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Abstract 

Digital technologies like smart wearable trackers, mobile health apps are providing new 

options for managing healthcare outside of traditional care settings. Though these 

health-tracking devices are good in presenting physiological health data (quantified data) 

such as blood pressure, heart rate, blood glucose level, they fall short in integrating 

perceived wellbeing (qualitative information) like emotions, lifestyle activities and social 

interactions into their health data for richer contextual information and hence provide 

limited support for self-reflection and actionable insights to individuals and their care 

providers. 

We developed an application called "Healthy Me", to record the individuals’ 

subjective wellbeing data along with their physiological metrics through self-journaling 

and present the data through exploratory visual charts for making quick sense of the 

data and to understand whether it initiates reflective understanding of their overall 

wellbeing. Our qualitative interview with both the patient participants and healthcare 

professionals revealed that seeing the perceived metrics along with their physiological 

health data helped them reasoning about their behaviors and made them more self-

aware of their health. The feedback from the study also suggests that such approaches 

provoke more engagement and curiosity among patients around healthier choices and 

can serve as a good educational tool for health practitioners to converse with their 

patients. 

 

 

Keywords:  digital health; visual analytics; data visualization; quantified-self 

technology; design evaluation; personal wellbeing; human computer 

interaction 
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Chapter 1.  
 
Introduction 

Digital technology is shaping the way we live and work today. It is evident during 

this COVID-19 pandemic that these technologies playing a huge role in connecting 

health, education, and socio-economic needs of our society. More specifically, digital 

health tools such as mobile health apps and smart wearable trackers are providing new 

options for managing personal health outside of traditional care settings (Spanakis et al., 

2016; Wallace et al., 2017). There is also an increased interest among individuals in 

taking ownership of their own health and wellness, a trend commonly known as 

“Quantified self” (Swan, 2013). Furthermore, studies have shown that these everyday 

health monitoring data not only have the potential for self-management of one’s own 

health but also has the capacity to complement standard measures from medical data 

used in clinics and can provide improved care to individuals especially for those with 

chronic medical conditions such as hypertension, diabetes etc. (Abdolkhani et al., 2019; 

Ancker et al., 2019). 

Nonetheless, these digital technologies generate tons of data every day, and it is 

then necessary to have appropriate tools to make sense of these vast amount of data, 

highlighting the trends and outliers. Thanks to visual analytics which holds tremendous 

potential in bringing together various health data measures from wide sources that 

individuals use and present it to them in a meaningful way for insight analysis and 

decision making. Since visualization uses peoples’ natural perceptual abilities, they are 

considered a natural choice to understand, comprehend and discover insights from the 

raw data and aid in meaningful actions (Card et al., 1999; Spence, 2014).  

But the drawback is that the current digital tools available in the market present 

just the objective representation of health data and fail to collect the subjective 

experiences of individuals such as their emotional wellbeing , lifestyle activities, social 

interactions, and many others to understand the interplay between these factors. Also, 

the numerical presentation of these health data through visual charts are quiet 

challenging for average individuals to comprehend and take meaningful actions. Hence 

these tools usually provide limited support for self-reflection and contextual information 
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and there forth fail to leverage the full benefit of personal data. Moreover, when it comes 

to diagnosis and treatment, both the patients and their health professionals wanted to 

have a complete picture of the health data together with the daily life routines, mental 

and social wellbeing to understand the root causes of illnesses and provide a 

personalized and actionable plan for treatment (Faisal et al., 2013).  

Hence the main goal of this research is to understand how to bring in not only the 

objective physiological health metrics from the digital devices but also peoples’ 

subjective contextual information such as emotional wellbeing, lifestyle activities, and 

other significant events through simple familiar visualization for enabling self-reflection 

and positive engagement as well as to provide a patient-centered view of their data to 

share and discuss with their health practitioners.  Our interest in this area is not self-

tracking apps per se – but we are interested in understanding: Can these kinds of digital 

tools underpin richer awareness of own’s behavior and achieve desired outcomes? Can 

people develop their own digital wellbeing stories using visualization and data tracking 

and share their understanding with health caregivers for effective management of overall 

health? 

1.1. Patient Generated Health Data 

Patient generated health data (PGHD) are “data created, recorded, and gathered 

by and from patients (or their caregivers)” (Cohen et al., 2016) normally using everyday 

health monitoring devices such as fitness trackers, smart watches, blood glucose 

monitors or blood pressure monitors, health history journals, symptoms log diaries and 

many others (Figure 1.1) . In recent years, there is a steady growth in the PGHD due to 

the increased availability and affordability of the digital health trackers in the market. 

According to a report by Deloitte Global, the number of users globally for wearable & 

smart health technology amounts to 275 million as of 2021 (Figure 1.2) and the number 

is expected to grow to 440 million by 2024 at a compound annual growth rate (CAGR) of 

30.1% (Loucks et al., 2022). These health metrics that are collected outside of the 

clinical setting from these health devices are considered to provide a comprehensive 

picture of patients’ health in between clinical visits. Hence integrating these patient 

generated health data into clinical care holds potential not only for improved 

management of chronic illnesses but also for the successful diagnosis of various health 
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conditions thus providing rich and connected care (Abdolkhani et al., 2019; Ancker et al., 

2019). 

 

Figure 1.1. Digital health technologies 
Source: https://open.online.uga.edu/app/uploads/sites/9/2020/08/Wearables1-225x226.png; 
https://i2.wp.com/technologyadvice.com/wp-content/uploads/2014/09/technologyadvice-
wearable-study.png;https://4.bp.blogspot.com/-
lxkK7Lh7EW0/Tw2biVYmpjI/AAAAAAAAACg/lMW74t49cv8/s1600/Screenshot_1.jpg; 
https://c2.staticflickr.com/6/5115/5874685638_2a38d207ca_b.jpg 

 

Figure 1.2. Wearable technology user trends  
Source: Loucks et al., 2022 

https://open.online.uga.edu/app/uploads/sites/9/2020/08/Wearables1-225x226.png
https://i2.wp.com/technologyadvice.com/wp-content/uploads/2014/09/technologyadvice-wearable-study.png
https://i2.wp.com/technologyadvice.com/wp-content/uploads/2014/09/technologyadvice-wearable-study.png
https://4.bp.blogspot.com/-lxkK7Lh7EW0/Tw2biVYmpjI/AAAAAAAAACg/lMW74t49cv8/s1600/Screenshot_1.jpg
https://4.bp.blogspot.com/-lxkK7Lh7EW0/Tw2biVYmpjI/AAAAAAAAACg/lMW74t49cv8/s1600/Screenshot_1.jpg
https://c2.staticflickr.com/6/5115/5874685638_2a38d207ca_b.jpg
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Few studies have shown that PGHD can also facilitate improved patient 

engagement and can enhance the communication between healthcare providers (Adler-

Milstein & Nong, 2019; Demiris et al., 2019). For example, in a study by Zhai et al., 

smoking data acquired through automatic tracking systems helped shed light on the 

understanding of smoking behaviors in individuals and in designing of better smoking 

cessations and providing personalized support to individuals (Zhai et al., 2020). 

But, PGHD has not yet been fully adopted in clinical care because of several 

barriers including technical, social, and organizational challenges. There are challenges 

in presenting, understanding and application of this voluminous multi-faceted patient 

data. The key challenges in adoption of Patient Generated Health data (PGHD) in 

clinical care are that the data collected are often in silos and stored in different devices, 

and hence challenging for patients to integrate all the data in one place and see the 

complete picture. Furthermore, clinicians and patients often could not interpret the data 

rapidly due to the time constraints at the clinics, which limited their ability to identify the 

most useful and relevant information from the large amount of patient collected data (P. 

West et al., 2018). Also, it has been studied that because of the lack of the contextual 

information during the recordings of the data often it does not provide meaningful 

insights to the patients and their care providers for taking actions. Never the less, the 

encouraging fact is that the inclusion of behavioral / lifestyle activities and other 

significant events will aid in improving the understanding of the patient generated data 

providing richer contextual information (Demiris et al., 2019). 

1.2. Data Visualization & Personal Visual Analytics  

Data Visualization which is being widely used in “big” data management that 

helps to tell stories by curating relevant data from the voluminous pile into a form easier 

to understand by human brain, removing the noise from data and highlighting the useful 

information for gaining quick insights. Also, studies have demonstrated that good 

visualization has the capacity to reduce the cognitive load of humans and could play a 

major role in the decision-making process in almost every domain including healthcare 

(Ware, 2019). 

The adoption of health information technology like Electronic Health Records 

(EHR) and visual analytic dashboards led to the generation of enormous multifaceted 
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data and visualization assisting hospitals stakeholders for monitoring key performance 

indicators (KPIs) to improve access to services and optimise resource allocation (Basole 

et al., 2015; Pestana et al., 2020). Nonetheless, these visualization interfaces were 

designed for use by expert multi-disciplinary team who had good knowledge of the 

domain and were designed for supporting routine tasks, as well as perform deep queries 

along with general descriptive analytics on the underlying data (Chung et al., 2020). 

In recent years, the advancements in smartphone applications and wearable 

technologies triggered Personal Visualization (PV), a field that focuses on presenting 

personal data to general audiences in the mainstream market. Personal Visualization 

and Personal Visual Analytics (PVA) tools are gaining attention both in the research 

community and in industries because of its potential to make large datasets more 

understandable to everyday users with limited and or no data analysis knowledge. 

Personal visualizations are being used in variety of tasks including understanding energy 

use patterns at home, seeing financial spending patterns, visualizing personal progress 

at sports or even some casual applications of sharing life experiences through visual 

memories (J & L, 2011; Thudt et al., 2016; Wood, 2015). Most of all, the current 

landscape of wearable sensors and the advancements in smartphone applications is 

providing a promising future in the field of personal visual analytics for finding patterns 

and correlations in the data and providing quicker insights to everyday users.  

1.3. Problem Definition 

The current digital health tracking tools available in the market are designed such 

that they capture just the objective physiological (hard data) representation of health 

data and do not capture nor link them to more challenging aspects in personal health, 

notably perceptions of emotional and social wellbeing during these timelines. But, health 

is seen as a holistic measure and is a combination of a person's physical, mental, 

emotional and social health factors and often these factors are inter-related (World 

Health Organization, 2019). Hence, these tools usually provide limited contextual 

information and do not support self-reflection there forth fail to leverage the full benefit of 

acting on the self-collected data for improved outcomes (Abdolkhani et al., 2019). We 

know that for many conditions, tracking the subjective contextual information such as 

how people feel (emotions), what they do (diet, physical exercise) and how good their 

social interactions are equally important and plays a major role as tracking metrics such 
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as blood pressure, heart rate, etc. Studies also suggest that patients and physicians 

advocate for the addition of subjective contextual information to assist in understanding 

these personal data and in making personal and clinical decisions (Koopman et al., 

2020; Zhai et al., 2020). 

Furthermore, though personal visualization are being increasingly used to 

understand the healthcare data, like the oxygen level indicator graphs on mobile phones 

or the fitness and activities visualization on smart watches (figure 1.3), there is a greater 

need for fundamental shifts in information interface design and presentation styles for 

the purposes of self-reflection and gaining self-knowledge through these self-collected 

personal data.(Moore et al., 2021). While the data visualization charts as shown in figure 

1.3 provides quick stats of health data collected through the digital tools, there are still 

challenges in determining how to make use of the data and reflect on their behaviors. 

Few research in the personal visualization domain (e.g., Fish ‘n’ steps, go and grow) 

have identified that emotionally engaging personal features such as pride & guilt, self-

responsibility empowers users to take actions in a more informed way (Botros et al., 

2016; Lin et al., 2006) but it’s often-unclear how to encode personal information like 

(feelings, emotions, symptoms, lifestyle) on to visualization: whether to use qualitative 

descriptors or quantitative numbers to make the health data meaningfully actionable.   

 

Figure 1.3. Oxygen level indicator (left), Fitbit dashboard (center), Continuous 
glucose monitor for diabetic patients (right) 

Source: www.getwellue.com;www.fibit.com; https://type1better.com 
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Finally, when it comes to sharing the collected information and the knowledge 

gained through these personal health tracking devices with health providers, patients 

often find it difficult because of the data being stored in different devices and 

interoperability issues in bringing all the information together in one place for easy 

sharing. Hence, clinicians and health care professionals often fail to see the complete 

picture of the patients’ health status and making treatment decisions based on them, 

thereby losing the opportunity for effective patientcare and improving health 

outcomes(Wu et al., 2020).  

Hence, understanding individuals’ needs in the context of their personal health 

data and designing appropriate tools for supporting collection, analysis and presenting 

the information to facilitate richer ways of managing personal health information has 

seen as a crucial and emergent challenge. 

1.4. Our Approach 

Designing standalone application to capture & present both objective and 

subjective health data supporting self-reflection and knowledge sharing 

In this research, we aim to develop a digital tracking application, to capture not 

only physiological data from the smart sensors but also qualitative data around people’s 

lifestyles, activities, and sense of wellbeing, and to understand whether it initiates 

reflective understanding of their overall wellbeing. We envision that capturing these 

perceived wellbeing will provide extra context to understand the physiological data and 

the interplay between different factors. This information can be helpful in differentiating 

the same physiological data captured in different contexts and might lead to more 

interesting analyses. It can also help people filter out outliers that might have skewed the 

whole dataset and hindered key findings (Choe et al., 2017; Tollmar et al., 2012).   

We will capture the subjective data using explicit measurement in the form of 

self-report and journaling that has been widely accepted and are both practically and 

empirically sensible to evaluate subjective forms of well-being (Linton et al., 2016a).  

We conjecture that the advances in personal visualizations can be used to 

present this mash-up of objective and subjective health data through contextual charts 
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for discovering patterns and identifying correlations between different data sets. In 

addition, interactivity in the visualization can help people to understand their overall 

wellbeing in new ways and engage them in better management of their health 

conditions.  

Also, users and health professionals can have an integrated view of personal 

health in one place for enhanced communication and better planning of treatments. 

With the above vision, the three main objectives of this thesis are: 

a) determining the subjective data (emotions, lifestyle activities, social 

interactions) to collect in order to understand overall well-being.  

b) designing a personal health journaling application to record wellbeing 

metrics. 

c) examining how best to represent the data both to the user (the patient) 

and to any caregivers involved for fostering self-reflection and enabling 

positive outcome. 

1.5. Methodological Choice 

We will be conducting this research through the Design-Based Research (DBR) 

methodology. 

Design-based research is a method of inquiry that’s used to design new 

technologies, prototypes, and artifacts that basically act as vehicles through which the 

researchers’ ideas for novel and alternative solutions materialize and take on concrete 

shape. It’s been widely used in Human-Computer Interaction (HCI) field because of its 

capability of producing useful and trustworthy results (Fallman, 2005). They were initially 

used in educational community to generate new knowledge on teaching and learning 

through the intentional design and development of prototypical solutions (Frey, 2018).  
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Figure 1.4. Design-based research cycle 
Source: (Rusek, 2021)  Note: Based on Herrington et al., 2007; Reeves, 2006. 

The DBR methodology usually consists of iterative cycles of development, 

testing, and refinement of an intervention that is developed in collaboration with 

stakeholders and then deployment and evaluation of the design in the rich, real-world 

contexts (Herrington et al., 2007) and was also well-suited for engineering and computer 

science disciplines (Anderson & Shattuck, 2012; Barab, 2014). Additionally, design-

based research requires alternative view on the relationship between theory and practice 

enabling to learn from the experiences of real-world problems and designing solutions to 

address those problems. 

Therefore, design-based research methodology is well-suited for our work 

because we focus on developing a personal health journaling application and 

visualization design from the real world problems of digital health tracking and use it as a 

probe to better understand the design guidelines for a personal health journal that  

supports self-reflection and management of personal health and to identify the real-world 

solutions for enhancing the communication between care providers. We approached the 

research by first determining the various subjective metrics that needs to be captured to 

understand the overall wellbeing of individuals through a preliminary study with 

firefighters. We will then design the digital self-tracking application with appropriate 

metrics and visualization principles. We will evaluate the design prototype by two user 

studies:  
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I. one with the patient participants journal study to examine the 

subjective human experience of the users. 

II. the other with healthcare professionals to understand the advantages/ 

barriers in using the digital self-tracking visualization application in 

clinical setting.  

 

Figure 1.5. Thesis project overview 

1.6. Thesis Overview 

The remainder of the thesis is organised into the following chapters. 

Chapter 2 Background talks about the theoretical & conceptual framework 

guiding this study. Here we will discuss the human psychology of data visualization, 

visualization in healthcare and personal informatics. This chapter will first give a broad 

overview of human visual perception and the various principles used for information 

extraction from visualization. Next, the visualizations models used in personal 

informatics are explored in detail and the various design guidelines are examined. 

Finally, we discuss the challenges in personal health data and the benefits of bringing in 

subjective health metrics both to the user and their caregiver. 

Chapter 3 Research Methodology discusses the research goal, the research 

questions undertaken to conduct this research. Here we list out the design approach and 

talk about the design as a probe methodology to answer the research questions. We 

describe the design phases that we followed in this research and the user studies that 

we conducted as part of evaluation of the design probe. 
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Chapter 4 Determining Subjective Wellbeing Metrics discusses the 

preliminary study conducted with Vancouver firefighters to determine the various 

measures of wellbeing. We discuss the study methodology and the data analysis from 

both the survey questionnaire and interview recordings. The findings from this study 

forms the basis for the main research and later used to inform the metrics that needs to 

be considered for overall wellbeing. 

 Chapter 5 “Healthy Me” Design Prototype describe the design guidelines, 

approaches, and frameworks of “Healthy Me” prototype. Special attention is given to the 

design and implementation of data-journaling form and visualization chart elements. The 

various visualization chart choices are explained in detail with the design principles that 

we followed while implementing “ Healthy Me” prototype.  

Chapter 6 Patient Participants Journal Study. In this chapter we discuss the 

recruitment and the procedures that we took to undertake patient participant journal 

study.  It also gives the details of the initial interview with the participants and the data-

journaling process. Then we discuss the details of the exit interview with the participants 

who were using “Healthy Me” application. The results of the participants interview 

analysis are also discussed in this chapter. 

Chapter 7 Health Professionals Design Review talks about the design review 

interview with three healthcare practitioners and their feedback about “ Healthy Me” 

application. In this interview we asked questions to understand the current practices in 

using patient-collected data and the advantages/ barriers in using the digital visualization 

prototype like “Healthy Me” in clinical setting for finding actionable insights. We then 

discuss in detail the feedback from the health professionals. 

Chapter 8 Conclusion & Future work talks about the key findings from the 

research with regards to bringing in and capturing perceptions of wellbeing through daily 

journaling by patient participants and interpreting data through visualization. This chapter 

also highlights the future design directions for patient personal health analytics with the 

findings from health professionals’ reviews. This chapter concludes by talking about the 

contributions of the research in personal health analytics and patient-provider health 

management. The limitations of the study are also highlighted here and the opportunities 

for future work are outlined.  
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Chapter 2.  
 
Background  

2.1. Psychology of Human Perception and Visual thinking 

The field of visualization draws on research from wide disciplines including 

computer science, psychology, and visual arts. The science of human perception was 

studied  in the early 1920s by the Gestalt School of Psychology. The Gestalt principles 

of perception described that the human brain interprets information about relationships 

and hierarchy in a design or image based on visual cues such as proximity, similarity, 

enclosure, closure, continuity, and connection. In essence, Gestalt theory suggested that 

human visual system attempts to simplify and organize complex images by 

subconsciously arranging them in groups to see the whole structure or pattern in the 

environment.(Rosli & Cabrera, 2015) This theory was considered as one of the accurate 

descriptions of visual behavior and has greatly influenced data visualization community. 

(Rock & Palmer, 1990). 

 

Figure 2.1. Gestalt grouping theory 
Note: Adapted from Rosli & Cabrera, 2015 

On the other hand, Dr. Christopher G. Healey , a computer scientist, along with 

Dr. James T. Enns , a psychologist worked on the theories of human visual perception 

and performed various experiments on attention and visual memory of the brain. They 

demonstrated that the human visual system performs rapid and accurate visual tasks by 

means of several “preattentive” visual features including color(hue), orientation, intensity, 

size, curvature, and line length. They reported a number of design guidelines for rapid 
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detection of the target elements such as “hue” should be used to encode primary data 

dimension while “curvature” or “form” should be used to encode secondary data 

dimension. They emphasized that “an explicit goal of any visualization is to present data 

to the human observer in a way that is informative and meaningful, on the one hand, and 

yet intuitive and effortless on the other”. (Healey & Enns, 2012).  

 

Figure 2.2. Examples of preattentive visual features 
Source: Healey & Enns, 2012 

Colin Ware, a senior researcher who studied the psychology of human 

perception and visual thinking, demonstrated that since visual memory complements 

semantic memory, well-presented visual information is likely to be processed and 

remembered faster compared to textual information (Ware,2009). Also, Ware in his book 

on “Information Visualization: Perception for design” proved through various experiments 

that good visualization has the capacity to reduce the cognitive load of humans and 

could play a major role in the decision making process in almost every domain from 

scientific exploration, business enterprises to social awareness (Ware, 2009).  
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2.2. Data Visualization  

The field of visualization is vibrant and exciting in this data-driven world and an 

increasingly important research area due to its wide range of applications in many 

disciplines. While the computer processing power is increasing day by day, leading to 

enormous amount of data, human processing power of information is limited. In general, 

our ability to drive useful knowledge and insight from the large complex data sets is 

limited when compared to the process of collecting, storing, and archiving data. Thanks 

to data visualization, which is a key to gaining an understanding of these large, complex 

data sets by exploiting the human visual system (D. Keim et al., 2008a).  

 

Figure 2.3. Visual analytical model 
Note: Adapted from (D. A. Keim, 2009). 

Data visualization is seen as “the graphical representation of abstract information 

that’s been used to reveal patterns, to communicate complex ideas, and to tell 

stories”(Bailey & Pregill, 2014; Tufte, 1997) .For example, we make sense of our energy 

bills through the energy usage bar graphs, or we see our day-to-day temperature 

patterns through the line chart and understand the changing climate conditions. This 

ability to convey information quickly and effectively through visual means has led to the 

wider acceptance of visual representation of data by general audience. 
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2.2.1. Visualization for Sense-making 

The overarching driving goal of any visualization is to make sense of the data 

and to draw insights from large and complex datasets. While there are many advances 

in data mining and computing, it has been studied that human factors (e.g., interaction, 

cognition, perception, collaboration, presentation, and dissemination) play a key role in 

making sense of these data and in effective decision-making process (figure 2.3). 

 One such sense-making model explained by Van Wijk (figure 2.4) consisted of 

users in the sense making loop where they involved in iterative development of a 

mental model for faster processing. In Wijk model of sense-making, the process starts 

with the initial analysis of the data, through more adequate analytical techniques. Then 

with the visual representation, the user can gain a better understanding of data through 

different views helping him or her to go beyond the visual and derive new knowledge 

through visual exploration and ultimately confirming the hypotheses built from previous 

iterations (Van Wijk, 2005). 

 

Figure 2.4. Data visualization & sense-making model by Wijk 
Note: Van Wijk, 2005. 

On the other hand, the human information processing technique explained by Pirolli 

& Card (figure 2.5) consisted of two loops: a foraging loop where the user searches for 
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specific information, filter out unwanted data and extract relevant information from the 

voluminous data and a sense making loop which involves generating multiple 

hypotheses, reevaluating the hypotheses through iterative processes and confirmation of 

understanding (Pirolli & Card, 2005).   

 

Figure 2.5. Sensemaking loop for intelligence analysis 
Source: Pirolli & Card, 2005. 

2.2.2. Visualization for Knowledge generation 

As the amount of data grows in the data- driven world, it is important to find 

values from these large datasets and making sense of this “Big data” becomes 

challenging not only for professionals but also for common people. A recent research at 

IBM Watson has found that the average person is likely to generate more than 1 million 

gigabytes of health-related data in their lifetime (Big Data and Wearable Health Monitors, 

2019). Leveraging these huge volumes of data to one’s own advantage is an emerging 

topic in scientific research, embarrassing the paradigm shift from “What can we do with 

data?” to “What data can do for us”. It has been understood that graphical representation 

or visual analysis of these large datasets makes it easy to identify relationships and 

patterns in the data and help to uncover or discover new insights. 

` 
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Figure 2.6. Knowledge generation model for visual analytics 
Source: Sacha et al., 2014 

Visual analytics mainly encompass both computer systems and human 

intelligence for knowledge generation. One such model proposed by Sacha et al (figure 

2.6) consisted of tightly coupled computer and human components. Here the humans 

are considered to be responsible for reasoning process through three different loops: 

exploration loop, verification loop, and knowledge generation loop. Whereas the  

computer systems are used for analytical processing of data and visualization capability 

using data mining models and techniques. Hence the main strength of visual analytics is 

that it engages the humans perceptual and cognitive capabilities to the analytical 

process and augments it with advanced computation. By representing the information 

visually, the cognitive load required to perform analysis is reduced, this enables the user 

to process and make sense of massive data sets that would otherwise not have been 

feasible (Keim et al., 2006). 

2.3. Visualization in Healthcare  

Data visualization has been in use in healthcare domain from the 18th century 

onwards. They were used by healthcare workers and epidemiologists to present health 

data to policy makers and government officials in an effective and convincing manner. 

For example, Dr.John Snow, an 18th century physician from London, England displayed 

the cholera disease outbreak by mapping the streets of London with a dot map (Figure 

2.7 A) and reported that everyone affected by cholera has a single connection in 

common that they have all retrieved water from the local broad street pump(Few, 2009).  
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In another instance, Florence Nightingale, a nurse during the Crimean war used 

a variation of pie chart called “coxcomb” diagram (Fig 2.7 B), to show the causes of 

mortality in the army in the East and proved that more soldiers died from infection rather 

than from wounds. These visualizations (Figure 2.7) which depicted the information in a 

more understandable and efficient manner resulted in major governmental policy 

changes that helped save thousands of lives(Spence, 2014). 

  

Figure 2.7. (A) Map of cholera cases in London 1854 
(B) Coxcomb chart by Florence Nightingale,1858  

Source: (A) https://www.datalaria.com/en/post/casos_exito/2019-02-09-john-snow/; 
(B) Florence Nightingale - Homecoming and Legacy, n.d.  

Later, in the 20th century, the use of Electronic Health Records(EHR) in large 

health organizations to store patients’ data led to the availability of huge information 

making it very difficult for physicians and health professionals to see the patterns in the 

data and make well-informed decisions (Wang et al., 2011). Here, data visualization 

played key role in presenting complex datasets from EHR and enabling clinicians and 

other care providers to see not only potential problems, but also supported in knowledge 

discovery and rapid decision making. One such example, Event Flow Visualization 

(www.cs.umd.edu/hcil/eventflow) developed by researchers at University of Maryland, 

https://www.datalaria.com/en/post/casos_exito/2019-02-09-john-snow/
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helped health professionals to see not only the data quality problems in EHR but also 

the temporal patterns in the clinical data revealed some hidden insights about the 

increased readmission rates in some wards which then led to the discovery of 

inadequate guidance on the use of clinical drugs in the department (Plaisant et al., 1996; 

Shneiderman et al., 2013; V. West et al., 2013). 

Nonetheless, the availability of these numerous health-tracking devices has led 

to more and more health data being created. Hence, data visualization is particularly 

useful in the ever-growing diverse health data environment ranging from clinical care 

data to mobile sensing technologies and there is an urgent need to represent this 

complex data in a sensible manner to the target users. There are at least three broad 

uses of visualization in the field of healthcare: a) for clinical and care-enhancing 

purposes, b) for public health & research c) and for personal wellbeing care 

(Shneiderman et al., 2013) .  

2.3.1. Visualization in Clinical care 

In clinical field, the adoption of health information technology like EHR (Electronic 

Health Records) and other visual analytics dashboard by physicians and health care 

organizations have improved advantages in areas such as predictive risk assessment, 

clinical decision support and resource allocation (Pestana et al., 2020; Simpao et al., 

2014). For example, a study at a tertiary care pediatric hospital in Philadelphia, US used 

patient encounter dashboard to view aggregated hospital-wide patient data (figure 2.8). 

These dashboard also showed historic blood transfusion data that led to the 

improvement of clinical outcomes (Simpao et al., 2014). On the other side, the 

advantages of advanced analytics in healthcare finances such as looking at the billing 

patterns and detecting anomalies have resulted in cost savings for external audits and 

instead used the savings towards resource allocation and demand management like 

patient-length of stay, readmission rates etc. 

Alternatively, there were also researches which looked at the design of the visual 

interfaces in clinical setting (Basole et al.,2015). One such study in a pediatric asthma 

care emergency department looked at the design of a web-based visualisation system. 

They highlighted that clinicians wanted the visual interfaces to have the ability to perform 

deep queries along with general descriptive analytics, including the ability to explore 
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questions such as,” given a specific activity what are all possible prior process paths that 

could have led to it?".  These suggestions indicate that visual interfaces should be 

designed to provide novel insights, supports routine tasks, and should enable confidence 

in the underlying data to address different perspectives of the human mind (Basole et al., 

2015). 

 

Figure 2.8. Hospital productivity dashboard for health management  
Source: Pestana et al, 2020. 

2.3.2. Visualization in Public health 

Another area that visual analytics are playing a major role is in Public Health, 

where huge volume of data is available globally. Here, visual analytics are used in areas 

such as recording the recent developments and advances in diseases and medications 

from around the world and presenting it visually to physicians for easier access. 

Furthermore, network data visualization can be used to understand disease epidemics 

and can be applied to control the outbreak. However, there also remains a huge 

challenge in integrating reliable data from multiple sources and supporting complex 

temporal geospatial and multivariate data. The recent Covid-19 pandemic saw these 

data visualizations been used extensively to communicate, track, and control the spread 

of the disease to the very broad audience of policy makers, scientists, healthcare 
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providers, and to the general public. Figure 2.9 shows the percentage of COVID-19 

vaccination administered in Canada as of August,2022 by Public Health Agency of 

Canada.  

 

 

Figure 2.9. COVID-19 vaccination in Canada, Public Health Agency of Canada 
Source: https://health-infobase.canada.ca/covid-19/vaccination-coverage 

2.3.3. Visualization in Personal care 

The third area where visualization will be of tremendous potential is in personal 

healthcare. The wide availability of personal sensors and mobile digital apps are driving 

the medical care from clinician-led to patient-led healthcare. And surveys on digital 

health, have revealed that people are more willing to use the wearable sensors like 

fitness trackers to monitor their health status and vital signs like heart rate and sleep 

pattern both for keeping them healthy and potentially to improve their medical conditions 

like diabetes, hypertension, etc. Few studies have also reported improved outcomes for 

cancer patients using wearable sensors for monitoring sleep and physical health.  

https://health-infobase.canada.ca/covid-19/vaccination-coverage
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Figure 2.10. Glucose monitoring using FreeStyle Libre wearable sensor  
Source: Abbott Diabetes Care, Witney, United Kingdom 

Multiple researches also states that presenting the wearable sensor data through 

rich charts and visuals will not only useful in health pattern recognition but also helpful in 

making health choices and prevention of many diseases (Banaee et al., 2013). Besides, 

visualizations can be used to present integrated data from patient devices and hospital 

tests enabling clinicians about potential problems and rapid decisions. A study 

conducted by Maher et al on Australian adults found that wearable activity trackers had 

positive impact on their physical activity and improved the clinical outcome over a 

sustained period (Maher et al., 2017). Stanford medicine reported that data from 

wearable sensors when combined with genomic information could be used to discover 

new insights into health and disease (Steakley, 2015). And medical professionals 

believe that it will be empowering for patients with high glucose levels to see the effects 

of food and exercise in real time using the fitness trackers data (Battelino et al., 2019; 

Desai et al., 2018) . 
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2.4. Visualization Models for Presenting Personal Health 
Data 

As more and more people use visualizations to understand domain-specific 

problems and for personal care, the interface design of such system demands to be 

informative, interactive, engaging, and sometimes even reflective of one’s own behavior. 

Hence, many researchers in the field of Human-Computer Interaction (HCI) have 

developed models by keeping these human-factors central to the design of personal 

informatics tools (Choe et al., 2017; Kersten-van Dijk et al., 2017; Li et al., 2010). 

2.4.1. Problem-driven Model  

One such model is the nested four-level model for visualization design and 

evaluation by Dr. Munzner (figure 2.11). This problem-driven model characterizes the 

problems and data of a particular domain at the top level and mapping those data into 

abstract operations and data types at the next level. Then the third level is to design the 

visual encoding and interaction to support those operations, and the innermost fourth 

level is to create an algorithm to carry out that design automatically and efficiently 

(Munzner, 2009). 

 

Figure 2.11. Problem-driven model for visualization design 
Source: Munzner,2009 

2.4.2. Stage-based Model 

In studying how people use personal informatics systems, Li et al proposes 

another model called stage-based model for designing personal informatics which 

includes preparation, collection, integration, reflection, and action (Li et al., 2010). 
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Followings are the recommendation from Li et al on the design of personal informatics 

system; 1) they should be designed holistically; 2) they should improve support for 

iteration between stages; 3) an appropriate balance of automated technology and user 

control should be applied within each stage to facilitate the user experience; and 4) they 

should explore support for multiple facets of people’s lives to enrich the value of 

systems. Li et al identified the following six kinds of questions that people often want to 

be answered from their personal data.  

1. Status: People often interested in data that showed their current status. 

2. History: They are also interested in seeing their data over the long term 

to find trends and patterns. 

3. Goal: In addition to their status and history, people also wanted to 

concrete goal to pursue and to establish a “baseline” of their activities.  

4. Discrepancies: After establishing their goal, people compare their 

current status with their goal to see if there are any discrepancies. 

5. Context: People also are curious in understanding what other things are 

happening at or near the same time as their current information-seeking 

context so that they can make better sense of their data. 

6. Factors: People are interested in knowing what other factors may be 

affecting their behavior over a long period of time. 

2.4.3. Self-quantification and Self-activation Model 

One of the major uses of personal health information is to self-manage and self-

monitor many chronic diseases. Almalki et al, proposed a model to illustrate the personal 

health information which classified the individuals’ journey of health self-management 

into two categories of activities: self quantification and self-activation (figure 2.12)  
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Figure 2.12. Personal health Information, self-quantification model 
Source: Almalki et al., 2015 

The right side of the model explains the self-quantification activities such as 

managing data, reflection on data and building knowledge which are mainly performed 

by transforming individual’s raw metrics into quantifiable measures often through the use 

of technology. While self-activation activities shown on the left of the diagram refers to 

the concept of taking a more active role in managing one’s health by maintaining 

behaviors. 

Hence, in order to take better advantage of personal informatics tools, it has to 

be designed with sufficient understanding of user’s needs. In a study conducted by 

Prioleau et al, towards understanding the reflection needs for personal health data in 

diabetic users they identified that  “users desire data visualization solutions with 

complementary textual descriptors, concise and flexible presentation, contextually fitting 

content, and informative and actionable insights.” (Prioleau et al., 2020) 
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2.5. Designing to Support Personal Health Data 
Visualization 

Personal well-being also known as “quality of life”, is broad multi-faceted 

measure that includes many things such as feeling happy, healthy, socially connected, 

and purposeful. It can be understood as “how people feel and how they function, both on 

a personal and a social level, and how they evaluate their lives as a whole.” (Benson et 

al., 2019).  World Health Organization (WHO) defines health as “a state of complete 

physical, mental and social wellbeing and not merely the absence of disease or infirmity” 

(WHO, 1948).  

There are also multiple instruments for assessing personal wellbeing depending 

on the various perspectives and disciplines ranging from health economics to clinical 

psychology. And therefore, measuring individuals’ wellbeing is considered as a complex 

task. Thankfully, there are wide range of well-being measurement instruments available 

to assess wellbeing such as Oxford Happiness Questionnaire, WHO well-being index 

and many others (Altshuler et al., 2002; Benson et al., 2019; Oxford Happiness 

Questionnaire). As such, explicit measurement in the form of self-report seems both 

practically and empirically sensible to evaluate subjective forms of well-being rather than 

objective measures and hence has been widely accepted in almost all disciplines. 

Though data visualization offers promising potential for representing personal health 

data, there are various presentation challenges specifically when it comes to making 

sense and communicating health-related issues. There are challenges in understanding 

the appropriate visual encodings and design techniques to represent the voluminous 

heterogenous personal health data. Faisal et al points out the following three main 

challenges in representing health data: 

• Visualizing complex health records – representing quantitative data like health 

records, physiological metrics from the large dataset. 

• Capturing lifestyles – representing qualitative data like people’s lifestyles and 

activities. 

• Goals and tasks - support for user’s goals and tasks through visualization. 
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2.5.1. Design for Information Extraction 

Personal health data requires presenting the right information from the large 

dataset in a timely format to help users quickly browse through the health conditions, 

look for anomalies and drill down to details to see the big picture. Information seeking 

framework introduced by Shneiderman called for, “Overview first, then zoom and filter, 

and finally, details on demand"  focusing on presenting relevant information first to the 

users and then allowing for user-controlled exploration through zooming on interesting 

datapoints, filtering out uninteresting items and selecting items of interest and getting the 

details for knowledge generation purposes (Shneiderman, 1996). These data 

visualizations, analytics, and summarization techniques offers promising design 

principles to make a task easier and less time-consuming to perform. 

2.5.2. Design for Self-reflection and Motivation 

 

Figure 2.13. UbiFit Garden’s glanceble display 
Source: Consolvo et al., 2008 
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Personal health data visualization also demands persuasive and reflective design 

to initiate feedback strategies and to act on the collected data. Few research in the 

personal visualization domain (e.g., Fish ‘n’ steps, go and grow) have identified that 

emotionally engaging personal features such as pride & guilt, self-responsibility 

empowers users to take actions in a more informed way (Botros et al., 2016; Lin et al., 

2006). UbiFit Garden (Figure 2.13), a mobile system for encouraging physical activity 

showed that using nonliteral, understandable, aesthetic representations of behaviors 

such as representing flowers for completing a activity, butterflies for reaching a set goal 

etc., individuals can be motivated towards their goal through positive reinforcement and 

encouraging self-reflection (Consolvo et al., 2008).  

 

Figure 2.14. On-Calendar visualization - Fitbit data displayed as a line graph 
overlapped with calendar events. 

Source: Huang et al., 2016 

Also, visualization when presented with appropriate contextual information 

enhances the reflective understanding of one’s own behaviours (Huang et al, 2017). For 

example, a study by Huang et al used an on-calendar visualization tool to help users to 

interpret and understand their fitness data through calendar events (figure 2.14). They 
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found that the tool was easy to use and understand and provided contextual information 

for people to reason about their fitness data and reflecting on the events and 

experiences associated with the raw fitness data.  

2.5.3. Design for Communication 

As patient facing applications are becoming critical for point-of care, visual 

interfaces need to focus on simple and easily interpretable designs for use by patients 

(or their caregivers) with limited numeracy and medical knowledge. Visual storytelling 

can be used to overcome the barriers of patient-provider communication in clinical 

settings.  

 

Figure 2.15. Visual health timeline showing symptoms and medications 
Source: McCurdy, 2016. 

In a study, Katie McCurdy, a visualization designer, and a person with auto-

immune condition, experimented with her own health history data to show to health 

professionals not only ‘‘hard’’ data points like medication dosages and health conditions 

but also ‘‘soft’ ’data points like how she felt physically, mentally, emotionally, and 
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spiritually during these timelines (figure 2.15).She points out that these visualization 

positively influenced to show her personal and emotional feelings to healthcare 

professionals and make her health visits more productive (McCurdy,2016). 

Hence, personal health applications demand not only quantitative data but also 

rich representations of lifestyles and other qualitative information for managing health 

(Abdolkhani et al., 2019; McCurdy, 2016). While most of the current digital tools focus on 

short-term data to show one’s current status, it is necessary to understand historical or 

long term-data to see how the data has changed over time to get a more accurate 

picture and get a holistic view of person’s life. and help users to discover periodic 

patterns in their dataset. 

Therefore, research needs to look beyond the concrete data and into users’ 

health-related lifestyles and experiences in order to determine which aspects of these 

needs be embedded into a visual representation.  

 



31 

Chapter 3.  
 
Research Methodology 

3.1. Research Motivation 

Though the background research revealed that data visualization offers 

promising potential for representing personal health data, there are various challenges 

specifically when it comes to making sense of the physiological data captured through 

digital devices and acting on the data since health is holistic and represented as “health 

is a state of complete physical, mental and social wellbeing and not merely the absence 

of disease or infirmity” (WHO, 1948). 

Hence capturing just, the physiological data such as blood pressure or heart rate 

is not sufficient to understand the context of resulting data and reflect on their behaviors. 

Moreover, when it comes to diagnosis and treatment, both the individuals and health 

professionals want to have a complete picture of health data together with daily life 

routines to provide quicker insights and a personalized and actionable plan for 

management of overall wellbeing. 

Fortunately, there are wide range of well-being measurement instruments 

available to assess wellbeing such as Oxford Happiness Questionnaire, WHO well-being 

index and many others (Altshuler et al., 2002; Benson et al., 2019; Oxford Happiness 

Questionnaire). Yet, explicit measurement in the form of self-report & journaling seems 

both practically and empirically sensible to evaluate subjective forms of well-being rather 

than objective measures and hence has been widely accepted in almost all disciplines 

(Linton et al., 2016b). 

Hence, our research goal is to design an explicit self-journaling application to 

capture both the individuals’ quantitative physiological metrics and the subjective 

wellbeing and present them through exploratory charts for initiating self-reflection and 

knowledge sharing as well as enhancing the dialogue between health providers. 

The motivation for this research comes from the past research in this field that 

have identified that health data when presented with appropriate contextual information 
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enhances the reflective understanding of one’s own behaviours (Huang et al, 2017) and 

largely influenced by the kind of issues that Katie McCurdy, a visualization  designer,  

explored in showing her health history along with her symptoms and emotions to health 

professionals(McCurdy, 2016). 

3.2. Research Questions  

Our main research question guiding this project is: 

 How (Can) digital health tracking along with one’s perceived wellbeing and 

data visualization provide meaningful reflections of their health both to the user 

and their caregiver.  

We approached the research through answering the following sub-questions. 

1. What kinds of behaviors, events and feelings/moods would be 

useful to express, and capture related to the core purpose of holistic 

view of well-being? 

To answer the question and to determine the various measures of wellbeing, we 

conducted a preliminary study with Vancouver firefighters. This study informed the 

personal subjective wellbeing metrics that needs to be captured in order to understand 

the overall wellbeing of individuals. Hence, we used the outcome of the wellbeing 

metrics from the firefighters’ study to design the subjective well being metrics for the 

main research.  

2. How does explicit inclusion of perceived well-being through self-

logging give them insights into their behavioral choice? 

3. Can (how does) explicit data visualization design such as contextual 

framing of health measures help both the user and the healthcare provider  in 

identifying undetected patterns? and inspire for positive engagement in effective 

outcome management? 

To answer the second and third sub-question, we designed “Healthy Me”, a 

web-based personal visual health journaling application to explore whether the 

combination of subjective measures and the quantified self-technologies can help a 
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person develop their own digital wellbeing stories as well as enhancing the dialogue 

between health providers. We used simple and familiar contextual visualization for 

presenting both the hard (objective health data) and soft data points (subjective 

wellbeing data) for supporting self-management and motivating self-reflection among 

individuals. 

3.3. Research Method 

3.3.1.  Design as a Probe 

We followed design-oriented research methodology with qualitative evaluations 

to achieve our research objective .The design based approach was largely influenced 

by the main objective of this research that is to understand the human values and their 

perspectives on the digital tracking technologies and to build on the design implications 

of bringing in subjective metrics in designing these application.  

We hence approached this research by developing a digital prototype for tracking 

health data and subjective metrics and then deploying it to the users for evaluation and 

understanding the research problem of whether bringing in one’s perceived wellbeing 

through data visualization charts provide meaningful reflections of their overall health. 

3.3.2.  Interviews 

We then used qualitative data collection methods such as semi-structured 

interviews, to examine the subjective human experience of the users. As interviews 

provide “rich, in-depth experience of the respondent” , they are considered as a good 

data-gathering method especially for researches involving healthcare applications 

(Denzin, 2008).  

Two sets of interview questions were used to administer the interview: one for 

the patient participants and the other for the healthcare professionals. By learning from 

the experience of patient participants who have used the “Healthy Me” application for a 

while, we can gain valuable knowledge about the design, data, and the insights it can 

provide for designing personal health applications.Furthermore, direct interactions 

between health professionals through interviews and qualitatively analyzing their 
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feedback will allow us to learn the challenges of the real-world users and will suggest 

future directions for designing such visual exploration tool. 

3.3.3.  Design phases 

The research was conducted through the following phases. 

Phase 1: Designing self-logging data form: We designed a self-logging data 

form with the appropriate measures of well-being obtained from the firefighters’ study 

project. Here the user can enter their everyday physiological and personal wellbeing 

data with options for making notes (comments textbox) to provide rich contextual 

information. 

Phase 2: Designing visualization dashboard for presenting and visualizing self-

logged data. We iteratively developed a personal visualization prototype tool “Healthy 

Me” using appropriate data visualization principles and guidelines. The prototype was 

especially targeted for individuals who track their blood pressure readings for managing 

hypertension. 

Phase 3:  Patient participants journal study:  The “Healthy Me” application 

was then given to patient participants for recording their daily health data and their 

perceived well-being. The participants logged their daily health data in the “Healthy Me” 

application for at least 4 weeks. They were also equipped with visualization where they 

can see their data being transferred to contextual visualization charts which they can use 

it to make sense of their health behaviours. The study team scheduled a semi-structured 

interview at the end of 4 week period to collect feedback about participants' reflection on 

the process of tracking health data and their engagement with the digital tool. The 

interview was administered via online platform(SFU zoom) and lasted for about 1 hour 

for each participant. 

Phase 4:  Health Professionals design review : We conducted design review 

interview with healthcare workers to understand the current practices in using patient-

collected data and the advantages/ barriers in using a digital visualization tool like 

“Healthy Me” for management of patients’ wellbeing. This interview required 30-45mins 

of time with health workers. 



35 

Phase 5: Evaluation & analysis: The study team then thematically analyzed all 

the documentation including video, audio, and notes from both patient participants 

journal study and healthcare professionals design review for the final analysis and 

reporting on the outcome of the study.  
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Chapter 4.  
 
Determining Subjective Wellbeing Metrics: a study 
on firefighters’ perceived well-being  

Personal wellbeing is considered as a subjective measure and an important 

aspect that determines how satisfied we are in our everyday lives. It is a combination of 

a person's physical, mental, emotional and social health factors and often these factors 

are inter-related. (Benson et al., 2019). Although previous studies have identified several 

dimensions of well-being, there are still little differentiation between various other factors 

such as working environments, social issues, and other environmental factors such as 

the recent Covid-19 pandemic which has added an additional level of stress among 

many individuals (Oksanen et al., 2021). Hence, we wanted to understand the various 

factors affecting the personal wellbeing among individuals as of the recent times. These 

health metrics will give us an idea about the right data to capture to represent an 

individuals’ holistic view and can then be used to design personalized wellbeing 

management tool. 

4.1. Study method  

We conducted a study with the firefighters from the Vancouver firehall ,BC which 

is one of the most stressful working environment in the city and has continuous demand 

of work. We wanted to assess the various factors (including the shift rotation) that are 

contributing to members’ mental and emotional well-being, quality of work-life balance, 

and relationships with others both on and off duty.  Our study consisted of two parts: 

(1) an online questionnaire: asking for their perceptions of mental, 

emotional, physical, and social wellbeing both on-duty and off-duty using 

a quantitative measure. 

(2) in-depth semi-structured interviews: exploring their detailed qualitative 

feedback on their overall-wellbeing both on-duty and off-duty. 
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4.2. Study outcome and reflection 

The online questionnaire asked to report on members’ perceptions of the impact 

of their demanding work schedule on their feelings of well-being both on and off-duty. 

The questions asked for health behaviours including physical activity, sleep quality, 

alcohol consumption, mental wellbeing, and comfort both on-duty and off-duty, emotional 

well-being as well as social well-being of the participants. Clearly, it is evident from the 

survey results that work environment having a significant impact not only on physical 

and mental health, but also on the emotional and social factors. Also, during this study 

we could see significant elevation of societal and environmental determinants such as 

Covid-19 pandemic influencing the individuals’ wellbeing. 

 The semi-structured interviews with the firefighters provided us the in-depth 

understanding of various factors impacting their quality of life. The interviews were 

conducted over videoconferencing (Zoom platform, https://sfu.zoom.us/) to identify 

important aspects of physical, mental, and emotional wellbeing and focused on when 

and where these issues arise or develop both on-duty and off duty. From the interview 

analysis, it was clear that when the work shifts were more demanding and frequent, the 

workers experienced decline in their mental, emotional health which then affected their 

physical and social behaviors. They also felt exhausted and had poor quality of life 

because of the less time-off in-between shifts. The responses also revealed that when 

participants had proper rest in between shifts (quality of sleep) their on-duty 

concentration improved significantly. They also indicated that the time off between shifts 

also reduced some of their unhealthy behaviors such as alcohol consumption and 

therefore increased their healthy eating habits. The break in their working shifts also 

gave them the flexibility to able to pursue personal activities and hobbies and spend 

quality time with their family and children and that made them mentally and emotionally 

healthy. 

Overall, this study with the firefighters provided the various factors that one 

needs to consider for the measurement of holistic wellbeing such as emotional health, 

sleep quality, physical activity, healthy diet, social ties, and resiliency to environmental 

factors.  
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We concluded from this study that to measure personal wellbeing, the following 

are the metrics that should be considered to effectively capture holistic experiences of 

individuals. 

Emotional metrics: to assess the current perceptions of feeling 

• Mood (cheerfulness / good spirits)  

• Anxiety (how calm / relaxed)  

• Focus (to think clearly and act to situations)  

• Stress (cope with day-to-day conditions)  

• Feeling fresh and refreshed (to assess the sleep quality, able to have a good 
rest)  
 

Health metrics: to assess the physical behaviors 

• Healthy eating (Diet)  

• Physical exercise  

• Alcohol   

• Smoking  

Social metrics: to assess the social engagements 

• Social interactions (friends and family time)  

• Work interactions  

 

In addition, we found that though the participants had some kinds of digital tools to track 

and record their physical activities using devices such as Fitbit, Apple watch or mobile 

apps, they didn’t had tools to record their emotional, mental, and social wellbeing. And 

hence they struggled to see the connections and manage their overall wellbeing. These 

findings led to the foundation for the creation of “Healthy Me” application to capture and 

present not only the physiological data from digital devices but also qualitative data 

around people’s lifestyles, activities, and sense of wellbeing, for meaningful reflections.  
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Chapter 5.  
 
“Healthy Me” Design Prototype 

5.1. User Interface 

We designed “Healthy Me” as a web-based self-tracking visualization application 

to be run in any browser-based environment. The “Healthy Me” User Interface (UI) 

consists of 2 sections: data-journaling and visualization. The data-journaling section 

is where the user can enter their physiological readings and can also capture subjective 

contextual information such as emotions, lifestyle activities, and other significant events. 

The recorded metrics are then stored in a secure database repository. This stored data 

was read using JavaScript functions which then is used for creating visual charts. A 

separate visualization library called D3 Vega-Lite (https://vega.github.io/vega-lite/) is 

used for rendering different charts on the webpage. Figure 5.1 shows the high level 

system design of “Healthy Me”.  

 

Figure 5.1. “Healthy Me” system design 
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“Healthy Me” application was designed to fit on a PC / laptop / generic tablet. The 

current “Healthy Me” prototype was especially targeted for individuals to see their blood 

pressure (objective metric) along with their subjective wellbeing data such as emotions, 

physical and social activities.   

 We chose to represent blood pressure readings as the objective health data, 

since blood pressure is an important measurement that is vital for maintaining healthy 

life. Moreover, tracking blood pressure readings regularly will be beneficial to get a better 

picture of heart health and an important factor in treatment of heart and stroke diseases. 

Additionally, high blood pressure can be caused by many factors including stress, 

anxiety, high salt, alcohol and poor physical activities (Fuchs & Whelton, 2020; High 

Blood Pressure, n.d.). The idea is that “Healthy Me” application can serve as an 

overview and a journal of things related to people’s health and blood pressure (BP), both 

to give the individuals the invisible factors that might interact with their blood pressure. 

The "healthy Me" application was deployed on a SFU secure webserver and accessed 

via SFU study website. http://viva.sfu.ca/healthyme 

5.2. Data-journaling Form 

The data-journaling section captures users’ subjective information such as their 

emotions, lifestyle activities, and other significant events and their health metrics such as 

blood pressure readings (figure 5.2). These subjective metrics were derived from the 

preliminary study with firefighters and is also based on WHO wellbeing questionnaire 

used for self-reporting (Topp et al., 2015). We captured the subjective metrics into the 

following 3 sections: How I felt (emotions), What I did (activities), and My Social 

interactions. 

The first section (How I felt) captures the user’s current perceptions of feeling. 

The metrics used are mood, focus, anxiety, stress, and sleep quality for recording their 

self-perceived emotional wellbeing. They were captured using a diverging scale (very 

negative, neutral, to very positive) which will allow for easy visualization of the value 

change on the visual chart. Users can also record any additional context about their 

emotions like very stressed out due to work pressure, feeling anxious about the 

upcoming appointments etc. in the comments section. Each of the user entered values 

http://viva.sfu.ca/healthyme
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are then weighted accordingly from -5 (very negative) to +5 (very positive) to quantify the 

metrics and are then used for designing visual charts. 

 

Figure 5.2. Screenshot of data-journaling form. 

The What I did section captures the user’s daily activities and behaviors such as 

diet, alcohol, smoking and physical exercise. The user options  were then coded using 

diverging scale range from -5 to +5 to let the user see the difference in the data points. 
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The Social interactions section captures user’s social wellbeing such as 

connections with friends and family as well as work accomplishments. The details 

regarding the data logging questions and the choices considered are attached as a 

separated document in the appendix section (Appendix A). 

5.3. Data Visualization 

The visualization part of the application is where the user’s self-collected data 

are translated into interactive visual charts to give the users the ability to explore and 

meaningfully interact with their data. In an era of increasing data, visualizations are seen 

as the greatest tool to support analytic processing, exploration and insight discovery in 

many applications including health (D. Keim et al., 2008b; Sacha et al., 2014; 

Shneiderman et al., 2013).  

Nevertheless, designing visualization considering the users need and 

requirement was a challenging task. Also, since these visual interfaces will be used by 

patients with potentially limited numeracy and medical knowledge, we wanted the 

presentation styles of the charts to be contextually meaningful, engaging, as well as 

appropriate for acting on the data. It has also been studied that health data visualizations 

should be intuitive, reveal patterns over a long-time span and should require less effort 

to comprehend. (Wallace et al.,). Moreover, visualization tools should also support 

physician-patient communication, via storytelling techniques (Faisal et al., 2013; 

Hiremath et al., 2014). Studies have also demonstrated that visualization design could 

enhance the reflective understanding of one’s own behaviors when presented with 

appropriate contextual information (Huang et al.,). 

We incorporated the above mentioned design principles and carefully designed 

the visualization charts to help users to better understand their collected data .  

5.3.1. Chart Choices 

I. Line chart 

We chose simple line chart for plotting blood pressure readings. Line charts are more 

effective in showing the time-series relationships for continuous data points where the 

changes in values over time can be easily visualized (Visualizing Time Series Data, 
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2016). We chose to plot the BP systolic and BP diastolic readings on the same chart 

with shared x-axis and y axis for quick and easy exploration (figure 5.3).   

 

Figure 5.3. Line chart showing blood pressure data 

II. Calendar layout 

 

Figure 5.4. Calendar-view for social interactions for the month of April 2022 

To show the subjective metrics, we experimented with different chart types but 

chose calendar layout to enable rapid identification of daily schedules and habits that 

might have influenced the trends and pattern in data.  Since calendars are used by most 

individuals as an organisation tool, it has been seen as familiar visualization which 

needs no extra effort to comprehend. It has been also studied that calendar 
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visualizations provided “extra context for reasoning“ among individuals when presented 

with other related data (Huang et al., 2014; Van Wijk & Van Selow, 1999).  

A heatmap on each day shows daily aggregated datapoints. The metrics in each 

subcategory of the section were averaged to give a value in the range -5 to +5. We then 

used diverging color scheme (red-blue) to show the user the negative(red hues) and 

positive (blue hues) ranges in the data (figure 5.4).  

III. Diverging bar chart 

We designed to present the details of each of the sections (Emotions, Activities, 

Social) on demand by the user as a diverging bar chart. The bar chart is designed such 

that it shows the diverging scale: negative and positive values , -5 to +5 which can be 

easy to spot the patterns and see their history of activities for over a 30 days.  

 

Figure 5.5. Diverging bar chart showing detailed metrics 
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5.4. Design Principles 

5.4.1.  Overview first 

Adhering to the visual information seeking mantra “overview first, filter, details on 

demand” (Shneiderman, 1996),  we developed the application to show the overview of 

all the data that has been tracked first (figure 5.6). Here the dashboard will show the 

blood pressure readings (Line chart) against the subjective metrics (Calendar charts) : 

“How I felt” , “What I did” and “Social interactions”, to give an overall context of what’s 

going on in the current month. For example, they can see their blood pressure readings 

both systolic and diastolic on the timeline and they can select the days that there are 

peaks in blood pressure and see what’s been happening during those days. The 

calendar view of “How I felt” , “What I did” and “My Social interactions” can be used 

to identify the patterns in the data and provide context-based information on their day-to 

date activities to the users. 

 

Figure 5.6. Overview of blood pressure readings and the activities for the 
current month 
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5.4.2.  Details on demand 

The details of each of the sections (Emotions, Activities, Social) are made 

available on demand by the user. At any time, if the user wanted to see more details on 

their behaviors like how the various emotions are playing a role in BP, they can then 

select the “Emotions-detail” option on the right side. This will replace the emotions 

calendar view to detailed bar chart view to show emotions such as mood, focus, stress, 

anxiety, and sleep quality. The bar chart is designed to spot the patterns and see their 

history of activities for the current month. Similarly, they can select “Activities-detail” 

option to see activities in detail. And if they wanted to see all details view, they can 

select the corresponding all-detail option. 

 

Figure 5.7. Detail view of subjective metrics 

5.4.3.  Tooltips for additional contextual comments 

Tooltips are nothing but a little box that pops up when you hover over datapoints 

in the chart. Tooltips are considered as a very effective and straightforward way to add 

more information to the user without overloading them (Murray, 2017).The comments 

that were captured for each of the metrics in the datalogging form provided valuable and 

additional context for the datapoints. Hence, we wanted to use those text as tooltips in 

the chart. We added tooltips for each of the day in the emotions, activities and social 

interactions charts. These tooltips can provide additional context  to the user for making 

sense of their data. For example, in the figure (figure 5.8) when the user hover over the 
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date Apr 1st, they can see the tooltip box with the comments as “How I felt : Good day” 

etc.  

 

Figure 5.8. Calendar chart showing tooltip on April 1st 

5.4.4.  Brushing & Filter interactions 

It has been studied that visual data exploration is more effective when humans 

are involved in the interaction process (D. A. Keim, 2002) and interaction techniques 

such as brushing, filtering provide effective means for exploring large multidimensional 

datasets. Hence, we designed all the visualizations to be interactive such that selection 

of few data points on one chart will make those data more focused and highlight the 

corresponding data points on other charts making the user to concentrate on the 

selected area. For example, one can select their blood pressure readings both systolic 

and diastolic on the timeline and see “How I felt” data highlighted for those 

corresponding dates. They can select the days that there are peaks in blood pressure 

and see how it’s been related to their emotions, activities and social connections. The 

idea of these user interactions is to allow the user to perform a better, faster, and more 

intuitive exploration of their data points and ultimately gaining valuable insights from their 

datasets. 
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Figure 5.9. Brushing interaction on detail metrics 

 

Figure 5.10. Brushing interaction on calendar view 
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Chapter 6.  
 
Patient Participants Journal Study 

6.1.  Participant Recruitment  

To recruit participants for the journal study, we posted our research study on 

REACH BC website (https://www.reachbc.ca.) ,an online provincial platform that 

connects public volunteers across British Columbia with health research opportunities. 

The participants recruitment criteria included: 

• Age range: 25 – 65 years old 

• All gender 

• Individuals (with / without chronic illness) willing to collect their personal health 

data for at least 4 weeks. 

We had four participants through the REACHBC platform, and three of them met 

the recruitment criteria. All the selected participants were then asked to complete a 

recruitment survey questionnaire administered via SFU hosted SurveyMonkey platform 

to collect the demographic information such as age, gender, and prior experience in 

health tracking. The participant recruitment questionnaire is attached in the appendix 

section (Appendix B). The study poster that was published in the REACH BC website is 

attached as figure 6.1. 

6.2.  Data-Journaling Procedure 

We provided  “Healthy Me” application to the recruited 3 patient participants. 

Each participants were then assigned a unique username and password. They were 

then instructed to use them for secure authentication to the “Healthy Me" application 

accessed via SFU study website. They were provided with a short video demo of the 

"Healthy Me" application and the data-logging procedures through email. The 

participants were asked to log their daily health data in the “Healthy Me” application for 

at least 4 weeks. They were also equipped with visualization where they can see their 

data being transferred to contextual visualization charts which they can use it to make 

https://www.reachbc.ca/
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sense of their health behaviors. Figure 6.2 shows the study workflow that we followed for 

this journal study. 

 

Figure 6.1. Screenshot of REACH BC participant recruitment poster 
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Table 6.1. Demographics of selected participants for the journal study 

 

 

 

Figure 6.2. Study workflow for patient participants journal study 

Age-range Gender Marital 

status

Current 

Position

Prior 

datalogging 

experience

currently 

tracking BP

BP monitor

46-60 Female Married Homemaker Yes No Health Mate 

Blood pressure 

machine and App

61 and 

above

Female Single Retired Yes Yes Lifesource

46-60 Female Married Unemployed Yes No Wrist BP monitor
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6.3.  Interviews 

We conducted two interviews with the patient participants(P1,P2,P3).  

1. Initial feedback interview 

We conducted a short interview with the recruited participants during the first 

week of their study to get the initial feedback about their interest in the study. The 

interview was conducted through online zoom platform. The participants were 

asked about their motivation for data-logging health metrics, their issues, or 

challenges if any, they have in collecting, interpreting, and sharing their tracked 

health data. This is to understand their current perspectives on health tracking 

and to serve as a baseline for assessment after using “Healthy Me” application.  

2. “Healthy Me” journaling interview  

We then conducted a semi-structured interview with the participants (P1,P2,P3)  

at the end of 4 week period of data-logging in “Healthy Me” application. This 

interview will help us to understand participants self-tracking process and their 

perceptions of personal well-being through “Healthy Me” application. This 

interview will also allow us to capture changes in perceptions over the period of 

time. Reviewing these experiences will help identify the impact of self-tracking 

their subjective metrics along with their physiological metrics and the usability of 

“Healthy Me” application. 

6.3.1.  Interview guide (exit interview) for participants 

The following are the topics that we followed for interviewing the patient 

participants during their exit interview at the end of 4 week period.  

a. What do you think about the data being collected? Did you find tracking 
subjective metrics like emotional, physical and social behaviors provided 
sufficient context to visualize your health data?  

b. Does the tool provided the flexibility to record your data and the type of 
information you wanted to collect?  

c. How did you make sense of the feedback from the data visualization and the 
contextualization of the data?   
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d. and how does it influence modifiable behaviors in your daily life routines?  

e. How does the application was useful in helping your overall quality of life.?  

f. What additional features/changes would you like to see added to the proposed 
visualization? 

g. Any other feedback that you think is relevant about this study?  

Follow-up questions were asked at all points of the interview process.  

6.4. Interview analysis procedure 

The semi-structured interview data with the patient participants were analysed 

using thematic coding using NVivo software tool (https://www.qsrinternational.com/nvivo-

qualitative-data-analysis-software/home) . NVivo, is a qualitative analysis software tool 

used for analyzing unstructured text like interview transcripts and for storing the themes 

from the analysis. We used NVivo to keep track of the notes and themes from the 

analysis which was then used for validating the research process. The transcripts were 

first coded by the main researcher using the codebook (Table C.1 - Appendix C) 

developed based on the research questions. Also, triangulation in the form of 

collaborating with senior research colleagues was performed during the coding process 

along with detailed record keeping procedures. The details of the coding process are 

described in the Appendix C. 

The procedures that were followed during the interview analysis are listed here: 

1. The audio /video recorded interviews were transcribed first using the 

otter.ai (www.otter.ai) transcription service.  

2. The transcribed text was then read for understanding the context, and 

any personal identifiers such as participant names were removed before the analysis. 

Patient participants were labeled as P1, P2 etc., to protect their identity.  

3. Each participant interview transcript was read carefully to extract 

meanings and themes. Detailed field notes collected during each interview were also 

used for triangulation and reviewing the themes. We followed deductive coding using the 

elements related to the process of self-tracking such as bringing in subjective metrics, 

exploration of data and management of wellbeing , etc. The transcripts were also coded 
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for the usability and usefulness of “Healthy Me” application in self-tracking and 

management of health. 

6.5.  Initial feedback interview analysis 

During the initial feedback interview ,all the participants reported that they had 

some experience of tracking their health metrics using various applications such as 

using smart watches, home blood pressure monitors and journals. We noticed that the 

participants started tracking their health metrics when they wanted to manage their 

chronic conditions like sleep disorder, blood pressure, weight loss etc. Most of the time , 

participants used either smart watches or mobile apps to track or store their data.  But 

they said that they were not consistent in tracking either because of lack of personal 

motivation or sometimes due to the lack of support from the health providers. They also 

reported that it was not easy to share their recordings with their healthcare providers as 

they used multiple devices unless they write down their own readings as paper notes or 

store it on mobile phones. Table 6.1 outlines the participants feedback from the initial 

interview. 

Table 6.1. Initial interview feedback from patient participants 

Topics Participants comments 

Prior experience in 
health tracking 

P1: “my sleep is all over so I started to practice all those sleep hygiene 
things that my sleep doctor told me to and keep a record so i've kept a 

record from the fall of 2017. I have a smartwatch too, so it tracks my steps, 
sleep, heart rate”. 

 

P2:” I was doing temperature for a while and then I started, to notice a 
significant weight loss, so I started tracking weight loss but mostly it's been 

basically just using like the apple health APP just to store it.” 

 

P3: “I use a Fitbit for tracking steps and My Fitness Pal for food intake”. 
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Motivation to track 

P1:” My blood pressure, tend to be high, when I see the doctor tell him he's 
just scaring me. okay yeah I wanted to sort of let them know that my regular 

readings were not as high as what he read.” 

 

P2: “yeah well it started because we had to track my husband's blood 
pressure. And so that was like three or four years ago, and then there was 
some there was an incident where I had a like a blood pressure spike. And 

they wanted me to track for a while and I did that” 

 

P3:” Technically i'm on to blood pressure medications. I say actually five 
years okay. my husband got the bp monitor”. 

 

Challenges in tracking, 
interpreting & sharing 

P1: “For years, but i'm not very consistent in using it. But also transcribing 
grabbing onto a paper form.” 

 

P2: “And I don't have a GP at the moment I haven't had a GP for about a 
year. But prior to that he wasn't interested.” 

 

P3:” So when I do tracking for my GP, I just write it all down on a piece of 
paper.” 

6.6.  Exit interview analysis of participants’ feedback 

This section consists of the main outcomes from the exit interview of patient 

participants after using the “Healthy Me” application for about 4-5 weeks. The interview 

transcripts from the 3 patient participants were analyzed to identify themes relating to the 

research questions mainly focusing on the three aspects such as  

(1) bringing in subjective metrics along with physiological data for contextual 

information 

(2)  making sense of the data through visual charts and exploration of data 

through interactivity  

(3) Engagement and communication with health professionals and sharing 

knowledge.  

We also received the participants feedback about the design of the “Healthy Me” 

application with regards to the usability and usefulness in applying the above three main 

aspects. 
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6.7. Results       

6.7.1.  Bringing in subjective metrics 

The participants were asked about their feedback on bringing in subjective 

metrics  such as emotions, lifestyle, and social interactions along with their physiological 

data for contextual information and making sense of their blood pressure readings. We 

derived the following outcomes from the interview analysis. 

Self-awareness 

Participants mentioned that bringing in subjective metrics made them more self-

aware of the various factors that might influence their blood pressure readings. They 

reported that seeing their subjective metrics like their emotions, sleep quality, and 

lifestyle activities along with their blood pressure data helped them reason about their 

behaviors.  For example, participant P3 mentioned that when she sees some good 

results on the data, she wondered what activities/ behaviors she did on that day so that 

she can repeat that to see her healthy status. Similarly, participant P1 said that if she is 

not getting ideal results, she wondered what she can do better to achieve those goals. 

P1:  “I think it makes me more aware of sort of my lifestyle, my 

moods, what I'm doing, how I'm eating? I don't like seeing 

those 140 and above numbers, you know, I want to see 

something, between 120 and 130? And if I'm, not in there, then 

what can I do to get this better?.” 

P2:  “I think it was, it was pretty useful, because it gave me an 

opportunity to kind of see all of all of those trends sitting beside 

each other.” 

P3:  “So it is interesting. You know, I go back and I go, Oh, what, 

why was it really low this day? And that seemed to be a good 

day. And what did I do differently there.” 

Invoked Curiosity 

Participants mentioned that the tracking of subjective metrics also made them 

more curious of the other factors that might influence their blood pressure readings. For 

example, one participant mentioned that she was curious to see if her migraine and her 

blood pressure readings showed some relationship. Another participant wondered 

whether her sleep problems and her blood pressure were related.  We learnt that this 
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invoked curiosity among participants made them to be engaged in the process of 

tracking and provoked continuity of tracking. 

P3:  “Like for me, I would be curious to know if my blood pressure 

is in direct relation to my migraines, for example.” 

P1:  “it's improved my understanding of my own blood pressure. 

It's also kind of highlighted right now, my sleep problems, 

because I'm sort of not having a regular sleep cycle.” 

P3: “I guess, looking at my sleep, my sleep wasn't very good. A lot 

of times and obviously bad. So, I think that affects my blood 

pressure.” 

Flexibility to record subjective data 

Participants reported that the “Healthy Me” application provided the flexibility to 

record their personal subjective data like their feelings, day-to-day activities as well as 

their symptoms when compared to the other off-the self apps. For example, participant 

P3 used the comments text box to record her Covid symptoms and how it affected her 

activities and social interactions (figure 6.3 ) . 

 

Figure 6.3. Calendar chart showing comments text box for additional input (P3) 

P3 commented “And I think it was, you know, easy to put it in, didn't take very 

long to put those information.” Participants used the comments textbox section to record 

any additional context that they thought was important to record.  
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While “Healthy Me” datalogging provided the participants to log their subjective 

data, some participants wanted to include more granular data such as their weight, pain 

points, fatigue, etc. For example, P2 mentioned “but I thought perhaps a question 

around fatigue or tiredness might be more helpful, rather than just mood.” And P2 said 

“So I don't know if that's something that would be of interest to add your oxygen into 

there, right? Because I think when my oxygen is lower, I struggled more with shortness 

of breath, and therefore it's harder for me to do stuff. And then I think that affects my 

blood pressure. too, right.” 

6.7.2.  Data interpretation through visualization 

The participants were asked whether the data visualization and the other 

features such as tooltips, hovering interactions, filtering etc., provided them sufficient 

context to make sense of the data .Following are the results of themes that emerged 

from their feedback.  

Pattern recognition 

 

Figure 6.4. Pattern recognition in calendar charts using red-blue color coding 
(P3) 
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Participants reported that the blood pressure line graphs are simple to 

understand, easy to figure out the ups/ downs in their readings and identify other 

patterns in the data. For example, participant P3 reported that the calendar layout with 

the red-blue color coding was useful to visualize the patterns in the data (figure 6.4). 

P1: “if you have the blood pressure on a line graph, and then you 

have the moods and stuff, you go, hey, I can see some, you 

know, correlations between these two here, I was, this was not 

a good day, my blood pressure was up a bit., my mood was 

calm, relaxed, and yeah, it was fine.” 

P2:  “it's useful, it's useful to be able to see it as a pattern over time. 

I think for me, the thing that I found it a little bit sort of like, 

when you when you hover on any particular date appointed, 

tells you the date it was, and it will show you the comments if 

there were comments entered.” 

Quick Snapshot 

The participants mentioned that the overview of charts provided them quick 

snapshot of their data with all their subjective metrics ,“How I felt” , “What I did” and 

“Social interactions”, sitting side by side in the calendar layout. 

P2: “I think it was, it was pretty useful, because it gave me an 

opportunity to kind of see all of all of those trends sitting beside 

each other.” 

P3: “it's a really good way to get a snapshot of what you've done. 

And then if you want to go further, then you could go get it 

more detail to it.” 

At the same time, one participant mentioned that she liked to see 

aggregate of data over a week, or a month to compare where 

things are. 

P3: And so that might be interesting to say, you know, this day, my 

blood pressure was really high, but your average for the week 

where your average for the month was actually this? “ 

Details on demand 

When asked about the detail chart options, participants reported that they 

occasionally interacted with the detail chart options. One participant, P1 mentioned that 

she didn’t understand the diverging scale in the detail charts and other participant P3 

said that the color coding was not obvious. 
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P1: “I don't think I played with the chart that way. Okay. Yeah, I 

think I just looked at them. Unless I think I only played with 

them. Like, I would click on like a number on the blood pressure 

to see what day it was. If not put it in my own. the detail chart, 

,I would like to be in a different format, because I'm like, What's 

coming from the top? What's this?” 

P3: “The only other thing that I don't know & understood is the 

color coding. I'm assuming that the red means high.” 

On the other hand, participant P2 said that she liked the detail chart which 

showed all the patterns and trends of her metrics.  

P2:  “I think, for me, I like to see the, like the page that you've got, 

which is all details together? That one, because that that kind 

of shows me what the trends are overall with everything. So, I 

found that to be the most the most useful, sort of visual.” 

 

Figure 6.5. Detail chart view showing the subjective metrics as diverging bar 
chart  

6.7.3.  Sharing with healthcare professionals 

When asked about the usefulness of “Healthy Me” application in sharing and 

communicating with healthcare professionals, participants said that they can take a 

screenshot or print the charts which makes it easy to share it with their healthcare 

professionals when compared to their old way of taking notes and writing it on paper. 
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They also said that their health professionals would love to see the other subjective 

metrics along with their blood pressure readings to make meaningful decisions.  

 P2: “I would certainly share it with an internist, and he wants a 

snapshot of my health over the last year or so. So, I think I'll share a 

copy of this with him.”   

P3: “I've done it probably for a six-month period where it was written 

it all down and bring it into him and but this would be way easier because 

then he could just look at these numbers and I wouldn't have to write it 

all down for him. Just so you know that it is helpful as far as that goes.”  

P1: “because my blood pressure is always, you know, 140 and above 

over 70, when I go to the doctor, and I always tease him that he's given 

me white coat syndrome. It's what you're scaring me. But showing him 

something like this would be helpful for him to see what my day-to-day 

blood pressure is. I like the way your web thing is set up, because I can 

just take a screenshot and you know, you can show, and it's got the 

numbers.” 

6.7.4.  Engagement and continuity of tracking 

Beyond the above initial findings, we identified some interesting factors with 

regards to the engagement and continuity of tracking “Healthy Me” application among 

participants. They all stated an intention to continue using this application even after the 

end of the study mainly due to the simple and flexible datalogging design and the 

invoked curiosity that the application provided them by bringing in individuals perceived 

wellbeing. 

P1:  “it's improved my understanding of my own blood pressure. It's 

also kind of highlighted right now, my, my sleep problems, 

because I'm sort of not having a regular sleep cycle. But more 

what's the blood pressure? It's? Yeah, it's making me more 

aware of it. It's sort of keeping it uppermost in my mind. 

Because I do it every day.” 

P1:  “I have to be more proactive about my health. And yeah, this 

keeping data is a really good way. I'm definitely going to do 

that. Continue to choose it because I think it will just solidify it 

as a habit.” 

P2:  “I'd love to try it again. And see.”  

P3: “I probably will keep tracking it. So, it's super easy to put that 

information.” 



62 

6.7.5. “Healthy Me” design feedback 

The following section contains participants feedback about the design of the 

“Healthy Me” application and suggestions for improvements in the design. 

Datalogging 

   Participants reported that the “Healthy Me” application was easy to use and 

provided the features to record their subjective data like day-to-day feelings and 

symptoms when compared to the off-the self apps. Almost all the participants liked the 

digital design of “Healthy Me” application. They said that they liked the website version 

as they can open up the “Healthy Me” webpage in any device, notepads ,laptops or 

mobile phone. All the participants said that the datalogging form was simple, easy to use 

and took less time to complete. 

P2:  “it's pretty easy to use in terms of logging the information.” 

P1: “It takes three minutes to do it. And even when I'm, you know, 

doing something, reading or doing some craft work or 

something, it's so easy to just put it down.”  

Some participants wished that they could track more customized metrics 

depending on their needs such as migraine pain, caffeine in-take, more granular social 

interactions such as interactions with partner or significant other, with close family 

members etc. Some participants also wanted to put a timestamp on their tracked data to 

see the changes in their readings during the different times of the day.  

For example, P3 added “ Do you put times in there like, you know, do you go 

even deeper where you say you get up in the morning, you have a cup of coffee, and 

then an hour later check your blood pressure to see how that was affected by that 

coffee. You know, I mean, and how does it affect after you have lunch? And you don't I 

mean, yes. Does it get worse throughout the day?” 

Data visualization & interactivity 

Participants reported that the charts provided them quick sense of their health 

metrics over time. They also said that the calendar charts provided them the opportunity 

to see the patterns and trends in the data and also to look at the other comments that 

they have entered through comments textbox to get a contextual understanding of their 
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health metrics. Participants said the blood pressure line chart was easy to interpret when 

compared to the diverging bar chart which showed the detail metrics. 

P2: “it’s useful, it's useful to be able to see it as a pattern over time. 

I think for me, the thing that I found it a little bit sort of like, 

when you when you hover on any particular date appointed, 

tells you the date it was, and it will show you the comments if 

there were comments entered.” 

P1:  “I like the blood pressure one, is great, you know, you can see 

what your numbers are.” 

Though participants were given instructions on various interactive features such 

as selection of dates, filtering, and self-exploring detail section etc., many didn’t use all 

these features. They only did hovering on the data points to see their blood pressure 

readings or selecting a date on calendar charts to see the “comments” section.  

P1:  “I don't think I played with the chart that way. Okay. Yeah, I 

think I just looked at them. Unless I think I only played with 

them. Like, I would click on like a number on the blood pressure 

to see what day it was.” 

P3:  “I just hit this emotions detail thing. And then product. Oh, 

that's interesting. and it just said, your anxiety, your focus, 

moods, sleep, stress. Oh, that's interesting. I haven't pushed 

any of these buttons before.” 

Mobile compatibility 

Although “Healthy Me” application was designed for larger screen like laptops 

and tablets, participants mostly used the application on mobile phones and sometimes 

on tablets because of convenience. Therefore, participants mentioned that most of the 

charts were displayed with smaller resolution and hence hard to navigate to see the 

details. While this also meant we saw very little use of brushing interactions.  

P2: “Although I did find that I have to do it. on my computer, not 

my phone, because it's way too challenging on my phone. Yeah, 

it just made the calendar look small”. 

P1:  “I mean, I'm old. So I think having it on the phone. I mean, it 

might be beneficial,” 
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6.8.  Summary of findings from the patient participant study 

This section talks about the summary of findings from the patient participant 

journal study. Table 6.2., shows the summary of themes that emerged from coding the 

participants interview transcripts and the results of the interview analysis. We have listed 

out both the positive feedback and highlighted the features that was challenging for the 

participants to interpret. The results and the feedback from the participants can be 

beneficial to further improve the current design of the application and could serve as a 

reference point for future designs for personal health journaling application.  

Table 6.2. Summary of findings from participants interview transcripts 

Topics Themes Results 

Bringing in subjective 

metrics 

Self-awareness 

 

more self-aware of the various factors that might 

influence physiological metrics. 

Influential in modifying behaviors to achieve 

desired outcomes. 

Invoked curiosity highlighted unknown relationship between 

personal conditions and objective metrics. 

Flexibility to record 

subjective data 

Convenient to record personal data through 

comments box. 

Need for capturing more granular data over 

different time periods.  

Data interpretation 

through visualization 

 

Pattern recognition 

 

Easy to see the ups & lows in data through red-

blue color coding. 

Quick snapshots 

 

Side by side calendar layout provided quick 

snapshot of all the data over the month. 

Details on-demand 

 

Not many interactions with details chart due to 

small screen(phones) usage and hard to interpret 

diverging bar chart. 

Sharing with health 

professionals 

Flexibility to share 

 

Easy to share with a screenshot or print option 

providing quick snapshot of health metrics over a 

month. 

Tool for 
conversation 
 

Good tool for communicating personal status and 
show the efforts taken. 

Tool for showing 

real-life data 

Helpful to see the day-to-day actual data 

compared to clinical data.  
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Engagement and 

continuity of tracking 

Accessibility Easy and quick to log all the health information in 

one application. 

Quick insights Good way to get a snapshot of the day/month.  

“Healthy Me” design 

feedback 

Access & device 

Compatibility 

Web-based for universal access. 

Need for smart phone compatibility 

Data-logging easy to put in the information 

Need for reminders to log information. 

Visuals Easy to identify patterns through charts 

Need for familiar and simple charts.  

The patient participant journal study provided us the opportunity to understand 

the use of digital health tracking with subjective wellbeing from the perspectives of 

patients who use self-tracking for managing their chronic conditions. We developed a 

digital prototype tracking application “Healthy Me” to capture and present not only 

tracked physiological data but also qualitative data around people’s lifestyles, activities, 

and sense of wellbeing, for meaningful reflections. We used simple visualizations 

combined in a dashboard that allowed both overview and detail metrics for user 

exploration. 

From this study we understood that patients are more willing to use “Healthy Me” 

kind of self-tracking applications to manage their wellbeing. They said that keeping track 

of their subjective wellbeing such as mood, anxiety, sleep quality, physical activities, diet 

and social connections made them more self-ware of the interconnections between their 

chronic conditions such as blood pressure, migraine etc. This also made them proactive 

in managing their health.  

This patient journal study also highlighted the importance of consideration for the 

digital literacy of users in designing such applications, especially among older adults. We 

noticed that though the users were familiar with smart technologies like smart phones, 

watches etc., some users especially those without technical background relied on the 

auto-display of visuals rather than the self-exploration features such as filtering and 

selection to navigate. We also observed that one participant due to her prior technical 

and healthcare experience navigated through these features with ease. Additionally, 

users demanded for more features such as more customized tracking of health metrics 

such as tracking headaches/migraine pain for patients with chronic migraine conditions, 
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weight watching, physical exercise tracking for patients with DVT symptoms etc. They  

also added that it will be beneficial to set reminders/alarms through phones for tracking . 

We also noticed that the participants were accessing the “Healthy Me” 

application mostly through their mobile phones or tablets than using it on their laptops, 

mostly for convenience. While this meant we saw very little use of brushing interactions, 

this also highlighted the importance of the multiform device compatibility that requires 

visualizations that work well within the constraints of mobile devices like screen size, 

resolution, and interactivity for better usage of the application.   
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Chapter 7.  
 
Health Professionals Design Review 

We also conducted expert opinion interviews with healthcare workers with 

regards to the design of “Healthy Me” application. We wanted to understand the 

usefulness of digital health self-management technologies and how capturing subjective 

contextual information such as emotions, lifestyle activities, and other significant events 

along with their health data will be helpful to individuals and to healthcare professionals 

in finding insights about patients’ health and in the management of care delivery 

process. 

We connected with 3 healthcare professionals through department known 

contacts and referrals. The professionals were a registered nurse practitioner in primary 

care and hospital based setting, a clinical specialist and a researcher in cardiology and a 

researcher in clinical psychology. We provided each of them with a short demo of the 

“Healthy Me” application through email before conducting the interview. 

7.1.  Health Professionals Interview Guide  

This interview required 30-45mins of time with health professionals. We 

conducted the interview through Zoom online platform. Interview questions were based 

on the following broad topics.  

1. What are the current practices in reviewing patient-collected health data? What 

types of tools are generally used in the clinical setting?  

2. What do you think about the data being collected in “Healthy Me” digital 

application? Did you find tracking subjective metrics like emotional, physical 

and social behaviors will provide sufficient context to visualize patient’s health 

data?  

3. How did you make sense of the feedback from the data visualization and the 

contextualization of the data?   

4. What are your thoughts about the application being helpful in influencing 

modifiable behaviors in patients’ daily life routines and improving the overall 

quality of life?  
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5. Any other feedback that you think is relevant about this study?  

Follow-up questions were asked at all stages. The interview questions were also 

expanded to include topics or factors identified by the healthcare professionals as 

noteworthy.  

7.2.  Interview Analysis of Health Professionals feedback 

The expert interview transcripts from the three health workers were identified as 

HW1, HW2, HW3  for protecting privacy and were read and analyzed using NVivo 

software tool. We followed the same procedure as that of patient participants for 

interview analysis. The data was analysed with main focus on understanding the current 

challenges in tracking and reviewing patient generated health data and the usability and 

usefulness of tracking subjective metrics along with health measures using digital 

technologies like “Healthy Me” application. Following are the results from the interview 

analysis. 

7.2.1.  Current challenges  

Patient literacy and motivation  

Health professionals indicated that one of the major challenges in using digital 

application is that the patients’ level of literacy and motivation to track. For instance, 

health expert HW2 explained that though some patients like to use these technologies, 

there are people especially older adults who struggle with the use of these technologies. 

They also said that most patients just see their current stats and don’t look at the bigger 

picture like over a month or so mainly due to the technical difficulties in downloading the 

data and seeing the trends over time.   

HW1:  “Some people with you know, lower literacy and lower health 

education, that that might be a bit of a barrier, though. You 

could probably try to engage them. And if it was really quite 

simple, they might be interested in it. Sometimes it could be 

many people with more moderate to severe mental health 

problems, like with the depression, or anxiety, it might not work 

very well. low motivation, or someone who's super anxious. 

They might actually make them worse, if they're tracking their 

blood pressure, and it's elevated and then they get more 

anxious.” 
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HW2: “And the biggest obstacle we had was people using their 

computer. These were generally older people.” 

Professionals also mentioned that there are other barriers such as financial 

burden in accessing these digital techs and lower motivation due to mental health 

problems such as depression and anxiety etc., But the health experts were optimistic 

that if the application is simple to use it might motivate the patients to stick to it. 

HW2:  “And even though we know people's technic, technical skills 

are getting better and better, there are still lots of people out 

there who struggle and, you know, couldn't even log on kind of 

thing. You know, and we had a way of sending them encrypted 

emails, and that was way too much for people. It was too 

confusing. And so that, I think that is still quite a barrier. And 

then I guess the other is access to the technology, financial 

barriers” 

HW3:  “The manipulation that we were using, they're like, middle 

aged, kind of older aged women. So potentially, there might be 

like, a technology gap there that they just, it's too hard. So I'm 

not going to download the data. I'll just see it once a day.” 

7.2.2.  Usability of “Healthy Me” application 

Finding the interplay between various factors 

The experts welcomed the idea of inclusion of subjective metrics like emotions , 

lifestyle activities like diet, and social interactions as part of the patients’ tracking data. 

One of the professional (HW3) who is a specialist in clinical psychology mentioned that 

there is a big interplay between the physical measures and mental health measures and 

tracking both will help the patients and health professionals to assess the interaction 

between them. 

HW3: “There's like a big interplay between the two. So if you were 

like, had a low mood, are you really anxious like, Were those 

the day your blood pressure was higher or lower? Were those 

the days you got less physical activity in and just trying to see 

how those, like the physical health measures that you're 

assessing? And those mental health measures, like how they 

interact and like what might be, you know, leading like, when 

which one came before the other? So, I think it's a really great 

thing that you're trying to do.” 

HW1: “it actually can be. they're kind of really interested in what's 

going on with their health, and they'd like to keep track of their 

blood pressure, and they want to feel better and know, you 
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know, maybe try and find out what's causing the blood pressure 

to, you know, have variations. So I think, for some people, it 

can be very helpful. And as a provider, it's also very helpful.” 

Educational tool 

Health experts said that tracking both subjective and physical health will also 

reinforce healthy behaviors and will help them with their self-awareness. They strongly 

suggested that digital tracking applications like “Healthy Me” will be a good educational 

tool to converse with patients and could have a positive impact on patients’ health. 

HW2:  “was talking about earlier for heart failure patients, when they 

monitored their weight frequently. Even though we didn't ask 

them to enter, what did they eat last night? Or what were they 

doing? Often? It did, I think it did. prompt that kind of thinking. 

I'm on vacation. So as well, I was out I went to a wedding this 

weekend with my family, and I knew that my weight would be 

up because I had all this salty food or some so there's no doubt 

people, you know, having something like that appear. It is 

reinforces any teaching you might do or to help them modify 

their their health behaviors. So I think it could” 

HW1:  “I think it can be educational for the patient, or maybe help 

them gain insight into how maybe, you know, stress, or, 

alternatively, positive social interactions might be affecting 

their aspects of health. So I think it could be a really good 

teaching tool, but also help with self awareness. And I think it 

could potentially, then that could be to, you know, healthier 

choices or just more awareness of having more positive 

interactions in life. Yeah, so it could have a positive impact on 

their health.” 

7.2.3.  Making sense of data through visualization 

The healthcare professionals certainly felt that the charts were useful in getting a 

quick snapshot of the patients’ health metrics in the clinic especially given the amount of 

time they have with patients for each visit. They said that seeing the metrics through 

visuals like line chart would be quick to sense the patterns, the ups, and lows in the data 

versus going through the raw data that patient might bring through their journals or 

notes. 

HW1:  “I liked the chart like it also the ability to kind of look at what 

would you call it like the markers where maybe things are a 

little bit high or yes. And then to see what was else was tracked, 

and if there was some sort of a pattern. It was like, a really 
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quick snapshot that you could look at that I thought that was 

very cool.” 

At the same time, one of the professional mentioned that the presentation and 

interactivity of the data needs to be simple to understand especially for the patients like 

older adults. They particularly pointed out that the diverging bar chart with the detailed 

metrics will be complex for patients to understand and simpler charts will be better to see 

the data over time. 

HW2:  “I also thought that the, the presentation of the data was a bit 

too complex for most patients. I mean, I think better graphic 

than numerical, definitely a picture is always better than words. 

But I thought it was a little bit higher level.”  

HW3: “And its kind of is nice, you can track over the last week or the 

last month and kind of see like those ebbs and flows versus 

you're just going like, a table with a bunch of numbers.” 

7.2.4.  Clinical treatment planning & decision-making 

Though there are growing evidence in using these patient generated data in 

clinical treatment planning & decision making, we got mixed reviews from the health care 

professionals regarding the use of patient tracked data in making clinical decisions such 

as changing the dosage of medications, revising treatment options etc. The health 

practitioner HW1 said that if patients do serious tracking of their health measures, then 

they can use that data to make changes in their medications or use them in advising of 

health behaviors. 

HW1:  “as a provider, it's also very helpful. If someone's doing 

especially like serious blood pressure monitoring, then I can 

also put that in my EMR, and it's easier for me then to decide if 

I need to titrate medication or do more teaching on health 

behaviors.” 

While the other health practitioner HW2 was skeptical in using the patient 

generated data in making clinical decisions because of accuracy and reliability in 

collection of these data unless these data are collected through technologies that are 

undergone health expert certification. At the same time, she also said that healthcare 

world is catching up to the digital techs.  

HW2:  “Well, I guess one of them is accuracy. reliability. There's 

probably still a fair amount of skepticism about patient entered data. 



72 

But you know, for that heart failure one, for example, I'm just trying to 

remember, yep, the patients entered their own weight, for example, 

well, they were just using their own scale, it wasn't a digital scale that 

was provided to them or anything like that. So I guess there was, you 

know, people might have still wondered, well, you know, there was a 

four kilo difference from yesterday, was that really accurate? Is that Is 

there a patient error?”  

HW2: “But I think still, the healthcare world, unfortunately, is playing 

catch up. I have an app that I use for my blood pressure. And so when 

I go there, I'm able to show it to her on my phone. She's happy to look 

at that, like she's, but she never went so far as to say I suggest you use 

this and we'll review it. You know, it wasn't like that. So, yeah, that's 

my experience. I think the healthcare world is catching up with the 

commercial stuff that's available out there.” 

7.2.5.  Tool for sharing & enhanced conversation 

Interestingly, the health professional HW3 mentioned that the digital tracking and 

self-logging will allow the health professionals to see the kind of efforts that patients are 

taking to address their conditions and could reduce the stigma/ blame on patients’ 

behaviors. She mentioned that these digital self-tracking of data will instead help the 

healthcare providers in providing improved patient care understanding the struggle faced 

by the patients and could enhance the conversation between the patients and care 

providers. 

HW3:  “To me, so I think healthcare providers should take really 

seriously and really want to see that data. And it might actually 

be helpful in terms of like, because I work in like weight 

research, there's often like, judgment and like stigma put on 

the patient where it's like I am, you know, getting in my steps, 

I am trying to be healthy, but my weight isn't changing or 

something like that. And then whoever their health care 

provider might be like, Well, you're not doing enough or like, in 

the back of their mind, like, oh, this patient is lying. To me, that 

kind of data would maybe reduce that stigma or like, kind of 

blame that they're putting on the patient, because they could 

see they are doing all that they can and they're still struggling. 

So like, what can I do to help them because clearly what they're 

doing on their own isn't, you know, helping them in the way 

that they need. So I think it would have that benefit of just like, 

more information, if you have that all that data.” 
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7.3. Summary of health experts design review 

The health experts design review provided us with valuable insights in using 

“Healthy Me” kind of digital applications for managing wellbeing and providing effective 

patientcare. We understood the importance of patients’ health literacy / digital literacy in 

designing such applications as health professionals mentioned that patients’ technical 

expertise plays a huge role in using these applications especially for older adults. Table 

7.1 gives the summary of findings from the health professionals feedback. 

Table 7.1. Summary of health professionals design review 

Topics  Themes Results - Health Professionals feedback 

Current 

Challenges 

Patient literacy 

and motivation  

 

Designing tools considering patient technical literacy(older 

adults). 

Tools should support patients’ mental capacity(stress). 

 

Usability of 

“Healthy Me” 

application 

Educational 

tool 

 

Interplay of 

other factors 

 

Tool for 

sharing & 

conversation 

 

Good teaching tool to support self-awareness. 

Support for reinforcing healthy behaviors. 

 

Insights on various factors(emotional, physical, social) 

influencing health. 

 

Eliminates stigma around patient behaviors and good tool 

for conversation 

Making sense of 

data through 

visualization 

 

Quick snapshot Easy to see the ups / lows in the data with limited time. 

 

Need for simple charts supporting patients’ literacy. 

Clinical 

decision-making 

 

Mixed reviews Can be useful in titrating medication or do more teaching 

on health behaviors. 

 

Challenges in accuracy, reliability of patient entered data. 

  

From the health professionals’ feedback, we learnt that “Healthy Me” will be a 

good educational tool to converse with patients with the inclusion of subjective metrics 

like emotions, lifestyle activities like diet, and social interactions as part of the patients’ 
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tracking data and could provide better management of care. They also said that “Healthy 

Me” will be useful in educating the patients about the various factors that might influence 

their health and the interplay between them. This will in turn can reinforce healthy 

behaviours among patients and improved outcomes in patients’ overall health. 

Moreover, experts also said that it might reduce the judgement or stigma around 

patients’ behaviour by seeing their efforts in the collected data and helping them in a 

way they need.  

There were concerns from some of the health care professionals regarding the 

use of patient tracked data in making clinical decisions especially due to reliability and 

accuracy errors. But they were optimistic that the escalating research and improvements 

in regulating these digital technologies will provide significant solutions. Though, the 

health professionals acknowledged the importance of providing patient collected data to 

portray an accurate picture of patient’s health in the clinic, it was unclear how these 

digital tools will be integrated into clinical workflow and in treatment planning and 

whether new approach in patientcare is needed. All these nuances will require significant 

work and further understanding of health providers operational needs in effective patient 

care.  
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Chapter 8.  
 
Conclusion  

Digital health self-management technologies are providing promising future in the 

healthcare management especially during and post COVID-19 pandemic due to 

increased awareness in the wellness and fitness among individuals. In addition, the 

increased availability and affordability of these digital health technologies has propelled 

individuals to be active participants in their health that is preventive and is more in 

control of their health. However, these technologies do not capture individuals’ 

subjective experiential data and hence do not provide opportunities for self-reflection and 

sharing their perceived wellbeing with their caregivers. Hence, they often lack the 

motivation to take actions from these data. Through this research, we looked at how the 

combination of perceived subjective data like emotions, lifestyle and social interactions 

along with the physiological data be effective in reflective understanding of ones’ own 

behavior. Our interest in this area is in understanding better design guidelines for 

supporting rich data exploration, self-reflection, and gaining actionable insights from 

these digital health tools and in enhancing the dialogue between health providers.   

We conducted this study by designing a self-tracking tool “Healthy Me” for 

recording blood pressure readings along with personal wellbeing metrics. Our previous 

study with firefighters let us to understand the various factors that one needs to consider 

for the measurement of overall wellbeing.  This preliminary study with firefighters 

demonstrated that rich representations of affective health along with lifestyles and other 

qualitative information is essential for making sense of their physiological health as well 

as in managing individuals’ holistic wellbeing. This study also revealed the need for a 

standalone application to capture and store all the information in one place rather than in 

different applications which makes it hard to see the overall picture. 

By evaluating our application design with the patient participants journal study, 

we learnt that the reflective understanding of lifestyle activities & emotional wellbeing 

metrics stimulated engaging ongoing use with “Healthy Me” application among 

individuals. This study was also helpful in shedding light on patterns, trends, and 

correlations that might have been undetected in the data such as individuals’ personal 
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conditions like migraines, sleeping disorders, etc., be exposed and recognized easier 

with data visualization and insight analysis. ”Healthy Me” also provided the flexibility to 

communicate their mental and emotional wellbeing to healthcare providers and 

eliminating the stigma around patient behaviors. 

The design review with health professionals informed us that “Healthy Me” will be 

a good educational tool to initiate conversation with patients, as well as useful in getting 

a quick snapshot of the patients’ overall health in the clinic. They also said that such 

tools will be useful in reducing the judgement or stigma around patients’ behaviors and 

will improve patientcare. 

 Overall “Healthy Me” highlighted a promising design direction for patient 

personal health analytics, supporting the understanding of patterns, trends, and 

correlations with rich contextual data. 

8.1. Limitations and Future work 

Although, we evaluated “Healthy Me” design with potential real-time users such 

as patient participants and health professionals, we could only get limited number of 

participants for the study due to the time constraints and the availability of resources. 

Hence the results may not be representative of diverse population, but rigorous method 

of data collection is followed to achieve full dimensionality of people’s experiences to 

mitigate against this limitation. In future this study can be evaluated to wider population 

to get a diverse range of perspectives. 

Second, while we included health professionals in the evaluation of “Healthy Me” 

application asking for usefulness of the application in the clinic, it is also evident that 

there are questions about how best to incorporate these kinds of digital tools into clinical 

workflow and its efficiency in the clinical management. We focused more on the patient-

centered health management tool in this study. A significant next step in this work is to 

evaluate the health providers/ physician’s use of these tools, not only to understand how 

much they use these tools, but also how the tools affect the quality and process of care 

in the clinic and the workflow adaptations needed to accommodate for reviewing such 

patient collected data. 
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Third, we designed “Healthy Me” application for larger screen like laptops and 

tablets, but participants used the application on mobile phones because of convenience. 

Hence, we saw the importance of the “notebook in the pocket” model of a personal 

health journal. Future work can look into redesigning the tool for mobile compatibility 

understanding the characteristics of mobile technology providing supportive features for 

mobile use and exploring it further with both patients and practitioners. 

Through patient participants feedback, we also saw the need for integrating more 

personalized data journaling features like capturing data through different time periods, 

providing facilities for recording individuals’ personal conditions and symptoms to 

understand and explore more granular data.  

8.2. Contributions 

Through the design of “Healthy Me” application, we demonstrated that it is 

necessary to capture and present not only physiological data from smart sensors but 

also qualitative data around people’s perceived emotions, lifestyles, activities, and social 

wellbeing during those timelines for understanding the context of health data and for 

meaningful reflections.  

This research was also useful in understanding the challenges facing personal 

health-tracking and visualization tools especially for chronic health management thus 

providing the opportunity to communicate their mental and emotional wellbeing to 

healthcare providers and eliminating the stigma around patient behaviors. Data and 

results from this study also demonstrated the different triggering factors for chronic 

medical conditions and how visualizations are useful in self-reflection and engagement 

towards positive user behavior.  

Our research has significance in the data visualization field and will help future 

visualization designers to understand the right visualization encoding for presenting 

multivariate healthcare data such as the subjective metrics. It will also help in better 

understanding the data literacy of the public including older adults and to develop a more 

inclusive design to address their needs. 

For community, the results will enhance the user experience of personal health 

tracking devices and will enable them to self-monitor their health reducing hospital visits 
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and saving hundreds of dollars in healthcare costs. It will enable the user in treatment-

planning, communication and shared decision making with clinicians improving patient-

practitioner experience. 

Finally, this work serves as an initial foundation to the implementation of 

emerging solutions in the field of health analytics and wearable sensors and could 

initiate future studies on deeper analytics of personal health technologies. 



79 

References 

Abdolkhani, R., Gray, K., Borda, A., & DeSouza, R. (2019). Patient-generated health 
data management and quality challenges in remote patient monitoring. JAMIA 
Open, 2(4), 471–478. https://doi.org/10.1093/jamiaopen/ooz036 

Adler-Milstein, J., & Nong, P. (2019). Early experiences with patient generated health 
data: Health system and patient perspectives. Journal of the American Medical 
Informatics Association, 26(10), 952–959. https://doi.org/10.1093/jamia/ocz045 

Anderson, T., & Shattuck, J. (2012). Design-Based Research: A Decade of Progress in 
Education Research? Educational Researcher, 41(1), 16–25. 
https://doi.org/10.3102/0013189X11428813 

Bailey, J., & Pregill, L. (2014). Speak to the Eyes: The History and Practice of 
Information Visualization. Art Documentation: Journal of the Art Libraries Society 
of North America, 33(2), 168–191. https://doi.org/10.1086/678525 

Banaee, H., Ahmed, M., & Loutfi, A. (2013). Data Mining for Wearable Sensors in Health 
Monitoring Systems: A Review of Recent Trends and Challenges. Sensors, 
13(12), 17472–17500. https://doi.org/10.3390/s131217472 

Barab, S. (2014). Design-based research: A methodological toolkit for engineering 
change. In The Cambridge Handbook of the Learning Sciences, Second Edition 
(pp. 151–170). Cambridge University Press. 
https://doi.org/10.1017/CBO9781139519526.011 

Basole, R. C., Park, H., Gupta, M., Braunstein, M. L., Chau, D. H., & Thompson, M. 
(2015). A visual analytics approach to understanding care process variation and 
conformance. Proceedings of the 2015 Workshop on Visual Analytics in 
Healthcare - VAHC ’15, 1–8. https://doi.org/10.1145/2836034.2836040 

Battelino, T., Danne, T., Bergenstal, R. M., Amiel, S. A., Beck, R., Biester, T., Bosi, E., 
Buckingham, B. A., Cefalu, W. T., Close, K. L., Cobelli, C., Dassau, E., DeVries, 
J. H., Donaghue, K. C., Dovc, K., Doyle, F. J., Garg, S., Grunberger, G., Heller, 
S., … Phillip, M. (2019). Clinical Targets for Continuous Glucose Monitoring Data 
Interpretation: Recommendations From the International Consensus on Time in 
Range. Diabetes Care, 42(8), 1593–1603. https://doi.org/10.2337/dci19-0028 

Big Data and Wearable Health Monitors: Harnessing the Benefits and Overcoming 
Challenges. (2019, September 17). UIC Online Health Informatics. 
https://healthinformatics.uic.edu/blog/big-data-and-wearable-health-monitors-
harnessing-the-benefits-and-overcoming-challenges/ 

Botros, F., Perin, C., Aseniero, B. A., & Carpendale, S. (2016). Go and Grow: Mapping 
Personal Data to a Living Plant. Proceedings of the International Working 
Conference on Advanced Visual Interfaces - AVI ’16, 112–119. 
https://doi.org/10.1145/2909132.2909267 



80 

Chung, Y., Bagheri, N., Salinas-Perez, J. A., Smurthwaite, K., Walsh, E., Furst, M., 
Rosenberg, S., & Salvador-Carulla, L. (2020). Role of visual analytics in 
supporting mental healthcare systems research and policy: A systematic scoping 
review. International Journal of Information Management, 50, 17–27. 
https://doi.org/10.1016/j.ijinfomgt.2019.04.012 

Cohen, D. J., Keller, S. R., Hayes, G. R., Dorr, D. A., Ash, J. S., & Sittig, D. F. (2016). 
Integrating Patient-Generated Health Data Into Clinical Care Settings or Clinical 
Decision-Making: Lessons Learned From Project HealthDesign. JMIR Human 
Factors, 3(2), e26. https://doi.org/10.2196/humanfactors.5919 

Consolvo, S., McDonald, D. W., Toscos, T., Chen, M. Y., Froehlich, J., Harrison, B., 
Klasnja, P., LaMarca, A., LeGrand, L., Libby, R., Smith, I., & Landay, J. A. 
(2008). Activity Sensing in the Wild: A Field Trial of Ubifit Garden. Proceedings of 
the SIGCHI Conference on Human Factors in Computing Systems, 1797–1806. 
https://doi.org/10.1145/1357054.1357335 

Creswell, J. W., & Poth, C. N. (2016). Qualitative inquiry and research design: Choosing 
among five approaches. Sage publications. 

Demiris, G., Iribarren, S. J., Sward, K., Lee, S., & Yang, R. (2019). Patient generated 
health data use in clinical practice: A systematic review. Nursing Outlook, 67(4), 
311–330. https://doi.org/10.1016/j.outlook.2019.04.005 

Denzin, N. K. (2008). Collecting and Interpreting Qualitative Materials. SAGE. 

Desai, P. M., Levine, M. E., Albers, D. J., & Mamykina, L. (2018). Pictures Worth a 
Thousand Words: Reflections on Visualizing Personal Blood Glucose Forecasts 
for Individuals with Type 2 Diabetes. Proceedings of the 2018 CHI Conference 
on Human Factors in Computing Systems, 1–13. 
https://doi.org/10.1145/3173574.3174112 

Faisal, S., Blandford, A., & Potts, H. W. (2013). Making sense of personal health 
information: Challenges for information visualization. Health Informatics Journal, 
19(3), 198–217. https://doi.org/10.1177/1460458212465213 

Fallman, D. (2005, May 29). Why Research-oriented Design Isn’t Design-oriented 
Research. Nordes 2005: In the Making. https://doi.org/10.21606/nordes.2005.016 

Few, S. (2009). Introduction to Geographical Data Visualization. 11. 

Florence Nightingale—Homecoming and legacy. (n.d.). Encyclopedia Britannica. 
Retrieved September 17, 2021, from 
https://www.britannica.com/biography/Florence-Nightingale 

Frey, B. B. (2018). The SAGE Encyclopedia of Educational Research, Measurement, 
and Evaluation. SAGE Publications, Inc. https://doi.org/10.4135/9781506326139 



81 

Fuchs, F. D., & Whelton, P. K. (2020). High Blood Pressure and Cardiovascular 
Disease. Hypertension, 75(2), 285–292. 
https://doi.org/10.1161/HYPERTENSIONAHA.119.14240 

Herrington, J., McKenney, S., Reeves, T., & Oliver, R. (n.d.). Design-based research 
and doctoral students: Guidelines for preparing a dissertation proposal. 10. 

High blood pressure. (n.d.). Heart and Stroke Foundation of Canada. Retrieved July 5, 
2022, from https://www.heartandstroke.ca/en/heart-disease/risk-and-
prevention/condition-risk-factors/high-blood-pressure/ 

Hiremath, S., Yang, G., & Mankodiya, K. (2014). Wearable Internet of Things: Concept, 
architectural components and promises for person-centered healthcare. 2014 4th 
International Conference on Wireless Mobile Communication and Healthcare - 
Transforming Healthcare Through Innovations in Mobile and Wireless 
Technologies (MOBIHEALTH), 304–307. 
https://doi.org/10.1109/MOBIHEALTH.2014.7015971 

Huang, D., Tory, M., Aseniero, B. A., Bartram, L., Bateman, S., Carpendale, S., Tang, 
A., & Woodbury, R. (2014). Personal visualization and personal visual analytics. 
IEEE Transactions on Visualization and Computer Graphics, 21(3), 420–433. 

J, R., & L, B. (2011). Exploring ambient and artistic visualization for residential energy 
use feedback. IEEE Transactions on Visualization and Computer Graphics, 
17(12), 2489–2497. 

Keim, D. A. (2002). Information visualization and visual data mining. IEEE Transactions 
on Visualization and Computer Graphics, 8(1), 1–8. 
https://doi.org/10.1109/2945.981847 

Keim, D. A. (2009). Visual Analytics. 6. 

Keim, D., Andrienko, G., Fekete, J.-D., Görg, C., Kohlhammer, J., & Melançon, G. 
(2008a). Visual Analytics: Definition, Process, and Challenges. In A. Kerren, J. T. 
Stasko, J.-D. Fekete, & C. North (Eds.), Information Visualization: Human-
Centered Issues and Perspectives (pp. 154–175). Springer. 
https://doi.org/10.1007/978-3-540-70956-5_7 

Keim, D., Andrienko, G., Fekete, J.-D., Görg, C., Kohlhammer, J., & Melançon, G. 
(2008b). Visual Analytics: Definition, Process, and Challenges. In A. Kerren, J. T. 
Stasko, J.-D. Fekete, & C. North (Eds.), Information Visualization: Human-
Centered Issues and Perspectives (pp. 154–175). Springer. 
https://doi.org/10.1007/978-3-540-70956-5_7 

Li, I., Dey, A., & Forlizzi, J. (2010). A Stage-based Model of Personal Informatics 
Systems. Proceedings of the SIGCHI Conference on Human Factors in 
Computing Systems, 557–566. https://doi.org/10.1145/1753326.1753409 



82 

Lin, J. J., Mamykina, L., Lindtner, S., Delajoux, G., & Strub, H. B. (2006). Fish’n’Steps: 
Encouraging Physical Activity with an Interactive Computer Game. In P. Dourish 
& A. Friday (Eds.), UbiComp 2006: Ubiquitous Computing (pp. 261–278). 
Springer Berlin Heidelberg. 
http://link.springer.com/chapter/10.1007/11853565_16 

Linton, M.-J., Dieppe, P., & Medina-Lara, A. (2016a). Review of 99 self-report measures 
for assessing well-being in adults: Exploring dimensions of well-being and 
developments over time. BMJ Open, 6(7), e010641. 
https://doi.org/10.1136/bmjopen-2015-010641 

Linton, M.-J., Dieppe, P., & Medina-Lara, A. (2016b). Review of 99 self-report measures 
for assessing well-being in adults: Exploring dimensions of well-being and 
developments over time. BMJ Open, 6(7), e010641. 
https://doi.org/10.1136/bmjopen-2015-010641 

Loucks, J., Stewart, D., Bucaille, A., & Crossan, G. (2022). Wearable technology in 
health care: Getting better all the time. 8. 

Maher, C., Ryan, J., Ambrosi, C., & Edney, S. (2017). Users’ experiences of wearable 
activity trackers: A cross-sectional study. BMC Public Health, 17(1), 880. 
https://doi.org/10.1186/s12889-017-4888-1 

McCurdy, K. (2016). Visual storytelling in healthcare: Why we should help patients 
visualize their health. Information Visualization, 15(2), 173–178. 
https://doi.org/10.1177/1473871615592255 

Moore, J., Goffin, P., Wiese, J., & Meyer, M. (2021). Exploring the Personal Informatics 
Analysis Gap: “There’s a Lot of Bacon.” IEEE Transactions on Visualization and 
Computer Graphics, 1–1. https://doi.org/10.1109/TVCG.2021.3114798 

Murray, S. (2017). Interactive Data Visualization for the Web: An Introduction to 
Designing with D3. O’Reilly Media, Inc. 

Norman, D. (2014). Things That Make Us Smart: Defending Human Attributes in the Age 
of the Machine. Diversion Books. 

Pestana, M., Pereira, R., & Moro, S. (2020). Improving Health Care Management in 
Hospitals Through a Productivity Dashboard. Journal of Medical Systems, 44(4), 
87. https://doi.org/10.1007/s10916-020-01546-1 

Pirolli, P., & Card, S. (2005). The Sensemaking Process and Leverage Points for Analyst 
Technology as Identified Through Cognitive Task Analysis. Proceedings of 
International Conference on Intelligence Analysis. Vol. 5. 2005., 5, 6. 

Plaisant, C., Milash, B., Rose, A., Widoff, S., & Shneiderman, B. (1996). LifeLines: 
Visualizing personal histories. Proceedings of the SIGCHI Conference on Human 
Factors in Computing Systems, 221–227. 



83 

Rock, I., & Palmer, S. (1990). The Legacy of Gestalt Psychology. Scientific American, 
263(6), 84–91. 

Rosli, M. H. W., & Cabrera, A. (2015). Gestalt Principles in Multimodal Data 
Representation. IEEE Computer Graphics and Applications, 35(2), 80–87. 
https://doi.org/10.1109/MCG.2015.29 

Rusek, M. (2021, May 17). Effectiveness of Project-based Education: A Review of 
Science Education Oriented Papers. 

Sacha, D., Stoffel, A., Stoffel, F., Kwon, B. C., Ellis, G., & Keim, D. A. (2014). Knowledge 
Generation Model for Visual Analytics. IEEE Transactions on Visualization and 
Computer Graphics, 20(12), 1604–1613. 
https://doi.org/10.1109/TVCG.2014.2346481 

Shneiderman, B. (1996). The eyes have it: A task by data type taxonomy for information 
visualizations. Proceedings 1996 IEEE Symposium on Visual Languages, 336–
343. https://doi.org/10.1109/VL.1996.545307 

Shneiderman, B., Plaisant, C., & Hesse, B. W. (2013). Improving Healthcare with 
Interactive Visualization. Computer, 46(5), 58–66. 
https://doi.org/10.1109/MC.2013.38 

Simpao, A. F., Ahumada, L. M., Gálvez, J. A., & Rehman, M. A. (2014). A Review of 
Analytics and Clinical Informatics in Health Care. Journal of Medical Systems, 
38(4), 45. https://doi.org/10.1007/s10916-014-0045-x 

Spanakis, E. G., Santana, S., Tsiknakis, M., Marias, K., Sakkalis, V., Teixeira, A., 
Janssen, J. H., Jong, H. de, & Tziraki, C. (2016). Technology-Based Innovations 
to Foster Personalized Healthy Lifestyles and Well-Being: A Targeted Review. 
Journal of Medical Internet Research, 18(6), e4863. 
https://doi.org/10.2196/jmir.4863 

Steakley, A. L. (2015, March 16). Harnessing mobile health technologies to transform 
human health. Scope. https://scopeblog.stanford.edu/2015/03/16/harnessing-
mobile-health-technologies-to-transform-human-health/ 

Thudt, A., Baur, D., Huron, S., & Carpendale, S. (2016). Visual Mementos: Reflecting 
Memories with Personal Data. IEEE Transactions on Visualization and Computer 
Graphics, 22(1), 369–378. https://doi.org/10.1109/TVCG.2015.2467831 

Topp, C. W., Østergaard, S. D., Søndergaard, S., & Bech, P. (2015). The WHO-5 Well-
Being Index: A Systematic Review of the Literature. Psychotherapy and 
Psychosomatics, 84(3), 167–176. https://doi.org/10.1159/000376585 

Tufte, E. R. (1997). Visual Explanations: Images and Quantities, Evidence and 
Narrative. Graphics Press. 



84 

Van Wijk, J. J. (2005). The value of visualization. VIS 05. IEEE Visualization, 2005., 79–
86. 

Van Wijk, J. J., & Van Selow, E. R. (1999). Cluster and calendar based visualization of 
time series data. Proceedings 1999 IEEE Symposium on Information 
Visualization (InfoVis’99), 4–9. https://doi.org/10.1109/INFVIS.1999.801851 

Visualizing Time Series Data: 7 Types of Temporal Visualizations. (2016, November 1). 
Atlan | Humans of Data. https://humansofdata.atlan.com/2016/11/visualizing-
time-series-data/ 

Wallace, S., Guo, H., & Sasson, D. (2017). Visualizing Self-Tracked Mobile Sensor and 
Self-Reflection Data to Help Sleep Clinicians Infer Patterns. Proceedings of the 
2017 CHI Conference Extended Abstracts on Human Factors in Computing 
Systems, 2194–2200. https://doi.org/10.1145/3027063.3053138 

Wang, T. D., Wongsuphasawat, K., Plaisant, C., & Shneiderman, B. (2011). Extracting 
Insights from Electronic Health Records: Case Studies, a Visual Analytics 
Process Model, and Design Recommendations. Journal of Medical Systems, 
35(5), 1135–1152. https://doi.org/10.1007/s10916-011-9718-x 

Ware, C. (2019). Information visualization: Perception for design. Morgan Kaufmann. 

West, P., Van Kleek, M., Giordano, R., Weal, M. J., & Shadbolt, N. (2018). Common 
Barriers to the Use of Patient-Generated Data Across Clinical Settings. 
Proceedings of the 2018 CHI Conference on Human Factors in Computing 
Systems, 1–13. https://doi.org/10.1145/3173574.3174058 

West, V., Borland, D., & Hammond, W. E. (2013). Visualization of EHR and Health 
Related Data for Information Discovery. 4. 

Wood, J. (2015). Visualizing Personal Progress in Participatory Sports Cycling Events. 
IEEE Computer Graphics and Applications, 35(4), 73–81. 
https://doi.org/10.1109/MCG.2015.71 

World Health Organization. (2019). WHO guideline. 
http://www.ncbi.nlm.nih.gov/books/NBK541902/ 

Wu, D. T. Y., Xin, C., Bindhu, S., Xu, C., Sachdeva, J., Brown, J. L., & Jung, H. (2020). 
Clinician Perspectives and Design Implications in Using Patient-Generated 
Health Data to Improve Mental Health Practices: Mixed Methods Study. JMIR 
Formative Research, 4(8), e18123. https://doi.org/10.2196/18123 

Zhai, D., Simões-Capela, N., Schiavone, G., Raedt, W. D., & Hoof, C. V. (2020). Reveal 
Temporal Patterns of Smoking Behavior in Real Life Using Data Acquired 
through Automatic Tracking Systems. 2020 42nd Annual International 
Conference of the IEEE Engineering in Medicine Biology Society (EMBC), 6005–
6008. https://doi.org/10.1109/EMBC44109.2020.9175363  



85 

Appendix A.  
 
Personal Data-logging Questions 

The following are the data logging questions that participants will be logging each day for 

about 4weeks. These questions are guided by the firefighters’ study results as well as 

adopted by the relevance in clinical health perspective.  

Self-logging data form 

Please fill in the following daily self-report form. You can fill the form at any time of the 

day. If any questions are not relevant, you can skip them. The questions in the form will 

be based on the following broad structure. 

i. How I felt - Current perceptions of feeling  

ii. What I did - Health behaviors (over the past 24 hrs) 

iii. My Social connections (over the past 24 hrs) 

 

How I felt - Current perceptions of feeling 

Please, record your perceptions of feeling as of today. The response options will consist 

of two extreme sides, a neutral option and two positive answer options. Example: If you 

have felt cheerful and in good spirits most of the time, fill in with very positive option. 

1.  Mood (I feel cheerful and in good spirits)  

Very negative 

Somewhat negative 

Neutral 

Positive 

 Very positive  

2. Focus (I feel more focused) 

Very unfocused  

Somewhat unfocused 

Neutral 

Focused 

More focused 

3. Stress (I am able to cope with stress at most of the time) 

Very much stressed 

Somewhat stressed 

Neutral 
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Relaxed 

Very relaxed 

4. Anxiety (I feel calm) 

Very much anxious 

Somewhat anxious 

Neutral 

Feeling Calm 

Very calm 

5.  Sleep Quality (I feel fresh and refreshed) 

Very bad 

Not so good 

Neutral 

Good 

Very good 

Any other comments about how your feelings:  …............................. 

What I did – Health behaviours 

6. Diet: How many times did you eat foods containing high fat/salt/or sugar? 

(1).Less than 1 time 

(2). 1-2 times 

(3). 3-4 times 

(4). 4+ times   

7. Alcohol: How many drinks containing alcohol did you have today?(1 drink = 1glass) 

If you don’t drink at all,enter option (0) Non-drinker 

(0) Non-drinker 

(1) Less than 1 drink 

(2) 1- 2 drinks 

(3)3-4 drinks 

(4) 4+ drinks 

8. Smoking:  How many cigarettes, or any other nicotine delivery product did you use in 

the past 24 hrs? 

If you don’t smoke, enter option (0) Non-smoker 
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(0) Non-smoker 

(1) Less than 1 

(2) 1-2 

(3) 3-4 

(4) 4+ 

9. Physical exercise: Do you able to do your regular physical fitness activity in the past 

24 hrs? 

 (0) Not much 

(1) less than usual 

(2) usual  

(3) more than usual 

Any other comments about the health behaviors:  …............................. 

My Social connections 

10.Work:  How do you feel about your accomplishments at work?  

(1) Not satisfied 

(2) Somewhat satisfied 

(3) Satisfied  

(4) Very satisfied 

11. Friends &Family time:  How do you feel about your time with family and or friends? 

(1) Not satisfied 

(2) Somewhat satisfied 

(3) Satisfied  

(4) Very satisfied 

Any other comments about social behaviors:  …............................. 

Any other comments about the day: ….................................. 
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Appendix C.  
 
Data Analysis: Coding process 

This section explains the coding process undertaken to analyze the interview 

transcripts from patient participants’ study. 

The interview transcripts were coded and analyzed using the steps explained by 

Creswell & Poth in their book on Qualitative Inquiry& Research Design (Creswell & Poth, 

2016). The coding process was done mostly by the main researcher using the codebook 

(Table C.1 - Appendix C) developed based on the research questions. Detailed 

procedures were followed to address the subjectivity and reliability of the single coder in 

the process such as setting aside any prior experience and assumption (“bracketing”) 

and writing field notes about the participants during the interview.  

We followed thematic analysis with a deductive, realist approach to the data to 

identify key themes across the dataset in response to research questions, mainly 

focusing on the following aspects. 

• Bringing in subjective metrics 

• Data interpretation through visualization 

• Sharing with health professionals 

• Engagement and continuity of tracking 

 

NVivo, a qualitative analysis software tool is used to code the transcripts and for 

storing the themes from the analysis. This was helpful in keeping track of the notes and 

themes that will come up from the analysis which can then be used for validating the 

research process. Also, triangulation in the form of collaborating with senior research 

colleagues are performed in this study along with detailed record keeping procedures. 

Figure C.1 shows the interview transcript coding process.  

The steps that are taken during data analysis are described below. 

1. Getting familiarized with the data by reading and reviewing the accuracy 
of the transcripts. 
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2. Using NVivo to individually code transcripts (initial codes) and work to 
develop codebook based on the research questions (Table C.1) 

3. Using the codebook to assign related themes (final codes) to the 
transcripts and ensuring accurate representation of data. 

4. Findings were then organized into main theme and sub-themes and 
shared with senior colleague for refinement. 

5. Finally, the themes were finalized and presented in tables for discussion. 

 

Figure C.1: Coding process followed to develop codebook 
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Table C.1 Codebook used for coding interview transcripts 

Themes Description When to use Sub-themes Example text 
from the study 

Bringing in 
subjective metrics 

Any evidence 
reflecting on 
tracking subjective 
metrics like 
emotional, physical 
and social 
behaviors 

Use when 
referring to 
actions on the 
data and 
making sense of 
the readings in 
the data. 

Self-awareness 

Sparked 
curiosity (sleep 
vs BP, anxiety 
vs BP..) 

“it's improved my 
understanding of 
my own blood 
pressure. It's also 
kind of highlighted 
right now, my 
sleep problems, 
because I'm sort 
of not having a 
regular sleep 
cycle.” 

“Like for me, I 
would be curious 
to know if my 
blood pressure is 
in direct relation to 
my migraines, for 
example.” 

Data interpretation 
from visualization 

 

Any evidence on 
understanding & 
finding actionable 
insights from the 
charts & 
visualization. 

Use when 
recognizing 
insights from 
charts 

Quick snapshot 

Pattern 
recognition 

Details on-
demand 

“I think ..it gave 
me an opportunity 
to kind of see all 
of those trends 
sitting beside each 
other.” 

Enhancing 
communication 
with healthcare 
providers 

Any evidence on 
reference to 
communicate 
findings with health 
providers  

Use when 
mentioning 
sharing data 
with health 
providers 

Easy sharing 

All the data in 
one place 

Show the day-
to-day readings 

“I like the way 
your web thing is 
set up, because I 
can just take a 
screenshot and 
you know, you can 
show, and it's got 
the numbers.” 

Design feedback Any evidence on 
the design of the 
application 

Use when 
referring to 
“Healthy Me” 
design interface 

Mobile 
compatibility 

Interactions in 
data 

Chart choices 

“I mean, I'm old. 
So I think having it 
on the phone. I 
mean, it might be 
beneficial,” 

“it's pretty easy to 
use in terms of 
logging the 
information.” 

 


