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ABSTRACT

Digital health as an industry while exponentially growing in breadth,
has not lived up to potential thus far in actually being able to produce
meaningful positive health outcomes.
This research project explored the applicability of user-centered
design as a methodological approach toward the decline of digital
health. Stress amongst university students was the context used for the
design process in order to carry the research out through a full design
cycle.
The user-centric nature of the project meant the involvement of
university students who were currently attending Auckland University
of Technology within the design process. A set of methods and phases
within the cycle were employed at the start of the research but were
ultimately changed and adapted to accomodate the complexities of
stress amongst university students. In particular, the psychological and
non-physical nature of stress had significant limiting implications on
certain user-centered methods, lowering the effectiveness of those
methods. To account for these implications literature surrounding
stress and stress coping were constantly reffered to and used to
inform methods.
As a result of the full cycle user-centered design process used within
this research, a stress related digital intervention prototype was
the final output. The prototype is a mobile voice user-interface that
aims to provide university students an informed perspective on their
stressful situation.
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INTRODUCTION

Introduction

From Apple’s first Macintosh in 1984 (Still & Crane, 2017, pp. 1–17), the
world wide web (WWW) on personal computers in the 1990’s to the
emergence of the iPhone and in 2008 (Still & Crane, 2017, pp. 19–40),
technology has vastly improved over the last 40 years. Digital
technology is now more complex and more integrated into societal
living than ever through its impact and role on most professional fields.

Healthcare as an industry has incorporated digital technology into
many of its processes, leading to digital health, the intersection
between the internet and healthcare (Frank, 2000). The healthcare
industry absorbing digital technology has resulted in its exponential
commercial growth in both users and technologies available (Rivas,
2018, p. 3), while exploring the applicability of new and emerging
technology. However, the results have not been favorable for the
healthcare industry. The landscape is extremely cluttered, lacking
regulatory and evaluative processes while unable to most importantly,
produce meaningful health outcomes (Mathews , et al., 2019, pp. 1–2).
The success of digital health is crucial for the next generation as the
digitally inclined inheritors of current healthcare systems
(Meskó, et al., 2017, p. 6). A key assumption amongst literature
suggests that the lack of involvement of end-users is the biggest
reason for the inability of digital health to produce meaningful health
outcomes (Meskó, et al., 2017; Mathews, et al., 2019, pp. 2–8).

A solution being explored is the use of user-centric design
methodologies among healthcare and digital health contexts
(Bazzano, et al., 2017), advocated for and recognized by medical
professionals and designers alike (Ghazali, Ariffin, & Omar , 2014).
However, the lack of documentation (Bazzano, et al., 2017, pp. 12–16)
and contrasting procedures with existing healthcare processes have
meant little progress (Meskó, et al., 2017, pp. 1–3; Birnbaum, et al.,
2015).

This project seeks to explore the feasbility of user-centered design
(UCD) as a design methodology within the context of digital health and
healthcare, conducted through the research question;

“How might an understanding of stress experienced by current
Auckland University of Technology students through a
user-centered design approach, be used to explore the
creation of a stress relieving digital intervention?”

Stress is the digital health context and university students are the
target end-user group, acting as the contextual catalyst for exploring
UCD as a methodology within a healthcare context. Specifically, this
project aims to explore the practicality of UCD methods.

This report describes and discusses the project from the perspective of
the UCD design process used in the project. Methdology and
contextual research are outlined while the design process is
documented. The feasibility of UCD within the context of stress
amongst university students is then discussed.
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CONTEXTUAL REVIEW

Contextual Review

1
Human-centred design
(HCD) and Design
Thinking (DT) are similar
design methodologies,
although uniquely varying
within context of
organisation and use.

User-Centered design

UCD or User-centered Systems Design (UCSD) (Norman and Draper,
1986) can be defined as an approach to designing products that focus
on understanding the needs of end-users in order to drive design
process (Ritter, Baxter & Churchill, 2014). A series of methods are used
to engage and involve users, involving evaluation and testing in an
iterative fashion. Understanding of the product and its relation to the
end-user evolves throughout the design process as more is understood about the user (Still and Crane, 2017, pp. 1—17). UCD, while more
commonly used and applied to areas relative to digital technology
(Bazzano, et al., 2017), is often interchangeable with other design
methodologies, through similarities in practice of methods and
process.1

Critical review and iteration of UCD through many overlapping events,
movements and fields has resulted in what it is today. Influential
movements include; the Industrial Revolution, Arts & Crafts and
Bauhaus (Borteh, 2010; History.com, 2009; Clericuzio, 2017). Many
events spanning back to World War II towards Apple and the first
desktop computers and now the emergence of mobile smart-phones
(Still & Crane, 2017, pp. 1–17; MacKenzie, 2013). This project aims to
contribute to UCD in the same fashion, through the contexts of digital
health and stress amongst university students.

4

Contextual Review

2
Seth Frank is currently the
vice president of Investor
and treasury relations at
medical prosthetic and
orthotic provider, Hangar,
Inc.
3
Enhancing a patient’s
ability to actively engage
in healthcare provided to
them (James 2013).
4
Other low ROI reasons
for digital health include;
evidence of effectiveness,
privacy or security
problems and resistance
from medical professionals
(Rivas 2018).

5

Digital health

Healthcare has had difficulty adopting digital technology due to
complexity in practice and organizational standards (Mathews, et al.,
2019; Meskó, et al., 2017). Although, much of the literature to the
knowledge of the researcher focuses on public digital health contexts
at a systematic or organizational level, this report will focus more on
practical everyday contexts.
Digital Health as a term and concept was coined by Seth Frank,2
which since then has expanded parallel to the advancement of
technology and now includes many forms of technology such as
artificial intelligence (AI), mobile health applications (mHealth) and
wearable technology used in research and practice within healthcare.
Patient engagement3 is also increased by these digital health
technologies (Birnbaum, et al., 2015).

From a commercial standpoint, the digital health industry has grown
exponentially with roughly six billion dollars in funding as of 2017 with
over three million mHealth applications (Mathews , et al., 2019, pp.
1–2). However, while there is breadth in digital health technology, the
lack of an evaluation framework has resulted in low return of
investment (ROI). Particularly, there has been a lack of produced
meaningful health outcomes amongst mobile health applications (Ibid).
However, movement amongst organizations like the World Health
Organization (WHO) producing a digital health intervention
classification document (World Health Organisation, 2018) and the
United Kingdom’s National Health Service (NHS) hosting a library of
approved healthcare mobile applications (Mathews, et al., 2019, p. 2),
show promise in digital health evaluation. While many reasons explaining low ROI have been suggested,4 the predominant is
involvement of end-users (or patients) during digital health
development.

Contextual Review

5
Some notable examples
are firms; IDEO, Frog and
Dalberg who design within
the healthcare and the
wider social innovation
spaces.
6
Generation Z are the
generation after
millennials, born between
the mid 90’s and
early 2000’s, they’ve
grown up with technology
and the internet
(Seemiler and Grace, 2018,
pp. 28—35).

Designing for digital health

With the lack of ROI and patient engagement amongst digital health
technologies, implementation of design methodologies to develop
digital health are currently being explored as a solution
(Bazzano, et al., 2017). The success of UCD in other industries and
contexts give reason to also apply it to digital health, recognized and
suggested by medical professionals and designers alike
(Ghazali, Ariffin & Omar, 2014).

However, digital health has many nuanced established details and
practices that make it hard to implement design methodology
(Ghazali, et al., 2014, pp.11—12). Most notably, the established
standards for healthcare interventions which contrast the flexibility of
design methods incorporated within UCD. Healthcare eco-systems are
also often limited in terms of ability to change and innovate
(Rivas, 2018). Although not the focus of this project, political and
personal problems can also accompany that of practical and systemic
ones (Rivas, 2018, p. 4).

While there is effort amongst public health agencies, international
development agencies, hospitals or health systems to incorporate
UCD with design firms,5 it is difficult to assess effectiveness due to
little documentation (Bazzano, et al., 2017, pp. 12–16). Formal
documentation may cause increased adoption by medical
professionals and healthcare bodies who may have initially dismissed
the idea. Adoption and success of digital health is important for
generation z6 and future generations as inheritors of current digital
healthcare systems and beyond (Meskó, et al., 2017; Bazzano, et al.,
2017; Altman, Huang & Breland, 2018).

Conversely to UCD’s involvement of users, historically, healthcare
and now digital health has involved medical professionals along with
current prominent theories and scientific evidence.
(Meskó, et al., 2017, pp. 1—3; Birnbaum, et al., 2015; Mathews, et al.,
2019; Altman, Huang & Breland, 2018). Along with the involvement of
end-users or patients within healthcare, a shift in mindset and
approach is needed toward collaborative, interdisciplinary and shared
decision making (Meskó, et al., 2017, pp. 4—5). While the iterative
nature of UCD clashes with the risk-averse approach to innovation that
healthcare has (Mathews, et al., 2019), iteration may able to address
lack of evaluative standards and regulations amongst digital health
interventions.

In summary, UCD as a methodological approach and design practice
is based on the philosophy of designing with the involvement of
end-users. Today it is often used to develop digital technology in many
fields. Digital health’s inability to produce meaningful health outcomes
has resulted in attempts to implement UCD. However, the nuances of
current digital health development make it difficult.

This project aims to explore the practical issues between design and
digital health, through examining the feasibility of UCD in a digital
health context. Specifically, toward developing a stress related digital
intervention for university students. The next chapter will discuss the
methods that were used throughout the process.

6
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Research Methods

Methodology

7
Other stakeholders are
those that are involved in
the development process
and what is being
developed itself. For
example, software
developers,
clients, investors,
healthcare professionals,
etc.
8
The international
organization for s
tandardization (ISO) is an
international,
non-government group
that collectively create
expert reviewed standards
for innovative practices.
(International Organization
for Standardization, n.d.).
9
To the knowledge of the
researcher, Co-design is
the only distinct
user-centric methodology
(Steen, Manschot & De
Koning, 2011).

User-Centered design

From a methodological perspective, UCD is a design approach that
aims to put the needs, wants and surrounding contexts of the
end-user to inform design and development processes towards
solutions or products (Ritter, Baxter & Churchill, 2014, pp. 33—53).

Currently, HCD, UCD, or DT are being used as general idioms9 for
design involving users (Cossu, 2015). Considering lack of distinction,
although this project focuses on UCD, methods used are typically
applicable to all three methodologies.

UCD in this project is employed to address perceived issues around
digital health design processes. Specifically, issues surrounding the
lack of involvement of end-users and over-reliance on existing
organizational healthcare processes. As an approach often catered
digital technology, UCD is also suited to digital health
(Bazzano, et al., 2017). The vulnerable nature of stress as the context
of this project however, severely limits end-user involvement, this is
further discussed in the following chapters.

The phases and methods employed in this UCD design process were
through discussion between the researcher and supervisors.
The methods were changed and adapted throughout the design
process to accompany the complexities of stress amongst university
students as a context. These adaptations will be discussed in the next
chapter.

While UCD designers seek to understand the end-user to develop a
solution for their needs (Lowdermilk, 2013), in many situations,
designers need to also consider and communicate with other
stakeholders,7 relative to the product. (Lowdermilk, 2013, pp. 31—32).
This project however, will only consider end-users.
UCD is standardized under the international standard for designing
human-centered interactive systems (ISO 9241-210)8
(International Organization for Standardization, 2019). However, each
UCD process is unique depending on methods and context of use.
Each process encompasses over-arching phases with methods
within them, all phases are collectively called a cycle. Iteration in UCD
is common and occurs by method, phase or cycle (Usability.gov., n.d.).
Even after a design solution is created, methods can be iteratively
used to improve the solution. To address the lack of documentation of
full design cycles within digital health (Bazzano, et al., 2017, pp. 11—13),
a full cycle is used in this project; encompassing research, analysis,
synthesis and refinement phases (figure 1).
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Figure 1. Phases and methods within the user-centered design process.
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10
Ethnographic methods typically aim to understand
the behaviors of people
within their natural
environment.
(Mabson, et al. n.d., pp.
1—4)

Design ethnography

Design ethnography commonly perceived as the adaptation of
ethnographic approaches to research, amongst designers and design
processes. Adaptation occurs through the use of ethnographic
methods10 to inform a design process (van Dijk, 201; Salvador, Bell &
Anderson, 1999; Mabson, et al., n.d).

In this project, design ethnography will be an accompanying approach
to UCD, applied in the planning and carrying out of methods
(particularly those that involve end-users). As a result, there is much
more focus on qualitative data than quantitative.

While end-user involvement is mandatory amongst UCD processes,
how the user is viewed and actually involved in the process varies
heavily between unique methods and approaches. There are many
complexities surrounding university students and their stressful
situations as a particular user within a digital health and healthcare
context. Design ethnography has been employed to account for and
gain a holistic understanding of these complexities, through qualitative
methods.

This also addresses, the short comings of current digital health
development processes in involving end-users. Particularly,
understanding them outside the context of their health-related problem
and the product being developed.

As digital products have become exponentially more complex
(Cossu, 2015), design ethnography is suited to understanding the
complexities of context of use surrounding these digital technologies.
Particularly so, for digital health.

10
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Contextual Research

Contextual research was used within both the design process and the
report overall. Within the UCD process, contextual research was used
to understand existing knowledge surrounding stress amongst
university students and the current prominent theories surrounding
stress (IDEO.org, 2015, p. 37). Conclusions drawn from contextual
research were used to inform design decisions within the analysis and
synthesis phase.

Competitive Research

Competitive Analysis within UCD is researching then comparing and
contrasting existing solutions to the problem being addressed, drawing
focus on weak or unexplored parts of these solutions (Kirakowski, 2011;
Still and Crane, 2017, pp. 135—137). Competitive research and analysis
were used to understand existing stress general and digital
interventions/solutions. Research examined the interventions while
analysis compared them along a set of metrics established through
contextual review.

11
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Method

11
Affinity mapping involves
organizing data that are
similar or related, in order
to find themes or patterns
(Pernice, 2018).

Interviews

Interviews are a self-reporting, one-on-one research method for
gathering information on what user’s feel, think and perceive about a
certain context (Pernice, 2018, p. 19; IDEO.org., 2015, p. 84). Hypotheses
were constructed from contextual research and competitive research
were used to scope the semi-structured interviews used
(Lowdermilk, 2013, pp. 83—85; Edwards and Holland 2013, pp. 2—3).
Within this research, the use of interviewing as a method were limited
due to ethical reasons surrounding the sensitivity of stress as a topic.
These limitations will be discussed in chapter four.

Frameworking

Frameworking are organizational or mapping methods for making
sense of data or findings. A 2x2 Framework and Affinity map11
frameworks were created for both the research and analysis phases
of the UCD process used (IDEO.org., 2015, pp. 89—93). Conclusions
drawn from the frameworks are used to inform other methods that
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Research Methods

Method

Personas

A persona is a fictional personification of a group of users who have
similar goals, motivations and behaviors relative to the product or
solution being designed. The aim of a persona is a resource to create
a mindset of empathy towards end-users for not only designers but
anyone else involved in the design process (Lowdermilk, 2013, pp.
43—44; Still and Crane, 2017, pp. 101—103; Flaherty, 2018). Personas
were formulated from findings within the research and analysis phase,
to inform other methods, in particular, brainstorming, scenarios and
multi-thread scenarios. Traditionally to add a sense of realism and
increase empathy, demographic information including a realistic
fictional name is emphasized (Harley, 2015), however in this report
personas mentioned will be referred by a number.

Scenarios

Scenarios are stories describing motivations, goals and tasks of a user
within the context of what is being designed. Similarly, to personas,
scenarios are used to draw empathy and drive design decisions
(Lowdermilk, 2013, p. 45; Usability.gov., n.d.). Formulated through
interview data, scenarios were used to emulate real world contexts
around stress amongst university students. Scenarios informed other
methods, specifically, multi-thread scenario and usability testing.
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How might we (HMW) questions

Prototyping

How Might We (HMW) questions are reframing of problem stories into
questions and prompts that encourage unique ideas (Both, 2016, p. 33;
IDEO.org., 2015, pp. 85—88). HMW statements were used to
brainstorm prompts from user requirements in order to effectively
generate ideas surrounding functional requirements
(Still and Crane, 2017, p. 122; Lowdermilk, 2013, p. 33) that address the
particular problem stories explored within the design process.

Prototyping involves testing and gathering feedback on an early
version of a design, with the aim of improving it. The ideas constructed
through the multi-thread scenario were further refined and were used
to create medium-fidelity digital wireframes as prototypes (Bevan and
Wilson, 2005; Still and Crane 2017, pp. 166—172; Lowdermilk, 2013, pp.
89—91).

Multi-thread Scenario

Multi-thread scenarios are a diagramming tool to explore all
interactions (physical and digital interactions) between a user and a
product, needed to achieve a certain goal (Lowdermilk, 2013, p. 36;
Still and Crane 2017, pp. 94—95; Sato 2004). Multi-thread scenarios
were used to explore functional requirements within a scenario, in an
effort to come up with ideas on how they may be translated into digital
wireframes.

14
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Method

Stand-alone design critique

Stand-alone design critique within the context of UCD, are used to
gather user feedback when users aren’t available, through other
designers or usability evaluators (Gibbons, 2016). Standalone design
critiques were used to gather feedback and iterate on digital
prototypes within the design process before and after feedback
methods involving users.

Usability Testing

Usability testing is a method used to gather feedback on a prototype
that analyzes how well the prototype is used by its intended users
within a certain context. Usability testing can be formative (qualitative
feedback) or summative (quantitative feedback) depending on the
situation (Still and Crane, 2017, pp. 192—194).
In the synthesis phase, formative usability testing was conducted to
gather feedback on prototypes following a stand-alone design
critique. The formative nature of the usability test was chosen due to
the qualitative focus of the design process and methodology
employed in this research.
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Results & Findings

Research phase

12
Parameter one;
the digital intervention was
commercially available as
it would be accessible and
examinable by the
researcher first-hand, as
well as increased likely
hood of available existing
public information.
Parameter two;
the particular digital
technology’s main
feature(s) were to alleviate
stress in some way.
13
See Competitive audit
document.
Appendix B (pp. 89–92)
14
See Contextual research
document.
Appendix B (p. 93–96)
15
See Hypothesis and
assumption building
document. Appendix B
(p. 97–99)

17

Competitive & contextual research
Parameters12 were established to structure and narrow the scope of
competitive research relative to stress related digital interventions.
Digital technology type was used to categorize and organize findings13
due to its great implication on context of use. For example, the
implications of context of use between a virtual reality application and
a mobile phone would vary greatly.
A trial search for competitive research was conducted on mHealth
applications through the Google Play Store and Apple App Store.
Based on the trial, a set of aims were formulated to narrow the scope
of searches amongst all other categories. The aims constructed were
based on perceived significance in comparing stress related digital
health interventions. These aims include; features of the intervention,
scientific credibility, how the digital technology is alleviating stress and
whether this was direct or indirect.
Contextual research included published academic papers, journals
and articles. Initially focusing on general stress; types of stress,
stressors, physical symptoms and stress coping theory,14 then towards
application of those contexts to university students. Theories and data
(qualitative & quantitative) inquired through contextual research act as
foundational knowledge to drive decisions within the UCD process and
will be mentioned as they are used.
Affinity mapping was used to make sense of the findings, of which
conclusions regarding stress and stress coping amongst university
students were made. Hypotheses were then formulated from the
conclusions relative to their implications toward digital health
interventions.15

Results & Findings

Research phase

16
Psychotherapy is a form of
talk therapy that focuses
on the individual and his
or her relationship with the
psychologist as an outside
perspective (The American
Pyschological Association,
n.d.).
17
For the purpose of
categorization, a
personalized intervention
is defined as an external
activity performed to
alleviate stress that is not
digital or is a mix of digital
and physical activities.

Simultaneously, contextual research informed the researcher of
conclusions regarding non-digital interventions amongst university
students. Based on this, two new categories for competitive research
were formed, stress-related psychotherapies16 and personalized
interventions.17 Psychotherapies were drawn from literature and
personalized interventions were from online internet forums from
anonymous sources.18 To work around anecdotal credibility of
personalized interventions, several forums and posts were reviewed to
create a solid consensus of personalized intervention sub-categories.
A 2x2 map was used as a framework to compare interventions, the
axes parameters were based on contextual research hypotheses,19
allowing comparison between interventions (i.e: figure 2).
Mapping allowed for conclusions and hypotheses to be formulated
regarding implications toward effectiveness toward stress alleviation
amongst university students (i.e: figure 3).

18
See Competitive audit
document.
Appendix B (p. 83–86)
19
Specifically, hypotheses
that had implications
toward features of
interventions that were
potentially effective at
alleviating stress amongst
university students.

18
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Research phase

19

Figure 2. 2x2 intervention map, comparing interventions across social involvement and digital interaction.

Results & Findings

Research phase

Figure 3. Conclusions and hypothesis about interventions relative to social involvement and digital interaction.

20

Results & Findings

Research phase

20
See Ethics Documents.
Appendix A
(p. 76)
21
Auckland University of
Technology Ethics
Committee (AUTEC)
22
See Interview kit.
Appendix B
(pp. 77–82)
23
Only students who were in
their second year of
tertiary study were
recruited based on the
assumption that students
below second year would
not have enough
experience overcoming
university stress to provide
insight.

21

Testing assumptions through research

The hypotheses formulated from competitive and contextual research
were used to inform the interviews. Particularly, the scope of the
interview, aims and type of questions. Interviews were semi-structurally
planned to account for the complexities and arbitrary nature of stress
on an individual level.
As a method that requires involvement with other people, the
interviews needed ethics approval20 from AUTEC.21 As stress is a
sensitive topic, the interview plan and all relative documents 22 were
altered twice with guidance from AUTEC, this will be discussed further
in the next chapter.
The final iteration aimed to understand how students have overcome
stress relative to digital technology. Six students were recruited across
2nd year23 to post-graduate, across a range of study areas, this meant
implicative bias toward study area and year were reduced.

Results & Findings

Analysis phase

24
See Ethics approval
documents.
Appendix A.
(p. 76)

Making sense of the interviews

A distilling process (figure 4) was formulated with an aim of narrowing
the scope of the design process, starting from interview data through
to a tangible output toward a stress related digital intervention.
Distilling occurs either through grouping common data/information
within the corresponding stage or prioritization based on implications
toward stress management amongst university students.24
The process acts as a bridge between the analysis and synthesis
phases.

HMW STATEMENTS
GROUPING & PRIORITISING
COMMON NEEDS

INTERVIEW DATA

THEMES &
INSIGHTS

PRIORITY THROUGH
CONEXTUAL RESEARCH &
INTERVIEW DATA

USER NEEDS

USER
REQUIREMENTS

MULTI-THREAD SCENARIO

FUNCTIONALITIES

PROTOTYPE

Figure 4. Distilling process for logically translating data into a prototype.

22

Results & Findings

Analysis phase

25
Asking “Why” for each
user need allowed the
researcher to uncover the
underlying reason for the
occurrence of what the
theme was about, this
underlying reason would
then become the next
iteration of that theme.

The interviews were audio recorded, transcribed and thematically
analyzed through affinity mapping. Themes were established and the
strongest ideas were identified based on commonalities across the 6
participants. This was significant in creating more direction due to the
many variables that can affect stress.
In an effort to further distill the themes established in the first affinity
map (figure 5), similar and/or related themes were grouped, of which
over-arching themes were established (figure 6). To find out the
barebones form of each theme, applicants were questioned as to
“why” the theme was occurring.25 After three iterations the final
version of the themes were translated into user needs.
Common user needs were then grouped and with each cluster forming
into a user requirement. User requirements were framed into HMW
statements, encouraging a different angle for thinking about the user
requirement (or a specific part of the user requirement).

23

Figure 5. Affinity Map of raw interview data, with each participant
represented by a colour other than dark blue (theme).

Figure 6. Affinity mapping of established themes (grey post-it notes) into
over-arching themes (blue post-it notes).
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26
Functionality can be
described as the purpose
or key idea of a feature
or product as it relates to
what the user is able to do
(Nielsen, 2012).

Brainstorming functionality

The HMW statements formulated from the analysis phase were used
as brainstorming prompts reflecting the user requirements. Each idea
was extrapolated, of which each fundamental feature of that idea that
directly addressed the corresponding user requirement was
highlighted (figure 7). Highlighted features were grouped and would
become functionalities (figures 8 and 9).26

Figure 7. Brainstorm mapping that explore and map each idea (outlined in red) to a
corresponding HMW statement (grey post-it notes).
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Figure 8. Grouped functionalities exploded into ideas (1).
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Figure 9. Grouped functionalities exploded into ideas (2).
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27
See Contextual research
document. Appendix C.
(p. 93–96)
28
According to The
American Psychological
Association, Anxiety can
be defined as “feelings of
tension, worried thoughts
and physical changes like
increased blood pressure”
(The American Psychological Association, n.d.).

While each grouped functionality is acknowledged, it is not feasible to
incorporate all due to the time-frame and scope of the project.
Therefore, a user need was chosen based on evidenced
commonality amongst interview participants and supportive evidence
from both qualitative and quantitative contextual research conclusions.
Based on initial brainstorm mapping, this user need correlates with
grouped functionalities 1 and 2 (figure 6), therefore they were
prioritized.
This user need suggested that students need to be aware of and
detach from stressful situations that are out of their control because it
will continue to stress them out even though they cannot do anything
about it. The need is reflective of stress and stress coping described in
Lazarus and Folkman’s stress coping theory, relative to the concept of
the perception of stressful events.27 Literature also suggests the user
need is reflective of anxiety,28 which accounts for significant portion
of stress amongst university students (Center for Collegiate Mental
Health, 2019).
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29
It would not be feasible
to account for the goals,
motivations and needs
of three personas, due to
time constraints.

27

Creating a direction of empathy

To gain a more holistic understanding of the end-user and surrounding
contexts beyond stress-related user needs, personas and scenarios
were developed. Goals and motivations were extracted from insights
and grouped, resulting in three different personas (figures 10—12), who
are linked through the context of their stressful situations at
university. Persona one whose goals and motivations matched those
of the chosen user need, was prioritized to keep a sense of direction.29
A scenario was constructed that corresponded to a motivation and
goal of persona one (figure 10), exploring the role of the chosen
functionalities in helping them achieve the goal.
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Figure 10. University student persona one, the chosen persona to drive the project’s design process.

28

Results & Findings

Synthesis phase

29

Figure 11. University student persona two.
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Figure 12. University student persona three.
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30
See Distilling Process
Document
Appendix C.
(p. 101)
31
A key finding from the
interviews conducted were
that mobile-phones were
heavily integrated into the
lives of university students.

Form to function

A multi-thread scenario (figure 14) was used to explore and ideate on
the functionalities, translating them into wireframes. The scenario and
persona chosen are a catalyst for contextualizing the multi-thread
scenario. Mobile-phones were chosen as the medium, based on
interview data30 and analysis as the appropriate digital technology
towards designing for university students.31
The very intial concepts of the eventual first prototype (figures 16–18)
stem from each interaction between the user and the prototype
(represented through grey labeled rectangles in figure 14). Through this
exploration, the mutli-thread scenario enabled indentifying of functions
needed for the interaction to work and therefore the required screen
components (i.e; buttons and on-screen text).
While each interaction is explored not all are used. In this case, the
fourth through to the sixth interaction were discarded (see figure 16).
They were were not included in the prototype, because they were
seen as irrelevant steps within the scenario to achieving the user need.
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32
Adobe Experience Design
(XD) is a design program
part of the Adobe Creative
Cloud that is specifically
for designing digital user
interfaces.

Each drawn wireframe was then digitally created through Adobe
Experience Design32 into the first digital prototype (figure 13). This
prototype would reflect the flow of interaction to achieving
corresponding goal of the multi-thread scenario and the design
solution that addresses the corresponding user need.

Figure 13. Adobe XD’s interface showing overall flow of screens for the first prototype.
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example, he may have responded to his thoughts by saying, “Wait
minute. This may be hard, but it’s not necessarily impossible. I’ve bee
able to understand this type of book before. If I keep at it, I’ll probab
understand it better.” Had he responded in such a way, he might ha
reduced his sadness and kept reading.
To summarize, this reader felt discouraged because of his though
in a particular situation. Why did he have these thoughts when anoth
reader did not? Unarticulated core beliefs about his incompeten
influenced his perception of the situation.
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33
See Competitive Audit
Document
Appendix C.
(p. 92)

34
ML is a subset of Artificial
Intelligence, is used for
systems to learn,
recognize and improve
through algorithms based
on data (Mueller and
Massaron, 2016, pp.
9—20).
Big-data is referred to
data-sets that not only
have breadth but depth in
the types of data variables
involved.
Conclusions from this
data typically are used to
solve problems (Mueller
and Massaron, 2016, pp.
23–28).

35
Apple’s elements an
guides for designers:
https://developer.apple.
com/design/resources/,

35

Renowned American psychologist Judith Beck’s cognitive
conceptualization theory psychologically underpins how the
prototype’s functionalities would theoretically alleviate stress relative
to the user need.
Judith Beck’s cognitive conceptualisation theory is the underlying
framework for understanding the situations of patients and working
with them to improve their situations, within Cognitive Behavioural
Therapy (CBT). Stress and anxiety are two of the common topics that
CBT deals with, giving those involved an informed perspective on their
stressful and/or anxiety related situations.33 An informed perspective is
therefore the desired outcome for the end-users of the prototype.
The conceptualisation theory has many levels of competence as more
variables are introduced that need to be understood
(Beck, 2011, pp. 17—45). In this project the level of competence
considers the emotions, behaviours, thoughts and reactions of people
as they relate to stressful situations (figure 15).
While current capabilities of Big Data and Machine Learning (ML)34
technology underpins the technical side of the functionalities. The
mobile phone intended for the prototype is an iPhone, therefore the
prototype was designed through the use of Apple’s iOS user interface
elements and human-interface guidelines (figures 16–18).35

Core belief: “I’m incompetent.”

Intermediate beliefs
Attitude: “It’s terrible to fail.”
Rule: “I should give up if a challenge seems too great.”
Assumptions: “If I try to do something difficult, I’ll fail.
If I avoid doing it, I’ll be okay.”

Situation: Reading a new text

Automatic thoughts: “This is just too hard. I’m so dumb.
I’ll never master this. I’ll never make it as a therapist.”

Reaction:
Emotional: Discouragement
Physiological: Heaviness in body
Behavioral: Avoids task and watches television instead.

Figure
15. Example
of the extent conceptualization
of the cognitive conceptualisation
theory
FIGURE
3.2. Cognitive
of Reader
E.
used in this project (Beck, 2011, p. 37).
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Figure 16. Situational stress diagnosis prototype, end to end flow.
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1-A

SWIPE

Figure 17. Situational stress diagnosis prototype, diagnosis process on-boarding flow.
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SWIPE
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2-A

Figure 18. Situational stress diagnosis prototype, stress recommendations and explanations.

Contextual Review
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36
As each usability test
would need a separate
ethics approval from
AUTEC, it would not be
feasible to attempt multiple for the project due to
time constraints.
37
Jessica Enders is a
renowned user
experience specialist who
is the former owner of
Formulate Information
Design (https://www.formulate.com.au/).

41

Internal Testing

Although usability testing is the primary user feedback method for
improving the prototype, the need for ethics approval limits it’s use
within this project.36 While the usability test was being ethically
approved, the prototype was iteratively improved twice through two
stand-alone design critiques.
The stand-alone critiques provide feedback on general usability within
the prototype as the critic (supervisor) is not an end-user. Obvious
usability problems were therefore improved (figures 19–27), giving
room for the usability test to focus more on feedback regarding the
key theoretical ideas behind the prototype.
A consistent part of the feedback was that, the essential interaction
problems were regarding readability of the questions and input from
users, as this is similar to form filling, Jessica Enders’37 Designing UX
forms book was used to inform design changes.
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Figure 19. Situational stress diagnosis (Iteration one), end-to-end flow.
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Figure 20. Situational stress diagnosis (Iteration one), diagnosis system explanation.
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4-A

Figure 21. Situational stress diagnosis (Iteration one), breakdown of stressful situation.
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Figure 22. Situational stress diagnosis (Iteration one), details explaining stress in the situation.
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6

9

Figure 23. Situational stress diagnosis (Iteration two), end-to-end flow.
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7-A
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6-A

Figure 25. Situational stress diagnosis
(Iteration two), question and answer flow.

Figure 24. Situational stress diagnosis (Iteration two), types of university stress.

8-A

Figure 26 Situational stress diagnosis (Iteration two), explaining negative automatic thoughts.

9-A

SWIPE

Figure 27. Situational stress diagnosis (Iteration two), diagnosis system theoretical underpinning

SWIPE

SWIPE
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38
Google’s Conversation
Design Guidelines
(Google, Inc. , n.d.) and
Mule Design’s
Co-founder Erika Hall’s
guide to conversation
design (Hall, 2018).
39
A system persona is the
conversational partner of
the end-user to the system
acting as the “front-end”
(Google, Inc., n.d.).
40
A conversational flow
map, maps out the different avenues that the VUI
can take depending on the
responses that the user
gives (Vessem, n.d)

51

Voice Input

Based on the assumption that the prototype would be used while the
end-user is still stressed, usability feedback from the second design
critique suggests that, the typical mobile-phone interaction mode
(screen tapping) maybe inadequate. As a result, voice interaction was
hypothesized as more appropriate. Through a range of Voice-user
interface (VUI) design guidelines,38 a VUI prototype was created.
To emulate a human-centric VUI, a system persona39 was created as
the baseline reference for the tone and feel of the VUI. The system
persona and user persona 1 drove the design of the conversational
flow map (figure 28).40
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41
Watson is IBM’s cloud
platform of AI ready
applications (IBM, n.d.),
of which their AI powered
text-to-speech service was
to create the VUI audio
lines in this project.

The high-level conversational flow was used to identify conversational
components and their corresponding voice lines for the prototype. IBM
Watson’s41 cloud speech services were then used to code and
transcribe the lines into audio. This involved using one of their
pre-made voices and learning specific code to change the tone and
feel of the voice to match the system persona. Wizard-of-OZ (WOZ)42
is a specific usability test for VUI prototypes and would be used for this
project’s prototype.43

42
WOZ usability testing is
a type of usability test
specifically geared toward
VUI’s, they work through
the tester acting as the
system and referring to the
conversational flow map
while conversing with a
user (Google, Inc., n.d.).
43
VUI System Dialogue
sheet.
Appendix C.
(p. 100)
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Figure 28. VUI conversational flow map, outlining different sections of the conversation.
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44
Usability expert Steve
Krug suggests that for
usability testing,
particularly on a budget,
3 to 5 participants are
enough to discover 80% of
problems.
(Krug, 2009, pp. 38—50).
45
See Ethics approval
documents
Appendix A.
(p. 76)
46
Usability Testing Plans for
Prototype one
and Prototype 2.
Appendix B.
(pp. 83–86)
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User testing, feedback and iteration

Two usability tests were conducted for both prototypes with two new
students and a participant from the interviews,44 to test each
prototype once. This test was approved as an amendment to the
ethical approval of the interviews conducted in phase 1.45
Initially, the aim of the tests was theoretical and practical usability
feedback. However, for ethical reasons (discussed in the next chapter),
the aim of the test is for practical usability feedback, although
theoretical feedback is welcome.
The usability tests were both audio and video recorded through a
MacBook pro and Go-pro Hero 3 (figures 29 and 30), allowing for both.
Each participant was able to choose a pre-written scenario that would
contextualize the task they were given to complete on the prototype.
Post-test questions as follow-ups to observations by the researcher
during the test.46

Figure 29. Usability testing, Go Pro Hero point-of-view.

Figure 30. Usability testing kit.
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47
Ubiquitous nuisances are
minor problems many
people encounter, while
corner cases are very
impactful problems that
very few people are going
to encounter (Krug, 2009,
p. 105).
48
Usability Expert Steve
Krug, advocates that
deviating too far from
the tested prototype has
consequences for both
the user and the designer,
that might not be worth the
time and resource
(Krug, 2009, pp. 110—120)
49
Fundamental problems
behind the strategy of
the product that can’t be
remedied through simply
changing aspects of the
design that are visual
(Schade, 2013).
50
The use of conversational
and visual components
that correspond into one
form of interaction.
(Google, Inc., n.d.).

Project time was key factor in creating the metric to prioritize the
usability findings, meaning ubiquitous nuisances and corner cases46
would be disregarded as they are often rare and insignificant
problems (Krug, 2009, p. 105).

Although this is a relatively big change that goes against Krug’s
philosophy, the mode of interaction is crucial in order for the prototype
to address the users needs. Therefore, justifying the change to be
made (as well as being consistent feedback across all participants).

Common findings were first grouped then prioritized, based on severity
through two conditions; perceived frequency of the user encountering
the problem and the problem’s capacity to inhibit the intervention from
addressing the user need. Grouping was based on which part of the
prototype the feedback was for.

This would be the final design iteration (figures 31–33 and 35–36) and
output for this project. Theoretically, usability testing could be
continually performed (an unlimited amount of times) but is not feasible
within the time-frame of this project.

While the overall approach to using feedback were to make the
simplest changes that would remedy that solution,48 although not a
focus, large-overarching problems49 were still taken into
consideration.

In partial submission to the school of Art and Design’s end of year
exhibition for 2019 at the Auckland University of Technology, I further
developed the user interface of the final design iteration. All
development was from a visual design perspective, establishing a
colour palette, applying consistent type and formulating illustrations,
all branded under “Mindscape” (figure 34).

The key findings were based on the mode of interaction, which sought
users/participants finding that typing might not be appropriate when
stressed (as the assumed state of mind of the user while using the
prototype). At the same time, participants preferred voice as an
interaction mode, as this reflects how they would deal with similar
situations, except talking to someone they know. However, the more
long-winded responses of the system persona maybe a problem in
terms of comprehension, given the user is stressed. Therefore, a key
change within the prototypes, is the combination of both voice and
user-interface elements. This implementation of adapted visual and
conversational components,50 the general usability findings from the
test were still considered and implemented along with the new mode
of interaction.

56

Results & Findings

Refinement phase

10

Figure 31. Mindscape, conversational stress diagnosis simulation.
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Figure 32. Mindscape, stress diagnosis mobile keyboard interaction.
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Figure 33. Mindscape, stress
diagnosis theoretical and
technological explanation.

10 A

Figure 34. Mindscape, branding,
type and colour palette.
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Figure 35. Mindscape, stress diagnosis
interaction modes.
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51
Design ethnography is the
adaptation of the
ethnographic approach of
holistically understanding
a user group (Mabson, et
al. n.d., pp. 1–4), which is
the whole focus of the
say-see-do approach to
user research.
52
The attached biological,
emotional and
logistical connotations
makes mental health
illnesses quite severe in
affecting a person
(American Psychological
Association, 2015).

Competitive auditing enabled understanding of stress interventions
features, most information accessible were about their features, not
their capacity to actually alleviate stress. This meant strengths and
weaknesses, which are significant components of competitive
auditing (Schade, 2013) were inconclusive. Furthermore, the
comparison of features is subjective (Still and Crane, 2017, pp. 135—
137), opposing the often strict and objective nature of current
healthcare practices (Rivas, 2018). Perhaps, competitive auditing within
digital health would benefit as a group method, conducted by medical
professionals and stakeholders in addition to the designer.
As a complex and foreign subject, prominent theories and
conclusions from contextual research on stress were used to inform
methods throughout the project. The use of theoretical perspectives
within this research works toward a compromise between UCD and
digital health, as it is a staple practice within digital health and/or
healthcare development processes (Birnbaum, et al., 2015,p. 2;
Mathews, et al., 2019; Altman, Huang & Breland, 2018). However, with
a limited time-frame and project scope there was no room to compare
and contrast theoretical perspectives. The conceptual nature of this
project means the effects of theoretical perspectives are confined to
the project, where this may not be the case in a real-world context.
Particularly, as theories are integral to practice and research in
healthcare (Alderson, 1998), this means healthcare outcomes would
also be affected.
Although, stress itself is complex, presumably there are much more
complex and specialized healthcare contexts that would overwhelm
an uninformed designer, particularly contexts that maybe more life
threatening. Within this project, contextual research is limited to what
the researcher is able to comprehend. In the case of more complex
and realistic healthcare contexts, consultation with healthcare
professionals within that context would be needed.

Stress as a vulnerable psychological topic brings many implications
(particularly chronic stress) (American Psychological Association, 2011)
towards digital health and UCD. The main implication explored in this
project is that users as patients, may be put in harmful positions, as
was the case for the attempt to understand university students and
their stress through the research phase.
While planning methods for this project, the say-see-do approach was
considered for generative user research, as it compliments design
ethnography well.51 However, as stress is a personal and internal
feeling (American Psychological Association, 2011), it cannot be easily
observed. This limits the scope for understanding users through
observations, that would otherwise be applicable to other contexts
and is a significant part of UCD (Still and Crane, 2017, pp. 67—69). This
limits the capacity of this project to explore and address the lack of
involvement of users amongst digital health and/or health care
development processes (Meskó, et al., 2017, pp. 5—6; Birnbaum, et al.,
2015, p. 2; Mathews, et al., 2019, p. 2). The subjective nature of
interviewing as a self-reporting method may also clash with the
objective nature of healthcare practice (Rivas, 2018).
To compensate as the only user research method, a design
ethnographic approach planned for the interviews meant a wide and
fluid scope of questions regarding stressful experiences of
university students. However, this was not deemed ethically
appropriate by AUTEC, as the interviewer is not a psychologist and
does not have the capacity to deal with dangerous psychological
repercussions that the questions may trigger of the participant.
Therefore, the interview scope narrowed to understanding how
students overcome stress and then towards how students overcome
stress through the use of digital technology. While the decision by
AUTEC is justified, it limited interviewing as a UCD method.
Presumably, this limitation would be more concerning toward health
contexts that are higher in severity, such as mental health illnesses.52
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53
Judith Beck’s Cognitive
Conceptualisation Theory
used to understand and
inform users of their
stressful situations,
mentioned in the previous
chapter.

The context of stress as an internal and/or mental feeling significantly
impacted the distilling process. Particularly, the user needs formulated
in the process, as they are relative to stress alleviation, which is not
an easily measurable outcome. Therefore, complexity is added to the
distilling process, particularly methods relative to functionality and the
digital prototype. To account for this, contextual research was referred
to, for a psychologically evidenced solution53 that not only met the
user need, but was applicable in a digital form. This psychologically
nuanced complexity otherwise wouldn’t be present if the distilling
process were applied to contexts outside of healthcare, digital health
or psychology.

The contexts surrounding stress as an internal and personal
experience places inhibitive implications to the capabilities of usability
testing in this project. In particular, due to ethical reasons, the
user/participant is not actually stressed during the usability test. The
scenario and task for the usability test in this project therefore, was
within the context of persona 1 and the corresponding user need.
However, the out-of-context use of the prototype means that any user
feedback relative to its effectiveness in actually alleviating stress or
addressing the user need, within this project may be invalid. This limits
the capability of this project to contribute to one of the current pitfalls
of digital health, in evaluating effectiveness in producing improved
health outcomes (Mathews, et al., 2019, pp. 1—2). Presumably, this may
be evident amongst more psychological healthcare contexts, as
usability testing have been conducted within healthcare
(Mathews, et al., 2019, pp. 6—8). Furthermore, the conceptual and
theoretical nature of the project means that the prototype does not
go live and data cannot be gathered, which also inhibits evaluation of
effectiveness.
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Discussion

Overall, the practicability of UCD methods within this project had
mixed results across the four phases used. Methods that involved
end-users were severely limited, this is particularly important to UCD
as a method that bases its fundamentals on involvement of end-users.
As such, the use of methods which although in UCD theory are
practical, are dependent on the context of use.

Compromises from theoretical and practical perspectives from
healthcare/digital health were implemented successfully within
traditional UCD methods. While the nature of UCD as a design practice
includes the use of theoretical perspectives, they are simply used to
inform and do not hold the same fundamental weight as in other fields.
Theoretical perspectives and theorems within design do not
automatically lead to an improved design, in the same way a theory in
science leads to an exact outcome (Hoshi, 2012). As such, the
feasibility of UCD as applied to digital health and stress amongst
university students cannot be definitively concluded in this project.
Presumably this means, towards the wider digital health and
healthcare contexts, UCD’s success may depend on the context and
end-user on a case by case basis.
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Conclusion

The aim of this project was to explore the feasibility of UCD as a
design methodology applied to a digital health context, specifically,
stress amongst university students. A full cycle design process
consisting of research, analysis, synthesis and refinement phases were
used to explore the practicality of UCD methods as they are applied
to stress. Design ethnography was employed as a supplementary
approach to UCD in order to holistically understand university students
as end-users of the design process. Throughout the phases of the
design process, the methods used yielded mixed results in terms of
their applicability when measured against how they theoretically
should be used.
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Interviews and usability testing as methods that involved end-users,
were limited due to the harmful qualities of stress and its nature as an
internal, non-physical psychological healthcare context.
The researcher as primary conductor of these methods would not
be equipped to handle any dangerous repercussions. The nature of
stress means it cannot be observed easily, limiting the capabilities of
not only the methods mentioned above, but presumably most
user-centric and /or design ethnographic methods. The lack of
observation means the main form of data would be unbalanced
toward self-reported methods. This suggests that psychological
healthcare contexts may also be limiting in similar ways, as they
possess similar qualities to stress, this would be bolstered by more
severe or life-threatening contexts. As a result, implying contribution
toward the lack of end-user involvement as the biggest perceived
factor towards inability to produce meaningful health outcomes
(Meskó, et al., 2017; Mathews, et al., 2019, pp. 2–8). This suggests
perhaps crossovers between user-centric designers and psychological
healthcare experts is needed to formulate psychologically friendly
generative user research methods. In particular, a critical view on
psychological healthcare practices by designers and healthcare
practitioners, maybe able to identify qualtitative methods that would
be adaptable toward existing user-centric methods.

The complexities of stress as a healthcare topic had many implications
toward the design process in this project. In order to account of these
complexities, continuous contextual research was conducted
throughout the project in order to inform both the researcher and the
methods within the project. The non-physical nature of stress hinders
the applicability of certain UCD methods particularly due to its
practicality and also its aim to produce something tangible.
Throughout this process as successful compromise was made using
theoretical perspectives gathered through contextual research to
inform certain methods. Suggesting a compromise can be made
between the rigorousness of theorem use within healthcare
(Alderson, 1998; Birnbaum, et al., 2015, p. 2) and the fluidity of design.
However, the use of theories and concepts within this project are
limited to what the researcher can understand given the time-frame
available within the project. it cannot be understated that the cognitive
conceptualisation theory (Beck, 2011, pp. 17—45) used in this project
had great positive impact on prototyping. However, only a small
fraction was understoodand and therefore used in this project. In a
real-world context, it would be more feasible for designers to work with
healthcare professionals, particularly as consequences would directly
affect health outcomes
Moving forward, the understanding of stress and psychological
concepts may not change. Therefore, perhaps a future research
direction based on this project would be toward the design community
deeply exploring or revamping methods to account for less practical
applications. Particularly, working around the problem of involving
end-users in potentially harmful user feedback methods and the
inability to observe as a crucial part of UCD. While for healthcare
practices, the successful integration of theoretical perspectives in this
project suggests potential in succesful compromise between
healthcare and design. Perhaps, giving reason for more healthcare
professionals to at least consider design in their practice.
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