mHealth applications otherwise they would not be able to perform the 

functions which eventually leads towards the uninstallation of the application. 

Currently, patients are encountering a network of mobile health apps with low uptake 

and awareness. The end user or patients expect to see user-friendly apps with high 

usability and multi-functionality to improve the consequences with reduced 

hospitalization before they start to uninstall mobile health apps. Consequently, 

production of user-friendly mHealth apps capable of combining into existing care 

pathways, will provide opportunity to enhance current care methods with better  

healthcare results in a cost-effective manner (Hardinge et al., 2015).  

For mHealth apps, the scenario is worsened as the target audience requires a more 

specified set of usability requirements (Xu et al., 2014). For instance, several mHealth 

apps have been designed based on an older target audience. Unfortunately, a large 

portion of that audience hasn't used mobile smartphones to date. So, the mHealth 
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applications should be straightforward to interact with their users. Specifically, 

mHealth apps possessing dosing control and medication advisory functions should be 

easy to grasp for all patients.  

These issues are generally exacerbated for patients having a lack of experience with 

interactive systems, loss of vision, and limited cognitive capabilities (Lorenz & 

Oppermann, 2009; Xu et al., 2014). In the smartphone domain, many hurdles are faced 

by the apps to provide a positive experience to their users because of smartphone's 

aspects and utility in the everyday computing context 

A recent research conducted about the valuable features of mHealth by Mendiola et al. 

(2015) indicates that mHealth app features that assist in disease management should be 

tailored to an older demographic. This study performed assessment of different features 

gathered from mHealth apps and suggest that mHealth apps are not a one-size-fits-all. 

As these apps are targeted at a broad audience with varying criteria and preferences 

pertaining to features and designs, there rises a prospect that users view certain aspects 

to be useful for one type of mHealth app, which could be unrelated or even 

counterproductive for another app, thus discrediting that aspect in the analysis. For 

example, notifications are crucial in medication tracker applications;  but, this feature 

could be detrimental for quit smoking applications (Mendiola et al., 2015) 

However, in terms of chronic disease applications intended requirements are often 

overlooked which led to discontinuity of the applications being used. Therefore, the 

development of mHealth apps and increase in a number of their users, needs a better 

understanding of users behaviors and basic needs, information, requirements and 

challenges face by these applications regarding usability (Diamond et al., 2014). 

Previously Zapata et al., (2018), suggested usability requirement guidelines for medical 
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health applications encompassing the following usability requirements: easy utilization, 

customization, internationalization, education, understandability, politeness, and 

accessibility requirements.   

Mobile application for the chronic disease needs to consider the user requirements to 

ensure that usefulness of the application is achieved, and usability issues are identified. 

Therefore, there is need to identify the requirements of mHealth apps for chronic 

disease management. Zapata et al. (2018) extract usability requirement for mobile 

health apps from the recommended standards and related papers. Similarly, in this study 

previous literature related to mHealth apps and chronic disease apps was thoroughly 

reviewed as shown in the table 2.1 which provide the functionalities as mentioned by 

(Farzandipour et al., 2017; Hui et al., 2017) and list of usability requirements with the 

relevant sources to fulfill the “usability criteria for effectiveness, efficiency and 

satisfaction in specified contexts of use” to provide user-friendly chronic disease 

management applications  and sources of literature reviewed. These requirements are 

discussed in detail in the following sections.  

Table 2.1 

Identified Requirements of Chronic disease Health Applications. 

Functionality  Requirements  Sources Usability 

Criteria  

Instruct, 

Record, 

Personalize 

plan 

Self-

management 

(Kirwan et al., 2013), (Con & De Cruz, 

2016), (Brzan et al., 2016), (Baek et 

al., 2018), (Børøsund et al., 2018), 

(Jones et al., 2018), (Silva et al., 2015), 

(Hood et al., 2016), (Garabedian et al., 

2015), (Goyal et al., 2016), (Wu et al., 

2017), (Farzandipour et al., 2017), 

(van der Weegen et al., 2013), (Tatara 

et al., 2013), (Parmanto et al., 2013). 

Effectiveness  

Efficiency  

Satisfaction 
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Notify, alert, 

inform 

Reminders or 

push 

notifications  

(Aitken & Gauntlett, 2013), (Cole-

Lewis & Kershaw, 2010), (Mendiola 

et al., 2015), (Bidargaddi et al., 2018). 

(Byambasuren et al., 2018), (Parmanto 

et al., 2013), (Beauchemin et al., 

2019), (Pulman et al., 2013), (Johnson 

et al., 2015), 

 

 

Display  Navigation  (Parmanto et al., 2013), (Zapata et al., 

2015), (Zapata et al., 2018), (Grindrod 

et al., 2014; Stoyanov et al., 2015), 

(Caburnay et al., 2015; Wildenbos et 

al., 2019), (Sarkar et al., 2016) 

 

 

Help, guide  

User support 

Accessibility  (Jones et al., 2018), (Zapata et al., 

2015), (Hubert, 2006), (Grindrod et 

al., 2014), (Arnhold et al., 2014), 

(Maša Isaković 2016), (Doris 

CálizXavier Alamán 2014), 

(Charmian Reynoldson 2014)  

 

 

Connect, 

instruct, 

training 

Learnability/ 

health literacy  

(Broderick et al., 2014), (Harte et al., 

2018), (Zapata et al., 2015), (Liew et 

al., 2019), (Zapata et al., 2018), 

(Martínez-Pérez, Borja et al., 2013) 

 

 

Display Attractiveness (Zapata et al., 2015), (Jake-Schoffman 

et al., 2017), (Ansaar et al., 2020), 

(Fuller-Tyszkiewicz et al., 2018), 

(Kasali et al., 2019) 

 

 

Above table 2.1 discuss according to previous literature the basic requirements needed 

to consider by current chronic disease mobile applications to provide user friendly apps.  
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2.3.1 Self-management  

“Self-management” has been defined as “the ability of a patient to deal with all that a 

chronic disease entails, including symptoms, treatment, physical and social 

consequences and lifestyle changes” (Barlow et al., 2002). Self-management is a 

promising aspect of chronic disease management that help patients to manage their 

therapy sessions or pursue medical assessments to retain control over their chronic 

condition (Con & De Cruz, 2016). Self-management is a procedure allowing the 

patients to tweak their treatment in line with pre-established algorithms or receive a 

medical evaluation. It is a new and budding branch of chronic illness management, 

giving patients the power to control their disease more closely (Con & De Cruz, 2016). 

Self-management's objective is to provide a certain level of disease management to the 

user by enhancing self-efficacy, awareness, and comprehension of the illness (van der 

Weegen et al., 2013). 

FDA mentioned that mobile applications can assist patients to self-manage their disease 

by providing health-related information and tracking tools for it, easy communication 

with doctors but without allowing them to give specific suggestions for treatment.  

(Garabedian et al., 2015). Self-management feature in diabetes applications includes 

self-monitoring blood sugar, adapting healthy lifestyle such as regular physical activity, 

quitting smoking, maintaining weight and healthy eating. Self-management also help 

medication adherence, prevent complications, and support self-selected behavioral 

goals. However, a huge number of self-management apps for diabetes are available but 

these apps provide few basic function which could be divided into different categories 

such as self-monitoring, communication reminders or alerts and education (Wu et al., 

2017). 
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Sarkar et al. (2016) mentioned that mobile apps have great potential to improve 

patients’ self-management of chronic diseases. However, Patients and caregivers 

struggled to complete basic self-management tasks in mHealth apps because overerall,  

usability of mHealth apps found less than the ideal. That reveal the gap between the 

potential and reality of  mHealth apps for self-management. Self-management could 

improve health outcomes and disease management if given consideration.  

2.3.2 Reminders or push notifications 

Reminders is a feature in mHealth applications alert the patients through push 

notifications about medication and food. These notifications are sent before few 

minutes of taking scheduled medicine. It can also record if the users cancelled the push 

notification or take the medicine (Pirani et al., 2016). A prominent aspect of digital 

health is their “pushiness” their capacity to send tailored warnings to users according 

to their needs through push notifications to have maximum effect (Lupton, 2016). A 

push notification is a critical feature to distribute information (Wen Yong Chua, 2016). 

In medical apps push notification can show the medication time, get a user to take an 

action, such as taking pills, walking, or let a user know about an event, such as a free 

medical camp as well as a feature that prompt the user to partake in a specific behaviour 

using predetermined alert. A recent study mentioned that push notifications impact the 

engagement with mHealth app, and this engagement continued with time however the 

timing matters to the effect such as days of week and day and night timings. Moreover, 

it suggests app developers integrate push notification into mobile apps as an to 

engagement strategy (Bidargaddi et al., 2018). 

Moreover, the push notifications reduced the need for users to remember 

recommendations and medication time (Heffernan et al., 2016). In mHealth apps 
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patients can schedule reminders, sound alarms, and collect information. Scheduling and 

responding to these reminders work the same way across all of the apps. The 

medications and their schedules can be entered by patients from the apps or can be sent 

by the clinician from the portals (Parmanto et al., 2013). These notifications can 

develop a positive user interaction with mobile app especially when user are patients 

and it aids them with medication adherence and provide precaution related to their 

disease (Freyne et al., 2017). However scheduling reminders in applications also 

involve data entry. Moreover, user should be able to disable reminders or notifications 

if they don’t need otherwise, it would cause frustration in users. Therefore, push 

notification can play a big role in the efficiency of chronic disease apps.  

2.3.3 Learnability  

Learnability is “defined as the level of ease through which a user gains proficiency with 

an app” (Stiles-Shields et al., 2017). This ensure user satisfaction towards using the 

application as it is easy to be learned and adapted according to their ability.  

Martínez-Pérez, Borja (2013) measure the quality of experience of mHealth apps and 

outcomes showed that mHealth apps are very insightful to use for the first time which 

is significant for developers because longer period of time to learn using the application 

will possibly lead the frustration and user stop using it or start looking for other easy to 

use options. Similarly (Liew et al., 2019) addressed that statistics has shown that users 

normally give only half a minute to learn using the application before moving to 

alternatives, or simply give up using mobile apps. Therefore, without ease of use and 

learnability applications are unable to retain users.  

Moreover, users value an app that is simple and intuitive to use, with tailored 

information and actionable insights regarding their condition (Mendiola et al., 2015). 
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The Institute of Medicine has endorsed an approach calling on developers to consider 

usability and literacy demands in app design to mitigate barriers that mobile health 

applications such as adherence apps may pose to those with low health literacy 

(Heldenbrand et al., 2016).  

2.3.4 Attractiveness  

Attractiveness is defined as capability of the software product to be attractive to the 

user according to ISO/IEC 9126. Kasali et al., (2019) mentioned attractiveness of 

interface as “it measures the extent at which the app is found attractive by its users (e.g. 

through the interface color)”. It has positive effect on usability and should not be 

ignored as it strongly influence the end user to start using the application and continue 

that use (Zapata et al., 2015). However systematic literature review conducted by 

Zapata et al. (2015) showed that attractiveness has been ignored in primary studies 

while it play an important role to motivate the user to increase (Ansaar et al., 2020). 

Similarly Jake-Schoffman et al. (2017) mentioned that usability can be evaluated 

through different aspects such as ease of use of the application, ease of use of operating 

the application or understanding the application and attractiveness of the app layout. 

However, the qualities which make the app attractive differ from user to user such the 

features which researchers would focus during development and clinicians look while 

recommending app (Jake-Schoffman et al., 2017).  

2.3.5 Accessibility  

Accessibility means “providing flexibility to accommodate each user's needs and 

preferences”. In an internet context, it allows computational technology and internet 

assets to be utilized by a broader consumer base. Accessibility is thought of as one of 

the critical prerequisites to note when the app is optimized for older patients. For 



49 

instance, for patients suffering more than one chronic illness or over the retirement age, 

accessibility is essential. The older generations, statistically, are more prone to dedicate 

a larger part of their expenses to health care. However, mobile device usage is one of 

the lowest in this category, with roughly 18% of the US elderly population taking 

advantage of them, relative to 55% of the prior age group comprising ages 45-54 years 

(Becker et al., 2014). As such, applications designed for users with chronic conditions 

should suit a wider variety of ages (Sarkar et al., 2016). 

The presently available data on developing user interfaces for the elderly is poorly 

utilized within the evaluated mobile health designs. More precisely, design guidelines 

must consider the elderly's declining cognition abilities, physical capabilities, and 

motivational limitations (Wildenbos et al., 2019). 

Chronic disease patients require proper medication adherence and enhanced vitals 

management to control their illness effectively. Unfortunately, old age is accompanied 

by diminishing cognitive and physical capabilities such as eyesight, visual acuity, color 

vision, contrast detection, and hearing. In particular, older diabetes patients frequently 

suffer from retinopathy which results in impaired vision. Among the many defects in 

diabetes management apps, those related to the display of information (such as color, 

contrast, size of operating elements, etc.) and operability of accessibility tools are 

preventing patients from using chronic illness applications. As such, an app free of these 

issues and limitations is the essential requirement for the older target audience. 

Regarding this, the remainder of the characteristics fall short in importance (Arnhold et 

al., 2014).  

Isaković et al. (2016) enlisted an elderly sample population to assess chronic illness 

apps. The results were that the sample did indeed face problems when attempting to 
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utilize the application. Furthermore, a usability test has also been conducted by a panel 

of professionals for diabetes applications intended for patients over the age of 50; the 

operability of accessibility features in applications designed for diabetics was found to 

be lacking, and usability was mediocre to good. In addition, they tested the effect of 

several other app tools and features on the patient's experience, leading to the 

conclusion that there are rarely any that provide more than two primary functions within 

the many applications available to the consumers. The apps that did have access to 

multifunctionality rated significantly lower in usability (Arnhold et al., 2014). Petrovčič 

et al. (2018) analyzed the usability characteristics of smartphone designs and the 

reactions of the users on the basis of time, which lead them to find out that high contrast, 

button type, and button size, are generally considered. In comparison, text-related 

interfaces like data input, feedback, and font type are sidelined. Gao et al. (2017) picked 

out seventy-one applications designed for people with diabetes and tested them. The 

conclusion was that most apps neglect to incorporate important content fields for 

controlling the disease in the elderly population. 

Sarkar et al. (2016) outlined that no application boasted an easy-to-use interface with 

big buttons during his evaluation, along with simple instructions and navigation, which 

is considered essential to appeal to every age group and optimize the applications for 

populations with low literacy. An alternate study administered by Demidowich et al. 

(2012) stressed that simplicity, comprehensible design, content, and appropriate 

navigation are essential. In contrast, the apps that underwent the evaluation showed that 

they weren't suitable for disease management, and their usability was low.  
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2.4 Usability Evaluation 

Evaluation of Usability is dependent on several activities including: tasks planning to 

enhance future use (Rubin & Chisnell, 2008), identifying the evaluation process or 

methods (Dix, 2004; Shneiderman, 2010), and determining nature and source of data to 

be collected (Dix, 2004; Preece & Benyon, 1993). Literature shows that usability is 

evaluated subjectively, and process are not defined well. Many studies reflect on how 

an aspect of usability being selected and measured depends on the researcher. Nielsen 

(1994) supports this since usability does not only save the effort of development but as 

well as save time and money if the guidelines are used efficiently in identifying and 

rectifying the problems at the initial stages. As such, usability is generally tested 

through the user's combined interaction with the system and the task in a given 

environment (Shackel, 2009).  

Mobile apps assessment is performed to guarantee the content quality, instructional 

value, compliance with existing guidelines and convenience of a nominal set of features 

(Park et al., 2019). Different methods are used for this such as researcher created rating 

system, rating scale and user testing (Park et al., 2019).  Evaluation is still trying to 

cover human interaction towards mobile that is on the rise but need to be refined well 

to meet the requirement and needs of the user (Baharuddin et al., 2013; Coursaris & 

Kim, 2011; Hussain, 2012). Alamoodi et al. (2020) mentioned this area is no different 

from other components related to quality assessments, and it is prone to numerous 

challenges. Some of these challenges include the apparent complexity of evaluation 

(Larco et al., 2018) lack of evaluation (Bahadori et al., 2020; Chen et al., 2015; Luo et 

al., 2019) for evaluated scales , proper evaluation reviews (Park et al., 2019), empirical 

evaluation (Alyami et al., 2017) and lack of systematic evaluation (Schumer et al., 
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2018). Other challenges comprise lack of  evidence based mobile apps used for research 

evaluation (Nicholas et al., 2015), scientific evaluation (Nguyen et al., 2016). Past 

studies used various usability evaluation measurements such as Cho et al. (2018) 

performed usability evaluation of HIV self-management app in a laboratory setting 

through end-user usability testing and heuristic evaluation with informatics experts. 

Another study performed usability heuristics evaluation method  with questionnaire 

base on Nielsen’s 10 usability heuristics (Owens et al., 2019). Zapata et al. (2015) 

performed systematic literature review on the studies performing usability evaluations 

of mHealth applications and findings showed that four different empirical usability 

evaluations methods were examined such as questionnaires, interviews, logs and the 

“think out loud” method.  However, most of the papers used only interviews or 

questionnaire to evaluate the applications. Morey et al. (2017) evaluated mHealth apps 

for managing congestive heart failure according to standard human factors principles 

and performed usability testing of the apps with six older adults to report design issues. 

Similarly, a study used a questionnaire on usability, which was developed in a previous 

study, by taking the app repository guidelines into consideration (Ouhbi et al., 2015). 

Georgsson & Staggers., (2016) used metrics in the (ISO) 9241-11 standard and patients 

performed representative tasks and were assessed on individual task success, errors, 

efficiency (time on task), satisfaction (System Usability Scale [SUS]) and user 

characteristics. Similarly, Islam et al. (2020) adapted Nielsen’s 10 principles in his 

study to evaluate usability of mHealth applications and used System Usability Scale 

(SUS) scores for those apps that had a high number of usability problems based on the 

heuristic evaluation., One of the ways in ensuring this quality is through measuring the 

application usability with selected models or measurements before being delivered to 

the targeted users. Various guidelines developed previously were used as foundations 



53 

in much research involving usability evaluation (9241-11, 1998, 2018; Nielsen, 1994). 

Despite there being many assessment methods for usability, they aren't adequately 

combined and result in missing parts of the evaluation. The central reason for this is the 

ever-changing usability standards and interpretations (Nayebi et al., 2012). Researchers 

and developers often evaluate the usability of their mHealth proposals by working with 

empirical methods that involve real users.  

2.4.1 Models and Standard for Usability Evaluation in Chronic Disease mobile app 

International standard organization introduce different quality models related to 

usability such as Usability: Definitions and concepts (ISO 9241-11:2018), System and 

software quality models (ISO 25010:2011). Usability introduction by Nielson (1994) 

and Quality in used Integrated Measurement (QUIM) by Seffah et al. (2006) are also 

used as guidelines for general usability evaluation. However, there are few other models 

are also discussed below in detail which focus on mobile apps and specially designed 

for mHealth apps.  

 ISO 9241-11:2018 standard elaborates on different interpretations of usability based 

on user satisfaction. It outlines that usability is heavily affected by the conditions in 

which a system, product, or service is utilized. The goal of developing and accessing 

these systems for usability is to allow its users to achieve goals effectively, efficiently, 

and with satisfaction while considering the context of use. This standard claim that 

usability is relatively more complex and intricate than the general understanding 

of "ease-of-use" or "user-friendliness." 

ISO 9241-11:2018 has been introduced on ergonomics of human interactions. It 

explains all the term and definitions and related concepts and disciplines to usability. 

Moreover, it suggests that descriptions of the relationships between usability 



54 

characteristics and their corresponding metrics are very important for good evaluation 

approach.  

Brown et al. (2013) referred to ISO9241-11 for the development of Health IT usability 

evaluation model. Most of the studies in mHealth refer to this model to explain usability 

and conduct usability testing such as Zapata et al. (2014) mentioned that according to 

ISO9241-11 usable systems can provide a number of benefits however healthcare 

information systems comprise of high number of usability issues which block their use. 

Georgsson & Staggers., (2016) used metrics in the (ISO) 9241-11 standard during 

evaluation and patients performed representative tasks Similarly Zapata et al. (2018) 

considered ISO 9241-11, ISO 9216-1 and ISO 25010 to develop a usability requirement 

catalog. (Weichbroth, 2020) performed a systematic literature review for the usability 

of mobile applications and mentioned that majority of authors (88%) have defined 

usability solely in terms of the ISO 9241-11 norm, while others referred to ISO 25010 

(4,5%) and (1,5 %) to the Nielsen and (1,5%) to the Bevan definitions. 

 ISO 9241-11:2018 states that usability is one quality related to the use of a system, 

product, or service. Products with poor usability can have negative effects on other 

qualities.  

ISO 25010:2011 standard is a renowned quality model for several programs, and it 

holds a significant amount of influence over the current quality models. This 

International Standard defines: 

a) A quality in use model comprised of five characteristics (further categorized into sub 

characteristics); it links to the goal of the interaction when a system is employed for a 

specific setting. The model is extremely versatile and can be used to complete human-

computer systems involving computer setups and software programs. 
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b) A product quality model comprised of eight characteristics (which are further 

subdivided into sub characteristics) that relate to static properties of software and 

dynamic properties of the computer system.  

As can be seen, the division of characteristics and further divided into sub 

characteristics deliver appropriate terms to specify, track and assess the system and 

software standard. A notable update in the new model over the priorly employed 

ISO/IEC 9126:2001 is the addition of security as its own area for assessment. Quality 

in use model in ISO25010:2011 defines five characteristics related to outcomes of 

interaction with a system: effectiveness, efficiency, satisfaction, freedom from risk, and 

context coverage.  

 

Figure 2.1 Quality in used model ISO250:2011 

The product quality model in ISO 25010:2011 categorizes system/software product 

quality properties into eight characteristics: functional suitability, performance 

efficiency, compatibility, usability, reliability, security, maintainability and portability. 

Each characteristic is composed of a set of related sub characteristics.  
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Figure 2.2 Product quality model ISO 25010:2011 

Bachiri et al. (2019) referred to ISO 25010 and other ISO quality model for the 

development of a requirements catalogue of personal health record for prenatal care. 

Similarly, Zapata et al. (2018) also referred to ISO 25010 for the development of a 

usability requirements catalogue. However, which model applies to which scenario is a 

somewhat blurry topic. Several experts outline that the dissection methods employed 

for quality characteristics are ill-defined, and even after using sub characteristics, most 

of them aren't defined enough to be taken directly. Regardless of the fact that the newer 

ISO/IEC 25010 possesses many updates, such as the reference ISO/IEC 25020, the 

expert's concerns still stand as detailed measurements are still lacking. 

However, ISO 25022 and ISO 25023 provide detailed measurement for both quality in 

use and product quality. Most of the defined measures in the standard permits them to 

be tailored to fulfill specific needs.  Additionally, it offers insight in use of ISO/IEC 

25022:2016 for measuring usability in ISO 9241-11 and a quality in use evaluation 

process. Similarly, ISO 25023:2016 measurement of system and software product 

quality  delivers a basic set of quality measures for each characteristic and sub 

characteristic defined for product quality in ISO 25010:2011 with an description of how 
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to relate software product and system quality measures. This International Standard 

does not give ranges of values of the measures to rated levels or to grades of compliance 

because these values are described built on the nature of the system, product, or a part 

of the product, and dependent on factors such as category of the software, integrity 

level, and users’ needs. Therefore, relationship between ISO25010:2011and 

ISO25022:2016 and ISO25023 serves as a guide and support to develop the proposed 

model.  

 

Figure 2.3 Relationship between ISO Quality models 

Figure 2.3 above shows clear relationship between ISO/IEC 25010 and ISO/IEC 25022 

and ISO/IEC 25023 that needs to be highlighted in a model and helps to map these 

characteristics, Sub-characteristic and related metrics with characteristics, sub 

characteristics and measures.  

Quality in use integrated measurement (QUIM) is also a model that is designed 

especially for measurement practice by Seffah et al. (2006). QUIM is a multilayered 

hierarchical model. This model followed FCM model to the quality attribute usability. 

The structure of this model is divided in five different levels which are called factors, 
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criteria, metrics, data and artifacts. This consolidated model divided usability into 

Factors at conceptual level, criteria at operational level and finally into specific metrics 

at measurement level then data and lastly artifacts. 

 

Figure 2.4. The hierarchy of QUIM (Seffah et al., 2006) 

The relationship between the elements of these layers is an n-m relationship. Factors in 

this model are applicable as generic characteristics to all software products and the 

model is open to context-specific characteristics. The model refines factors 

(characteristics) into criteria (sub-characteristic) then maps the criteria into usability 

metrics. At the top of the hierarchy is quality in use which is the perception or feeling 

of the user about the software quality.  Whereas a factor is an attribute or characteristic 

of the user interface that a user sees in terms of quality in use of the software product. 

Similar to other models a criterion is a subfactor or sub characteristic of the software 

product. Metric is a function whose output is a numeric value that summaries the status 
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of specific user interface characteristic. Data is used to calculate metric it could be 

countable or calculable.  

It supports relationship between characteristic, sub-characteristic and metric thoroughly 

and leads to arrange view of model applicability. The QUIM model consists of ten 

factors (characteristic) and 26 criteria. The ten characteristics in the model are 

accessibility, effectiveness, efficiency, learnability, productivity, safety, satisfaction, 

trustfulness, usefulness, and universality. Figure 2.4 below show the relationship 

between factors and sub-characteristic and metrics. 

 

Figure 2.5. The example of QUIM components relationship (Seffah et al., 2006) 

According to Seffah et al. (2006), the model can provide a basis for characteristic’s 

development in many environments with independent characteristics, especially for 

mobile application. QUIM model also guides in generating suitable usability 

measurement based on particular study needs and able to provide reasonable sub-
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characteristic (Seffah et al., 2006). It is also one of the most used measurement models 

for usability evaluation in general (Heo et al., 2009; Holzinger et al., 2008).  

However, the FCM decomposition doesn’t provide any means for precise structuring, 

the factors used in the QUIM model are not independent. The same problem arises with 

the criteria in the level below the factors: They contain attributes as well as principles, 

e.g. minimal memory load, which is a principle, and consistency which is an attribute. 

They contain attributes about the user (likeability) as well as attributes about the product 

(attractiveness) (Winter et al., 2007).  Although consolidated models advance on this 

by providing a more detailed presentation of the relations between criteria and factors, 

they still lack the desired degree of detail. An example is the relationship between the 

criterion feedback and the factor universality presented in (Seffah et al., 2006).  

Although these two items are certainly related, the precise nature of the relation is 

unclear. Due to a lack of clear separation of different aspect of quality most existing 

models exhibit inhomogeneous sets of quality criteria. An example is the set of criteria 

presented in QUIM as it mixes attributes like consistency with mechanisms like 

feedback and principles like minimum memory load. The only limitation of this model 

is that it is too general and the descriptions on how to choose the criteria to their 

corresponding characteristics is minimal. However, to overcome the shortcoming 

mentioned in QUIM detailed qualitative research and systematic literature review is 

conducted before selecting the usability characteristics and sub-characteristics. 

Moreover, details presentation of characteristics, sub characteristics and metrics is 

provided in chapter 4 and chapter 5. Although, QUIM is suitable for evaluating the 

usability of both software and mobile application products.  
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Nielsen (1994) mentioned that the usability of a system may contain five quality 

components which include: (i) Learnability: How easy is it for the users to achieve basic 

tasks when they encounter the design for the first time? (ii) Efficiency: After the users 

have learned the design; how fast can they carry out the tasks? (iii) Memorability: When 

users return to the design after a period of not using it, how easily can they recreate the 

skill? (iv) Errors: How many errors do the users make, how simple are these errors, and 

how easily can they recover from the errors? (v) Satisfaction: How pleasant is it to use 

the design? To this extent, measuring the interface usability is an important and 

essential need for capturing the efficiency, effectiveness and accuracy of the application 

interface that will give customers full confidence, peace of mind and satisfaction. These 

five usability characteristics introduced by Nielsen (1994) have been used by many 

researchers to evaluate the quality of a system in terms of usability perspective. No 

doubt Nielsen usability model and heuristics are widely accepted but the fact is they 

were not created keeping mobile applications in mind (Machado Neto & Pimentel, 

2013). Currently, researchers are trying to develop heuristics special for mobile context 

due to the irregularities faced while using mobile devices with conventional desktop. 

Machado Neto and Pimentel (2013) performed evaluation on an android application 

with the Nielsen and its extended version for mobile devices and later identified more 

usability issues. Therefore, in real world environment, main problem faced by 

employing usability models to mobile devices is limitations of specific mobile 

applications for specific users and goals due to the dearth of exact usability definition 

and globally accepted concept. 

There are many usability evaluation models introduced for mobile application however 

does not comply much towards the real need of any mobile application. These models 

are seen to be in general for mobile application evaluation whereas unsuitable for any 
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specific mobile application to be evaluated due to the lack of certain important sub-

characteristic which general models unable to provide besides lack of appropriate 

descriptions of implementing the measures identified. 

mGQM is an approach with new metrics that concerned more on the mobile application. 

mGQM is divided into three measures, according to ISO 9241-11 (1998), such as 

efficiency, effectiveness, and satisfaction. There are accuracy, attractiveness, features, 

safety, simplicity, and time taken. The model consists of 23 sub-characteristic 

(questions) and 37 metrics which has the flexibility of adding and dropping the metrics 

according to a study. The questions were derived from the defined goals 

(characteristics), and metrics were created for providing answers to the questions 

developed (Hussain et al., 2012). The mGQM shows usability metrics that are capable 

of measuring a broad range of mobile application. The adding and dropping of a certain 

metric to suit application to be tested shows the generality of all application used in the 

study.  

The author also mentioned that application for the specific community should be tested 

by adding or dropping certain sub-characteristic and metrics which is seems to be a 

daunting task. The model has the need to be changed according to the application and 

might be problematic, when important sub-characteristic missed being tested in the 

process of adding and dropping, as no proper guidance is given. The model lacks 

adequate descriptions on how to choose appropriate usability measurements for a 

specific mobile application. The structure of the model is based on goal question 

metrics, whereby question(s) to a specific usability may not be easy to interpret.  

Harrison et al., (2013) introduced PACMAD (People at the Centre of Mobile 

Application Development) usability model in which the model intended to design on 
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the limitation with existing usability model for mobile devices. In PACMAD, measure 

identified are in terms of three characteristics; effectiveness, efficiency and satisfaction 

and additionally added with cognitive load, which was overlooked in the usability 

models previously. According to them, existing models for usability evaluation did not 

consider on mobility whereas it has been evaluated generally which complicates the 

practitioner work whereas they must define task model by including mobility aspects 

for usability evaluation. This might lead to lack of proper guidelines which leads to the 

introduction of PACMAD. This model also does not provide metrics and relationship 

with the characteristic for measuring usability of mobile application which make it 

difficult for practitioners to use it thoroughly (Saleh et al., 2015) as such, there should 

be a comprehensive guideline that may support a usability practitioner on how to choose 

certain characteristics within the model to evaluate the usability of a specific mobile 

application as suggested by Seffah et al. (2006) and Tan et al. (2013). Besides that, 

though these models are specific for mobile application. However, it lacks to cater for 

specific user mobile application focused on user requirements which is difficult to 

identify proper characteristics and measuring the usability.  

Till date there are only limited number of mHealth usability evaluation models has been 

introduced. The Health IT usability evaluation model is developed by Brown et al. 

(2013) to assess the health IT usability for evaluating mobile health technology which 

known as “(Health-ITUEM).” This model adopted definitions of usability from the 

technology acceptance model (TAM) and ISO 9241-11 provide the fundamental 

constructs of the Health-ITUEM, while concepts were identified from usability 

decompositions.  Health-ITUEM concepts include: Error prevention, Completeness, 

Memorability, Information needs, Flexibility/Customizability, Learnability, 

Performance speed, Competency and Other outcomes. However, this model does not 
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consider the existing gaps regarding chronic disease applications. such as accessibility, 

and unable to meet the requirements of intended users. Usability definitions from ISO 

9241-11 and technology acceptance model (TAM) provided the basic construct of it 

however the concepts were generated from (Nielsen, 1994), Shneiderman’s eight rules 

for user interface design (Shneiderman, 1998), and Norman’s seven principles for 

design (Norman, 1988). Moreover, this model was develop by evaluating the usability 

of a web-based system for scheduling nursing staff. 

A user context model and a set of usability attributes for developing mobile applications 

in healthcare was introduced by Kaur and Haghighi (2016). The context factors and 

usability attributes were identified through a comprehensive review of the relevant 

literature. However, this study does not implement systematic literature review for 

health care studies, nor they identify usability requirements for health care apps to better 

identify the relevant characteristics. This model consists of efficiency, effectiveness, 

satisfaction, learnability, cognitive load, memorability, simplicity and perceived 

usefulness. Moreover, this model does not provide a set of sub-characteristics and 

measures instead they design a framework for mobile health application development.  

An enhanced usability model for mobile health application was introduced by Kasali et 

al. (2019). This model extract usability characteristics from previous models such as 

PACMAD model and integrated measurement model(IMM) (Hasan & Al-Sarayreh, 

2015). Usability characteristics included in this model are satisfaction, efficiency, 

effectiveness, learnability, operability, universality and user interface aesthetics. This 

model comprises of 7 characteristics and 23 sub-characteristics. However, it does not 

provide measures instead it mentioned usability questions designed by Saleh et al. 

(2015), metric defined in GQM and few questions adapted from the IBM computer 
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system usability questionnaire (CSUQ). Moreover, they do not consider usability 

requirements of mHealth applications and do not perform a systematic literature 

relevant to mHealth apps. Hence, this model overlooks important characteristics, sub-

characteristics to measure mHealth apps usability. Accessibility and usability of 

features in usability evaluation models for mHealth applications is ignored and there is 

no specific mobile application usability evaluation model identified addressing this 

need.  

Therefore, it can be said that these models are too abstract and inadequate description 

leads to the need to produce a proper usability evaluation model to address the needs of 

patients living with chronic disease s. However, these models are general and applying 

them directly to specific application in health care such as chronic disease mobile 

application might be unsuitable. Since usability could not be measured with basic 

characteristics thus measurement guidance is needed for any usability evaluation to be 

conducted for such applications. This is due to the differences in features and functions 

in most of the mobile applications.  

A successful mobile application specifically for the chronic disease should be able to 

answer few questions such as: how user attitude affects the usage of the application? Is 

the application user friendly and enable user having full control over every task in the 

application? Thus, to answer these questions that arise, reliability of the usability 

measurement and method in measuring the usability should be practiced. Besides that, 

usability measurement should be decided based on user need, issue faced and usability 

requirement which is unable to do so without proper guidelines and difficult in 

concluding on how to use these models for evaluation for specific user mobile 

application. Above mentioned models apparently do not provide guidance in selecting 
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proper and adequate usability characteristics especially for specific user mobile 

application.  

Thus, existing model has been less defined, and measurement of the application 

basically depend on the practitioner merely. Some of the models were not tested and 

lead to less confident result produced during evaluation being conducted. This is rather 

discouraging especially for the domain of chronic disease applications. Thus, actions 

needed to be taken to ensure none of the mobile applications would be left behind 

without proper evaluation conducted. This will ensure applicability for the user towards 

using the mobile application to ease their chronic disease management.  

 

2.5 Applying ISO 9241-11 and ISO 25010-11 standards and Quality in Used 

Integrated Measurement to Generate Proposed Model 

Quality in use is defined in ISO/IEC 25010 as the degree to which a product or system 

can be used by specific users to meet their needs, to achieve specific goals with 

effectiveness, efficiency, freedom from risk, and satisfaction in specific contexts of use. 

Quality in use has a similar definition to the ISO 9241-11 definition of usability with 

the explicit addition of “freedom from risk”.  

Quality in use is defined as “the degree to which a product or system can be used by 

specific users to meet their needs to achieve specific goals with effectiveness, 

efficiency, satisfaction, and freedom from risk in specific contexts of use” It suggests 

the use of a software product or system can be measured and evaluated by the effect of 

the target system or software products when used by users of the implemented system 

or during field testing or prototype testing.   
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Thus ISO 9241-11 can be used to provide an elaboration of the concepts of 

effectiveness, efficiency, satisfaction used in ISO/IEC 25010. Whereas ISO/IEC 25022 

contains examples of measures for quality in use, including measures of effectiveness, 

efficiency and satisfaction. Moreover, when quality in use is specified, it relates to 

specified users meeting their needs to achieve specified goals with effectiveness, 

efficiency, satisfaction, and freedom from risk in specified contexts of use.  

Therefore, in this study usability issues faced by users in chronic disease 

management applications are identified and a list of usability requirement is 

identified to address the user needs through comprehensive literature review.  

Furthermore, an exploratory study is conducted, and real users were interviewed to 

identify their needs. A detailed analysis of interview results gave insight into the real 

user issues. Hence provide a list of usability requirements to meet the needs of user to 

help them achieve specified goals with effectiveness, efficiency and satisfaction and 

developers of future apps would be able to overcome the issues present in current apps.  

Systematic literature review (SLR) was performed by following the (Kitchenham, 

2004) to identify the usability characteristics and sub-characteristic for the usability 

model of chronic disease mobile applications. Five characteristics including Efficiency, 

Effectiveness, Satisfaction, Learnability, and Accessibility are identified through SLR. 

The identified usability characteristics were also supported by the ISO 9241-11 and 

ISO 25010-11 as shown in figure 4.2 

 Quality in Used Integrated Measurement (QUIM) is chosen as a guidance to assign 

suitable usability sub- characteristics to relevant characteristics in the model. QUIM 

model also guides in generating suitable usability measurement based on particular 

study needs and able to provide reasonable sub-characteristic (Seffah et al., 2006). It is 
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also one of the most used measurement models for usability evaluation in general (Heo 

et al., 2009; Holzinger et al., 2008).  

Therefore, by taking these into consideration, this study has used QUIM and ISO  9241-

11 and ISO 25010-11 as a guide in arranging the characteristic according to the related 

sub-characteristics and metric in ensuring a clear and adaptable usability model for the 

chronic disease mobile applications. The main aim of the usability model for chronic 

disease apps is to evaluate the usability of chronic disease mobile applications. The 

developed model comprises of characteristics, sub characteristics and metrics following 

the referred quality models. As part of generating metrics for the proposed model, the 

usability metrics are defined to each of the sub characteristic.
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Figure 2.6. Conceptual Framework
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Metrics are generated based on the operational definitions of usability characteristics 

and their corresponding sub-characteristics including the functionalities of chronic 

disease applications interface. The metrics are generated to provide information 

concerning user performance and satisfaction level after using the chronic disease 

applications interface. Therefore, by taking these into consideration, this study has used 

Quality in use, ISO 9241-11, ISO25010-11 and QUIM as a guidance ensuring a clear 

and adaptable usability model for the chronic disease management mobile applications.  

2.6 Summary 

Current research on the mobile applications evaluation and existing literature about the 

usability evaluation models for mobile applications has been discussed along with the 

current research on usability of mobile health applications. Thus, by identifying 

previous used models in usability evaluation and applying as basis for the study, this 

study attempts in developing more systematic model for usability evaluation of chronic 

disease apps.  
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CHAPTER THREE 

RESEARCH METHODOLOGY 

3.0 Introduction 

This chapter discusses the method used and processes involved in achieving objectives 

of the study. This chapter starts by presenting the research design of the study followed 

by all phases involved in identifying usability characteristic, sub-characteristics, 

metrics and development of usability evaluation model and its evaluation of chronic 

disease applications. 

3.1 Research Design 

To achieve the research objectives, deductive approach or also known as a “top-down” 

approach (Srivastava & Rego, 2011) has been applied. Through this method the 

usability characteristics have been derived from theoretical study in constructing the 

proposed model. Then the proposed model was verified by experts in knowledge and 

domain experts in medical and usability practitioners. The validation of the proposed 

model was done through domain experts and real users for applicability in usability 

domain through usability testing.
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Figure 3.1. Research Framework
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Figure 3.1 research framework illustrates the phases, activities involved and outcomes 

for each phase. Additionally, it also clearly illustrates the achievement of the objectives 

of the study. There were four phases in conducting this study 1) Theoretical study, 2) 

Exploratory study, 3) Model development and verification 4) Model validation. Each 

phase is explained in detail in the next sub sections of this chapter. 

3.2 Phase One: Theoretical Study  

The theoretical study was performed by reviewing the literature to identify the issues 

and gaps related to the domain of the study. Consequently, the main ideas were gained 

through the literature by reading the printed and online references. Among them are 

journals, proceeding papers, standards documentation, books and unpublished thesis. 

From the knowledge gained, the problem and scope of the study were defined. The first 

phase started with the literature review to identify issues related to chronic disease 

mobile apps from usability perspective including usability requirements. Followed by 

the appropriate method or techniques to represent the usability characteristic, sub-

characteristics, and metrics. 

The systematic literature review (SLR) by Kitchenham (2004) is mainly used to 

recapitulate the evidence from previous studies to obtain data used in summarizing 

empirical evidence of a method.  

SLR was used in reviewing the previous studies that are relevant to the usability issues 

in mobile application and especially in the chronic disease mobile applications. This 

step consists of theoretical analysis that collaborates three sub-steps which are planning, 

conducting the review, and finally documenting the review report. Results obtained 

from this phase were used as part of model development.  
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Figure 3.2. Systematic literature review by B. Kitchenham (2007) 

3.2.1 Planning the Review. 

This section refers to the strategy on specifying the research questions, developing, and 

validating the review protocol. With the increase in mobile health applications, it 

becomes important to focus on the usability of these applications. Evidence about 

usability and effectiveness of mobile health applications is limited but essential for 

effective implementation (Overdijkink et al., 2018). Usability  have been one of the 

main hurdle in the acceptance of mHealth technologies because mHealth apps are 

developed with little quality and tough to use, or exploited, which leads to unwanted 

results (Cho et al., 2018; Schnall et al., 2015). This problem is significant as previous 

usability guidelines are deficient to design efficient interfaces for mobile applications 

due to unique features and dynamic application context in mobile (Baharuddin et al., 

2013). Therefore, this study is intended to review existing studies on usability for 

chronic disease mobile applications in order to identify and prioritize the usability 

characteristics and sub-characteristics. It is important to note that previous studies and 
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models used different terms to address usability characteristics such as usability 

attributes, sub-attributes, characteristics, sub characteristics, factors, criteria, sub-

criteria, usability measures, usability goals and usability construct (Baharuddin et al., 

2013; Coursaris & Kim, 2011; Dubey et al., 2012; Harrison et al., 2013; Hussain et al., 

2013; Kasali et al., 2019; Seffah et al., 2006). However, ISO quality models used the 

term characteristics and sub-characteristics. Therefore, in this study the term usability 

characteristic and sub-characteristic are used to maintain consistency. The review could 

act as a starting point to introduce appropriate usability evaluation model for chronic 

disease mobile applications. Two research questions were defined to achieve the goal 

of this SLR. These two research questions are mentioned below: 

 

Q1: What are the usability characteristics for chronic disease mobile apps? 

This research question will help to identify the usability characteristics discussed in 

previous studies for mobile applications especially for identifying the chronic disease 

applications. To provide information about how the different characteristics of usability 

are handled in the selected articles according to the usability standards.  

Q2: What are the usability sub characteristics for chronic disease mobile apps? 

This research question will motivate to identify the usability sub-characteristic 

discussed in previous studies for chronic disease mobile apps. 

3.2.1.1 Developing and validating the review Protocol  

A review protocol is to identify the method that will be used to undertake a specific 

systematic review (Biolchini et al., 2005). A pre-defined protocol is necessary to reduce 

the possibility of bias made by researchers. For example, it is possible that the selection 
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of individual studies may be driven by researcher expectations. The review protocol 

begins with the collection of all papers from selected journals and proceeding paper. 

The researcher read the abstract of all papers and determines the area of research for 

each paper. The research that focuses on usability and chronic disease mobile apps was 

selected for further review. All papers selected were reviewed to search the usability 

characteristics and sub-characteristic suitable or discussed for chronic disease mobile 

apps.   
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Figure 3.3. Review Protocol for conducting SLR 

Figure 3.3 illustrates the review protocol in order to discover characteristics that influence 

usability of chronic disease mobile. Three criteria have been outlined in the refinement 

process to ensure the selected papers represents usability characteristics and sub-

characteristics in chronic disease mobile applications. Firstly, the usability characteristics 

should focus on the area of research which is usability evaluation of chronic disease mobile 

apps. Characteristics which do not focus on chronic disease application were omitted. 

Secondly, the characteristics selected were simplified to avoid complicated input in the 

proposed model and to avoid duplicate characteristics. The merge process combines the 

same meaning but different words for instances; “easy to learn” is similar to “learnability” 
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and “easy to use” is similar to “simplicity”. Thirdly, selected characteristics are then 

classified and supported by ISO quality models standards such as ISO9241-11 and ISO 

25010-11.  

3.2.2 Conducting the review.  

Second phase of SLR is conducting the review which consists of five phases such as 

identify relevant research, select primary studies, assess study quality, extract required data 

and synthesise data. The study by Kitchenham and Charters (2007) was used as a guideline 

for carrying out the research. After defining the questions, we started with the formulation 

of a formal search strategy to analyse all available empirical materials specific to the 

objective of this review. The plan involved defining the search space, which included 

electronic databases and printed proceedings as shown in Table 3.1. Then the inclusion and 

exclusion criteria were applied on the retrieved studies as explained in next section. 

3.2.2.1 Identify relevant research. 

Search for the relevant research was aimed to gather data related to usability 

characteristics and sub-characteristic for chronic disease mobile applications as well as 

usability evaluation for mobile applications. In this step, relevant information was 

garnered from several digital libraries such as articles, journal articles, books, 

proceedings, and other academic-related materials. Ddigital libraries were used to 

search for the information such as IEEE Digital Library, Association of Computer 

Machinery (ACM) Digital Library, SpringerLink, Science Direct, Taylor and Francis 

and Wiley Inter Science. Besides that, HCI and mobile health related journal 

publications and proceedings are selected between the January 2013 and Decemeber 

2017. 
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Journals articles were considered into the studies according to the impact factor as in 

Web of Science (ISI index) and listed in Scopus. All searches were based on title, 

keywords and abstract. For all the sources researcher used a set of simple search strings 

and key words to aggregate the outcome from each of the searches as shown in table 

below. 

Table 3.1 

Search string used to select papers for SLR 

Scope String 

Mobile 

context  

(smart phone OR mobile phone OR mobile device OR tablet) AND 

Software 

context 

(application OR app OR android) AND 

Usability 

context 

 (usability OR usable OR efficiency OR effectiveness OR 

satisfaction OR characteristic OR sub-characteristic) AND 

Medical 

context 

(mobile health OR mHealth OR medical OR chronic disease) AND 

Research 

context  

(evaluation OR assessment OR testing OR experiment OR approach 

OR measure) 

The searching keywords on “usability” term, in general, and focused on the discussion 

areas which are mobile applications and “chronic disease” OR “medical” AND 

“Usability evaluation” as shown in above table. Selection of the journal articles and 

conference proceedings were mainly done by taking usability studies in mind and 

relevant to the study. 
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Table 3.2 

Journal and Conference Proceedings 

Journal/Conference 

Proceeding 

Publisher Description 

International Journal of 

Human-Computer 

Interaction (IJHCI) 

Taylor and 

Francis Group 

Emphasizes human element about 

the system in which human 

function, operate, network and 

communicate. Empirical studies 

both quantitative & qualitative. 

Software Quality Journal Springer 

Science 

Comprises many collections of 

articles mainly on software quality 

and usability measurements 

Journal of Usability Studies Usability 

Professional 

Association 

Broad and standard collections of 

research articles from world experts 

on usability and evaluation issues.  

International Journal of 

Computer Science and 

Engineering 

Elsevier This comprises research articles in 

computing, communication, design 

and engineering which are related 

to the design, analysis, evaluation 

and application of novel interactive 

systems. 

Journal of Medical Systems Springer 

Science 

Discuss various research area about 

mHealth applications.  Design and 

usability issues of applications for 

chronic disease s 

Journal of Medical Internet 

Research (JMIR) uHealth 

mHealth 

JMIR 

Publications 

Specialized for uHealth and 

mHealth. It comprises of articles 

related to mHealth design, 

development and usability 

evaluation.  
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International Journal of 

Mobile Human Computer 

Interaction 

IGI Global Complete collection of research 

articles from international experts 

on the design, evaluation and use of 

innovative, mobile device, and 

wearable technologies 

International Conference on 

Human-Computer 

Interaction with Mobile 

Devices and Services 

ACM Annual 

Conference 

Discuss the challenges and potential 

solutions for effective interaction 

with mobile devices and services.  

 

3.2.2.2 Selection of Primary studies  

Papers that were selected from these journals and proceedings were categorized 

according to research type and knowledge area (Kitchenham, 2004). Then titles and 

abstracts were analyzed to determine the suitability of the paper for the studies and 

related areas. Related areas are such as usability of mobile applications, usability 

characteristics, usability models, usability evaluation for mobile, usability evaluation 

for chronic disease mobile application. Each study recruited from the initial search 

process was evaluated to decide whether or not it should be admitted as one of the 

selected studies. Once the exclusion on title and abstract were done, relevant papers 

were grouped and sorted according to their year of publication. Refer table 3.3 below 

Table 3.3 

Journal Articles and Conference Proceedings Downloaded 

Category Frequency 

 2013 2014 2015 2016 2017 

Usability And usability evaluation 17 20 15 20 12 



82 

Chronic disease and mobile health usability 16 25 19 22 20 

Other related to HCI 5 2 1 6 10 

Total  38 47 35 48 36 

 

Table 3.3 above shows papers that were selected, downloaded, and sorted according to 

journal and conference proceedings in accordance with the year of publication. Total 

of 204 journals and conference proceeding papers that were downloaded and used for 

further reading to select most relevant for the study. Inclusion and exclusion criteria 

were defined to determine whether a study should be included. The papers that 

conformed the following criteria were included: 

IC1. The paper is focused on Usability. 

IC2. The paper provides information about usability of mobile applications. 

IC3.The paper provide information about usability of mobile health and chronic disease 

application. 

The papers that conformed to the following criteria were excluded: 

EC1.The paper is not written in English. 

EC2.The paper was published before January 2013.  

EC3.The paper was published after December 2017. 

If the study was in English, and relevant to the search terms and published between 

January 2013 and December 2017 it was included. Similarly, studies that do not focus 

explicitly on usability or usability evaluation but only refer to chronic disease and 

medical mobile applications were excluded.  
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Figure 3.4. Prisma flow diagram for the searching process. 

Figure 3.4 above show the searching process for the selection of papers base on 

inclusion and exclusion criteria mentioned earlier.  

3.2.2.3 Study quality assessment and extraction of required data  

Quality assessment was used to weight the importance of each of the selected papers 

and guide towards the results discussion and interpretation of the findings (Kitchenham, 

2004). This systematic review followed the quality criteria used by Inayat et al. (2015). 

These criteria were initially proposed by Guyatt et al. (2008) for assessing the 

methodological quality of the primary studies selected for review. These quality criteria 

comprise questions provide a measure of the extent to which a study is satisfactory and 

will contribute to the scope of the investigation. These criteria cover thoroughness, 

trustworthiness, and significance of the studies. Inayat et al. (2015) mentioned that these 

quality criteria and measures linked to them are previously used in different systematic 

reviews (Dybå & Dingsøyr, 2008; Pacheco & Garcia, 2012) and they can be used to 
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identify the synthesis findings and result explanations (Kitchenham & Charters,2007). 

Each selected study was evaluated according to the quality assessment criteria using an 

ordinal scale instead of dichotomous scale for better categorization and rating of 

selected studies as shown in table 3.4 below. 

Table 3.4 

Sub-characteristic Response grading Grade obtained. 

Criteria Question Ordinal scale Result 

C1 Is the research 

aim/objective clearly 

defined? 

(1, 0.5,0) (Yes, 

nominally, No) 

24 studies, 92% 

C2 Is the context of 

research well 

addressed? 

(1, 0.5,0) (Yes, 

nominally, No) 

25 studies, 96% 

C3 Are the findings clearly 

stated 

(1, 0.5,0) (Yes, 

nominally, No) 

22 studies, 84% 

The first criterion (C1) involved assessing the objective of each study. This question 

was answered positively in 92% of the studies. The second criterion (C2) assessed 

whether the research context was properly addressed and described. This question was 

answered positively in 96% of the studies. In the third criterion (C3), we inquired about 

a clear statement of findings in each study. This question was answered positively in 

84% of the studies (Refer appendix C).  
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Figure 3.5. Journal Articles and Conference Proceedings selected for review. 

Figure 3.5 above shows the number of papers selected year wise. After completing the 

quality assessment papers that were selected then read carefully and thoroughly to 

identify the relevant characteristics. Following that a total of 26 papers were selected 

for depth review based on quality assessment performed (Refer Appendix B). Papers 

were then carefully reviewed and analyzed in identifying core usability characteristics 

that were used in this study on mobile applications, software usability, and chronic 

disease mobile application areas. It is learned that; many studies used similar usability 

characteristics with different words and terms. Characteristics that focused on mobile 

and chronic disease applications have been prioritized in this review.  

3.2.2.4 Synthesis of Data  

Once the data has been extracted, it was synthesized in a manner suitable for answering 

the review questions.  As previously mentioned, 26 studies were included in the review, 

First identified that out of 26 studies about 96% (25 of them) were published in journals, 

2% (1 of them) in conference.  
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Regarding the topics, out of 26 selected studies 100% were related to usability of mobile 

health and chronic disease apps.  

Further analysis showed that 19% (5 of them) performed systematic literature review, 

and the rest 76% (20 of them) performed usability testing, and evaluation using survey, 

interview, focus group and other research methods regarding mobile health 

applications. Finally, the results as reporting of the review were documented as 

answering the objective of the study (refer to section 4.3). 

3.3 Phase Two: Exploratory Study 

Exploratory study is performed to have a better understanding of usability requirement 

through user experience. ISO 9241-210 mentioned that “specifying the user 

requirements includes identifying the relevant usability requirements (i.e. criteria for 

effectiveness, efficiency and satisfaction in specified contexts of use)” Hence, Usability 

requirements depicts the degree of ease with which a system should be used.  

Employing requirements of the chronic diseases into the mobile applications would 

help to increase their usage rate by the patients.  Focusing and delivering users' 

requirements is one of the main criteria for producing useful and efficient technology-

based health applications (Mirkovic et al., 2014). A comprehensive analysis of “health” 

or "medical," apps found that most of the apps advertised as health related have partial 

functionality and do not offer tracking or data input options (Aitken & Gauntlett, 2013).  

Therefore, to improve the functionality of mHealth application high usability is 

necessity. An application with complex functionality would not be able to retain users 

for longer period. In addition, developers do not provide information about users and 

the degree to which apps are used over time.  
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Only number of download and user responses are available on app stores which lack 

validity and do not offer critical information such as,  why people download health 

apps, stop to use, continue to use, and excuses for non-continuance (Krebs & Duncan, 

2015).  

This study has investigated previous literature to identify the usability issues and 

usability requirements to overcome them. However, Lauesen and Younessi (1998) 

mentioned that “Although experts have the capabilities to foresee usability issues with 

a specific design, about 50% of the anticipated issues turn out to be incorrect, in the 

sense that users don't feel the issue”.  

Reynoldson et al., (2014) advised to involve users earlier in the production of health 

apps, as well as suggest combining user requirements with evidence-based content, as 

it will help to develop high-quality and user-friendly apps. However, theoretical studies 

about usability are important but interacting with real users who have special needs is 

vital. It opens eyes to their requirements and reveals some big coverage gaps. Chronic 

disease mobile applications are commonly developed using universal design attributes 

which reluctantly do not comprise on specific usability requirements. For example, a 

blind person unable to see image and texting and their requirements for mobile 

application basically towards more of audio. However, when the similar application 

being used by hearing-impaired people, their requirements would move towards more 

of images and multimedia as well as texts instead of voice rendition and audio output. 

This leads to the perspective that different users having different requirements. 

Therefore, besides theoretical study, one of the objectives of this study is to identify the 

requirements of the chronic disease mobile applications through interviews with real 

users to enhance the usability of mobile application for chronic diseases. 
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Interviewing when looking for requirements needs a wide range of opportunities. 

During the collection of requirements for the development of a new instrument, 

interviews are essential for comprehending user concerns (Lazar et al., 2017). 

Interviews taken during the beginning stage in the process are generally quite broad. 

What are the user's goals? How are they being met by current tools (if any are 

available)? What are the frustrations? The answers, opinions, or feedback in general to 

these questions should be devoid of external limitations. 

 Open-ended Questions are beneficial in grasping a stronger understanding of what 

transpires, as they produce an opportunity for the respondents to be flexible in their 

responses. This flexibility allows the respondents to answer the question completely 

without neglecting any details and offer and deeper understanding of the issue at hand. 

These types of questions often produce insights that are unavailable in close-ended 

questions. However, a large amount of data generated is harder to process, but that is 

the trade-off for insights (Lazar et al., 2017).  

Interviews are aimed at trying to understand the pros and cons of specific features of a 

proposed interface, users might be appropriate interviewees. Higher effort requirements 

also limit interview-based studies to relatively small numbers of participant (Lazar et 

al., 2017). Therefore, in this study interview was conducted with 10 users who were 

currently using any chronic disease mobile application, or they had prior experience of 

using any of medical application. Participants were gathered from the Pusat kesihatan 

University Utara Malaysia by using opportunity sampling technique.  

Opportunity sampling is a sampling technique used to select participants from a target 

group to take part in a research study. It consists of the researcher selecting anyone who 

is available and willing to take part in the study.  Chosen participants age ranged from 
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30 to 55 years old and were mobile application users for various purposes on daily 

basis.  

The purpose of the interview conducted with the real patients was to understand the 

requirements and their feeling as well as experience in using disease management 

mobile applications in daily life as a person living with a long-term disease. Open ended 

questions were designed by following the guidance provided by (Lazar et al., 2017) to 

address the user requirements in this study (Refer Appendix A). The interview 

questions cover (1) experience of using disease management apps (2) perceived 

effectiveness of health apps layout design (3) navigation structure (4) difficulty and 

challenges faced and (5) suggestion and reasons for health app use/non-use. Questions 

were presented to each participant in the same order as there was a necessary logical 

order. The interview took participants an average of twenty-five (25) minutes to 

complete.  

Their interviews were recorded audio outputs as most of them do not allow for video 

recording. Moreover, analysis is a major challenge as transforming raw recordings of 

open-ended responses to broad questions can take a great deal of time such as 10 h for 

a single hour of audio recording while deciding what is important and what is not and 

separating the good from the bad can be a challenge (Lazar et al., 2017). Therefore, 

instead of simply counting answers in different categories.  

Open-ended responses were examined qualitatively, and thematic analysis was 

performed. Thematic analysis is a “method of analyzing qualitative data which usually 

applied to a set of texts, such as interview transcripts and closely examined to identify 

common themes such as topics, ideas and patterns of meaning that come up repeatedly 

(Anderson, 2007). 
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Figure 3.6. Process of thematic analysis 

Therefore, to perform the thematic analysis all the mentioned steps in figure 3.6 were 

followed. As a first step researcher familiarize with the data by transcribing audio into 

the text form as initial notes. In next step initial codes were selected from the notes to 

organize data into meaningful group. These initial codes also depend on the purpose of 

the interview. Next, these codes were sorted into themes for example in this research 

code difficult to learn and video tutorial help are combined under theme learnability. 

Further the themes were refined and reviewed. Finally, the detailed results containing 

the comments from users are reported in appendix (Refer to appendix L). In this study 

Audio output of open-ended responses were turned into PDF files. The NVIVO 

software was used to analyse the comments by using manifest content analysis which 

is one of the qualitative techniques. The comments were gathered according to themes 

and matched in supporting the relevant nodes (refer to section 4.2) for detailed results. 

The identified nodes become as the usability requirements. Later, both findings of the 

usability requirements from literature review and interview were matched to avoid 

redundancy and become the revised list of usability requirements.  
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3.3.1 Results of interview 

During the interview, interviewees shared their experiences and issues they faced while 

using the mobile application. Which lead towards the identification of the specific 

usability requirement for chronic disease mobile applications (Scheibe, 2015). Since 

the users of chronic disease application are mostly adult people so they are more 

focused towards applications which are simple straight-forward so they can use them 

without the help of caretaker as it would help them to feel independent and confident. 

This leads towards more accessible, and easy to use applications for them.  

According to the interview, participants also agree that all they need from an application 

is useful content and robust enough to handle the error since they are rather slow 

learners. Most of the participants agree on difficulties faced using the applications such 

as difficult navigation structure and complex data entry method. Besides that, 

participants were also looking towards for video tutorial help so they can use 

application without making errors and learn to use without external help. Hence, all the 

issues mentioned by the users needs to overcome by considering the usability 

requirement so user experience better chronic disease apps and perform the functions 

of the app with effectiveness, efficiency and satisfaction to manage their disease.  

As stated earlier, using the NVIVO software, specific keywords also known as themes 

were identified and categorized together into themes. This helps identifying the 

frequency of the keyword being used by the interviewee in expressing their problems 

and requirements for an application. Table 3.5 below is generated through NVIVO and 

represents the themes and initial codes with the frequency of being mentioned in 

interview thus identified the usability requirements to overcome the issues mentioned 

by the users of chronic disease application through the interview conducted.  
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Table 3.5 

Nodes of the requirements from the interview  

Nodes  Frequency  

Usability Requirements  Usability Issues   

Accessibility  24 
 

complex navigation 

structure 

6 

 
Unable to zoom 1 

 
Unable to find help 

button 

3 

 
loading time 5 

 
Difficult to find 

settings button 

4 

 
undo button 5  

Aesthetics  26 
 

Small text size 4 
 

colour contrast 4 
 

Small screen 1 
 

Layout 8 
 

Icon style 9 

learnability  29 
 

Difficult to learn 9 
 

Difficult to use 1 
 

Medical terms 7 
 

No tutorial 3 
 

Readability 4 
 

Video tutorial help 5 

Push notification  10 

Notification and reminders  9 
 

wrong calculation 2 

Self-management  8 
 

Autofill problem 

while entering data 

1 

 
Difficulty in entering 

manual data 

6 

 
Difficulty in keeping 

record of medicine 

1 
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Table 3.5 above shows the usability requirements identified as themes from the real 

user experience matched with the requirements mentioned by the previous studies as 

discussed in chapter two refer to section 2.3. However, some unique issues were 

identified such as users mentioned about the wrong calculations performed by the apps 

while calculating their blood pressure. Although literature also discussed about ease of 

data entry but during interview users specifically mentioned about the autofill problem. 

Moreover, users suggest including undo option which previously not mentioned by 

literature.  Therefore, one of the reasons initiating the themes directly from the user was 

to ensure the developed model can meet the requirements of actual user in a specific 

context of use instead of using the sense and knowledge of a developer. This will 

provide more depth to ensure developed model focused on specific community rather 

than being deployed only from the support of literature.  

Usability requirements are the most significant aspect to give extra consideration in 

chronic disease apps so the intended user could use them with ease. According to the 

literature lacking some or all of these aspects could lead towards unusable application. 

This has been proved by the actual user through the interview conducted. Thus, these 

usability requirements were taken into consideration for measurement in the evaluation 

model proposed.  

3.4 Phase Three: Model Development  

In this phase usability evaluation model for this study was developed. The proposed 

usability evaluation model for the chronic disease mobile application is constructed 

based on the systematic literature review and requirements gathered from real users 

through interview. The model provides characteristics and sub-characteristic obtained 

using SLR and their relevant sub- characteristics. Five characteristics including 
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efficiency, effectiveness, satisfaction, learnability, and accessibility are identified 

through SLR., Efficiency is measured using three sub-characteristic including self-

management, reminder and loading time.  The sub-characteristic proposed for the 

effectiveness include accuracy, completeness, and fault tolerance. Satisfaction is 

determined by aesthetic and content, and learnability by simplicity and user guide. The 

sub-characteristic for the last proposed characteristic, accessibility, are operability and 

presentation (refer to section 4.1).  

Previous ISO Standards such as ISO 9241-11:2018, ISO25010-11:2011, 

ISO25022:2016 and ISO 25023:2016 were also used as a base for the construction of 

model and selection of usability characteristics. For instance, ISO/IEC 9241-11:2018, 

ISO/IEC 25010:2011 and ISO/IEC 25022:2016 have identified characteristics for 

quality in use of the system. Efficiency, effectiveness and satisfaction were the key 

characteristics supported by these models. Similarly, learnability, and accessibility are 

the key characteristics identified and supported by ISO/IEC 25010 and ISO/IEC 25023. 

These standards are discussed in detail in second chapter (refer to section 2.4).  

Furthermore, the QUIM by (Seffah, et al., 2006) was also used as a supporting model 

to link the usability characteristics and sub-characteristic based on their relationships 

apart from ISO quality standards. As part of generating metrics for the proposed model, 

the usability metrics are defined to each of the sub characteristic. To create substantial 

usability metrics to the generated, the defined metrics from ISO 9241-11 (2018), 

ISO25010 (2011), ISO25022 (2016), ISO 25023 (2016) and other usability studies such 

as mGQM (Hussain et al., 2013) and QUIM (Seffah, 2006) were critically analysed and 

employed with little modifications to suit this study. Moreover, the usability 

requirement and literature reviewed was also considered while selecting metrics (refer 



95 

to section 4.4). The detailed process of proposed usability evaluation model 

development is discussed in chapter four.  

3.4.1 Model verification  

Verification is a procedure for ensuring that the model and the components as well as 

other entities within the model are consistent, accurate and complete for its purpose or 

determine whether the model is being built in an orderly approach (Beecham et al., 

2005). It is believed that conducting expert’s verification is a significant technique to 

identify and remove faults in the defined constructs (Wiegers, 2002). Moreover, it can 

be easily conducted, faster and involve less cost. In this study, the model verification 

was intended to verify that the findings from theory such as characteristics and usability 

requirements are implemented accordingly to the proposed model, and the metrics are 

related to the functions of chronic disease mobile applications. Moreover, to check the 

usability characteristics and sub-characteristic in the proposed model are within the 

usability measures of HCI (Coursaris & Kim, 2011; Nielsen, 1994; Seffah et al., 2006).  

To conduct the verification experts were chosen among the knowledge experts 

(academicians) and domain experts as suggested by Hallowell and Gambatese (2010). 

The sub-characteristic of the knowledge experts include: i) currently in the field of the 

study, ii) faculty members at an accredited university, iii) PhD holder in the field of 

study, iv) have at least 5 years of experience in usability research area.  Similarly, 

domain expert from software industry practitioners: i) educational background with 

minimum masters, ii) currently working in a software house or related industry, iii) at 

least two years experienced of developing mobile applications. Domain experts in 

medical were i) currently working in the field of medical ii) faculty member of 

government or semi-government hospital iii) specialized in chronic disease or work as 
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general physician who treats chronic disease patients iv) minimum five years of 

experience to treat chronic disease.  

Experts were contacted via email for seeking their acceptance and arrangement of the 

expert review to be done. Having received sufficient number of experts; 3 to 5 person 

(Nielsen, 1997) the arrangements to conduct the verification were done. Forty (40) 

experts were contacted through email however only twelve (12) responded and willing 

to verify the proposed model which includes four (4) academician as knowledge 

experts, four (4) usability practitioners from application development industry and four 

(4) domain expert such as medical doctors which is considered sufficient (Nielsen & 

Molich, 1990; Shneiderman, 1998) (Refer to appendix E).  

Among the twelve (12) experts, six (6) experts agreed on face-to-face meeting which 

were arranged later and held with the experts. While five (5) other experts agreed in 

doing the review through online due to busy work schedule and remote location that 

make unable to set appropriate meeting. As for the experts that were unable to arrange 

for face-to-face meeting, expert documentation was then sent through Email. 

Verification form was developed by using google docs which considered by researchers 

as a reliable and efficient way to collect and analyze the results. The email containing 

google docs link has been sent to all experts (Refer Appendix H). However, the 

suggestion received from experts by email and face to face.  

The verification form contains three sections; section A is the expert profile, section B 

is metrics with corresponding sub-characteristic and usability characteristics in the 

proposed model, Section C contains a questionnaire. The questionnaire is originated 

from Beecham et al., (2005) with little modification and it contains five measurable 

factors with two (2) scale options; “Agree”, or “Disagree”. The measuring factors used 
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to build the questionnaire includes: 1) Consistency, 2) Understandable, 3) Ease of use, 

4) Tailorable and 5) Verifiable. However, the overall impression to measure experts’ 

opinion about the model was also included in the questionnaire (Abubakar et al., 2015). 

The five dimensions are used for the expert to judge the model in terms of its originality 

and acceptability in use for usability practitioners and research purposes (Beecham et 

al., 2005).  

The verification form contains details about the model which includes the grammatical 

structure of the model, components of the model and relationship that exist between 

each entity in the expert’s questionnaire in which the model is judged. Proposed model 

was also provided in graphical form in the verification form for better view and 

understanding for the experts.  

Feedback collection took more than 6 months to complete. The comments and 

suggestion by the experts were analyzed for improvement of the proposed model. 

Results for the questionnaire were analyzed using Software Package for Social Sciences 

(SPSS) tool and average percentage were extracted for all the experts’ answers for 

modification of the proposed model. Details on the expert verification are further 

explained further in (Refer to Section 5.1). Figure 3.7 below show the verification 

process. 
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Figure 3.7. The verification procedure 

3.5 Phase Four: Model Validation  

Model validation is defined as the ‘substantiation that a model within its domain of 

applicability possesses a satisfactory range of accuracy consistent with the intended 

application of the model (Sargent, 2013). The validation phase was implemented in two 

steps. First step was conducted with the knowledge experts and usability practitioners 

such as application developers through focus group method to evaluate the identified 

criteria.  In second step usability testing was conducted with actual chronic disease 

patients to ensure the developed model is capable to be applied in the real-world 

environment and reliable data can be obtained. Data gathered by performing both steps 

was analyzed, and results were used to declare the validation of the model.  
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3.5.1Validation through focus group 

Focus groups are particularly useful in exploratory research without strict preconceived 

ideas, as it allows for collection of new insights and is a convenient way to collect data 

simultaneously from several knowledgeable people (Martakis & Daneva, 2013). The 

major advantage of this method is its natural setting. Information is expressed in 

participants own words and context without have constrained categories as it is very 

reliable and convenient technique to collect feedbacks for validation studies from 

domain experts (Martakis & Daneva, 2013).  

The model validation was conducted through criteria of measurement to ensure the 

applicability of the model and the accuracy of the metrics to be measured for usable 

mobile application development. The experts in focus group validation procedure 

validated the proposed model and judge the model for its feasibility to be implemented, 

with set of validation criteria which are used to determine accuracy for validation in a 

real-world environment (Al-Tarawneh, 2014; Mohamed et al., 2015). Moreover, the 

success of this approach depends on the quality rather than the quantity of the responses. 

Therefore, the literature on the use of focus group in health care and software 

engineering is also expanding (Martakis & Daneva, 2013; Robinson, 1999). Motivation 

for using a focus group research method is because it matched with research goal, cost-

effective, recommended by other software engineering researchers for research (Kontio 

et al., 2004).  

Focus group namely comprise of four (4) activities to conduct the defining objectives 

of the focus group, identification of participant, meeting scheduling and material 

preparations. The main objective of conducting this focus group is to evaluate and 

validate the developed model in term of its capability to be used in real world 
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environment implementation. Therefore, the developed model is validated through 

expert evaluation conducted with two focus group sessions which was participated by 

knowledge experts and domain experts. Participants were chosen by using purposive 

sampling technique which is a non-random sampling technique that widely used in 

identifying people willing to provide information by virtue of their knowledge 

(Liamputtong, 2011; Ritchie et al., 2013). A detailed discussion is made about focus 

group in chapter 6. 

Validation measurement to evaluate the proposed model is adapted from studies of 

Abubakar et al. (2016) and Mohamed (2015). The measurements were used in 

Mohamed et al. (2015) who have adopted the measures for evaluation of the ESPAC 

model to examine the practicality of the model implementation based on the domain 

expert view. Similarly, Abubakar et al. (2016) has adapted the measure for the 

validation process of the m-banking application usability model and Nathan (2017) has 

adapted the measure for the validating process of the hearing impaired mobile usability 

model. Thus, in this study, the measures are adapted for validation of the proposed 

usability evaluation model for chronic disease apps. Table 3.6 below shows the 

measurement for the validation process which consists of five variables with two-scale 

namely, Agree and Disagree. The feedbacks on the validation of the proposed model 

by the domain experts are discussed (Refer to Section 6.2 and 6.3) 
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Table 3.6 

Validation Measures for the Proposed Model Evaluation 

Validation Sub-

characteristic  

Variables 

Gain Satisfaction  Perceived usefulness 

Decision support satisfaction 

Comparing with the current method 

Clarity 

Appropriateness for task 

Interface Satisfaction  Perceived ease of use 

Internally consistent 

Organization (Well organized) 

Appropriate for the audience 

Presentation (readable and useful format) 

Task Support Satisfaction  Ability to produce expected results 

Ability to produce usable results 

Completeness 

Ease of implementation 

Understandability (easy to understand) 

 

The data was collected from the participants and analyzed. While results collected from 

the experts were analyzed and average percentage of each variable were obtained. The 

detailed explanation can be found (Refer to Section 6.2 and 6.3). Figure 3.8 show the 

flow of validation procedure   



102 

 

Figure 3.8. The validation process conducted through focus group. 

3.5.2 Usability Testing 

The second part of the model validation was conducted with the actual chronic disease 

mobile applications users through usability testing. Usability testing was conducted to 

support the model validation in ensuring the reliability of the data obtained through the 

developed model. Besides that, through usability testing real-world environment of data 

collection with the chronic disease patients was also identified. However, it has to be 

noted that purpose of the usability testing in this phase is only to validate the reliability 

of the data collected and does not comply on reporting complete usability results in 

detail which is left for future study of this research due to time and cost constraint 

involved. Evaluation of commercial app usability can include laboratory testing, field-

based evaluations, and reviewing ratings  with user feed-back (Jake-Schoffman et al., 

2017). Laboratory-based testing can be helpful, especially when usability needs to be 
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assessed in a specific population who may have different characteristics (Sarkar et al., 

2016).  However, laboratory based  testing may not represent how users will interact 

with the app in normal routine (Reynoldson et al., 2014). Hence, it highlights that more 

extensive field testing may be necessary.  

To identify participants was quite challenging because patient details and their medical 

history is not provided without their permission in any part of the world and mostly 

hospitals do not practice this thing not even for research purpose. This is one of the 

challenges that are faced by many practitioners in real world situation (Genov et al., 

2009). Therefore, testing was not able to be conducted with large number of people due 

to extra care and people presence that is important besides main concern to ensure 

testing is conducted as prepared. 

To practice the evaluation through developed model the usability testing was conducted 

in both controlled environment and in real world environment with actual users with 

two sample of chronic disease mobile application. Participants were assigned few tasks 

in a selected mobile application for chronic disease patients and the process was 

recorded (Refer Appendix F). This usability testing is conducted to provide reliable 

validation for data collection with the developed model for any intended chronic disease 

application in real environment.  

The purpose of usability testing is to assist in model evaluation alongside to support 

agreement of the expert validation evaluation that was discussed in earlier section. 

3.5.2.1 Implementing usability testing  

There are four (4) activities involve in implementing the usability testing, objective of 

the usability testing, identification of participant, evaluation scheduling and material 
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preparations. The main objective of performing usability testing was to validate the 

developed model in term of its practicality for real world environment implementation 

with actual user in validating the acknowledgement of reliable data gathering. Two 

different types of operating system were used: Apple iOS and Samsung Android. 

Patients alternated between accessing the app on the apple and the android smartphones. 

A video camera was used recording both sound and the participant’s face and smart 

phone to record their hand movements. Du recorder for Android and screen recorder 

for iPhone was used for recording the whole evaluation process and a gadget for 

calculating time documentation for participant (Refer Appendix F).  

Two sample mobile applications for chronic disease were used in usability testing, and 

purposive sampling was used in recruiting participants. The mobile applications that 

were chosen for the user evaluation were “Glucose Buddy” and Medi-safe. Both 

applications are used chronic disease management. It helps users to monitor their blood 

glucose, blood pressure, weight management and add custom medicine and food. 

Glucose buddy application is awarded as number one disease management application 

since past (9) years by American Diabetes Association, Diabetes health magazine, 

NYTimes and many others. Fortunately, this application is free to download on both 

stores. Similarly, Medi-safe is also ranked number one by pharmacists in an 

independent study (Heldenbrand et al., 2015).  

In a recent study conducted by the prominent IQVIA Institute for Human Data Science 

(previously QuintilesIMS), in November 2017 designated Medi-safe as the “Top Free 

& Publicly Available App for Medication Management. Participants for the usability 

testing were selected who were chronic disease patients such as diabetic or high blood 

pressure patients who take medicine and measure their disease on a daily base. 
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Literature mentioned diabetes, blood pressure, and hypertension as rapidly increasing 

chronic diseases (Ramirez et al., 2016). 

To find respective respondent Pusat Kesihatan University Utara Malaysia visited many 

times and flyers were posted in the same clinic. Moreover, random people were asked 

at the clinic if they have any medical history of chronic disease. However very few 

people were found who agreed to join usability test at human research lab of school of 

computing at in University Utara Malaysia in a control setting. Moreover, Lazar et al. 

(2010) mentioned the best way to recruit users is usually to partner with a community-

based group that focuses on the impairment of interest to the research. It is usually good 

to approach organizations for help in recruiting users  

Therefore, rest of the participants were collected from Klinik Kesihatan Bandar Alor 

Stear Diabetes Unit, with the help of Dr. Rajan John who is current director at Puta 

Medical Centre Alor Stear and one of the domain experts who verify the model at 

verification phase. He asked the patients if they want to participate in the research and 

discuss in detail about how the testing will be conducted by using a chronic disease 

mobile application. After discussion about participation in the research, with the 

permission of patients he shares their contact number who later contacted through 

phone calls and face to face meetings. 

Purposive sampling was used to select the respondents as it suggests that based on the 

intention or the purpose of study. Only those elements are selected from the population 

which suits the best for the purpose of our study. Therefore, we contacted different 

people who were coping with any chronic disease and willing to participate. All 

selected participants were diabetes or high blood pressure patients as these two are the 

most prevalent chronic disease and their patients were easily available.   



106 

For any usability testing, the number of participants depends on time and strength to 

analyze the data (Dumas & Redish, 1999). For studies that incorporating patients or ill 

people, this is rather more challenging to gather some specific amount of user to 

participate. Besides that, finding appropriate participant who monitor their chronic 

disease with mobile apps was a challenge in Malaysia.  

Moreover, according to Lewis (1994) and Virzi (1992) observing four or five 

participants will allow a usability practitioner to discover 80% of a product's usability 

problems. Lazar et al. (2017) also mentioned that 20 or more users can generate 

convincing results but finding the suitable respondents can be particularly challenging 

for research involving people with disabilities who often face significant challenges in 

transportation and visiting research lab could be difficult and studies with these users 

often consider smaller size less than 20.  

Therefore, this study considered total of twenty (20) users to participate in the 

evaluation. The participants were adults aged between thirty (30) to sixty (60) years old 

with prior experience using smartphones and applications. They were approached 

through phone calls and face to face meetings. The usability evaluation was conducted 

with few participants at human research lab at school of computing university Utara 

Malaysia while the field testing was done with individuals in real world environment. 

Further details of participant recruitment discussed in Section 6.4. Figure 3.9 below 

show the complete procedure to perform usability testing. 
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Figure 3.9. Usability testing procedure 

3.5.2.2 Data collection and data analysis method 

Usability test instruments provide a significant result on the testing conducted (Dumas 

& Redish 1999). Designing appropriate test instrument will ensure yielding applicable 

result in achieving objective of any study. Two instruments were used which are the 

task sheet and satisfaction rating form according to the developed model. All the tasks 

derived (Refer Appendix F) is ensured to be simplified according to the function of the 

selected application (Dumas & Redish, 1999). Besides task, post satisfaction rating 

scale items were also listed according to the subjective metric from the developed 

model (Refer Appendix G). The satisfaction rating form was distributed after the 

usability test experiment. 
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Participants’ feedbacks were collected, analyzed and reported. Two types of data was 

collected from the usability testing which is objective and subjective data as per the 

proposed model measurements. The metrics data was examined through SPSS to report 

on the findings. The demographic analysis was also reported. This method was 

determined to identify the ability to collect data in evaluating and therefore validate the 

proposed model. The objective data that was acquired from usability testing conducted 

from the actual user were summarized into three categories namely; time taken to 

complete task, total error rate and number of actions performed (Albert & Tullis, 2013; 

Sarkar et al., 2016; Sauro & Lewis, 2016).These categories are further explained below 

with matching objective metrics identified as shown in table 3.7 below.  

Table 3.7 

Objective Metric and Data Category (Sauro & Lewis, 2016; Albert & Tullis, 2013). 

Data 

category  

Related objective 

metric  

Description 

Time on 

task  

Time taken to 

complete a task 

Time taken to load 

application 

Total time spend on 

executing the task 

Time taken to respond 

to a command 

Time taken to load 

help menu 

Total number of tasks 

to complete a goal 

This task success level will be showing 

overall success level of user complete all task 

in certain time frame in using the application 

(Sauro & Lewis, 2016). 
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Time spend while key 

in data 

Time taken to learn 

using the application 

Time taken to select a 

task 

Time spends on 

successful login 

Total 

error rate 

Total number of 

errors 

Number of times 

application crash. 

Time spends on errors 

by users 

Number of times user 

undo actions that may 

lead to errors 

Number of errors 

during navigation 

Number of errors 

while key in data 

 

This exhibit combination of all the errors 

made during conducting all the task (Tullis, 

2008). 

Number of 

actions  

Total Number of 

interactions 

Number of clicks to 

find a call-to-action 

button 

This shows all the action required by the user 

in competing the task and successful in using 

the application (Tullis, 2008). 

 

These categories are commonly being used in usability testing to identify usability issue 

the application is having for general view (Sauro & Lewis, 2016; Albert & Tullis, 
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2013). Besides that, to further identify the success of any task completed in term of 

difficulty level, 4 (four) point scaling method to distinguish between different type of 

user as suggested by Albert and Tullis (2013) was used in the analysis of time on task. 

These four point scaling method is successfully used to analyze results of usability 

testing for hearing impaired mobile applications by (Nathan, 2017). The longer the time 

taken to finish the task, the more difficulty faced by participant in conducting the task 

(Sauro & Lewis, 2016; Albert & Tullis, 2013). Thus, range of time been used to identify 

the category of the rating score, difference of maximum and minimum time used in 

completing each task Thus, range of time been used to identify the category of the rating 

score, difference of maximum and minimum time used in completing each task that 

was obtained through observation during the evaluation further divided by four 

categories according to the four point-scoring. 

Table 3.8 

Four Point Scaling Method (adopted by (Albert & Tullis, 2013) and (Sarkar et al., 

2016) 

Rating Scale  Description 

No problem  Participants successfully completed the 

task without any difficulty 

Minor problem  Participants successfully completed the 

task but made slight mistakes but 

recovered quickly and successful. 

Major problem  Participants successfully completed the 

task but took longer time to recover from 

mistakes and struggled before 

completing the task 
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Failure or give up  Participant gave up before completing 

the task or moved to the other task by 

skipping the task before completing. 

 

The total error was also counted during the usability evaluation and average error rate 

per task by participant and average action for each task is reported in this section 

through count of total number of actions performed by the participants throughout 

conducting the task. Subjective data, on the other hand, was used in identifying overall 

satisfaction level of user towards the application being tested. 

The overall level of satisfaction was also obtained to answer the general question; how 

satisfying it is to use the application for the participants? To obtain this, difference of 

maximum and minimum scores was obtained which was further divided by three 

categorize the level of satisfaction of the user towards usage of the application into low 

satisfaction, medium satisfaction, and high satisfaction. Finally, the mean scores for 

overall usability characteristic in the proposed model for both objective and subjective 

data are calculated and reported to identify the level of usability according to 

characteristics in the model (Refer to Section 6.5). This usability testing emphasis only 

on validating data collection using the model. The analysis of both objective and 

subjective data yield to determine the reliability of the developed usability evaluation 

model in collecting data at real environment with the actual users. A detailed 

explanation is discussed in (Refer to Section 6.5). 

3.6 Summary  

This chapter described in detailed the methodology used in performing this study that 

consists of five phases: usability requirement gathering, usability characteristic 
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identification, model development and finally model evaluation. By executing these 

phases, the usability evaluation model for the chronic disease mobile application has 

been developed. Additionally, quality of the model is improvised and evaluated through 

verification and validation thoroughly. 
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CHAPTER FOUR  

MODEL DEVELOPMENT 

4.0 Introduction 

Findings from the theoretical and exploratory studies reveal the short comings of 

existing chronic disease mobile apps such as usability issues related to data entry, 

navigation and less usable features and so on. Moreover, lack of attention given to the 

user requirement and use of general usability to evaluate the usability of chronic disease 

applications and current usability model developed for mobile health does not perform 

systematic review to identify the issues in mHealth apps instead they adopt usability 

characteristics from previous usability model without proper arguments and 

justification which make them unrealistic. The solution for the shortcomings is 

proposed as a usability model for chronic disease evaluation. This chapter starts with 

the results of systematic literature review in section 4.1 Section 4.2 explain metric 

identification. Section 4.3 is about definitions and terms used in the developed model 

are discussed and Section 4.4 ends the chapter with a summary 

4.1 Reporting the Systematic Literature Review. 

In this stage, after the depth review of the selected papers completed, answers to review 

questions were generated, respectively. Usability characteristics and sub-characteristic 

that were identified are reported in the next subsection. 

4.1.1 Identification of Usability Characteristics 

Based on the papers reviewed, a total of 13 characteristics (Refer Appendix C) were 

identified from 26 selected papers through SLR. The usability characteristics 

considered in this model are the ones which were found in previous studies. These 



114 

characteristics were chosen based on the frequency being mentioned and used in 

literature for usability evaluation in general, mobile platform as well as for chronic 

disease and medical concerned. Figure 4.1 represents the frequency of usability 

characteristic being used in usability evaluation studies for mobile application. 

 

Figure 4.1. Frequency of Usability Characteristics Being Used in the Review Studies 

for Chronic Disease Mobile Application Usability Evaluation 

A detailed table about the frequency of literature mentioning the above usability 

characteristics in figure 4.1 is provided in appendix (refer to appendix C). The SLR is 

used in identifying characteristics that constantly being used in usability measurement 

of mobile application and chronic disease mobile applications. The initial investigation 

indicates that effectiveness, efficiency, and satisfaction are commonly used as a base 

characteristic to be measured in most of the studies related to chronic disease mobile 

applications and usability evaluation (Georgsson & Staggers, 2016; Meulendijk et al., 

2016; Stoyanov et al., 2015; Zapata et al., 2015). Similarly, in recent research authors 

also focus on the core characteristics of usability (Gray et al., 2016; Jake-Schoffman et 

al., 2017; Toribio-Guzmán et al., 2017; Ye et al., 2017; Zhou et al., 2017). Previous 

researcher also highlights the importance of these three characteristics for the usability 
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of mobile applications (Baharuddin et al., 2013; Tan et al., 2013; Coursaris & Kim, 

2011). Learnability is also found to be discuss in almost all studies related to chronic 

disease and medical apps performing usability evaluation.  Most of the usability related 

studies of chronic disease or health related apps perform usability evaluation of one 

selected app and found usability issues.  

In studies based on usability evaluation for mobile applications, the higher number of 

usability characteristics presented by Coursaris and Kim (2011) is sixteen.  Rest of the 

studies introduced a smaller number of usability characteristics. For instance, 

Baharuddin et al. (2013) presented ten usability characteristics for mobile applications 

usability evaluation. Whereas, Tan et al. (2013) presented nine usability characteristics 

for mobile applications and  Harrison et al. (2013) introduced PACMAD usability 

model which consists on seven usability characteristics. Hussain et al. (2013) develop 

a usability evaluation model for mobile applications with three basic usability 

characteristics such as efficiency, effectiveness and satisfaction.  

Therefore, Introducing many usability characteristics for mobile applications 

evaluation does not always reflect good evaluation approach, as it depends on the 

importance of such usability characteristics and how they support mobile application 

usability (Alnanih et al., 2013; Harrison et al., 2013). Furthermore, this study focuses 

mainly on chronic disease mobile applications unlike Brown et al. (2013), Harrison et 

al. (2013), Hussain et al. (2013) and other researchers mentioned above. Therefore, the 

number of usability characteristics may not necessarily be equal or more than with the 

model designed for evaluating the usability of mobile applications in general. 

Therefore, the most appropriate characteristics are carefully chosen based on their 

relevancy to usability of mobile applications and chronic disease mobile applications 
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while some are omitted to ensure the essential elements for the study which provide a 

reliable evaluation of mobile applications for the chronic disease. The identified 

usability characteristics are summarized further in next section. 

4.1.2 Summarization Process of Usability Characteristics  

Over the time, various definition and terms used to refer to the same usability 

characteristics, or different terms are casually used to describe related characteristics 

(Seffah & Metzker, 2004).  Because usability standards were developed by several 

teams of usability experts and/or software engineers. Unfortunately, each of them 

developed its own model without considering the inputs from other groups (Seffah & 

Metzker, 2004). Consequently, without consistent definitions, or an agreed-upon 

usability body of knowledge, it is complicated task for developers to handle usability 

(Seffah & Metzker, 2004). Moreover, usability standards always keep advancing, and 

the requirements of users are also altering quickly so new dimensions of usability have 

been introduced in some of the recent research (Alturki & Gay, 2019). A recent 

systematic literature mentioned that 91% of selected documents do not have usability 

definition. While over 90% of documents did not meet the inclusion criteria for 

analysis, however some documents provide valuable results (Weichbroth, 2020). On 

the other hand, few studies passionately provide new attributes with related` `unique'' 

measures, which typically involved unobservable properties, measured by a set of 

statements. Moreover, most of them lack theoretical support and empirical evidence to 

reveal their importance (Weichbroth, 2020). Most important thing to consider is some 

of the usability attributes might have similar meaning but are used with different names 

by various researchers (Alturki & Gay, 2019).  
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Similarly, Dubey et al. (2012) mentioned the present arrangements of usability 

attributes is conflicting. While the overlapping in them is also partial as they include 

the same attribute by using different terms or use same terms to describe various ideas 

which results in the fuzzy nature of usability attributes and overlapping definitions 

(Dubey et al., 2012).  

Considering the above discussion, the summarization process of the usability 

characteristics is done for removal of duplication of identified usability characteristics 

by systematic literature review in the figure 4.1 above. This study employed the 

summarization method used by previous researchers to identify the usability 

characteristics for the usability evaluation of general mobile apps (Baharuddin et al., 

2013; Coursaris & Kim, 2011).  

The identified usability characteristics are collapsed using the technique cited by 

(Coursaris & Kim., 2011). To maintain consistency and avoid redundancy of 

characteristic for measuring the usability of mobile applications, 1) define each 

usability characteristic according to the literature, 2) merged the usability 

characteristics that have the same meaning.  

For example, Coursaris & Kim (2011) mentioned that Nielsen (1993) defined errors as 

the number of such actions made by users while performing some specified task 

whereas Han et al. (2001) addressed errors through two measures: (a) error prevention 

(ability to prevent the user from making mistakes and errors) and (b) effectiveness 

(accuracy and completeness with which specified users achieved specified goals). 

Therefore, Coursaris & Kim (2011) proposed this summarization method and collapsed 

the errors, accuracy, and problems observed measures with effectiveness.  
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Similarly, usability characteristic efficiency is referred as the degree to which a product 

allows the tasks to be carried out in a quick and effective performance (Hornbaek, 

2006). It often tries to reflect usability characteristic’s ease of use, since the easier an 

application to be used, the less resources are spent during a given task. Whilst less 

resources may be achieved based on the capability of the application to help users 

achieve their tasks in a minimum number of steps. Thus, ease of use may be collapsed 

with efficiency usability characteristic (Coursaris & Kim, 2011).  

On the other hand, Baharuddin et al. (2013) mentioned compatible refers to the extent 

to which user interface is physically compatible with human abilities and limitations of 

input and output of information process and collapsed it under efficiency which means 

the degree to which the product enables the tasks to be performed in a quick, effective 

and economical manner (Han et al., 2001). Similarly, comprehensibility is defined as 

completeness of jobs done. Thus, collapsed it with effectiveness.  

Reliability is collapsed under  accessibility by Coursaris and Kim (2011) whereas 

Baharuddin et al. (2013) generalized safety and security under reliability. Based on 

above statements it is learned that different researchers combined different usability 

characteristics according to their perspectives.  

Hence, it is very difficult to specify precisely the measurable usability characteristics 

and their interpretations from different perspectives (Seffah & Metzker, 2004). 

Therefore, this literature review tried to summaries usability attributes according to the 

perspective of this research. Table 4.1 below show how the identified 13 characteristics 

are summarized into 5 characteristics using the above-mentioned technique.  
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Table 4.1 

Summarization Process of The Usability Characteristics 

No. Characteristics  Definitions  Source   Collapsed  

1 Efficiency “Resources used in 

relation to the results 

achieved. or the 

capability of the 

software product to 

enable users to expend 

appropriate amounts of 

resources in relation to 

the effectiveness 

achieved in a specified 

context of use”. 

ISO 9241-

11:2018 

Efficiency  

2 Ease of use  “ease of use is the easier 

a system is to use the 

less resources are 

consumed during the 

task”. “Broad measures 

of users’ overall 

satisfaction or attitudes 

towards the interface or 

user experience.” 

(Hornbæk, 

2006) 

(Coursaris 

& Kim, 

2011) 

3 Effectiveness “Accuracy and 

completeness with 

which users achieve 

specified goals, or the 

capability of the 

software product to 

enable users to achieve 

specified tasks with 

accuracy and 

completeness” 

ISO 9241-

11:2018 

Effectiveness  

4 Accuracy  “Accuracy is the extent 

to which an actual 

outcome matches an 

intended outcome” 

ISO 9241-

11:2018 
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5 Usefulness  “Usefulness implies 

that a software product 

has practical utility, 

which in part reflects 

how closely the product 

supports the user’s own 

task model” 

(Seffah, et 

al., 2006), 

 

6 Satisfaction  “Extent to which the 

user's physical, 

cognitive and emotional 

responses that result 

from the use of a 

system, product or 

service meet the user’s 

needs and expectations” 

ISO 9241-

11:2018 

Satisfaction  

7 Attractiveness  “It is the capacity of the 

system to be 

aesthetically pleasing to 

the user. It can be 

categorized depending 

on the type of sensation 

(visual, tactile and 

olfactory)” 

(Dubey et 

al., 2012) 

8 Learnability  “Degree to which a 

product or system can 

be used by specified 

users to achieve 

specified goals of 

learning to use the 

product or system with 

effectiveness, 

efficiency, freedom 

from risk and 

satisfaction in a 

specified context of 

use”.  

“The ease with which 

the features required for 

achieving particular 

goals can be mastered. 

It is the capability of the 

software product to 

enable users to feel that 

(Seffah, et 

al., 2006), 

ISO 

25010-

11:2011, 

 

Learnability  
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they can productively 

use the software 

product right away and 

then quickly learn other 

new (for them) 

functionalities”. 

9 Memorability  “It is defined as the 

property of the system 

that enables the user to 

remember the elements 

and the functionality of 

the system after a 

period of time” 

(Dubey et 

al., 2012) 

10 Simplicity  “It can be defined as the 

capacity of the software 

to be simple i.e. having 

minimum complexity. 

E.g. the command 

names should signify 

what work they do.” 

(Dubey et 

al., 2012) 

11 Understandability  “Whether users can 

understand how to 

select a software 

product that is suitable 

for their intended use 

and how it can be used 

for particular tasks” 

(Tan et al., 

2013) 

12 Accessibility  “Degree to which a 

product or system can 

be used by people with 

the widest range of 

characteristics and 

capabilities to achieve a 

specified goal in a 

specified context of use 

or the capability of a 

software product to be 

used by persons with 

some type of disability 

(e.g., visual, hearing, 

psychomotor)”. 

(Seffah, et 

al., 2006), 

ISO 

25010-

11:2011 

Accessibility 
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13 functionality  
“It means that a 

product without the 

right functionality is 

useless and causes 

dissatisfaction. A 

product has to fulfil the 

needs of a user” 

(Bevan, 

2008) 

This research collapsed ease of use under efficiency and accuracy and usefulness under   

effectiveness and functionality into accessibility as mentioned by Couraiser & kim 

(2011) Effectiveness is regarded as “Accuracy and completeness with which users 

achieve specified goals, or the capability of the software product to enable users to 

achieve specified tasks with accuracy and completeness” (ISO9241-11:2018). While 

accuracy is referred “The extent to which an actual outcome matches an intended 

outcome” (ISO 9241-11:2018). Whereas “usefulness implies that a software product 

has practical utility, which in part reflects how closely the product supports the user’s 

own task model” (Seffah, et al., 2006) based on above definitions in this research 

accuracy and usefulness collapsed with effectiveness usability characteristic. 

Moreover, satisfaction is defined as “Extent to which the user's physical, cognitive and 

emotional responses that result from the use of a system, product or service meet the 

user’s needs and expectations” (ISO9241-11:2018). It checks whether the user feels 

good, pleased and comfortable when using the mobile application product. While 

attractiveness is defined as “the capacity of the system to be aesthetically pleasing to 

the user. It can be categorized depending on the type of sensation (visual, tactile and 

olfactory)”. Thus, attractiveness is collapsed under satisfaction in this research as both 

refers to the use of a system to please the users.  

 Learnability is defined as the “Degree to which a product or system can be used by 

specified users to achieve specified goals of learning to use the product or system with 
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effectiveness, efficiency, freedom from risk and satisfaction in a specified context of 

use”.  Whereas Simplicity is defined as “the capacity of the software to be simple i.e. 

having minimum complexity. E.g., the command names should signify what work they 

do.” (Dubey et al., 2012).  Memorability is defined as “the property of the system that 

enables the user to remember the elements and the functionality of the system after a 

period of time” (Dubey et al., 2012). Another characteristic understandability is defined 

as “Whether users can understand how to select a software product that is suitable for 

their intended use and how it can be used for particular tasks”.  This is conceptually 

supported as an easy to learn system should be with minimum complexity that will 

make it easy to understand how to perform specific task and it will be easy to remember. 

Battleson et al. (2001) suggested that to improve usability an interface must be easy to 

learn, remember, and use, with few errors for its target users and the specific tasks it is 

designed to support. Thus, simplicity, memorability and understandability are merged 

into learnability.  

Moreover, Accessibility appears to be one of the most underserved research areas and 

there is a need to further explore accessibility including its role with the remaining 

usability characteristics (Coursaris and Kim, 2011). Accessibility is defined “Degree to 

which a product or system can be used by people with the widest range of characteristics 

and capabilities to achieve a specified goal in a specified context of use or the capability 

of a software product to be used by persons with some type of disability (e.g., visual, 

hearing, psychomotor)” (ISO25010:2011). Whereas functionality “means that a 

product without the right functionality is useless and causes dissatisfaction. A product 

has to fulfil the needs of a user” (Bevan, 2008). 
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Coursaris & Kim (2011) mentioned accessibility as the degree to which a system was 

accessible and refer functionality speak to this concept and collapsed it under 

accessibility. Following that, in this research functionality is collapsed under 

accessibility.  

Based on the literature and summarization, the learnability and accessibility 

characteristic appeared to be the latest characteristic for usability evaluation especially 

for chronic disease mobile applications usability. Additionally, upon review of the 

usability characteristics based on the empirical usability literature, it appears that 

efficiency, effectiveness and satisfaction are the three (3) main core constructs for the 

measurement of usability for mobile and software products.  

These attributes are also relatively easy to measure however, the focus on these 

usability characteristics implies that other usability characteristics such as learnability, 

memorability are not easy to evaluate, and this may be why their assessment is often 

overlooked (Harrison et al.,2013). Similarly, this model includes learnability and 

accessibility other than the core characteristics in context of chronic disease mobile 

apps. Moreover, the identified usability characteristics are also supported by the ISO 

quality models as mentioned in figure 4.3 below. 
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Figure 4.2. Characteristics selected for chronic disease mobile apps based on SLR 

Figure 4.2 above shows the usability characteristic chosen for the proposed model from 

the SLR findings as discussed above. 

4.1.3 Identification of Usability sub-characteristics. 

Many usability models have been proposed to measure the usability of a software 

system in terms of various characteristics. These usability characteristics are classified 

among sub-characteristics which are divided further into various measures because 

usability characteristic is not independent for usability evaluation but depend on the 

corresponding sub characteristics and measures. Moreover, some of the usability 

characteristics introduced in the literature are not clearly defined and may not be able 

to measure a particular aspect of usability (Seffah et al., 2006). Therefore, such 

characteristic needs to be broken into sub-characteristic in order to provide clear 

description on which aspect of usability it is going to measure (Seffah et al., 2006). 

Different ISO standards and usability models classify usability characteristics, 

attributes and factors into sub-characteristics, sub-attributes and criteria. For example, 

(ISO 25010:2011) mentioned quality in use model is composed of five characteristics 

(some of which are further subdivided into sub-characteristics) and product quality 
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model composed of eight characteristics (which are further subdivided into sub-

characteristics). Moreover  Tan et al. (2013) define 9 main attribute with 27 sub-

attribute, Alonso-Ríos et al. (2009) define 7 attributes with 21 sub attributes.  Seffah et 

al. (2006) develop QUIM with 10 factors and 26 Sub-characteristic  and (Hussain et al., 

2013) develop a model with 3 usability attributes 6 goals using goal question metric 

approach. Figure 4.4 below shows the selected sub-characteristics based on the 

frequency being mentioned from previous studies used in SLR (Refer to appendix D). 

 

Figure 4.3. Sub-characteristic Derived from SLR 

Hence second question of systematic literature review is answered by identifying 

usability sub-characteristics from reviewed studies.  The sub-characteristics were 

chosen based on agreeable and previously used in selected studies and were relevant or 

affect the usability of chronic disease mobile application. A total of 17 sub-

characteristics have been gathered to support the selected characteristics. However, to 

avoid redundancy, Coursaris & Kim (2011) summarization technique was used to 
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summarize the identified sub-characteristics as mentioned earlier to summarize the 

characteristics. Therefore, the sub-characteristics that have the same meaning and 

direction with others but different in words are combined as a single sub-characteristic 

to avoid duplication. Table 4.2 below show the summarization process of the sub-

characteristics. 

Table 4.2 

Summarization Process of The Usability Sub-Characteristics 

No. Criteria Definition Sources Collapsed  

1. Load Time “Time required for a 

Web page to load 

(i.e., how fast it 

responds to the 

user)” 

(Seffah et al., 

2006) 

Load time  

2 Feed back “Responsiveness of 

the software product 

to user inputs or 

events in a 

meaningful way”. 

(Seffah et al., 

2006) 

3 Attractiveness “The capability of 

the application to be 

attractive to the user 

or graphic design”. 

(Seffah et al., 

2006) 

Aesthetics 

4 Likeability  “User’s perceptions, 

feelings, and 

(Seffah et al., 

2006) 
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opinions of the 

product” 

5 Readability “Ease with which 

visual content (e.g., 

text dialogs) can be 

understood” 

(Seffah et al., 

2006) 

6 Aesthetics 
“Defined as the 

capacity of the 

system to please its 

user in sensorial 

terms depending on 

the type of 

sensation” 

(Alonso-Ríos et 

al., 2009) 

7 Self- 

descriptiveness 

“Capability of the 

software product to 

convey its purpose 

and give clear user 

assistance in its 

operation” 

(Seffah et al., 

2006) 

User-guidance 

8 User-guidance  
“Whether the user 

interface provides 

context-sensitive 

help and meaningful 

feedback when 

errors occur” 

(Seffah et al., 

2006) 

9 Operability  
“Degree to which a 

product or system 

has attributes that 

make it easy to 

operate and control” 

ISO25010:2011 Operability  
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10 Navigation 
“Whether users can 

move around in the 

application in an 

efficient way” 

(Seffah et al., 

2006) 

 Content  “Content is defined 

as the amount, 

variety, and 

relevance of product 

text, graphics, and 

multimedia” 

(Green & 

Pearson, 2011) 

 

13 Reminder “Reminder is a 

feature in an 

application that 

allows users to set 

notifications for 

themselves and 

create lists. 

(Pirani et al., 

2016).   

 

14 Self-

management 

“Self-management 

involves a patient’s 

ability to monitor 

his condition and 

employ cognitive, 

behavioural, and 

emotional strategies 

to maintain a 

satisfactory quality 

of life” 

(Jibb et al., 2017)  

15 Accuracy 
“Accuracy is the 

extent to which an 

actual outcome 

ISO9241-11:2018  
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matches an intended 

outcome”. 

16 Simplicity 
“Whether 

extraneous elements 

are eliminated from 

the user interface 

without significant 

information loss” 

(Seffah et al., 

2006),  

 

17 Presentation 

 

“Determine the 

appropriateness of 

the layout of menus, 

dialog boxes, 

controls, 

and information on 

the screen for data 

entry and output 

generation”. 

(Singh & Wesson, 

2009) 

 

19. Fault Tolerance “Degree to which a 

system, product or 

component operates 

as intended despite 

the presence of 

hardware or 

software faults” 

ISO25010:2011 
 

20. Completeness  “Completeness is 

the extent to which 

users of the system, 

product, or service 

are able to achieve 

all intended 

outcomes”. 

ISO9241-11:2018  
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Table 4.2 above show that the sub-characteristics feedback which “Measures the 

responsiveness of the application to user inputs in a meaningful way” (Seffah et al., 

2006; Tan et al, 2013) is collapsed under loading time which measures the time required 

for the application to load user task and how fast it responds to the users (Seffah et al., 

2006). This conceptually supported as both measure the responsiveness.  

On the other hand, attractiveness is known as “capability of the software product to be 

attractive to the user (e.g., through use of color or graphic design) and likeability is 

user’s perceptions, feelings, and opinions of the product which is similar to 

attractiveness of the product” (Seffah et al., 2006).  Likeability is defined as “user’s 

perceptions, feelings, and opinions of the product” (Seffah et al., 2006). Readability is 

defined as “Ease with which visual content (e.g., text dialogs) can be understood” 

(Seffah et al., 2006).  Aesthetics is defined “capacity of the system to please its user in 

sensorial terms depending on the type of sensation” (Alonso-Ríos et al., 2009). Whereas  

Moczarny et al. (2012) mentioned aesthetic as the basic feelings (excitement, 

disappointment, fear, etc.) and the user experience when looking at the visual product 

(involving: background patterns, colors, graphics and sounds used. The visual impact 

of the user interface and overall image or personality does the website depict to users 

through the use of graphical elements such as text and fonts, pictures, readability, 

graphics, visual load, and colors. Couraiser &Kim (2011) collapsed attractiveness with 

aesthetics however in this research attractiveness, likeability and readability are 

collapsed under aesthetics.  

Another, sub characteristics self-descriptiveness is defined as “Capability of the 

software product to convey its purpose and give clear user assistance in its operation 

(Seffah et al., 2006).  User guidance is defined as “Whether the user interface provides 
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context-sensitive help and meaningful feedback when errors occur” (Seffah et al., 

2006). Therefore, user-guidance is chosen as the Sub-characteristic representing both 

user guidance and self-descriptive. Besides that, navigation is similar with operability 

since it is providing easy control to operate application and navigation is easy move 

around in application (Seffah et al., 2006). 

Hence, operability is used here since it also one of must measure Sub-characteristic for 

accessibility when measuring website usability. Arnhold et al. (2014) mentioned in his 

research presentation and operability indicate very good accessibility for screen 

readers, especially for voice over offered by iOS. However, larger display and bigger 

illustrations are more suitable and user-friendly for elderly patients because their 

increasing age decline their cognitive and physical skills, such as eyesight, visual 

acuity, color vision, contrast detection, and hearing. This require great concern since 

these apps are dealing with medical parameters. Elderly patients have special needs to 

consider so they would benefit from a comprehensive and easily understandable support 

as already mentioned in above criteria.  

Rest of the identified sub-characteristics such as completeness, content, accuracy, self-

management, Reminder, fault-tolerance, simplicity, presentation are not combined with 

any other Sub-characteristic due to the independent characteristic. Thus, 17 Sub-

characteristics are summarized into 12 Sub-characteristic and classified under relevant 

characteristics as shown in Table 4.2. Ensuring the consistency and effective 

measurement are done, as well as by avoiding duplication in the selected criteria.   

4.1.4 Mapping Sub-characteristic to Usability Characteristics  

The selection of the sub-characteristics is based on the relationship that exists with their 

corresponding usability characteristics as described by Seffah et al. (2006) and Tan et 
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al. (2013). Seffah et al., (2006) decomposes usability characteristics (factors) into sub-

characteristics (criteria) and mentioned a quality criterion can be related to more than 

one factor and is directly measurable with specific measure (metrics). Seffah et al., 

(2006) mentioned QUIM used hypothesis to determine the relationship between 

usability factors (characteristics) and criteria (sub-characteristic) and these hypotheses 

require further evaluation. Moreover, some terms related to usability, such as usefulness 

and learnability, are represented in QUIM as factors (characteristic) and not as criteria 

(sub-characteristic) as in some existing hierarchical models.  According to Seffah et al. 

(2006), it is quite possible to have two or more different sub-characteristic measuring 

different usability characteristic. In addition, same sub-characteristic can be placed 

under different usability characteristic that corresponds to it such as memory load in 

QUIM model affect both effectiveness and efficiency. Similarly, this research 

categorizes the sub-characteristic to their corresponding usability characteristics based 

on the guidance provided by QUIM.  

Table 4.3 

Mapping Sub-characteristic to Relevant Characteristics 

Sub-

characteristics 

E
fficien

cy
 

E
ffectiv

en
ess 

S
a
tisfa

ctio
n

 

L
ea

rn
a
b

ility
 

A
ccessib

ility
 

Self-management  ✓     

Reminder   ✓     

Loading time  ✓     
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Accuracy   ✓    

Completeness   ✓    

Fault tolerance   ✓    

Aesthetic    ✓   

Content    ✓   

Simplicity     ✓  

User guide     ✓  

Operability      ✓ 

Presentation      ✓ 

 

In table 4.3 each selected sub characteristic is placed under usability characteristic 

defined earlier according to its relationship. They were matched with the chosen 

characteristics, while little modification made to suit the aim of the study which is 

focused on target users of chronic disease mobile applications. Self-management, 

reminder and loading time is placed under efficiency whereas accuracy, completeness 

and fault tolerance are placed under effectiveness. Similarly aesthetic and content are 

placed under satisfaction and user guide and simplicity are placed under learnability. 

Lastly operability and presentation are placed under accessibility. Metrics derived uses 

requirements obtained in earlier phase alongside with literature as guidance. Thereafter, the 

verification, validation and evaluation of the proposed model presented as a whole. 
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4.2 Identification of Usability Metrics 

The usability metrics are used as an instrument or mechanism to evaluate the usability 

of a software or mobile application products (Marcus et al., 2019). ISO standard 

mentioned three different categories of usability measurement such as effectiveness 

which is the completing task, efficiency which is described as the level of effort 

required to strive given task and lastly satisfaction which is described as the degree of 

enjoyment while performing the given task. These three categorise comprise a set of 

sub metrics which are used by usability practitioners in distinct usability studies 

(Marcus et al., 2019). Based on the above explanations, the use of metrics depends on 

the characteristics assigned to it. During the usability evaluation process, metrics are 

assigned to each of the corresponding characteristics and their associated sub 

characteristics.  

Moreover, metrics are cantered on functions that could be formula or countable data 

(Holzinger et al., 2008).  These metrics can be collected from raw data or gathered from 

sources such as log files, video observations, interviews, or surveys. Calculable metrics 

are the results of numerical calculations, algorithms, or heuristics that use raw 

observational data and countable metrics (Holzinger et al., 2008).  

Seffah et al. (2006) mentioned that metrics are chosen based on the relationship with a 

specific usability characteristic that corresponds to its sub-characteristic and the 

objective of the evaluation and identified 127 usability metrics by reviewing usability 

measurement standards and models. The main aim of this study is to propose usability 

evaluation model for chronic disease mobile application. As part of generating metrics 

for the proposed model, the usability metrics are defined to each of the sub 

characteristic. To create substantial usability metrics to the generated, the defined 
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metrics from ISO 9241-11 (2018), ISO25010 (2011), ISO25022 (2016), ISO 25023 

(2016) and other usability studies such as mGQM (Hussain et al., 2013) and QUIM 

(Seffah, 2006) were critically analysed and employed with little modifications to suit 

this study.  

In this study the selection of the metric for the measurement also considered the 

requirements of the chronic disease apps that have been analysed earlier and keeping in 

mind that the data to be collected is for mobile platform which differs from desktop 

platform (Hussain 2012). Moreover, the metrics are generated based on the operational 

definitions of usability characteristics and their corresponding sub-characteristics 

including the functionalities of chronic disease applications interface. In addition, many 

validated empirical studies for evaluating the usability of mobile applications have been 

considered for generating appropriate metrics as each selected metric is further 

explained in (Refer to Section 4.4.1) accordingly. The metrics are generated to provide 

information concerning user performance and satisfaction level after using the chronic 

disease applications interface. This is matched with the sub-characteristic to be 

measured and finally developed the measurable metric to gather both objective and 

subjective data.  

The metrics comprises of performance (objective) and preference (subjective). The 

objective metrics are used to collect data concerning actual user performance when 

carrying out a task, whereas subjective metrics are used to measure the level of 

satisfaction of end users. These metrics require a fully functional application. Hence, 

the selected usability characteristics, sub characteristics and metrics were used for the 

development of the proposed model. Therefore, based on the review of the existing 

empirical usability studies and usability measurement models, a total of forty-seven 
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(47) usability metrics have been identified and they are presented in next section. 

Usability metrics are listed below under their suitable characteristic and criteria.  

4.2.1 Usability metrics for the Proposed model  

4.2.1.1 Efficiency  

The following section discuss in details formulation of metrics for all selected 

characteristics and sub-characteristic. ISO9241-11:2018 define “efficiency as resources 

used in relation to the results achieved. Where typical resources include time, human 

effort, costs and materials”. Under efficiency characteristic, three sub-characteristics 

have been identified based on the functionality of chronic disease application. These 

sub-characteristics are self-management, reminder and loading time and metrics for 

each of them are discussed in detail below.  

A. Self-management  

“Self-management involves a patient’s ability to monitor his condition and employ 

cognitive, behavioral, and emotional strategies to maintain a satisfactory quality of life” 

(Jibb et al., 2017). Medical experts mentioned the use of mobile devices for effective 

management of diabetes, mental health, obesity and hypertension, to improve well-

being, physical activity and reducing health hazard (Sharon, 2017). Self-management 

is capable of successful chronic disease management that help patients to manage their 

therapy sessions or pursue medical assessments to retain control over their chronic 

condition (Con & De Cruz, 2016). Thus, self-management of mobile application should 

be considered to ensure the efficiency of chronic disease applications.  

1. Number of activities user can input on daily basis. A mobile app providing self-

management should support different task such as medication management, diet, 
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physical activity, weight, blood pressure, education, social media, alerts. For example, 

to measure blood glucose level or to take insulin dosage it is important to enter the 

information about daily nutrition and physical activity. Lack of data entry about the 

daily food intake is noticed which is significant to measure blood glucose and dosage 

of medicine required (Brzan et al., 2016). Therefore, it is important to measure the 

number of tasks user can input in app to track his progress regarding health on daily 

base.  

2. Time taken to fetch data from tracking devices such as smart watch. 

Self-management involves different tracking and wearable device such as smart watch. 

Smartwatches provide quick look to the messages and fast data entry, but this 

technology is still in its initial stages however it can make it simple for patients to self-

manage their disease (Brzan et al., 2016). The primary reason to stop using apps is their 

demanding nature of data entry. Users prefer apps that perform basic tasks such as 

synching their health records, give appointment reminders and automatically upload 

daily health status data (Krebs & Duncan, 2015). Therefore, it is important to measure 

the time application take to upload data from tracking device. 

3. Time taken to update self-management history. It measures the time an app is 

taking to update the self-tracking history. The self-tracking history is comprised on live 

data and this data keep changing at every moment such as number of steps taken so it 

is important to note the time app is taking to update the history 

4. Satisfaction with goal achievement. The main purpose of self-management is to 

support users to achieve their defined goals e.g completing a medication course or 

losing weight. The European Commission, in its Green Paper on mobile health, 

mentioned that mHealth change the passive role of patient and contribute to their 

empowerment as they can manage their disease by their own and live independently. 
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(Sharon, 2017). The hope with all of these devices is that they will enable people to 

achieve healthier habits and lifestyles and to better manage chronic conditions. 

Therefore, it is necessary to measure the level of satisfaction app is providing to user 

on completing their defined goal achievement.   

5 Satisfaction with the accuracy of data back-up  Chronic disease apps work like 

digital journals and allow user to log their symptoms and effectiveness of treatment and 

medication and rection to different environment and food so user can analyses their 

recorded data and visualize trends and symptoms peak (Sharon, 2017). Therefore, it is 

important to notice the satisfaction of user with the accuracy of data backup 

B. Reminder  

A reminder is a feature in an application that use push notifications to alert the user to 

take the correct medicine on time and record the in-take schedules for later review by 

the caregiver (Pirani et al., 2016).  Users of self-management such as diabetes benefit 

themselves from all kind of reminders such as reminders for measuring blood glucose, 

insulin therapy, meals, physical activity and taking notes for tracking physical and 

psychological well-being. In simple words a major feature of mobile health is to use 

notifications to alert users tailored to their information for increased effect (Lupton, 

2016). Moreover, the push notifications reduced the need for users to remember 

recommendations and medication time (Heffernan et al., 2016). Reminders for 

medication taking and appointments are commonly mentioned by users (Krebs & 

Duncan, 2015). In medical apps push notification can show the medication time, get a 

user to take an action, such as taking pills, walking or let a user know about an event, 

such as a free medical camp as well as a feature that prompt the user to partake in a 

specific behaviour through the use of predetermined alert. Health apps for dieters are 
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designed to encourage them to self-monitor by engaging them through push 

notifications. (Freyne et al., 2017). Moreover, studies showed that even an SMS service 

results in improved medication adherence (Brzan et al., 2016).  Therefore, reminders 

can play a big role in the efficiency of chronic disease apps. Thus, to measure this 

criterion the relevant metrics are given below: 

6.Total number of delivered notifications . Measure the number of 

notifications delivered to the users (Freyne et al., 2017). 

7.Total number of sent notifications. Measure the number of notification sent 

to the user (Freyne et al., 2017). 

8.Total number of dismissed notifications. Measure the number of 

notification user dismissed which show the interest of users in that task (Freyne 

et al., 2017). 

9. Total number of expire notifications Measure the number of expire 

notification because there should be a given time for each notification and after 

that it must be expired if user do not open it(Freyne et al., 2017). 

C. Loading Time 

This measures time needed for an application to load and how fast it responds to user 

inputs. (Seffah. et al., 2006). More ever, user shows improved satisfaction level if a site 

loads quickly where Nielsen (1995) suggest that a page speed in loading is beyond 

fifteen seconds while Hoxmeier and DiCesare (2000)  mentioned that users are 

intolerable when a page cross that speed that eventually suggested the limit should be 

twelve seconds instead of fifteen seconds as Nielsen suggested. This shows on the 
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impact of loading time having in satisfying user and if the application unable to deliver 

this expectation of the user, thus it will be abandoned. The metric to be measured are 

as below: 

10.Time taken to load application. Zapata et al. (2014) evaluated mHealth apps and 

find that 83% of selected apps display a splash screen that delays the loading of the 

first useful screen of the app. Therefore, it is important to measure the amount of time 

taken for the application to load and get ready to be used by the user. It affects user 

intention to become a returning application user which is determined by the amount of 

time application is consuming.  

11.Time taken to connect to network. Measures the amount of time the mobile device 

takes into connecting to Internet before an application is started to be used. However, 

this metric can be skipped if the application are compatible to be used while offline 

(Hussain et al., 2013).  

12.Time taken to respond. It measures mean time the by the system to respond to a 

user task or system task (ISO25023:2016). Some application consumes more time in 

identifying users’ credential while some application face trouble to start the application 

once users clicked on it since it has to load information before proceeding to user need 

in using the application.  

4.2.1.2 Effectiveness  

Effectiveness “refers to accuracy and completeness with which users achieve specified 

goals” (ISO9241-11:2018). However, to measure effectiveness as a usability 

characteristic, accuracy, completeness and fault tolerance are integrated to serve as Sub-

characteristic for determining effectiveness of the application (Seffah et al., 2006). 
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A. Accuracy 

Accuracy is the extent to which an actual outcome matches an intended outcome. The 

basis for accuracy will depend upon the specificity of the intended outcome. In some 

cases, accuracy is based on whether or not the outcome is correct ISO9241:2018. There 

is limited literature that addresses the accuracy of mobile medical apps. Measuring the 

accuracy is to determine how effective task can be completed in lesser time which 

would ensure the confidence of using the application by user and trust in the 

effectiveness of the application (Hussain et al., 2013). 

13.Time taken to complete a task. It will measure on the amount of time taken by the 

user in completing any given task. This will enable to determine how efficient and 

accurate an application is performing while users are using it to do a task which give 

user a higher confidence and comfort level of the application usage and task completion 

(Hussain et al., 2013). 

14.Total number of errors. It will count the number of errors performed by user when 

inputting data and completing the task. It also measures how user are able to execute 

task with minimum or no error (Hussain et al., 2013). 

15. Numbers of tasks successful in first attempt. This metric will measure the 

number of tasks user was able to successfully complete in first attempt (Hussain et al., 

2013). 

16. Satisfaction with the accuracy of the functions. Dennison et al. (2013) conducted 

a qualitative study to identify user experience in health behavior change applications 

and their perceiving of different features in app and found that various features have 

significant effect on app usage such as accuracy. Similarly  (Mirkovic et al., 2014) 

mentioned how effective use and adoption of unique patient support system features 
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could be affected not just by usefulness of certain functions but with the context of use. 

This metric will measure the accuracy of the results obtained when using a function of 

the app. From this way, the accuracy obtained in each one of the functions can be 

evaluated.  

B. Completeness  

Completeness is “the extent to which users of the system, product, or service are able 

to achieve all intended outcomes” (ISO9241-11:2018). The completeness Sub-

characteristic and its metrics are included on the suggestion of experts then supported 

with literature after completing the verification. 

17.Time taken during task selection This metric will measure how long it needs for 

a user in selecting a task to be done. This leads to ensuring the task to be selected is 

easier to reach for the patients and whether the users are enables to focus on the interface 

arrangement properly to operate it easily. Mirkovic et al. (2014) mentioned in research 

most participants did not understand the meaning of the text and often confused images 

in the text with buttons in the introduction screen. 

18. Time taken to recover back up. This metric will measure the time application take 

to recover backup if data loss during the application crash.   

19 Satisfaction with output. It will measure on the value of the application and output 

received by user and interactive interaction with the application ensure satisfying 

application which would gain user confidence (Hussain et al., 2013). 

20 Total number of actions. It shows on the number of inputs needed by the 

application in ensuring completeness of certain task. Some tasks needed more 
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interaction since many steps are needed to be followed. However, lesser interaction 

with completed task shows a fast and easy interactive application (ISO25022:2016). 

21. Fault Tolerance 

 According to ISO25023:2016 fault tolerance “measures are used to assess the degree 

to which a system, product or component operates as intended despite the presence of 

hardware or software faults”. Moreover, Arnhold et al. (2014) mentioned that “fault 

tolerance” rated worst in usability evaluation of diabetes apps. 

22 Time taken to load help menu. This metric will measure on the amount of time 

spent in getting help (ISO25022:2016) provided by the application when needed. Old 

age people need guidance more than normal user, thus help menu provided must not 

lag in attempting to help the user who are in need of it. Help that comes easily and 

swiftly is appreciated  

22.Number of attempts rectifying error. This metric would determine the total 

number of attempts taken by user in rectifying an error. This eventually determine how 

the help menu are being provided according to the understanding of user if there are 

lesser number of error rectifying activity taken place (Seffah, et al., 2006). 

23.Satisfaction with help during error This metric will measure the satisfaction user 

feel with the help if application provides when they made error while using it. 

24. Number of times data loss during app crash. It will measure the number of times 

an app crash while running all features or if the crash occurred while performing a 

specific task.  One of the biggest and toughest usability issues to solve is in-app crashes.  
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4.2.1.3 Satisfaction  

Satisfaction is “the extent to which the user’s physical, cognitive and emotional 

responses that result from use of a system, product or service meet user's needs and 

expectations” (ISO9241:2018). This can be measured on how the aesthetic and content 

throughout the application lead to the adaptability of the application for the users 

(patients) while attracting them with usage of attractive interface.  

A. Content  

Content is “defined as the amount, variety, and relevance of product text, graphics, and 

multimedia” (Green & Pearson, 2011) and whether the content delivers the requirement 

of the user as content is crucial components in making the web-page easier to use 

(Palmer, 2002). The amount and relevancy of available content is vital element in small 

interfaces of mobile devices. Moreover, content quality have stronger effect on the user 

satisfaction (Koivumäki et al., 2008). It is advisable to mention the significance of the 

content, as it is probably the main reason for a user to download an app and, 

consequently, the major reason of dissatisfaction if the content is not according to their 

expectations (Martínez-Pérez, Borja 2013). 

25.Satisfaction with content display (Images/Captioning). Measures on the content 

display and arrangement in the application. Some applications are quite messy with lot 

of breadcrumb and menu arrangement that are quite confusing. Avoiding this and 

having simple direct menu are what novice users are looking for in an application. 

(Hussain et al., 2013). 

26.Satisfaction with multimedia content. Sometimes patients require more graphical, 

multimedia and video-based content instead of plain simple text and audio cues to 
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achieve their defined goals.  Plain text is quite difficult to read one after another for 

sick and old age, thus images and videos makes things easier for them to navigate an 

application and at the same time attract and make them hooked into the application. 

This metric will measure the satisfaction of users with multimedia content if provided 

in application 

27.Satisfaction with contents. This metric will measure the satisfaction of user with 

the content (Hussain et al., 2013). It is worthwhile to highlight the case of the content, 

as it is probably the main reason for a user to download an app and, consequently, the 

main cause of disappointment if the content is not the expected (Martínez-Pérez, Borja 

2013). This metric will measure the user satisfaction with content  

B. Aesthetic 

User interface aesthetics measures are used to assess the degree to which the user 

interface enables pleasing and satisfying interaction for the user (ISO25023: 2016). 

Measuring aesthetic should be compliant of interface satisfaction on overall that leads 

to the likeliness of user when using the application. Thus, metrics stated below chosen 

to evaluate this characteristic. 

28.Satisfaction with the touch screen input. This metric refers to the touch screen 

easiness in inputting data. This is because in some mobile, touch screen is seen to 

frustrate the attempt in inputting data by the user due to the low performance level of 

an application. This also leads to the decision of continuing the usage of the application 

or vice versa by the user (Hussain et al., 2013). 

29.Satisfaction on layout presentation. This metric will measure on layout of the 

application. The layout of an application should be neat and nice to see and easy to 
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digest. Inputting too much of menus in one single page could lead towards a boring 

looking application instead, application can be more arranged in term of menu button, 

images used and task to be done are simple and straightforward (Fuller-Tyszkiewicz et 

al., 2018; Park et al., 2016) 

30.Satisfaction on color and font. This metric will measure the user satisfaction with 

color and font used in the application. Good color combinations can help users to 

quickly read the text or identify the image. Then, it can be helpful for better aesthetics 

measurement to address bad color combinations, such as light blue on grey, red on 

orange, green on blue and so on (ISO25023:2016). Literature reveals, according to user 

an application that look pleasing at first glance attracts them more in using it further 

rather than a dull looking application. Thus, color contrast used in an application need 

to be taken care and ensure it is more attractive such as blue and green with white 

mention health. Besides that, font sizes need to be readable instead of having smaller 

and curvy font. Apps that received low self-perceived interface design scores had 

inconsistent use of colors and fonts, which made them difficult to navigate and read.  

Furthermore, for a mobile app to be intuitive, it is recommended that the mobile app’s 

interface design use similar fonts, colors, and menu layout with the operating system 

design (Gkatzidou et al., 2015).  

4.2.1.4 Learnability  

Learnability refers “degree to which a product or system can be used by specified users 

to achieve specified goals of learning to use the product or system with effectiveness, 

efficiency, freedom from risk and satisfaction in a specified context of use” 

(ISO25010:2011). Katusiime and Pinkwart (2019) mentioned that the system design 

for the people with high education and good cognitive ability might not be suitable for 
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the people with less litracy level cognitive issues as they might have different 

requirements.   

A. Simplicity 

Simplicity can be “defined as the capacity of the software to be simple i.e. having 

minimum complexity. E.g. the command names should signify what work they do.” 

(Dubey et al., 2012). Application should be easy to understand for old age patients face 

learning difficulty which is measurable through the learning time taken by them. To 

ensure application are not too complex and are easy to use by users. All characteristic 

related to ease (easy to use, easy to learn, easy to input), fall under this goal. The aim 

is to ensure the users can use the application without any difficulty or errors (Hussain 

et al., 2013). 

31.Time taken to learn using the application. This metric will determine learning 

time period that shows how easy the application to be learned to use by the users (Al 

Ayubi et al., 2014). If an application is taking lesser time to be learned and used thus, 

the application is considered straightforward application and easy to be used (Hussain 

et al., 2013). 

32.Number of error (s) during learning It will measure how understandable the 

application by having lesser number of errors during learning process. If user tend to 

make mistakes and consumes more time, it can be said application quite difficult to be 

understood and used. 

33.Number of error (s) to key in data. It will show how understandable the 

application by having lesser number of errors during data key in process. If user tend 

to make mistakes and consumes more time, it can be said application quite difficult to 
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be understood and used (Hussain et al., 2013). Mirkovic et al. (2014) found in his study 

design issues and claim that majority of the violations were related to ease of data input. 

Therefore, this metric will measure the number of errors while key-in data.  

34.Number of attempts to key in data. Mirkovic et al. (2014)found in his study design 

issues and claim that majority of the violations were related to ease of data input. 

Therefore, less time spend while key-in data helps to measure the applications 

simplicity. Simple and easy to learn interface will support use to key-in data, similarly 

the more time spent by user while key-in data indicate difficult interface. Therefore, 

this metric will measure the amount of time user take to key in data in application. 

35 Number of steps during task selection. This metric will measure the number of 

steps used by a user when selecting a task. For instance, selecting a task such as 

consulting doctor or log in daily medication routine. It takes a number of steps when 

selecting these types of tasks. A small number of steps for task selection determines the 

simplicity and ease of use of an application. 

36. Satisfaction with screen optimization It will measure the level of satisfaction of 

user with screen optimization (Hussain et al., 2013). If the operating system optimize 

applications that take over the whole screen. Mirkovic et al. (2014) mentioned in his 

research few respondents who participated in app testing highlight the need to have a 

bigger font size for screens with extensive information such as screen showing tips and 

activities related to health. Additionally, they experienced problems with data entry 

which suggest the need to provide additional affordance for example allowing to type 

text in a horizontal mode.  
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B. User Guidance 

“It is the extent to which the software provides context sensitive help and meaningful 

feedback when errors occur” (Dubey, 2012). As for patients of chronic disease who are 

normally old age people guidance and help are sometimes required for the whole 

application and having a clear guidance leads to easy usage of the application and 

satisfaction.  

37.Satisfaction with help provided. It will measure the level of satisfaction towards 

the guide and information provided in the application. Thus, guide in term of images 

and medical information are appropriate for this user (Hussain et al., 2013). 

38.Easy to revert the errors. Mirkovic et al. (2014) mentioned about evaluating the 

type of errors made by the users. This metric will determine how easy an error can be 

rectified in minimal amount of time and effort by the user.  

4.2.1.5 Accessibility  

This characteristic particularly addresses the needs of disabled and as for the end user of 

chronic disease apps are patient who are mostly elderly people. This “measures the 

accessible level of an application by this community with minimal effort and in 

accordance with the requirements fulfilled”. This accessibility characteristic assigned 

two Sub-characteristic presentation and operability.  

A. Operability  

Operability is “defined as the capacity of the system to provide users with the necessary 

functionalities and to permit users with different needs to adapt and use the system” 

(Seffah, et al., 2006). Operability is considered as an important aspect to measure 
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accessibility of an application particularly to address the needs of old age users whose 

cognitive and physical skills become limited due to increasing age and known to slow 

learner compared to other young people (Arnhold et al., 2014).  

39.Time taken to select a task This metric will measure how long it needs for a user 

in selecting a task to be done. This leads to ensuring the task to be selected is easier to 

reach for the patients and whether the users are enables to focus on the interface 

arrangement properly to operate it easily. Mirkovic et al. (2014) mentioned in research 

most participants did not understand the meaning of the text and often confused images 

in the text with buttons in the introduction screen. 

40.Time taken to execute a task measures time spent in executing a task. Time taken 

should be lesser to identify the operable value of the application for the user is better 

and easier. 

41.Satisfaction with virtual keyboard This metric will measures how easily keyboard 

is used virtually differs and satisfies them than a keyboard used for desktop. Some users 

tend to have difficulties in using virtual keypad due to the screen size that is smaller or 

their fingers are bigger which also leads to time taken to complete a task. Easier to use 

virtual keyboard ensures faster completion time which leads to satisfaction on the 

application (Hussain et al., 2013). 

42. Satisfaction with menu also measures the satisfaction of the users towards the 

menu provided to operate the application easily(Hussain et al., 2013). This metric will 

consider on the name given to the menu whether it is understandable for the users. Some 

menus in an application tend to have name that differ from the task it offers. Thus, 

straight forwards menu names are considered to satisfy a user. 
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43. Number of errors This metric will determine how difficult an application to be 

operated by the users.  More number of errors recorded, means the application is quite 

harder to be operated by user (Hussain, 2013). 

B. Presentation 

Presentation is considered as a main criterion to measure accessibility. Moreover, the 

presentation of information is mentioned as a concern for chronic disease apps such as 

diabetes. Presentation of information include color contrast etc., (Arnhold et al;2014). 

Good presentation and well-organized content of an application attract more user 

towards the application. Thus, presentation will be measured with metrics as below: 

44.Satisfaction with information organization This metric will show how better and 

simplified the information are organized in the application for better understanding of 

the application by the user (Arnhold et al;2014). This will measure if organization of 

information was clear (Al Ayubi et al., 2014). This will be to identify the way an 

application show organizes the information so that it is not crowded with many images 

or covered with unwanted menus.  

45. Satisfaction with menu names. This metric will consider on the name given to the 

menu whether it is understandable for the users. Some menus in an application tend to 

have name that differ from the task it offers. Thus, straight forwards menu names are 

considered to satisfy a user (Hussain, 2012). 

46.Satisfaction with navigation structure. This metric will lead towards measurement 

of application navigability. Application that are easy navigable tend to attract more 

users since easier to be used rather than long and confusing navigation links. Sarkar et 

al. (2016) mentioned that in his review none of the apps appeared to have simple 
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interfaces with large buttons and easy-to-follow instructions and navigation. Which is 

necessary to  engage wide spectrum of age and to make the apps relevant for those with 

lower literacy as well (Zapata et al., 2014). 

47. Satisfaction with finding content. It will measure how easy contents is able to be 

identified by users when using the application. Al Ayubi et al., (2014) mentioned it 

should be easy to navigate to find what user need. If user consumes more time in 

identifying will lead to unsatisfactory feeling towards the application which make user 

frustrated and tend to leave application without using it.  

Table 4.4 
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Table 4.4 above shows the total of (47) metrics consists of both objective and subjective 

to be measured. However, few metrics were, rephrased, replaced added or discarded 

after the verification the proposed. 

Figure 4.4 below show the proposed usability evaluation model comprising usability 

characteristics their relevant sub-characteristics and metrics.
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Figure 4.4. Proposed usability evaluation model for chronic disease mobile applications
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4.3 Definitions and Terms  

The developed model is specially designed for the usability evaluation of chronic 

disease mobile applications therefore all the selected characteristics and sub-

characteristics are relevant to the usability. Refer to this study characteristic is category 

of quality attributes that bears on application usability. Software quality characteristics 

can be refined into multiple levels of sub characteristics according to ISO25010:2011. 

Moreover, ISO 9142:2018 mentioned that usability can either be specified or measured 

as a product quality characteristic in terms of its sub characteristics or specified or 

measured directly by measures that are a subset of quality in use. Terms and definitions 

below are adapted from referred ISO quality models and previous studies used in this 

research and modified to suit the aim of the study. All usability characteristics and sub-

characteristics selected in the models are defined below. 

4.3.1. Effectiveness 

 “Accuracy and completeness with which users achieve specified goals” (ISO9241-

11:2018). 

A. Load Time  

“ Refer to this study time required for an application to load (i.e., how fast it responds 

to the user)”(Seffah et al., 2006). 

B. Completeness  

 “Refer to this study is the extent to which users of the system, product, or service are 

able to achieve all intended outcomes” (ISO9241-11:2018). 
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C. Accuracy  

“Accuracy is the extent to which an actual outcome matches an intended outcome” 

(ISO9241-11:2018). 

4.3.2 Efficiency 

“Resources expended in relation to the accuracy and completeness with which users 

achieve goals” (ISO9241-11:2018). 

A. Self-management   

“Refer to this study capacity of an application to aid user in monitor his condition and 

employ cognitive, behavioral, and emotional strategies to maintain a satisfactory 

quality of life” (Jibb et al., 2017). 

B. Reminder  

“Reminder is a feature in an application that allows users to set notifications for 

themselves and create lists” (Pirani et al., 2016) 

C. Fault tolerance  

“Degree to which a system, product or component operates as intended despite the 

presence of hardware or software faults” (ISO25010:2011). 

4.3.3 Satisfaction 

“Degree to which user needs are satisfied when a product or system is used in a 

specified context of use” (ISO9241-11:2018). 
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A. Aesthetics  

“Defined as the capacity of the system to please its user in sensorial terms depending 

on the type of sensation” (Alonso-Ríos et al., 2009) 

B. User-guidance  

“Whether the user interface provides context-sensitive help and meaningful feedback 

when errors occur” (Seffah et al., 2006). 

4.3.4 Learnability  

Learnability refers “degree to which a product or system can be used by specified users 

to achieve specified goals of learning to use the product or system with effectiveness, 

efficiency, freedom from risk and satisfaction in a specified context of use” 

(ISO25010:2011). 

A. Simplicity 

Simplicity can be “defined as the capacity of the software to be simple i.e. having 

minimum complexity. E.g. the command names should signify what work they do.” 

(Dubey et al., 2012). 

B. User Guidance 

“It is the extent to which the software provides context sensitive help and meaningful 

feedback when errors occur” (Dubey, 2012). 
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4.3.5 Accessibility  

“Degree to which a product or system can be used by people with the widest range of 

characteristics and capabilities to achieve a specified goal in a specified context of use”. 

A. Operability 

“Degree to which a product or system has attributes that make it easy to operate and 

control” (ISO25010:2011). 

B. Presentation 

 “Determine the appropriateness of the layout of menus, dialog boxes, controls, and 

information on the screen for data entry and output generation” (Singh & Wesson, 

2009). 

4.4 Summary  

This chapter has discussed the development of a usability evaluation model for chronic 

disease mobile apps. The proposed model has addressed the research problems, by 

identifying the suitable characteristics and sub-characteristics for chronic disease 

mobile application evaluation by performing SLR and identifying requirements from 

real users. Moreover, the metrics are identified to measure each characteristic under 

relevant sub-characteristics. The model is constructed based on the outcomes from the 

theoretical and exploratory studies, besides following the relevant ISO quality models 

as mentioned earlier. 
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Chapter Five  

Model Verification 

5.0 Introduction 

After the model is proposed it is verified through experts on the selected characteristic, 

sub-characteristics, and metrics according to the need of the chronic disease 

applications and mobile platform to ensure the proposed model is developed correctly. 

To verify the proposed model, this study has selected expert review to validate the 

consistency and reliability of the proposed model. 

5.1 Model Verification through Expert Review 

Model that has been developed in earlier phase has the need to be verified. Expert 

review was conducted to provide the verification of the model proposed for the usability 

evaluation of the chronic disease mobile applications. Expert review is one of the 

significant ways in detecting and removing defects (Komuro & Komoda, 2008). Thus, 

this study adapted this technique for verification of the proposed usability evaluation 

model. Through verification, all the components developed would be able to confirmed 

well organized and presented in the right quantity (Chemuturi, 2011).The main thing 

needed to be verified in the proposed model are findings from the theoretical research 

are implemented appropriately as a characteristic, sub-characteristics and metrics and 

overall of the proposed model in term of its applicability, originality and understand 

ability which is categorize into five components namely; consistency, ease of use, 

understandable, verifiable, overall impression. Therefore, potential experts in the 

domain of usability especially researcher, academician, application developers as well 

as medical expert especially for chronic disease were identified. Expert background and 

expertise are provided in detail (Refer to appendix E). 
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They were chosen based on the characteristics of experts as suggested by Rogers and 

Lopez (2002) and Hallowell and Gambatese (2010), which were discussed in Chapter 

Three (Refer to section 3.4). Forty (40) experts were contacted through email however 

only twelve (12) responded and willing to verify the proposed model which includes 

four (4) academician, four (4) usability practitioners from application development 

industry and four (4) domain expert such as medical doctors which is considered 

sufficient (Schneiderman, 1998; Nielsen & Molich, 1990). Among the twelve (12) 

experts, six (6) experts agree on face-to-face meeting which were arranged later. While 

rest five (5) experts agreed in doing the review through online due to busy work 

schedule and remote location that make unable to set appropriate meeting.  

Verification form was developed by using google docs which considered by researchers 

as a reliable and efficient way to collect and analyze the results. The email containing 

google docs link has been sent to all experts (Refer Appendix H). However, the 

suggestion received from experts by email and face to face. The verification form 

contains three sections; section A is the expert profile, section B is metrics with 

corresponding sub-characteristic and usability characteristics in the proposed model, 

Section C contains a questionnaire. The questionnaire is originated from (Beecham et 

al., 2005) with little modification and it contains five measurable factors with two (2) 

scale options; “Agree”, or “Disagree”. The measuring factors used to build the 

questionnaire includes: 1) Consistency, 2) Understandable, 3) Ease of use, 4) Tailorable 

and 5) Verifiable. However, the overall impression to measure experts’ opinion about 

the model was also included in the questionnaire (Abubakar et al., 2015). The five 

dimensions are used for the expert to judge the model in terms of its originality and 

acceptability in use for usability practitioners and research purposes (Beecham et al., 

2005). 
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The verification form contains details about the model which includes the grammatical 

structure of the model, components of the model and relationship that exist between 

each entity in the expert’s questionnaire in which the model is judged. Proposed model 

was also provided in graphical form in the verification form for better view and 

understanding for the experts. Feedback collection took more than six months to 

complete. The comments and suggestion by the experts were analyzed for improvement 

of the proposed model. Results for the questionnaire were analyzed using Software 

Package for Social Sciences (SPSS) tool and average percentage were extracted for all 

the experts’ answers for modification of the proposed model. Table 5.1 below 

summarize on the verified proposed model components by the experts which 

determined the relevancy of data collection and analysis of the chronic disease mobile 

application usability evaluation. Moreover, the components in the proposed model were 

verified in align towards concept of HCI and if any of the components needed to be 

modified or retained in the finalized model.  

Table 5.1 

Expert Review on The Proposed Metrics  

No. Metrics Must 

be in 

the 

model 

Shall 

be in 

the 

model 

Moder

ate 

Discar

d from 

the 

model 

Others 

1 Number of activities user 

can input on daily basis 

58.33% 33.33% 0.00% 8.33% 0.00% 

2 Time taken to fetch data 

from tracking devices such 

as smart watch 

75.00% 8.33% 16.67% 0.00% 0.00% 

3 Time taken to update self-

management history 

58.33% 0.00% 41.67% 0.00% 0.00% 
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4 Availability of self-

management history 

75.00% 16.67% 8.33% 0.00% 0.00% 

5 Satisfaction with goal 

achievement 

75.00% 25.00% 0.00% 0.00% 0.00% 

6 Satisfaction with the 

accuracy of data back up 

75.00% 16.67% 8.33% 0.00% 0.00% 

7 Total number of sent 

notifications 

41.67% 25.00% 25.00% 8.33% 0.00% 

8 Total number of delivered 

notifications 

33.33% 58.33% 8.33% 0.00% 0.00% 

9 Total number of dismissed 

notifications 

25.00% 33.33% 25.00% 16.67% 0.00% 

10 Total number of expired 

notifications 

25.00% 41.67% 8.33% 25.00% 0.00% 

11 Time taken to load 

application 

91.67% 8.33% 0.00% 0.00% 0.00% 

12 Time taken to connect to 

network 

66.67% 16.67% 16.67% 0.00% 0.00% 

13 Time taken to respond 75.00% 16.67% 8.33% 0.00% 0.00% 

14 Time taken to complete a 

task 

91.67% 0.00% 0.00% 0.00% 8.33% 

15 Total numbers of errors 58.33% 16.67% 25.00% 0.00% 0.00% 

16 Numbers of tasks 

successful in first attempt 

66.67% 16.67% 8.33% 0.00% 8.33% 

17 Satisfaction with the help 

during error 

33.33% 41.67% 25.00% 0.00% 0.00% 

18 Satisfaction with the 

accuracy of the features 

58.33% 41.67% 0.00% 0.00% 0.00% 

19 Time taken to load help 

menu 

50.00% 25.00% 16.67% 0.00% 8.33% 
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20 Numbers of attempts 

rectifying error 

33.33% 41.67% 25.00% 0.00% 0.00% 

21 Number of times data loss 

during application crash 

50.00% 16.67% 25.00% 8.33% 0.00% 

23 Satisfaction with the 

content display 

(images/captioning) 

66.67% 33.33% 0.00% 0.00% 0.00% 

24 Satisfaction with 

multimedia content 

66.67% 25.00% 0.00% 8.33% 0.00% 

25 Satisfaction with the 

content 

75.00% 16.67% 0.00% 8.33% 0.00% 

26 Satisfaction with the touch 

screen input 

75.00% 25.00% 0.00% 0.00% 0.00% 

27 Satisfaction on layout 

presentation 

75.00% 16.67% 8.33% 0.00% 0.00% 

28 Satisfaction on color and 

font 

58.33% 16.67% 25.00% 0.00% 0.00% 

29 Time taken to learn 75.00% 16.67% 0.00% 0.00% 8.33% 

30 Number of errors during 

learning 

41.67% 41.67% 16.67% 0.00% 0.00% 

31 Numbers of errors to key 

in data 

41.67% 50.00% 8.33% 0.00% 0.00% 

32 Number of attempts to key 

in data 

50.00% 33.33% 16.67% 0.00% 0.00% 

33 Satisfaction with screen 

optimization 

33.33% 33.33% 16.67% 8.33% 8.33% 

35 Time taken during task 

selection 

50.00% 25.00% 16.67% 0.00% 8.33% 

36 Number of steps during 

task selection 

75.00% 16.67% 0.00% 0.00% 8.33% 
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37 Satisfaction with the help 

provided 

75.00% 25.00% 0.00% 0.00% 0.00% 

38 Easy to revert the errors 58.33% 33.33% 8.33% 0.00% 0.00% 

39 Time taken to select a task 50.00% 25.00% 16.67% 8.33% 0.00% 

40 Time taken to complete a 

task 

50.00% 33.33% 8.33% 0.00% 8.33% 

41 Satisfaction with virtual 

keyboard  

41.67% 58.33% 0.00% 0.00% 0.00% 

42 Satisfaction with menu  75.00% 25.00% 0.00% 0.00% 0.00% 

43 Number of errors  66.67% 16.67% 16.67% 0.00% 0.00% 

44 Satisfaction with 

information organization  

50.00% 41.67% 8.33% 0.00% 0.00% 

45 Satisfaction with menu 

names 

58.33% 33.33% 8.33% 0.00% 0.00% 

46 Satisfaction with 

navigation structure 

58.33% 41.67% 0.00% 0.00% 0.00% 

47 Satisfaction with finding 

content 

58.33% 41.67% 0.00% 0.00% 0.00% 

 

While metrics that was accepted for relevancy retained unless comments expecting the 

metrics moved to suitable characteristics. Metrics are being selected from the proposed 

model based on the percentage score obtained by individual metrics as well as 

comments from the experts. If an item scored at least 60% average percentage, 

possibility of the significant results to be produced are high and such item can be 

considered (Clarke & Warwick, 1994). Thus, results obtained from the experts shows 

all the metrics scored more than 60% means the metrics are appropriately developed 

and can produce significant result.  
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However, some comments from the expert on the repeated metrics and unsuitable to be 

placed under some characteristics were taken into consideration. Such metrics are 

omitted or replaced according to the comments received in ensuring the model more 

reliable and useful since the commenter are from usability domain experts. Comments 

given by them from real usability testing and the expertise they possess perspectives, 

thus, the comments are analyzed carefully on the appropriateness for acceptance and 

model have been modified accordingly. The expert’s comments and suggestions help 

in modifying the proposed model. Table 5.2 shows the comments and suggestion 

received from the experts. 

Table 5.2 

Experts’ Comments/Suggestions for The Proposed Model 

Experts Comments 

Expert A Expired notification could be removed because there is an another 

metric available for dismissed notifications. Validation and Testing 

period should be consistent with date and model so that user ends with 

required system such as Number of authorization check per user such 

as location and device. Moreover, try to merge availability with 

accuracy as there are redundancy in metrics this may confuse user. 

Since it is measuring how efficient application work. You can also 

include number of undo action as a new metric in your model. 
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Expert B This model is good initiative for the medical app development. 

However, some metrics need to rephrase for example fetching data is 

not suitable it would be better if you change it to upload data. There 

are few more metrics you can improve with better choice of words. 

This will help to increase clarity in model.  

Expert C Interesting study, overall impression is good of the model and 

evaluation metrics are fine. Concentrate more on accessibility as this 

is more focused towards medical. Discuss your model with usability 

experts as well. 

Expert D Your proposed study is very helpful for patients because most of the 

patients are reluctant to use mobile application because most of them 

are naive and available apps do not focus on the usability. Moreover, 

in reminder section there should be an option for the patient to switch 

on and off the notification. 

Expert E Overall model is good and helpful for medical patients. You can 

include how user feel after using the application if they feel happy or 

annoyed. This you can include under satisfaction 

Expert F A very good start to develop more usable medical apps because most 

of the time user find apps difficult to use and give up on them. 

Learnability characteristic is very important for patients. I would 

suggest for the app developer to add a glossary to explain medical 
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jargon, self-explanatory as it will help patients to better understanding 

their disease and medication. 

Expert G This model will potentially benefit the targeted users however some 

metrics could be modified such as time taken during task selection 

could be number of clicks for task selection, number of steps during 

task selection could be change to number of clicks to find call to action 

button. Include navigation structure and help menu. This model could 

be improved. 

Expert H I would like to mention there is redundancy and you need to rephrase 

such as time taken to response could be changed into time taken to 

respond to specific command. You need to readjust metrics under 

most relevant criteria. Overall model is good it will be very helpful for 

the usability practitioners. 

Expert I This model is flexible, and changes could be made. Some metrics are 

untestable until usability testing is done in live lab.. Another metric 

“Number of validation check per total user input.” it would be very 

challenging to figure out the difference between them and 

'accurateness'. Or ‘Validation check for data source ‘. Again, quite 

subjective and not very practical as a topic-question-and interpretation 

of answers.  how practical is such a question? I suggest that you try to 

answer this question in various contexts such as data source from the 
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developer end, that would be difficult to identify. Changes need to be 

made so that you can test this model in usability testing 

Expert J Overall good model, However the model should be evaluated to 

examine its accuracy 

Expert K Evaluation metrics are fine however, I do care about the redundancy. 

If some metrics are redundant and cannot be evaluated correctly as it 

would make result inconsistent. More aspects need to consider on 

completeness under effectiveness such as completing a goal. Usability 

testing is required to test the applicability of the usability evaluation 

model proposed 

Expert L This model is more towards usability evaluation of mobile health 

applications and all the characteristics and criteria are defined well. It 

could provide help both medical and research community. It is good 

accessibility characteristics has been included to identify usability 

issues in clear and depth for medical applications. 

The comments received are then taken into consideration during the modification of the 

model which is discussed further in this section. The comments and suggestion from 

the expert were examined carefully and the model was modified whereas some criteria 

were moved to appropriate characteristics while others that was commented as 

redundant metrics were omitted from the proposed model. Table 5.3 below shows the 

metrics that has been added, dropped, rephrased, and replaced from the proposed model 

according to the comments and suggestions given by experts. 
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Table 5.3 

List of added, dropped, rephrased and replace metrics according to the expert’s 

suggestions  

Sub-

characteris

tics 

Added 

Metrics 

Dropped 

metrics 

Rephrased 

metrics 

No change Replace 

Self-
management 

 Time taken 

to update 

self-

management 

history 

Number of 

tasks user 

can input on 

daily basis 

Satisfaction with 

goal achievement 

Satisfaction with 

the accuracy of 

data back up 

  Availability 

of self-

management 

history 

 

Time taken 

to upload 

data from 

tracking 

devices such 

as smart 

watch 

  

Reminder   Total 

number of 

sent 

notifications 

Total 

number of 

expired 

notifications 

Total 

number of 

disabled 

notifications 

Total number of 

delivered 

notifications 

 

Loading 

time  

Time taken 

to load help 

menu  

Time taken 

to connect to 

network 

Time taken 

to respond to 

a specific 

command 

Time taken to 

load application 

 

Accuracy Number of 

successful 

tasks 

Total time 

spend on 

executing the 

task  

Validation 

check for 

data source  

 Satisfaction 

with the 

accuracy of the 

functions  

 

Time taken to 

complete a task  

Total number of 

errors 
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Fault 

tolerance  

Total time 

spend on 

errors by 

users  

Number of 

times user 

undo 

actions that 

may lead to 

errors  

Number of 

attempts 

rectifying 

error. 

Number of 

times 

application 

crash. 

Satisfaction 

with the help 

during error 

  Total number of 

errors 

Completene

ss  

Total number 

of tasks to 

complete a 

goal 

Time taken 

to recover 

the backup 

Satisfaction 

with output   

 Total number of 

interactions 

 

Time taken to 

complete a task. 

Time taken 

during task 

selection  

Content  Satisfaction 

with the 

usefulness of 

the app  

  Satisfaction with 

content display 

(Images/Captioni

ng) 

Satisfaction with 

multimedia 

content 

Satisfaction with 

the content 

Aesthetic     Satisfaction on 

layout 

presentation  

Satisfaction 

with the touch 

screen input  

Satisfaction on 

color and font 

 

Simplicity  Satisfaction 

with the 

navigation 

structure  

Time spent 

while key-in 

the data 

 Number of 

steps during 

task 

selection 

Number of 

errors during 

learning 

Time taken to 

learn using the 

application 

Number of error 

(s) to key in data 

Satisfaction with 

the screen 

optimization  
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Number of 

attempts to 

key-in data 

User guide  Satisfaction 

with the self-

explanatory 

information 

provided to 

understand 

medical 

jargon. 

Satisfaction 

with the 

video help 

provided  

  Satisfaction with 

the help provided 

Easy to revert 

errors  

 

 

 

 

 

 

 Operability  Number of 

clicks to find 

call to action 

button. 

Total number 

of failed 

commands  

Number of 

errors during 

navigation 

Satisfaction 

with menus  

 

 Time taken to 

select a task  

Satisfaction with 

virtual keyboard 

 

 

 Satisfaction 

with the text 

presentation 

Satisfaction 

with menu 

names and 

icons 

  Satisfaction with 

information 

organization 

Satisfaction with 

the menu names 

and icon used  

Satisfaction with 

finding content 

 

The model is modified according to expert suggestion and appropriateness for 

improvement of the model. Experts agree with some metrics but in face-to-face 

meetings they explained how these metrics need to rephrase, replaced and why some of 
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them need to be removed from the model to maximum utilize the developed model. 

Actions taken are summarized as in the Table 5.4 below. 

Table 5.4 

The Actions for Model Modification 

Expert Comments/Suggestion Actions taken 

Visual representation of model is good however 

each metric should start with some mark or 

asterisk for better understanding. 

Characteristics, sub-characteristics and metric 

box could be outlined with different colors. 

Overall structure is good 

Changes made and each metric 

start with (-) sign to differentiate 

between them. 

Different colors used to 

differentiate between 

characteristic, sub-characteristics 

and metric. 

Metrics needed to be dropped and added 

appropriately in some sub-characteristics 

Amendments done as per stated 

in Table 5.2 

Model possesses some challenging and difficult 

to calculate and metric. Some of them should be 

discarded and some need to rephrase. 

Metric rephrased and clearly 

explained under relevant criteria. 

The usability characteristics and sub-

characteristics are related and very suitable for 

the usability evaluation. The metrics are 

generally suitable and relevant to their 

corresponding criteria in the proposed model. 

All changes are made, and 

usability testing will conduct. 
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Generally, the model is quite absolute if changes 

made accordingly. However, the model should 

be validated to examine its practicality. 

Besides the metric verification, in order to have a good verification approach, experts’ 

verification form was designed as instruments for the expert reviewers. The five 

dimensions are used for the expert to judge the model in terms of its originality and 

acceptability in use for usability practitioners and research purposes (Beecham et al., 

2005). The instrument used by the experts is presented (Refer to appendix H). 

Descriptive statistic of the expert results is showed in the Table 5.5 below followed by 

the average mean collected from each expert through expert review. 

Table 5.5 

Expert Impression on Proposed Model 

Characteristic E

1 

E2 E3 E4 E5 E6 E7 E8 E9 E10 E11 E12 Mean 

Consistency  

1.0 0.75 1.0 1.0 1.0 0.50 1.0 0.25 1.0 1.0 1.0 1.0 0.87 

Understanda

ble  

1.0 1.0 1.0 1.0 1.0 1.0 0.50 1.0 0.50 1.0 1.0 1.0 0.75 

Ease of use  

1.0 0.67 1.0 1.0 1.0 0.67 0.33 1.0 0.33 1.0 1.0 1.0 0.83 

Tailorable  

1.0 1.0 1.0 1.0 1.0 1.0 0.0 1.0 0.50 1.0 1.0 1.0 0.87 

Verifiable  

1.0 1.0 1.0 1.0 1.0 1.0 0.0 1.0 0.0 1.0 1.0 1.0 0.83 
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Overall 

Impression  

1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 0.50 1.0 1.0 1.0 0.97 

 

From the Table 5.5 above, it is shown that all the scores obtained from the expert shows 

the experts are relatively agreed on the consistency, understandable, ease of use, 

verifiable as well as overall impression on the proposed model are accepted with 

average of 0.97 to 0.75 mean score obtained. This shows the proposed usability 

evaluation model for the chronic disease is clear and acceptable.  

5.2 Revised model for usability evaluation 

The revised model for usability evaluation of chronic disease mobile application 

comprises of five (5) characteristics which are further subdivided into twelve (12) sub 

characteristics which relate to the outcome of the interaction and further measured by 

Forty-two (42) metrics. This hierarchical decomposition provides a convenient 

breakdown of usability characteristics and the set of sub-characteristics associated with 

a characteristic further measured by a set of metrics. More than one quality measure 

can be used for the measurement of a quality characteristic or sub-characteristic. Figure 

5.1 below shows the revised model for usability evaluation of chronic disease mobile 

applications.  
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Figure 5.1. Revised usability evaluation model for chronic disease mobile applications 
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Table 5.6 

List of Revised Metrics 

Criteria Objective Metrics Subjective metrics 

Self -

management  

Number of tasks user can 

input on daily basis.  

 

Satisfaction with the accuracy of 

data upload from tracking devices 

such as smart watch 

Satisfaction with goal 

achievement 

Reminder Total number of 

delivered notifications 

 

Total number of disabled 

notifications 

Loading time Time taken to load 

application  

Time taken to respond to 

a specific command 

Time taken to load help 

menu 

Accuracy  Number of successful 

tasks 

Satisfaction with the accuracy of 

the functions 

Total time spend on 

executing the task  

Fault tolerance  Total number of error(s)  

  

Number of times user 

undo actions that may 

lead to errors  

Total time spend on 

errors by users 



179 

 

completeness Time taken to complete a 

task 

 

Total number of tasks to 

complete a goal 

Total Number of 

interactions  

 

Content   Satisfaction with the content 

display (images/captioning) 

Satisfaction with multimedia 

content 

Satisfaction with the content 

Satisfaction with the usefulness of 

the app 

Aesthetics   Satisfaction with the touch screen 

input 

Satisfaction on color and font 

Satisfaction on layout presentation 

Simplicity  Time taken to learn using 

the application 

Satisfaction with the navigation 

structure  

Number of errors while 

key in data 

 

Time spent while key-in 

data  

 

User guide  Easy to revert error (s) 
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Total number of times 

help menu used 

 

Satisfaction with the self-

explanatory information provided 

to understand medical jargon 

Satisfaction with the video help 

provided 

Satisfaction with help provided 

Operability  Time taken to select a 

task  

Satisfaction with virtual keyboard 

Number of clicks to find 

call to action button 

Number of errors during 

navigation 

Total number of failed 

commands 

 

Presentation   Satisfaction with information 

organization  

Satisfaction with menu names and 

icons  

Satisfaction with the text 

presentation 

Satisfaction with finding content 

Satisfaction with screen 

optimization 

   

 

5.2.1 Revised and Rephrased Usability Metrics after Expert Verification 

Total of 42 metrics was deployed in the revised model based on the suggestions and 

guidance of experts, which consist of 22 objective metrics and remaining 20 are 



181 

subjective metrics. All the selected metrics to include in proposed model for chornic 

disease mobile applications evaluation are explained in detail below. 

1. Number of tasks user can input on daily basis. A mobile app for self-

managing should support insulin and medication management, diet, physical 

activity, weight, blood pressure, education, social media, alerts, 

communication, and monitoring of patient by primary care providers. However, 

some apps do not provide the basic task required for self-management (Brzan 

et al., 2016). Therefore, it is important to measure the number of tasks an app is 

providing to track patients progress regarding health on daily base. This metric 

will measure the number of tasks user can input on daily base in the application.  

2. Time taken to upload data from tracking devices such as smart watch. 

 Self-management involves different tracking and wearable device such as 

smart watch. Smartwatches provide quick look to the messages and fast data 

entry, but this technology is still in its infancy however it can make it easier for 

patients to self-manage their disease (Brzan et al., 2016). The primary reason to 

stop using apps is their demanding nature of data entry. Users prefer apps that 

perform basic tasks such as synching their health records, give appointment 

reminders and automatically upload daily health status data (Krebs & Duncan, 

2015). Therefore, it is important to measure the time application take to upload 

data from tracking device. 

3. Total number of disabled notifications. Measure the number of 

notification user disabled which show the interest of users in that task 

(Freyne et al., 2017). 

4. Time taken to respond to specific user task It measures the amount of time 

the application takes to start responding. Some application consumes more time 
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in identifying users’ credential while some application face trouble to start the 

application once users clicked on it since it has to load information before 

proceeding to user need in using the application.  

5. Time taken to load help menu A research evaluated health apps and found that 

83% of evaluated apps takes time to load useful screen of the app (Zapata et al., 

2014). Therefore, it will measure the amount of time the application takes to 

load the help menu. 

6. Number of successful tasks It will determine on the number of tasks that were 

completed successfully by user without much hassle. The faster a task is able 

to be completed, the better and easier the application is to be used by user  

7. Total time spend on executing the tasks It will measure the amount of time 

application takes to execute the task. If application longer execution time it will 

frustrate the user. 

8. Total number of tasks to complete a goal Users need to perform different task 

to achieve one goal in the application. It will measure the number of tasks user 

was able to complete to achieve one goal in the application.  

9. Number of times user undo actions that may lead to errors It will measure 

if the applications facilitate user with undo option as it is possible to make 

wrong data entry. Undo actions will help to complete the task instead leaving it 

incomplete  

10. Total time spend on errors by users. Time spend on errors will help to 

measure the application tolerance for errors made by the users (Abran et al., 

2003; Nielsen, 1994)  
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11. Satisfaction with usefulness of the application It will measure on the value 

of the application from users view. This metric will help to identify the level of 

satisfaction of the user about usefulness of the app after using it.  

12. Time taken to learn using the application This metric will determine learning 

time period that shows how easy the application to be learned to use by the users 

(Al Ayubi et al., 2014). If an application is taking lesser time to be learned and 

used thus, the application is considered straightforward application and easy to 

be used (Hussain et. al., 2013).  

13. Time spends while key-in data Mirkovic et al. (2014)found in his study design 

issues and claim that majority of the violations were related to ease of data input. 

Therefore, less time spend while key-in data helps to measure the applications 

simplicity. Simple and easy to learn interface will support use to key-in data, 

similarly the more time spent by user while key-in data indicate difficult 

interface.  

14. Total number of times help menu used  Mirkovic et al. (2014) mentioned that 

high completion time and number of errors and requests for help indicate 

possible usability issues in implementation of the task. Help menu in application 

guide user about the application and provide tips and help to perform actions. 

The number of times help menu used will show if user face difficulty in using 

the application (Hornbæk, 2006).  

15. Satisfaction with the self-explanatory information provided to understand 

medical jargon It will measure the level of satisfaction towards the guide and 

self-explanatory information provided in the application to understand medical 

terms. Because an abbreviation may have more than one meaning and might be 

unfamiliar to those users who do not have much expertise in health instead use 
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concepts that are familiar to the user rather than medical terms. The use of 

abbreviations in medical practices causes numerous medical errors (Zapata et 

al., 2014).  

16. Satisfaction with the video help provided It will measure the level of 

satisfaction if video tutorial and guidance was provided in application for better 

understanding of interface for users.  

17. Number of clicks to find call to action button A call to action is typically 

written as a command or action phrase, such as 'Sign Up' or 'download Now' 

and generally takes the form of a button or hyperlink. Thus, it should be visible 

for users to perform action instead of hidden in menu. This metric will measure 

how many clicks user made to find call to action button if application use this 

in it. 

18. Total number of failed commands This metric will help to measure that how 

many times application failed a command given by the user.  

19. Number of errors during navigation This metric will determine how difficult 

an application to be operated by the users.  More number of errors recorded, 

means the application is quite harder to be operated by user.  

20. Satisfaction with menu names and icons  

This metric will consider on the name given to the menu whether it is 

understandable for the users. Some menus in an application tend to have name 

that differ from the task it offers. Thus, straight forwards menu names are 

considered to satisfy a user.  

21. Satisfaction with the text presentation  

This metric will measure the level of satisfaction of user with the text 

presentation that can be used as messages, instructions, or headings in the app. 
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This will ensure if the users are feeling satisfy on the easy text being presented 

in the application and attract them easily. Mirkovic et al. (2014) mentioned in 

research most participants did not understand the meaning of the text and often 

confused images in the text with buttons in the introduction screen. Moreover, 

exploit use of abbreviations, makes the texts and options difficult to understand. 

Too much text or small text and the same tooltips shown more than once could 

limit accessibility (Zapata et al., 2014). 

5.3 Summery  

expert verification is performed with knowledge, usability, and medical domain experts 

to ensure the practicality of the model. Additionally, the quality and consistency of the 

model is improved by following the suggestions given by experts. The next chapter 

elaborates on the validation of the model. 
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CHAPTER SIX 

MODEL VALIDATION  

6.0 Introduction 

This chapter discusses about the validation of developed usability evaluation model 

for the chronic disease mobile application. Model validation was performed to ensure 

the feasibility to be implemented in real environment. The model validation was 

carried out through two process which is experts’ validation and usability testing. The 

expert validation was performed with knowledge experts and domain experts through 

focus group method. While usability testing was conducted in laboratory setting and 

field testing with actual user by using two different chronic disease applications. These 

stages are discussed further. 

6.1 Evaluation through Focus Group 

Focus groups is a direct method to obtain rich information in social context. Focus 

groups are particularly useful in exploratory research without strict preconceived 

ideas, as it allows for collection of new insights and is a convenient way to collect data 

simultaneously from several knowledgeable people (Martakis & Daneva, 2013). Focus 

group namely comprise of four (4) activities to conduct the defining objectives of the 

focus group, identification of participant, meeting scheduling and material 

preparations. The main objective of conducting this focus group is to evaluate and 

validate the developed model in term of its capability to be used in real world 

environment implementation. Therefore, the developed model is verified through 

expert evaluation conducted with two focus group sessions which was participated by 

knowledge experts and domain experts. 
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6.2 Findings of Focus Group Session at University Utara Malaysia.   

 Participants for the focus group were approached through emails and face to face 

meeting as they were university staff, and it was convenient to meet and arrange focus 

group. There were seven knowledge expert, and four domain experts were contacted 

however, only five knowledge expert and one doctor were willing to participate as the 

others were not available because of their busy schedule. This number is considered 

within the range for a focus group which is dedicated within six to ten people (Morgan, 

1998; Powel & Single, 1996). Focus group meeting was scheduled at a meeting room 

at University Utara Malaysia This meeting place was chosen since all the participants 

were from the named organization and the lab provides easy access for them since 

most of them were busy. After all the participants arrived, they were given the 

materials needed for the focus group session. Materials such as documentation for the 

participants for evaluation (Refer Appendix I) were prepared earlier to ease the process 

of focus group with the experts. Once the evaluation process was completed, data 

collected were analyzed. Experts verified the developed model through evaluation 

with pre-defined criteria that was adapted from previous studies (Abubakar et al., 

2016; Al-Tarawneh, 2014; Kunda, 2003; Mohamed et al., 2015; Nathan, 2017). These 

criteria include gain satisfaction, task support and interface satisfaction. Through this, 

it enables to validate the model on the relevancy of it by the experts in executing for 

usability evaluation use. 

Results showed that out of six, five experts agreed on relevancy of the criteria. 

However, four experts agreed on clarity and three experts agreed on the perceived 

usefulness of the model. 83% experts agree that all the metrics are developed related 

to their relevant criteria. They suggest to draws model with more clarity they provide 
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comments on the presentation of the model as they mention there is need to use 

different shape or color to separate characteristics, sub-characteristic and metrics. 

Moreover, they suggest to includes a legend box to make model look clearer and more 

understandable. All the expert agreed that the developed model is complete and enable 

to be used for usability testing purpose. However, experts suggest model should be 

drawn with more clear explanation. 

Recommendations of this focus group were considered, and changes were made.  

Moreover, all experts have mutual agreement as finding of this focus group that 

another focus group should be conducted with the usability experts as they are field 

experts in evaluation and testing of mobile application and their assessment on model 

will lead to the applicability of the model in real world environment. Table 6.1 below 

show the percentage of agreement of usability expert in focus group. 

Table 6.1 

Percentage of Evaluation Measures by Usability Experts 

No Issues   A B C D E F Percentage 

1 Practicality  × × ✓ ✓ ✓ ✓ 66% 

2 Completeness × × ✓ ✓ ✓ ✓ 66% 

3 Relevancy to the 

intended Sub-

characteristic  

✓ ✓ ✓ × ✓ ✓ 83% 

4 Perceived usefulness  × × ✓ × ✓ ✓ 50% 

5 Understandability  ✓ × ✓ × ✓ ✓ 66% 
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6 Clarity  ✓ × ✓ × ✓ ✓ 66% 

7 Ease of use  ✓ ✓ ✓ × ✓ ✓ 83% 

8 Organization  × ✓ ✓ × × ✓ 50% 

9 Ability to produce 

expected results  

× ✓ 

 

× ✓ ✓ ✓ 66% 

 

6.3 Findings of Focus Group Evaluation with Usability Experts  

This focus group session was conducted with the practitioners such as application 

developers at Fireworks Solutions which is an award-winning Digital Innovation firm. 

Participants were chosen based on these characteristics by (Machado Neto & Pimentel, 

2013)  1) software or mobile application developer, 2) have experience more than 3 

years in the field of application development and usability. However, only six usability 

experts were available at that time. After usability experts implemented the developed 

model in its practicality to be used in the real-world environment, they validated the 

developed model through evaluation with predefined criteria that was adapted from 

previous studies (Abubakar, 2016; Mohamed, 2015; Al Tarawneh, 2014; Kunda, 

2003). These criteria include gain satisfaction, task support and interface satisfaction. 

Each of these criteria were evaluated based on variables for each criterion. Each 

criterion and the percentage of expert agreement on it are discussed below in table 6.2. 
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Table 6.2  

Percentage of Evaluation Measures by Usability Experts 

 

6.3.1 Gain Satisfaction 

‘Relevancy for the intended application’, ‘Perceived usefulness’, and ‘Clarity’ were 

measured under gain satisfaction. Kunda (2003) mentioned that gain satisfaction is 

measured to reveal on accuracy of a model or framework. Therefore, gain satisfaction 

was used to validate the model on the relevancy of it by the experts in executing for 

No Issues   E1 E2 E3 E4 E5 E6 Percentage  

1 Practicality  ✓ ✓ ✓ ✓ ✓ ✓ 100% 

2 Completeness × ✓ ✓ ✓ ✓ ✓ 83% 

3 Relevancy to the 

intended Sub-

characteristic  

✓ ✓ ✓ ✓ ✓ ✓ 100% 

4 Perceived usefulness  ✓ ✓ ✓ ✓ ✓ ✓ 100% 

5 Understandability  × ✓ ✓ ✓ ✓ ✓ 83% 

6 Clarity  × ✓ ✓ ✓ ✓ ✓ 83% 

7 Ease of use  ✓ ✓ ✓ ✓ ✓ ✓ 100% 

8 Organization  × ✓ ✓ ✓ ✓ ✓ 83% 

9 Ability to produce 

expected results  

✓ ✓ ✓ ✓ ✓ ✓ 100% 
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usability evaluation use in real environment. Table 6.3 below shows the results for 

gain satisfaction. 

Table 6.3 

Results for Gain Satisfaction  

Variable  Percentage Results 

Relevancy to 

the Intended 

application 

100% All experts agree that the developed model is 

relevant since accessibility and learning is focused on 

the targeted users (chronically ill patients and elderly 

people). They also agreed that the model will leads 

towards the better development of medical 

applications as this model considered targeted user 

needs. Moreover, they appreciated that this model 

includes accessibility in a usability model which is 

hard to find in general usability models. 

Perceived 

usefulness 

100% Experts agreed that the developed usability model is 

suitable for disease management apps evaluation. 

They mentioned that this model is able to collect 

feedback from the user to identify usability issues in 

medical apps where such usability models are not 

available that could be used in practical usability test. 

Clarity 83% Experts agree that calculation method used for the 

assessment and task provided to perform for the 

developed model in usability test are clear. However, 

one expert suggests since some user will be elderly 

people who could be naive to technology. Therefore, 

more explanation will be required to explain them 
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how to perform task and how it will help to identify 

problems.   

 

Table 6.3 above showed the results of expert evaluation validation for gain satisfaction. 

Based on the view from experts, the developed model shown the relevancy of it in 

usability evaluation of disease management mobile application which indicates five 

(5) out of six (6) experts agrees the model clear however all of them agreed that it is 

relevant in applying for the disease management mobile application. Besides that, 

feedback from the experts revealed that the developed model appropriate for use with 

real user and enable to identify issues related to usability especially for the elderly 

users 

6.3.2 Interface Satisfaction 

Table 6.4 below shows the result of two variables measured in interface satisfaction 

which are “Ease of use” and “Organization”. This enables the expert to identify if the 

developed model are practical for usability evaluation. All the expert agreed that the 

developed model is complete and enable to be used for usability testing purpose. 

Table 6.4 

Results for Interface Satisfaction  

Variable Percentage Results 

Ease of use 100% All experts agreed on the ease of use of model 

especially for the intended application. They agreed 



193 

that the flow of the model is easy to follow for 

evaluation. 

Organization 83% Experts agreed that the developed model is well 

organized except for one (1) expert, who suggested 

that perhaps lesser number of characteristics should be 

used to evaluate due to the timing concern. Overall, 

they agreed that it is easy to identify the characteristic 

Sub-characteristic and metrics in this model and all the 

information is organized well in terms of structure 

sequence. 

According to the Table 6.4 above, experts concluded that the developed usability 

model is appropriate and practical to implement in real world environment. Moreover, 

experts suggest it is better to perform usability test in real world environment since 

users would be using application at different places and it will help to identify real 

issues faced by users. 

6.3.3 Task Support Satisfaction 

Table 6.5 below shows the result of four variables named as Practicality, completeness, 

understandability and “Ability to produce expected result” in terms of task support 

satisfaction. 
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Table 6.5 

Results for Task Support Satisfaction  

Variable Percentage Results 

Practicality 

 

100% Experts agreed that this model have ability to 

practice in real environment. Moreover, the 

metrics and Sub-characteristic are appropriate 

to the intended user requirements and the model 

is able to enhance better development of mobile 

applications and this model is easy to be 

implemented and easy to obtain expected 

results. 

Completeness 83% Experts find that the model is appropriate. They 

also agreed the proposed model able to be used 

in real user environment. Thus, it makes this 

model complete and more unique in compare to 

other usability models. 

Understandability 83% The proposed model is seen as in 

understandable manner. However, one expert 

suggests as it use more technical language there 

would be needed to explain metrics to the users. 

other experts agree on its well-organized 

assessment, and it is easier to be understood 

especially those who have experience in 

usability. 

Ability to produce 

expected result 

100% The proposed model is agreed by all the 

experts that it is able to produce expected 

results. They expressed satisfaction on the way 
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the evaluation is conducted and the 

characteristics that covers the usability 

requirement of chronically ill patients who are 

mostly over age users. They also mentioned that 

the measures used in the proposed model is 

clearly interpreted on the results and it can 

definitely produce expected result and highlight 

the usability issues. 

 

Through this, it ensures understandability of the task and enables in completing since 

task is an important element during usability evaluation and results shows the 

agreeable view on the developed model would enabling in producing appropriate 

result. Expert’s level of agreement is above 83% percent for all the variables or 

equivalent to five out of six experts have mutual agreement in deployment of the 

developed model. This shows majority of the experts were showing agreement on the 

model and have accepted the applicability of the model in real world environment. On 

the other hand, experts have delightfully wanted to implement this model in the 

developing and evaluation for their applications This also shows the eagerness by the 

experts to test the developed model in real environment directly. They also shared the 

intention to collaborate in future development since they find the model very useful 

especially when it is made for the usability evaluation of  chronic disease applications. 

Lastly, the developed model was used for usability testing to prove the practicality of 

the usage in the real environment. 

6.4 Evaluation through Usability Testing 

Usability testing or user testing refers to how well an app functions and whether or not 

it serves its intended purpose (Moumane et al., 2016). The main objective of 



196 

performing usability testing was to validate the developed model in term of its 

practicality for real world environment implementation with actual user in validating 

the acknowledgement of reliable data gathering. Therefore, this study considered total 

of twenty (20) users to participate in the evaluation. Usability testing was conducted 

as per scheduled with the group of the users from PKU and another session was 

conducted in Putra medical center PMC. Once all the participants are gathered, they 

were given brief introduction on the purpose of the testing to be conducted and 

explained the need of usability for mobile application that specifically developed for 

the disease management.  

This is to make the participant feel comfortable and understand the intention of the 

evaluation. To practice the evaluation through developed model the usability testing 

was conducted with two sample of chronic disease mobile application. Participant 

were given the materials needed for the testing that consist of list of nine (9) task (Refer 

Appendix F) to be conducted and satisfaction rating form to be answered (Refer 

Appendix G) at the end of the task. After thirty minutes break participants were asked 

to use the second application which needed eleven tasks to perform and rating the 

satisfaction form. The evaluation was divided into three (3) which consist of training, 

task conducting and feedbacks collection which are described in detailed on following 

section. 

6.4.1 Training for Participants 

Before the usability testing were started, participants were given introduction on the 

mobile application to be used during the testing and training were provided since all 

of them were first time user of the intended mobile applications. The mobile 

applications that were chosen for the user evaluation were “Glucose Buddy” and Medi-
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safe. Both applications are used chronic disease management. During the training, 

participants were introduced on the application and how to use these applications since 

many of them were first time user of both applications. All the participants were also 

given 15 to 30 minutes to learn using the application before the testing was conducted 

to ensure they are able to capture on the learning process. 

6.4.2 Task Conducting by Participants 

After completing the training, participants were asked if they were able to execute the 

given list of 9 tasks. Participants were assigned to complete nine (9) tasks for collection 

of objective data for Glucose Buddy and eleven (11) tasks were assigned for the Medi-

safe (Refer Appendix F). All the tasks were based on the activities that can be 

conducted in the selected application. The tasks were designed as to reveal usability 

issues. DU recorder application was installed in mobile phone before starting the 

testing by the participants, so the whole process was screen recorded for analyzing 

data on measurement of objective data in the later part of this chapter. While time to 

start and end of the tasks were measured later with the help of stopwatch. After the 

tasks were completed by the participants, they were asked to give satisfactory feedback 

of using the mobile application throughout conducting task assigned on the satisfaction 

rating form provided (Refer Appendix G). The feedback collection process will be 

discussed further in next section. 

6.4.3 Feedback Collection from Participants  

User feedback on the app is a source of usability data that reflects the experiences of 

people who presumably downloaded and used the app. These data can demonstrate 

app popularity via total number of ratings, as well as quality via average rating and 

narrative reviews (Jake-Schoffman et al., 2017). Therefore, once the participants 
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completed all the task assigned, they were requested to complete satisfaction rating 

form as part of subjective data collection for the study. The form consists of 20 items 

from subjective metric in the developed model with Likert scale 1 to 5 which defined 

as; 1 = Strongly Disagree, 2 = Disagree, 3 = Neutral, 4 = Agree, 5 = Strongly Agree 

(Refer Appendix G). All the satisfaction ratings in this form were from the developed 

model in term of subjective data to be collected from the evaluation conducted. 

Participants were asked to give rating honestly about the application and all the 

information provided is stressed to them to be kept confidential and only used for this 

research purposes.  

Once the form was completed, the participants were given goodie bag as honoring 

their valuable time spend on this evaluation process (Wohlin et al., 2012). The same 

feed-back collection procedure is done for the participants who perform the usability 

testing individually in real world environment. Once all the phases of the usability 

testing completed, the screen recorded video and feedback forms were then brought 

back to be analyzed further by the researcher. Findings from the usability testing 

presented in the next section. 

6.5 Findings of Usability Testing  

This section aims in reporting the findings of usability testing. Findings are classified 

into three (3) sub section, which are 1) demographic information, 2) objective metrics 

data results and 3) subjective data results. Two types of data were collected from the 

usability testing which includes objective and subjective data as per the proposed 

model suggested. The objective data that was acquired by recording screen video 

during usability testing conducted with patients. The subjective data was gathered 

through satisfaction rating form distributed after the testing was completed by the user 
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to identify satisfaction level of using the application. The metrics data was examined 

through SPSS to report on the findings. The analysis of both objective and subjective 

data yield to determine the reliability of the developed model in collecting data in real 

environment with the actual users. 

6.5.1 Demographic Information 

For the usability evaluation, total of 20 (twenty) participants aged ranged between 33-

60 years old were chosen due to availability of the selected age group. Consisting of 8 

females and 12 males. This is also because purposive sampling was used to select the 

respondents as it suggests that based on the intention or the purpose of study. Only 

those elements are selected from the population which suits the best for the purpose of 

our study which mostly used to identify user in usability studies (Albert & Tullis, 

2013). Besides that, this age group is known as naïve to technology and smart phones 

whereas the developed model focused on chronic disease apps. Both objective data 

and subjective data collected from all the participants reported in next section. 

6.5.2 Objective Data Analysis Result for Glucose Buddy  

Data for the objective metrics were collected during the usability testing and 

summarized each for total of 22 (twenty- two) objective metric data from proposed 

model. The mean score for each objective metric data is presented in Table 6.6 for the 

selected and tested chronic disease mobile application named as Glucose Buddy. 
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Table 6.6 

Objective Data Result  

Usability 

characteristic 

Usability Sub-

characteristic  

Usability metrics/objective 

metrics 

Mean 

Efficiency  Self-management  Number of activities user can 

input on daily basis 

6 

Reminders  Total number of delivered 

notification(s). 

0 

Total number of dismissed 

notifications 

0 

Loading time  Time taken to load application. 0.02 

Time taken to respond to 

command 

0.16 

Effectiveness  Accuracy  Total number of errors. 27.05 

Number of successful tasks 6.85 

Fault tolerance Time taken to load help menu. 0.10 

Time spend on errors by users 52.21 

Number of times user undo 

actions that may lead to errors 

8.65 

Completeness  Time taken to complete a task. 463.03 

 Total number of tasks to 

complete a goal 

9 

Total time spend on executing 

the tasks 

475.76 

Total number of interactions 150.10 

Learnability  Simplicity  Time taken to learn. 585.35 

Number of errors while key in 

data. 

25.00 

Time spend while key in data. 210.89 

 User guide  Total number of times help 

menu used 

0.35 
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Accessibility  Operability  Time taken to select a task 107.89 

Number of clicks to find call to 

action button 

1.65 

Number of errors during 

navigation 

8.55 

Total number of failed 

commands 

1.50 

* Number of sent notifications, dismissed notifications shows mean of 0 because the named metrics were not found in the 

application thus it is recorded as no notification sent dismissed during usability testing 

Table 6.6 show mean score for each measure on objective metrics data for all 

participant in the usability testing. However, it is important to note that, not all the 

metrics can accurately define using mean value (Sauro & Lewis, 2016). Thus, the 

collected data results are summarized into three categories namely, time taken to 

complete task, total error rate and number of actions performed. These categories are 

commonly being used in usability testing to identify usability issue the application are 

having for general view (Sauro & Lewis, 2016; Albert & Tullis,2013).  

This section was determined to identify the ability to collect data in validating the 

proposed model. However, usability practitioners are recommended to produce a full 

report and a comparative analysis on application to be tested on each category 

according to the proposed model during implementation. The attempt of this section 

is to report the summarization of all collected objective data according to the category 

as described in Table 3.6 in chapter three.  

6.5.2.1 Time on Task 

Time on task category summarize total time taken to complete all the task. Through 

this data, task success level is identified from total of nine task that has been conducted 

with the participant (Refer Appendix F). Time taken to complete a task was calculated 
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for the usability testing conducted with the help of stopwatch due to all data was small 

in seconds. As for this study, geometric mean was used in reporting the average task 

time since the number of participants were 20 (twenty). Arithmetic mean is not 

preferred when for small sample size because it commonly produce less accurate result 

for it (Albert & Tullis, 2013). Analysis of the geometric mean was done using 

measuring usability statistical analysis (Sauro & Lewis, 2016). However, to be noted 

for this geometric mean to be computed, only completed task has been included to 

yield more accurate result (Sauro & Lewis, 2016). 

Table 6.7 

Geometric Mean for Task Completion Time 

Task  Geometric 

mean  

Confidant interval (95%) 

Seconds 

Time taken to complete 

task 1 

67.45 62.64-74.95 

Time taken to complete 

task 2 

30.17 28.21-32.88 

Time taken to complete 

task 3 

37.20 33.63-43.56 

Time taken to complete 

task 4 

57.46 52.82-64.27 

Time taken to complete 

task 5 

87.51 79.75-110.84 

Time taken to complete 

task 6 

44.74 39.96-53.43 
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Time taken to complete 

task 7 

85.55 76.58-107.41 

Time taken to complete 

task 8 

19.94 18.38-22.21 

Time taken to complete 

task 9 

33.01 30.06-37.93 

 

According to the Table 6.7 above, on average, Task 1 took 67.45 seconds with 95% 

confidence interval (CI) that for this task users will take between 62.64 to 74.95 

seconds to complete. As for Task 2, 30.17 seconds with CI 95% it took between 28.21 

to 32.88 seconds. Task 3 having geometric mean of 37.20 with CI of 95% between 

33.63 to 43.56 seconds to complete the task. Task 4 as per table shows on average it 

has taken 57.46 seconds to complete. As for Task 5, on average total time taken to 

complete is 87.51 seconds with 79.75- and 110.84 seconds at CI of 95%. Task 6 take 

44.74 seconds to complete and task 7 takes 85.55 seconds to complete. Task 8 

considered as the least time taken among all other task with average of 19.94 seconds 

and 95% CI between 18.38-22.21 seconds only.  

While finally Task 9 reported on average of 33.01 seconds on 95% CI between 30.06 

to 37.93 seconds on completing the task. This result shows that each task took different 

completion time rate since the level of difficulties and steps needed to be considered 

in completing each task was also different. For example, Task 8 shows the least 

average time, and it is recorded as fully completed task by all the participants. 

Participants express their satisfaction and agree that finding the menu for this task was 

easy and straightforward as it takes only one button to click.  
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However, Task 1 shows high difficulty in completing it by the participants as 

participant were unable to recognize difference between sign in and sign up and they 

made many errors while entering username and passwords. Moreover, task 5 and task 

7 took maximum time to complete and most of the participants find difficulty complete 

it. These two was recorded as the least number of participants to have completed the 

tasks fully.  

 

Figure 6.1. Task Completion Rate Glucose Buddy 

The above Figure 6.1 shows the total completion rate of all the task conducted by 

participants which is also known as success score. As for Task 5 which was update 

your profile showed 20% completion because profile information such as name, date 

of birth and gender etc. were hidden on another page inside setting button. whereas 

only 4 people were able to complete the given task and other left the task in middle 

because they were unable to find the given task in the application. Similarly, task 7 

also represent 30% completion rate however the menu button for this task was visible 

on home menu but still user was unable to perform the task due to their limited 

learnability with using mobile application because friend button showed the search 

option to find friend and only those friends can be contacted who were already using 
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Glucose buddy. Otherwise, user need to send email or type message on their mobile 

number.  

Moreover, the success score might not be able to yield the difficulty in each task yet 

since there is probability that some tasks were completed without any difficulty while 

some other tasks are completed but with minor or major problems all along the way to 

be completed. In ensuring the usability issue in using the application to be obtained, 

the data obtained can be analyzed with 4 (four) point scaling method to distinguish 

between different type of user experience (Sauro & Lewis, 2016) as explained in 

chapter three refer Table 3.3.  

Data obtained from the usability testing was identified within the rating scale through 

time taken to complete each task. The longer the time taken to finish the task, the more 

difficultly faced by participant in conducting the task (Sauro & Lewis, 2016). Thus, 

range of time been used to identify the category of the rating score, difference of 

maximum and minimum time used in completing each task that was obtained through 

observation during the evaluation further divided by four categories according to the 

four-point scoring as discussed in Table 3.3 chapter three. Figure 6.2 below shows the 

task success level according to user experience. 
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Figure 6.2. Task Success Level Glucose Buddy 

According to the above Figure 6.2 it is shown that participants faced difficulties in 

completing the task though at the end they are able to complete it. Throughout 

conducting the tasks, it is recorded that the users were prone to error during navigation 

and having trouble to find the menus. For example, Participant A is having trouble in 

completing Task 1 since they face difficulty in sign-up and entering their username 

and password and failed to sign up and repeat the whole task to sign up again. which 

categorized under major problem.  

Similarly, Participant A find it difficult to complete task 5 as it was update profile and 

user was unable to find the button for profile update and user made lots of error during 

navigation and had to give up the task and move on to the next task. This was 

categorized under level 4 which is task failure. This also shows the highest usability 

issue lies on the confidentiality such as sign up, operability and presentation such as 

navigation structure of application and presentation of menu buttons in application 

which determine the accessibility of chronic disease applications as per proposed 
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model. While as for Task 2, all the participants have completed the task though there 

were about ten (10) participants who face major problems mainly on clicking the 

button. Many finds the shape of the button was different from other buttons which 

make them difficult to locate the button especially when they first time enter the blood 

glucose moreover there was no icon used for this button which made it difficult for 

elderly people to read the label who have eyesight problem. Most of the participants 

asked the trainer to guide them where to enter blood glucose. This also shows usability 

issues lies towards lack of learnability for user-guide.  

While participants also face little trouble in Task 3. However, there was an icon 

provided on the buttons, but users were not very familiar with the way used to select 

their systolic and diastolic blood pressure. No one take note on their blood pressure as 

they find difficult to use the keyboard on mobile phone. This issue can be identified as 

lack of operability and self-management in efficiency of the application. This led 

towards frustration that are seen through facial expression among them since they 

could not click the button. 

However, Task 4 was failed by 4 participants as they were unable to enter the name of 

the medicines they take, and which measures they used however custom medicine is 

the most crucial part of self-management related usability issue regarding disease 

management applications. whereas other 17 participants also struggled to complete the 

task and asked for guidance throughout the task because this task require to enter 

custom medicine which is different for each patient after entering the name of the 

medicine user need to log their medicine in terms of units they took medicine for 

example how many units of insulin they take or how many pills they take and what 

time they take medicine mostly user do not fill complete information asked as they 
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find it lengthy and difficult. This usability issue identified under accuracy, content and 

presentation of information which determine effectiveness, satisfaction and 

accessibility. Task 5 was the least completed task by the users as only 4 participants. 

Participants were unable to find update profile as there was no button or clear 

indication is provided for updating user information as it is hidden in settings whereas 

another label named view profile mislead users in the application which reflects a bad 

usability in the application. 

 Since user profile is one of the important features in any medical application 

especially related with chronic disease where user consistently need to update their 

weight and health progress or medical tools that user use to self-monitor their health 

progress. This is failed to be fulfilled by this application which seems a major 

drawback for the participants and they were reluctantly had to give up the task with 

frustration. This can also be identified as lacking effectiveness. This led towards 

frustration that are seen through facial expression among them. Participants has shared 

their views to have separate button named user profile with icon so would ease their 

opportunity to manage their disease and achieved the desired goals. 

while for Task 6 finding help menu is recorded as difficult as 8 participants failed to 

complete the task and most of the user faced navigation error but able to rectify and 

complete the task. While many are recorded to be struggling in finding the help menu. 

Help menu is also not presented on the home page and it is mentioned above settings 

on another page while it is very important make it significant and visible when most 

of the target users are elderly people who need help to use the application. This makes 

participants needed some time to search properly to find the help.  
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Meanwhile task 7 invite friend considered as second difficult task to perform as 14 

participants failed to perform this task. Participants were unable to use search name 

option provided, most of them were clueless where to click and which method to use 

to invite friend as this application provide different options such as search friend invite 

friend using Facebook, message or email. Only 6 participants were able to invite friend 

as they use email and type correct email address of their friend. User made lots of 

errors and consider it most difficult task which leads to the fault tolerance meanwhile 

application takes time to load while moving on email or message to invite friend this 

identify usability issues related to effectiveness and efficiency. 

Task 8 was reported as the least difficult task by participants for the highest number 

of participants completed the task without any problem. Button was available on the 

main menu with icon and label both and the whole task require only three clicks to 

generate report however application take time to load the full report. 

Finally, the last task 9 leads to hard time in finding the log out button for these 

participants but they managed to complete the task. There were five (5) participants 

who face major problem in Task 9 to find the logout menu. However, the rest 

successfully logged out from the application. This is considered failure in the 

application to provide clear menu button for user and consider failure task. This is a 

major usability issue in term of operability of the application since no clear 

identification of finding the button for log out, help menu and update profile and many 

left incomplete tasks which is very bad usability design of the application that should 

be rectified.  

Overall, it shows that four (4) out of nine (9) tasks are having higher number of failures 

which shows usability issues are present in the application and needs more 
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consideration. Although all the tasks recorded as completed however, the rate of 

problems encounter throughout completing the task will be invisible. Taking into 

consideration of Albert & Tullis (2013), giving four scale rating score through user 

experience enable this issue to be identified clearly upon the task that having many 

issue to complete and the easiest task to be completed as well. This yield to more 

meaningful usability issue identification as per explained previously. 

6.5.2.2 Total Error Rate 

Total error was also counted during the usability evaluation and average error rate per 

task by participant are as in Table 6.8 below. 

Table 6.8 

Total Error Rate  

Task  Total number of 

errors  

Mean  Confident interval 

(95%) 

Total number of errors in 

task 1 

64 3.20 2.40-3.99 

Total number of errors in 

task 2 

18 0.90 0.53-1.26 

Total number of errors in 

task 3 

28 1.40 0.88-1.99 

Total number of errors in 

task 4 

74 3.70 2.90-4.49 

Total number of errors in 

task 5 

124 6.20 5.37-7.02 
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Total number of errors in 

task 6 

62 3.10 1.94-4.25 

Total number of errors in 

task 7 

129 6.45 5.45-7.35 

Total number of errors in 

task 8 

11 0.55 0.22-0.88 

Total number of errors in 

task 9 

58 2.75 1.90-3.57 

 

According to the Table 5.8 above, it is shown the total error per task consist of at least 

1 error by participant and average mean for each task. It is clear that on average Task 

8 consist of less error by participant which also correlate with the 100 percent of task 

completion rate with twelve (12) participants recorded as does not faced any problem 

in completing this task (Refer Figure 5.2). This proves that Task 8 is easier and 

straightforward for participants among all other tasks. However, task 5 and 7 shows 

the greatest number of errors and difficulty to complete the task. It can be concluded 

that for 95% confident that population mean of total error for all the task lies between 

0.22 to 7.35. This also shows the difficulty of the application for the participant and 

need to address this issue to avoid frustration which could end to giving up of the 

application 

usage in future. 

6.5.2.3 Average Action for Each Task 

Average action for each task is reported in this section through count of total number 

of actions performed by the participants throughout conducting the task. 
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Table 6.9 

Average Number of Action per Task 

Task Total number of 

interactions 

Geometric 

mean  

Confidant 

interval 95% 

Number of interactions 

to complete task 1 

468 23.40 21.80-25.00 

Number of interactions 

to complete task 2 

294 14.70 13.94-15.46 

Number of interactions 

to complete task 3 

318 15.90 14.87-16.93 

Number of interactions 

to complete task 4 

448 22.40 20.82-23.98 

Number of interactions 

to complete task 5 

508 25.40 23.75-27.05 

Number of interactions 

to complete task 6 

184 9.20 6.89-11.51 

Number of interactions 

to complete task 7 

498 24.90 23.09-26.71 

Number of interactions 

to complete task 8 

122 6.10 5.46-6.74 

Number of interactions 

to complete task 9 

185 8.10 8.39-10.11 

 

According to the Table 6.9, it is shown that on average action varies for each task. This 

action commonly depends on task; how easy and straightforward a task is. According 

to table above, Task 1, task4, task 5 and task 7 present higher number of actions with 
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average of 11.4 action conducted by participants respectively. This is also identified 

through the completion time that Task 5 and task 7 that about 16 and 14 participants 

were recorded to have given up on the task after struggling trying to complete it (Refer 

Figure 6.2).  

Through this, it is obvious that the action needed for this task either unclear or the 

application having many difficult menus for participant to navigate in completing the 

task. The effectiveness of the application in term of completeness is questionable here 

that should be addressed in overcoming this issue. Besides that, Task 6 is having lesser 

action, and this is because many discontinued the task after few navigations since they 

realize the help menu button in nowhere to find and give up on the task towards the 

end. This can be identified that the application is having less fault tolerance whereas 

participants is unable to rectify the problem and tend to give up on the task by force 

stopping the application.  

Frustration was observed during the ending of this task since many unable to identify 

the exact location of logout in the setting menu and thus tend to force stop and end the 

task with failure position. The analysis above are some of the examples that shows 

overall data collected are reliable and correlate with each other that determine the 

developed model are capable in collecting data and producing relevant results to 

identify usability issue for the chronic disease mobile application. However, it is to be 

noted again that this section aimed in identification of the correlation between 

objective metrics that been collected and validate to be measurable item from the 

proposed model. 
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6.5.3 Subjective Data Analysis Result for Glucose Buddy 

Subjective data was collected through rating form (Refer Appendix G) that relates with 

all the subjective metrics in proposed model. The rating form were based on one 

parameter to be measured which is satisfactory level of the user throughout using the 

application during the usability testing that were from six (6) usability characteristic 

identified in the model. The form consists of 20 subjective measures based on the 

proposed model. This section discussed on the reliability of the rating items used in 

the usability testing, correlation between the items (metrics) and characteristic of the 

proposed model and finally presenting overall results of the subjective data collected 

and categorization of the satisfactory level obtained. Through this, overall impression 

of the user on the application ability to use is obtained. Moreover, it also shows the 

capability of the model to collect precise satisfaction information according to 

intended user needs as it addresses the main intention of this developed model which 

aimed on the specific disease management and elderly people.  

Additionally, usability issue in the application would also be revealed. Before 

analyzing the satisfaction level of overall impression of user towards the application, 

the rating form were tested for reliability. Cronbach’s alpha is a measure that access 

reliability of a set of scale items which test on the consistent measure’s strength used 

in the form. This was done through SPSS and result are presented in Table 6.10 below. 
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Table 6.10 

Subjective Data Results  
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Efficiency Live data upload from 

tracking devices such as 

smart watch was accurate 

1.90 .852 .886 .797 

Data back-up accuracy is 

satisfying 

1.90 .852 

Satisfaction with goal 

achievement 

2.75 .850 

Effectiveness Satisfaction with the 

accuracy of the functions 

2.45 .759 

Satisfaction Content display 

(images/captioning) is 

satisfying 

2.15 .670 .729 

Multimedia content is 

satisfying 

2.15 .812 

Satisfaction with the 

usefulness of the app 

2.05 .604 

The self-explanatory 

information provided to 

understand medical jargon 

1.75 .550 

Satisfaction with content  1.65 .670 
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Video help provided to 

use the app 

2.10 .718 

Touch screen input is 

satisfying 

2.15 .812 

Color and font are 

attractive and satisfying 

2.35 .587 

Learnability Layout presentation is 

satisfying 

1.75 .444 .811 

Screen optimization is 

satisfying 

1.85 .489 

Help menu provided to 

use app is satisfying 

2.20 .833 

Satisfaction with the 

navigation structure 

2.25 .786 

Accessibility Satisfaction with virtual 

keyboard 

1.75 .638 .925 

Satisfaction with 

information organization 

2.25 .638 

Satisfaction with menu 

names and icons 

2.20 .695 

Satisfaction with the text 

presentation 

2.35 .670 

Error revert was easy to 

perform in this 

application 

2.45 .686 

Satisfaction with finding 

content 

2.25 .786 
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According to (Sekaran & Bougie, 2016) reliability coefficient of .70 or higher is 

considered acceptable while .90 to 1.00 consider having excellent coefficient 

reliability among the items in the questionnaire. Table 5.8 shows the alpha coefficient 

for all the 20 item is .797, suggesting that the items having relatively high consistency. 

This ensures the metrics used in this study are acceptable and reliable to be used and 

obtaining results. When investigating by characteristics category, each characteristic 

shows alpha coefficient are acceptable and in good range.  

Accessibility showed relatively higher means than the other which is 0.925 alpha 

coefficient value that is consider good. learnability with .811 efficiency and 

effectiveness having 0.886 alpha coefficient which means all the items are reliable to 

be used for representing data information. Mean for each item score were also recorded 

for subjective metrics. Higher score indicates greater satisfaction level for user with 

standard deviation provided for each item individually that shows all the items. It is 

also revealed that all the subjective metrics show low mean score obtained which 

ranged between 1.45 to 2.75 mean score. This shows that user have very low 

satisfaction on the usefulness, and navigation of the whole application. It is very hard 

to believe that application failed to fulfil the need of the real users despite being 

declared as number one application chronic disease management.  

Overall level of satisfaction was obtained by calculating the difference of maximum 

and minimum. Which further divided to three categorize with level of satisfaction of 

the user towards usage of the application into low satisfaction, medium satisfaction 

and high satisfaction. Given that, the difference of 135 and 20 was 108 which is divided 

by 3 providing range low (27.0 - 63.0), medium (64.0 – 99.0) and high (100 - 135) 

levels of user satisfaction. 
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Table 6.11 

Central Tendencies and Dispersion of Participants 

Participants  Mean  Category of Satisfaction 

Participant 1  66.00  Medium Satisfaction 

Participant 2  49.00  Low Satisfaction 

Participant 3  52.00  Low Satisfaction 

Participant 4  55.00  Low Satisfaction 

Participant 5  57.00  Low Satisfaction 

Participant 6  55.00  Low Satisfaction 

Participant 7  36.00  low Satisfaction 

Participant 8  58.00  Low Satisfaction 

Participant 9  50.00  Low Satisfaction 

Participant 10  64.00  Medium Satisfaction 

Participant 11  43.00  Low Satisfaction 

Participant 12  64.00  Medium Satisfaction 

Participant 13  64.00  Medium Satisfaction 

Participant 14  58.00  Low Satisfaction 

Participant 15  62.00  Medium Satisfaction 

Participant 16  53.00  Low Satisfaction 

Participant 17  65.00  Medium Satisfaction 

Participant 18  55.00  Low Satisfaction 

Participant 19  56.00  Low Satisfaction 

Participant 20  53.00  Low Satisfaction 

According to the Table 6.11 above, analysis results on the participants in the research 

showed that average mean score ranged 36 to 66. Given the mean values of the 

variables, overall satisfaction was found to be at low level satisfaction whereas 14 
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participants express low satisfaction while 6 participant rated as medium satisfaction, 

and none rated the application within high satisfaction range. Some participants argued 

that the mobile technology is more suited for younger patients than for older users due 

to their limited experience with aspects of these devices such as the touchscreen 

display. However, even though most of the participants in this study were middle aged 

or older and not proficient users of mobile devices. 

Additionally, the lower level of education of most participants influence the 

acceptance of the mobile app in this study. This clearly indicate the application is 

unsatisfactory in term of usage by the chronic disease patients in general perspective 

on the application. The application can be identified having user experience issue as 

the interface of application is not user friendly and does not fulfil the naïve user 

requirements. This is one of the main reasons that these applications do not yield the 

predicted benefits and patients do not prefer to use them once they install in their 

device. 

6.5.4 Objective Data Analysis Result for Medi-safe  

Data for the objective metrics were collected during the usability testing and 

summarized each for total of 22 (twenty- two) objective metric data from proposed 

model. The mean score for each objective metric data is presented in Table 6.12 for 

the selected tested chronic disease mobile application named as Medi-safe. 
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Table 6.12 

Objective Data Result  

Usability 

characteristic 

Usability Sub-

characteristic  

Usability metrics/objective 

metrics 

Mean  

Efficiency  Self-management  Number of tasks user can input 

on daily basis 

8 

Reminders  Total number of delivered 

notification(s). 

3 

Total number of disabled 

notifications 

1.40 

Loading time  Time taken to load application. 0.05 

Time taken to respond to 

command 

0.03 

Effectiveness  Accuracy  Total number of errors. 20.40 

Number of successful tasks 7.40 

Fault tolerance Time taken to load help menu. 0.10 

Time spend on errors by users 38.77 

Number of times user undo 

actions that may lead to errors  

8.30 

Completeness  Time taken to complete a task. 563.05 

 Total number of tasks to 

complete a goal 

11 

Total time spend on executing 

the tasks 

551.98 

Total number of interactions 175.85 

Learnability  Simplicity  Time taken to learn using the 

application. 

624.58 

Number of errors while key in 

data. 

23.30 

Time spend while key in data. 220.29 
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 User guide  Total number of times help 

menu used 

0.40 

Accessibility  Operability  Time taken to select a task 107.89 

Number of clicks to find call to 

action button 

1.60 

Number of errors during 

navigation 

13.30 

Total number of failed 

commands 

1.95 

Table 6.12 show mean score for each measure on objective metrics data for all 

participant in the usability testing. However, it is important to note that, not all the 

metrics can accurately define using mean value (Sauro & Lewis, 2016). Thus, the 

collected data results are summarized into three categories namely, time taken to 

complete task, total error rate and number of actions performed. These categories are 

commonly being used in usability testing to identify usability issue the application are 

having for general view (Sauro & Lewis, 2016; Albert & Tullis,2013). This section 

was determined to identify the ability to collect data in validating the proposed model.  

However, usability practitioners are recommended to produce a full report and a 

comparative analysis on application to be tested on each category according to the 

proposed model during implementation. The attempt of this section is to report the 

summarization of all collected objective data according to the category as described in 

chapter three refer Table 3.6. 

6.5.4.1 Time on Task 

Time on task category summarize total time taken to complete all the task. Through 

this data, task success level is identified from total of eleven task that has been 

conducted with the participant (Refer Appendix F). Time taken to complete a task was 
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calculated for the usability testing conducted with the help of stopwatch due to all data 

was small in seconds. As for this study, geometric mean was used in reporting the 

average task time since the number of participants were 20 (twenty). Arithmetic mean 

is not preferred when for small sample size because it commonly produce less accurate 

result for it (Albert & Tullis, 2013). Analysis of the geometric mean was done using 

measuring usability statistical analysis (Sauro & Lewis, 2016). However, to be noted 

for this geometric mean to be computed, only completed task has been included to 

yield more accurate result (Sauro & Lewis, 2016). Table 6.13 below show the 

geometric mean for the task completion time. 

Table 6.13 

Geometric Mean for Task Completion Time 

Task  Geometric 

mean 

Confidant interval (95%) 

Seconds 

Time taken to complete task 1 72.1 76.91-67.29 

Time taken to complete task 2 98.75 137.29-60.21 

Time taken to complete task 3 59.8 65,25-54.35 

Time taken to complete task 4 24.7 27.11-22.29 

Time taken to complete task 5 53.43 61.61-45.29 

Time taken to complete task 6 35.13 39.16-31.14 

Time taken to complete task 7 81.75 95.44-68.06 

Time taken to complete task 8 33.15 36.65-29-65 
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Time taken to complete task 9 25.1 28.12-22.08 

Time taken to complete task 10 43.65 49.12-38.18 

Time taken to complete task 11 35.45 48.52-22.38 

According to the Table 6.13 above, on average, Task 1 took 72.1 seconds with 95% 

confidence interval (CI) that for this task users will take between to 74.95 

seconds to complete. As for Task 2, 98.75 seconds with CI 95% it took between 137.29 

to 60.21 seconds. Task 3 having geometric mean of 59.8 with CI of 95% between 

65.25 to 54.35 seconds to complete the task. Task 4 as per table shows on average it 

has taken 24.7 seconds to complete. As for Task 5, on average total time taken to 

complete is 53.43 seconds with 61.61 seconds at CI of 95%.  

Task 6 take 35.13 seconds to complete and task 7 takes 81.75 seconds to complete. 

Task 8 considered with average of 33.15 seconds and 95% CI between 36.65-29-65 

seconds only. Whereas Task 9 reported on average of 25.1 seconds on 95% CI between 

28.12-22.08 seconds on completing the task. Task 10 take 43.65 seconds to complete 

and finally task 11 showed 35.45 seconds with 95% CI 48.52-22.38.  

This result shows that each task took different completion time rate since the level of 

difficulties and steps needed to be considered in completing each task was also 

different. For example, Task 4 and task 6 shows the least average time and it is 

recorded as fully completed task by all the participants. Participants express their 

satisfaction for task 4 and agree that finding the menu for task 6 was easy and 

straightforward as it takes only one button to click.  
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However, Task 2 shows high difficulty in completing it by the participants as 

participant were unable to find update profile and they were unable themselves to 

register with the app for their sign up as it required to verify the email id used and sent 

a code that user need to enter in the application to register with it.  

This whole task was confusing and difficult for the users who were old age and naïve 

to technology therefore they made many errors and left the task uncompleted after few 

trials. Moreover, task 1, 3, 5 and task 7 took maximum time to complete and most of 

the participants find it difficult to complete.  

 

Figure 6.3. Task Completion Rate MediSafe 

The above Figure 6.3 shows the total completion rate of all the task conducted by 

participants which is also known as success score. As for Task 2 it showed 10% 

completion whereas only 2 people were able to complete the given task.  Task 3 

showed 50 % completion rate because most of the user were unable to find the given 

task in the application. Similarly, task 7 also represent 60% completion rate. The menu 

button for this task was also invisible on home menu and user was unable to perform 

the task due to their limited learnability with using mobile application.  
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Moreover, the success score might not be able to yield the difficulty in each task yet 

since there is probability that some tasks were completed without any difficulty while 

some other tasks are completed but with minor or major problems all along the way to 

be completed. Task 11 also showed 65% completion rate as it was also left many users 

because users find it difficult to find log out button and get frustrated and exit the 

application without log out. In ensuring the usability issue in using the application to 

be obtained, the data obtained can be analyzed with 4 (four) point scaling method to 

distinguish between different type of user experience (Sauro & Lewis, 2016) as 

explained in Table 3.6 chapter three.  

Data obtained from the usability testing was identified within the rating scale through 

time taken to complete each task. The longer the time taken to finish the task, the more 

difficultly faced by participant in conducting the task (Sauro & Lewis, 2016). Thus, 

range of time been used to identify the category of the rating score, difference of 

maximum and minimum time used in completing each task that was obtained through 

observation during the evaluation further divided by four categories according to the 

four-point scoring refer Table 3.5 in chapter three. Figure 6.4 below shows the task 

success level according to user experience. 
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Figure 6.4. Task Success Level MediSafe 

According to the above Figure 6.4. It is shown that participants faced difficulties in 

completing the task though at the end they are able to complete it. Throughout 

conducting the tasks, it is recorded that the users were prone to error during navigation 

and having trouble to find the menus. For example, Participant A is having trouble in 

completing Task 1 as it involves lots of steps to complete it similarly task 2 was not 

present at the home menu and user find it difficult to find. 

 It also referred as update profile and once you update your profile only then you will 

be able to sign-up. They also face difficulty in sign-up and entering their email id and 

password and failed to sign up and repeat the whole task to sign up again. This task 

also require user to verify their email with a code send on the given email and enter 

that code into the application user find it very difficult and leave the task without 

complete. Which categorized under task failure. User also complain this application 

does not have a clear back button user need to click at different options to go back to 

the main screen.  
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Similarly, Participant A find it difficult to complete task 3 as it was adding 

measurements. User was unable to find the button for add measurements as the option 

was mentioned with a plus icon at the upper right corner of the screen and almost 

invisible to notice. After finding the plus option user find the button for add 

measurement then user need to select only three measurements according to their 

disease from the given list but they do not mention that you can only select three 

measures once user select different measure then application show an error message 

and mostly user were unable to recognize the error message as it use very small text 

size so most of the user made lots of error during navigation and had to give up the 

task and move on to the next task.  

User also find difficult to enter the blood glucose and blood pressure values as most 

of the participants asked the trainer to guide them where to enter blood glucose. This 

also shows usability issues lies towards lack of learnability for user-guide.  This was 

categorized under level 3 which is major problem. operability and presentation such 

as navigation structure of application and presentation of menu buttons in application 

which determine the accessibility of chronic disease applications as per proposed 

model. While task 1 was completed by 18 participants and only two participants failed 

to complete. This task involves lots of steps to complete such as selecting the name, 

shape and color of the medicines. User also need to enable notifications for taking 

medicine. Overall, this task was simple, but it involves lots of steps therefore 14 

participants face minor problem and only 4 participants face major problem. While as 

for Task 4, all the participants have completed the task though there were about eleven 

(11) participants who face minor problems mainly on finding the button as it was under 

button named as More. However, user easily identify the icon which shows a diary, so 

user find it easy to complete and face no problem while taking note. 
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Participants also face trouble in Task 5 which was making an appointment with doctor. 

This task involves lots of steps to complete and ask user to enable notification to 

remind before the appointment. However, 18 participants complete the task but most 

of them face major problem and ask the trainer to help them while choosing the date 

and time for appointment. Task 6 was reported with highest number of participants 

completed the task without any problem. Menu button was available on the main menu 

with icon and label both and the whole task require few clicks to send report.  

Meanwhile task 7 invite friend considered as third difficult task to perform as 8 

participants failed to perform this task. Participants face difficulty to locate the button 

and it provide options to select med-friend from contacts list or you can add manually. 

Most of the participant choose manually again it require details of friend and then 

participant choose the method to invite through phone message or email. Most of them 

were clueless where to click and which method to use to invite friend as this application 

provide different options. However, 12 participants were able to invite friend as they 

use email and type correct email address of their friend.  But most of them face major 

difficulty while performing this task. User made lots of errors and consider it most 

difficult task which leads to the fault tolerance meanwhile application takes time to 

load while moving on email or message to invite friend this identify usability issues 

related to effectiveness and efficiency. 

Task 8 was enabling passcode to secure the application on your phone. However, it 

was completed by 15 participants but most of them face difficulty to locate the button 

as it was hidden in setting and user need to enable it by clicking on the button but 

almost all user click on different buttons and menu to find it and get frustrated and 

most of them comment without mentioning this task they would never be able to find 
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this passcode option.  However, enabling passcode option is very important as it is 

very necessary for medical applications but mostly do not provide this option. This 

option should be available in the start of the application so user could enable this since 

their first-time use. 

However, Task 9 was changing the screen style, which is relevant to accessibility, but 

this was also hidden in settings but from the task description and lots of navigation 

while performing the previous tasks user were able to locate it. Only one participant 

failed to complete the task, but others face difficulty to locate it however the task it-

self only require one click. Task 10 was finding help and customizing the notification 

to remind taking medicine and changing the ringtone for the notification. User find 

help with less errors as the button was clear under button named “More”. But larger 

font size for screens is preferred when there is more information, for example a screen 

showing health related advice and activities.  

However, while writing message for notification. Some of the participants experienced 

problems with inputting information. They also suggested the need for introducing 

additional affordances, such as writing text in a horizontal mode. Finally, the last task 

11 leads to hard time in finding the log out button as thirteen participants failed to 

complete the task while other managed to complete the task with major problem. This 

is considered failure in the application to provide clear menu button for user and 

consider failure task. This is a major usability issue in term of operability of the 

application since no clear identification of finding the button for log out, help menu 

and update profile and many left incomplete tasks which is very bad usability design 

of the application that should be rectified.   
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Overall, it shows that five (5) out of eleven (11) tasks are having higher number of 

failures which shows usability issues are present in the application and needs more 

consideration. Moreover, the Main menu of this application shows few buttons the 

overall information arrangement was quite confusing, and the color contrast was used 

light grey color small font size with white background. Which was quite difficult to 

read even for a healthy young person. This also shows the highest usability issue lies 

on the confidentiality such as sign up, operability and presentation such as navigation 

structure of application and presentation of menu buttons in application which 

determine the accessibility of chronic disease applications as per proposed model. 

Although all the tasks recorded as completed however, the rate of problems encounter 

throughout completing the task will be invisible. Taking into consideration of Albert 

& Tullis (2013), giving four scale rating score through user experience enable this 

issue to be identified clearly upon the task that having many issues to complete and 

the easiest task to be completed as well. This yield to more meaningful usability issue 

identification as per explained previously. 

6.5.4.2 Total Error Rate 

Total error was also counted during the usability evaluation and average error rate 

Table 6.14 

Total Error Rate  

Task  Total 

number of 

errors 

Mean Confident interval 

(95%) 

Total number of errors in task 1 54 2.78 3.31-2.27 

Total number of errors in task 2 55 2.73 3.29-2.18 
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Total number of errors in task 3 50 2.57 3.37-1.79 

Total number of errors in task 4 12 0.63 0.96-0.30 

Total number of errors in task 5 59 3 3.43-2.57 

Total number of errors in task 6 19 1 1.48-0.52 

Total number of errors in task 7 66 3.31 4.12-2.51 

Total number of errors in task 8 12 0.63 0.92-0.34 

Total number of errors in task 9 11 0.57 0.87-0.29 

Total number of errors in task 10 48 2.42 2.79-2.05 

Total number of errors in task 11 22 1.10 1.33-0.88 

According to the Table 6.14 above, it is shown the total error per task consist of at 

least 1 error by participant and average mean for each task. It is clear that on average 

Task 4 consist of less error by participant which also correlate with the 100 percent of 

task completion rate with twelve (12) participants recorded as does not faced any 

problem in completing this task (Refer Figure 6.3).  

This proves that Task 4 is easier and straightforward for participants among all other 

task followed by task 8, task 9 and task 6 with completion rate of 100%, 95% and 85%.  

However, task 1, task 2, task 3, task 5 and task 7 shows the greatest number of errors 

and difficulty to complete the task. It can be concluded that for 95% confident that 

population mean of total error for all the task lies between 0.29 to 4.12. This also shows 

the difficulty of the application for the participant and need to address this issue to 

avoid frustration which could end to giving up of the application usage in future. 
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6.5.4.3 Average Action for Each Task 

Average action for each task is reported in table 5.15 through count of total number of 

actions performed by the participants throughout conducting the task. 

Table 6.15 

Average Number of Action per Task 

Task Total number of 

interactions 

Geometric 

mean 

Confidant 

interval 95% 

Number of interactions 

to complete task 1 

522 26.10 24.10-28.10 

Number of interactions 

to complete task 2 

474 23.70 21.37-26.03 

Number of interactions 

to complete task 3 

481 24.05 22.75-25.35 

Number of interactions 

to complete task 4 

148 7.40 6.99-7.81 

Number of interactions 

to complete task 5 

484 24.20 23.03-25.37 

Number of interactions 

to complete task 6 

196 9.80 8.55-11.05 

Number of interactions 

to complete task 7 

505 25.25 23.61-26.89 

Number of interactions 

to complete task 8 

213 10.65 9.47-11.83 

Number of interactions 

to complete task 9 

167 8.35 7.24-9.46 
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Number of interactions 

to complete task 10 

233 11.65 10.29-13.01 

Number of interactions 

to complete task 11 

94 4.70 3.78-5.62 

 

According to the Table 6.15, it is shown that on average action varies for each task. 

This action commonly depends on task; how easy and straightforward a task is. 

According to table above, Task 1, task 2, task 3 and task 7 present higher number of 

actions with average of 23.70 actions conducted by participants respectively. This is 

also identified through the completion time that Task 1 show major problem for 14 

participants such as task present that 18 participants give up on the task whereas task 

3 showed that 10 participants failed to complete the task and 6 participants face major 

problem while completing the task. 

Whereas task 7 showed that 10 participants failed to complete the task and 9 

participants face major difficulty in completing the task (Refer Figure 5.4). Through 

this, it is obvious that the action needed for these tasks either unclear or the application 

having many difficult menus for participant to navigate in completing the task.  

The effectiveness of the application in term of completeness is questionable here that 

should be addressed in overcoming this issue. Besides that, Task 11 is having lesser 

action, and this is because many discontinued the task after few navigations since they 

realize the log out button in nowhere to find and give up on the task towards the end. 

This can be identified that the application is having less fault tolerance whereas 

participants is unable to rectify the problem and tend to give up on the task by force 

stopping the application. Frustration was observed during the ending of this task since 
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many unable to identify the exact location of logout in the setting menu and thus tend 

to force stop and end the task with failure position.  

The analysis above are some of the examples that shows overall data collected are 

reliable and correlate with each other that determine the developed model are capable 

in collecting data and producing relevant results to identify usability issue for the 

chronic disease mobile application. However, it is to be noted again that this section 

aimed in identification of the correlation between objective metrics that been collected 

and validate to be measurable item from the proposed model 

6.5.5 Subjective Data Analysis Result for sample application Medi-safe  

Subjective data was collected through rating form (Appendix E) that relates with all 

the subjective metrics in proposed model. The rating form were based on one 

parameter to be measured which is satisfactory level of the user throughout using the 

application during the usability testing that were from six (6) usability characteristic 

identified in the model. The form consists of 20 subjective measures based on the 

proposed model. This section discussed on the reliability of the rating items used in 

the usability testing, correlation between the items (metrics) and characteristic of the 

proposed model and finally presenting overall results of the subjective data collected 

and categorization of the satisfactory level obtained. Through this, overall impression 

of the user on the application ability to use is obtained. Moreover, it also shows the 

capability of the model to collect precise satisfaction information according to 

intended user needs as it addresses the main intention of this developed model which 

aimed on the specific disease management and elderly people. 

 Additionally, usability issue in the application would also be revealed. Before 

analyzing the satisfaction level of overall impression of user towards the application, 
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the rating form were tested for reliability. Cronbach’s alpha is a measure that access 

reliability of a set of scale items which test on the consistent measure’s strength used 

in the form. This was done through SPSS and result are presented in Table 6.16 below. 

Table 6.16 

Subjective Data Results  
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Efficiency  Live data fetch 

from tracking 

devices such as 

smart watch was 

accurate 

1.60 .502 .773 .800 

Data back-up 

accuracy is 

satisfying 

1.60 .502 

Satisfaction with 

goal achievement 

2.25 .444 

Effectiveness  Satisfaction with 

the accuracy of the 

functions 

1.95 .394 

Satisfaction  Content display 

(images/captioning) 

is satisfying 

2.05 .604 .738 

Multimedia content 

is satisfying 

2.20 .767 
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Satisfaction with 

the usefulness of 

the app 

1.95 .510 

The self-

explanatory 

information 

provided to 

understand medical 

jargon 

1.75 .550 

Satisfaction with 

content 

1.65 .670 

Video help 

provided to use the 

app 

2.10 .718 

Touch screen input 

is satisfying 

2.10 .718 

Color and font are 

attractive and 

satisfying 

2.25 .550 

Learnability  Layout presentation 

is satisfying 

1.75 .444 .822 

Screen 

optimization is 

satisfying 

1.85 .489 

Help menu 

provided to use app 

is satisfying 

2.20 .833 

Satisfaction with 

the navigation 

structure  

2.20 .695 
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Accessibility  Satisfaction with 

virtual keyboard  

1.75 0.638 .912 

Satisfaction with 

information 

organization 

2.25 0.638 

Satisfaction with 

menu names 

2.20 0.695 

Satisfaction with 

the text 

presentation 

2.35 0.670 

Error revert was 

easy to perform in 

this application  

2.45 0.686 

Satisfaction with 

finding content  

1.80 .410 

According to Sekaran and Bougie (2016) reliability coefficient of .70 or higher is 

considered acceptable while .90 to 1.00 consider having excellent coefficient 

reliability among the items in the questionnaire. Table 6.16 shows the alpha coefficient 

for all the 20 item is .800, suggesting that the items having relatively high consistency. 

This ensures the metrics used in this study are acceptable and reliable to be used and 

obtaining results. When investigating by characteristics category, each characteristic 

shows alpha coefficient are acceptable and in good range.  

Accessibility showed relatively higher means than the other which is 0.912 alpha 

coefficient value that is consider good. learnability with .822 efficiency and 

effectiveness having 0.738 alpha coefficient which means all the items are reliable to 

be used for representing data information. Mean for each item score were also recorded 
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for subjective metrics. Higher score indicates greater satisfaction level for user with 

standard deviation provided for each item individually that shows all the items.  

It is also revealed that all the subjective metrics show low mean score obtained which 

ranged between 1.45 to 2.45 mean score. This shows that user have very low 

satisfaction on the usefulness, and navigation of the whole application. It is very hard 

to believe that application failed to fulfil the need of the real users despite being 

declared as number one application for chronic disease management. Overall level of 

satisfaction was obtained by calculating the difference of maximum and minimum. 

Which further divided to three categorize with level of satisfaction of the user towards 

usage of the application into low satisfaction, medium satisfaction and high 

satisfaction. Given that, the difference of 135 and 20 was 108 which is divided by 3 

providing range low (27.0 - 63.0), medium (64.0 – 99.0) and high (100 - 135) levels 

of user satisfaction. Table 6.17 below show the central tendencies and dispersion of 

participants about overall satisfaction. 

Table 6.17 

Central Tendencies and Dispersion of Participants 

Participants  Mean  Category of Satisfaction 

Participant 1  63.00  Medium Satisfaction 

Participant 2  48.00  Low Satisfaction 

Participant 3  51.00  Low Satisfaction 

Participant 4  51.00  Low Satisfaction 

Participant 5  55.00  Low Satisfaction 

Participant 6  54.00  Low Satisfaction 

Participant 7  36.00  low Satisfaction 
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Participant 8  56.00  Low Satisfaction 

Participant 9  45.00  Low Satisfaction 

Participant 10  58.00  Low Satisfaction 

Participant 11  41.00  Low Satisfaction 

Participant 12  64.00  Medium Satisfaction 

Participant 13  58.00  Low Satisfaction 

Participant 14  54.00  Low Satisfaction 

Participant 15  60.00  Low Satisfaction 

Participant 16  53.00  Low Satisfaction 

Participant 17  64.00  Medium Satisfaction 

Participant 18  55.00  Low Satisfaction 

Participant 19  57.00  Low Satisfaction 

Participant 20  52.00  Low Satisfaction 

According to the Table 6.17 above, analysis results on the participants in the research 

showed that average mean score ranged 36 to 64. Given the mean values of the 

variables, overall satisfaction was found to be at low level satisfaction whereas 17 

participants express low satisfaction while three (3) participant rated as medium 

satisfaction, and none rated the application within high satisfaction range.  

This clearly indicate the application is unsatisfactory in term of usage by the chronic 

disease patients in general perspective on the application. The application can be 

identified having user experience issue as the interface of application is not user 

friendly and does not fulfil the naïve user requirements. This is one of the main reasons 

that these applications do not yield the predicted benefits and patients do not prefer to 

use them once they install in their device. Both objective and subjective data collected 

through this usability evaluation were considered as validated the developed model as 
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capable to be used in collecting useful data to obtain user satisfaction and requirement 

for mobile application. Overall analysis shows both objective and subjective results 

correlate and effective in collecting data according to developed model.  

This also reveals usability problem in the application particularly addressing to the 

need of patients. This will enable to uncover usability issues in depth according to 

measures and design area suggested for improvements. Thus, it is evident that both 

expert validation evaluation and usability testing proves that the model developed is 

reliable to be used to collect data and analysis in usability evaluation for mobile 

application for the chronic disease management. 

6.6 Discussion on Validated Metrics 

This study has reviewed literature and identified usability measurement for disease 

management mobile application. The developed model consists of three levels: 

characteristics, sub-characteristic and metrics. All the component of the developed 

model has been verified and validated. 

6.6.1 Proposed Objective Metrics 

The objective metrics have considered the results obtained through usability testing. 

Data gathered from the usability testing has been analyzed to determine on the 

reliability of the metric to collect appropriate data. This study also has checked if the 

collected data can be analyzed significantly and provide meaningful results. All 22 

objective metrics were tested with the task being performed by participants on a 

selected mobile application. The data collected have been analyzed according to three 

general usability analysis namely; time on task, total error rate and average action on 

task and results are presented. Results shows that the data collected were able to be 
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used to yield proper result that shows all the metrics are validated and should remain 

in the developed model. Table 6.18 shows the summary of the objective metric 

capability in collecting and providing significant results and all 22 metrics are 

validated through usability testing.  

Table 6.18 

Capability of Objective Metrics to Collect Data 

No Objective Metrics Capability to collect data 

/Validated 

1. Number of activities user can input on daily 

basis 

✓ 

2 Total number of delivered notifications ✓ 

3 Total number of dismissed notification(s) ✓ 

4 Time taken to load application  ✓ 

5 Time taken to respond to a command ✓ 

6 Number of successful tasks ✓ 

7 Total Number of interactions  ✓ 

8 Total number of errors  ✓ 

9 Total number of tasks to complete a goal ✓ 

10 Total time spend on executing the task ✓ 

11 Time taken to load help menu  ✓ 

12 Time spends on errors by users ✓ 

13 Number of times user undo actions that may 

lead to errors 

✓ 

14 Time taken to learn using the application ✓ 

15 Number of clicks to find a call-to-action 

button 

✓ 

16 Time spends while key in data ✓ 
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17 Number of errors while key in data ✓ 

18 Total number of times help menu used ✓ 

19 Time taken to select a task ✓ 

20 Time taken to complete a task ✓ 

21 Number of errors during navigation ✓ 

22 Total number of failed commands ✓ 

6.6.2 Proposed Subjective Metrics 

Subjective metrics used to identify on the satisfaction and usefulness of the application 

by the users. Analysis of these metrics has been done through collection of satisfaction 

rating on the application with the participant in usability testing. Participants rated the 

satisfaction level for total of twenty-seven items that was derived from the developed 

model and tested on the reliability. Data collected was analyzed to examine the relation 

of reliability in the rating form and if the data collected can be used to provide general 

picture that if the application is satisfying for the participants. Moreover, satisfaction 

level obtained were also analyzed with the data gathered and usability score has been 

identified. Table 6.19 below show that all 20 subjective metrics are validated through 

usability testing.  
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Table 6.19 

Capability of Subjective Metrics to Collect Data 

No Subjective metrics Capability to collect 

data / Validated 

1 Satisfaction with the accuracy of live data fetch 

from tracking devices such as smart watch 

 

✓ 

2 Satisfaction with the content display 

(images/captioning) 

 

✓ 

3 Satisfaction with multimedia content ✓ 

4 Satisfaction with goal achievement ✓ 

5 Satisfaction with the content ✓ 

6 Satisfaction with the touch screen input ✓ 

7 Satisfaction on layout presentation ✓ 

8 Satisfaction with the accuracy of the functions ✓ 

9 Satisfaction on color and font ✓ 

10 Satisfaction with the self-explanatory information 

provided to understand medical jargon 

 

✓ 

11 Satisfaction with the video help provided ✓ 

12 Satisfaction with screen optimization ✓ 

13 Easy to revert error (s) ✓ 

14 Satisfaction with the help menu provided ✓ 

15 Satisfaction with virtual keyboard ✓ 
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16 Satisfaction with menu names and icons ✓ 

17 Satisfaction with information organization ✓ 

18 Satisfaction with navigation structure ✓ 

19 Satisfaction with finding content ✓ 

20 Satisfaction with the text presentation ✓ 

Table 6.19 above shows the subjective metric that enable data to be collected and 

produce results. This validated the metrics since data can be collected and produce 

significant result and the metrics will remain in the developed model. Description of 

the objective and subjective metrics has been described in detail in chapter four (Refer 

Section 4.4). 

6.7 Summary 

This chapter discussed on the model validation phase and result were presented. The 

results from both expert focus group evaluation and usability testing shows the 

applicability of the developed model in the real usability testing environment for the 

chronic disease mobile application. Data gathered from the usability testing has been 

analyzed to determine on the reliability of the metric to collect appropriate data. 

Therefore, based on the results obtained the developed model has been validated to be 

suitable to be used for the intended purpose. Thus, it is evident that both expert 

validation and usability testing proves that the model developed is reliable to be used 

to collect data and analysis in usability evaluation for mobile application for the 

chronic disease management. 
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CHAPTER SEVEN 

DISCUSSION, RECOMMENDATION, AND CONCLUSION 

7.0 Introduction 

This chapter discusses the main aim of this study through a detailed explanation of the 

findings. This emphases on reviewing the results of the research with the objective of 

the study. Moreover, this chapter provides the guidelines, and future 

recommendations, for the use of the proposed usability evaluation model for chronic 

disease mobile applications.  Finally, the conclusion and summary of the study also 

presented in this chapter. 

7.1 Discussion of the Findings 

The developed model evaluates the usability of chronic disease mobile applications, 

and the model can be considered as an alternative to existing evaluation methods for 

chronic disease mobile applications. This study has reviewed previous work on 

evaluation in general, together with evaluation for mobile devices and focused on 

mobile health and chronic disease apps. The study also identified the user requirement 

through interview with chronic disease apps users. Furthermore, usability 

characteristics and sub-characteristics suitable for chronic disease apps are identified 

through a systematic literature review. A combination of a well-founded 

characteristics, sub-characteristics and metric has become the foundation to develop 

this model. The model was verified with experts and further validated through focus 

group and usability testing.  Objective and subjective data were collected and analyzed, 

and the results were presented by examining the usability issues uncovered. 
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This study also presents evaluation results for the two chronic disease applications to 

investigate whether different apps uncover different usability issues. This research had 

four stated objectives to enable the research questions. The findings are elaborated 

thoroughly below, 

Objective 1. To identify the usability issues and requirements of the chronic disease 

mobile application. 

This objective is achieved with theoretical study conducted with extensive literature 

review to identify the usability issues and an exploratory investigation conducted 

through interviews with real users of chronic disease applications to identify the 

requirements needed to overcome challenges and meet the expectations of intended 

users. Understanding the user requirement and relevant issues is an essential factor to 

improve usability of an application for desired targeted user groups. It will ensure more 

applicable and reliable final products being delivered to the user and persistent and 

successful use of the product. It would help to increase their usage rate by the patients  

Besides that, it will also save cost and time that consumes in the development phase 

which can later be used for evaluation and getting a better and desirable response from 

actual users for any improvement to be done.  

 Current literature was thoroughly reviewed to identify the usability issues faced by 

available apps for chronic disease such as ease of input, screen readability including 

bad color contrast, small text, and scrolling wheels which leads to accessibility, 

locating button and moving around the interface which is related to navigation, data 

viewing lack of symptom assessment and usable self-management tools concern which 

are not given consideration at any point and many more. Usability issues are discussed 

in detail in chapter two section 2.2. 
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Additionally, Through the interview, it is noticed that the participants are having 

similar issues that leads to identify the user requirement such as accessibility, 

learnability, aesthetics, need of push notification and better self-management tools. 

This help to develop the usability evaluation model. Most of the time usability 

evaluation of chronic disease apps is conducted with general usability evaluation 

models comprising usability characteristics that are meant for widespread use. 

However, when considering on mobile health and the intended users are patients 

mostly older adults living with long-term diseases, user requirement become important 

to be incorporated into the usability model. This eventually explains that the 

commonly used usability evaluation model might not be efficient to be used for 

specific application developed and in this study for the chronic disease application 

itself. Without ensuring the requirement of target user, the quality of the application 

designed for the chronic disease patients will be low and left unused.  

Objective 2. To identify and develop the characteristics, sub-characteristic, and 

metrics for chronic disease mobile application interface  

Systematic literature review was used to identify the characteristic and sub-

characteristic to suit the aim of study. Review was conducted through defining 

protocol, keywords for searching and downloading relevant journals and conference 

proceedings and quality assessment of the selected studies. Summarization method 

used by Coursaris and Kim (2011) was followed to merge the identified characteristics 

and sub-characteristics to use in the study. Additionally, ISO quality models such as 

ISO9241-11 (2018), ISO25010 (2011), ISO 25022 (2016), ISO 25023 (2016) and 

usability model such as QUIM by Seffah et.al (2006) and mGQM by Hussain (2012) 

and usability requirements gathered from the interviews are also incorporated in this 
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study to support the development of the metrics for the study and were explained 

thoroughly in Section 4.4. Achieving this objective also answered research question 2 

(two) which is “what are the usability characteristic, sub-characteristic and metric for 

chronic disease mobile applications usability evaluation?”.  

Objective 3. To construct a usability model through theoretical and exploratory 

study for chronic disease mobile application. 

To the best of our knowledge, there is only three usability evaluation models are 

available for mobile health however two of them lack in metrics and one employed the 

metrics from a general usability model without any changes (Refer to section 2.5). 

There is no published work on using systematic literature review supported with ISO 

models and incorporated intended user requirement to develop usability measurements 

comprising usability characteristics and their related metrics to evaluate chronic 

disease mobile application.  

Therefore, a usability evaluation model for the chronic disease mobile applications 

was proposed. Total of five (5) usability characteristic, twelve (12) sub-characteristic 

and forty-two (42) metrics were generated. These metrics are divided to twenty-two 

(22) objective metrics which would be used to measure objective measurement such 

as task time and number of errors while twenty (20) subjective metrics developed to 

identify the user satisfaction level of the application being evaluated. All the generated 

characteristic, sub-characteristic and metrics are placed accordingly and formed into a 

complete developed model for chronic disease mobile application. This study referred 

to quality in used integrated model by Seffah et al., (2006). However, this study used 

the term usability characteristics, sub-characteristics by following the ISO 25010-11 

quality model whereas QUIM refer this term as Factors and criteria. Moreover, the 
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selected characteristics and sub-characteristics in the model are related to chronic 

disease management mobile applications whereas QUIM is designed for the general 

mobile apps. This study introduced self-management, reminder, aesthetics, content 

and presentation as a unique sub-characteristic than the criteria identified in QUIM 

model. 

 

Figure 7.1. Hierarchy of usability model for chronic disease mobile apps 

Furthermore, model verification was performed with knowledge and domain experts 

to ensure that all the usability characteristics, sub-characteristic and metrics generated 

from theory are completely and correctly has been implemented and the proposed 

model was built in an orderly approach and in line with the intended application in the 

model development. The experts used instrument that was adopted from Beecham et 

al. (2005) to verify the model and its components. Practically, through this model, 

mobile application developers can reveal on the quality of the mobile applications 

developed for the chronic disease with the measurements based on the user 
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requirement. Furthermore, the guidelines provided in collecting and calculating the 

data for both objective and subjective measurement can be used by the usability 

practitioners for performing the usability evaluation for future development. In 

addition, stakeholder for the project will be revealed on the usability issue and level of 

usability score for the application and can be compared with other competing 

application in market to improvise and produce better and useful application for the 

chronic disease mobile application. Thus, the third objective of the study has been 

achieved 

Objective 4. To evaluate the proposed usability evaluation model for chronic disease 

mobile applications through domain experts and usability testing for reliability of 

data collection. 

This objective is divided into two parts; Domain expert’s validation and actual 

usability testing which aim to reveal the practicality of the model in real environment. 

Besides that, it also discloses domain experts’ satisfaction and ensure model’s ability 

to collect reliable data through the metrics. Validation through focus group with the 

knowledge experts and further with domain experts was aimed to ensure its 

applicability to the real environment and collect data through the metrics. Application 

developers and usability practitioners at Fireworks Solutions which is an award-

winning digital innovation firm in Malaysia were chosen. Model and validation form 

were presented to them to obtain their level of agreement on the applicability of the 

model in real environment. Model was validated by the domain experts according to 

predefined criteria of satisfaction namely Gain Satisfaction, Interface Satisfaction and 

Task Support Satisfaction and their level of agreement identified as presented in (Refer 

to Section 6.3). The domain experts were satisfied with the revised model after expert 
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verification and considered it to be appropriate for the targeted user mobile application 

environment. Usability practitioners were also unanimously express their gladness on 

model and asked to later give them for using in their software house. 

Secondly, usability testing was conducted for validating the capability of the model 

for collecting data and yield the results. Two sample chronic disease mobile 

applications named as Glucose Buddy and Medi-safe were used in usability testing in 

order to collect the data. Both objective and subjective data were collected during the 

usability testing. The data collected were then analyzed in term of reliability and 

presented graphical result in general to show that the developed model can collect data 

in real environment. Objective data collected were reported on the mean obtained for 

each metrics. While collected data were then summarized in representing overall 

remarks on the objective data into three (3) categories namely, time taken to complete 

task, total error rate and number of actions performed, and result were presented in 

(Refer to Section 6.5). While, as for the subjective data it was collected through rating 

form in (Refer Appendix G) where alpha coefficient for the overall subjective items 

were reported with high consistency. This shows the reliability of the tested item were 

acceptable and satisfying. Besides that, overall satisfaction shows 70% for first 

application and 60% percent for second application. overall Participants express low 

satisfaction towards the usage of the application tested which clearly shows that the 

usability of application tested is unsatisfactory in term of usage by the users in general 

perspective on the application. This shows the ability of the collected data to produce 

reliable results. Hence, agreement of the domain experts on the capability of the model 

in collecting data and reliability of the data collected with the actual chronic disease 

patients shows the objectives of this study were achieved. 
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7.2 Contributions 

This study has numerous implications on theoretical and practical aspects, mainly in 

the field of HCI and related areas. The core contributions of this study could be seen 

in many ways such as the usability evaluation model for chronic disease mobile 

applications interface, usability metrics for chronic disease applications, guidelines for 

the implementation of the proposed model. These are explained in the following 

subsections. 

Main contribution of this study is the developed usability evaluation model for the 

chronic disease mobile application. The model was constructed based on the 

exploratory investigation conducted with the actual user to gather the requirements 

through interview and theoretical outcomes from systematic literature review. The 

existing usability model focuses on general usability aspect for evaluation and do not 

consider the end user requirements hence often neglect relevant usability 

characteristics for specific mobile application evaluation. 

Therefore, this study has overcome these limitations by incorporating the identified 

usability requirement from real users based on the issues and their needs.  Usability 

characteristics are identified through systematic literature review focusing on the 

usability of chronic disease mobile application measures such as self-management, 

accessibility and further generate the metrics focused on usability evaluation of 

chronic disease mobile applications. Moreover, the constructed model also provides 

the theoretical support from ISO quality models, which most of the existing usability 

evaluation model for mobile application do not have. In addition, currently usability 

models that focused mobile health applications are ambiguous and especially for 

chronic disease are yet unknown to be discovered. While existing models that widely 
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used are too general and provide limited measurements that do not suit for chronic 

disease mobile application evaluation. In this study the developed model helps to 

overcome these limitations. Combination of the ISO quality models provide strong 

base for the selected usability characteristics in the model. This provides more reliable 

assurance that the appropriate usability characteristics, sub-characteristics and metrics 

related to the chronic disease were identified and grouped. 

On that account, the developed model will serve as a guideline and motivation for 

other mobile health application evaluation in future. Theoretically, according to ACM 

Computing Classification System (CCS), this study contributes to the field of usability 

and HCI especially in design and evaluation method through this model. Addressing 

real user requirement in the model enable them in development of application 

according to actual user needs. This ensures application more concern towards user 

and ease of use. It has also been mentioned in earlier section that usability construct’s 

is one of the main challenges faced by researchers and practitioners. Studies that may 

focus on similar issues might find the model as guidance in future. Directly, body of 

knowledge in usability field in design and evaluation method will be benefited from 

the model development.  

Current evaluation methods are too general, and appropriate metrics to support 

evaluation method are few. Moreover, existing metrics are primarily developed for 

desktop systems and do not focus on mobile applications. The metrics proposed by 

previous researchers for a mobile health application evaluation are extracted from 

general models and the rest of model lack in metrics. The metrics in the proposed 

model can be used to evaluate a wide range of chronic disease mobile applications. 
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Two different types of chronic disease mobile applications were tested using the 

usability evaluation model for chronic disease mobile application: Glucose buddy, 

Medi-safe. Model was able to evaluate two of the applications mentioned earlier and 

to present the usability problems for each application. Moreover, usability evaluation 

model for chronic disease mobile application is able to evaluate mobile applications 

both objectively and subjectively. The model has shown an ability to collect objective 

and subjective data. The objective metrics measures user performance during a given 

task, while the subjective measures refer to user perception after using the application. 

For the objective metrics, data calculation method provides easy interpretation and 

decision making. Most of the existing usability evaluation model do not provide these 

highlights which may eventually lead to difficulties in the implementation of the 

models.  

The users of the proposed model may decide to apply different techniques, but this 

depends on the experience of the experts and the purpose of the evaluation. All the 

usability measures produced in the proposed model are simple, consistent, readable 

and in an orderly style (well-organized). This has been proven by the experts during 

the model verification and validation. Thus, through implementing the usability metric 

related to the requirement of users more, important assessment towards the application 

can be made and yield productive result in identifying usability issues. This is not done 

in any usability evaluation model that commonly available that makes this study 

contributes towards the mobile health are highly reflected.  

Researchers in the field of HCI particularly in the area of usability evaluation can use 

the proposed model to serve as guide and follow the same methodology approach used 

for development of a specific usability evaluation model. The methodology used in 
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this research comprised of requirement identification, systematic literature review and 

model validation. The first stage was the requirement identification through interview. 

Interviews were aimed at trying to understand the pros and cons of specific features of 

a proposed interface, users might be appropriate interviewees. Instead of simply 

counting answers in different categories, audio outputs were analyzed using NVIVO 

software tool to organize qualitative data by allowing them to classify and arrange 

information. 

Furthermore, SLR is a method to search literature in a particular research area. This 

systematic approach provides step by step guidance on how to search, evaluate and 

interpret all available research relevant to a particular topic area or phenomenon of 

interest. The three main steps followed by sub-steps proposed by Kitchenham (2007) 

were followed as detailed in chapter 4 above. 

The SLR was successfully implemented and five usability characteristics and twelve 

sub-characteristics for chronic disease mobile applications usability evaluation were 

obtained. Usability evaluation model for specific mobile applications should include 

the intended user requirements, characteristics, and sub-characteristics to suit the aim 

of the study. Guideline in method of selecting and customizing the usability 

characteristics and in term of user context requirements is the baseline of this 

developed model which can be referred.  

Once the characteristics are clearly identified, sub-characteristic and metrics that 

integrated should be consistent to the defined characteristic and clearly identified as 

being done in the study in chapter 4 above. Once the model was developed, expert 

verification was performed to make sure all the findings from theory completely and 

correctly has been implemented in the model development.   
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The proposed model can be presented in many ways, for example with the 

characteristics at the top and the metrics at the bottom. Some researchers present the 

output in plain text, but this research presents the output in a model-based format; the 

usability characteristics, sub-characteristics in the middle and the metrics are on the 

right. The most effective way to present the output depends on the number of metrics. 

If the metrics are fewer, the output can be present from top to down or using plain text 

to describe the characteristics, sub-characteristics and metrics. The developed model 

was revised as well by incorporating the expert knowledge and few metrics were added 

and dropped to make it more suitable to the chronic disease applications.  

The final stage in this research was to validate the model through focus group with the 

usability practitioners and usability testing with the chronic disease patients to check 

the feasibility of the to be implemented in real world. The focus group was conducting 

to validate the right calculation method used to collect data through objective and 

subjective metrics. Evaluation of commercial health app usability can include 

laboratory testing, field-based evaluations, and reviewing ratings with user feed-back 

(Jake-Schoffman et al., 2017). However, it must be noted that purpose of the usability 

testing in this phase is only to validate the reliability of the data collected and does not 

comply on reporting complete usability results in detail which is left for future study 

of this research due to time and cost constraint involved. Thus, we recommend 

conducting field tests and lab tests both are feasible for the usability evaluation of 

chronic disease mobile apps. However, for field tests a secure and quiet place to avoid 

interruption is preferred. During the usability test, it was not possible to collect data 

for few metrics such as ‟ authentication code appears for the version update in both 

applications.  Automatic updates typically appear occasionally in apps and it did not 

appear at all during the tests. However, this metric kept in the models as the domain 
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expert’s usability practitioner and medical doctors both agree on the appropriateness 

of metrics used in the developed model. Expert response would be added value for this 

validation and verification since their level of expertise in the usability domain and 

perspective from industry and other academician able to make more relevant usability 

model. Thus, the process followed can be adapted for development, validation, and 

verification process for future studies in the domain. 

7.3 Recommendations for the Use of the Proposed Model 

1. The validated model can serve as a guide to the chronic disease mobile application 

developers in improving current mobile application or during development of future 

mobile applications. The developers and practitioners are able to use the model during 

the development of application to achieve user satisfaction toward mobile application 

and led to success of the application itself. Moreover, it can help to reduce the cost 

involve in re-improvising an application many times which involve cost and energy of 

both developers and stakeholders.  

 

2. Besides that, the usage of the application will increase among the people who are 

living with chronic diseases and incorporate medicine and other methods to manage 

their disease as a daily routine activity and mobile application developed would not be 

left behind or uninstalled as what many mobile applications for the disease 

management are actually facing now. It is also believed that, the developed model 

contains all the relevant measures are related to the functionalities and requirements 

of chronic disease mobile applications to encourage new versions and better 

improvised user-friendly mobile applications for them in the future. 
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3. The developed model also recommends for usability evaluation of a single chronic 

disease mobile application by collecting data from range of users. Collecting different 

data such as age, expertise level, gender and educational level could generate results 

that can measure significant difference existence between the different ranges of user 

details. This will also help in determining the flexibility and appropriate targeted range 

of user for the developed mobile application clearly. 

 

4. The developed model is a dynamic model where the evaluators can adapt the model 

for any mobile application developed for the chronic disease. This was also proved in 

validation with the user as part of this study where the metrics are validated through 

usability testing conducted with actual users. Moreover, the developed model is 

comprehensive and incorporate all the feature requirement need by the target user and 

ease the usability evaluation process flow in identifying usability issue in an 

application. The developed model presented with two different type of metric namely; 

objective metrics and subjective metrics. Different method can be applied to use both 

type of metric for collecting data. Several usability evaluation methods such as 

usability testing, survey, laboratory experiment and also field study can be applied for 

this purpose. Usability testing alone can yield objective metric data. Moreover, 

subjective metrics generated can be used to produce questionnaire with less cost and 

distributed to larger respondent since the result obtained in validation part in the study 

as in Section 6.6 shows the significance of the subjective metric. Both metrics can be 

applied at the same time as well and comparison are also able to be done using this 

model.  
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5. Comparative method of any new application or any existing applications are also 

recommended which enables the developed model to compare two different 

application that serve similar purpose to provide comparison on which application 

serves better to the targeted user. This also opens up ways in identifying and rectifying 

issues related with usability on the application. However, as for the comparison 

method it is important to ensure the type of mobile version used to avoid bias result 

yielded if comparisons are to be made with oldest version and newest version of 

mobile. This is due to the reason specification and speed level of old and new mobile 

version varies. However, if the aim of the evaluation is to compare application usage 

in two different version of mobile to focuses on the difference in objective measures, 

it can be applied without doubt. 

7.4 Limitation and Recommendation 

Apart from its contribution to the existing knowledge on usability evaluation and HCI, 

this study has certain limitations which are discussed as below: 

1. The usability evaluation model is suitable for today’s mobile environment, however, 

some of them measures might obsolete from time to time especially when mobile 

technology is a rapidly advancing area in the world. Consequently, features of mobile 

will be changing and might affect the chronic disease mobile applications features as 

well. Therefore, future research should study more on these issues that are needed 

more information gathered and updated into the model. 

 

2. Validation of the developed model was done with both experts and actual users. 

Gathering usability experts in Malaysia is a challenge since not many organizations 

could employ ISO recognized usability expertise. This could be overcome in future 
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through approaching foreign talent however it fully depends on the cost and budget 

allocation. 

 

3. The developed model is a new usability model for the chronic disease mobile 

application domain and has been validated through experts and data collection 

reliability with actual users. While engaging actual user are challenging and biggest 

limitation in this study had faced and only small sample of actual user could be 

gathered. In future, the developed model can be used in evaluating chronic disease 

mobile application with large number of users gathered from many different places in 

or outside the country to produce significant different existence between different 

ranges of data obtained. 

 

4. The developed model has highlighted on the need and requirement of 

chronic disease and targeted specifically for mobile application related to it. however, 

there is lesser studies available in concern with other mobile health applications such 

as fitness, pregnancy, medical device managing applications. Since there are long list 

of medical applications is also emerging into the usage of this mobile technology and 

the applications, thus, in future studies can be focused on other medical application 

usability. This will open wider perception and market for the development of such 

application meant for mobile health and ease the users. 

 

5.  Currently, the usability evaluation conducted, and data collected manually through 

the timekeeper, recording and pen and paper basis recordings. This manual process of 

collecting data and analyzing each recording for analyzing objective data and 

subjective data especially data that needed to record timings of participant involvement 



261 

are hard. This also consumes lot of time for researcher, and this is one of the reason 

usability are always implemented on small scale of user in the evaluation. In future, 

automated application could be developed in counting the detail of both objective and 

subjective data would enable saving lot of time and energy of the research and could 

produce more accurate details especially those data that concern with time taken 

compared with manual recording with stop watches. 

7.5 Conclusion 

Mobile health is burdened with the complex and low-quality apps which limit positive 

user experience. Moreover, it could lead them to fail to accomplish their objectives 

ultimately and may result ineffective with the worst outcomes. As one possible reason 

has pointed out the insufficient consideration of usability requirements of people living 

with chronic diseases as their cognitive and physical skills decline with long term 

diseases and result in needs that are considerably different from those of young healthy 

users. Hence, lack of user-friendly tools and services within the current mHealth 

landscape left these applications abandon and unused by the user due to the 

incompleteness of fulfilling their requirements. Henceforth, usability evaluation is 

paramount for the optimal design and development of mobile apps used in clinical 

cohorts. Several usability evaluation models and frameworks are available to measure 

the usability of any software, but limited work is found on mobile applications, 

especially for chronic disease mobile applications. therefore, this study developed a 

model for usability evaluation of chronic disease mobile applications that consist of 

three level comprise usability characteristic which are the conceptual; level, usability 

sub-characteristic that is identified as operational level and finally usability metrics 

that is the measurement level. through the model, the metrics are divided into objective 

metrics and subjective metric. Total of five (5) usability characteristic with twelve (12) 
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sub-characteristic and forty-two (42) metrics were identified for the proposed model. 

verification was later been conducted with twelve (12) experts from knowledge, 

industry and domain. based on the verification also, the model was agreed by the 

experts to be accurate and applicable for the chronic disease mobile application 

usability evaluation. taken as whole, the experts are satisfied with the developed model 

with minor adjustment made. validation has thereafter been conducted with seven (7) 

knowledge experts and further with six (6) usability practitioner and software 

developer from the award-winning software named fireworks solutions in Kuala 

Lumpur. findings from the experts shows that the developed model are applicable and 

able to be used in real world environment with actual users. furthermore, validation 

was also conducted through usability testing with the actual user to validate that the 

developed model capability to being applied in real world environment and enable to 

collect reliable data. from the result obtained through the usability testing, it shows 

that the data collected are reliable and enable to produce result and identification of 

usability issues. Data obtained was also tested in general and result shows the usability 

level of the application being tested and thus proved the capability of the developed 

model for reliable data capturing in producing appropriate results. It is therefore hoped 

that this study not only have shown the potential for chronic disease mobile application 

evaluation but also motivating usability practitioner and mobile application developer 

to give more concern on the application developed for the chronic disease are useful 

and successful. 

7.6 Summary 

This chapter concludes the study by briefly recapitulating the findings for this study. 

these findings are discussed relative to all the objectives of the study. This summary 
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of the findings is followed by providing guidelines for researchers / academicians and 

usability practitioners. This chapter further discuss the key contributions this study has 

made in the literature. Moreover, limitations of the current study are discussed which 

is followed by the recommendations for future research.  
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Appendices 

Appendix A: 

Pre-interview session questions 

1. Share your experience of using disease management app? 

-who recommends you this application? 

-what is the name of the medical app you have installed in your smartphone? 

-Do you frequently use that app if no why did you stop using it? 

2. Please explain how was the layout and design of that app? 

-Do you think this application utilizes the small screen size effectively? 

3. How easy is it to navigate through the application?  

- Do you agree with the arrangement of the menu and sub-menu? 

4. Please tell about any difficulty or challenges faced while using the app.  

-Do you find it easy to learn how to use? 

-Do you understand the icons and medical terms used in the app? 

- Does application send any reminder or notification. How this feature helped 

you? 

5. Do you still used the app if no then what was the main reason to stop using 

that app? 

- Please mention your concerns regarding that mobile application.  

-Do you have any suggestion to improve the application? 
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Appendix B: 

Selected Paper for Review and Analysis 

No  Year Publication Title Author Research 

method used 

C1 C2 C3 

1 2013 Journal of 

medical 

systems, 

springer 

Development and 

evaluation of tools 

for measuring the 
quality of experience 

(qoe) in mhealth 

applications 

(Martínez-

Pérez et al., 

2013) 

Review, 

survey, 

evaluation  

1 1 1 

2 2013 Jmir mhealth 

and uhealth 

Long-term 
engagement with a 

mobile self-

management 
system for people 

with type 2 

diabetes 

(Tatara et al., 

2013) 

Involving 

patients 

Questionnaire 

and semi 

structure 

interview  

1 1 1 

3 2013 Jmir mhealth 

and uhealth 

The development 
of a mobile 

monitoring and 

feedback tool to 
stimulate physical 

activity of people 

with a chronic 
disease in primary 

care: a user-

centered design 

(van der 

Weegen et 

al., 2013)  

Investigate 

user 

requirement, 

individual 

interview and 

focus group  

 

1 1 0.5 

4 2013 Jmir mhealth 

and uhealth 

iMHere: A Novel 
mHealth System 

for Supporting 

Self-Care in 
Management of 

Complex and 

Chronic Conditions 

(Parmanto et 

al., 2013) 

Usability 

study  

1 1 1 

5 2014 Journal of 

medical 

systems, 

springer 

mobile phrs 

compliance with 

android and ios 

usability guidelines  

(Zapata et al., 

2014)  

Systematic 

literature 

review  

 

1 1 1 

6 2014 Jmir mhealth 

and uhealth 

Evaluating user 

perceptions of 
mobile medication 

management 

applications with 
older adults: a 

usability study 

(Grindrod et 

al., 2014) 

Usability 

testing  

Interview 

1 1 1 

https://link.springer.com/article/10.1007/s10916-014-0081-6
https://link.springer.com/article/10.1007/s10916-014-0081-6
https://link.springer.com/article/10.1007/s10916-014-0081-6
https://link.springer.com/article/10.1007/s10916-014-0081-6
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7 2014 Jmir mhealth 

and uhealth 

Mobile 
applications for 

diabetics: a 

systematic review 
and expert-based 

usability 

evaluation 
considering the 

special 

requirements of 
diabetes patients 

age 50 years or 

older 

(Arnhold et 

al., 2014) 

Diabetes app 

review and 

usability 

evaluation  

1 1 1 

8 2014 Jmir mhealth 

and uhealth 

Exploring the 

usability of a mobile 

app for adolescent 

obesity management 

(O'Malley et 

al., 2014) 

Usability 

testing  

1 1 1 

9 2014 Jmir mhealth 

and uhealth 

Supporting cancer 

patients in illness 

management: 
usability evaluation 

of a mobile app 

(Mirkovic et 

al., 2014) 

Usability 

testing  

1 1 1 

10 2014 Journal of 

information 

systems 

assessment metrics, 
challenges and 

strategies for mobile 

health apps 

(Zhang et al., 

2014) 

Review of 

previous 

knowledge  

 

1 0.5 1 

11 2014 Ambient 

Assisted 

Living and 

Daily 

Activities/ 

Springer 

Usability Evaluation 

Method for Mobile 

Applications for the 

Elderly: A 

Methodological 

Proposal 

(Cáliz & 

Alamán, 

2014) 

Analyse 

existing 

methodologies 

1 0.5 0.5 

12 2014 Oxford 

academic 

Pain 

Medicine 

Assessing the 

Quality and 

Usability of 
Smartphone Apps 

for Pain Self-

Management 

(Reynoldson 

et al., 2014) 

Survey and 

content 

analysis 

1 1 1 

14 2015 Journal of 

medical 

systems, 

springer 

empirical studies 

on usability of 

mhealth apps: a 
systematic 

literature review  

(Zapata et al., 

2015) 

Systematic 

literature 

review  

 

1 1 1 

15 2015 Journal of 

biomedical 

informatics 

Mobile app rating 

scale: a new tool 
for assessing the 

quality of health 

mobile apps 

(Stoyanov et 

al., 2015) 

Review of web 

or app quality 

Sub-

characteristic  

1 1 1 

https://link.springer.com/article/10.1007/s10916-014-0182-2
https://link.springer.com/article/10.1007/s10916-014-0182-2
https://link.springer.com/article/10.1007/s10916-014-0182-2
https://link.springer.com/article/10.1007/s10916-014-0182-2
https://link.springer.com/article/10.1007/s10916-014-0182-2
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16 2016 Journal of 

medical 

systems, 

springer 

Efficiency of clinical 
decision support 

systems improves 

with experience 

(Meulendijk 

et al., 2016) 

Random 

control trial 

1 1 1 

17 2016 Journal of 

diabetes 

research 

Usability pitfall of 

mhealth diabetes 

apps for elderly 

(Isaković et 

al., 2016) 

Usability 

evaluation of a 

diabetes 

monitoring 

app 

1 1 1 

18 2016 Journal of the 

American 

Medical 

Informatics 

Association 

Quantifying 

usability: an 

evaluation of a 
diabetes mHealth 

system on 

effectiveness, 
efficiency, and 

satisfaction metrics 

with associated user 

characteristics 

(Georgsson 

& Staggers, 

2016) 

Usability 

testing 

1 1 1 

19 2016 Jmir mhealth 

and uhealth 

The Electronic 

Patient Reported 

Outcome Tool: 
Testing Usability 

and Feasibility of a 
Mobile App and 

Portal to Support 

Care for Patients 
With Complex 

Chronic disease and 

Disability in Primary 

Care Settings 

(Gray et al., 

2016) 

Pilot studies, 

interview, 

focus group 

1 1 1 

20 2016 Science 

direct  

Android Based 

Assistive Toolkit For 

Alzheimer 

(Pirani et al., 

2016) 

Application 

development  

1 1 1 

21 2016 IEEE  

Conferemce 

An Investigation of 
Usability of Push 

Notifications on 

Mobile Devices for 
Novice and Expert 

Users 

(Chua & 

Chang, 2016) 

Usability 

testing 

1 1 1 

22 2017 Universal 

access in the 

information 

society 

Usability evaluation 
methods for mobile 

serious games 

applied to health: a 

systematic review 

(Schmidt & 

De Marchi, 

2017) 

Systematic 

literature 

review  

 

1 1 1 

23 2017 Journal of 

medical 

systems, 

springer 

Usability 

evaluation of a 
private social 

network on mental 

health for relatives 

(Toribio-

Guzmán et 

al., 2017) 

Expert 

heuristic 

evaluation, 

user testing 

1 1 1 
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23 2017 Jmir mhealth 

and uhealth 

Methods for 
Evaluating the 

Content, Usability, 

and Efficacy of 
Commercial Mobile 

Health Apps 

 

(Jake-

Schoffman et 

al., 2017) 

Content 

analysis, 

usability 

testing 

,observational 

studies 

1 1 1 

24 2017 Jmir mhealth 

and uhealth 

systematic review 

protocol to assess the 

effectiveness of 
usability 

questionnaires in 

mhealth app studies 

 

(Zhou et al., 

2017) 

Systematic 

literature 

review  

 

1 1 1 

25 2017 sage Development of a 

mHealth real-time 

pain self-
management app for 

adolescents with 

cancer: an iterative 
usability testing 

study 

(Jibb et al., 

2017) 

Usability 

testing, 

thinking 

aloud, 

observation, 

content 

analysis 

1 1 1 

26 2017 Jmir mhealth 

and uhealth 

Developing and 

Evaluating JIApp: 
Acceptability and 

Usability of a 

Smartphone App 
System to Improve 

Self-Management in 

Young People With 

Juvenile Idiopathic 

Arthritis 

(Cai et al., 

2017) 

Usability 

testing, 

evaluation, 

interviews 

quality content 

analysis  

1 1 1 

 

Appendix C: 

Total Count of Each Characteristics Identified From SLR 

No. Usability 

Characteristic 

Original Source Count 

1 Efficiency •  (Tatara et al., 2013), (O'Malley et al., 

2014), (Cáliz & Alamán, 2014), (Zapata et 

al., 2015) (Stoyanov et al., 2015) 

12 
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(Meulendijk et al., 2016) (Georgsson & 

Staggers, 2016), (Gray et al., 2016), 

(Schmidt & De Marchi, 2017) (Toribio-

Guzmán et al., 2017), (Jake-Schoffman et 

al., 2017), (Zhou et al., 2017) 

2 Effectiveness  • (Tatara et al., 2013), (O'Malley et al., 2014), 

(Cáliz & Alamán, 2014), (Zhang et al., 

2014) (Zapata et al., 2015) (Stoyanov et al., 

2015), (Meulendijk et al., 2016), 

(Georgsson & Staggers, 2016),  (Gray et al., 

2016), (Toribio-Guzmán et al., 2017) (Jake-

Schoffman et al., 2017), (Zhou et al., 2017) 

12 

3 Satisfaction  • (Tatara et al., 2013), (Gupta et al., 2014), 

(O'Malley et al., 2014), (Zapata et al., 2015) 

(Stoyanov et al., 2015), (Meulendijk et al., 

2016), (Georgsson & Staggers, 2016) (Gray 

et al., 2016), (Toribio-Guzmán et al., 2017), 

(Jake-Schoffman et al., 2017), (Zhou et al., 

2017), (Zhang et al., 2014) (Cáliz & 

Alamán, 2014) 

 

13 

4 Learnability  • , (Martínez-Pérez et al., 2013) (O'Malley et 

al., 2014) (Zapata et al., 2015), (Meulendijk 

et al., 2016),  (Gray et al., 2016), (Jake-

Schoffman et al., 2017) Jake-

Schoffman1,2017, (Zhou et al., 2017), 

(Cáliz & Alamán, 2014) 

8 

5 Ease of use  Martínez-Pérez, Borja 2013, (Mirkovic et 

al., 2014) (Stoyanov et al., 2015), (Isaković 

et al., 2016) 

04 
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6 Memorability   (Cáliz & Alamán, 2014),  (Meulendijk et al., 

2016), (Zhou et al., 2017) 

03 

7 Usefulness   (Martínez-Pérez et al., 2013) (Mirkovic et 

al., 2014), (Zhang et al., 2014) 

03 

8 Understandability  • (Arnhold et al., 2014) (Zapata et al., 2015) 

(Isaković et al., 2016)  , (Jake-Schoffman et 

al., 2017) 

04 

9 Accuracy  (Martínez-Pérez et al., 2013) 01 

10 Attractiveness  (Zapata et al., 2015), (Jake-Schoffman et al., 

2017) 

02 

11 Simplicity (Grindrod et al., 2014) (Isaković et al., 2016) 02 

14 Accessibility (Grindrod et al., 2014) (Arnhold et al., 

2014),(Isaković et al., 2016), (Cáliz & 

Alamán, 2014), (Reynoldson et al., 2014) 

05 

15 Functionality (Grindrod et al., 2014), (Stoyanov et al., 

2015) 

02 

 

Appendix D: 

Total Count of Each Sub-characteristic Identified from SLR 

No. Criteria Definition Sources 
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1. Loading Time Measure time needed for an 

application to load and how 

fast it responds to user inputs. 

(Seffah et al., 2006), (Braz et al., 

2007), (Gupta et al., 2014), 

2. Push notification The capacity of application to 

send alerts for specific 

functions at the right time 

(Wen Yong Chua 2016), (Pirani et 

al., 2016), (Cai et al., 2017) 
(Reynoldson et al., 2014), (Grindrod 

et al., 2014), (Parmanto et al., 2013), 

3. Self-management Self-management involves a 

patient’s ability to monitor 

his condition and employ 

cognitive, behavioural, and 

emotional strategies to 

maintain a satisfactory 

quality of life 

(van der Weegen et al., 2013), (Tatara 

et al., 2013), (Parmanto et al., 2013), 

(Jibb et al., 2017) ,(Cai et al., 2017), 
(Reynoldson et al., 2014), 
(Georgsson & Staggers, 2016) 

4 Accuracy 
It measures on the 

completeness of an application 

on the task completed 

successfully on time. 

(Tan et al., 2013),(Seffah et al., 2006) 

5 Simplicity 
Measures on the simplest level 

in carrying out the task in an 

application with minimal 

effort by users. 

(Seffah et al., 2006), (Baharuddin et 

al., 2013), (Tan et al., 2013), (Ji et al., 

2006) 

6 User guidance Measures on the extent of the 

application interface providing 

user guidance and help during 

usage of the application. 

(Tan et al., 2013),(Seffah et al., 2006) 

7 Presentation 

 

Presentation of menu, buttons, 

graphic, interface layout and 

the readability of the output. 

(Isaković et al., 2016) (Arnhold et al., 

2014) 

8 Readability  Visual content can be 

understood  

(Tan et al., 2013), (Seffah. et al., 

2006) 

9 Operability Operability is defined as the 

capacity of the system to 

provide users with the 

necessary functionalities and 

to permit users with different 

needs to adapt and use the 

system.  

 

(Seffah. et al., 2006) (Tan, et al., 

2013 ) (Gulati & Dubey, 2012), (Braz 

et al., 2007),  (Gupta et al., 2014), 
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11. Fault Tolerance Measures the extent whether 

users are dependent on the 

error rate. 

(Gupta et al., 2014), (Seffah. et al., 

2006) 

12. Aesthetic Measures on whether user has 

attractiveness for visualization 

and how effect the 

performance of the task 

conducted.  

 (Baharuddin et al., 2013) (Gupta et 

al., 2014), (Stoyanov et al., 2015) 

13. Attractiveness The capability of the 

application to be attractive to 

the user or graphic design.  

(Gupta et al., 2014), (Tan et al., 2013) 

(Seffah. et al., 2006) 

14. Completeness  Determine whether a user can 

complete a specified task 

(Coursaris & Kim, 2011), (Tan et al., 

2013) (Seffah. et al., 2006) 

15. Self-Descriptiveness The capability of the 

application to convey its 

purpose and give clear user 

assistance in its operation. 

(Tan, et al., 2013) (Seffah. et al., 

2006), 

16. Feedback Measure the responsiveness of 

the application to user inputs. 

 (Coursaris & Kim, 2011) (Ji et al., 

2006), (Tan et al., 2013) (Seffah. et 

al., 2006) 

 Content  Content is defined as the 

amount, variety, and relevance 

of product text, graphics, and 

multimedia. 

 

 (Stoyanov et al., 2015) 

23. Navigation  Measure on how easy user to 

move around in an application 

interaction to interact with 

menu  

(Parmanto et al., 2013), (Zapata et al., 
2014)  (Panach et al., 2011), 
(Stoyanov et al., 2015) 

 

Appendix E: 

Experts Background and Criteria 
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 ID Qualification Expertise Years of 

experience 

Organization 

K
n

o
w

le
d

g
e 

E
x
p

er
ts

 
Expert 

A 

PhD Internet of 

things and its 

Applications/ 

Evaluation of 

Authentication 

Applications for 

Smartphone 

13 Years AMA 

International 

University, 

Bahrain 

Expert 

B 

PhD Software testing 

and its 

verification 

20 Years AMA 

International 

University, 

Bahrain 

Expert 

C 

PhD Empirical 

Usability 

Evaluation/ 

User 

Experience / 

Learning 

technology and 

HCI 

 20 Years Universiti 

Kebangsaan 

Malaysia  

Expert 

D 

PhD Software 

Engineering/ 

Information 

User Behavior, 

Internet 

Services/ 

Information 

Management 

12 Years Nanjing 

University, 

China 

M
ed

ic
a
l 

E
x
p

er
ts

 

Expert 

E 

Medical 

Director 

Mobile health 

and 

Hematology 

30 Year Universiti 

Sains 

Malaysia 
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Expert 

F 

Medical 

Doctor 

Patient safety 

and family 

physician and 

medicine 

 9Years International 

Medical 

University 

(IMU)  

Expert 

G 

Medical 

Doctor 

mobile 

application, 

health 

promotion/ 

Medical 

(general 

medicine) 

9years Pusat 

kesihatan 

Universiti 

(PKU) 

Expert 

H 

Medical 

Director 

Mobile health/ 

Primary care 

physician  

25+years Trivandrum 

Medical 

college India 

U
sa

b
il

it
y
 E

x
p

er
ts

 

Expert 

I 

 

PhD User 

Experience/ 

Usability Tester 

 17 Years MDEC, 

Malaysia 

Digital 

Economy 

Corporation 

Expert 

J 

PhD  Usability and 

mobile 

applications 

 5 Years Universidad 

de Murcia 

Expert 

K 

PhD Usability 

Engineering/ 

Deep learning/ 

Machine 

learning. 

10 Years University of 

New South 

Wales 

Expert 

L 

PhD Software 

engineering/ 

Testing/ 

Software 

Measurement 

40+ Years Ecole de 

technologie 

superieure - 

University of 

Quebec 
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Appendix F: 

Task Executed by Participants for Usability Testing 

Task List Assigned for Glucose Buddy 

Task 

no. 

Task details Task description 

1 Sign up on glucose 

buddy app 

Create new account using email or social account. Fill in all 

the answers asked for the sign-up. Enter username and 

password.  

2 Enter your blood 

glucose level 

Find blood glucose button click on it and fill all the box and 

lot the entered information 

3 Enter your blood 

pressure  

Find blood pressure button and enter all the values 

4 Create custom medicine  Find medicine button and input all the medicine taken to 

manage the disease.  

5 Update your profile   Find the section that comprise all the personal information 

and update your profile information such as weight, height 

and date of birth 

6 Find help menu Find the help and information provided about the application 

7 Invite friend/add friend 

on glucose buddy app 

Find the friend button and invite any of your friend using any 

social link such as email, message and face-book. 

8 Generate report  Find the button for generating report and generate a report of 

your medical history available on application 

9 Log out app Find the log out button and log out the application  

Task List Assigned for Medi-safe 

Task 

no. 

Task details for Medi-safe Task description 



296 

1 Add medicine and set reminder for your 

medicine. If you receive any reminder 

while using the application, please mark 

it has taken or skip accordingly. 

Add medicine and set reminder according to 

your daily schedule of taking medicine   

2 Update your profile and sign-up  Find profile button fill all the required 

information and sign up for the application  

3 Select measurements and update each 

measurement accordingly 

Go to add measurements select measurements 

most suitable to your disease and update your 

information 

4 Take note in diary Find diary and take note in it about your current 

medical situation  

5 Set appointment with doctor   Find the appointment button and set 

appointment with your doctor and set reminder  

6 Generate and send report Find the button for generating report and 

generate a report of your medical history 

available on application 

7 Invite friend/send invitation on Medi-

safe 

Find the med-friend button and invite any of 

your friend using link given in the application. 

8 Set passcode  Enable passcode button and set your passcode 

on the application  

9 Change home screen style  Find the home screen style button and change 

the screen style 

10 Find help than customize your 

notification message and tone  

Find the help and information provided about 

the application then customize notification 

message and ring tone 

11 Log out the application  Find the log out button and log out the 

application 

 

Appendix G: 

Participant Satisfaction Rating Form 
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SECTION A  

Detail of Mobile Application   

Application Name    

Type of Mobile Platform    

Date of Assessment    

 

Detail of Participant  

Participant Name    

Mobile Phone *    

Affiliation  

Company Name (If Applicable)  

Gender   o Male      

o  Female  

Age  o Less than -20 

o 20-25 

o 26-30 

o 31-35 

o 36-40 

o 41 and above  

 

*Optional  

Kindly fill in the particulars and answer the question that follows to complete this evaluation.   
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 SECTION B  

Application Satisfaction Rating     

Note: In marking the left or right options you are not necessarily indicating strong agreement 

or disagreement but just your general feeling most of the time. Please TICK the numbers which 

most appropriately reflect your satisfactions about using this application.  

Score: 1 = Strongly Disagree, 2 = Disagree, 3 = Neutral, 4 = Agree, 5 = Strongly Agree Metrics 

No  Metric  Strongly 

Disagree 

Disagree Neutral Agree Strongly 

Agree 

1 Satisfaction with the 

accuracy of data upload 

from tracking devices such 

as smart watch 

     

2 Satisfaction with goal 

achievement 

     

3 Satisfaction with the 

accuracy of the functions 

     

4 Satisfaction with the 

content display 

(images/captioning) 

     

5 Satisfaction with multimedia 

content 

     

6 Satisfaction with the 

usefulness of the app 

     

7 Satisfaction with the content      

8 Satisfaction with the touch 

screen input 

     

9 Satisfaction on layout 

presentation 

     

10 Satisfaction on color and font      
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11 Satisfaction with the 

navigation structure 

     

12 Easy to revert error (s)      

13 Satisfaction with the self-

explanatory information 

provided to understand 

medical jargon 

     

14 Satisfaction with the video 

help provided 

     

15 Satisfaction with the help 

provided 

     

16 Satisfaction with information 

organization 

     

17 Satisfaction with menu 

names and icons 

     

18 Satisfaction with finding 

content 

     

19 Satisfaction with the text 

presentation 

     

20 Satisfaction with screen 

optimization 

     

 

Appendix H: 

Expert Review Model Verification Form 

Respected Dr, 
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I am Fatima Zahra (900808), a PhD research scholar at school of computing, university 

Utara Malaysia. I am working on a usability evaluation model for chronic disease 

applications as my PhD thesis. I really need your kind cooperation to be as one of the 

usability experts to evaluate my usability evaluation model for chronic disease 

applications. Your great opinion is important to make sure the model is fulfilling the 

requirements from experts’ point of view. Below is the link to a verification form of a 

model which comprises of characteristics, Sub-characteristic and metrics suggested by 

literature and Standard of ISO to accurately evaluate medical apps. 

 
https://goo.gl/forms/RU6fyQKmdo77uCLu2 

 

  

Expert Verification 

Form/Questionnaire 

goo.gl 

Your opinion and suggestion will help me to come up with a verified model. Please 

write me back if you need a full model for better understanding of the verification 

form. I would greatly appreciate your cooperation that may help me to complete my 

PhD research. If you have any enquiry do not hesitate to contact me (0166448460) or 

my supervisor Assoc Prof Dr. Azham Hussain (email:azham.h@uum.edu.my) and 

Assoc Prof Dr. Haslina Mohd (email: haslina@uum.edu.my) 

Sincerely, 

Fatima Zahra 

PhD Research Scholar 

School of Computing, 

University Utara Malaysia. 

Verification Forms Made with Google Docs 

https://goo.gl/forms/RU6fyQKmdo77uCLu2
https://goo.gl/forms/RU6fyQKmdo77uCLu2
https://goo.gl/forms/RU6fyQKmdo77uCLu2
https://goo.gl/forms/RU6fyQKmdo77uCLu2
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304 

  



305 
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307 
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Appendix I: 

Expert Model Validation Form for Focus Group 

A Model for Mobile Application Evaluation for the Chronic disease  

EXPERT MODEL VALIDATION FORM 

Dear Sir/Madam, 

 

My name is Fatima Zahra, a PhD research student of Computer Science specializing in Mobile Human 

Computer Interaction (MHCI) at University Utara Malaysia. First, I would like to thank you for agreeing 

to be part of this study as an expert to validate the newly develop Evaluation model for chronic disease 

mobile applications attempting to construct the usability of chronic disease mobile applications interface 

evaluation. The main aim of this validation is to examine the accuracy and applicability of the developed 

model into real world environment for evaluation of mobile application for the chronic disease. 

Moreover, the validation is one of the objectives of my PhD research. The construction of the model 

with appropriate characteristic and metrics is in attempt to ensure that the model is satisfactory and 

aligned with the intention of the targeted users. The developed model is aimed to be a guidance for 

mobile health application development sector especially in evaluating usability of the mobile 

application intended for the chronic disease.  

This paper contains FOUR (4) parts; Part A: Expert Profile, Part B: Model, Part C: Assessment Form 

and Part D: Validation Form described as follow: 

Part A: Expert Profile- This part contains information of the expert. Kindly fill the form before starts 

the validation and please enclosed this validation documentation with a copy of curriculum vitae. Please 

be informed that all the information given is fully confidential and will only be used for research 

purpose. 

Part B: Evaluation Model for Chronic disease - This is overview of the developed usability 

evaluation model for the chronic disease mobile application. This model have been amended through 

verification process that was conducted through expert review from academic, domain and industry in 

application development and usability domain. 

Part C: Assessment Form- This form is meant for detailed out on the data to be collected during real 

world usability evaluation to be conducted for chronic disease mobile application evaluation. This form 

consists of participant details and objective as well as subjective data to be collected. In this form, data 

collection method for both objective and subjective metrics as shown in the developed model is also 

provided as reference for experts. 

Part D: Validation Form- This form consists expert view on issues that validate the usefulness of the 

model in usability domain for chronic disease mobile application evaluation. Comments and suggestion 

are welcomed in this part to ensure applicability of the model in real world environment. Experts are 

expected to comment on the data collection method through the assessment form and finally evaluate 

the model through the validation form provided in this documentation.  

All the information will be used only for the purpose of the research and feel free to give after the 

review. Thank you for your time and co-operation.  

Please be free to contact me for further information. 

Fatima Zahra  

+601118947858 

Fatima.zuhra@outlook.com 

PhD Research Student, Universiti Utara Malaysia 



317 

PART A: EXPERT PROFILE 

 

Expert Name  

Mobile Number  

Affiliation*  

Company Name  

Gender  o Male 

 

o Female  

Number of experience years in 

usability domain 

 

 

*Optional 

Signature & Stamp D 

PART B: Usability Evaluation Model for Chronic disease Mobile Application 
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PART C: Evaluation for Objective Measurement 

SECTION 1 

This objective measurement evaluation is to obtain data on task completion time and total errors 

throughout the task being conducted by user. User will be observed throughout the task being 

conducted and total completion time and error will be counted as per the calculation method 

given. However, please be noted that this form is only for validation purpose that summarize all 

the variable that will be accessed from user. Real time collection for task will be done in separate 

form which have excluded the calculation method from user view. 

*Calculation method for objective metrics, while “–“represent minus 

Usability 

Characteristic 

Criteria Objective 

Metrics 

Data Collection 

Method (Task) 

Yes No Comments 
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Efficiency Self-

management 

Number of 

activities user 

can input on 

daily basis. 

Total number of 

activities. 

   

Push 

notification 

Total number of 

delivered 

notifications 

Number of 

notifications 

received 

   

Total number of 

dismissed 

notifications 

Number of 

dismissed 

notifications by 

user 

   

Loading time Time taken to 

load application 

Application 

loading time-time 

for main menu to 

appear. 

   

Time taken to 

load help menu 

Starting time-

time for help 

menu to appear 

   

Time taken to 

respond to 

command 

Finish processing 

time – start 

processing time 

   

Effectiveness Accuracy Number of 

successful tasks 

Count successful 

tasks 

   

Total time spend 

on executing the 

tasks  

Starting time-

finish time 

   

Fault  

tolerance  

Total number of 

error(s) 

Count total 

number of errors 

participant made  

   

Number of times 

application 

crash 

Count how many 

times application 

crash 

   

Number of times 

user undo 

actions that may 

lead to errors 

Count how many 

times user undo 

actions 

   

Total time spend 

on errors by 

users 

Count how much 

time user spend 

on errors 

   

Completeness  Time taken to 

complete a task 

Task starting 

time-finish time 

   

Total number of 

tasks to 

complete a goal 

Count total 

numbers of tasks 
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Total Number of 

interactions 

Count total 

number of 

interactions 

   

Learnability Simplicity  Time taken to 

learn using the 

app 

Time a 

participant takes 

to well versed in 

using the 

application 

   

Number of 

errors while key 

in data 

Total number of 

error(s) made 

during learning 

the application. 

   

Time spend 

while key-in 

data 

Count how much 

times a 

participant 

spends when 

key-in the data  

   

Total number of 

times help menu 

used  

Count how many 

times user used 

help menu 

   

Number of click 

to select a task 

Count how many 

times a 

participant needs 

to click in 

selecting a 

specific task  

   

Accessibility Operability Time taken to 

select a task   

Time taken to 

select a task − 

start selection 

time 

   

Number of 

clicks to find 

call to action 

button 

Count how much 

time a participant 

needs to click in 

To find the call 

to action button 

   

Number of 

errors during 

navigation 

Count how many 

time a participant 

made error when 

navigating in the 

task 

   

  Total number of 

failed 

commands 

Count how many 

times application 

failed a 

command 

   

SECTION 2 

Evaluation for Subjective Measurement 
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This subjective measurement evaluation is to obtain data on user satisfaction on the mobile 

application used. However, please be noted that this form is only for validation purpose that 

summarize all the variable that will be accessed from user. Real time collection for task will be 

done in separate form which have direct user satisfaction view according to the application being 

used and task conducted by the user. 

Note: In marking the left or right options you are not necessarily indicating strong agreement or 

disagreement but just your general feeling most of the time. Please TICK on the numbers which most 

appropriately reflect your satisfactions about using this application. 

Score: 1=Strongly Disagree, 2= Disagree, 3= Neutral, 4= Agree, 5= Strongly Agree 

Usability 

Characteristics 

  

Criteria 

  

Metrics 

  

Score 

1 2 3 4 5 

Efficiency Self-

management 

Goal achievement provides self-

satisfaction 

          

 Satisfaction with the accuracy of 

live data fetch from tracking 

devices such as smart watch  

          

Data back-up accuracy is 

satisfying 

     

Effectiveness  Accuracy  Satisfaction with the accuracy of 

the functions 

     

Satisfaction Content Satisfaction with the content 

display (images/captioning) 

          

Multimedia content is satisfying           

Satisfaction with multimedia 

content 

     

Satisfaction with the touchable 

menu 

     

Satisfaction with the usefulness of 

the app 

     

Aesthetic  Satisfaction with the touch screen 

input 

          

 Satisfaction on color and font           

Satisfaction on layout presentation           

 Layout presentation is satisfying           

Learnability Simplicity Satisfaction with the navigation 

structure  
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Satisfaction with help provided      

User-Guide Easy to revert errors           

Satisfaction with the self-

explanatory information provided 

to understand medical jargon 

          

Satisfaction with the video help 

provided 

          

Accessibility  Operability  Satisfaction with virtual keyboard   

  

  

  

  

  

  

  

  

  

Presentation  Satisfaction with information 

organization  

          

Satisfaction with menu names and 

icons 

     

Satisfaction with the text 

presentation 

     

Satisfaction with finding content      

Satisfaction with screen 

optimization 

     

PART D: Validation Form 

Please validate and give comments on the below mentioned issues on the developed 

usability model for mobile application evaluation for the implementation. 

Issues  Descriptions  Comments/suggestions 

Practicality The proposed model is 

practical to be implemented in 

the real-world development 

environment of mobile 

application for chronic disease 

people  

o Agree 

o Disagree 

Completeness The proposed model is 

adequate and suitable for 

evaluating the usability 

of chronic disease mobile 

application 

o Agree 

o Disagree 
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Relevancy to the intended 

application 

The Sub-characteristic and 

metrics in the proposed model 

are applicable for chronic 

disease mobile 

applications. 

o Agree 

o Disagree 

Perceived usefulness The proposed model is useful 

for the 

mobile application developers, 

usability practitioners  

o Agree 

o Disagree 

Understandability The proposed model is 

understandable and readable.  

o Agree 

o Disagree 

Clarity  The evaluation Sub-

characteristic and the flow of 

assessment process is clear for 

the proposed model 

o Agree 

o Disagree 

Ease of use  The proposed model can be 

implemented easily on chronic 

disease mobile application 

usability evaluation purposes 

o Agree 

o Disagree 

Organization  The proposed model is 

organized and structured well 

as per the need of 

usability evaluation 

o Agree 

o Disagree 

 

Ability to produce expected 

results  

The proposed model enables to 

identify usability problems for 

the intended chronic disease 

mobile applications and ensure 

usefulness of the application 

for the user and enable to use 

for future improvements of the 

chronic disease mobile 

applications 

o Agree 

o Disagree 

 

Over all comments and suggestions 

…………………………………………………………………………………………

…………………………………………………………………………………………

…………………………………………………………………………………………

…………………………………………………………………………………………

…………………………………………………………………………………………



324 

…………………………………………………………………………………………

……………………………………………… 

Thank you for participating. 
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Appendix J: 

Screenshots of Apps used in Usability Testing. 

Screenshots of Medi-safe 
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Screenshots of Glucose Buddy  
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Appendix K: 

Satisfaction Rating Form Results 

Satisfaction Rating Form Results for Glucose Buddy 

Particip

ants 

M

1 

M

2 

M

3 

M

4 

M

5 

M

6 

M

7 

M

8 

M

9 

M 

10 

M 

11 

M 

12 

M 

13 

M 

14 

M 

15 

M 

16 

M 

17 

M 

18 

M 

19 

M 

20 

M 

21 

M

22 

M

23 

M

24 

M

25 

M

26 

M

27 

P1 3 3 4 2 2 3 2 3 2 2 2 2 2 2 3 3 2 3 3 2 2 2 2 2 3 2 3 

P2 1 1 2 1 2 1 1 2 2 2 2 2 1 2 1 1 2 2 2 2 1 2 3 2 3 3 3 

P3 2 2 3 2 1 1 2 2 2 2 2 2 2 2 2 3 1 1 2 2 2 2 2 2 2 2 2 

P4 1 1 2 3 2 3 2 2 1 1 1 2 1 1 1 2 2 3 3 2 2 2 3 3 3 3 3 

P5 2 2 3 2 2 2 2 2 1 1 1 2 2 2 3 3 1 2 2 2 2 2 2 3 3 3 3 

P6 1 1 2 3 2 3 3 2 1 1 1 2 2 2 2 2 2 3 3 2 2 2 2 2 2 3 2 

P7 1 2 2 1 1 1 1 1 1 1 1 2 1 1 1 1 2 3 2 2 1 1 1 1 2 1 1 

P8 2 2 3 3 1 3 2 2 2 2 2 3 2 2 3 3 2 2 2 2 1 1 2 2 2 3 2 

P9 3 3 3 2 3 2 2 2 2 3 4 1 2 1 2 2 1 1 1 1 1 1 2 1 1 2 1 

P10 3 3 4 3 3 3 3 2 2 2 2 3 2 2 3 2 1 1 1 1 1 2 3 3 3 3 3 

P11 2 2 3 3 2 2 2 1 1 2 2 3 1 2 2 2 1 1 1 1 1 1 1 1 1 1 1 



328 

P12 3 3 4 3 2 3 3 2 2 3 3 3 2 3 3 3 1 1 1 1 2 2 2 2 2 2 3 

P13 3 3 4 4 3 3 2 1 1 2 2 3 2 2 3 2 2 1 1 2 1 2 3 3 3 3 3 

P14 3 3 4 3 2 2 2 1 1 2 2 3 2 2 2 2 3 2 2 3 1 1 2 2 2 2 2 

P15 2 2 2 3 3 3 3 2 3 3 3 2 2 2 1 1 2 2 2 3 1 1 3 3 3 3 2 

P16 2 1 2 2 2 2 2 1 1 2 2 3 2 2 2 3 3 2 2 3 1 2 2 2 2 2 1 

P17 1 1 2 3 3 2 2 2 3 3 3 2 2 2 3 2 3 2 2 3 1 3 3 3 3 3 3 

P18 1 1 2 2 2 1 1 1 1 2 2 3 2 2 3 2 3 3 3 2 2 3 2 2 2 3 2 

P19 1 1 2 2 3 1 2 2 2 3 3 2 1 1 1 2 1 2 2 3 2 2 3 3 3 3 3 

P20 1 1 2 2 2 2 2 2 2 3 3 2 2 2 3 4 2 1 1 1 2 1 2 2 2 2 2 

Satisfaction Rating Form Results for Medisafe 

Particip

ants 

M

1 

M

2 

M

3 

M

4 

M

5 

M

6 

M

7 

M

8 

M

9 

M 

10 

M 

11 

M

12 

M

13 

M

14 

M

15 

M

16 

M

17 

M

18 

M

19 

M

20 

M

21 

M

22 

M

23 

M

24 

M

25 

M

26 

M

27 

P1 2 2 3 2 2 3 2 3 2 2 2 2 2 2 3 3 2 3 3 2 2 2 2 2 3 2 2 

P2 1 1 2 1 2 1 1 2 2 2 2 2 1 2 1 1 2 2 2 2 1 2 3 2 3 3 2 

P3 2 2 2 2 1 1 2 2 2 2 2 2 2 2 2 3 1 1 2 2 2 2 2 2 2 2 2 

P4 1 1 2 2 2 2 2 2 1 1 1 2 1 1 1 2 2 2 3 2 2 2 3 3 3 3 2 
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P5 2 2 2 2 2 2 2 2 1 1 1 2 2 2 3 3 1 2 2 2 2 2 2 3 3 3 2 

P6 1 1 2 2 2 3 3 2 1 1 1 2 2 2 2 2 2 3 3 2 2 2 2 2 2 3 2 

P7 1 2 2 1 1 1 1 1 1 1 1 2 1 1 1 1 2 3 2 2 1 1 1 1 2 1 1 

P8 2 2 2 2 1 3 2 2 2 2 2 3 2 2 3 3 2 2 2 2 1 1 2 2 2 3 2 

P9 2 2 2 2 2 2 2 2 2 3 3 1 2 1 2 2 1 1 1 1 1 1 2 1 1 2 1 

P10 2 2 3 2 2 3 3 2 2 2 2 3 2 2 3 2 1 1 1 1 1 2 3 3 3 3 2 

P11 2 2 2 2 2 2 2 1 1 2 2 3 1 2 2 2 1 1 1 1 1 1 1 1 1 1 1 

P12 2 2 3 2 2 2 2 2 2 3 3 2 2 3 3 3 1 1 1 1 2 2 2 2 2 2 2 

P13 2 2 3 3 3 3 2 1 1 2 2 2 2 2 3 2 2 1 1 2 1 2 3 3 3 3 2 

P14 2 2 3 2 2 2 2 1 1 2 2 3 2 2 2 2 3 2 2 3 1 1 2 2 2 2 2 

P15 2 2 2 2 3 3 2 2 3 3 3 2 2 2 1 1 2 2 2 3 1 1 3 3 3 3 2 

P16 2 1 2 2 2 2 2 1 1 2 2 3 2 2 2 3 3 2 2 3 1 2 2 2 2 2 1 

P17 1 1 2 2 3 3 2 2 3 3 3 2 2 2 3 2 3 2 2 3 1 3 3 3 3 3 2 

P18 1 1 2 2 2 1 1 1 1 2 2 3 2 2 3 2 3 3 3 2 2 3 2 2 2 3 2 

P19 1 1 2 2 3 3 2 2 2 3 3 2 1 1 1 2 1 2 2 3 2 2 3 3 3 3 2 

P20 1 1 2 2 2 2 2 2 2 3 3 2 2 2 3 3 2 1 1 1 2 1 2 2 2 2 2 
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Appendix L: 

Detailed Thematic Analysis Results 

Theme 

Codes 
Frequ

ency 

Respo

ndent 
Comments 

Accessi

bility 

compl

ex 
naviga

tion 

structu
re 

16 

P1 users like us who are older and have weak eyesight issues. 

P1 Navigation sometimes difficult as I was unable to find help and search button in the application which makes it difficult to move around” 

P1 layout was quite messy 

P1 I wasn’t clear where to find the menu button 

P2 they put lots of information in a small screen of mobile, but it makes it quite difficult to read. 

P2 settings button were hidden and it was very difficult to find 

P2 design and layout should be very simple for old people like us like if there should be clear word used for example click here  

P2 
Navigation is not that difficult there was no main menu type button once you log-in to the app you directly go to the home page and this include all information buttons and 

every thing like you can count your calories, enter you daily medicine 

P3 Navigation was also full of ambiguity like log out button was hidden somewhere in settings which I found after one month of using the application  

P5 The application layout was full of readings it was difficult to find Icons for me. It was complex I think they can make it simple  

P6 there is no search option or help button is provided if you need help or information you need to click so many buttons. 

P6 The only difficulty is to complete one function it involves so many steps then we can complete only one function. 

P7 I don’t like their interface it is very complex. It is different from the normal app design if you make error you can’t reverse it back  

P8 
“Some application interface is difficult to navigate. Always make many errors and don’t know how to go back so most of the time I frustrate and exit. As far webMD is 

concerned I find its interface difficult to navigate  

P10 You need to explore the whole application first as they have lots of options and information under settings  

P10 Difficult to navigate and go back if I input wrong value. It would be easy if I can erase if, I write something wrong’’ 

Aesthe

tics 

Font 

Color 

adjust

ment 
with 

5 

P1 difficult to read due to the color contrast and font size even I was unable to zoom the text in that application. 

P6  So far icons used are big and clear and they use icons for every click this is what I like in this application  
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adjust

able 

button 
and 

icons 

size 

P7 I don’t like much the layout design of the app they wrote lots of text in white and green color which makes it difficult to read for me 

P9 Few icons are used in this application buttons are quite ambiguous because the icons are not very clear. 

P10 The text size used readable.  

learna

bility 

Diffic

ult to 
learn 

19 

P1 it was difficult to read due to the color contrast 

P1 I would suggest providing some tutorial about the application it would make it easy for users to learn the application 

P1 Even they don’t defined where to input the medicine.  

P2 make these applications simple and straight forward  

P2  take lot of time to learn using the application I believe they should provide some video help on how to use the application 

P3 it was quite messy because of lots of text. 

P3  it was difficult 

P3 Medical terms used in the application were difficult it would be good if they use simple language there should be information provided about the application.  

P4 to provide a video about how to use the application so people who don’t have any care taker they could learn to use  

P4 I wasn’t able to use the application for the first time I am not tech friendly person. 

P4 I use it with the help of my son’’ 

P5 Medical terms wasn’t used in the app the language used is simple but Icons were not very clear.  

P6 there is no search option or help button is provided if you need help or information you need to click so many buttons. 

P6 Interface is ok, but I would prefer if I can search information like just click and easy help at any time’’ 

P6 sometimes it becomes Irritating because I need to put lots of information and only one function involves different steps to complete.  

P7 Icons used are not very clear and I face lots of difficulty while learning to use the app. 

P7 diabetes solution centre it is in Bahasa malay and provide information and tips about controlling diabetes.  

P7 They also need to give a tutorial about the application and the functions it can perform because I came to know about some features after long time of using it. 

P10 
First time it takes lots of time to understand and learn how to use the application as the icons used are not very clear moreover this application have lots of advertisement you 

have to wait five seconds on every click while using this application and if you dnt wait then application crash and stop working. 

Remin

der 

Notifi

cation 

and 

1 P1 Moreover, the application should send some notification, so I do not miss my medication  
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remin

ders 

Self-

manag

ement 

Diffic

ulty in 

keepin

g 
record 

of 

medici
ne 

9 

P1  I don’t find them productive and helpful to manage my disease in-fact it makes me frustrate to use the application. 

P4 The only problem I faced while using this app is that it is unable to keep record of my pressure readings.  

P5 If I click on different options it stop responding which makes me frustrate. No one have time to keep waiting for showing the results when it takes too long  

P5 Navigation was okay but sometime app crashed while using it or it say keep waiting when calculating the results and then it crashed. 

P5 
when I input my blood pressure value and then try to check my record history even doing only to functions stop the application and it start showing like keep waiting or 
doesn’t respond  

P6 I don’t find them very interesting because most of the apps are fake blood pressure calculators just like a game for children’s to play” 

P7 
The problem with this application is that it stores lots of information regarding diabetes like articles, books and blogs and you can discuss with doctors about your disease but 

sometimes it becomes very slow and takes lot of time to open it. Sometimes it also crashed  

P9 
Moreover it is very disappointing that after last update the “ . ” is missing and reading of 5.0 comes out as 50. I used their help and feed back option as well but hey never 

response,  

P10 I find it difficult to use especially need to input my daily insulin and food intake  
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