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Abstract

This Master’s thesis explores the design of a mobile application for enhancing post-
arthroplasty care through self-tracking. The primary goal is to provide a user-
friendly interface for caregivers to monitor and support patient rehabilitation after
arthroplasty.

Current rehabilitation practices within arthroplasty often lack digital solutions that
can monitor and encourage patient mobility and compliance. To fill this gap, the pro-
posed application uses self-tracking data from the patient’s iPhone to visualise and
analyse movement data, o ering caregivers real-time insights into patients’ progress.
This approach aims to improve surgical outcomes and enhance communication be-
tween caregivers and patients by providing a platform for continuous feedback.

Through user studies, the needs of caregivers working in relation to arthroplasty have
been explored, identifying a desire to incorporate objective evaluation measures to
improve current practices. Beyond user studies, the research also reviews related
literature on the impact of digital solutions within healthcare, particularly the util-
ity of mobile health applications in promoting physical activity. The application’s
design process, grounded in the Design Thinking framework, emphasises usability
and empathy towards the target group to ensure the application is practical for
caregivers.

Key findings from user testing suggest that the application can contribute to a more
personalised and responsive care process. Through iterative design and testing, the
application has been refined to meet the specific needs of its users, with particular
attention to intuitive design and ease of use.

In conclusion, this thesis presents a step towards integrating digital health solutions
in post-arthroplasty care, potentially leading to better patient engagement and im-
proved health outcomes. It calls for further research into the long-term impacts
of such applications and their integration into standard care practices, suggesting
a paradigm shift towards more technologically integrated healthcare solutions for
ageing populations.

Keywords: Arthroplasty, Self-tracking, mHealth, Design Thinking, User-interface
Design, User Experience Design, Caregiver Communication, Rehabilitation, Interac-
tion Design
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Introduction

With an ageing population and an increase in chronic diseases, the World Health
Organization (WHO) [1] has estimated that the number of people over the age of 60 is
expected to double between 2020-2050, from 1 billion to approximately 2.1 billion. A
common condition related to ageing is osteoarthritis [1], a degenerative joint disease
associated with pain, sti ness and reduced mobility [2]. Arthroplasty refers to the
surgical replacement of a joint with an artificially produced material, whereas the
knee and hip joints are the most commonly replaced [3]. Symptomatic osteoarthritis
is a common cause for the need for an arthroplasty, whereas the average age of the
patients who have undergone surgery is between 60 to 70 years [3]. There are also no
signs of a decrease in the need for arthroplasty. In the US, Total Hip Arthroplasty
(THA) procedures are expected to increase by 176% by 2040, and a similar increase
of 139% is predicted for Total Knee Arthroplasty (TKA), based on 2019 figures [4].
Increases have been estimated for hip implants, with an estimated average increase
of 49% between 2015-2050 across OECD countries and increases as high as 120%
in some OECD countries [5]. Although hip implants are not the same procedure as
THA, it is still helpful to recognise that the need for joint replacement procedures
is increasing.

A problem that exists in today’s post-arthroplasty rehabilitation landscape is lim-
ited compliance with therapy. This is due to protocols and technologies used in
rehabilitation that are considered outdated. One example is the Harris Hip Score,
a standardised questionnaire to assess hip surgery outcomes. Another example is
EQ-5D-5L, a more general health questionnaire, which is often used after TKA and
THA to evaluate a patient’s quality of life, with elements ranging from mobility,
self-care, pain, usual activities and anxiety [6]. Unfortunately, using these standard-
ised assessment tools alone does not always adequately capture the entire dynamic
situation, and the caregiver struggles to provide appropriate feedback to the patient
and vice versa. The lack of clarity in caregiver-patient communication can lead
to limited therapy compliance, a ecting the rehabilitation process [7]. In addition,
outdated rehabilitation technologies and protocols prevent caregivers from properly
monitoring and assessing patients’ daily activities. As a result, patients run the
risk of, for example, not putting enough weight on the operated limb, delaying full
recovery [8].

During the past decade, self-tracking has become an increasingly wide phenomenon,
or in other words, a trend. Through a stream of new smartphone applications and
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1. Introduction

mobile sensors, the user can track and monitor health-related issues such as sleep
patterns, food intake, mood and daily activity [9]. Sharon [9] describes how the
increased use of self-tracking tools points towards a future in which individuals will
be more involved in their health management. The information gained from self-
tracking can benefit clinical decision-making and is a move towards personalised
healthcare instead of a "one size fits all" approach [9]. Personalised healthcare con-
sists of two fundamental components: the focus on data and the focus on individuals.
These two aspects are intertwined in self-tracking devices since the users allow the
devices to collect data, which integrates a wide array of diverse data types to ad-
dress health experiences [9]. For individuals to be more involved and participate in
their health, advocates for more personalised health care should enable individuals
to become more informed, engaged and in control of their health [9].

On the assignment of Sahlgrenska University Hospital in collaboration with the
University of Gothenburg, this Master’s thesis is part of a research project named
Movement Patterns Before and After Joint Replacement. The main project aims to
develop an iPhone application, named Hur gar det?, with one version for the patient
and one for the caregiver, that provides individual information on the patient’s
movement patterns pre- and post-arthroplasty through self-tracking. The overall
research aims to, with the help of the smartphone application, answer questions
regarding how the movement patterns after joint replacement change, which factors
(such as age, gender and general health) a ect activity and movement patterns
after surgery, what the relationships are between changes in movement and patient-
reported outcomes (such as pain, function, and life quality), and how motion data
from smartphones can change behaviour and facilitate rehabilitation.

Our contribution to the existing project is to create a suggestion for the user in-
terface of the application, specifically the version for the caregivers, which includes
the patients’ self-tracking visualisations. Caregivers comprise healthcare workers
involved in the patient’s care, both pre and post-arthroplasty, typically including
clinicians and physiotherapists. The purpose of the smartphone application is to
collect self-tracking data via Apple Health [10] from iPhones and applicable smart-
watches. Based on the data, the interface should be able to visualise the patients’
rehabilitation progression and activity levels to facilitate dialogue and understand-
ing of the surgical outcome. In the main project, the application will be developed
in two versions, one for the caregiver and one for the patient. However, this Master’s
thesis will explore the caregivers’ perspective when designing the prototype inter-
face. Both versions will have the functionality of showcasing the self-tracking data
in simple visualisations to ease the complexity of the di erent parameters. Since the
visualisations are a core functionality, they should be suitable for both caregivers
and patients. However, there will be slightly di ering functionalities between the
two versions, such as the caregivers being able to explore all patients’ self-tracking
data. In contrast, the patient will solely see their own. The design of the application
and data visualisations will not implement actual patient data due to the intention
of having the interface serve as a suggestion for further development. Additionally,
the application’s design will be limited to an iPhone format because the self-tracking
data collection will be derived from Apple Health.

2



1. Introduction

1.1 Aim & Goal

The Master’s thesis aims to build an understanding of the current needs of caregivers
and how a digital solution can facilitate communication and dialogue between pa-
tients and caregivers. Therefore the goal of the project is to create a prototype of an
iPhone application that considers self-tracking data pre- and post-arthroplasty. It
will be designed so that caregivers can understand a patient’s rehabilitation process,
mobility patterns and surgical outcomes. The design that will be developed will
cater to the caregivers, but elements from it should be possible to implement in the
patients’ version in the future.

1.2 Research Questions

To be able to create a design that is suitable for the caregivers, there must be an
understanding of what the needs are within the field, as well as what features in
a design can help fill a gap in the sector. Therefore, the Master’s thesis aims to
answer the following research questions:

1. What are the caregivers’ needs for the design of the suggested application?

2. What features can be applied in the design of the application to fill the care-
givers’ needs?
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Background

Self-tracking within caregiving is relatively unexplored in Sweden due to regulations
and long implementation times. To understand the field, possibilities, and challenges,
this chapter will describe arthroplasty and the concept of person-centred care and
its implementation in Sweden. Furthermore, the chapter will explore digitalisation
within health care, mHealth tools, technical skills amongst seniors who are the
primary group undergoing arthroplasty, and health literacy. A comparative analysis
of similar examples of smartphone health applications and related products will be
examined to finalise the background chapter.

2.1 Arthroplasty

The definition of arthroplasty is "The surgical reconstruction of a joint to relieve
pain or restore motion" [11]. In the context of arthroplasty, the primary stake-
holders are categorised as caregivers and patients. Caregivers comprise healthcare
workers involved in the patient’s care, both pre- and post-arthroplasty, typically
including physicians and physiotherapists. Given that the average age for arthro-
plasty patients is approximately 65 years old [3], [12], [13], the term ’seniors’ refers
to individuals 65 years old or above. This age group represents the most com-
mon demographic for arthroplasty. In Sweden, approximately 25,000-30,000 knee
and hip replacement surgeries are performed. It is the most common surgery for
patients with osteoarthritis in the knee- or hip joints [14]. Osteoarthritis is a de-
generative disease, considered one of the most common diseases of the locomotor
system (the musculoskeletal system), and is primarily prevalent among middle-aged
adults and seniors [2]. Osteoarthritis can lead to clinical signs of pain, walking dif-
ficulties, sti ness and progressive loss of movement. There is currently no cure for
osteoarthritis. Hence, the treatments focus on controlling the pain and improving
functionality, where physiotherapy is one of these treatments [2]. If the patient’s
condition does not improve through physiotherapy, total hip arthroplasty (THA) or
total knee arthroplasty (TKA) is the surgical procedure of choice [2]. Physiotherapy
is traditionally a routine component in the rehabilitation post-surgery. However, it
is known that impairments and functional limitations remain up to a year after the
surgery [15]. The e ciency of physiotherapy has therefore been questioned [15].

Arthroplasty is the surgical procedure of restoring joint function, with a focus on
hips and knees. The joints can be restored by resurfacing the bones or using artificial
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2. Background

joint prostheses. The artificial prosthesis for TKA is made out of metal and plastic
parts and is attached to the femur (thighbone) and tibia (shinbone), and the back
surface of the patella (kneecap) [16]. Regarding THA, the prosthesis consists of two
parts: the joint capsule, a group of soft tissue ligaments surrounding the joint, and
a socket for the joint capsule. The joint capsule is usually manufactured in metal
and is attached to the femur, while the socket is made in plastic and attached to
the pelvis [17].

Arthroplasty Rehabilitation

TKA requires both preoperative and postoperative rehabilitation. When prepar-
ing for the surgery, stair climbing tests have shown to be associated with better
postoperative results [18]. Furthermore, timed up-and-go tests have also shown
an association with greater outcomes. Although there is an association between
preoperative exercise and postoperative results, Chesham et al. [19] conducted a
systematic review of ten randomised controlled trials, resulting in insu cient pre-
operative physiotherapy evidence. Regarding postoperative rehabilitation for TKA,
the aim is to improve physical function, particularly in daily living activities, walk-
ing, and knee range of movement. There is a focus on mobilising the patients as soon
as possible post-surgery to regain lower limb function, and typically, the patients
should be able to walk after their return from the hospital. After discharge from the
hospital, the patients are expected to continue with a home exercise program [20].

Similarly to pre- and post-TKA, THA also requires pre- and postoperative reha-
bilitation [21]. Preoperative rehabilitation, which includes strengthening exercises,
stretching, and aerobic activity, has shown beneficial e ects, although the intensity
and frequency of the rehabilitation should be customised and personalised to the
individual patient. Hoogeboom et al. [22] conducted a review that counteracted the
assumption of additional benefits and e ectiveness of preoperative exercises, how-
ever, they emphasise that the review may be flawed due to the therapeutic validity
in the individual studies, and may not have included high-risk patients for delayed
postoperative recovery. After surgery, the patient is expected to follow a rehabil-
itation program, including bed exercises, strengthening exercises, walking training
as well as practising weight-bearing [21]. A general problem when having under-
gone arthroplasty is that the patient may be dissatisfied with the final result due
to unrealistic expectations for future mobility [21]. Therefore, education, as well as
psychological preparation, is important.

2.1.1 Post-operative Behaviour

A common problem amongst arthroplasty patients is the potential of unwillingness
to change their sedentary behaviour after surgery, even if they experience pain relief
and an overall improvement in quality of life. Moellenbeck et al. [23] compared pa-
tient behaviour before and 9 months after THA and found that sedentary behaviour
does not necessarily change over this period. They analysed factors such as the
number of steps taken, time spent in moderate to vigorous physical activity, energy
expenditure during physical activity, and time spent sitting, categorised into periods
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2. Background

of 10, 20, 30 and 60 minutes. While the primary goal of arthroplasty is to restore
joint mobility and relieve pain - outcomes that are often achieved - it is important
to recognise that additional interventions may be needed to promote changes in
sedentary behaviour. Excessive sedentary behaviour in seniors is associated with
cardiovascular disease and a decline in daily functioning, so exploring ways to pro-
mote a more active lifestyle is essential even after THA [23]. However, the trial
only included 16 patients, which may have a ected the results, even if the patient’s
age, BMI and activity levels aligned with related studies. Similar results have been
shown in TKA patients. Hodges et al. [24] point out that excessive sedentary be-
haviour was prevalent in 45 % of the study participants 12 months after surgery.
In addition to the excessive sedentary behaviour of total joint arthroplasty (TJA)
patients, there is the overarching problem of seniors being the most sedentary age
group. Intrinsic and extrinsic factors work together to create barriers preventing
seniors from moving away from a sedentary lifestyle. For example, seniors tend to
participate less in leisure activities, which can be attributed to their physical health
but also to their economic status, social attitudes towards seniors, lack of motiva-
tion and lack of awareness of di erent health programs [25]. Even though senior
arthroplasty patients may experience reduced physical pain post-surgery, they still
face obstacles that could prevent them from adopting a more active lifestyle.

2.2 Person-centred Care

Person-centred care (PCC) revolves around the process of ensuring that the patient
receives personalised care tailored to their needs and health beliefs [26]. Another
belief of PCC is to refer to the person receiving care as a person rather than a
patient. Reducing the person receiving care to only a patient can lead to unwanted
treatment and support. Instead, it is important to ensure that the person receiving
care has more freedom of choice and can customise their care, resulting in better
care overall [27]. Although, there are no clear guidelines for implementing it in prac-
tice. Currently, the European Union (EU) only provides its members with patient
participation guidelines, intended to serve as a standard for patient involvement
[28]. However, patient participation is only one part of PCC and does not cover
all aspects of PCC. In Sweden, 13 of the 21 county councils have established ini-
tiatives and conditions to promote PCC, but the county councils in Sweden still
see a need for national guidelines [29]. In addition, PCC has been shown to have
advantages over more standardised care in the arthroplasty setting. PCC can re-
duce the length of stay following THA, even if the patient has, for example, severe
kinesiophobia - the fear of movement [30], [31]. PCC allows you to meet patients’
needs better than more standardised care, creating a better care experience, even if
you have special needs. One way of enabling PCC could be through the inclusion
of self-tracking. As mentioned in the introduction, self-tracking has been shown to
increase the possibility of personalised care [9].
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2.2.1 Person-centered Care within Physiotherapy

One aspect of PCC in physiotherapy that could positively impact the patients’ re-
habilitation is person-centred goal-setting, as discussed by Melin et aB2]. Melin

et al. [32) presented an early framework of how person-centred goal-setting can be
formulated and implemented in physiotherapy. Firstly, the goal must be closely
linked to the patient's personal context rather than based on what the physiother-
apist thinks is best for the patient. For example, patients are more likely to set
goals related to their physical activity and the social aspects of their lives, rather
than medical outcomes such as pain, strength, or range of motion. Furthermore,
collaboration between the physiotherapist and the patient is necessary when de n-
ing the goal. The patient must be involved early in the process of de ning a goal,
which also requires the physiotherapist to be more aware of the patient's needs and
possibilities, committed, and transparent with the patient B2]. It could therefore

be fruitful to investigate how a digital tool for arthroplasty patients can be used to
enable person-centred goal-setting, by expanding the basis of decision-making for
the physiotherapist.

2.2.2 Self-tracking

The concept of self-tracking refers to gathering data about oneself, the individual,
regularly [33. By recording and analysing the collected data, the production of
statistics and other data which relate to regular habits and behaviours are visualised.
Self-tracking today generally takes form in a vast array of digital technologie84].
Devices such as sensors, smartphones and smartwatches can help individuals gain
insights into di erent physical aspects of their lives 35. Keeping track of our lives
and daily activity has been ongoing for decades, and the new technologies combined
with the increasing possibility of sharing data has resulted in more people nding it
useful to quantify their lives [35].

Quanti ed Self

The term quanti ed self (QS) refers to any individual who is engaged in self-tracking,
whether it be biological, physical, behavioural or environmental information3p).
The phenomenon of monitoring oneself has increased, and self-tracking tools allow
the individual to track for example activity, sleep quality, and emotions through

di erent self-tools such as applications, which in turn o ers the opportunity for the
individual to understand their body, mind and daily life [37]. The main goal of QS is

to gain self-knowledge about one's habits through self-tracking, and is often focused
on quanti able data and objective metrics B6).

Lifelogging

Another concept within self-tracking that overlaps QS is lifelogging. Dodge &
Kitchin [38 de ned life-logging as "a form of pervasive computing consisting of
a uni ed digital record of the totality of an individual's experiences, captured mul-

timodally through digital sensors and stored permanently as a personal multimedia
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2. Background

archive". Lifelogging considers both quantitative and qualitative data, intending to
provide a record of every experience of an individual's lif@§. In the context of
seniors, life-logging could be bene cial in receiving the insights necessary to stall the
decline in the cognitive and motor skills, that many seniors experiencgy. Another
study suggested that the platform of self-recorded data can be used as a basis for
healthcare to provide personalised health advice to the patient when combined with
medical platforms fQ.

2.2.3 Apple Health

The project will collect self-tracking data throughApple Health with a focus on step
count and other factors of one's gait. Apple describes Apple Health as an application
that gathers health data from devices such as iPhone, iPad, and Apple Watch as well
as other health tracking applications already in usel[)]. Apple Health automatically
counts the user's activity, such as steps per day, walking and running distances as
well as other measurements such as sleep tracking, menstrual cycles and breathing
rhythm. Through the application, the user can see di erences in activity over time.
For the project, the following self-tracking data points will be of relevance, with
their descriptions from Apple Health:

N

Steps measures the number of steps the user has taken throughout each day
[41.

Walking asymmetry is de ned as the per cent of the time that a user's
steps with one foot are faster or slower than the other f6dg2].

Walking speed represents how quickly the user walks on at ground4f.
The system records 10-30 speed samples per day.

Step length refers to the distance between the user's front foot and back foot
when the individual walks @4].

Apple uses line and bar charts to visualise the above self-tracking data. Munzner
[45] explains how line charts and bar charts are used for a value attribute and a key
attribute with a linear spatial layout. Apple's self-tracking data often includes a
gquantitative value attribute, such as the number of steps taken, and a key attribute,
which in all cases is a selected period of time. Line charts are good at showing
trends because they draw a relationship between the item along the key attribute
axis, making it easy to see progress or decline. Bar charts can also show trends
by arranging the key attributes on the horizontal spatial axis according to their
respective quantitative value 45).

The reliability of health data provided by an iPhone was found to be good, especially
for adults and seniors. Werner et al. 46 compared the gait data measured by an

iPhone with a reference standard, in this case, the APDM Mobility Lab, which has

proven results. After a 6-minute walk test, the result showed that both gait speed
and stride length had good reliability and great consistencyfy.
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2.2.4 Biofeedback

A concept previously used in the medical context to monitor various aspects of
movement and physical activity is biofeedback. Biofeedback is the technique of
taking otherwise unknown biological data and presenting it to the patient. Typi-
cally used in rehabilitation, biofeedback can enable both patients and caregivers to
gain insight into information beyond what is naturally available #7]. In biofeed-
back, devices (including wearables) have been created that analyse the individual's
movement patterns.

Biofeedback in Arthroplasty

The use of biofeedback in post-arthroplasty rehabilitation has previously been ex-
plored, with positive results [7], [8]. Raaben /] proposed the SensiStep system, a
sandal with an in-sole sensor made for patients who underwent total hip arthroplasty.

It was made to measure the average peak load, average loading rate, and average
cadence, then visualise this data with the help of a table#]. Furthermore, Castel-
larin [8] presented a discreet insole that carried weight sensors with real-time force
feedback, aimed to provide steady monitoring for patients who underwent TKAG].
Both studies had clear positive results, showing that biofeedback e ciently accel-
erates recovery. Meanwhile, the real-time force feedback insole improved therapy
compliance and provided a better means for assessment for the caregiver. However,
these studies revolved around using tangible and dedicated devices to enable biofeed-
back. While dedicated devices often have the advantage of delivering precise data,
they have the problem of availability and accessibility. A problem with dedicated
devices also stems from the inability, reluctance or lack of acceptance to use the
device, often in the older adult population 48]. These devices are used for therapy
and rehabilitation, which is why they need to be used su ciently.

Instead of using a dedicated device to enable biofeedback for therapy and reha-
bilitation of arthroplasty patients, it would be interesting and valuable to explore
how the self-tracking function in an iPhone could be used for biofeedback. This
could lead to better therapy compliance and faster recovery. With a smartphone,
patients can receive continuous updates on their rehabilitation progress without the
need to communicate with their caregiver, and the caregiver can monitor the pa-
tient's rehabilitation more extensively B9. The ability to gain continuous insights
into one's rehabilitation has long been considered motivating for patients as they
can observe their progress, which can lead to an increased degree of optimism in
the post-arthroplasty patient [50]. While we are designing a prototype aimed to be
primarily used by the caregiver, we are also considering how the patient can easily di-
gest the visualised data to make it possible to interpret one's rehabilitation progress.
Ramkumar et al. 49 presented a solution for patients undergoing TKA that con-
sisted of a mHealth application (see SectioR.3.1) connected to a knee sleeve tted
with sensors that could record the range of motion during various exercises, as well
as using the smartphone's native sensors. The data was presented on a dashboard
designed for the caregiver and via the patients' smartphones. Positive e ects were
observed for both patients and caregivers. The system enabled remote patient mon-
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itoring, which helped to provide continuous insight into the patient's rehabilitation.
The system also engaged patients through a user-friendly interface, visualisation of
daily progress, encouraging noti cations and using avatar-based feedback on joint
movement, which led to higher compliance. In addition, because patients knew they
were being monitored, they were more likely to perform the prescribed exercis49].[

2.3 Digitalisation within Caregiving

Digitalisation has several de nitions, and according to Brennen & Kreissb[l], digi-
talisation refers to the process, such as rebuilding a media infrastructure, building a
digital pro le, or creating new channels for information and knowledge production.
Digitalisation is often immaterial, whereas digitisation, which is often used inter-
changeably with digitalisation, is more material, such as transforming an analogue
piece of paper into a digital le. Arguably, digitalisation has changed how society
operates on a macro level, where it has become noticeable in almost every aspect of
one's life p1].

Digitalisation in healthcare has contributed to the emergence of new care concepts,
creating new opportunities for personalised care and more available information for
the caregiver. One of these care concepts is eHealth (Electronic health). EHealth
refers to health information technologies that open up an increased stream of avail-
able information for both the care receiver and caregiver, which can be used to
support decision-making, tailor health programs and make electronic records more
accessible§2]. Access to medical records has been shown to increase perceived
control and, in some cases, reduce anxiety. This relationship has been seen with
both paper-based and electronic medical recordS3. However, electronic health
records have advantages that improve clinical outcomes, such as quality of care and
reduction of medical errors $4).

When implementing digital solutions within health care, it is important to con-
sider potential inequalities and inequities that may follow §5). Although digital
solutions can provide improved access to healthcare, the access may be a ected by
either supply factors or demand factors. The supply factors include geographical
location, availability, and cost, while demand factors include the burden of disease,
attitudes and skills [65. Majcherak et al. b5 mention previous research from the
United Kingdom, which demonstrated that the availability of health services is not
proportional to the needs of the population, by exemplifying how individuals with
disabilities encounter barriers regarding access due to unaccommodating physical
environment, prejudiced beliefs and attitudesd9], [56].

Data Visualisation in Healthcare

In healthcare, data visualisations are often used to present complex data in a way
that helps both the care receiver and caregiver to understand, draw conclusions and
make decisions. As data visualisation is a tool for decision-making, visualisations
need to be well-designed and not cause cognitive overload. While it is possible
to make the decision-making process more e cient by increasing the amount of
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information presented without increasing the cognitive load, it is also important to
recognise the negative e ects that data visualisation can have. Data visualisation
is designed to reduce cognitive load, however, if you o er interactivity, you also
need to consider how the interactivity is being used, as it has been shown that it
may introduce a high cognitive burden %7]. Furthermore, visualisations can also
be distrusted, and the level of trust a ects how well the information is integrated
into the decision-making processsB]. Visualisations have more use cases than just
displaying large datasets; they can also be used to increase compliance by providing
real-time feedback on the rehabilitation of the care receiver.

2.3.1 mHealth

A concept within eHealth is mobile health (mHealth). mHealth focuses on how
health services can be delivered and supported using mobile devices. Over 2.5 bil-
lion people worldwide own a smartphone. The accessibility of smartphones holds
promise in the healthcare sector. There is great interest in mHealth services since
they may potentially create accessible healthcare services for patients and caregivers.
One way in which mHealth can be bene cial is by providing a platform to enable
behaviour change. mHealth applications, often with the help from wearables, can
allow you to track your physiological progress, set goals, compare results with others
and counteract forgetfulness. These features have been shown to increase therapy
compliance. mHealth applications can also serve as a medium for medical education.
Access to educational information about one's disease or condition has anecdotally
been shown to improve communication between care receivers and caregivers, en-
abling better-shared decision-makingg]. While there is reason to believe that the
implementation of mHealth applications can improve certain aspects of healthcare,
it is also important to consider the current problem areas, such as health illiteracy,
discussed in sectior2.3.3 and usability barriers, discussed in sectio.3.2

Visualisation and Design in mHealth applications

When users initially download a mHealth application, they come with speci c expec-
tations regarding the features it should o er and the characteristics these features
should possess. In a study, Lazard et al6(] categorised these expectations into func-
tional, ashy, and essential features, all contributing to the application's likelihood

of being adopted by the user. Functional features include fundamental elements like
menus, settings, and search functions placed in areas anticipated by the user. These
basic functions are important in minimising cognitive load, particularly during the
application's initial usage. Flashy features can be important, as they may grab the
user's attention and create a positive rstimpression. This can include unique design
elements or illustrations. In addition, ashy features have been shown to highlight
certain features and increase perceived a ordances. Essential features are those that
users expect to use and help achieve the application's purpose. Depending on the
application's purpose, these features may vary. For instance, a calorie tracker may
be unnecessary for a post-arthroplasty application, while a graph displaying steps
over time may be useful. However, it is worth considering that the study by Lazard
et al. [6Q] included participants with a mean age of 35. Furthermore, when eval-

12



2. Background

uating mHealth applications, it was found that high- delity prototypes were more
attractive in all aspects. This highlights the importance of designing a high- delity
prototype [60].

2.3.2 Seniors and mHealth

While the proposed design will target caregivers, it is still necessary to understand
how seniors typically interact with mHealth applications. This perspective is consid-
ered for two reasons: First, it could be valuable if the caregiver could show impor-
tant information from the application to the patient without providing an explicit
explanation. The patient should be able to interpret the visual information as well.
Secondly, if the application is designed with seniors in mind, integrating a potential
patient version will be more seamless without requiring any major changes.

Between 2020 and 2022, there has been a noticeable increase in the use of digital
health services among seniors. Digital health services can include searching for
health-related information online, booking appointments with doctors or dentists,
accessing personal health records online and using other digital health services, such
as receiving prescriptions or consultations online. For example, the use of personal
health records online increased from 25 % to 41 % for the 65-74 age group and
from 15% to 32% for those aged 75-861]. Even though the adoption of digital
health services among seniors is not as widespread as in other age groups, there
remains a positive attitude towards these technologies. Fowe et al62] explored
seniors' attitudes towards technologies designed to predict cognitive decline, assist
with adherence to healthy activities, and collect self-reported data on current and
future health states. Among these, the technology enabling the collection of self-
reported data for current and future health states through a smartphone was viewed
as most positive in potential adoption.

It is also worth noting that how well a senior adopts a technology largely depends on
personal characteristics. It is easy to think of older people as a homogeneous group
without recognising the diversity within older communities. Researchers have failed
to capture this diversity when studying older people's attitudes to technology. In
addition, previous studies on the adoption of technology by older people have largely
focused on women and people of high socio-economic status. These people are often
among those who are open to adopting and using technology. This is important
to consider as it may have created a false relationship between older people and
technology p3]. Previous research suggests that older people often have positive
attitudes towards technology and that there is reason to believe that technology
can benet them in their everyday lives. However, it is important to remember
that previous studies may have failed to capture the diversity of older people's
communities, so it is important to look at them from a critical perspective and
question whether the ndings can be generalised to the older community as a whole.

As the target group of arthroplasty is primarily seniors, implementing digital health

services must be adapted to the age group. While current technologies and services
can help seniors remain more independent, there appear to be barriers that prevent
older people from taking full advantage of these technologies and services. For
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example, smartphone usage has positively a ected self-rated health levels among
seniors p4]. mHealth applications, which could positively in uence the lives of
seniors, remain relatively unutilised by adults over 65. One possible explanation
could be usability barriers. With increasing age, the risk of cognitive decline, motor
impairment, and vision and hearing problems also increas&®]. Complex interfaces,
small fonts, lack of contrast and precise movements have therefore been identi ed as
usability barriers and are thought to be related to the impairments that many older
people have §6]. Another potential usability barrier could be that many seniors
have limited health literacy. This limitation may render them unable to interpret
and act on the information available in an mHealth application 7).

2.3.3 Health Literacy

Health literacy is the ability to perceive, interpret and act on health information.
The inability to understand one's health information can lead to overall poorer health
[68]. Chohan et al. p9] argue that mHealth applications are mainly for people with
high health literacy, which is problematic as those with health illiteracy tend to have
worse health status than those with adequate health literacy. In contrast, Lin & Lou
[70] argue that the use of mHealth applications can instead improve health literacy,
especially among those with low education and health literacy. Furthermore, by
co-designing the mHealth application with the intended end-user, you can achieve
better adoption because you are meeting the user's needs regarding their health
literacy level [71]. In Sweden, 49% of the seniors, in this case, seniors that are 77,
have limited health literacy. The level of health literacy amongst senior Swedes is
strongly associated with age, education level, vision and cognitive abilitg7]. It

Is therefore important to consider these factors when making design choices for a
mHealth application and to ensure that their health literacy level does not get in
the way of understanding the information displayed.

Guidelines for Designing mHealth applications for Patients with Low
Health Literacy

Studies have been done on smartphone applications for THA and TKA, then fo-
cusing speci cally on readability. Bahadori et al. 72| reviewed 15 applications for
TKA and THA using readability assessment frameworks. Of the 15 applications
that met the inclusion criteria, only one met the readability standards. The prob-
lems identi ed were long sentences and complex language. The fact that medical
information is written in an unreadable way is worrying, as a large proportion of the
patient population su ers from low health literacy. This calls for making medical
information more accessible by avoiding complex medical vocabulary and shortening
sentences. The authors also call for greater patient involvement in the development
of applications, recognising that the target group may have special needs. They also
recommend that applications should be evaluated through readability frameworks,
such as the Gunning Fog Index, Flesch Reading Score and Flesch-Kincaid Grade
Level, to ensure that they meet readability standards. Finally, the authors suggest
that developers should be aware of the potential need to improve readability after
implementation [72]
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Emerson et al. ¥1] conducted a literature review of 57 articles addressing health
literacy in mHealth applications. The result was six categories\What we know
Write, Display, Organize Engageand Test consisting of respective recommendations;

1. What we know : The application should be designed for the target group.
Considering if the target group has cognitive disabilities, memory issues, motor
impairments, etc.

2. Write : The language used in the application needs to be digestible and pro-
vide a digestible explanation of scienti ¢ concepts.

3. Display : Use short sentences, use an interface with larger visuals with shorter
labels, and provide media forms that resonate culturally with the user.

4. Organise : Provide a clear navigational structure to reduce cognitive load and
modify interface elements to better meet older people's expectations.

5. Engage: This could include features such as speech-to-text and text-to-speech,
customisation options, and interactive elements such as games and videos. The
aim is to increase user engagement.

6. Test: Involve patients in the development of the mHealth application to get
feedback on usability and accessibility in the early stages of implementation.

2.3.4 Examples of mHealth Applications

In order to develop a valuable assessment tool for caregivers, it is important to look
at previous applications in the eld of osteoarthritis and arthroplasty. Previous
products and innovations have been analysed, and their bene ts and shortcomings
have been identi ed and are discussed in the following sections, see sectidri&4
and 2.3.4 Understanding the current market can provide the necessary information
to develop and design a product that stands out in the market.

MyMobility

MyMobility, created by Zimmer Biomet [73], is a smartphone application for pa-
tients who have undergone arthroplasty with features similar to the proposed ap-
plication design developed during this thesis. MyMobility collects activity data via
the iPhone and Apple Watch, with a preference for the latter. MyMobility has
several functionalities, such as in-app videos on physiotherapeutic exercises, direct
messages to the care team, and physiological tracking that provides the caregiver's
insights regarding the patient’s recovery73. See the smartphone application and
smartphone interface of MyMobility in Figure 2.1

Joint Academy

Joint Academy is a digital clinic o ering personalised and convenient treatment for
chronic joint and back pain. It gives users access to professional physiotherapists who
guide them through exercises and education tailored to their speci ¢ needs related
to knee, hand and hip osteoarthritis. The service is available anytime, anywhere via
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Figure 2.1: User Interface of MyMobility on iPhone and Apple Watch

an app, making it accessible to people recently diagnosed with osteoarthritis, who
have been living with the disease for a long time and who are trying to avoid joint

replacement surgery 14]. See the smartphone application and interface of Joint

Academy in Figure2.2

Figure 2.2: Screenshot of the Joint Academy applicatior’¥§|

Clinical trials have demonstrated that a six-week Joint Academy program reduces
patient-reported pain levels, walking di culties and improves health-related quality
of life [76. However, while Joint Academy could be of value to patients who have
undergone arthroplasty, it is important to consider that it mainly focuses on the
rehabilitation of osteoarthritis and other injuries.
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Theoretical Frameworks

Based on the background and the complexities of designing a smartphone application
for the healthcare sector, di erent frameworks need to be taken into consideration.

Due to the task of designing for the caregivers, it is a requirement to understand

the eld and what needs are important to consider.

This project is part of the eld of interaction design, which is an interdisciplinary
area drawing from various disciplines such as psychology, user experience, human-
computer interaction, and design principles. Interaction design focuses on creating
products and services that meet user needs and preferences, emphasising creating
meaningful interaction between the user and the product. The goal is to ensure
intuitive and e cient user experiences through user research, prototyping, usability
testing, and iterative design processed7|. Dierent design frameworks will be ap-
plied to facilitate caregivers' daily work lives. The primary design framework that
will be applied during the design process is design thinking since it has previously
been used to design mHealth applications due to its focus on empatfAg|[ Design
thinking is a non-linear framework that allows for an iterative design process. Addi-
tionally, human-centered desigmill also be considered due to its priority from the
user's perspective.

This chapter will describe the above-mentioned design frameworks, including usabil-
ity and accessibility, since the design's target group will be a heterogeneous group
of caregivers with di ering technical skills. Implementing visual elements in the
patient's version of the application underscores the importance of usability and ac-
cessibility. This enhances the application's appeal and broadens its potential to
cater to a wider target group.

3.1 Wicked Problems

When designing a product or artefact, the process is usually not linear, and the
designer may face di erent issues along the way. A concept that emphasises how
problems may be devious and symptoms of other issuesNscked Problems

Wicked problems as a concept was rst mentioned by Rittel and Webber in 19739).
The authors described wicked problems in comparison to tame problems, where an
exhaustive formulation can be stated that contains the information needed for the
problem-solver to actually solve the problem. Wicked problems are, in their nature,

17



3. Theoretical Frameworks

more deceitful, and the information needed to understand the problem depends on
the idea of how to solve it 9. Rittel & Webber [79 meant that the problem-solver
needs an extensive inventory of all imaginable solutions ahead of time to describe
a wicked problem in su cient detail. Hence, wicked problems are, for example, ill-
de ned and ambiguous §0. Wicked problems need to be taken into consideration
when designing since they require an exploratory approach that is not linear.

Wicked problems need to be considered during the Master's thesis since there are
several ways to produce and present visual data and design an application like the
one proposed. Di erent interaction design frameworks will be considered to manage
these potential problems.

3.2 Design Thinking

Design Thinking as described by Brownd1], is an approach that refers to innova-
tions being powered and built from thorough understanding through direct observa-
tions of what people want and need in their lives. It is a human-centred approach
which involves empathising with the user through understanding, de ning the in-
sights to frame a clear problem statement, generating ideas without judgment to
address the problem, prototyping to re ne the previous ideas, as well as testing the
idea through feedback to be able to iterate the design proces][ Design think-
ing involves determining the fundamental issue that needs to be addressed and not
searching for a nal solution until the actual problem is de ned. Therefore, explor-
ing potential solutions is important before converging on a nal ideadZ. Design
thinking consists of two major phases: identifying the problem and solving the prob-
lem (See Figure3.1) [83. The Identify phase consists of two modediscover and

De ne. Discover involves an open exploration to understand the user's needs, espe-
cially the undiscovered needs that may be di cult to fully articulate [83]. Luchs

et al. [83] further describe that during the Discover mode, it is important to gain
empathy with the users, which refers to understanding their context, experiences,
and behaviours. The authors further highlight that the Discover mode is built on an
iterative process. De ne, the second mode within identifying, is described as distill-
ing the insights from the Discover mode and framing them to well-de ned problems
[83. For further advancements, the main challenge is to identify which needs and
insights are most important to pursue by converging the problem statements. The
second phase, the solve phase, consists of two modesate and Evaluate Luchs et

al. [83] means that the purpose of the create mode is to develop a concept and proto-
types that can be shared with the target group for feedback and, through iteration,
can be further improved. The rst step in the Create mode is to generate di erent
ideas while considering the needs of the user, as well as desirability, feasibility and
viability [ 83]. After having Itered the ideas, prototyping is the next step. By creat-
ing low- delity prototypes, the designers can explore the di erent ideas, and further
converge and develop a high- delity prototype to present to the user for feedback
[83]. The last mode within the design thinking framework is to evaluate and get
feedback on the prototypes and the ideas. Through evaluation, the iterative process
can continue from the feedback to further improve the prototype. The evaluation
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serves as a learning mechanism, rather than only validatingJ.

Figure 3.1: Design Thinking framework §3]

Design thinking has been applied previously within mHealth apps and has shown
positive results. Farao et al. T8 argue that Design Thinking is well-suited for
mHealth apps because the Discover phase focuses on empathy, thereby strengthening
the emphasis on the needs of both the caregiver and patient. This will be carefully
considered during the design process for this Master's Thesis.

3.3 Human-centered Design

Human-centred Design(HCD), a design philosophy proposed by Don Normar8f]

Is the process that ensures that the design matches the needs and capabilities of the
users for whom it is intended by involving the end-user in the development stage
in the design process8?], [84]. The importance of understanding the user stems
from people tending to be unaware of their actual needs. Through observation,
the designer can better understand the potential requirements for an artefact to
cater to the user. The design should accommodate the user's needs and requires
communication between the artefact and to the individual.

Norman [82] describes four stages within the human-centred design process.

A

Observation: Referring to the initial research done to understand the nature
of the problem.

Idea generation: Also called ideation, is described as the generation of po-
tential solutions.

Prototyping:  The creation of low- and high- delity prototypes ensures the
problem is well understood.

Testing: Having a group that corresponds to the target population using the
prototype in an as casual manner as possible.

Norman [82] further describes the fundamental principles of interaction within human-
centred design, which includes a ordances, signiers, constraints, mappings and
feedback, whereas all the mentioned a ect how accommodating the artefact is to
the user BZ:
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A ordances refer to the relationship between an object and the individual,
including interactions with agents, animals, humans or even robots. A or-
dances are the relationship between the properties and the agent's capabilities
that determine how the object could be used.

Norman [82] describes that many people nd a ordances challenging to under-
stand due to being relationships rather than properties. Therefore, the design
should also includesigni ers communicating where an action should occur.

Constraints limit what can be done and guide the user regarding the actions
available.

Mapping is a concept within the design and layout of di erent controls and
displays. For example, mapping can use spatial correspondence between the
layout and the control when a device is being controlled. Natural mapping
refers to taking advantage of spatial analogies.

Feedback means communicating the results of an action. Normar8% un-
derlines that feedback must be immediate because if the delay is too long,
people tend to give up on their e orts. It is important to have a balance
with the feedback since too much feedback can lead to annoyance or it can be
inappropriate and distracting.

For the suggested project, it is important to understand the user's perspective and
needs, whereas HCD allows for observation and understanding of the underlying
problems.

3.4 Usability & Utility

Usability refers to how easy an interface is to use. According to Nielsen Norman
Group [85], usability has ve components:

1. Learnability:  The user should be able to perform basic tasks even during
initial usage.

2. Eciency: How easily the user performs the task.

3. Memorability: ~ The ease with which a user can remember the system after
a period of not using it.

4. Errors: What is the frequency of user errors, how signi cant are these errors,
and how can the user recover from them?

5. Satisfaction: The pleasure a user gets from using the product.

Utility, on the other hand, revolves more around the functionality of the design, if
the design can ful | the user's need. When designing, you have to consider both
utility and usability. Otherwise, you will end up with a design that is either too

di cult to use or doesn't do what you want. Therefore, a system's usefulness is
determined by its utility and usability. If you cannot achieve usability or utility,
there is a risk that the potential user will ignore the system. d5).
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3.5 Accessibility

Accessibility usually refers to the use of di erent interactive products and systems

by people with special needs, particularly those with disabilities and older people
[86]. Accessibility is a form of quality concept that can be interpreted di erently
depending on the design approach used during the development of a prod&i][
Persson et al. 7] mention that there is a lack of consensus regarding the de nition

of accessibility, which may hinder the adoption of accessibility on a wider scale,
limiting the potential bene ts. A signi cant challenge described by Persson et al.
[87] is that the term accessibility is used in several varied contexts, which may
lead to di erent interpretations and, even within the same context, be ambiguous.
Regarding healthcare and accessibility, it is important not to view healthcare workers

as one homogeneous group. Healthcare workers are diverse in terms of race, age,
and expertise, which can have implications for design. The challenge lies in making
our design accessible to all healthcare workers within the orthopaedic section. In
addition, while the focus is on creating a prototype designed for caregivers, we also
consider how patients, typically seniors, can use and benet from our prototype.
Designing for seniors presents several challenges, mainly because they are a group
that su ers from conditions such as cognitive decline, motor impairments, and visual
and hearing impairments, all of which a ect how they interact with an interface 5.

3.5.1 Universal Design

Universal design is a similar framework within accessibility, with the goal of design-
ing products that everyone can use to the greatest extent possible without any need
for adaptations or specialised desig8§]. Within universal design, seven fundamen-
tal principles are deemed necessary to ensure the accessibility of the prod@,[

[88):

1. Equitable use: Meaning that the design is useful and marketable to people
with varying abilities

2. Flexibility in use:  The design should accommodate a wide range of individ-
ual preferences and abilities.

3. Simple and intuitive:  The design should be easy to understand regardless
of the user's previous experience or knowledge.

4. Perceptible information: The design should communicate the necessary
information e ectively to the user.

5. Tolerance for error:  The design should minimize hazards and adverse con-
sequences of unintended actions.

6. Low physical eort:  The design should be able to be used e ciently and
comfortably with a minimum of fatigue.

7. Size and space for approach and use: Referring to appropriate size and
space are provided for approach, reach and manipulation.
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3.6 Information and Data Visualisation

To create visualisations that meet usability and accessibility criteria, basic principles
for data and information visualisation must be applied. Data visualisation is the pro-
cess of taking data and creating a graphic representation of it to make a presentable
result, which can be used as a body for analysis and conclusion. Researchers make
the distinction between presentation graphics and exploratory graphics. Presenta-
tion graphics are often used to display proof of numbers, with clear gure explana-
tions and captions, but without a real explanation of how the result was achieved.
Exploratory graphics instead focus on nding the actual result, meaning they can
exist without captions and legends and are supposed to be fast and informati&9][

To build a good foundation, you need to choose the right marks and channels. A
mark is a graphical element in the visualisation that depicts an item in the dataset.
Channels help to adjust the mark depending on the characteristics of the item in
the data set. Visual channels could include size, position, shape and colour. When
it comes to channels, there are two principles that one should follow to create a
visualisation that is in line with our perceptual system:Expressivenessand E ec-
tiveness Expressiveness revolves around visualising ordered data, so it intuitively
appears as such and making sure the visual encoding is limited to the attributes of
the information of the dataset. E ectiveness, on the other hand, involves using the
right channel to portray a speci c attribute. An important attribute should use the
most e ective channel and vice versa. Visual channels can be broken down into two
categories: ordered and categorical data. Ordered data refers to data variables that
have a prede ned order or values that follow a specic order. Ordered data uses
magnitude channels, with the most e ective being aligned spatial position followed
by, in order, unaligned spatial position, length, angle, area, depth, luminance and
saturation, curvature and volume. Categorical data instead follows no numerical
order and can be classi ed into discrete groups or labels. An example could be
gender, ethnicity or binary variables. Categorical data uses identity channels and
is encoded using spatial region, colour hue, motion and shaping, ranging from most
e ective to least e ective. Following these principles creates a visual encoding that
our perception system can interpret intuitively 5.

3.7 Technology Acceptance Model

The Technology Acceptance ModdITAM) was presented in 1989 by Davisq(Q] to in-
troduce a scale of perceived usefulness and perceived ease of use of novel information
technology systems. Perceived usefulness is, in this circumstance, de ned'the
degree to which a person believes that using a particular system would enhance his or
her job performance”[90], meaning that the context of the term is in a professional
setting, with a focus on the use-performance relationship. Contrasting, perceived
ease of use refers ttthe degree to which a person believes that using a particular
system would be free of e ort'[90], whereas the author claims that an application
that is perceived to be easy to use is more likely to be accepted by its end-term
users.
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TAM is a common model to analyse digital systems and technologies within health
care in regard to technology acceptance analys&d][ The model predicts the user's
intentions to perform particular behaviours and analyses the user's acceptance or
rejection of a particular system. According to a literature review conducted by
Garavand et al. P1], TAM is a common model used within health care and has
shown a high ability to demonstrate the technology adoption amongst clinicians.

Even though TAM is used frequently within the healthcare sector, there are also
challenges with the model that need to be considered. According to a literature
review conducted by Legris et al. 92], a limitation of TAM and its use throughout

the research is how it tends to measure the variance in self-reported use instead of
system use. According to the authors, this is not a precise measurement but should
serve as a relative indicator. Hence, assessing whether an application or technology
has high acceptance when measured through TAM is a rather subjective form of
evaluation that may not be possible to generalise to the greater masses.
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Methodology

The following chapter presents the proposed methods and tools that will be used,
with consideration of the design thinking framework. The target group refers to
the caregivers, however, the patients will also be considered when designing the
application so that the design is understandable for a wider demography. The ap-
plication will be designed from the caregivers' perspective but the goal is to be able
to implement the visualisations of the self-tracking data in the patients' version of
the application as well. Therefore we need to consider that the data visualisations
should be understandable from both a caregiver's and patient's point of view.

4.1 Methods in the Discover Phase

The initial step in the discover phase is to conduct a literature search revolving
around the topic and the healthcare eld, including the target group. To get an
elaborate view of the users' needs for the design, semi-structured interviews will take
place and serve as a pre-study, where a nity diagrams will be the main method of
analysing the responses. The reason to conduct semi-structured interviews early in
the design process is to understand the users' needs and root issues, to then de ne
the problems in consideration of design thinking.

Literature Search

Finding relevant literature is a continuous process throughout the research but with
an emphasis during the initial stages. It provides guidance for the study, helping
to identify relevant methodologies and study designs, and enabling evidence-based
decision-making. However, given the abundance of articles available on various plat-
forms, systematically searching for articles becomes necessary to lter out irrelevant
ones. This process involves translating your research question into keywords that can
be used on platforms such as Google Scholar, Scopus, PubMed, and others. Search-
ing with these keywords can o er an initial glimpse into the literature, providing
relevant articles that can then serve as a basis for re ning search terms. Filtering
your search is also an aspect of nding relevant articles. This involves narrowing
down the search results based on speci c criteria such as time span, journals, citation
count, and article type P3.
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Semi-structured Interviews

Semi-structured interviews are a qualitative data collection method, where the inter-
viewers have a set of questions prepared, with open endings so that the respondent
can expand on their ideas and opinions. Semi-structured interviews involve balanc-
ing the mentioned set of questions, but allowing the participant to expand and delve
deeper into certain issues9d]. Galletta & Cross describes how a semi-structured
interview tends to be constructed 94]:

Opening segment: The interview should begin with a statement of the pur-
pose of the research, as well as informed consent to establish a level of comfort
and ensure the participant's understanding of their rights. Furthermore, the
interview should continue with broader questions to create openings for the
participant to speak from their experience. If needed, the interviewer should
support the ow of the interview with probes to guide the interview in the
desired direction.

Middle segment: In the middle segment of the interview, the interviewer
should attend to the nuances in the narrative that in turn explores the com-
plexity of the topic. During this segment, it is relevant to shift to more speci c

questions that relate to the research questions.

Concluding segment: In the concluding segment, the interviewers should
ask questions that may re ect theoretical considerations, as well as returning to
experiences that may need further exploration, as well as additional thoughts
regarding the topic.

Compared to surveys, interviews allow you to gain insight from body language, facial
expressions and tone of voice. These aspects can carry information that could be of
value to your study. Interviews are e cient at capturing small nuances that would
otherwise be lost. While it is possible to capture these nuances in an online interview,
it is preferable to conduct them in persong5]. However, due to the busy schedules
of caregivers, some interviews with caregivers may be conducted online. The aim is
to conduct as many interviews as possible in person to capture all the nuances.

To gain knowledge from the target group's perspective, semi-structured interviews
will be conducted to fully understand the needs of the design, as well as get insights
into the research questions from the caregivers' perspective.

A nity Diagram

Based on the semi-structured interviews, an a nity diagram will be created. An
a nity diagram consists of a large amount of data that is categorised and organised
in groups or themes based on their relationship9§]. A nity diagrams help with
the process of making sense and organising the ideas for the designated project.

The creation of an a nity diagram involves gathering data, writing down observa-
tions and then organising the notes with data into thematic groups.

The rst step is to write pieces of data, such as facts, drawings, quotes, observations
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and ideas on separate Post-it notes. It is important to have one piece of data per
note. The process continues to put the notes up on a wall or spread them out across
a table. The usage of Post-it notes makes it easier for the design team to categorise
and move the data pieces into cluster9§]. The categories constructed from the

a nity diagram allow for further analysis and help the group nd key themes of
importance based on insights and quotes from interviewees.

4.2 Methods in the De ne Phase

When having understood the problem or problems in depth from the discovery phase,
the group will start with de ning the problem space, and ideate regarding potential
solutions. Through ideation, all of the previous research done can be compiled into
speci c ideas and further understanding of the actual problems as well as ideas on
how the design should look and which functionalities are of importance.

How Might We?

How Might We (HMW) is a method that precedes brainstorming, which can help
rephrase the problem95. Usually, the steps in the HMW method follow the se-

guence 99:

1. Specifying the materials to be explored, such as the problem statements, in-
sights from research, and a design brief

2. Reframing the problems or insights into "How might we" statements until
nding consensus on the right one.

3. Brainstorming solutions in response to the HMW statement.

4. Prioritising the di erent ideas, as well as recognising them as a step towards
further exploration and the iterative development of concepts.

Hanington & Martins [95] describe that HMW statements both narrow and broaden
the design direction, since they require careful and iterative wording, and enable a
vast possibility for exploration. Therefore, the HMW method encourages open-
mindedness, a collaborative approach as well as a user-centric thinking which are
imperative for generating both innovative and e ective solutions. This method is
suitable to de ne the problem space and what factors are important when creating
the design, to then be able to answer the research questions, &&&

Mind Mapping

Mind mapping is a tool that allows for visual thinking that can help idea generation
and development when the relationships between several pieces of information are
di cult to de ne. By extracting the team's ideas onto a paper, di erent relationships

can be drawn in a non-linear manner. When creating a mind map, the limit should
be one side of the paper to reduce the feeling of being overwhelm@§.[
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The purpose of creating a mind map is to nd associations between the di erent
functionalities and needs of the target group, to better understand how everything
Is connected and what is to be prioritised during the creation of the prototype.

Brain Writing

Based on the semi-structured interviews, the a nity diagram, and theHow Might
We method, a brainwriting session will be performed to delve deeper into what
information is important to visualise, as well as solutions of how the design may
cater to the caregivers' needs. Di ering from a classic brainstorming session where
everyone in the group verbally expresses their ideas, the participants in a brain
writing session write down a set amount of ideas during a limited time frame which
are then passed on to the next individual in the group. The core of a brainwriting
session is to expand the ideas from the participants and to aim for a wide solution
space to then narrow it down.

Generally, a brainwriting session is divided into di erent phases. The rst stage
Is to de ne the problem, by starting with a clear and concise problem statement
which helps the participants to focus on a certain issue during the idea generation.
The idea generation then starts, where each participant writes down di erent ideas
individually on a paper. The ideas are then passed on to the next person, whose
task is to read through the ideas and expand on them, creating a chain of collective
creativity [97].

Dot voting

Dot voting is a democratic method where each group member is assigned a set
amount of votes, e.g. dots or icons, that the members use to vote on their favourite
ideas Pg. It is a simple tool to use to prioritise di erent ideas within a group
setting. To apply the dot voting tool, there is a need to gather material, such as
di erent options or ideas written down on paper or sticky notes. When having
gathered the material, voting constraints are speci ed. This includes how many
votes each participant is allowed to place and specifying the purpose of the vote. The
participants should then place their votes, without any discussion. The conversation
and discussion should continue after the dots are placed, and the votes are calculated

[98).

4.3 Methods in the Create Phase

During the Create phase, the focus will be on sketching and prototyping the design
into a functional interface through iteration. Sketching and prototyping help to
conceptualise and visualise the ideas constructed in the previous phases.
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Sketching

Sketching as an ideation method allows the designer to propose and explore ideas
that can be communicated to either colleagues or stakeholders. It is a fast and cheap
way to create and iterate ideas. Sketching is a way to start the design process, and
to understand what problems may appear when creating the design as well as what
are good parts of a desigrop).

Sketching is a method that has a distinctive role when developing design since it
allows for exibility since it can easily be modi ed and discarded. Repeating and
iterating the sketching process allows for ideas to grow and become more re ned
before continuing to build low- and high- delity prototypes [99

Prototyping

Prototyping is an important phase within the Design thinking3.2 process, where the
concepts and understandings from the discovery phase are realised and considered to
create the desired prototype. When prototyping, the delity varies from low to high.
When designing a prototype of an application, it is important to create wireframes
before delity is added to the prototyping. Wireframing is the process of creating
mockups which aim to plan and de ne the information hierarchy, structure and
ow of your application. The process will continue by selecting a colour theme and
typography for the application as well as creating a design system. After having
done the mentioned steps, the process of creating a high- delity prototype with
interactions for the usability tests will be done.

The primary software that will be used when prototyping is Figmal0(d. The reason
for working in Figma is due to its user-friendly interface, rich possibilities to create
interactions, and the possibility to collaborate within the project.

4.4 Methods in the Evaluation Phase

For the evaluation of the design, there is a need to test the usability and accessi-
bility of the design which will be done through a usability test according to the
Think-Aloud (TA) protocol, questions following the TA-protocol, and a question-
naire according to the Technology Acceptance Model (TAM).

Usability Test

Due to the proposed task of developing a design for an iPhone application that
stores self-tracking data from patients who have undergone arthroplasty surgery, the
application needs usability tests to understand if the application seems intuitive and
usable for caregivers. Usability tests involve testing a design, by having a group of
representatives, in our case the caregivers which corresponds to the primary target
group, conducting di erent tasks with the prototype [101. Usability testing is a
form of evaluation which allows the team to identify how the interface works and if
there are elements that frustrate or confuse the usersy.
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Usability tests usually follow the format of the TA protocol, where the user gets to
explain every action with words and verbalise their thoughts throughout the test
[95]. By conducting usability tests, an increased understanding of how the typical
end user would use and interact with the design takes shaf#5].

Usability tests tend to be analysed through qualitative means, such as interviews,
observations, and further thematic analyses. However, when analysing a digital pro-
totype, quantitative measures such as the amount of clicks or time spent searching
for a way to conduct a task, may also be of interest for comparative analysis. Since
the goal of the application is to serve as an asset for research at Sahlgrenska Univer-
sity Hospital, the evaluation of the design is important to nd potential challenges
and errors to then, be able to implement it.

As of now, relevant issues that need to be evaluated include accessibility as well
as the user interface in regards to the information visualisation of the self-tracking.
Therefore, the primary evaluation method will be usability tests where a group of
individuals who are representative of the target group, caregivers, gets to perform a
certain amount of tasks within the prototype in a controlled environment. Insights
from the users are required to understand potential problems with the prototype
and how well the key functionalities are highlighted.

Technology Acceptance Model Questionnaire

Based on the Technology Acceptance Model, a questionnaire consisting of twelve
items, 6 concerning perceived usefulness, and 6 regarding perceived ease of use, is
planned to be used. The purpose of the questionnaire is to quantify the mentioned as-
pects through a seven-pointed Likert scale with the anchors being likely and unlikely,
ranging from: Extremely; Quite; Slightly; Neither; Slightly; Quite; and Extremely

[90].

Through the questionnaire, the aim is to gain an understanding if the participants
have a similar impression of the applications and concept's usefulness as well as if
it is easy to use.

30



5

Design Process & Execution

The following chapter will explain the execution and process of the development of
the design based on the design thinking framework, including the phaseda$cover,

De ne, Create and Evaluate To follow the design process, a time plan was made
according to the framework, see AppendiA. The four phases and how di erent
methods were used throughout the design process are described in the chapter, as
well as the reasoning behind each step. Figugel was made to visualise how the
process is planned, and which steps will be followed during the execution.

5.1 Phase 1: Research & Discover

The rst step in the discovery phase was a literature review. This initial step served

as an open-ended phase, allowing for exploration without a clear goal in mind. As
the discovery phase progressed and more information was digested, underlying issues
related to the problem area could be identi ed. To further explore the problem area
and gain perspectives not identi ed in the literature review, 10 semi-structured
interviews were conducted with healthcare professionals experienced in dealing with
arthroplasty patients. The interviews served as a pre-study to understand the need
and context. Finally, an a nity diagram was created based on the interviews to
structure and organise the ndings from the interviews.

5.1.1 Literature Search

A thorough literature search was conducted to understand the problem space. Google
Scholar and Chalmers Library were used as the primary platforms for nding rel-
evant articles. Due to the dierent related areas of the thesis, it was necessary
to have dierent sets of keywords depending on the area being researched. Ini-
tially, previous studies that revolved around topics such as mHealth, self-tracking,
and digitalisation in healthcare were dissected. Keywords used were: Person-centred
Care; Seniors and Technology; Seniors and self-tracking; Digitalisation in healthcare;
Usability mHealth apps; Accessibility; Biofeedback in Arthroplasty. Using these pa-
pers, further references and keywords could be found by looking at which papers
were referenced in the selected papers, creating a snowball e ect. As arthroplasty,
healthcare, and self-tracking were unexplored topics for the group, the literature
search began broad, focusing on nding overview articles such as meta-reviews and
systematic reviews to provide a foundational understanding of the subject matter.
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Figure 5.1: Model of the planned steps in the design process according to Besign
Thinking framework

As we gained a better understanding of the relevant topics, we shifted our focus to
more speci c articles. These articles were relevant for understanding the problem
area and helped the group identify potential methodologies for the study. Further-
more, an in-depth literature search identied a research gap: using self-tracking
through smartphones to assess the outcome of arthroplasty. The ndings from the
literature search also partially formed the basis of the interview questions and helped
to understand medical terms used within arthroplasty.

5.1.2 Semi-structured Interviews

10 semi-structured interviews were carried out to gain a better understanding of the
users and their current contexts. These interviews aimed to gain insight into the
current practices in Sweden and understand the communication between caregivers
and patients. The interviewees were professionals in orthopaedics or physiotherapy
due to their expertise in the areas of arthroplasty and osteoarthritis. Including
several physiotherapists was particularly important during this phase because of
their speciality in rehabilitation and the patient's movement patterns, making them
the primary caregivers patients encounter more consistently post-arthroplasty.

Pilot Interviews

Before conducting the semi-structured interviews, two pilot interviews were con-
ducted with one orthopaedic surgeon and one resident doctor/PhD student to gain
a deeper understanding of the topic holistically and understand which interview
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guestions were relevant. The pilot interviews took approximately 40 minutes. There
were several insights from the pilot interviews. However, some of the questions were
too similar, confusing the participants. Furthermore, some of the questions had
no answers due to overestimating how much technology and data visualisations are
used in healthcare and physiotherapy.

Through the insights from the pilot interviews, the questions were revised to give
the interview a better ow and make the questions more concise. See Appendix
B for the revised interview questions that were used to guide the semi-structured
interviews.

Participant Selection

The participant selection was made by contacting hospital departments that spe-
cialise in orthopaedics and physiotherapy clinics, with the additional help of the
orthopaedic surgeon who was a part of the pilot interviews. The decision to inter-
view physiotherapists primarily during this stage was due to the need to understand
current communication between caregivers and care receivers and get insight into
their specialisation within movement patterns. The interviewees' occupations and
years of experience are listed in tablg.1

Table 5.1: Table of demographic measurements for the interviews

Participant | Current practice Years of experience
1 Researcher in OA 25

2 | PhD student 7

3 | Physiotherapist 13

4 | Physiotherapist 5

5 | Physiotherapist 21

6 | PhD Physiotherapist 15

7 | Physiotherapist 17

8 | Physiotherapist 9

Revised Interviews

The interviews were conducted in Swedish because all interviewees were native
Swedish speakers. The purpose of conducting the interviews in Swedish was to
decrease the potential of a language barrier. Eight interviews were conducted and
took approximately 25 minutes, including giving information about the project and
the interviewees giving consent through a consent form (see Appendd. The lo-
cation of the interviews was online, via either Microsoft Teams or Zoom, due to
the interviewees working in di erent cities in Sweden. All the interviews used the
same structure of questions, but because the interviews were semi-structured, some
participants were asked additional questions to prompt discussion, while others had
guestions removed due to time constraints or their lack of relevance to their work.
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The interviews followed the following structure: Current practice within arthroplasty,
digitalisation within health care, the caregivers' needs, evaluation of the patient's
movement patterns, and the general attitude towards implementing digital tools and
self-tracking in the healthcare landscape. The questions varied from open to more
speci ¢, depending on the topic. Open and speculative questions were necessary to
get a detailed perspective of the interviewees' thoughts and opinions on digitalisa-
tion within physiotherapy. After conducting the interviews, they were transcribed
automatically using Microsoft Teams or Microsoft Word if conducted over Zoom
and then manually corrected.

A nity Diagram

Based on the answers from semi-structured interviews, an a nity diagram was cre-
ated. Creating the a nity diagram started with reviewing the transcribed mate-
rial from the interviews. Valuable information from the transcribed material was
translated into keywords and topics that were written down. Both group members
completed this process to ensure intercoder reliability. The keywords and topics
were written down as digital notes inFigma. Keywords and insights were discussed
and then categorised according to the topics and questions the interviews revolved
around. After categorising the insights and answers from the interviewees, recurring
themes were identi ed. To add substance to the recurring themes, the transcribed
material was reviewed further to nd relevant quotes that touched on the specic
theme.

The themes and categories found through the a nity diagram were derived from
insights, keywords and citations. The themes are summarised #2, and further
described in chapter6. The citations were translated from Swedish to English for a
better report ow, and the original quotes can be received on request. URL to the
A nity Diagram can be found in appendix E.

Table 5.2: Table of themes found from the A nity Diagram, based on the semi-
structured interviews during the discovery phase

Themes
Current Practice

Subjective Evaluation
Assumptions regarding patients
Lack of information
Digitalisation within health care
Objective evaluation

Validity

Individual goal-setting
Accessibility

Lifestyle factors
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5.2 Phase 2: De ne the problem

The discover phase consisted of di erent methodologies that gave the group insight
into arthroplasty in Sweden's healthcare landscape. Understanding caregivers' prac-
tices in rehabilitating arthroplasty patients also revealed their needs and expecta-
tions for rehabilitation. To organise the material collected and consider it during the
design process, the de ne phase consisted of di erent tools and methods to specify
caregivers' needs. The caregivers' needs were de ned based on the problem state-
ment. Filtering out needs and expectations deemed unrelated or implausible was
important for maintaining focus on the research questions. To begin tHge ne pro-
cess, we created "How Might We" statements to recognise the needs that are to be
considered. Further, we created personas based on the semi-structured interviews
to understand generalised archetypes of the users.

The De ne phase then continued through ideation, where di erent brainstorming
techniques were applied to generate di erent ideas based on the problem area.

5.2.1 How Might We?

To de ne the problem space around the research questions, the group employed the
How Might We method, described in Sectiort.2 Creating questions based on the
collected data allowed for guidance during the design process.

How might we create a design that visualises the patients' self-tracking data to
understand the surgery outcome while making it accessible to the caregivers?

How might we create visualisations that are accessible to both the caregivers
and the patient?

The how might we questions allowed us to narrow the problem space down to ac-
cessibility and usability to focus on the visualisations considered the application's
main component.

5.2.2 Mind Mapping

Based on the information from the discover phase, and to start the ideation process,
we created a mind map with di erent requirements to consider when designing the
interface of the application (see Figuré.2). The mind map was created to outline
the necessary components for the application and to nd inspiration for its features.
The mind map allowed us to explore which factors were connected to one another
and to get a starting point for which functionalities were important and needed

to be considered. The main components that were considered during the mind
mapping procedure were thecaregiversand patients, as well asdata visualisations
and functionalities. We realised commonalities between factors, such as the target
groups (caregivers and patients) being both heterogeneous groups. Therefore, we
emphasised the focus on accessibility to make the application as simple as possible.
Additionally, the simplicity of descriptions in the design was important to reduce
the medical language barrier. Furthermore, the functionalities of the caregivers'
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version need additions, such as comparisons to analyse the surgical success and the
possibility of Itering based on di erent needs.

Figure 5.2: Mindmap that was created during the de ne phase

5.2.3 Brain Writing

After creating the mind map based on the interviews, a second ideation method
was conducted - brain writing. This method was used to explore the solution space
based on the mind map and to get di erent ideas for visualising the self-tracking
data. The session was divided into 4 sets of 5 minutes, where both group members
began by writing down 3-4 di erent ideas during 5 minutes, which were then built
upon with either descriptions or quick sketches (see Append).

Dot Voting

Dot voting was used to prioritise the ideas of the brain writing session. Each group
member placed 3 votes on their favourite ideas to decide which ideas were preferred,
see AppendixC) Dot voting was also used to raise discussion regarding the op-
tions most relevant to the prior ndings from the literature review, semi-structured
interviews, and problem statement.

The results of the brain writing and dot voting were the prioritisation of highlighting
the surgery date and the possibility of sorting the patients according to when they
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had the surgery done in combination with additional Itering features. Furthermore,

the idea of seeing a compressed version of the patient's activity levels was emphasised.
Additionally, comparing a patient's self-tracking data with the mean value of all the
other patients was considered, both for the potential of motivation from the patient's
perspective and for the caregivers to compare the patients' progress.

5.3 Phase 3: Create

The information and insight gained from the previous phases made it possible to
start concretising and visualising the ideas. This phase marked a transition from ab-
stract concepts to the design of a high- delity (hi-) prototype. Through sketching,
wireframing, and prototyping, the delity of the designs increased while the level
of abstraction decreased, resulting in a tangible product that potential users could
evaluate.

5.3.1 Sketching

Sketching was done throughout the design process and was not limited to the begin-
ning of the design process, but rather used as a tool throughout the design phase. It
started with sketches that helped to generate early concepts and low- delity (lo-)
prototypes, and then as the process progressed, the sketches became more speci c,
helping to re ne ideas into something tangible (See Figur®.3). This was useful
when generating ideas for di erent data visualisations and the interface's structure.
To exemplify, explaining a specic data visualisation can be dicult and lead to
confusion and misinterpretation. Therefore, the sketches improved communication
so that the ideas were interpreted correctly. Sketching was done both physically on
paper and digitally on tablets.

Figure 5.3: Early sketches of the prototype

5.3.2 Wireframes

The wireframes were primarily based on the results from sketches, mind mapping
and brain writing. Figma was used as the tool for the wireframes and helped to
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understand how the information hierarchy could look in an application of this na-
ture. Several wireframes were created, with di erent layouts and structures to t
the di erent visualisations (see Figure5.4 for examples of the wireframes created).
As the structure, ow and information hierarchy got more re ned and polished, as-
pects such as pixel-speci ¢ layouts and actual data visualisations could be added.
Including mock-ups of the data visualisations in the wireframes was important as
it provided insight and guidance on what size they needed to be readable and in-
terpretable. The wireframes were discussed with our supervisor to ensure the right
decisions were made and to gain an extra perspective on the design choices.

Figure 5.4: Early wireframes of the home screen, patient list view and detailed
patient view

5.3.3 Prototype

With a clear understanding of the structure, ow and information hierarchy, the

hi- prototype began to take shape. Similar to the wireframes, Figma was used as

a platform for designing the prototype. In addition, various icons were designed
during this phase using Adobe lllustrator and Procreate. Beyond icons, a library of
Ul components was also created, containing design elements such as navigation bars,
switches, segmented controls, headers and more. Creating a component library in
Figma helps maintain consistency throughout your design. The data visualisations
required numerous iterations due to the complexity of designing the combination of
colour, placement, type of visualisation, use of legends and labels, size and accessibil-
ity considerations. Furthermore, as the visualisations developed, the pixel-specic
layout required minor adjustments. This was necessary because it was di cult to
predict what the wireframes would look like with hi- data visualisations, includ-

ing labels and grids. To create the data visualisations, orfégma plugin, Random
Linechart, was used for the line graphs. The plugin o ered customisability to t
our variables and requirements and the ability to generate several di erent visuali-
sations quickly. With the quick generation of data visualisations, it became easy to
see what worked in our prototype and what did not. Also, the lines and graph were
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generated as vectors, allowing for customisation in Figma, an advantage over using
a static image.

One of Figma's advantages is the possibility of mirroring the prototype from your
computer to your mobile device. This feature was used throughout the process
because the visualisation medium can in uence your perception of the data. Fur-
thermore, Figma allows for collaboration within the team, which is important for
testing ideas and working simultaneously. The last prototyping step was to add
interactions between the components and the views. Since the ow and structure of
the application were already mapped out from the wireframing, there was an idea of
how the interactions would function, simplifying the implementation. After adding
the interactions, the group reviewed the design several times to identify inconsisten-
cies. Some inconsistencies were found, primarily related to di erences in margins
and visualisations. By addressing these inconsistencies and re ning the interactions,
we created a prototype with a level of delity suitable for evaluation.

5.4 Phase 4: Evaluate

To evaluate the prototype, usability tests were conducted with a total of seven par-
ticipants. The rst usability test was a pilot test with a student from the Interaction
Design & Technologies Master's program to revise the think-aloud protocol and nd
any confusing tasks. After evaluating the usability test based on the pilot test, six
usability tests were conducted with healthcare professionals within orthopaedics and
physiotherapy.

5.4.1 Usability test

The usability tests were conducted in the participants’ respective work environments,
either in their o ces or a secluded group room. The participants involved agreed to
have their voices recorded and screen recorded by signing a consent form, which also
included descriptions of how the data would be used. Choosing their natural work
environment was done for two reasons. First, the artefact is designed to be used
in the caregivers' work environment, making it relevant to test it there. Secondly,
due to the caregivers' schedules, it was easier to meet them at their workplace. The
entire evaluation took approximately 20 minutes, whereas the TA protocol took 8

to 10 minutes, the re ective questions took approximately 8 to 10 minutes, and the
TAM questionnaire took around two minutes.

Think-Aloud Protocol

The usability tests followed a TA protocol where the participants were given certain
tasks to perform within the prototype. Before the TA protocol, participants were

presented with a photograph of a painting and encouraged to talk about it. They
were advised to mention anything they felt, saw, or experienced with the painting,
with the understanding that there were no right or wrong responses. This served
as an exercise for the participants for the TA protocol to acclimate them to ver-
balise their thoughts. No time limit was set for this exercise; it ended when the
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participants felt they had nished. Following this initial exercise, participants were
given a smartphone with an active screen and voice recording containing the design
prototype and a paper with written instructions. They followed these instructions
and completed the assigned tasks, verbalising their thoughts consistently. Through-
out the TA protocol, the participants were advised not to ask questions to the test
leaders to prevent potential bias or hints. However, the test leaders were present
throughout the TA protocol to address any bugs or errors that could arise. In such
instances, the test leaders were able to assist. The usability test ended when the
participant nished the last instruction.

Re ective Questions

Once the patrticipants had completed the TA protocol, they were asked open-ended
questions covering aspects such as design, data visualisations, accessibility, and over-
all impressions. Furthermore, if the participants faced problems during the TA pro-
tocol, the di erent speci ¢ challenges were discussed to re ect on potential issues.

Technology Acceptance Model Questionnaire

A technology acceptance model (TAM) questionnaire (see Appendi®) was used at
the end of the usability test to get an indication of whether the tool was perceived
to be useful in di erent expertise areas within caregiving. The questionnaire is a
seven-pointed scale divided into two parts, the rst being perceived usefulness and
the second being perceived ease of use. The participants subjectively rated how
useful the product was and how easy they thought it as how easy they thought
the product was to use. The questionnaire's purpose was to give the participants
the possibility to think about whether the application concept could be useful and
implemented within their occupation and if it was simple to understand.

The responses from the questionnaire were inverted, meaning that extremely likely
corresponded to 7, while extremely unlikely corresponded to 1. To calculate the
mean value of the responses and standard deviatiadjcrosoft Excel was used. Due
to the low number of participants in the usability test, the results from the TAM
guestionnaire served as indications of the perceived usefulness and ease of use.

5.4.2 A nity Diagram

An a nity diagram was created to structure the ndings from the evaluation. This

a nity diagram followed the same work ow as the a nity diagram done during

the Discover phase for the semi-structured interviews. The process started with
transcribing the voice recordings from the usability testing and the associated semi-
structured interviews. After transcribing, the material was translated into keywords
and topics, which were written down as digital notes in Figma. Quotes that high-
lighted a speci c keyword or topic were also added. To create an initial structure,
the keywords and topic were rst divided into positive and negative. Beyond creat-
ing an initial structure, dividing it into positives and negatives also made it easier
to see patterns in aspects that invoked speci c emotions or experiences. The posi-
tives and negatives could then be further broken down into themes and categories.
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Every process in creating the a nity diagram was done in collaboration and was
highly iterative. The themes and categories were constantly discussed and adjusted
to re ect the ndings from the usability test.

41



5. Design Process & Execution

42



6

Results

Based on the design process and ndings from the semi-structured interviews con-
ducted during the research phase, a high- delity prototype was designed of the
suggested smartphone applicatiohlur gar det? The ndings and insights from the
semi-structured interviews, design solution, results from the qualitative evaluation
and the suggested re-design are described in this chapter.

6.1 Findings from Semi-structured Interviews

At the beginning of the project, semi-structured interviews were conducted to gain
broader insight into the context of caregiving and the needs of the caregivers. The
ndings will be structured based on the themes identi ed in the A nity Diagram,
see Sectiorb.1.2 while the URL for the A nity Diagram in Figma can be found in

the Appendix E.

Current Practice

In the caregivers' current practice, several stakeholders are involved, including doc-
tors in primary care, orthopaedic doctors, nurses, and physiotherapists. The main
purpose of arthroplasty is pain relief. A functional examination of the patient's
movement patterns uses ocular inspection to assess whether a patient is a candidate
for surgery. Currently, analogue measurement tools such as a goniometer (an angle
measurement tool for knees) are utilised. After the surgery, patients are encouraged
to move as soon as possible with walking aids and are given rehabilitation exer-
cises from physiotherapists to do at home. Patients also revisit physiotherapists for
further assessment of the rehabilitation process a time after the surgery (approxi-
mately 4-6 weeks). If needed, the patients continue to see a physiotherapist after
the surgery to increase joint functionality. An important consideration is that the
patient usually meets di erent caregivers on each visit. Participant 8 highlighted
this "The di cult part is that you don't follow the same patient. It is di erent per-
sons who meet them during the enlistment, di erent who meet them in the hospital,
and di erent people who meet them after four weeks. So the most of them [patients],
you only meet on one occasion. And then it is quite hard to know how they have
been beforé
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Subjective Evaluation

Currently, assessing the patient's movement patterns and rehabilitation relies on
subjective observations by the caregiver and the patient's self-reported experiences.
Participant 4 said, "'The amount of information is what | collect myself. And the
amount of information is how much, how many times, | assess or look at a patient. |
don't really get any information except for when a patient says that they for example
limps (...). You don't get an objective evaluation of the patient's gait, it becomes an
assessmernit Furthermore, Participant 1 said, 'lt is easy that one [the patient] is
overshadowed by the pain that has been, which makes it di cult to get a fair before-
and after view of yourself as a patiefit

Assumptions Regarding Patients

Due to the subjective nature of the current assessment tools, there seems to be a
relatively low trust towards the patients from the caregivers' perspective. Participant

2 mentioned, There is a big risk or weakness in what the patient tells me. | am fully
aware that what the patient says does not have to match with the reality. | need to
make an evaluation of what the patient says to then interpret it someHovsimilarly,
Participant 3 said "You don't always trust what the patient says. Because we nag a
lot about how important it is that they move and do their exercises. But you usually
get a feeling that they say that they've done more than what they actually Have
This insight was further related to general behaviours and trends, where Participant
1 added Unfortunately we see that there is a trend for a lot of people where they
don't move as much, and that they dont always pick it up after [surgery], so you
have changed your behaviour and needs to work on a behaviour change

Lack of Information

Since the assessment of a patient's movement patterns is done subjectively, indicat-
ing a lack of information regarding movement patterns in general. Participant 5 said

"l believe that it [information] is not very objective. (...). | see how the patient walks
and moves when they visit the rehab, when they are exercising [at the rehab gym],
and when they walk short distances. But how they move when they are out on a
longer walk or how many stairs they actually walk in, | don't really know more than
the patient's subjective story. Additionally, Participant 2 mentioned that " The need

is to help nuance what the patient tells me. To help with giving concrete informa-
tion. (...) As mentioned there is a big risk that the patient remembers incorrectly or
overinterprets some things, or even consciously doesn't tell me exactly the truth due
to di erent reasons. (...) Concrete information could either verify what the patient
says, or the opposite which could help me understand if there is something | don't
get regarding what the patient says and what | see in front of fne

Digitalisation within Healthcare

While there has been a move towards digitalisation in healthcare, the interviewees
suggest that the sector is falling behind, often hindered by various factors. Partici-
pant 2 said "There are those who have started to introduce digital aids. But | would
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say that generally speaking, it is unusual for us to use it in the care of our prosthetic
patients.™. When Participant 1 received the question "How do you see the use of
such apps, for example in healthcare?", they respond€il Believe that we need more.
We use digital data too little in healthcare in general. We don't take advantage of the
opportunities that exist to visualise for the patient, changes and conduct the dialogue
based on having something in front of you and discussing 'it."

Digital Tools within Healthcare

The usage of digital tools within healthcare was shown from the interviews to be very
low. The digital tools that were mentioned were Joint Academy, Operationskollen,
Physiotools and Platform24. However, none of the tools o ered visualisation of
movement patterns, even if there was a wish to implement this type of digital tool.
Participant 1 mentioned the possible advantages of a digital self-tracking tool de-
signed for arthroplasty patients. {(...) You get a fantastic real-time basis and to
have the app in dialogue with the individual patient regarding their progress and im-
provement and chande Because of the nature of healthcare being governed by laws,
regulations and procurements, there also seems to be a slowness in implementing
digital tools. Participant 2 said "I feel that there is a slowness in adopting this
type of tool. Now | work in public care, and there is a lot governed by procurement
and laws and regulations, which means that | feel that it can take quite a long time
before you can successfully implement tools, such as what we are discussing right
now". Participant 5 highlighted their concerns revolved around less tech-savvy se-
niors being left out when using a digital tool. "Some [patients] have a very good
grasp and are very good at this. But | think it also excludes some people who are not
as comfortable using it."when they received a question regarding general opinions
or thoughts about the proposed concept.

Objective Evaluation

Given the current practice of subjective assessment and patient reports, participants
highlighted the potential value of objective data. Participant 2 said Patients that

are around 50 to early 60 years old, they quite commonly and spontaneously use
their step counter in their phones (...). | usually experience that this is very valu-
able. Then there is something objective and concrete to discuss and value togéther
Furthermore, participant 1 mentioned the possibilities of objective comparisons..)

It also gets easier to visualise to the patient through some sort of form of you [pa-
tient] with the larger mass (...)'. Participant 3 said "It could be great to really get it
black on white"and added YWe need more evaluation tools, especially if they can be
easily integrated with the medical records (..")

Validity

When discussing data and self-tracking, validity was a prominent theme. The trust-
worthiness of the data was highlighted by two participants. The data must be
reliable, otherwise, it risks not being utilised in caregivers' practice. Participant 4
said 1 like data and numbers. | like it more when | can get an actual value on some-

45



6. Results

thing, so | would say that | am quite positive towards it. But it needs to be su cient,

it needs to be speci ¢ enough or trustworthy to make one feel that you can and want
to use it". Participant 6 spoke about a research project, using self-trackinjvé have
had weird data when people had ridden or sat on a eld lawnmowerParticipant

6 further mentioned {...) there is a good deal of limitations in the measurements.
How reliable it is and so on. So maybe not the most advanced measurenients

Individual Goal-setting

When physiotherapists are working with patients, they try to tailor the care to t
that speci c patient. Participant 4 mentioned that it is like a craft "Much (...)
within physiotherapy is like a small craft. And it's often you make an assessment
then adjust depending on the assessménthis individualistic approach also applies

to the goal-setting. Goal-setting is important when it comes to the communication
between physiotherapists and the arthroplasty patient. The process of formulating
a goal is done in collaboration between the two. The patient can speak about their
goals, what they would like to achieve and what activities they wish to return to.
Participant 6 said the following about goal-setting It is usually at the rst visit that

you might ask what kind of activities they usually do and what they want to go back
to. Is it reasonable and so on? Maybe the upcoming golf season and so on. Then you
try to talk about when in time it might be reasonable and what do we need to do to
get there?. Participant 6 also spoke about goal-settingYes, | want to say always,
but we don't always do that. But usually we try to start from what the patient wants
to be able to db So, there is an aspiration to work toward patient-related goals, but
this is not always possible. Di erent motivations also drive the patients, a ecting
the goal's de nition. Participant 7 added "And the motivation of each patient is also
very di erent. And the expectations they have of the operation and what they want
to be able to do after the operation also di er greatly. Some are satis ed that it just
doesnt hurt, and some have very high demands that they want to get started and
become more active again

Accessibility

The participants mentioned their concerns regarding the accessibility of the digital
tool. While the caregivers were informed that the project revolved around design-
ing a digital tool for them, there was a common theme among the participants to
consider the patient's perspective on accessibility. Participant 2 re ected on the
language in the application, {...) Dierent languages, di erent versions. | see a
problem with the material we are currently using in healthcare. Swedish is the lan-
guage of choice. But the society does not really look like that. There is a large portion
of patients that need the material in other languagésParticipant 2 also mentioned
their wishes that the interface should be user-friendly for the patient and informa-
tive for the caregiver (...) user-friendly, of course, and that it is user-friendly for
the patient and informative for the caref. This topic was also touched upon by
Participant 5 who emphasised that the patients, usually seniors, don't always have
technical expertise. Participant 5 said What can be di cult is that the age group
that often needs these operations is a bit older. Maybe between 70 and 80 years old,
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some even older. Not all of them are technically skilled or nd it easy to use the
technology.

Lifestyle factors

Many factors contribute towards the rehabilitation post-arthroplasty. Your current

life situation, your attitude towards pain and your daily habits were all discussed
during the interviews. Participant 1 mentioned an interesting aspect of walking aids
"Sometimes we see people releasing their walking aids too early. They choose to walk
and limp instead'. Participant 6 mentioned that patients tend to move more after
surgery when they are no longer in pain, but without having seen any empirical
evidence of it. (...) But gradually, when they are no longer in pain, they usually
move too. But that's more from my experience. It's not like | have a lot of statistics
on what it looks like. In the beginning, they move considerably less. Because they
are in a lot of pain and need to do the rehabilitatich Participant 3 said that they
would like the movement patterns throughout the day, as the walking habits among
patients dier " (...) Whether they get up and move around or just lie on the sofa
all day. Those who are up and moving may be those who move almost too much.
But then you perhaps can also see it in the app in that case. That you have actually
moved too much. And then it often means that, for example, the knee swells and
they get more pain. So then you might have to restrict those patiehts

6.2 Design Solution

Based on the insights from the semi-structured interviews, the design and aesthetic
choices of the applicatiorHur Gar Det? were made. The results from the interviews
indicated a desire for simplicity and minimalism. The colours used are according
to Region Vastra Gotalandsstandard, and the colour library was downloaded from
their o cial design system. The blue colour shades are associated with healthcare
in the region, where the colours were used consistently throughout the design, with
the addition of complementary colours according to the design system on icons and
in the data visualisations. The font used throughout the design was a sans serif,
named SF Pro Display, due to its similarities to the o cial font for Region Vastra
Gotaland.

6.2.1 Login Screen

On the login screen, the user can log in using BanklD or another login method,
along with the ability to change the language. Although the login options lack
functionality in the prototype, they contribute to realism, which proved bene cial
during usability testing.

6.2.2 Overview

The home page of the application design acts as an overview of all arthroplasty
patients. This overview presents the mean percentage value of how many patients
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Figure 6.1: Mockup of Login screen

move more or less after arthroplasty, visualised in two bar charts. The bar charts
represent respectively THA or TKA and are intended to give users insight into the
patients' activity levels. This overview aims to provide caregivers with an immediate
estimation of the patients’' recovery. A higher activity level indicates successful
surgery and rehabilitation, serving as a deductive indication

Figure 6.2: Mockup of Overview page
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6.2.3 List/Grid View

To access the patient information and their self-tracking data, the user goes into
the tab "Patienter” (eng: Patients), where they are presented with a list view of all
their patients. To search for a patient, the user can either use the search bar and
search on the patient's personal identi cation number, according to the standard
within healthcare, or scroll through the list vertically. Furthermore, the user can
use the Itering function to sort the patients either in alphabetical order (default)
or by surgery date. The ltering function also enables users to Iter patients who
have undergone a hip replacement or knee replacement, as well as those who are
more or less active after surgery. The list view displays the patient's name, personal
identi cation number, surgery date, and an icon indicating the operated joint. Users
can access a detailed view of the patient by selecting the desired patient.

If the user prefers a more visual overview of the patients, the user can go to the grid
view, where the same functionalities, such as searching and ltering, are present.
Information about the patient is presented in the list view with the addition of a
bar chart presenting the number of steps the patient has taken during the past seven
days, as well as a mean value of the number of steps taken. Hence, the user can
decide whether they prefer to see an overview of the patient's steps when scrolling
through the patients or whether they prefer to see the patients organised in a list.

Figure 6.3: Mock up of List (left) and grid (right) view

6.2.4 Patient View

Once a patient has been selected, the user is presented with a detailed view of the
patient. This view displays all movement parameters. In the header, users can
choose the desired period and compare the selected patient with other arthroplasty

49



6. Results

patients. An info button is also available, providing necessary information about the
time span and "compare with others". Turning on the comparison function overlays a
mean value of other patients on top of the visualisation. This feature enables the user
to compare how one speci ¢ patient is doing compared to other patients. Personal
information from the list view is also shown in the header to prevent confusion about
the viewed patient. The patient view comprises visualisations of the movement
parameters presented in a scrollable body. Each visualisation is accompanied by an
info button that explains the movement parameter and details how and how often
it is collected.

Figure 6.4. Mock up of patient view

Visualisations in the Application

The variable step count is visualised with a bar chart, while the other variables are
visualised as line charts. While it may seem inconsistent not to stick to one type
of visualisation, using a bar chart for the step count was done for the following
reason: Step count is highly dependent on external factors such as season, weather,
and access to transport. A patient may show an increase in steps in the summer
as they spend more time outdoors, but as it gets cooler, they may reduce their
activity regardless of their pain level, making it di cult to see clear trends. Line
charts highlight trends as they show a relation between data points, which is why
line charts were chosen for the other variables, as they are not as dependent on
external factors as step count, except walking and running distance. However, with
the colour scheme depicting before and after surgery, accompanied by the numbers,
the bar chart can show general trends in activity levels.

Depending on the chosen period, explanations of the marks are displayed alongside
the visualisations. The marks used for months use two di erent colours, depending
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on whether they are before or after the date of surgery. The colour di erence clari-
es the movement patterns before and after surgery, potentially providing valuable
insights into the patient's progress. Furthermore, the visualisations are designed to
be interactive, with the ability to trigger a tooltip displaying the exact value for a
speci ¢ day by tapping on a mark, such as a bar representing a speci c day.

6.2.5 Settings

The settings menu holds functions that regard account, accessibility, language, in-
tegrity and basic information about the application. The settings page was con-
structed to give the usability test participants a more real-life experience, although
only switching the language to English was functional. See Figu6e5 for a mock-up

of the settings.

Figure 6.5: Mock up of settings page

6.3 Evaluation

A usability test was conducted according to the think-aloud protocol to evaluate
the hi- prototype. Following the TA protocol, the participants were interviewed
with open-ended questions about the design. Concluding the usability test, the
participants lled in a questionnaire according to the Technology Acceptance Model,
where they subjectively rated the usefulness of the concept and design and the
perceived ease of use.

6.3.1 Usability Test

The usability tests were conducted at the respective participants’ workplaces and
held in meeting rooms or personal o ces. The decision to conduct the usability test
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at the participants' workplaces was due to the intended environment where they
would use the smartphone application when implemented. Six participants were
recruited for the usability test, all specialising in orthopaedics, working either in

a hospital or at a physiotherapy clinic. The participants were found through the

contact persons of the project that the thesis is a sub-project within, contacts from
the orthopaedic department at MdIndals Hospital, and from the semi-structured

interviews (P5, and P6). Table6.1 shows the participants' occupations and how

many years they have had their current occupational roles.

Table 6.1: Table of demographic measurements for the Usability Tests

Participant | Current practice Years of experience
P1 Orthopaedic engineer, Researcher 30

P2 | Orthopaedic specialist 1

P3 \ Orthopaedic speciality trainee 2

P4 | Orthopaedic nurse 15

P5 | Physiotherapist 17

P6 | Physiotherapist 21

6.3.2 Results of the Think-aloud protocol

The primary tasks the participants were assigned included analysing the overview,
navigating to their patients, and exploring a patient's movement patterns. The
a nity diagram, based on the result from the TA protocol, can be found in Appendix

H.

Overview

The rst page they were asked to analyse was the home page, which consisted of an
overview of how many patients moved more or less after the surgery, based on their
step count data (See Figures.2).

During the TA protocol, the participants interpreted the overview of the patient's
activity levels somewhat di erently. P1 said while in the overview Ok, the hip
prostheses activity after surgery, six months, knee prostheses based on the patients’
amount of steps before and after arthroplasty. Yes, it is an overview and g6pd.
which was in line with the initial design. P5 sees a typo in the prototype immediately
and said 'So 24 per cent of everyone who's had hip surgery moves less after surgery,
and 77 per cent moves more. My rst thought is that it does not add up to 100
per cent, is 77 + 24 one hundred, or am | bad at matti?but continued to analyse

the visualisation as intended and mentionssb the overview is like a conclusion that
most of the patients move more after the surgery which is positive since we want it
that way'

P3 similarly mentioned when looking at the overview Mere we can see a clear
increased activity 6 months after the surgery in comparison to before, for the hip
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prosthetic patients, and for the knee prostheses its also a signi cant di erence, more
than doublé, with the notation that they believed it was a comparison between
before and after surgery and not an overview of the patient's activity level solely after
surgery which was the intention of the visualisations. P2 indicated some confusion
regarding the time period (six months) 77 per cent is more active, and 24 per cent
moves less over 6 months. It sounds like some are having issues with the healing.
(...) Now Im wondering if its including the time that is close to the surgery or if

it is some kind of recent average. The day? It does not say anywhere, or the last
week or anything like that. It just seems to be the number of steps before and after
surgery'.

Based on the participants' interaction with the overview, there was a discrepancy
regarding what the visualisations actually presented. Which in turn was followed
up after the TA protocol.

List of patients

The participants were assigned to go to the list of patients to nd a speci ¢ patient.
All of the participants understood the personal identi ers in the list, such as the
name of the patients’, and surgery date. P3 mentioned speci callyWe can see
a list with personal identi cation numbers, surgery date, and if it was a hip or a
kne€'. However, P4 did not realise that the icons represented the joints until the
think-aloud protocol was nished, and mentioned afterwardsRight, it is a hip or
a knee that they had surgery on (icons). | did not think of that before, but | get it
now'. Regarding the lItering function, P1 exhibited some trouble with nding the
Iter button in the list view, and tried to use the search bar instead. While trying
to search, instead of ltering P1 mentioned To just see patients that have a hip
prosthesis. Then we have to search. We want to write hip prosthétic

Grid view

When accessing the grid view, the additional bar charts display the number of steps
taken over the last seven days. P3 mentioned¥6u get a slightly better overview.
You can see how many steps they [the patients] have takeR5 seemed to believe
that the bar charts represented several weeks, instead of days.) | see how much
they have walked week per week, | guess that is the 'bars

Patient view

When the participants got to the detailed view of the patient, they were assigned to
do a few speci c tasks. These tasks revolved around nding out the speci ¢ amount
of steps and the corresponding distance for a specic day, in this case, Tuesday.
To nd out the specic amount of steps or distance, the participants needed to
hold down on the mark for Tuesday to activate a tooltip. While the participant
realised that they needed to interact with the mark, the interaction seemed overall
unintuitive based on their reactions. P4 saidYes, then he walked 3752 (steps). Oh,

| have to hold it. Or it pops up very quickly, while P1 said 'He took 3752 steps,
but it does not stay when | touched'it P6 also spoke on the matter,|"cant seem
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to click on it, but it lights up when | press the bar? It was clear that some of the
participants did not nd the interaction intuitive, both with the step count and the
walking distance. P2 seemed to confuse the numbers for the step count with the
week the visualisation showedWeek 41-52 does not sound like a real week numniber

The next step was to nd walking asymmetry and nd out how that variable was
collected. All participants found the walking asymmetry with ease, and the question
mark was used to nd out more information about walking asymmetry. P2 showed
an uncertainty after reading how the variable was collectedOkay so Ive seen the
information how the data is collected, did it say that there? 10-30 samples daily, is
that the information on how the data was collected, Il assume it"isWhat they
said, in combination with their body language, indicated that they were unsure if
that was the right information. However, P1 seemed to think it was an adequate
amount of information, saying Then we have asymmetrical gait. We can see about
42 %, if we click on the question mark it says (...), the system logs 10 to 30 samples
daily. Okay, good.

The participants were then instructed to change the selected period and look at
how Bo Bjork's movement patterns have changed over time. P4 mention that they
can see how the movement pattern has changed after the surgery daves, or he
walks almost twice as much as he did before (surgery) approximately. The walking
asymmetry is also less, so now he walks more evenly'td®2 also was able to notice
the change after the surgeryMaybe a quarter of a year, The surgery was in June,
then it increases (activity) signi cantly”. P3 expressed that it was good to be able
to see the change visuallyAnd then we have the surgery date. You can compare
it visually before and after surgery. That is godd However, it was not clear if all
the participants spotted the mark of the surgery date. P5 and P6 did not explicitly
express whether they had spotted the surgery date. P5 only mentions the before and
after numbers accompanying the visualisation. (\..) Before and after the surgery
then? That before the surgery he walked with 42 per cent asymmetry and after 27
per cent. | guess that is what you meaii?

While dissecting and looking at Bo Bjork's movement data, the participants needed
to compare Bo Bjork's data with other patients. Two of the participants struggled
with nding the switch for "compare with others". P6 seemed uncertain of where
to nd this function, initially thinking it was seen in the grid view. " Compare how
Bo Bjork compares to other patients on the di erent movement parameters. Then
we will look at everyone. Maybe that's what you saw in the beginning there? No, it
wasn't". It was rst when P6 received a hint they were able to nd "compare with
others". P4 had an idea of navigating to another patient to be able to compare
them: "Compare with other patients. Then | have to go to another patient, | think.
Going in on David here then? No, it wasnt However, P4 was able to nd it by
themselves without receiving a hint after navigating around. There was also some
confusion regarding the mean value of other patients. For example, there was some
confusion as to why the mean value of other patients was shown as a straight line
and not a line with di erent data points. P5 said " But, | don't really understand
who the others are. That the others' average is a straight line?But after nding

the information button, P5 understood what the straight line meant. P2 expressed
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his confusion as to who the mean value was referring t&d this is some form of
mean value of how the others are walking, other prosthesis wearers then? Or could it
be other healthy individuals as well? Or other individuals before and after surgery?
| don't really know".

6.3.3 Re ective Questions

When having completed the TA protocol, the participants were asked re ective ques-
tions (See AppendixG) that regarded the design and visualisations in general, as
well as questions concerning potential challenges they faced. The re ective ques-
tions were open-ended so that the participants could freely discuss their opinions on
their design and bring light to potential issues. During the follow-up question, the
participants were allowed and encouraged to revisit the prototype. The answers to
the questions were transcribed and coded, where themes regarding the design were
de ned. The themes identi ed during the follow-up questions included: Importance

of tracking movement; Ease of use and navigation; Design and aesthetics; Accessi-
bility; and Desired additions. The a nity diagram, on which the result from the
think-aloud protocol is based, can be found in Appendik.

Importance of Tracking Movement

A focus during the follow-up questions was the importance of tracking movement
from a patient's and the caregiver's perspectives. P3 mentione@dr the patients,

it's important for them to know how much they move, and if it has been a change
in the movement pattern, | believe. You can clearly see how it was worse before the
surgery and a clear improvement aftér P1 further stated '(...) it lls the need

| can imagine exists if | was in this situation as a patient, to see my activity and
how it has been over time. | want to see the relationship between others, and what
you could say is expected by the interfdce P2 discussed the caregiver's point of
view by stating, "We do have a lot of gait analysis we conduct here [hospital]. But
this is also an advantage. | mean we do the surgery here so that they [patients] can
have a casual life outside, so it allows for not only measuring these parameters in
a hospital'. P2 continued discussing the implementation of the applicationits a
good pseudo marker to be able to see how far the patients are able to walk after a
surgery (...). | thought it was a good overview and quite easy to switch between them
(pages) and navigate. Then the question is what to use it for or how to implement
it in your clinical workday". P2 also brought up the relevance of the data from both
the patients' and caregivers perspectiveSomewhere it is like daily activity, or how
much pain they have, or how much they want to work or how much you [patient]
want to be able to move (...). All of that is relevant for what we are doing, so being
able to register how people manage their daily life | think is gobdThe mentioned
statements indicated the need to understand the patient's movement patterns, which
applies both to the patients and the caregivers. The patients would be able to see
if their movement patterns and activity levels are improving, and the caregivers
expressed the need to see the patient's rehabilitation progress continuously in real-
time.
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P5 exempli ed how self-tracking data further can nuance the dialogug.'.) But how
much of this is outdoors? Are you with me? But of course, it's di cult to see if they
only walk indoors. You want them [patients] to go outside. Because if it was like,
I've walked quite a lot, but | haven't been outside more than 500 steps or whatever.
Why aren't you? Is it because you're afraid of falling or is it because? Has there been
a snow storm or that you can start that discussioh. This would allow for a new
communicative mean which can create a new dimension of the dialogue between
the patient and caregiver. Furthermore, P4 mentioned the dierent time spans
"It's really good to be able to see di erent time periods to compare. (...) Because |
assume that the patients also can see th&t?ndicating the possibility of getting a
better overview of the rehabilitation process for both the caregivers and patients.

Simplicity in Data Visualisation and Recognisability

A key feature of the design is the simplicity of the data visualisations. This fea-
ture was mediated to the participants successfully, as shown during the re ective
questions. A recurring theme in the participants answers was the recognisability of
the visualisations. As it became clear during the discovery phase that caregivers,
especially physiotherapists, were not used to data visualisation in their clinic, it was
important to make the data visualisation as legible as possible. Several interviewees
commented that the design was similar to other activity apps, which created a sense
of familiarity. P4 said "l recognised it a bit from the health app, so that feels quite
comfortable since you know what it is abotutand P1 said (...) | work with an ac-
tivity app normally, so | kind of know how much | walk and such, so | am familiar
with the interface and functionalities. P6 and P5, who in the pre-study expressed
their lack of experience with data visualisation in their work, both found the design
easy to use and understand. P6 commented\8, but it was a fairly simple design
and quite like this; So, you kind of understand what you have to do like other (apps).
So it was an easy design and easy to nd and so"orsimilarly, P5 noted the aspect

of legibility "But as | said, I'm not very used to reading tables and diagrams and
graphs and so on, but I still thought it was easy to understdndespite P5 and P6's
unfamiliarity with data visualisations in their practice, they found the visualisations
legible, possibly because they recognised elements from other activity applications.

The data visualisation was not designed speci cally for caregivers but was designed
also to be implemented in the patient version of the application, hence the simplicity.
This was partly implemented to ensure transparency between the caregiver and the
patient so that both see the same things. In addition to transparency, the simplicity
of the data visualisations can reduce cognitive load and save time, even for caregivers
with a high level of experience with data visualisation. Achieving simplicity and
legibility in the data visualisations was done by following the basic principles of
data visualisation, as presented in SectioB.3.

Ease of Use and Navigation

Since this was a prototype done in design software, there were a few situations where
the interactions did not work as planned. For example, the pressable area of a button

56



6. Results

was sometimes too small, rendering it di cult to press. This was noticeable during
the think-aloud protocol and was also spotted in the screen recordings. However, the
participants were aware of the faults that may come with it being a prototype and
were not mentioned later during the follow-up interview as an interfering element.

The number of views needed to contain all of the necessary information was held
to a minimum to avoid unnecessary navigation. Navigating the application was
deemed easy, with many of the participants commenting on the ease of use. P3
spoke on the matter, sayinglts a very easy application, you just press some things
back and forth. P2 also mentions the navigation while adding to the possibility to
delve deeper: It is quite navigable, and a plus is that it is easy to delve deeper if
you become interested in something specic. (...) But that you both can zoom out
and then, (zoom) in a bit on what interests you The ability to focus on individual
interests is important because each patient is unique. Some patients may take many
steps per day, but if they have a short stride length, it could indicate cautious
walking. The artefact enables caregivers to identify inconsistencies in movement
patterns and provide advice based on these observations, complementing current
practice. However, P5 mentioned their uncertainty about whether the application
was easy to use because of the design or it was because of the accompanying TA
protocol. P5 commented I'don't know how it would have gone if I'd just sat down
here and tried it myself. (...) Now it was like because | was given some, how shall we
say, clues, like what to look for and when | got it, it was no problem, like it was very
easy to nd". While none of the other participants mentioned the possible in uence
of the TA protocol, it is worth considering if it may have in uenced the perceived
ease of use.

Three participants had some minor problems with the "compare with other" function.
Two of the participants did not nd the function during the TA protocol, suggesting
that the placement of the switch was not intuitive. P4 stated that The only thing
was to nd '‘compare with others' It was very easy once | saw it, but | didnt at rst
and thought | needed to go batkAnother factor that could have contributed to the
perception of "compare with others" is the unfamiliarity of using such a function. P4
added ‘It was very new to me (...), so Im not used to it. But it felt very snazzy to
be able to do thdt P5 had some minor confusion regarding the dotted line, which
could be attributed to them activating the "compare with others" function before
receiving the instruction in the think-aloud protocol. After opening the information
overlay, they understood what the dotted line meant, later commenting (...) |
didn't realise that the dots were the others. Now that | know about it, it's very clear,
but | didn't realise it from the beginnind.

Design and Aesthetics

The participants further commented on the aesthetic choices and how the visualisa-
tions were designed. P1 mentionedThere's no weird colours, nothing like that, it is
according to the standard at VGR (Vastra Gotalandsregionén P3 stated "1 like that

it's stylish/clean, and not too cluttered. Everything is uniform regarding colours, and
those parts, it looks professional (..!) and P6 similarly mentioned But | thought

it was clear and good, concise, manageable and clear pictures with hips and knees
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(...). P2 said 'It's a pleasant background with blue and white. (...) It looks pretty
serious with the fonts and titles P5 further discussed how the blue hues a ected
their impressions of the visualisationsAlso that everything is all blue, which means
that you don't get the feeling that something is worse than something else. If it's
red and green, it's very easy to think the reds are negative and green is something
positive. Here it felt kind of neutral'. Based on the responses from the participants,
the indication that the blue hues used gave a sense of neutrality and simplicity. In
the case of activity levels, the colour scheme can be seen as an advantage since every
patient has di erent starting points and goals after the surgery.

Accessibility

Creating su cient data visualisations for a mobile application can be di cult as you

are dealing with limited screen space. There were a few concerns initially that the
text size for some of the small elements in visualisations would be too small for the
caregivers to read. However, readability was good, according to the interviewees,
as text size and information were deemed su cient. A common theme throughout
the usability test was that the caregivers tended to think from the patient's point

of view. Comments that were made regarding accessibility mostly touched on what
problems patients, often seniors, would encounter if they were to use the application.
P3 commented It might be a little too small for some elders (...). On the important
parts its a good size, like the before and after, which is the important parand was
complemented with Maybe you could write in text if it is a hip or knee, instead of
the pictures, even if it looks nice. But some older people may not see them as good
as young people One of the initial prototypes had a setting where one could change
the text size. However, as it is an application for an iPhone, you are recommended
to change the system settings instead of changing them in the application. This is
so that the di erent settings will not multiply each other.

Desired Additions

During the follow-up questions, some of the participants also began discussing what
additional variables could be of value. P1 askeds'there a connection to the med-
ical side and the doctor's point of view? For example where | can register data,
corresponding to the journal, maybe that would be gdodFurthermore, P3 men-
tioned "Maybe an addition would be something like a pain diary, or how many times
they've seen a physiotherapist, so you can see if the pain and movement patterns
correlate” and P4 mentioned, A thing that is valuable to add would be pain. (...)
To get that perspective (...), we work with the VAS scale to see the pain decréase
Adding the possibility of self-report data, such as experienced pain or a diary for
exercising, would allow objective and subjective data to be intertwined and analysed
in the same medium.

6.3.4 Results from Technology Acceptance Model

Concluding the qualitative analysis, the participants completed a questionnaire ac-
cording to the Technology Acceptance Model (See Appendi). The questionnaire
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was divided into two parts: perceived usefulness and perceived ease of use. The ques-
tionnaire is built on a Likert scale of 1 to 7, where 1 represents Extremely Unlikely
and 7 represents Extremely Likely. The responses' mean value and standard devia-
tion were calculated as a complementary analysis to the TA protocol and questions

to understand if the participants had similar impressions regarding the perceived
ease of use (See Tab®?2), and if it was easy to use (See Tabl6.3).

Table 6.2: Table of mean (M) and standard deviation (SD) regarding perceived
usefulness

Question | Mean (M) Standard deviation (SD)

1 5.5 1.22
2 [ 5.5 1.22
3 | 5.33 1.03
4 5 0.89
5 | 5.83 1.17
6 IG 1.1

Table 6.3: Table of mean (M) and standard deviation (SD) regarding perceived ease
of use

Question | Mean (M) Standard deviation (SD)

7 6.5 0.55
8 [6.33 0.52
9 (6.5 0.55
10 [6.67 0.52
11 [6.67 0.52
12 [6.83 0.41

Due to the amount of participants, the results from the questionnaire served solely
as an indication or pseudo-marker for evaluating the concept and design. Regarding
perceived usefulness, question number 4 had the lowest mean, being "Usthy

gar det? would enhance my e ectiveness on the job'M =5, SD=0.89. Question
number 6 had the highest mean, "I would ndHur gar det? useful in my job", with

M =6, SD=1.1. Regarding perceived ease of use, question 8 had the lowest mean,
corresponding to the question "l would nd it easy to getHur gar det? to do what

| want it to do", with M=6.33, SD=0.52. Furthermore, question 12 "l would nd
Hur gar det? easy to use", had the highest mean valud =6.83, SD=0.41.

6.4 Suggested Re-design

The application was designed through an iterative design process, where suggested
changes were made based on challenges seen during the usability tests. As the
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feedback from the participants was fairly sparse, the design did not see any major
changes. All the feedback was considered and deemed legitimate. Minor changes are
included in the list below, while the changes made to the visualisations are presented
in Section6.4.1

Overview/Home page: Added the option to change between quarter, six
months and year. Minor wording changes were made to clarify what the
visualisation presents and to avoid tautology (See Figure.6).

Grid view: Added labels for the di erent days in the visualisation to avoid
confusing it with di erent weeks. Additionally, the knee icon was changed to
be in line stylistically with the hip icon (See Figure6.7).

Login screen: Changed the login option from BankID to SITHS elD, as it
is the main veri cation method for caregivers in Sweden (See Figufe9).

Figure 6.6: Visualisations for the grid view, previous design (left) revised design
(right)

Figure 6.7: Mock up of the grid view, previous design (left) revised design (right)
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