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“We are all people, and we are all patients at some points in our lives”
-from a digital health designer who participated in our interview study.
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SUMMARY

Summary

A positive digital patient experience can improve health and care outcomes, but a positive
digital patient experience does not just happen; it refers to understanding, evaluating, and
improving the entire patient journey through digital health. Human-centered design is often
applied to understand patients’ needs and improve patient experiences when designing digital
health solutions. However, human-centered design for digital health is demanding. It often
involves multiple stakeholders with different values and requires evidence for implementation.
Patient perspectives routinely differ from those of other stakeholders. Even within the
same patient group, individual situations are also often different from each other. Yet, it is
not always apparent that patients were engaged in the design process and were empowered
enough to voice their opinions. Listen to the patients’ voices and uncover their unique
needs; designers are expected to speak for patients. This thesis aims to support designers in
improving the quality of care in digital health by defining, evaluating, and designing digital
patient experiences. This thesis is divided into three parts to achieve this goal.

Part A: defining digital patient experiences

To build a common understanding of digital patient experiences among design, technology,
and healthcare communities and to facilitate transdisciplinary knowledge exchange
and learning between these different fields for driving digital health innovation, this part
contains one chapter and focuses on defining digital patient experiences. In chapter 2, we
proposed the term “digital patient experience” as a common phrase to describe the patient
experience in digital health and defined “digital patient experience” by synthesizing the
reported patient experience or user experience of varied digital health interventions from
multiple reviews. Specifically, the concept of the digital patient experience was defined as
“the sum of all interactions affected by a patient’s behavioral determinants, framed by digital
technologies, and shaped by organizational culture, that influence patient perceptions across
the continuum of care channelling digital health” In addition, we identified information on
influencing factors and summarized them into 9 categories (i.e., patient capability, patient
opportunity, patient motivation, intervention technology, intervention functionality,
intervention interaction design, organizational environment, physical environment, and
social environment). These categories were classified into positive, negative, and double-edged
factors based on their positive, negative, or dynamic impacts on digital patient experiences.
Furthermore, we uncovered 4 design constructs (i.e., personalized, information, navigation,
and visual design) and 3 common design methods (i.e., user-centered design or human-
centered design, co-design, and inclusive design) as design considerations for addressing
digital patient experiences. Finally, we proposed a framework and 9 design guidelines to help
digital health designers and developers improve digital patient experiences throughout the
entire design process.

Part B: evaluating digital patient experiences



In the second part, we discussed the importance of evaluating digital patient experiences,
developed an evaluation guide to help digital health researchers, designers, and developers
further evaluate digital patient experiences, and conducted a case study to evaluate digital
patient experiences in a clinical setting. Following the research findings of Chapter 2 on
defining the digital patient experience, in Chapter 3, we first identified five typical evaluation
objectives and related stakeholder groups. We then described potential evaluation timing
considerations in terms of 4 intervention maturity stages and 3 evaluation timings. We also
collected knowledge on evaluation indicators of digital patient experiences and grouped
them into 3 categories: intervention outputs, patient outcomes, and health care system impact.
These were then classified into 9 themes (i.e., intervention functionality, usability, care quality,
patient emotional outcomes, perceptual outcomes, capability outcomes, behavioral outcomes,
clinical outcomes, and system economic outcomes) and 22 subthemes. Furthermore, we
noted a set of common study designs, data collection methods, and instruments, as well as
data analysis methods, that can be used or adapted to evaluate digital patient experiences. To
facilitate the standard evaluation of digital patient experiences, we recommend 6 directions
for further research on digital patient experience evaluation. In Chapter 4, we conducted a
prospective observational study to evaluate digital patient experiences of using virtual reality
distraction in wound care for pain management. This chapter can be used as an example for
guiding digital health designers and developers to evaluate digital patient experiencesin clinical
settings. It also offers inspiration to improve the design, development, and implementation of
the virtual reality distraction in wound care for better digital patient experiences. For example,
We found that patients who had high levels of technology acceptance, pain during previous
wound care, or previously used VR distraction in wound care were more willing to use VR
distraction in wound care. These findings indicate patient behavioral determinants have an
influence on their intention to use digital health solutions, which supports our findings in
Chapter 2 that patients’ behavioral determinants influence patient perceptions of using digital
health. In addition, in Chapter 4, no evidence was found on the effectiveness of virtual reality
distraction in significantly reducing pain or anxiety during wound care. Although many
studies have indicated the effectiveness of using virtual reality distraction in wound care for
pain management, our research results do not support this argument. To avoid ineffective
digital health implementation, we encourage more rigorous research on investigating the
effectiveness of virtual reality distraction in wound care or how to improve its effectiveness
through design. Besides, on average, the digital patient experience and patient satisfaction
with using virtual reality distraction in wound care were positive, which reveals that although
digital health solutions do not always lead to a significant better health outcome, they can
contribute to a better treatment experience, which is also very valuable.

Part C: designing digital patient experiences

In the final part, we focus on guiding the design of digital patient experiences. We investigated
the general human-centered design process in digital health and synthesized all research
findings to generate a web-based design guide to support the understanding, evaluation,
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and improvement of digital patient experiences. In chapter 5, we mapped the (re)design
and continuous improvement processes in digital health into 8 stages and grouped them
into 4 phases: preparation, problem-thinking, problem-solving, and implementation. We
also identified 12 challenges and classified them into 4 categories: contextual, practical,
managerial, and commercial challenges. Furthermore, we outlined 8 corresponding strategies,
recommended by the participating designers, to address each challenge type. Finally, we
created a framework including design deliverables, activities, involved stakeholders, design
challenges, and related design strategies for each design stage. The framework not only aids
designers in understanding the design practices in the healthcare industry but also guides
them when managing their digital health design processes towards the improvements of
digital patient experiences. In chapter 6, we presented a web-based digital patient experience
design guide that synthesized the previous research findings, and we further evaluated the
design guide. We show that our digital patient experience design guide was evaluated as
usable with good content quality, but that it needs further improvement in providing relevant,
detailed, and resourceful content, intuitive and interactive interfaces, as well as simple and
ready-to-use templates. We believe these improvement insights are relevant for developing
and evaluating design guides in general. In addition, participants reported conflicting
tensions in the guide’s design, requiring a balance between specific and general, less and more,
as well as fixed and flexible. These tensions reveal the diversity and conflicts in students’ needs
for useful and effective design guides. On the one hand, users want design guides to hold
relevant, detailed information and content, provide a systematic overview, include complete
conceptual explanations, detailed design cases, and integrated design resources, enabling
them to use the design guide as a resource library for flexible exploration. On the other hand,
they want a design guide to be simple and easy to use, offering concise and clear information
with low learning and usage costs, enabling them to effortlessly complete efficient designs.
We believe this study serves as an example, inspiring future design researchers to develop and
evaluate their own design guides.

In conclusion, this thesis contributes theoretically (via new knowledge) and practically (via
the design guide) to facilitate a scientific impact on the definition, evaluation, and design of
digital patient experiences from a human-centered design perspective, thus, supporting the
improvement of the quality of care in digital health solutions.



Preface

“What is design?” This is a question that I have been thinking about since 2013, when I started
my Bachelor of Engineering in Industrial Design at Anhui University in China. At that time, all
my understanding of design was making something that was tangible, visualized, and creative.
In my daily life, I commented on every design product based on how I understood design.
Although I did not have a set of clear criteria about what was good design, “user-friendly”
was intuitively used. Indeed, since I was a fresh design student, I have been unconsciously
considering “experience” as a core element of evaluating daily “good” design. “Experience
design” has captured my attention.

In 2017, I went to Jiangnan University to do my Master of Art in design science. Due to
my interest in “experience design,” I chose “interaction and experience design” as my
master’s program. From there, I started knowing that the design discipline is a broad and
interdisciplinary field that focuses on more than creating tangible, visualized, and creative
products, services, or systems. Design can manipulate user experiences, empower social
innovation, and contribute to human wellbeing. I was educated to use inclusive design
methods when designing for vulnerable user groups, such as designing for healthy aging. I
was taught to map the entire user journey to uncover the unique user needs and empathize
with their feelings. I learned how to use well-known design frameworks, methods, and tools,
such as the double-diamond framework, the human-centered design method, and the patient
journey map, to manage design processes, communicate design requirements, and meet user
needs. But most of the time, I used them because they were part of a common design routine
that I was taught to follow. I realized there were some important but complicated connections
behind these design frameworks, methods, and tools that I had missed in my understanding
of design. I wasn’t clear about where these design methods came from or what exactly I could
get from using them. I was a bit doubtful about the time I spent learning and using new
methods and whether they could guarantee what I wanted to achieve as a designer. I was
motivated to figure out these blurry areas.

Therefore, I started my PhD journey at Delft University of Technology in October 2020. I got
a nice research project that was part of the Consultation Room 2030, and it was formulated
as “Digital patient experience: evaluation and improvement from a human-centered design
perspective”. Within this PhD project, I act as a design researcher, a design communicator,
and a designer. I conduct design research, collaborate across disciplines, communicate
with multiple stakeholders, facilitate knowledge transfer, supervise design students, and
develop design guides. These different roles and activities not only help me extend my
knowledge in defining, evaluating, and designing digital patient experiences but also deepen
my understanding of doing design and designing design. I also became more aware of the
relationships between design research, design education, and design practice; they are in a
big loop that influences each other and supports each other. My promotors always told me
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that doing a PhD is a learning process. In the past four years, I have grown a lot by doing
self-reflection in the learning process, which helped me learn from failures and correct
research directions. I believe the target readers of this doctoral thesis, those from the design,
technology, and healthcare communities, are not only interested in my research findings
on defining, evaluating, and designing digital patient experiences but also in my reflections
through the whole learning process and the lessons that I learned from doing a PhD in design.
Therefore, I'll present both in this doctoral thesis. Research findings will be written in each
chapter, and after each chapter, I'll write my reflection as a lesson from doing a PhD in design
that may link to my working experiences in each study.
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DHD: Digital Health Design
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HCI: Human-Computer Interaction
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HIS: Health Information System

HIT: Health Information Technology
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NHS: National Health Service
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PEx: Patient Experience

PREM: Patient-Reported Experience Measure
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PROM: Patient-Reported Outcome Measure
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CHAPTER 1

1.1. Background

Have you ever been a patient? What are the feelings of being a patient? Vulnerability, fear,
anxiety, frustration, impatience, isolation, loneliness, sadness, depression, resentment, anger,
guilt, shame, empowerment, relief, gratitude, hope, or optimism... according to a query on
ChatGPT (ChatGPT, 2024). Apparently, more negative emotion vocabularies were used,
which reveals the challenges facing a patient. A human being can have nearly thousands of
known diseases. We are all people, and we are all patients at some points in our life course.

Six years ago, I broke my left leg while practicing my skateboarding skills in a very early
morning, suddenly, I changed from being a “healthy and energetic” person to needing to
lie in bed while awaiting surgery (see Figure 1-1). I remembered clearly when I fell off my
skateboard. A crisp sound of a bone breaking as the pain hit me hard made me sweat and
cry. Fear, anxiety, worry, concern, sadness, regret, even shame and guilt—all emotions came
to me. I tried to calm down, picking up my mobile phone. With shaky hands, I searched
“how to tell if a bone is broken” and “what to do if you break a bone”. I did some self-
diagnosis following the online information and tried to figure out what to do next: inform
my family members and friends, get a referral letter, go to the hospital, do a Computed
Tomography (CT) scan, pay the diagnosis and treatment fee, enrol in an in-patient clinic
or not... Unfortunately, I was informed of a bone fracture and suggested having surgery as
soon as possible. “No way...”, I did not trust the doctor that much and doubted if the surgery
was the best option. To make a quick and right decision, I immersed myself in the online
sea of ankle surgery information and bone-broken patients’ stories to seek evidence on what
was good for me. Reading more information did not release my stress but made me feel
even more overwhelmed. I couldn’t even figure out which information was trustworthy and
suitable for me, and which was incredible and irrelevant. What I got was the impression that
having surgery seemed like a common choice, and I did so. I thought the surgery would be
a turning point; everything would get better afterward. However, another type of pain came
to me, and more concerns related to recovery and future quality of life were raised: when
can the pain completely go away? when can I walk again? how can I pick up my studies and
exercise after lying on the bed over three months? can I run and jump as well as I did before?
I was looking for any signals that proved my situation was better or worse... That was a
sensitive period; my parents had to be very careful not to make me emotional. Until today,
I still couldn’t tell if there were any side effects on my life due to the injury or surgery. But
what I can tell is that [ am more aware of the feelings of being a patient, not only concerning
the physical pain or discomfort but also other thoughts about long-term wellbeing and quality
of life-the overall experiences in a patient journey.

Although we have discovered more than thousands medical and surgical procedures and
drugs for treatment, we can’t cure all diseases, and we can’t guarantee that everyone will live
a long and healthy life. What we can do is increase the likelihood of desired health outcomes,
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enhanced patient experiences (PEx), and improved quality of care (QoC), which provides
more effective, safe, people-centered care (PCC) that is timely, equitable, integrated, and
efficient (World Health Organization & World Bank Group, 2018). Digital health (DH)
technologies have the potential to achieve this goal, which can help “make health systems
more efficient and sustainable, enabling them to deliver good quality, affordable, and equitable
care (World Health Organization, 2021a)” and “reduce inefficiencies, improve access, reduce
costs, increase quality and make medicine more personalized for patients (The US Food and
Drug Administration, 2020)”.

Figure 1-1. Tingting at the hospital in 2018

1.2. Digital Health Solutions

Digital health (DH) is an emerging field of study and has been expanded as an umbrella term
that encompasses a broader set of scientific concepts and technologies (Tecco, 2017) since it
was first introduced by Frank in 2000 (Frank, 2000). (The US Food and Drug Administration,
2020) describes DH as having “a wide range of uses, from applications in general wellness
to applications as a medical device”, and its broad scope includes “mobile health (mHealth),
health information technology (HIT), wearable devices, telehealth and telemedicine, and
personalized medicine”. A review study identified 95 unique definitions of DH and inferred
it as “the proper use of technology for improving the health and wellbeing of people at
individual and population levels, as well as enhancing the care of patients through intelligent
processing of clinical and genetic data” (Fatehi et al., 2020). For convenience, we use eHealth,
mHealth, telemedicine, telehealth, virtual health, remote health, electronic consultations and
health information systems (HIS) as interchangeable terms for DH in this thesis.

The COVID-19 pandemic accelerated the adoption of DH technologies (Golinelli et al., 2020),
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which have been promoted, applied, or evaluated worldwide, from developing countries to
developed countries, in varied clinical settings, from in-home monitoring to intensive care
unit (ICU) management, to deliver high-quality health services that patients need for varied
healthcare purposes, including promotive, preventive, curative, rehabilitative, or palliative.
For example, in 2019, Germany passed the Digital Healthcare Act to improve healthcare
provision for the good of patients through digitalisation and innovation (Fatehi et al., 2020;
Federal Ministry of Health, 2019). In a multisite observational study of 129,400 patients within
England’s National Health Service (NHS) services, a study evaluated a personalized artificial
intelligence-enabled self-referral chatbot and found it can help overcome the pervasive
inequality in mental healthcare (Habicht et al., 2024). A scientometric study that analysed
more than 16,000 articles found that DH technologies in cardiovascular care were growing
exponentially, which received most interest from researchers from North America, Austria,
and parts of Western Europe (Zwack et al., 2023). DH solutions, such as mobile health with
a focus on education and behaviour change for patients in urban areas with chronic diseases
(Yang & Kovarik, 2021) and Internet hospitals that represent internet medical platforms
combining online and offline access for medical institutions to provide a variety of telehealth
services directly to patients (Han et al., 2020) are booming in China as well. DH also shows
great potential to improve healthcare in Africa as well as other underserved and epidemic
areas (Xue et al., 2015). DH has been routinely used in some parts of the world to extend
access to specialized healthcare knowledge across geographic boundaries, increase patient
adherence to medication regimes, reduce referral wait times, leverage intensivist coverage
over more ICU beds, decrease hospital readmissions and mortality, etc (Kvedar et al., 2014;
Lowery et al., 2014; Xue & Liang, 2007). DH technologies show potentials to strengthen
health systems and improve health outcomes (Martin et al., 2019; World Health Organization,
2021a), reduce costs (Cadili et al., 2022; Eze et al., 2020), enhance patient care pathway
(Awad et al., 2021), and improve the effectiveness and efficiency of healthcare delivery
(Kvedar et al., 2014; Lingg & Liitschg, 2020). The digitalization of healthcare enables us to
get a deeper understanding of patients at the individual level by collecting, connecting, and
analysing patient data across large populations; therefore, we are able to explore how to treat
a particular patient or patient group more appropriately (Cancela et al., 2021).

1.3. Patient Experience in Digital Health

Although digital technologies are shaping the future of global health (World Health
Organization, 2021a), Digital health (DH) solutions should not be discussed and planned, let
alone implemented, without a focus on patients, who are the intended beneficiaries in most
situations. Patients are unique because of their differing conditions and mindsets. To be clear,
in this thesis, using the term “patient” is not restrictive or intended to reduce the person to a
patient due to illness, but to bring attention to people who are struggling with certain health
issues or are looking for a healthier life (Lalanda et al., 2017; Popa et al., 2024).

The values of quality of care (QoC) and patient-centered care (PCC) are widely accepted

20
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(Epstein & Street, 2011). Patient experience (PEx) as an important component of PCC and
QoC (Ahmed et al., 2014; Debra de Silva, 2013; Larson et al., 2019), has been considered
as a key element of the triple aim (i.e., population health, experience of care, and per capita
costs) and quadruple aim (i.e., better outcomes, improved patient experience, improved
clinician experience, and lower cost) of the health care system and is widely used by
healthcare researchers and practitioners for health and care improvement (Berwick et al.,
2008; Bodenheimer & Sinsky, 2014). The concept of PEx has many definitions (Wolf &
Jason, 2014). Access to appropriate care, patients’ active participation in care, a good patient-
physician relationship, reliable evidence-based care, comprehensible information, physical
comfort, emotional support, involvement of family and friends, individualized approaches,
responsiveness of services, and continuity of care were considered as the core elements of PEx
(Kneeland, 2016; NHS National Quality Board, 2011; Shandley et al., 2020; Staniszewska et
al., 2014). Besides, patient satisfaction, patient perception, and patient reports are sometimes
used interchangeably with the term PEx as well (Ahmed et al., 2014). In this thesis, we
follow the widely accepted definition given by the Beryl Institute, which is “the sum of all
interactions, shaped by an organization’s culture, that influence patient perceptions, across
the continuum of care” (The Beryl Institute, 2024). Compared to the term PEx, which is a
familiar concept for practitioners and researchers who are working in the healthcare world,
“user experience (UX)” is a common terminology often adopted by people from the Human-
Computer Interaction (HCI) and design communities in terms of utilizing digital technologies
to improve healthcare services (Bate & Robert, 2023). UX is about technology that addresses
human needs beyond the instrumental, with a focus on the affective and emotional aspects
of the interaction under certain context and temporality (Hassenzahl & Tractinsky, 2006). It
refers to “a person’s perceptions and responses that result from the use and/or anticipated use
of a product, system or service” (Bolton et al., 2018; Jokela et al., 2003).

We found both terms “patient experience” and “user experience” were used to investigate
how people experience DH (Boissy, 2020; Brunton et al., 2015), but they were often used
and preferred by different communities. We recognized that research on DH often involves
two central study domains: health, which refers to biomedical sciences and psychology,
and technology, which represents human-computer interaction and software engineering
(Blandford et al., 2018). However, non-shared concepts and language between these two
domains may lead to related researchers and practitioners working in ‘parallel universes’
(Pagliari, 2007). Not to mention if “patient experience” or “user experience” can allow
researchers and practitioners to adequately understand, evaluate, and improve how people,
particularly patients, experience certain DH solutions. Therefore, in this thesis, we argue
that building a common understanding of these concepts is necessary and suggest using
a unified term, digital patient experience, which is defined as “the sum of all interactions
affected by a patient’s behavioral determinants, framed by digital technologies, and shaped
by organizational culture, that influence patient perceptions across the continuum of care
channelling digital health”, to converge the worlds of healthcare, technology, and design

21
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for communicating, evaluating, and improving how patients experience DH solutions. More
details about the definition of the digital PEx can be found in Chapter 2.

1.4. Human-Centered Design in Healthcare

Although digital health (DH) has the potential to improve or at least provide comparable
patients’ overall healthcare experience and satisfaction as traditional face-to-face healthcare
services (Alkire et al., 2020; Bolton et al., 2018; Hamiel et al., 2024; Kneeland, 2016),
the adoption of DH solutions routinely in large-scale clinical practice by patients remains
challenging (Cancela et al., 2021; Choi et al., 2019; Greenhalgh & Shaw, 2017). It is still
unclear how DH technologies influence the patient experience (PEx) or user experience
(UX) (Mobasheri et al., 2014), whether patients experience more benefits (e.g., perceived
convenience) or risks (e.g., privacy concerns) of using DH solutions (Golinelli et al., 2020;
Kamillah et al., 2022; Perakslis et al., 2023; Thiyagarajan et al., 2020). More research is
needed to understand, evaluate, and improve PEx in certain DH solutions (Farrell et al.,
2022).

The need for improved PEx is unfulfilled (World Health Organization, 2018). Delivering
the DH solutions that patients need to ensure outcomes and experiences of care that are
valued by them is a call to action (Popa et al., 2024). User-Centered Design (UCD) and
Human-Centered Design (HCD) has been suggested and applied to improve the relevance,
uptake, and impact of DH solutions on the target user groups, support the development of
innovative, effective, and patient-centered care, as well as optimize the PEx (Bhattacharyya
et al., 2019; Cancela et al., 2021; Chadalavada et al., 2024; Géttgens & Oertelt-Prigione,
2021; Solomon & Rudin, 2020; Vagal et al., 2020). UCD was coined by Donald Norman
in the 1980s (Harte et al., 2017; Norman & Draper, 1986). UCD and HCD were often used
interchangeably, the former often referred to human factors to increase the usability or user
friendliness of the solution, the latter often focused on human values and a multistakeholder
or systems perspective (Gottgens & Oertelt-Prigione, 2021). DH design often involves to
multiple stakeholders (Tingting Wang, Shuxian Qian, et al., 2022). To address “impacts on
a number of stakeholders, not just those typically considered as users”, the International
Organization for Standardization (ISO) extends UCD to HCD and describes HCD as “an
approach to interactive systems development that aims to make systems usable and useful
by focusing on the users, their needs and requirements, and by applying human factors/
ergonomics, and usability knowledge and techniques” (The International Organization for
Standardization, 2019). For convenience, in this thesis, we will refer to user-centered design
as part of human-centered design. Although some studies pointed out the key elements and
phases of applying HCD to healthcare innovation, a narrative review study suggested that
developing a detailed design guideline engaging stakeholders, especially vulnerable patients,
with consideration of their roles, experiences, expertise, agency, and power dimensions is
needed (Gottgens & Oertelt-Prigione, 2021).

1.5. Research Aim
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Digital health (DH) solutions are emerging to tackle varied health system challenges, such
as deliver convenient, personalized, and accessible healthcare services (Gopal et al., 2019;
World Health Organization, 2018). However, current patient adoption and adherence to DH
solutions remain low partially due to poor design and negative experiences (Tingting Wang,
Guido Giunti, et al., 2022b; Wang, Giunti, et al., 2024). Although human-centered design
(HCD) (Carayon et al., 2020; Melles et al., 2021) has the potential to meet user needs and
further improve patient experience (PEx) in DH. There is still very little rigorous practical
guidance on how to improve DH design so that technologies have a positive impact on PEx.
Along with the fact that design researchers and designers increasingly contribute to shaping
future healthcare (Groeneveld et al., 2018), neither learning nor educating new DH design
knowledge and skills would just happen themselves; they had to be researched, designed,
and improved. Design knowledge transformation in this area is required. To further improve
the quality of care in digital health, it is vital to understand, evaluate, and improve the
digital patient experience from a human-centered design perspective (Alkire et al., 2020;
Kellermann & Jones, 2013; Larivicre et al., 2017). Recognizing the above research gaps, this
thesis aims to provide a design guide that facilitates defining, evaluating, and designing
digital patient experiences from a human-centered design perspective, thus improving
the quality of care in digital health.

1.6. Research Questions and Methods

To achieve the above research aim, we came up with five main research questions. Following
the Design Research Methodology (DRM) (Blessing & Chakrabarti, 2009), five studies were
conducted to answer five research questions (RQs), see Figure 1-2.
* RQ 1. What is the state-of-the-art of patient experience in digital health in the
literature?
Study I. An umbrella systematic review was conducted to identify the influencing
factors and design considerations of the digital patient experience in the literature.
A definition and nine design guidelines for understanding and improving the digital
patient experience were generated.
* RQ 2. How to identify the gap from the state-of-the-art towards improved digital
patient experience?
Study II. An umbrella systematic review was performed to investigate the evaluation
objectives, timing considerations, indicators, and approaches of the digital patient
experience in the literature. An evaluation guide was generated to support digital
health designers and developers in evaluating the digital patient experience and
seeking insights for further improvements.
* RQ3. What are the expectations and perceptions of patients about digital patient
experience?
Study III. A prospective observational study was conducted to investigate the digital
patient experience of using virtual reality distraction in wound care treatment.
* RQ4. What are the perspectives and experiences of designers on the human-
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centered design of digital patient experience?
Study IV. An interview study was performed to investigate human-centered design
design practitioners’ views, experiences, and values on digital patient experience.

*  RQS. What design guidelines can be formulated for the human-centered design
of improved digital patient experience?
Study V. A design intervention study (i.e., iterative prototyping and user test
workshops) was conducted to generate and evaluate a design guide for improving

digital patient experience based on the previous studies.
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Figure 1-2. Research approach, adapted from the Design Research Methodology framework

24

(Blessing & Chakrabarti, 2009)



INTRODUCTION

1.7. Thesis Outline

This thesis is divided into three parts that contains seven chapters, as Figure 1-3 presents.
Chapter 1 provides an overview of this thesis, Chapters 2-6 represent five studies that describes
the definition, evaluation, and design of the digital patient experience from a human-centered
design perspective, then Chapters 7-8 discuss and conclude the contributions, limitations,
and future research directions of this PhD study.

| PART | |CHAPTER | |STUDY/METHOD | |RESULT

Chapter 1 Introduction

Part A. Definition Chapter 2 Study I. Umbrella review (RQ1) De5|gn gun.dellnesz mﬂuer_\c_lng factors, design
considerations, and definition

Chapter 3 Study Il. Umbrella review (RQ2) Evaluation guide: evaluation objectives, timing,
indicators, and approches

Chapter 4 Study lll. Prospective observational study (RQ3) Ev;?luatlon case: VR distraction in wound care for
pain management

Chapter 5 Study IV. Semi-structured interview (RQ4) Digital health design framework: design phases,
stages, challenges, and strategies

s . Digital patient experience design guide: usability,
Chapter 6 ; - -
S PSR i aiem ey (8, usefulness, and content quality evaluation

Chapter 7 General discussion and conclusion

Part B. Evaluation

Part C. Design

Figure 1-3. Thesis outline

Part A-Defining digital patient experiences

In Chapter 2, the state-of-the-art of the patient experience in digital health in the literature
is described. An umbrella review was performed to systematically review the influencing
factors and design considerations of patient experience in digital health. The term “digital
patient experience” is proposed to describe patient experience in digital health and defined
as “the sum of all interactions affected by a patient’s behavioral determinants, framed
by digital technologies, and shaped by organizational culture, that influence patient
perceptions across the continuum of care channeling digital health.” A framework and 9
design guidelines for digital patient experience improvement were generated.

Part B-Evaluating digital patient experiences

The second part contains Chapters 3-4. In Chapter 3, a review of reviews was conducted to
systematically identify the evaluation objectives, evaluation timing considerations (i.e., when
to measure), evaluation indicators (i.e., what to measure), and evaluation approaches (i.e.,
how to measure) regarding the digital patient experience. An evaluation guide was generated
to support the digital patient experience evaluation research and practice. In Chapter
4, a prospective observational study in a clinical setting was performed as a case study
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exemplifying the evaluation of digital patient experience of using virtual reality distraction
for pain management during wound care.

Part C-Designing digital patient experiences

In the final part, Chapter 5 is a semi-structured interview study that obtained insights into
current human-centered design practices in the digital health area. A digital health design
framework was proposed to improve the digital patient experience in the design process.
It provides an overview of design deliverables, activities, stakeholders, challenges, and
corresponding strategies for each design stage. In Chapter 6, a design intervention study,
which contains iterative prototyping and user test workshops, was performed to generate
and evaluate a web-based design guide that transfer all research findings into more practical
design knowledge and guidelines, which can be used for improvement by everyone interested
in improving the digital patient experience.

In the last Chapter of this thesis, the general discussion and conclusion are provided. In
Chapter 7, the implications, limitations, and future research directions are discussed.

This thesis is primarily intended for digital health designers, researchers, and design students
who want to evaluate and improve digital patient experiences in their human-centered design
process. People from broader design, technology, and healthcare communities may find
useful information herein as well.
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Lessons for doing a PhD 01
How to Cross the Doctoral “River”?

Once, I read a Chinese story called “The Little Horse Crosses the River (/N33 3/) (523X
2009).” The story is about a little horse that needs to cross a swift river. Unsure of the river’s
depth, the little horse encounters an old ox. The ox tells him, “The water is shallow, just
reaching your calves. You can cross it.” Encouraged, the little horse is about to cross when a
squirrel stops him, saying, “The river is very deep. One of my friends drowned in it.” After
hearing both the ox and the squirrel, the little horse becomes even more hesitant and goes
home to ask his mother. His mother tells him, “You will know whether the river is deep or
shallow if you try it yourself.” Encouraged by his mother, the little horse carefully crosses
the river and successfully reaches the other side. He finds that the river is neither as shallow
as the ox said nor as deep as the squirrel claimed.

I often think of this simple story. Four years ago, facing the same situation as the little horse, I
was hesitant about pursuing a PhD in design. I consulted many people for advice and received
various suggestions—some encouraged me, and some discouraged me. Now, as [ am about to
finish my PhD journey, I realize that, like the little horse, pursuing a PhD in design is neither
as easy as some people say nor as difficult as others claim. However, I am grateful to all those
mentors, friends, and even strangers who shared their experiences with me. Although most
of them have unique experiences with their PhD journeys, their stories provided me with
multiple perspectives to form a more systematic view of pursuing my PhD, which helped me
avoid becoming too complacent to make mistakes or too anxious to be hesitant. Recently,
many juniors also came to me for suggestions on pursuing a PhD in design. I did have a lot of
experiences and thoughts to share with them, but I think the best answer was, “You will know
it till you try it yourself”. I do not know if my way of crossing the doctoral river is more like
the ox’s or the squirrel’s. I hope the lessons that I learned through my PhD journey can help
some junior PhDs prepare for their journeys in design.

If I could run my PhD again, I think I would prepare my PhD journey with a more systematic
view by communicating with senior researchers more frequently, making more actionable
plans, and doing regular self-reflections.

First, communication builds common understandings and creates learning spaces. My
promotors have been very supportive in the past four years. In the first two years, we met
each other almost every week. I had weekly meetings with each promotor and monthly
group meetings with the whole supervision team, which helped us align with each other and
progress the research smoothly. Even in the last two years, we still kept meeting each other
biweekly. I would suggest junior PhDs communicate with your supervision team more often;
in case they are too busy to be available, scheduling a series of meetings in advance is a good
way. In addition, meeting peers and senior PhDs or postdocs is also very helpful. I started my



PhD in October 2020, when people had to keep social distance due to COVID-19. Therefore,
I missed many chances to communicate with other PhDs, which was a bit of a pity. Lucky
for me, I still received many suggestions from others, such as my officemates, on how to do
a literature review, how to prepare a Go/No-Go meeting, how to arrange doctoral education,
how to write a doctoral thesis, etc. These shares opened my mind and saved me time.

Second, planning is essential, as the book “Mastering Your PhD” (Gosling & Noordam, 2011)
said. Although, compared to planning, there are often changes and delays in reality, having
plans not only makes me feel a sense of certainty and keeps the timeline in mind, but also
helps me communicate with others more effectively. Even small plans, like an agenda for a
meeting, can already increase the transparency of communication and help everyone who
joins the meeting prepare. As an old saying in China: “Sharpening the knife does not delay
the chopping of wood (& JIAIRERSET)”. Spending time on making plans, for example,
how to manage your references and your data, will increase your work efficiency a lot in the
coming years.

Last, I like doing self-reflection, which has played an important role in my self-growth. My
promotors always tell me that doing a PhD is a learning process, which not only helps me
avoid too much self-doubt when making mistakes but also encourages me to face challenges.
Self-reflection is an important step in this learning process, where I can learn from my own
failures, correct my research direction, and share my lessons with others.

Lesson 1
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CHAPTER 2

Abstract

Background:

The adoption and use of technology have significantly changed health care delivery. Patient
experience has become a significant factor in the entire spectrum of patient-centered health
care delivery. Digital health facilitates further improvement and empowerment of patient
experiences. Therefore, the design of digital health is served by insights into the barriers to
and facilitators of digital patient experience (PEx).

Objectives:

This study aimed to systematically review the influencing factors and design considerations
of PEx in digital health from the literature and generate design guidelines for further
improvement of PEx in digital health.

Methods:

We performed an umbrella systematic review following the PRISMA (Preferred Reporting
Items for Systematic Reviews and Meta-Analyses) methodology. We searched Scopus,
PubMed, and Web of Science databases. Two rounds of small random sampling (20%) were
independently reviewed by 2 reviewers who evaluated the eligibility of the articles against
the selection criteria. Two-round interrater reliability was assessed using the Fleiss-Cohen
coefficient (k1=0.88 and k2=0.80). Thematic analysis was applied to analyze the extracted
data based on a small set of a priori categories.

Results:

The search yielded 173 records, of which 45 (26%) were selected for data analysis. Findings
and conclusions showed a great diversity; most studies presented a set of themes (19/45,
42%) or descriptive information only (16/45, 36%). The digital PEx—related influencing
factors were classified into 9 categories: patient capability, patient opportunity, patient
motivation, intervention technology, intervention functionality, intervention interaction
design, organizational environment, physical environment, and social environment. These
can have three types of impacts: positive, negative, or double edged. We captured 4 design
constructs (personalization, information, navigation, and visualization) and 3 design methods
(human-centered or user-centered design, co-design or participatory design, and inclusive
design) as design considerations.

Conclusions:

We propose the following definition for digital PEx: “Digital patient experience is the
sum of all interactions affected by a patient’s behavioral determinants, framed by digital
technologies, and shaped by organizational culture, that influence patient perceptions across
the continuum of care channeling digital health.” In this study, we constructed a design
and evaluation framework that contains 4 phases—define design, define evaluation, design
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ideation, and design evaluation—and 9 design guidelines to help digital health designers
and developers address digital PEx throughout the entire design process. Finally, our review
suggests 6 directions for future digital PEx-related research.

Keywords:
digital health; eHealth; telemedicine; telehealth; mobile health; mHealth; patient experience;

user experience; influencing factors; user-centered design; human-computer interaction
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2.1. Introduction

Recently, there has been a significant increase in the use of digital health technologies. In
addition, many countries currently use digital health technologies to support health care
service delivery to overcome the disruptions caused by the COVID-19 pandemic. These
include web-based patient consultations and requesting pharmacy and medication refills
(World Health Organization, 2021b). Digital health offers care without the risk of exposure
to the virus, especially for vulnerable patients such as older adults and patients with chronic
diseases (Mehrotra et al., 2020). Before the COVID-19 pandemic, there was increasing
recognition of the potential of digital health to improve the accessibility of health care in
different clinical settings (eg, ambulatory care, acute care, and inpatient care) (Marcin et al.,
2016). Digital health provides an opportunity to both reduce the costs of care and improve
patient affordability (Davis & Oakley-Girvan, 2015; World Health Organization, 2016a), and
previous research suggests that digital health has the potential to provide health prevention,
consultation, treatment, and management (Arnberg et al., 2014; Bender et al., 2013; Davis
& Oakley-Girvan, 2015; Escriva Boulley et al., 2018; McLean et al., 2016; Pal et al., 2018).
With digital health solutions continuing to grow in both number and functionality, patient
interest in digital health has rapidly increased, leading to an expanding reliance on digital
health technologies (Jared, 2020).

As DH became a more familiar term, it has generated many definitions and the concept has
been expanded to encompass a much broader set of scientific concepts and technologies
(Tecco, 2017). These include digital health applications, ecosystems and platforms (World
Health Organization, 2020), patient portals (Irizarry et al., 2015), mobile health apps (Free
et al., 2013), eHealth records, and appointment scheduling applications (Ammenwerth et
al., 2012). For the purposes of this study, we will use eHealth, mobile health, telemedicine,
telehealth, virtual health, remote health, electronic consultations, and health information
systems (HISs) as interchangeable terms for digital health.

2.1.1. Patient Experience in Digital Health

Digital health (DH) has the potential to improve patients’ overall health care experience
(Alkire et al., 2020; Bolton et al., 2018; Kneeland, 2016). However, there is currently no
common concept for describing patient experience (PEx) in digital health. Neither the general
PEx nor user experience (UX) adequately reflects the experience of a patient using a digital
service. For example, in a hospital setting, the environment’s cleanliness, background noise,
and even food provision could affect PEx (Reeves et al., 2002); however, these factors would
not be expected to influence the experience of a patient using a digital service. Similarly,
the fact that the system passes usability heuristics does not necessarily mean that the overall
experience of a patient using digital health services is positive (Richardson et al., 2021).
Therefore, it is vital to understand the experiences of individuals using digital health and how
the design of new technologies can affect them (Alkire et al., 2020; Kellermann & Jones,
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2013; Lariviére et al., 2017).

The concept of (non-digital) PEx has many definitions in general health care practice and
research. The Beryl Institute defines PEx as “the sum of all interactions, shaped by an
organization’s culture, that influence patient perceptions, across the continuum of care” (The
Beryl Institute, 2024). Other definitions and studies note that the core elements of optimized
PEx include access to appropriate care, patients’ active participation in care, a good patient-
physician relationship, reliable evidence-based care, comprehensible information, physical
comfort, emotional support, involvement of family and friends, individualized approaches,
responsiveness of services, and continuity of care (Kneeland, 2016; NHS National Quality
Board, 2011; Shandley et al., 2020; Staniszewska et al., 2014). These core elements of PEx
help to recognize patients’ priorities when receiving care and in providing patient-centered
care. However, patients’ priorities may differ for digital health, in which traditional face-to-
face interaction is replaced by human to digital interface interaction. Therefore, to address
patient priorities in digital health, it is essential to consider UX in the design of digital health
(Brunton et al., 2015). In this study, we define UX as a person’s perceptions and responses
that result from the use or anticipated use of a product, system, or service (Bolton et al., 2018;
Jokela et al., 2003). Usable, useful, findable, accessible, credible, valuable, and desirable
products are more likely to succeed in delivering a positive UX (Morville, 2005). However,
the full impact of digital health technologies on PEx or UX still remains unclear (Mobasheri
et al., 2014); some products even result in negative effects such as increased patient anxiety
(Foley et al., 2016). Therefore, more insights into the barriers to and facilitators of individuals’
experiences with digital health are required (Wolf & Jason, 2014).

2.1.2. Objectives

The objectives of this paper were to systematically review (1) the factors that influence PEx
in digital health and (2) the design considerations of PEx that are in digital health. The overall
aim was to generate a design framework and guidelines for further improving PEx in digital
health.

2.2. Methods

We performed an umbrella systematic review compiling evidence from multiple systematic
reviews (Grant & Booth, 2009) on PEx and UX in digital health. This review was conducted
according to the PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-
Analyses) methodology, which is an evidence-based minimum set of items for reporting in
systematic reviews and meta-analyses (Liberati et al., 2009).

2.2.1. Digital PEx Working Definition

Throughout this study, we use the term digital PEx as a working definition to describe
people’s experiences in various digital health contexts. As the study progressed, the definition
underwent several revisions, which resulted in a more inclusive final definition.
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2.2.2. Search Strategy

We searched Scopus, PubMed, and Web of Science for studies published between January
1, 2000, and December 16, 2020. The search time window was limited to 2000 as the term
digital health was first introduced by Frank (Frank, 2000) in 2000. To be inclusive, we used
broad interchangeable search terms with varying combinations of digital health, PEx, and
UX:

* Category 1: “patient experience” OR “health experience” OR “user experience” OR
“customer experience” OR “client experience”

»  Category 2: “chealth” OR “e-health” OR “mhealth” OR “m-health” OR “telehealth”
OR “tele-health” OR “digital health” OR “virtual health” OR “remote health” OR
“telemedicine” OR “telemonitoring” OR “teleconsultation”

»  Category 3: “patient digital experience” OR “patient experience in digital health” OR
“e-patient experience” OR “epatient experience” OR “online patient experience”

After combining categories 1, 2, and 3, limits were set to restrict studies to English-language
literature reviews published in journals after 2000. The final search strategy was ([category
1 AND category 2] OR category 3) AND (DOCTYPE [review]) AND (PUBYEAR>2000)
AND (LIMIT-TO [SRCTYPE, “journal”’]) AND (LIMIT-TO [LANGUAGE, “English™]).
Google Scholar was used as an additional database to manually search for additional related
references based on the snowballing method during the review process.

2.2.3. Selection Criteria
Eligibility criteria were developed for title and abstract screening and refined for full-text
screening. The following inclusion criteria were proposed by TW and GG and adjusted by
MM and RG:

*  No duplicated articles

*  Full text available

*  English language

*  Only completed peer-reviewed journal articles

*  Only review articles

* Related to digital health (ie, use of information and communication technology in

health) and PEx, UX, or health care experience

2.2.4. Screening Process

The collected articles were included in the final analysis if they met all the inclusion criteria
after a 2-stage screening process: first, a title and abstract review, followed by a full-text
review. In the screening process, 2-round, small random samples (20%) were independently
reviewed by 2 reviewers (TW and GG) who evaluated the eligibility of the articles against the
selection criteria. The interrater reliability and clarity of the selection criteria were assessed
using the Fleiss-Cohen coefficient until it reached the required strength (>0.60). Uncertainties
around paper inclusion and exclusion were resolved by discussions with the research team
(TW, GG, MM, and RG) when necessary.
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2.2.5. Data Extraction and Thematic Analysis

Articles meeting the eligibility criteria were imported into ATLAS.ti (Scientific Software
Development GmbH; version 9.0.7; 1857) for data extraction. Data were extracted for the
following aspects: (1) study characteristics, including authors, year of publication, research
aims, review methods, target users, and digital health intervention (DHI) characteristics; (2)
the overall impression of digital PEx (eg, the foci or types of findings regarding digital PEx);
(3) influencing factors of digital PEx; and (4) design considerations for improving digital
PEx.

We used the Braun and Clarke 6-phase thematic analysis method (Braun & Clarke, 2006)
to analyze the extracted data; these include (1) familiarization with the data, (2) generation
of initial codes, (3) searching for themes among codes, (4) reviewing themes, (5) defining
and naming themes, and (6) producing the final report (analytical themes). A total of 4
researchers participated in the review process. After data familiarization, a set of a priori
categories was defined by TW and refined by all the coauthors (Table 2-1). The coding was
based on the Performance of Routine Information System Management (PRISM) framework
(Aqil et al., 2009), which states that routine HIS performance is affected by the system’s
inputs (ie, technical, behavioral (Michie et al., 2011), and organizational determinants) and
progress. Please note that other elements of the framework (outputs, outcomes, and impact)
are discussed in another study addressing the evaluation of digital PEx (see Chapter 3).

Group discussions among the authors were used to reach an agreement on the produced a
priori categories. TW quoted the relevant data across the included reviews, generated initial
codes based on a priori categories, and then searched for themes among codes. Frequently
used terms in the included reviews were used as inspiration to generate subsequent codes and
themes. The latter process was independently and randomly validated by GG, MM, and RG.

Table 2-1. A Priori Categories of Influencing Factors of Digital Patient Experience based on the
Performance of Routine Information System Management framework (Aqil et al., 2009)

Determinants and a Description

priori categories

Behavioral

Determinants

Patient Capability The individual’s psychological and physical capacity to engage in
the concerned digital health activity

Patient Opportunity The individual’s internal conditions that enable or disrupt patients
to engage in digital health

Patient Motivation The reflective and automatic brain processes that energize and

direct patients’ goal setting and decision-making and their
behaviors regarding using digital health

Technical Determinants

37



CHAPTER 2

Table 2-1. A Priori Categories of Influencing Factors of Digital Patient Experience based on the

Performance of Routine Information System Management framework (Aqil et al., 2009) (continued).

Determinants and a
priori categories

Description

Intervention Technology

The integration of telecommunications and computers, as well

as necessary enterprise software, middleware, and storage and
audiovisual software, which enables users to access, store, transmit,
understand, and manipulate health information

Intervention
Functionality

The ability of digital health to work as expected to help users meet
their health goals and needs

Intervention Interaction
Design

The process of moving digital health from its existing state to a
preferred state to optimize interactions between patients and digital

health interventions

Organizational

Determinants

Organizational The management of the health service system, as affected by the
Environment rules, values, and practices of the involved people or community

The tangible surroundings (such as space, light, or sound) around
patients, which affects their interactions with digital health

Social Environment

The cultural environment (such as policy, business, or customs)
that affect patients’ interactions with digital health

2.3. Results

Figure 2-1 shows the flow diagram of the systematic search. A total of 173 records were
generated after the computer search; 58 (33.5%) duplicates were removed, and the titles and
abstracts of 115 (66.5%) articles were reviewed. Subsequently, 53.9% (62/115) of full-text
articles (including 4 additional records collected through snowballing) were reviewed for
inclusion. Ultimately, 45 studies were included in the review for data extraction.

2.3.1. Study Characteristics

Embase, MEDLINE, PubMed, PsycINFO, CINAHL, and the Cochrane Library were the
most common databases for the included reviews. Of these, 62% (28/45) were systematic
review articles. The remainder included scoping reviews (6/45, 13%), literature reviews
(3745, 7%), integrative reviews (3/45, 7%), narrative reviews (2/45, 4%), comprehensive
overviews (1/45, 2%), review of systematic reviews (1/45, 2%), and umbrella reviews (1/45,
2%). More than half of the included reviews (24/45, 53%) conducted quality assessments.
The reviews included >1400 studies, which mainly or partially reported qualitative and
quantitative analyses of PEx in digital health. The data analysis methods varied and included
thematic analysis (8/45, 18%), meta-synthesis (5/45, 11%), meta-ethnography synthesis
(2/45, 4%), taxonomy (1/45, 2%), hermeneutic synthesis (1/45, 2%), qualitative evidence
synthesis (1/45, 2%), and state-of-the-art survey analysis (1/45, 2%).
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s Records identified through database searching: n=173 Duplicates: n=58
§ Scopus: n=95; Web of Science: n=36; PubMed: n=42 P T
=
] AV4
§ | Records after duplicates removed: n=115 | Records excluded: n=57
5 1] - Not literature review: n=45
- Not about digital health (use of ICT in
20% random samples: n=23 Calculate the screening interrater agreement health): n=1
reviewed by TW and GG separately. k= 0.88 (SE 0.07, 95% C1 0.74-1.03) - Not about patient experience: n=11
Y2 (Where record(s) excluded for mutual
reasons, only first reason counted.)
| Records screened: n=115 |I:>
AV4 1
> 20% random samples: n=12 Calculate the inclusion interrater agreement
= reviewed by TW and GG separately. k=0.80 (SE 0.13,95% Cl 0.54-1.05)
j'% 7 Full-text articles excluded: n=17
w - o - - Not access the full text: n=1
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Vv well-organized search strategy: n=10
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- general: n=5
£ - Not about use of ICT for a health issue:
% n=1
= Included reviews: n=45 (Where record(s) excluded for mutual

reasons, only first reason counted.)

Figure 2-1. Study flow diagram.
(ICT: information and communications technology)

Among the included reviews, some focused on specific populations, such as children (3/45,
7%), college students (1/45, 2%), younger people (1/45, 2%), adults (7/45, 16%), or older
adults (4/45, 9%). Others either focused on the general population or did not mention the
target population. The most common health issues across the included articles were chronic
diseases (17/45, 38%), including chronic obstructive pulmonary disease, heart failure,
cardiovascular disease, cancer, diabetes, and hypertension. Mental health problems (7/45,
16%), including depression, anxiety, psychological well-being, psychotic disorders, and
schizophrenia, were the second most common health issues. The remainder either focused on
other issues (8/45, 18%), including audiology, asthma, reproductive health, maternal health,
newborn health, child health, adolescent health, surgery, postpartum, somatic diseases, or
palliative care, or did not mention any specific health issues (14/45, 31%). Some papers
(8/45, 18%) also provided multistakeholder perspectives, including health care professionals,
providers, surgeons, clinicians, staff and organizations, implementers (such as health policy
makers, clinicians, and researchers), and the participation of information technology.

The degree of detail provided about the interventions varied greatly across the studies. Phone-
based apps, websites, handheld sensing devices, and ambient assisted living health care
systems were common digital health deliveries. Interaction techniques included synchronous,
asynchronous, and hybrid models. Diverse intervention platforms, systems, or functions
were used to deliver various health care services, including supporting disease management
(14/45, 31%); patient-to-physician communication or consultation (9/45, 20%); symptom
monitoring (9/45, 20%); information transmission (4/45, 9%); health promotion activities
(3/45, 7%); screening, diagnosis, or self-assessment (2/45, 4%); behavior changes (2/45,
4%); self-education (1/45, 2%); and decision-making (1/45, 2%). Multimedia Appendix 1
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(see in our publication online) (Ames et al., 2019; Barello et al., 2016; Barken et al., 2019;
Bashi et al., 2020; Baumel et al., 2017; Brigden et al., 2020; Brunton et al., 2015; Chaudhry et
al., 2021; Cheung et al., 2019; Choi et al., 2020; Cox et al., 2017; M. F. De La Cruz Monroy
& A. Mosahebi, 2019; Eze et al., 2020; Feather et al., 2016; Firth & Torous, 2015; Fouquet
& Miranda, 2020; Greenhalgh & Shaw, 2017; Ingemann et al., 2020; Jalil et al., 2015; Jones
& Grech, 2016; Kuijpers et al., 2013; Lattie et al., 2019; Lemon et al., 2020; Leonardsen
et al., 2020; Liddy et al., 2016; Lim et al., 2019; Memon et al., 2014; Molina-Recio et al.,
2020; Morrison et al., 2014; Morton et al., 2017; O’Keefe et al., 2021; Palacholla et al.,
2019; Rincon et al., 2017; Rising et al., 2018; Sakaguchi-Tang et al., 2017; Slater et al., 2017,
Segaard Neilsen & Wilson, 2019; Simen A Steindal et al., 2020; Stokke, 2016; Swanepoel
& Hall III, 2010; Rachael C Walker et al., 2019; Yanxia Wei et al., 2020; Werder, 2015;
Wesselman et al., 2019; Wildenbos et al., 2018) provides detailed information regarding the
characteristics of the included studies.

2.3.2. Overall Impression of Digital PEx

Our study revealed great diversity in the perspectives and definitions describing patients’
experiences and characteristics when using digital health, presenting a variety of influencing
factors and design considerations for digital PEx. The included studies showed different
foci regarding digital PEXx, including influencing factors (21/45, 47%) (Ames et al., 2019;
Brigden et al., 2020; Brunton et al., 2015; Cheung et al., 2019; M. F. De La Cruz Monroy
& A. Mosahebi, 2019; Eze et al., 2020; Greenhalgh & Shaw, 2017; Ingemann et al., 2020;
Jalil et al., 2015; Jones & Grech, 2016; Kuijpers et al., 2013; Lim et al., 2019; Morrison et
al., 2014; Palacholla et al., 2019; Sakaguchi-Tang et al., 2017; Slater et al., 2017; Stokke,
2016; Swanepoel & Hall III, 2010; Yanxia Wei et al., 2020; Werder, 2015; Wildenbos et
al., 2018), digital health performance (19/45, 42%) (Brigden et al., 2020; Choi et al., 2020;
Eze et al., 2020; Firth & Torous, 2015; Jalil et al., 2015; Kuijpers et al., 2013, Lattie et al.,
2019; Liddy et al., 2016; Memon et al., 2014; Morrison et al., 2014; Morton et al., 2017,
O’Keefe et al., 2021; Rincon et al., 2017; Sakaguchi-Tang et al., 2017; Slater et al., 2017;
Stokke, 2016; Swanepoel & Hall 111, 2010; Yanxia Wei et al., 2020; Wesselman et al., 2019),
patient perceptions (9/45, 20%) (Barken et al., 2019; Brunton et al., 2015; Cox et al., 2017,
Greenhalgh & Shaw, 2017; Jones & Grech, 2016; Leonardsen et al., 2020; Slater et al.,
2017; Simen A Steindal et al., 2020; Rachael C Walker et al., 2019), evaluation methods of
digital health or digital PEx (8/45, 18%) (Barello et al., 2016; Bashi et al., 2020; Baumel
et al., 2017; Feather et al., 2016; Jalil et al., 2015; Lemon et al., 2020; Rincon et al., 2017,
Rising et al., 2018), and design considerations (9/45, 20%) (M. F. De La Cruz Monroy &
A. Mosahebi, 2019; Fouquet & Miranda, 2020; Lim et al., 2019; Molina-Recio et al., 2020;
Sakaguchi-Tang et al., 2017; Slater et al., 2017; Sggaard Neilsen & Wilson, 2019; Yanxia
Wei et al., 2020; Wildenbos et al., 2018). The findings and conclusions of the 45 reviews
showed a great diversity. Most studies presented a set of themes (19/45, 42%) (Ames et al.,
2019; Barken et al., 2019; Baumel et al., 2017; Brigden et al., 2020; Brunton et al., 2015;
Cox et al., 2017; Eze et al., 2020; Jones & Grech, 2016; Lemon et al., 2020; Leonardsen et

40



DESIGN GUIDELINES

al., 2020; Liddy et al., 2016; Lim et al., 2019; Palacholla et al., 2019; Sakaguchi-Tang et
al., 2017; Slater et al., 2017; Simen A Steindal et al., 2020; Rachael C Walker et al., 2019;
Yanxia Wei et al., 2020; Werder, 2015) or descriptions only (16/45, 36%) (Barello et al.,
2016; Chaudhry et al., 2021; Choi et al., 2020; Feather et al., 2016; Firth & Torous, 2015;
Greenhalgh & Shaw, 2017; Ingemann et al., 2020; Kuijpers et al., 2013; Lattie et al., 2019;
Memon et al., 2014; Morrison et al., 2014; Morton et al., 2017; Rincon et al., 2017; Stokke,
2016; Swanepoel & Hall III, 2010; Wesselman et al., 2019). Other studies concluded with a
theory-based description (5/45, 11%) (Bashi et al., 2020; Cheung et al., 2019; O’Keefe et al.,
2021; Rising et al., 2018; Sggaard Neilsen & Wilson, 2019), framework (4/45, 9%) (Brunton
et al., 2015; Fouquet & Miranda, 2020; Slater et al., 2017; Wildenbos et al., 2018), model
(2/45,4%) (Cox et al., 2017; M. F. De La Cruz Monroy & A. Mosahebi, 2019), method (2/45,
4%) (Jalil et al., 2015; Molina-Recio et al., 2020), or checklist (1/45, 2%) (Yanxia Wei et al.,
2020). Only a few studies transformed findings into design considerations (9/45, 20%) or
visualized or structured their results into frameworks, models, checklists, or methods (9/45,
20%). Limited information was found on participant dropout reasons during the interventions
(Ames et al., 2019; Brunton et al., 2015; Cox et al., 2017; M. F. De La Cruz Monroy & A.
Mosahebi, 2019; Jalil et al., 2015; Kuijpers et al., 2013; Morton et al., 2017; Rachael C
Walker et al., 2019). The overall impression of the researchers on the DHIs was positive. In
51% (23/45) of reviews (Cheung et al., 2019; Choi et al., 2020; Cox et al., 2017; M. F. De La
Cruz Monroy & A. Mosahebi, 2019; Eze et al., 2020; Firth & Torous, 2015; Jalil et al., 2015;
Kuijpers et al., 2013; Lattie et al., 2019; Leonardsen et al., 2020; Liddy et al., 2016; Lim et
al., 2019; Morrison et al., 2014; Morton et al., 2017; O’Keefe et al., 2021; Rising et al., 2018;
Sakaguchi-Tang et al., 2017; Slater et al., 2017; Segaard Neilsen & Wilson, 2019; Simen
A Steindal et al., 2020; Yanxia Wei et al., 2020; Werder, 2015; Wesselman et al., 2019), the
DHIs either showed promising results or at least results comparable with face-to-face health
care services. Only 4% (2/45) of reviews (Greenhalgh & Shaw, 2017; Memon et al., 2014)
reported concrete evidence of the negative impact of current DHIs on digital PEx. In general,
digital PEx was addressed because of the interactions between the DHIs and the patients
involved and how the service was organized and carried out.

2.3.3. Influencing Factors of Digital PEx

An influencing factor is an aspect of the existing situation that influences other aspects of
the situation, and it is formulated as an attribute of an element that is considered relevant
and can be observed, measured, or assessed (Blessing & Chakrabarti, 2009). In this study,
influencing factors refer to specific factors that lead to a positive or negative experience
(digital PEx). Some factors have either positive or negative consistent and concrete impacts,
whereas others have double-edged impacts; that is, impacts that are different per individual
or change over time. Among the included papers, a common understanding of the potential
influencing factors was captured from 3 aspects—behavioral, technical, and organizational
determinants—following the categorization of the PRISM framework. These determinants
were cach classified into 3 categories, resulting in nine categories: patient capability,
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patient opportunity, patient motivation, intervention technology, intervention functionality,
intervention interaction design, organizational environment, physical environment, and social
environment. Multimedia Appendix 2 (see in our publication online) presents an overview of
the themes identified for each category, the influencing factors per theme (positive, negative,
and double-edged), and references. Most factors appear to be related to technical determinants,
followed by behavioral and organizational determinants. For technical determinants, we
summarized 3 categories with 13 themes, containing 58 positive, 35 negative, and 13 double-
edged factors. For example, DHIs with multiple behavioral change techniques appeared to
be more effective (Brigden et al., 2020; Morrison et al., 2014; Segaard Neilsen & Wilson,
2019) and reported higher patient satisfaction (Eze et al., 2020; Lim et al., 2019). Behavioral
determinants included 3 categories with 9 themes containing 11 positive, 21 negative, and 5
double-edged factors. For instance, some studies mentioned a lack of confidence in patients’
own ability to use the technology (Greenhalgh & Shaw, 2017; Jalil et al., 2015; Jones &
Grech, 2016; Molina-Recio et al., 2020; Sakaguchi-Tang et al., 2017; Rachael C Walker et
al., 2019), leading to a negative digital PEx. Organizational determinants were classified
into 3 categories with 5 themes, including 13 positive and 23 negative factors. For example,
unrealistic financial reimbursement and higher costs related to the internet or equipment
were practical challenges of using digital health (Ames et al., 2019; Brigden et al., 2020;
Greenhalgh & Shaw, 2017; Palacholla et al., 2019; Sakaguchi-Tang et al., 2017). For the
behavioral and organizational determinants, we collected more negative factors than positive
factors. This is in contrast to the technical determinants, in which more positive factors were
identified. Double-edged factors were less than both positive and negative factors for all the
3 determinants. Multimedia Appendix 3 (see in our publication online) provides detailed
information and examples.

2.3.4. Design Considerations of Digital Patient Experience

Table 2-2 provides an overview of the identified themes for each design construct or method,
related considerations, and references. To address the abovementioned influencing factors,
several the included articles referred to design constructs (personalization, information,
navigation, and visualization) (M. F. De La Cruz Monroy & A. Mosahebi, 2019; Lim et al.,
2019; Sakaguchi-Tang et al., 2017; Slater et al., 2017; Segaard Neilsen & Wilson, 2019;
Yanxia Wei et al., 2020) and design methods (ie, human-centered design [HCD] or user-
centered design [UCD], co-design or participatory design, and inclusive design) (Fouquet
& Miranda, 2020; Lim et al., 2019; Molina-Recio et al., 2020; Sakaguchi-Tang et al.,
2017; Slater et al., 2017; Segaard Neilsen & Wilson, 2019; Wildenbos et al., 2018), either
as recommendations or implications for improving digital PEx from a design perspective.
Notably, there was an overlap between design considerations and influencing factors.
The former focuses on concluding possible design suggestions, recommendations, and
implications proposed by the reviewed articles. The latter involves mapping the impacts
of interaction design on digital PEx in different contexts; therefore, they refer to different
themes and references. Generally, the personalization construct identifies patient profiles and
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tailors digital health according to patients’ needs and preferences. The information construct
addresses the source, language, presentation, content, and architecture of delivered health
information. The navigation construct considers the interactive, delivered, and instructional
elements of digital health to guide users to different areas of content within digital health. The
visualization construct focuses on the aesthetics, attractiveness, visibility, and consistency
of digital health appearance and interface. Furthermore, co-design and UCD or HCD were
recommended as the most common methods for designing digital health, which involve
multi-stakeholders and multi-disciplinaries in the design process to facilitate the designers’
work, as designers need to understand end user needs and be aware of potential barriers
to engaging in DHIs. Finally, inclusive design provides flexible design and is usable for a
broader population. Notably, the design considerations identified in the included papers are
not meant to be applied to every project; the implementation depends on the project’s focus.
Designers always need to balance project requirements (such as profits), user needs (such as
privacy concerns), and policy regulations (such as data security). For example, peer-to-peer
patient communication may not be appropriate for more sensitive health issues.
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2.4. Design Implications

On the basis of our findings regarding influencing factors and design considerations for
digital PEx, in this section, we define digital PEx and present design guidelines for the
implementation of improving PEx in digital services.

2.4.1. Definition of Digital PEx

Our review reveals the absence of a commonly used concept for PEx in digital health. An
increasing number of studies have been conducted on surveying PEx, satisfaction with, and
expectations in varied digital health. With the growing academic interest in this topic and
increasing efforts to address PEx in digital health design practice, a common concept with a
concise definition will strengthen and align efforts overall. After reviewing the alignment of
widely accepted concepts of PEx, UX, and DHIs with our generated influencing factors, we
observed that many of our findings are included in the PEx definition offered by The Beryl
Institute. Therefore, by including the sum of all interactions shaped by an organization’s
culture, which influence patient perceptions across the continuum of care (Wolf & Jason,
2014) along with the constructs of UX (people’s perceptions and responses (Bolton et al.,
2018)), DHIs (digital health technologies (World Health Organization, 2020)), and the
determinants (ie, technical, behavioral, and organizational determinants) identified in this
review, we propose a concise, practical definition of digital PEx to guide the future design of
digital health: “Digital patient experience is the sum of all interactions, affected by a patient’s
behavioral determinants, framed by digital technologies, and shaped by organizational
culture, that influence patient perceptions across the continuum of care channeling digital
health.” Compared with the original definition of general PEx, this new definition underlines
the digital part of health care delivery and includes 2 new determinants (technical and
behavioral) that go beyond the organization’s culture to clarify what can influence patient
perceptions while traveling along a digital care pathway.

2.4.2. Design Guidelines for Improving Digital PEx

We developed a design and evaluation framework to help digital health designers or developers
improve digital PEx in the design process (Figure 2-2). This framework was based on the
findings of this umbrella review and was inspired by the double diamond model (Design
Council, 2015, 2023). Our framework shows four phases: define design, define evaluation,
design ideation, and designevaluation. The first and third phases focus on the design itself,
and the second and fourth phases focus on design evaluation. In this study, we focus on
explaining the first and third phases. In the first phase, designers must define the design goals
by considering the factors that affect digital PEx. In this phase, we provided 3 determinants
referring to 9 categories of influencing factors that have 3 types of impact on digital PEx
(positive, negative, and double-edged) for designers to discover and explore. Designers can
frame their design goals based on the intervention purposes and the selection of influencing
factors. For example, if the purpose of the intervention is to improve patient eHealth literacy,
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designers need to pay more attention to patient capability and frame a design goal to develop
suitable intervention functionality for improving patient capability. After defining the design
goals, designers can move to the second phase, which is the define evaluation phase. In this
phase, designers need to consider evaluation indicators (patient emotional, behavioral, and
health outcomes) and evaluation methods (surveys and interviews) that are used to assess
digital PEx. Detailed information regarding this phase will be discussed in a parallel study.
Following this, we provide 4 design constructs (personalization, information, navigation, and
visualization) and 3 design methods (ie, HCD or UCD, co-design, and inclusive design) for
the design ideation phase. Personalization (Brigden et al., 2020; Cox et al., 2017; Eze et al.,
2020; Kuijpers et al., 2013; Lim et al., 2019; Molina-Recio et al., 2020; Slater et al., 2017; Y.
Wei et al., 2020) refers to ascertaining user needs with design goals. It encompasses the design
of intervention technology and functionality needs that meet the patients’ ability, opportunity,
and motivation to trigger behavior changes and promote health outcomes. UCD/HCD and
inclusive design are valuable at this stage for the inclusion of patient perspectives. Driven
by user needs and intervention goals, information includes content, communication, and
functionality (Lim et al., 2019; Molina-Recio et al., 2020; Y. Wei et al., 2020), and navigation
comprises forms of delivery, user flows, instructions, and tutorials (Lim et al., 2019; Molina-
Recio et al., 2020; Spgaard Neilsen & Wilson, 2019; Y. Wei et al., 2020). This relates to how
relevant content presented in multimedia with a clear information architecture can attract
patient attention and help them understand and complete tasks efficiently (Dekkers, 2020).
Co-design and participatory design are multidisciplinary collaborations that are necessary
at these 2 stages. Finally, designers need to consider visualization (Eze et al., 2020; Lim et
al., 2019; Molina-Recio et al., 2020; Sggaard Neilsen & Wilson, 2019; Y. Wei et al., 2020),
which determines the product look. The digital health interface can affect patients’ first
impressions when using DHIs. An attention-grabbing, simple, and consistent interface (Y.
Wei et al., 2020), layout (colors and images) (Segaard Neilsen & Wilson, 2019), and message
presentation (Y. Wei et al., 2020) can all lead to positive UX. The design guidelines (Textbox
1) can be used at this stage to produce design concepts. In addition, this phase contains
the digital health design workflow, challenges, and tips from a design practice perspective
(which will be presented in an ongoing interview study). Finally, we ended up with this
framework by introducing the design evaluation phase, in which designers need to develop
tests (based on evaluation metrics) to evaluate design concepts. If the evaluation outcomes do
not meet the evaluation standards, designers can return to the design ideation phase to adjust
the design concepts or return to the first phase to reconsider the design goals.

Compared with the original double diamond model, our framework separates the evaluation
part from the design part. This aligns with the design research methodology framework
(Blessing & Chakrabarti, 2009), which suggests generating success criteria after clarifying
design research goals and before producing design support, formulating criteria for success
is essential to be able to determine whether the results help achieve this aim. Therefore, we
paid equal attention to design and evaluation. In addition, our framework provides detailed
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reference materials (such as 3 determinants) for each phase to provide designers with more
practical support. Notably, in our framework, we retain some typical features of the double
diamond model: the first 2 phases are research related, the last 2 phases are practice related,
and each phase starts from divergence and ends at convergence.

On the basis of our findings on influencing factors and design considerations, we mapped
the combinations of design constructs and design methods into 9 design guidelines to
address different influencing factors (Textbox 2-1), which can be used to guide the design
ideation process. Some of the design guidelines uncovered in this study have already been
implemented, resulting in a positive digital PEx, such as the digital platform PatientsLikeMe,
which aims to empower patients to navigate their health journeys together through peer
support, personalized health insights, tailored digital health services, and patient-friendly
clinical education (PatientsLikeMe). One of the studies pointed out that patients can greatly
benefit from using this platform as it improves patient health literacy, and its condition-
specific customization may still further improve PEx (Wicks et al., 2018), which aligns
with our design guidelines on improving “patient capability” and providing “personalized
information.”
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Textbox 2-1. Design guidelines for improving digital patient experience.

Categories and design guidelines

Patient capability

Identify patients’ knowledge and skill levels by understanding their technology, language, and
health literacy; consider their previous experience and current confidence level in using digital
health; improve their actual literacy and correct their perceived inability; tailor design to their

ability

Patient opportunity

Profile patients’ identity (eg, age, gender, economic status, and daily routines) and health status
(eg, illness complexity, severity, and stability); consider patients’ accessibility and affordance

to digital health; tailor design to their individual opportunity

Patient motivation

Recognize patients’ mindset and perceived advantages and disadvantages; inform them of the
potential benefits of using digital health; address their concerns and worries; understand their

expectations and needs; tailor design to their preferences to trigger their motivation

Intervention technology

Increase technical usability; ensure ease of use, ready to use, and timely feedback on digital
health; select technical features (eg, data accessibility) and delivery media or devices (eg,

device ownership) to meet patients’ preferences and needs

Intervention functionality

Strengthen theory-based interventions (eg, behavior change techniques and evidence-based
interventions); improve intervention quality, considering privacy, security, and accuracy issues;
provide regular and continuous social support combining both remote communication and

real human contact; tailor health promotion and intervention structure to patients’ needs and

preferences

Intervention interaction design

Provide personalized and consistent information, clear tutorials or technical support, and
visualized data; allow patients to choose personalized interactive elements; follow human or
user-centered design, co-design, and inclusive design methods; involve multi-stakeholders and
multi-disciplines in the design process

Organizational environment

Reduce equipment or service cost and time; improve health care providers’ professional ability,
communication skills, and service attitudes across the use of digital health; increase workflow

transparency and clarify accountability; improve system integration and compatibility

Physical environment

Provide a familiar, warm, and comfortable environment rather than cold and unfamiliar

settings; reduce environmental distractions (eg, background noise or lighting)
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2.5. Discussion
2.5.1. Principle Findings

We systematically reviewed review articles on factors that influence digital PEx and
considerations regarding how best to design digital PEx. The reviews varied greatly in
type, including studies and data analysis methods, as well as in HIS, health issues, target
patient groups, intervention content, and structure. Of the selected reviews, 62% (28/45)
were systematic reviews, the rest were other types. These included qualitative, quantitative,
and mixed methods studies. Thematic analysis and meta-analysis were the most common
data analysis methods used in the reviews. We note that the studies described in the selected
reviews were extremely heterogeneous, and information about interventions and digital PEx
were often mixed and complex, making comparison difficult.

Our results are in line with the findings reported by previous authors (Aqil et al., 2009;
Morville, 2005; Staniszewska et al., 2014) on the factors that affect PEx, UX, or the
implementation of digital health. On the basis of the identified influencing factors and design
considerations, we developed 9 design guidelines for improving digital PEx. Our findings
reveal that among the selected reviews, only a few formulated design strategies or guidelines.
This lack of design knowledge transformation makes it difficult for designers or developers to
apply the findings directly. This aligns with the studies by Sakaguchi-Tang et al (Sakaguchi-
Tang et al., 2017) and Segaard Neilsen and Wilson (Segaard Neilsen & Wilson, 2019); the
former indicated that the absence of specific design recommendations impairs the design of
digital health, with the latter suggesting that there was a lack of understanding of the most
beneficial design aspects for some specific digital health and how design principles can best
be applied. Moreover, the use of UCD has been recommended in many studies to address
UX-relevant issues in digital health (Marcin et al., 2016; Segaard Neilsen & Wilson, 2019;
Vagal et al., 2020), which also supports our findings.

2.5.2. Digital PEx Versus General PEx and UX

We found a lack of a common term to describe PEx in digital health; UX (25/45, 56%) and
PEx (17/45, 38%) were the most commonly used terms. Patient UX, patient perceptions,
client experiences, patient empowerment, and user engagement were also used to describe
similar concepts. Many reviews indicated that there was limited information about UX or
PEx in varied digital health and underlined the need for a more holistic view of patient
needs and priorities to better shape digital health design strategies and provide tailored digital
health (Barello et al., 2016; Brunton et al., 2015; Jones & Grech, 2016; Memon et al., 2014;
Morrison et al., 2014; Swanepoel & Hall 111, 2010).

2.5.3. Influencing Factors Are More Complex Than Facilitators and

Barriers
The information provided about digital PEx—influencing factors was complex and
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heterogeneous. Digital health is often treated as a whole, whereas digital PEx is affected by
the additive effect of varying digital health factors. A single change in a factor may affect
everything else. We found that without a concrete interaction context, factors could be
regarded concurrently with facilitators or barriers. For example, regular contact with health
care providers (HCPs) could be perceived to increase a sense of reassurance or perceived
as a burden to patients’ daily lives (Brunton et al., 2015); some patients experienced digital
health as time consuming or an additional burden, whereas others experienced it as time
saving or convenient (Cox et al., 2017). Some influencing factors may have a soft or indirect
influence on digital PEx (Baumel et al., 2017; Werder, 2015). For instance, users who are
completely unaware of privacy or security risks may have excellent experience with digital
health that fails to meet privacy or security requirements (Baumel et al., 2017). A lack of
concrete solutions to address these barriers was mentioned (Sakaguchi-Tang et al., 2017).
It is likely that digital health cannot serve all populations equally well (R. C. Walker et
al., 2019), which aligns with the results of a scoping review that investigated the inequities
caused by the adoption of digital health technologies (Yao et al., 2022). Some researchers
indicated that older adults can also experience benefits by using digital health (M. F. I. De
La Cruz Monroy & A. Mosahebi, 2019), whereas others suggested that telehealth is, at best,
a partial solution for younger and fitter subpopulations (Greenhalgh & Shaw, 2017; R. C.
Walker et al., 2019). Again, although some mentioned that patients preferred using personal
devices (Firth & Torous, 2015; Palacholla et al., 2019; Rincon et al., 2017; Slater et al.,
2017), others noted the opposite (Rincon et al., 2017).

2.5.4. Unclear benefit from the different elements in digital health.

It is likely that some patient groups benefit more than others from specific DHIs. For example,
one of the reviews suggested that in telemedicine treatment for type 2 diabetes, behavioral
change and continuous management were the keys to success (Jalil et al., 2015). However,
it was unclear precisely which elements of digital health resulted in patients’ satisfaction
or dissatisfaction and how they could be addressed (Chaudhry et al., 2021). Moreover, we
found limited data and even contradictory results on which factors affect digital PEx the
most, which elements should be considered first when developing DHIs, and who benefits
more from them. The latter is commonly mentioned (Barken et al., 2019; M. F. I. De La Cruz
Monroy & A. Mosahebi, 2019) (Sakaguchi-Tang et al., 2017), with some authors suggesting
that patients with unstable chronic diseases might benefit the most (Greenhalgh & Shaw,
2017; Zanaboni et al., 2018). However, another review indicated that even if patients are
provided with the latest state-of-the-art technology at home, the intervention will not be
beneficial if it remains unused (Jalil et al., 2015). Patients who are less activated are likely
to have less positive experiences than those who are highly engaged (Barello et al., 2016).

2.5.5. Lack of multiple perspectives during the design of digital PEx

Clear communication between experts, designers, and patients regarding their understanding
of digital PEx is required. Some reviews acknowledged the need for a multistakeholder
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perspective on digital PEx (Cox et al., 2017; Palacholla et al., 2019). However, we found
circumstances in which this was not possible. For example, in some cases, UCD for DHIs
was conducted on nonpatient users either because of ethical reasons or relevant regulations
(Jalil et al., 2015), and in others, apps that are not specifically designed for patients with
cancer were being used for this patient (Rincon et al., 2017). HCPs are often isolated from
the decision-making process to incorporate digital health into their current service provision
(Brunton et al., 2015). Moreover, a lack of clinician perceptions of digital health use was also
reported (Lim et al., 2019; Swanepoel & Hall III, 2010). Furthermore, no studies focused on
exploring designers’ views, opinions, experiences, or values in addressing PEx or UX in the
design of digital health. There was little information on whether experienced designers had
worked with patients in their design process.

2.5.6. Over- or under-estimated results

Some studies suggested that a lack of interest was the main reason for patients’ refusal
of digital health and that reasons for patient withdrawal were patients not wanting to use
equipment, deteriorating health, and technical problems (Gorst et al., 2013; Sanders et al.,
2012). We need to gain better insights into the reasons for patients choosing not to engage in
or withdraw from digital health, as these will significantly inform future DHI development
and design (Cox et al., 2017; M. F. I. De La Cruz Monroy & A. Mosahebi, 2019; Jalil et al.,
2015). However, it is likely that most studies only included patients who had already agreed
to or were using digital health technologies; those who refused to use, withdrew from, or
had no accessibility were excluded (Ames et al., 2019; Brunton et al., 2015; Cox et al.,
2017; Morton et al., 2017). One of the reviews suggested that this would result in over- or
underestimated results of DHIs’ effects on digital PEx, as participants who completed the
intervention may differ from those who did not (Kuijpers et al., 2013). Another review found
that patients only reported positive themes associated with remote monitoring, which may
indicate a selection bias (R. C. Walker et al., 2019).

2.5.7. Conflicts between benefits and cost for developing DHIs

The provision of digital health can reduce the treatment burden and better integrate care
into patients’ daily routines (Cox et al., 2017), which is consistent with our findings; we
found that most reviews had a positive perspective of DHIs. However, in one of the reviews,
it was suggested that although there was agreement among most professionals that health
information technology can have a positive impact on PEx, when weighing the benefits
against the potential cost, demonstrating this will be challenging (Greenhalgh & Shaw, 2017;
Werder, 2015). Moreover, unnecessary high-frequency monitoring could result in a waste of
health resources and an increased workload for HCPs (Cheung et al., 2019). Compared with
existing health care services, the application of new technology needs to demonstrate clinical
evidence of improved health conditions (Jalil et al., 2015). However, there were discordant
findings in terms of the benefits of using DHIs. For example, there was no concrete evidence
that telemedicine consultations were quicker than face-to-face consultations (Chaudhry et al.,
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2021; Eze et al., 2020; O’Keefe et al., 2021; Swanepoel & Hall III, 2010). In another case,
the impact of DHIs on health care use was not examined (Eze et al., 2020). In conclusion,
only user-friendly and quality-certified DHIs should be provided to patients (Rincon et al.,
2017); health care organizations should not shift their focus from the basic and inexpensive
strategies that affect patient care. Care is needed: new technology should not overwhelm the
patient or ignore patient needs (Werder, 2015).

2.5.8. Limitations

First, when undertaking a review of review articles, some important details included in the
original studies may have been lost, which increases the possibility of reporting bias. We
also noted differences in the interpretation of terms and methods between the reviews. There
is a lack of consistency in the terminology used to describe the functions of DHIs, HISs,
or digital PEx itself. For example, in some cases, “eHealth” and “mHealth” were used as
interchangeable terms (Feather et al., 2016), “persuasive technology” and “behavior change
techniques” were presented as having a similar meaning (Jalil et al., 2015), and “patient
engagement” and “patient activation” were also regarded as being the same (Feather et al.,
2016). This inconsistent use of terms may impede knowledge translation and dissemination
(Eze et al., 2020). To counter this, we summarized the varied factors with unified descriptions
to build a common understanding of the digital PEx—influencing factors.

Second, the intervention types and patient groups varied widely among the reviews, limiting
meaningful comparisons between different studies. In addition, the digital health landscape
is rapidly evolving, and the technology infrastructure is constantly shifting (Kuijpers
et al., 2013), as are the continuous updates of the UX design area. It is important to keep
the influencing factors updated or adapted as the technology develops. Possibly, relevant
original studies may have been excluded because of our focus on review papers. However,
our approach to conducting an overarching review provides readers with a quick overview of
the relevant digital PEx studies and a basis for further research.

Third, our umbrella review did not account for the multimodal relationships between
subthemes or the potential overlap between subthemes within different domains. For example,
different subthemes, such as “personalized design” in “interventions’ interaction design” also
interconnect with “interventions’ technology” and “interventions’ functionality.” Moreover,
our review process did not aim to address the question of whether some influencing factors are
more important than others or how different aspects of DHIs influence them. This warrants
further investigation as we suspect that differences may exist between the influencing factors,
as some elements in digital health are more likely to increase or inhibit a positive digital PEx.

Finally, as we used qualitative thematic analysis to synthesize the findings and generate
themes, the generated themes could have been influenced by the authors’ previous research

experiences and personal understanding. By asking other researchers to repeat the coding
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process, the resulting themes are likely to be different. However, to minimize the potential
coding bias, the generation of categories was based on the PRISM framework; 4 researchers
with different backgrounds, including design, medical, and human factors, were involved in
the iterative coding process, group discussion, and independent and random validation, and
existing theories were used.

2.5.9. Further Research

The goals of this umbrella review were to systematically review the influencing factors that
affect digital PEx and the design considerations for improving digital PEx that are summarized
in the existing literature. We must conclude that, currently, much remains unknown, and the
topic of digital PEx is relatively new. We propose 6 directions that require further research.
The first direction is to develop frameworks or models that translate digital PEx—related
research findings into design practices or implications. For example, in this study, we used
design guidelines and a design framework to summarize the findings. The second direction is
to identify those who will benefit more from which elements in DHIs and which influencing
factors could be addressed by combining design constructs and design methods. The third
direction is to further examine how designers understand and address digital PEx in the digital
health design process. To address this, we conducted a qualitative study on how designers
address digital PEx in design practice. The fourth direction is to standardize evaluation
indicators, methods, or tools for assessing digital PEx; we are currently evaluating digital
PEx in a parallel study. The fifth direction is to quantify the balance between the benefits
and costs of developing user-friendly and validated DHIs. The sixth direction is to identify
participants’ reasons for dropping out and their impact on the reported digital PEx—related
results.

2.6. Conclusion

To the best of our knowledge, this is the first study to propose the term “digital patient
experience” as a common phrase to describe PEx in digital health and define digital PEx
by synthesizing the reported PEx or UX of varied DHIs from multiple reviews. Multimedia
Appendix 4 (see in our publication online) shows more details about the structure of this
study. In this review, information on influencing factors was identified and summarized
into 9 categories (ie, patient capability, opportunity, motivation, intervention technology,
functionality, interaction design, organizational, physical environment, and social
environment). These categories were classified into positive, negative, and double-edged
factors based on their positive, negative, and diverse impacts on digital PEx. Our review
uncovered 4 design constructs (personalized, information, navigation, and visual design)
and 3 common design methods (UCD or HCD, co-design, and inclusive design) as design
considerations for addressing digital PEx. Finally, we proposed a design and evaluation
framework and design guidelines to help digital health designers and developers address
digital PEx throughout the entire design process.
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Lessons for doing a PhD 02
Learn by doing.

Indeed, doing a PhD in design is far more than communicating, planning, and reflecting.
Your stakeholders may speak different languages because of different cultural or educational
backgrounds; research time may be out of your plan because of strict ethical review procedures;
you may be lost in countless research data and do not know where to reflect. Especially, being
a PhD candidate means you are expected not only to learn how to do scientific research but
also to have scientific contributions in your research area. Through your research journey,
you may be challenged by your supervisors on your research questions; you may be doubted
by your reviewers on your research methods; you may be questioned by your peers on your
research results, etc.

Reflecting on my research progress, I want to share my lesson on doing a PhD in design,
which is “learning by doing”. Before my PhD journey, I was educated to become a designer
instead of a researcher. Therefore, I had limited research knowledge and skills, which made
me quite confused and feel lost when I was required to do design research instead of design
in the first year of my PhD.

Atthe beginning, I either totally ignored the “scientific” considerations, such as using validated
research methods, or was stuck on the progress due to the required "rigors", such as providing
evidence. When I used to do design work, much of the data analysis and design ideas came
from design intuition and personal experience. But, doing design research requires ensuring
the rigor of the research. Even when dealing with qualitative data, it's necessary to ensure the
objectivity and reproducibility of the data analysis, which is quite challenging. To address
this, what I did was read others' similar research articles and learn from them. Learning from
others can provide us with inspiration, especially when we have no idea what to do.

However, this resulted in another problem. I was anxious about "should I first read all similar
research articles and then conduct a research study, or conduct a research study first and then
learn the required research knowledge?" It was like the question, "Which came first, the
chicken or the egg?". I wanted to exhaustively read all the research literature and learn all the
research methods before making a decision. But I was also eager to start my own research as
soon as possible due to the limited time. Therefore, I frequently jumped across learning new
research knowledge and conducting research studies. At the beginning, I thought it would
result in a loss of focus and patience. However, now that [ am reflecting on my research
progress, I realize this is a "learning by doing" process: starting from where I know and
stopping to learn from where I do not know. This is probably not the best way to do research
in design, but at least it is a doable way. If you are facing the same problem as I was, do not
hesitate to start doing your research. I believe you can solve the puzzle through "learning by
doing".



In addition, being realistic, recognizing your limitations, and paying attention to the finer
details that truly matter is equally important. As we say in China, “JJZEH#EJ]1 7] £~ (the
knife should be used on the blade). As PhD candidates, what we often embrace is learning, and
we are eager to acquire knowledge. However, the vast expanse of knowledge can overwhelm
us. We must approach this with intelligence—focusing not on learning everything, but on
learning what truly matters. For everything else, collaboration with other experts is key.

It’s essential not to get lost in a cycle of blind learning, but to channel our energy into the
areas that will truly make a difference. Likewise, we should avoid rushing into tasks without
proper reflection, which can lead to constant revisions and inefficiency. The key is to find a
balance between learning and doing, using thoughtful reflection to discover the best work
methods.

Lesson 2
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Abstract

Background:

The increasing prevalence of DH applications has outpaced research and practice in digital
health (DH) evaluations. Patient experience (PEx) was reported as one of the challenges
facing the health system by the World Health Organization. To generate evidence on DH and
promote the appropriate integration and use of technologies, a standard evaluation of PEx in
DH is required.

Objectives:

This study aims to systematically identify evaluation timing considerations (ie, when to
measure), evaluation indicators (ie, what to measure), and evaluation approaches (ie, how to
measure) with regard to digital PEx. The overall aim of this study is to generate an evaluation
guide for further improving digital PEx evaluation.

Methods:

This is a 2-phase study parallel to our previous study. In phase 1, literature reviews related
to PEx in DH were systematically searched from Scopus, PubMed, and Web of Science
databases. Two independent raters conducted 2 rounds of paper screening, including title
and abstract screening and full-text screening, and assessed the interrater reliability for 20%
(round 1: 23/115 and round 2: 12/58) random samples using the Fleiss-Cohen coefficient
(round 1: k1=0.88 and round 2: k2=0.80). When reaching interrater reliability (k>0.60), TW
conducted the rest of the screening process, leaving any uncertainties for group discussions.
Overall, 38% (45/119) of the articles were considered eligible for further thematic analysis.
In phase 2, to check if there were any meaningful novel insights that would change our
conclusions, we performed an updated literature search in which we collected 294 newly
published reviews, of which 102 (34.7%) were identified as eligible articles. We considered
them to have no important changes to our original results on the research objectives. Therefore,
they were not integrated into the synthesis of this review and were used as supplementary
materials.

Results:

Our review highlights 5 typical evaluation objectives that serve 5 stakeholder groups
separately. We identified a set of key evaluation timing considerations and classified
them into 3 categories: intervention maturity stages, timing of the evaluation, and timing
of data collection. Information on evaluation indicators of digital PEx was identified and
summarized into 3 categories (intervention outputs, patient outcomes, and health care system
impact), 9 themes, and 22 subthemes. A set of evaluation theories, common study designs,
data collection methods and instruments, and data analysis approaches was captured, which
can be used or adapted to evaluate digital PEx.
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Conclusions:

Our findings enabled us to generate an evaluation guide to help DH intervention researchers,
designers, developers, and program evaluators evaluate digital PEx. Finally, we propose 6
directions for encouraging further digital PEx evaluation research and practice to address the
challenge of poor PEx.

Keywords:

digital health; eHealth; telemedicine; mobile health; mHealth; patient experience; user
experience; evaluation timing; evaluation indicators; evaluation approaches; user-centered
design; patient-centered care; human-computer interaction; mobile phone
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3.1. Introduction

Emerging digital technologies promise to shape the future health care industry (Jandoo, 2020;
Kellermann & Jones, 2013). According to our previous review (Tingting Wang, Guido Giunti,
et al., 2022b), most researchers had a positive impression of digital health interventions
(DHIs). The number of DHIs is proliferating (Asadzadeh & Kalankesh, 2021; Gordon et
al., 2020; IQVIA Institute, 2017), which is affecting the way patients receive their health
care services compared with face-to-face health care services and ultimately influencing the
patient journey and overall patient experience (PEx) (Alkire et al., 2020; Shaw et al., 2018).
Good PEx is a key intent of patient-centered care (Constand et al., 2014) and a core measure
of care quality in digital health (DH) (Hollander et al., 2017; Philpot et al., 2019). Digital
technologies have the potential to enhance or provide comparable PEx compared with some
face-to-face health care services (Altinisik Ergur et al., 2022; Riley et al., 2021; Shaw et
al., 2018; Whitten & Love, 2005). However, the uptake of digital technologies in health
care is not as rapid as it has been in many other industries (Keown et al., 2014), and their
potential in health care remains unfulfilled (Desveaux et al., 2017). According to a report by
the World Health Organization (WHO) on the classification of DHIs, the health system is
not responding adequately to the need for improved PEx (World Health Organization, 2018).

Despite the growing number of DHIs, evaluations that are timely, cost-effective, and robust
have not kept pace with this growth (Alkire et al., 2020; Guo et al., 2020; World Health
Organization, 2022a). PExs in the wide range of DHIs are mixed (Kamillah et al., 2022;
Thiyagarajan et al., 2020). Few published DHIs have resulted in high download numbers
and active users (Research2Guidance, 2017); most are released with minimal or no
evaluation and require patients to assess the quality for themselves and take responsibility
for any consequences (Koh et al., 2021). Low-quality DH may disrupt user experience
(UX) (Eysenbach et al., 2002), resulting in low acceptance, and some may even be harmful
(Bindhim et al., 2014). In addition, a DHI may be popular with patients but not valued by
clinicians (Singh et al., 2019). To generate evidence and promote the appropriate integration
and use of digital technologies in health care, an overview of how to evaluate PEx or UX in
varied DHIs is needed (Fraser et al., 2011; Tingting Wang, Guido Giunti, et al., 2022b).

3.1.1. Evaluating the Digital PEx

In this study, we used the definition of digital PEx from our previous review (Tingting Wang,
Guido Giunti, et al., 2022b): “the sum of all interactions affected by a patient’s behavioral
determinants, framed by digital technologies, and shaped by organizational culture, that
influence patient perceptions across the continuum of care channeling digital health.” This
incorporates influencing factors of digital PEx (Tingting Wang, Guido Giunti, et al., 2022b)
and the existing definitions of DHIs (World Health Organization, 2016b, 2020), PEx (Wolf
& Jason, 2014), and UX (Jokela et al., 2003). Compared with the general PEx and UX, it
highlights patient perceptions that are affected by technical, behavioral, and organizational
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determinants when interacting with a DHI. DHI has become an umbrella term that often
encompasses broad concepts and technologies (Tecco, 2017), such as DH applications,
ecosystems, and platforms (World Health Organization, 2020). In this study, we followed
the WHO’s definition of DHIs (World Health Organization, 2016b), that is, the use of digital,
mobile, and wireless technologies to support the achievement of health objectives. It refers
to the use of information and communication technologies for health care, encompassing
both mobile health and eHealth (World Health Organization, 2016b, 2021a). Compared
with evaluating DHIs, PEx, and UX, little is known about evaluating digital PEx. However,
combining the definition of digital PEx with the extensively explored measurement of PEx,
UX, and DHIs can lead to an improved understanding of and enable the development of
evaluation approaches for measuring digital PEx. Therefore, the evaluations of PEx, UX,
and DHIs will be used as a starting point in this study to clarify when to measure, what to
measure, and how to measure digital PEx.

3.1.2. When to measure

First, the timing of measuring and evaluating digital PEx is an important consideration and
must align with the contextual situation, such as evaluation objectives and stakeholders, to
ensure practicality and purposefulness (Greenhalgh et al., 2005; LaVela & Gallan, 2014).
According to the European Union (Former Capacity4dev Member, 2022) and the Department
of Health of The King’s Fund (Coulter et al., 2009), an evaluation can be scheduled during
the design phase or during or after the implementation phase. Similarly, the WHO (World
Health Organization, 2016b) introduced 3 DHI evaluation stages: efficacy, effectiveness,
and implementation. The evaluation of efficacy refers to where the intervention is under
highly controlled conditions, the evaluation of effectiveness is carried out in a real world
context, and the evaluation of implementation occurs after efficacy and effectiveness have
been established. Furthermore, an evaluation can be performed before, during, or after the
evaluated intervention in both research and nonresearch settings (Former Capacity4dev
Member, 2022). However, decision-making on when to collect PEx data can be more
complicated. As argued in earlier studies (Coulter et al., 2009; LaVela & Gallan, 2014),
immediate feedback has the benefit of gaining real-time insights, but patients may be too
unwell, stressed, or distracted to provide detailed opinions. In contrast, when the feedback
is related to medical outcomes or quality of life, it often requires a lengthy period after the
intervention to observe any changes. However, responses gathered long after a care episode
may be inferior because of recall bias.

3.1.3. What to measure

Second, there is a need for a decision on what is required to measure to assess digital PEx.
The frequently mentioned UX evaluation concepts, such as usability, functionality, and
reliability, from studies (Bolton et al., 2018; Norman & Nielsen, 2016; Richardson et al.,
2021) investigating UX can be applied to evaluate the intervention outputs to anticipate
digital PEx at a service level. Moreover, according to the existing constructs and frameworks
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of understanding or evaluating PEx (America, 2001; NHS National Quality Board, 2011;
Reeves et al., 2002; Shandley et al., 2020; Staniszewska et al., 2014), such as emotional
support, relieving fear and anxiety, patients as active participants in care, and continuity of
care and relationships, they can be adjusted to evaluate digital PEx by understanding patient
outcomes at an individual level. In addition, the National Quality Forum (Hollander et al.,
2017) proposed a set of measurable concepts to be used to evaluate PEx in telehealth, for
example, patients’ increased confidence in, understanding of, and compliance with their care
plan; reduction in diagnostic errors and avoidance of adverse outcomes; and decrease in
waiting times and eliminated travel. Some of these concepts can be used to understand digital
PEXx at an organizational level by assessing the impact of the health care system.

3.1.4. How to measure

The third consideration is how to choose evaluation approaches appropriate for evaluating
the digital PEx (LaVela & Gallan, 2014), starting from widely used theories, study designs,
methods, and tools for evaluating DHIs and the related PEx or UX. There is rapidly evolving
guidance for guiding DH innovators (Guo et al., 2020), such as the National Institute for
Health and Care Excellence Evidence Standards Framework for Digital Health Technologies
(National Institute for Health and Care Excellence, 2018). The strength of the evidence in
the evaluation of DHIs often depends on the study design (Guo et al., 2020). However, the
high bar for evidence in health care usually requires a longer time for evidence generation,
such as prospective randomized controlled trials (RCTs) and observational studies, which
often conflicts with the fast-innovation reality of the technology industry (Desveaux et al.,
2017; Guo et al., 2020). In addition, many traditional approaches, such as qualitative and
quantitative methods, can be used to collect experience-related data to evaluate the DHIs
(Guo et al., 2020; World Health Organization, 2016b). Qualitative methods such as focus
groups, interviews, and observations are often used to obtain an in-depth understanding
of PEx (Coulter et al., 2009) in the early intervention development stages (World Health
Organization, 2016b). Surveys using structured questionnaires, such as patient satisfaction
ratings (Coulter et al., 2009; Rockville, 2016), patient-reported experience measures (PREMs)
(Kingsley & Patel, 2017; LaVela & Gallan, 2014), and patient-reported outcome measures
(PROMs) (Coulter et al., 2009; Kingsley & Patel, 2017; LaVela & Gallan, 2014), are often
used to examine patterns and trends from a large sample. Hodgson (Hodgson, 2017) believed
that strong evidence results from UX data that are valid and reliable, such as formative and
summative usability tests, and stated that behavioral data are strong, but opinion data are
weak.

3.1.5. Objectives

This study aims to systematically identify (1) evaluation timing considerations (ie, when to
measure), (2) evaluation indicators (ie, what to measure), and (3) evaluation approaches (ie,
how to measure) with regard to digital PEx. The overall aim of this study is to generate an
evaluation guide for further improving digital PEx evaluation research and practice.
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3.2. Methods

3.2.1. Overview

This study consists of 2 phases. In phase 1, we followed the same study search and selection
process as our previous research (Tingting Wang, Guido Giunti, et al., 2022b) but focused on
a different data extraction and analysis process to achieve our objectives in this study. In the
previous study (Tingting Wang, Guido Giunti, et al., 2022b), we identified the influencing
factors and design considerations of digital PEx, provided a definition, constructed a
design and evaluation framework, and generated 9 design guidelines to help DH designers
and developers improve digital PEx. To highlight the connections between “design” and
“evaluation” works in the development of DH and provide readers with a clear road map,
we included some evaluation-related information in the previous paper as well. However, it
was limited and described at a very abstract level. In this study, detailed information on the
evaluation was provided, including evaluation timing considerations, evaluation indicators,
and evaluation approaches, and we aimed to generate an evaluation guide for improving the
measurement of digital PEx. Given that this is an evolving area, after we finished phase 1, we
conducted an updated literature search as a subsequent investigation to determine whether an
update of a review was needed in this study.

3.2.2. Phase 1: The Original Review

Study Search and Selection

Following the PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-
Analyses) guidelines (Liberati et al., 2009), we conducted an umbrella systematic review
(Grant & Booth, 2009) on literature reviews related to PEx and UX in DH. The term DH
was first introduced in 2000 by Frank (Frank, 2000). Therefore, Scopus, PubMed, and Web
of Science databases were used for searching related articles that were published between
January 1, 2000, and December 16, 2020. Furthermore, Google Scholar was used to search
for additional studies that were identified during the review process through the snowballing
method. The computer search resulted in 173 articles, of which 58 (33.5%) were duplicates.
After removing the duplicates, the titles and abstracts of a small random sampling (23/115,
20%) were reviewed by 2 independent raters to assess the interrater reliability by using the
Fleiss-Cohen coefficient, which resulted in k1=0.88 (SE 0.07; 95% CI 0.74-1.03). This was
followed by a group discussion to reach an agreement on the selection criteria. Subsequently,
the remaining titles and abstracts (92/115, 80%) were reviewed by TW individually. After
screening the titles and abstracts, half of the articles (58/115, 50.4%) remained for the full-
text review. Meanwhile, 4 additional articles were identified through snowballing and were
included in the full-text screening. Another small random sample (12/62, 19%) was reviewed
by the 2 raters to screen the full texts. After achieving interrater reliability, k2=0.80 (SE 0.13;
95% CI 0.54-1.05) and reaching a consensus on the inclusion criteria through another group
discussion, TW reviewed the full texts of the remaining papers (50/62, 80%). Google Sheets
was used for performing the screening process and assessments. Finally, as shown in Figure
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3-1 (Tingting Wang, Guido Giunti, et al., 2022b), a total of 45 articles were included for data
extraction. A detailed search strategy, selection criteria, and screening process can be found
in our previously published study (Tingting Wang, Guido Giunti, et al., 2022b). Multimedia
Appendix 1 (see in our publication online) presents the included papers and excluded articles.

_5 Records identified through database searching: n=173 Duplicates: n=58
® Scopus: n=95; Web of Science: n=36; PubMed: n=42 P T
v
£ Y2
§ | Records after duplicates removed: n=115 | Records excluded: n=57

1y 1 - Not literature review: n=45

- Not about digital health (use of ICT in

o 20% random samples: n=23 Calculate the screening interrater agreement health): n=1
g reviewed by TW and GG separately. k=0.88 (SE 0.07, 95% C| 0.74-1.03) - Not about patient experience: n=11
o 534 (Where record(s) excluded for mutual
S reasons, only first reason counted.)
0 | Records screened: n=115 |I:>

AV4 1
> 20% random samples: n=12 Calculate the inclusion interrater agreement
= reviewed by TW and GG separately. k=0.80 (SE 0.13, 95% Cl 0.54-1.05)
% 7 Full-text articles excluded: n=17
o - Not access the full text: n=1

| Additional records identified through snowballing method: n=4 | - Not completed literature review with

Vv well-organized search strategy: n=10

- Not about patient i i
Full-text articles assessed for eligibility: n=62 ot avout patient experience in
general: n=5

- Not about use of ICT for a health issue:
n=1
Included reviews: n=45 (Where record(s) excluded for mutual
reasons, only first reason counted.)

Figure 3-1. Study flow diagram.
(ICT: information and communications technology)

Data Extraction and Thematic Analysis

We used ATLAS.ti (Scientific Software Development GmbH; version 9.0.7) for data
extraction. Data were extracted for the three predefined objectives: (1) evaluation timing
considerations, (2) evaluation indicators, and (3) evaluation approaches of the digital PEx.
In addition, We collected data related to evaluation objectives among the included studies.
Data analysis followed the 6-phase thematic analysis method proposed by Braun and Clarke
(Braun & Clarke, 2006; Jack Caulfield, 2019): familiarization, coding, generating themes,
reviewing themes, defining and naming themes, and writing up. First, we became familiar
with the 45 articles included in the study. Second, after a thorough review, TW started
iteratively coding the data related to the predefined objectives based on existing frameworks,
including the Performance of Routine Information System Management framework (Aqil et
al., 2009), monitoring and evaluation guide (World Health Organization, 2016b), measures
of PEx in hospitals (Coulter et al., 2009), and an overview of research methodology (Arora,
2011). This resulted in 25 initial codes. After no additional new codes were identified, TW
proposed a coding scheme to summarize the recurring points throughout the data. Then, GG,
RG, and MM reviewed and discussed the coding scheme until they reached an agreement.
Third, TW followed the coding scheme to code the data more precisely and completely and
searched for themes among the generated codes. Fourth, TW, GG, RG, and MM reviewed
and discussed these codes and themes to address any uncertainties. Fifth, the definitions
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and names of the generated themes were adjusted through team discussions. Finally, the
analytical themes related to the evaluation timing, indicators, and approaches were produced
and reported. Both deductive and inductive approaches (Jack Caulfield, 2019) were used to
identify and generate themes. Four researchers were involved in the review process.

We first highlighted the evaluation timing considerations in terms of intervention maturity
stages, the timing of evaluation, and the timing of datacollection, which were adopted from
the description of the WHO and European Union (Table 3-1) (Coulter et al., 2009; Former
Capacity4ddev Member, 2022).

We then determined the evaluation indicators and classified them into 3 categories (Table
3-2). Intervention outputs a