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Abstract

Patient safety is concerned with protecting patients from errors, injuries, ac-
cidents, and infections. It is also concerned with capturing adverse events and
understanding their severity. Reporting of adverse events help prevent poor
patient outcomes in their acute phase. Another way of dealing with adverse
events is by preventing them through the practice of monitoring the effects of
drugs, medical devices including the detection, assessment, and understand-
ing of an adverse event; this approach is called pharmacovigilance. Design
Science framework was used for creating two mobile design solutions in the
field of arthroplasty: one for the adverse event reporting and the other one
for the pharmacovigilance. User centered design was utilized to understand
requirements, context, and possibilities of managing and retrieving informa-
tion of relevance for patient safety. Firstly, a mobile design for reporting of
adverse events has proposed user interface to enable entry of data specific
for knee and hip implants. Besides that, the system supports entry of the
adverse event, its classification (serious, non-serious), its follow-up. Safety
reports can be initiated and retrieved on request and depending on the ad-
judication of the event. Suspected severe events should be followed up and
reported internally as well as to the national regulatory authorities until they
are resolved and concluded. Expert evaluation of the first design solution was
performed using low fidelity prototype. It has shown that design was rele-
vant, straightforward, done in a way that official reporting would commence.
Some users were positive to the reporting; some felt it would demand more
work. The second design was focused on pharmacovigilance which seemed to
be more appealing to the target group. It deals with the safety of medical de-
vices (implants) by understanding the risks and dangers already reported by
other clinicians or researchers. Internet resources such as the Manufacturer
And User Facility Device Experience (MAUDE) web-site are often retrieved
due to the lack of internal, local safety databases. The designed mobile so-
lution for pharmacovigilance was based on the web system called WebBISS
(Web-based implant search system) using HCI approach. The goal was not
only to improve usability, but also to stimulate physicians to enter their
safety data and become contributors, and not only users of information. The
expert evaluation has been positive and encouraged developing stronger help
and error reporting functions regarding the mobile application.
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Chapter 1

Introduction

In this chapter, the most important aspects of the research and development
will be reflected on. Challenges, potential methods will be addressed, and
research questions will be formulated. The research considers utilizing De-
sign Science Research approach was as the guiding principle throughout the
master thesis project. Following the guidelines by Hevner[8] is instrumental
in securing the holistic structure of the research. Two separate designs were
considered and tested for reporting of adverse reports after arthroplasty. This
is done as a part of expert knowledge elicitation and according to wishes of
the clinical staff. One mobile solution was to be dedicated to adverse event
reporting starting from the patient bedside, for the second one pharmacovig-
ilance was considered as means of monitoring and predicting adverse events.
Both of them are intended to contribute to patient safety, although in dif-
ferent ways. Only one of the design solutions (pharmacovigilance) seemed to
have more appeal to the medical staff with the reason being not the design,
but rather the clinical routines and attitude towards the safety reporting.
Literature suggests different attitudes towards reporting[9, 10, 11]. Addi-
tional work burden and a threat to the professional reputation are reported
as obstacles for an adverse event reporting. There is a possibility that the
web and mobile technology could be combined to support reporting process,
but they might not be the whole answer to the challenges.
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Chapter 1 1.1. Methods

1.1 Methods

Several methods could be used to acquire requirements, create designs and
involve potential user groups to elicit knowledge and evaluate the design
solutions (artifacts). A literature review can be a starting point to assemble
the information needed for the safety reporting design(Chapter 2). Due to
the well-known facts, and needs for the safety reporting as a part of patient
safety, surprisingly many details are available. The process of reporting could
be delineated in general terms which are useful to create a design to which
clinical staff could easily relate and suggest changes and comments.

Semi-structured interviews were used to elicit expert knowledge from human
computer interaction experts and the clinical staff regarding their current
clinical routines and needs for safety reporting (Chapter 5). This has been a
very good approach especially regarding the design concept and evaluation
to which both the experts and clinical staff responded. When it comes to
eliciting the knowledge from clinical staff the most cooperative and construc-
tive was the participants from the Biomedical Laboratory at the Haukeland
University Hospital in Bergen (Chapters 2, 9, 10 ). They are dealing with
the safety reporting daily and would benefit from a fully functioning online
safety reporting system.

Design Science Framework was used for designing and assessing user experi-
ence. It was flexible to secure the purpose driven creation of two artifacts as
a solution for the relevant problem (adverse event) using four research cycle
(Chapters 2, 8 ). User experience was central to artifacts (Chapters 2, 10)
since they are intended for end users who already feel reluctant to do the
reporting.

Observation was used only during the evaluation when the observer was
present to answer possible questions and observe if there were difficulties
using the device with a high-fidelity prototype (Chapter 10, 11).

1.2 HCI methods

Interaction design and UX methods were applied to aid in the design process.
The design iterations consisted of sketches, mock-ups, requirements and eval-
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Chapter 1 1.2. HCI methods

uation before repeating for the next step. Involving stakeholders at an even
earlier point as possible would create better design and requirements. Also,
a larger number of evaluators would be a good choice.

The last two steps should be creating a prototype and testing or evaluating
the prototype depending on if it is a low or high fidelity.

Starting from a low fidelity prototype and continuing up to a high fidelity
prototype creates a solid design basis to make choices and to also get concrete
feedback from evaluators. Prototyping is necessary to avoid spending a large
amount of time and money on developing something that users either don not
like or find too hard to use, so that do not abandon it or find an alternative.

Development methodology was mainly adapted Kanban[12] that was instru-
mental in keeping control over the work and timelines. This simple and easy
to follow method was efficient and recommendable for a single project devel-
oper. More complicated Agile methods would demand the presence of the
stakeholders, potential users who would be hard to secure on the permanent
basis in master thesis type of project. This has not excluded experts who
were present in the elicitation and evaluation work (Chapters 9, 10 ).

Figure 1.1: Factors influencing effective safetyreporting[1]
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Chapter 1 1.3. Research Questions

Safety reporting is a complex process as illustrated in figure 1.1. That is very
important for all involved in health care, medical and pharmaceutical indus-
try. The ever growing number of devices, medicines, and related treatments
is ever high. Monitoring and reporting adverse events is of vital importance.
The ways of reporting are not often consistent, well designed or transparent.
The attitude towards reporting is defined by several key moments: informa-
tion, willingness, accountability, feasibility, and learning which is explained
in figure 1.1[1]. The research has also identified additional factors that can
impact the clinical reporting: the work burden, professional reputation, and
poor consistency of reporting. In this research we were not dealing with
the attitudes, but rather looking into possibilities of designing solutions that
would be acceptable. The clinical processes are too complex to interfere with.
Another major issue with a project like this is getting enough time with med-
ical staff. Some of the junior staff and newly graduated were unsure and did
not really know about adverse event reporting. More senior staff knew what
to do, but felt they were not as compliant with the reporting as they could
be. During the interviews, it was revealed that the first reason for this was
the work burden. Whatever the reason, the design should not be imposed
on anybody as the means of changing the attitude.

1.3 Research Questions

Research Question 1: How could mobile technology design support ad-
verse event reporting?

Research Question 2: How can interaction design support building sus-
tainable and appealing solutions for adverse event reporting?
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Chapter 2

Research overview

This chapter will present topics relevant for this thesis. The research is mul-
tidisciplinary and relies on several well established fields. The main objective
is to design good mobile solutions for which theory about Human Computer
Interaction (HCI), interaction design and Ux which are central. There are
several other fields offering methods and structure that are necessary for the
work of this thesis. The application domain is within p reporting, but some
relevant examples from other fields are given to illustrate importance of the
interaction, interface, placement and appeal to users.

2.1 Medical informatics

The field of Medical informatics is the study and application of methods to
improve management of patient data, clinical knowledge, and other infor-
mation that is relevant to patient care and health. It is a multidisciplinary
field, which includes clinical sciences, public health, cognitive computing and
information sciences [13]. Medical Informatics is also concerned with the
management and use of information in biomedicine. The individuals work-
ing in Medical Informatics have diverse backgrounds and levels of training.
According to Hersh(2002) some core themes in Medical Informatics are in-
formation systems, terminology, system integration, standardization to help
data move easier across systems and platforms. One of the core themes in is
also usability. The systems should be integrated into the workflow and offer
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Chapter 2 2.2. Safety reporting

benefits if they require some extra time or effort from the user. A crucial
part of the field is to account for the needs and concerns of everyone who
is a part of the process. This would mean patients, clinicians, payers, and
governments[14].

2.2 Safety reporting

Patient safety is concerned with protecting patients from errors, injuries,
accidents, and infections. It is also concerned with capturing adverse events
and understanding their severity. Safety reporting commence through safety
reports which contain information about an adverse event or near miss event.

Adverse event is ‘any untoward medical occurrence that may appear during
treatment with a pharmaceutical product but which does not necessarily have
a causal relationship with the treatment [15]. Near miss is an incident that
almost happened. It is any event that arises during care that might have,
but did not lead to unexpected harm, loss or damage.

Reporting of adverse events from the point of care is voluntary in the majority
of countries which does not apply to the severe adverse events. Healthcare
professionals and consumers may also report these events to the products’
manufacturers. If a manufacturer receives an adverse event report, it is
required to send the report to national regulatory authorities as specified by
regulations.

2.2.1 Safety report

A report that contains information about a suspected adverse event or near
miss. It varies from country to country if near misses are reported or not,
the same for adverse events.

This chapter will present topics relevant to this thesis. The research is mul-
tidisciplinary and relies on several well-established fields. The primary ob-
jective is to design a good mobile solutions for which theory about Human
Computer Interaction (HCI), interaction design and Ux which are central.
There are several other fields offering methods and structure that are nec-
essary for the work of this thesis. The application domain is within patient

17



Chapter 2 2.3. Medical informatics

safety reporting, but some relevant examples from other fields are given to
illustrate the importance of the interaction, interface, placement and appeal
to users.

2.3 Medical informatics

The field of Medical Informatics is the study and application of methods to
improve management of patient data, clinical knowledge, and other infor-
mation that is relevant to patient care and health. It is a multidisciplinary
field, which includes clinical sciences, public health, cognitive computing and
information sciences [13]. Medical Informatics is also concerned with the
management and use of information in biomedicine. The individuals work-
ing in Medical Informatics have diverse backgrounds and levels of training.
According to Hersh(2002), some core themes in Medical Informatics are in-
formation systems, terminology, system integration, standardization to help
data move easier across systems and platforms. One of the core themes in is
also usability. The systems should be integrated into the workflow and offer
benefits if they require some extra time or effort from the user. A crucial
part of the field is to account for the needs and concerns of everyone who
is a part of the process. This would mean patients, clinicians, payers, and
governments[14].

2.4 Safety reporting

Patient safety is concerned with protecting patients from errors, injuries,
accidents, and infections. It is also concerned with capturing adverse events
and understanding their severity. Safety reporting commence through safety
reports which contain information about an adverse event or near miss event.

An adverse event is ‘any untoward medical occurrence that may appear dur-
ing treatment with a pharmaceutical product but which does not necessarily
have a causal relationship with the treatment[15]. Near miss is an incident
that almost happened. It is any event that arises during care that might
have but did not lead to unexpected harm, loss or damage.

18



Chapter 2 2.5. Pharmacovigilance

Reporting of adverse events from the point of care is voluntary in the majority
of countries which does not apply to the severe adverse events. Healthcare
professionals and consumers may also report these events to the products’
manufacturers. If a manufacturer receives an adverse event report, it is
required to send the report to national regulatory authorities as specified by
regulations.

2.4.1 Safety report

A report that contains information about a suspected adverse event or near
miss. It varies from country to country if near misses are reported or not,
the same is true for adverse events.

2.5 Pharmacovigilance

The World health organization defines pharmacovigilance as “the science and
activities relating to the detection, assessment, understanding and prevention
of adverse effects.” They have also widened the definition to include: herbals,
traditional and complementary medicines, blood products, biological, med-
ical devices, vaccines. Pharmacovigilance goal is to improve patient care
and safety in relation to the use of medicines and all medical and paramed-
ical interventions, improving health and safety when it comes to using of
medicines, contributions to assessment of benefit, harm, effectiveness, and
risk of medicines, encourage safe and rationale use, promote understanding
education and training in pharmacovigilance and effectively communicate
with the public [15]

The number of adverse drug reactions (ADRs) has resulted in an increase of
data that needs to be handled and also an increase in the need to understand
pharmacovigilance. Expertise is required to be able to detect risk and de-
fending products against inappropriate removal. Pharmacovigilance plays an
important role in ensuring that there is enough information, so that doctor
and patients know enough to make an informed choice. And it is essential
that when ADRs occur, especially previously unknown. It is very important
that these are reported and analyzed and also communicated[16] Monitoring

19



Chapter 2 2.6. Adverse Event Reporting and Pharmacovigilance

through pharmacovigilance activities, mining, spontaneous reporting, obser-
vation, and database studies allow for post-market monitoring and longer
follow-ups for periods of patients. With a broad range of characteristics,
providing valuable means for detection, quantification, and where reduction
of ADRs is possible. It could also lower health care costs in the process [17]

Pharmacovigilance is important in ensuring that doctors and patients have
enough information to make a decision when it comes to choosing drugs for
treatment[18]

2.6 Adverse Event Reporting and Pharma-

covigilance

Adverse event reporting systems can only facilitate learning and prevent
harm if good data are collected. Indeed, on some occasions, adverse event
reporting systems were described as little more than data-collection tools to
generate a hypothesis that can trigger further investigation of the adverse
event and lead to action if required.[19]

”If the healthcare industry wants to learn from its mistakes, miss or near
miss events, it will need to take incident reporting as seriously as the health
budget” [19, p. 1]

Five key challenges emerged as reasons why incident reporting systems had
been unable to reach their full potential: (1) reports were inadequately pro-
cessed; (2) there was inadequate engagement of clinicians, particularly doc-
tors, to report incidents; (3) there was insufficient action enacted in response
to reports; (4) there was inadequate funding and institutional support of
incident reporting systems and (5) reporting systems were not taking full
advantage of the evolving health information technology developments.

Both doctors and nurses believe they should report most incidents, but
nurses do so more frequently than physicians. To improve incident report-
ing, especially among physicians, clarification is needed on which incidents
should be reported, the process needs to be simplified, and feedback given to
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Chapter 2 2.7. Arthroplasty

reporters.[10]

Figure 2.1: Patients safety model

The thesis researches both adverse event reporting and pharmacovigilance.
The main difference is the time perspective: adverse event reporting covers
the acute phase of adverse events, as it is happening while pharmacovigilance
puts to use the already published adverse events.

2.7 Arthroplasty

Arthroplasty is a surgery that is performed to restore patients range of mo-
tion and in some case to also relieve pain. This is done by operating on a
dysfunctional joint, and either realigning or reconstructing[20]. Arthroplasty
is the field of medicine dealing with the surgical reconstruction and total
replacement of degenerated joints. Arthroplasty requires the use of prosthet-
ics; thus key factors such as biomechanics, prosthetic design, metallurgy, and
biomaterials are taken into account for surgical procedures[21]. Figure 2.2
and 2.3 Shows implants and anatomy of the hip and knee joint. The images
show implants related total hip replacement and total knee replacement.
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Chapter 2 2.8. Human Computer Interaction(HCI)

Figure 2.2: (Left) The individual components of a total hip replacement.
(Center) The components merged into an implant. (Right) The implant as
it fits into the hip. [2]

Figure 2.3: (Left)Left) Severe osteoarthritis. (Right) The arthritic cartilage
and underlying bone have been removed and resurfaced with metal implants
on the femur and tibia. A plastic spacer has been placed in between the
implants [3].

2.8 Human Computer Interaction(HCI)

In HCI it is important to understand practices and activities as requirements
and envisioning possibilities for design. Venturing into the exploration of
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new design spaces and comprehending new systems and devices through an
evolution of activity and artifact together. The significance of HCI is that
the field investigates, develops and harnesses areas of possibility as a means
to enhance the human experience and activity. One of the first export from
the field of HCI was user experience design and interaction design [22].

2.8.1 Human Computer Interaction for mobile devices

There are five main challenges present for HCI-designers when trying to de-
sign for mobile.

1. Designing for mobility The user may have far from the ideal working
environment because they are mobile, they are more likely on the go.
With that, the working environment changes drastically depending on
the users with space and movement[23].

2. Designing for widespread population Many users will lack formal train-
ing in the technology and might consider their mobile devices as devices
to be used and not as computers to be maintained [23].

3. Designing for limited input/output facilities Screen sizes will be con-
sidered small even if visually things might look better. The output of
sound will vary greatly in quality and also keyboards other pointing
devices will be difficult to use while on the go [23].

4. Designing for incomplete and varying context Various sensors and net-
works mobile devices can be made aware of their context(current loca-
tion etc). This gives the system new information but also brings issues
of implying task and user level activities from sensor information and
unreliable or patchy sensor coverage [23].

5. Designing for users multitasking at levels unfamiliar to most desktop
users The frequency and possibility of interruptions are greater when
using mobile devices compared to when using desktop [23].
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2.8.2 Human computer interaction in health care

There are things that are important such as how the interface works and looks
in different situations related to health. Not just the type of system being
designed, but also show what dangerous situations that might arise from
badly designed interfaces. Such as choosing wrong setting on button when in
a stressed situation of misunderstanding the choice that can be made. While
not all errors are fatal, it is important to avoid accidents when in hospitals.
I have also taken a look at other systems that have been a digitalization of
previously paper-based procedures.

Mival and Benyon have designed an example medical application with a
focus on UCD. The project uses RFID technology to connect surgical towels
and potentially any other surgical devices that are being used and let them
communicate and share information between them. The idea is that if a
system can identify surgical towels, track them and share their location to
other systems. This would help to reduce the number of cases where these
towels are forgotten. RFID antennas are installed in the operating room;
this enables the system to track the towels over three chosen locations. And
more importantly, will contribute to nurses and surgeons’ certainty that no
towels are missing or forgotten in the abdominal cavity. The three chosen
locations are the mayo stand which is a sterile tray on which surgical tools
and towels are laid out for the team. The operating table where the patients
are, and also the trash can where surgical paraphernalia and the towels are
placed when finished.
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Figure 2.4: Locations of User interface(UI) and RFID antennas[4].

The solution proposed provides nurses and surgeons an intuitive way to vi-
sualize the position of towels. The visualization is on a central display in
the operating room and on tablets that the nurses use. The intention is to
enable nurses to detect missing towels as fast as possible, and only having to
glance at the display or tablet for the information needed.

Figure 2.5: Wireframe of the user interface[4].
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The principal purpose of the RFID tracker is to prevent towels from being
left in the patient: hence whenever a towel is detected in the patient, the
representation turns red with a numeric representation. Questions that need
to be answered are first “are there any towels left in the patient?” and the
second is “do we know where are the towels are?” Resolving these key user
problems led to a simple but clear UI design which allows operating theater
staff to know the answers to these questions with a simple glance. Figure 2.5
illustrates how effective a straightforward and clear design can be[4].
Adverse incidents in hospitals are underreported, and for legal, privacy and
other reasons are not often discussed widely. The incidents that do reach
the research literature are typically addressed from a clinical point of view.
(example: how to treat a patient after the incident).

A 4-hour study readily highlighted serious problems that raise concerns that
the manufacturer either failed to do any usability analysis of its product or it
did but for some reason ignored or was unable or unwilling to use the insights
from its studies.

This article by Acharya et al.(2010) focuses on hospital beds and adverse
events and points out the importance of having and easily understood in-
terface. For example, if a patient requires CPR it is important that the
bed harden and flatten quickly by just touching a button. But to do that
quickly the bed needs to have power. The battery LED is an example of
bad feedback. When connected to a power source the standby LED glows
indicating the device is functional, and when the devise is not connected to
power source, both standby and the battery LEDs do not glow. But as long
as there is some power left on the battery backup the device is still func-
tional. And when the user continues to use the device there is no feedback to
indicate when the battery drains out. They found that the control panel of
the bed violates well known and conventional HCI principles. A key example
of this is the standby symbol which is a false affordance. It should either be
a switch or a button. The participants of the study pressed the symbol, and
nothing happened. They then realized it was not a button it was a graphical
symbol for the standby LED. So the design confused the participants, there
are many confusion possibilities her because of the icons. The icons circled
in red in figure 5 are icons that mirror the bed, which can lead to even more
confusion about how to operate the bed.
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Figure 2.6: mapping problems of icons [5].

They propose a prototype and a solution to all the problems with the bed.
The authors also make some points that can be made about the contribution
of healthcare to the usability of devices. Near misses are rarely reported
or acted on, typically an incident is only reported if it results in the adverse
clinical event. For example, in the operating theater, there have been devices
crashing and being rebooted. This has become standard practice and is
not reported (providing there is no immediate clinical outcome). Adverse
events are rarely explored from any perspectives other than their clinical
implications. For example, how a patient is treated after and overdose is and
clinical issue, but the HCI and latent condition leading to the incident are
generally ignored [5].

2.9 Related work: mobile application

Launched in September 2014; our ground-breaking three-year project seeks to
utilize the powers of social media and new technologies for pharmacovigilance
purposes. It arose in response to the ninth call for Innovative Medicines
Initiative (IMI) projects ‘WEBAE – Leveraging Emerging Technology for
Pharmacovigilance’, and is based on the belief that modern pharmacovigi-
lance practices should adapt to these new ways of communicating [24].
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Figure 2.7: Interfaces of the mobile applications; Yellow Card, LAREB and
HALMED [6]

A prime example of how relevant such a mobile system is would be the ap-
plication WEB-RADR. This application is a mobile app for patients and
professional and is intended to allow them to report suspected adverse drug
reactions to national EU regulators. The intention was to investigate if pub-
licly available social media data has the potential to be used for identifying
drug safety issues. Received reports from the mobile application will be set
side by side with established schemas to check the completeness, quality, and
value for detection of safety issues. The application is designed for three
different countries and has been launched in UK where it is named Yellow
Card, Netherlands where its name is LAREB and Croatia where the name
is HALMED [25].

2.10 Interaction design

Interaction design is the specification of digital behavior in response to human
or machine, interaction design is a complex discipline. Interaction designers
should ideally be able to combine knowledge of technological possibilities,
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systems, aesthetic judgment and empirically informed about users [26] In-
teraction design can be said to be a subset of UX design, but that does not
mean that they are the same thing [27].

One of the reasons to focus on the user experience is that, if an application
is not engaging people will not use it. The consequence might be that the
user will try to find a better alternative, but if it is the only option that is
available the user would be forced to use it. A confusing user experience can
potentially be vulnerable to user mistakes and misuse, which means the ef-
fectiveness and safety will be compromised. It is very important to deliver a
good user experience when developing interactive products and services. UX
design is concerned with all the issues that enable an engaging and enjoyable
experience for people in both the short and longer term. This includes aes-
thetics, pleasure and emotional engagement regarding both the product and
the service provided. In particular, it is important to consider experiences
at a physical, behavioral and social level and regarding the meanings people
derive from their experiences [4].

2.10.1 Design principles

Interaction designers use design principles to assist their way of thinking
when designing for the user experience. The principles are abstractions that
help the designer to look at and think more in detail about the designs. The
principles are a mix of theory based knowledge, experience, and common
sense. Usually, they are written suggestively, to guide designers into knowing
what to provide and what to avoid in the interface. Using the principles, the
designer should be able to explain and improve their designs. They are not
used for specifying how to design the actual interface. The most common and
well known principles are focused on how the designer should decide what
should be available for the users to see and do when using the product [28]

Visibility

The principle visibility focuses on the more visible the functions are, then
it is more likely for the user to know what to do. This means eliminating
guesswork from the users and making it intuitive to use [28].
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Feedback

The principle feedback is about what happens after a chosen action is per-
formed, it relates to the sending of information about what has been accom-
plished, so that the user can continue to the next step. There are different
types of feedback that are available, audio, tactile, visual or combinations of
all these [28]. Visual feedback; this is because in a hospital setting the audio
could be disturbing to others around and would be more intrusive. Using
the right kind of feedback in the right setting will ensure that the users will
know what to do next.

Constraints

Constraints refer to how a designer can restrict the kinds of user interaction
that can take place at that given moment. Using constraints means the
designer can prevent or reduce the user from making mistakes or selecting
incorrect options [28].

Consistency

The consistency principle is that the design should be consistent. This means
that the designer should make sure that similar operations use the similar
elements for achieving similar tasks. Having a consistent interface means
that it will be easier to use and to learn[28].

Affordance

Affordance is the attribute of an object that lets the user know how to use
it. The term affordance is often used when describing how interfaces should
make it obvious what can be done. Examples of this can be buttons, links,
and scrollbars when designing these; the designer should design so that it is
intuitive for the user to know what to do. For example, it should be clear
that a scrollbar is scrollable [28].
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2.11 User experience

To design product while considering the user experience (UX) means to not
only think about the functions and aesthetics of the product.

• UX deals with the questions surrounding context

• Aesthetic design deals with making sure that the interface is appealing,
and buttons have tempting shape and texture.

• Functional design deals with making sure that the triggers are appro-
priate for the device.

The design of UX handles the context for the whole product, asking questions
regarding size of buttons connected to important functions; is the placement
appropriate when considering the controls the users could be employed at
the same time [29]?

It is about how people feel about a product, their pleasure, and satisfaction
when using it, looking at it, holding it and opening or closing it. It includes
their overall impression of how good it is to use, right down to the sensual
effect small details have on them, such as how smoothly a switch rotates or
the sound of a click and the touch of a button when pressing it. An important
aspect is the quality of the experience someone has, be it a quick one, such
as topping up a mobile phone, or a leisurely one such as playing with an
interactive toy or an integrated one such as visiting a museum. One cannot
design a user experience but one can design for a user experience [30].

2.11.1 Usability goals

Usability means to ensure that the product designed is easy to learn, effi-
cient, and enjoyable for the users. The interactions between users and the
product should be optimized in a way that enables them to do their activities
in their daily lives. Usability can be broken down into the Effectiveness, Ef-
ficiency, Safety, Utility, Learnability, Memorability [30]. The usability goals
are usually in the format of questions; this is to give the interaction designer
a more concrete way of assessing the aspects and usability of the system or
product. By answering the questions, the designer will be able to notice po-
tential issues in the design or conflicts that have not been considered. The
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questions should be detailed as they can be turned into usability criteria that
will enable the designer to assess the usability of the product and find out
how it can be improved, or not [30].

Effectiveness

Effectiveness is a very general goal and tackles how good a product is at
doing what it is supposed to do. How effective it is to use [30]. Example
question: Is the product capable of allowing people to learn, carry out their
work efficiently, access the information they need, or buy the goods they
want [30, p.20]?

Efficiency

Refers to if the product supports the users in performing their tasks [30].
Example question: Once users have learned how to use a product to carry
out their tasks, can they sustain a high level of productivity [30, p.20]?

Safety

Safety involves that the users should be protected from dangerous conditions
and undesirable situations. The product should help the users avoid dangers
associated with carrying out unwanted actions accidentally. Safety also refers
to dangers the user feels that might occur if they make errors, and how
this feeling impacts the user’s behavior. The design principles consistency
and constraints will help with making the design safer for the users. Error
handling, undo possibility, and confirmation dialog boxes will also contribute
[30]? Example question: What is the range of error that is possible using the
product and what measures are there to permit users to recover easily from
them [30, p.20]?

Utility

Does the product provide the right kind of functionality, so that the product
supports users in what they need or want to achieve [30]? Example question:
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Does the product provide an appropriate set of functions that will enable
users to carry out all their tasks in the way they want to do them [30, p.20]?

Learnability

Refers to how easy the system is to learn to use. Does it require the users
to spend a long time learning how to use it? Users rarely like spending a
considerable amount of time learning a new system; they prefer to get started
straight away and become competent at carrying out tasks without too much
effort. This is particularly the case for systems or products designed to be
used in everyday life. Users are willing to spend longer time learning complex
systems if it has a broad range of functionality which is perceived as useful
[30]. Example question: Is it possible for the user to work out how to use
the product by exploring the interface and trying out certain actions? How
hard will it be to learn the whole set of functions in this way [30, p.21]?

Memorability

How easy is it to remember how to use the product, once it is learned? This
goal is crucial when it comes to interactive products that are not used every
day. Ideally, the users should be able to remember or rapidly be reminded
how to use it even after a few months or longer. The users should not have to
relearn how to use a system [30]. Example question: What kind of interface
support have been provided to help users remember how to carry out tasks,
in particular for the products and operations they use infrequently? [30,
p.22]

2.12 Data visualization

Data visualization is the graphical display of abstract information for two
purposes: sense-making (also called data analysis) and communication. Im-
portant stories live in our data and data visualization offers a powerful means
to discover and understand these stories, and then to present them to others.
The information is abstract in that it describes things that are not physical.
Statistical information is abstract. Whether it concerns sales, incidences of
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disease, athletic performance, or anything else, even though it doesn’t per-
tain to the physical world, we can still display it visually, but to do this, we
must find a way to give form to that which has none. This translation of
the abstract into physical attributes of vision (length, position, size, shape,
and color, to name a few) can only succeed if we understand a bit about
visual perception and cognition. In other words, to visualize data effectively,
we must follow design principles that are derived from an understanding of
human perception. But if we’re looking for patterns, trends, or exceptions
among these values, if we want a quick sense of the story contained in these
numbers, or we need to compare whole sets of numbers rather than just
two at a time, this table fails. Jacques Bertin laid the foundation for much
of the progress that’s been made during the last half a century with the
publication in 1967 of the book Semiologie Graphique. His work was pivotal
because he discovered that visual perception operated according to rules that
could be followed to express information visually in ways that represented
it intuitively, clearly, accurately, and efficiently. One should always judge a
visualization’s merits by the degree to which we can easily, efficiently, accu-
rately, and meaningfully perceive the story that the information has to tell.
To do this, one must understand the perceptual strengths and weakness of
various graphical means for displaying particular stories [31].

2.13 Information visualization

Information visualization systems which generate diagrams representing dis-
crete relational information must consider potential users if they are to be
effective. Many algorithms which render an abstract graph structure as a
diagram are valued for their conformance to aesthetic criteria (e.g. reducing
the number of edge crossings, maximizing symmetry), or for computational
efficiency. They are not usually judged on their ability to produce diagrams
that maximize human performance. This paper presents the results of ex-
periments investigating the relative worth (from an HCI point of view) of
graph drawing aesthetics and algorithms using a single graph. The results
indicate that while some individual aesthetics affect human performance, it
is difficult to say that one algorithm is ‘better’ than another from a relational
understanding point of view. Designers of automatic layout algorithms, and
the systems which embody such algorithms, can benefit from this study and
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this human centered approach, by adapting their methods to focus on user
concerns, rather than computational ones [32].

Information visualization is about gaining insight into data through a vi-
sual representation. This data is often multivariate, and increasingly, the
datasets are vast. To help us explore all this data, numerous visualization
applications, both commercial and research prototypes, have been designed
using a variety of techniques and algorithms. Whether they are dedicated to
geospatial data or skewed hierarchical data, most of the visualizations need
to adopt strategies for dealing with overcrowded displays, brought about by
too much data to fit in a small display space. Ellis(2007) analyses a large
number of these clutter reduction methods, classifying them both regarding
how they deal with clutter reduction and more importantly, regarding the
benefits and losses. The aim of the resulting taxonomy is to act as a guide
to match techniques to problems where different criteria may have different
importance, and more importantly as a means to critique and hence develop
existing and new techniques [33].

The field of information visualization offers little methodological guidance
to practitioners who seek to design novel systems. Though many sources
describe the foundations of the domain, few discuss practical methods for
solving visualization problems. One frequently cited guideline to design is
the “Visual Information-Seeking Mantra,” proposed by Shneiderman in 1996
[34]. Although often used to inform the design of information visualization
systems, it is unclear what use this has been for visualization designers.
We reviewed the current literature that references the Mantra, noting what
authors have found useful about it and why they cite it. The results indicate
a need for empirical validation of the Mantra and a method, such as design
patterns, to inform a holistic approach to visualization design [35].

2.13.1 Mobile data visualization

We believe that mobile devices offer great, only partly realized, potential and
that they will play an essential role in the future of information visualization
interfaces. In the context of data visualization and exploration, today’s mo-
bile devices combine many advantages: they have become ubiquitous (famil-
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iarity) and can be used almost anywhere and at any time (availability). Due
to their broad success and availability in the consumer electronics market,
they provide an ideal platform to bring information visualizations techniques
to even inexperienced users (non-experts). Both, their physical and technical
properties make them particularly suited for collaborative work: they can be
integrated into existing environments or form their collaborative interface
when multiple mobile devices are combined. Altogether, this creates a no-
tion of the great potential which mobile devices can bring into the field of
information visualization [36].

2.14 Data safety

In healthcare, the right information at the right time is a necessity to pro-
vide the best possible care for a patient. Patient information must also be
protected from unauthorized access to protect patient privacy. It is also
common for patients to visit more than one healthcare provider, which im-
plies the need for crossborder healthcare and a focus on the patient process.
Countries work differently with these issues [37].

2.15 Digitalization

Within health there is multiple ways digitalization can contribute to eas-
ing medical care and also providing care. Digitalization can be anything
from digitizing forms to delivering digital care to rural places. Digitaliza-
tion also offers challenges when it comes to acceptance from the users since
it will be something new not everyone will be likely to adopt a new pro-
cess including a new system. An example of digitizing is going from paper
records to electronic record. Some hospitals in Norway have core patient
record, patient record, letters, appointments and communication between
physician/specialist and the patient through a web based system. Patients
can also view some selected details as the online system promotes more open-
ness in the record, and also add information to the core journal [38].

Digitalization of NEHRS (National Electronic Health Record Sys-
tems) Policymakers, politician, and some researchers claim that digitizing
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health information will help eliminate inefficient paper-based systems and
cut costs while facilitating the development of new better-coordinated mod-
els.Making electronic records available to citizens, proponents claim, will also
encourage them to take more responsibility for their health. However, exist-
ing research suggests that although their visions are compelling, translating
them into workable systems is highly problematic. As well as technical chal-
lenges of replacing or connecting diverse legacy systems, new forms of gov-
ernance are needed to manage the potential risks associated with the wider
distribution of potentially sensitive information. Garrety et al.(2014) argue
that one reason NEHRS have been so difficult to implement is that policy
makers have seriously underestimated the degree to which digitalization dis-
rupts existing social moral and medico-legal order through which health care
is governed and delivered. Often these disturbances are pushed to the back-
ground while the technical capabilities of NEHRS are foregrounds as ”the
solution” [39].

Changes in health care processes are implemented with the goal to improve
care through better patient safety, reducing the costs and workload, and
enhance communication. However, changes often trigger unintended conse-
quences that may stress other health care system components, with the result
sometimes being a failure. Changes done in one particular hospital does not
mean it will succeed in another [40].
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Attitudes towards reporting

”The resistance by physicians towards quality assurance and quality improve-
ment ef- forts are, to my knowledge, common across all countries and health
systems.” [41, p.6].

There are many reasons for the lack of reporting; the table below presents
the main ones.

Individual Organizational Culture based
Fear Workload Inevitability of error

Motivation Colleagues Staffing level
Health staff reservation Policies Habits

Procedures Colleague bonds

The goal of safety reporting is to ensure patient safety. But to be able to
identify areas where there is a need for other procedures or progress one needs
reports. Information about what aspects regarding the individual, cultural
or organizational factors allow the existence of barriers is important to be
able to overcome these. This is essential information to be able to ensure
and improve procedures related to patient safety [9].

Blame culture is something most medical staff fear. The reportee may feel
that their competence might be questioned, and would lead to reprimands,
poor references, or a ruined reputation as a medical professional. A fear that
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senior staff would keep information about the incident and would use this at
a later date was also suggested as a barrier. Waring also found that a small
group of the participants, who were mainly senior medical representatives
and/or clinical directors were positive, aware and supportive of the devel-
opments concerning patient safety. The incident reporting was regarded as
an effective mechanism for encouraging quality. It was suggested that inci-
dent reports could be used to reinforce claims for organizational changes by
demonstrating the need for more staff, equipment, or resources [42].

Medical practitioners accepted is that some mistakes were unavoidable and
potentiality these were not possible to correct therefore reporting of these
events would have no effect. Medical staff was also concerned that there
would be an increased chance that staff with nonmedical training and man-
agement would engage in governing the medical quality [42].

To overcome barriers related to blame, one possibility is to make reports
anonymous so that employees and ”whistleblowers” will not fear reprisals and
it could open up to learning situation instead. One of the most important
factors to contribute to increasing reporting is to create a fair and reasonable
culture to counteract the culture of blame [42].
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Norwegian reporting process

How to report?
The hospitals routines should be followed for adverse event reports. For
many, this entails reporting through the electronic adverse event system. If
there is no such system, a report should be submitted to Helsedirektoratet[43].Helsedirektoratet
also provides more in-depth information about what specific laws and regu-
lations count for the obligation to report adverse incidents[44].

Who should report?
All health institutions are covered by the specialist health service law; both
private and public ought to send reports about the serious adverse event that
lead to or could have has serious consequence for the patient. It is the medi-
cal staff in the health institution that has to report the incident through the
internal electronic adverse event system [43].

What event should be reported?
As soon as an incident is discovered it has to be reported. As soon means at
the latest 24 hours after discovery. However, this does not mean that reports
older than 24 hours will be rejected.

Events with these criteria should be reported:

• That could have to lead to significant injury.

• That lead to significant injury.
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The significance of the injury is assessed based on the consequence for the
patient. It is classified as significant if it impacts the patients’ disease or
consequence is pain or reduced quality of life . Examples of significant injury
are:

• Event that leads to death.

• Event where lifesaving procedures were necessary

• Event that lead to injury that lasted or probably will last longer than
two weeks.

• Event that leads to prolonged or unexpected stay in intensive care or
emergency ward,

• Event that leads to extended hospitalization.

• Event that leads to a need for extra treatment, rehabilitation or similar.

• Event that resulted in other physical or psychological damage that is
considered serious or could have lead to serious injury.

An unwanted incident should also be reported if it occurs because of the
following: lack of performance from health services, lack of prevention, guid-
ance, diagnosis, donation, treatment, supervision, care and nursing

It is safe to report
The reports are anonymous, where the reports are collected directly from
the system for anomalies. It is the separate institutions that decide if you
can report anonymously in the internal system. Any data that can be linked
to the patient or institution is removed before it gets stored at the Health
Directorate. A report can not in itself be the foundation for a case against
health personnel.
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Process

The process of reporting varies from hospital to hospital so pinning down
how this is done is not an easy task. Ideally, any system should capture early
reporting starting at the patient bedside. And connecting this information to
the patient information system. This would be a way to combine information
specifically for patient adverse events with the rest of the patient electronic
record.

If the case is adjudicated as very serious, then it needs to be sent reported
to the national regulatory authority.If it stays in the internal system, the
reportee will get a reference number so that they can check what has been
done to resolve the adverse event. It is important to ensure clarity and
transparency of the reporting so that all the clinical staff involved in the
reporting has the possibility to get feedback. This could provide confirmation
that right choices were made to resolve safety issues.

This is important so that the reportee will feel that their time has been well
spent writing the reporting and also. Some hospitals such as the Linkøping
has dedicated personnel for the safety reporting. They fill a large amount
of information through a web portal (see different forms in Appendix B). It
seems to be useful to have dedicated staff which can provide feedback and
data for different forms of reporting. This solution might not be affordable
in each clinical environment.
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Figure 5.1: Adverse Event(AE) reporting procedure

Figure 5.1 shows how the process of reporting works in most places. The first
step is to enter patient symptoms which initiates the reporting process. Next
step will be following up the event and creating additional reports until the
situation is resolved. During these steps, it is important to assess whether
adverse event is severe and needs to be reported to the authorities. If not
the report should remind in the internal hospital systems to be assessed
by management, medical staff or hospital safety committee to decide what
action needs to be taken to avoid similar events.

Mobile design could be considered as a way of supporting the process of re-
porting adverse events. Having a mobile device at hand and entering patient
symptoms is simply done and can facilitate automatic data processing. Mo-
bile technology can also be used in all follow up reports and to obtain final
patient report regarding the adverse event. Mobile solutions can help sharing
data among treating staff and help make information easily accessible. This
way a report does not have a life of its own, outside of the system.
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Methods

6.1 Design Science Research

The defining feature of Design Science Research is learning through build-
ing. Design science research is primarily a type of research where design is
used as a research method or technique. It is proposed in [45] that design
science research should be distinguished from the regular routine design by
the production of interesting new knowledge. Attempts using routine design
can still, however, lead to design science research, as one may find missing
knowledge in a new area. Using existing knowledge so that the researcher
gets a better feel of what is needed to fill the knowledge gap.
.

Hevner proposes seven guidelines to use in Design Science Research. To assist
researchers, reviewers, editors, and readers to understand the requirements
for design science research [8].

Guideline 1: Design an artifact
Guideline 1: Suggests that an artifact must be produced. This is rarely
a complete information system that is used in practice but can be a
construct, model, method or instantiation [8].
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Guideline 2: Problem relevance
The goal of the second guideline is to develop technology-based solu-
tions for important and relevant problems [8].

Guideline 3: Design evaluation
The third guideline is that evaluation of utility, quality, and efficacy of
the artifact is demonstrated by using well-executed evaluation meth-
ods. A crucial component of the research process is the evaluation step.
To be able to properly evaluate a designed IT artifact appropriate met-
rics, gathering of data, and analysis is required [8].

Guideline 4: Research contributions
Effective design science research must provide clear and verifiable con-
tributions in the areas of the design artifact, design foundations, and
design methodologies [8].

Guideline 5: Research rigor
Design science research relies upon the application of rigorous methods
in both the construction and evaluation of the design artifact [8].

Guideline 6: Design as a search process
The 6th guideline focuses on that the search for an effective artifact
requires utilizing the available resources to reach the desired end while
still satisfying the laws in the problem space [8].

Guideline 7: Communication of research
The design science should be presented in an efficient way to both tech-
nology oriented, and management oriented audiences [8].

6.1.1 Design Science Checklist

Design Science Research checklist is proposed to be able to assess the progress
in the thesis according to the guidelines from design science research, The
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checklist Hevner suggests has been used, to make sure that the key aspects
of design science research are addressed, which makes it easier for a novice
researcher to understand hoe the research is going[7]. The checklist is shown
in figure 6.1, underneath the text.

6.2 User Centered Design

Real users and their goals are the driving force behind the product devel-
opment, not just technology. As a consequence, a well-designed system will
make the most of human skill and engagement, will be directly relevant to
the activity in hand and will support rather than constraint the user. This
is less technique and more philosophy.

Gould and Lewis(1985) wrote down three principles they believed would lead
to a useful and easy to use computer system.

The approach is to focus early on users and tasks. This means that first
understanding of users will be by directly studying their cognitive behavioral,
anthropomorphic and attitudinal characteristics. Users should be observed
while doing their regular tasks, studying the nature of those tasks, and then
involving users in the design process. Following are the principles.

1. Early focus on users and tasks.
This can also be expanded by five more principles.

(a) The driving force of the development is the user’s tasks and goal,
and how to provide better support for the user’s goals.

(b) Studying users behavior and context of use.

(c) The characteristics of the user are captured and designed for.

(d) Users partake during the whole process, from earliest phases to
the last iteration. And their input is taken seriously.

(e) All decisions made regarding design take into account the users
context, work, and environment.

2. Empirical measurement
Early in development, the reactions and performance of intended users
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Figure 6.1: Design science research checklist [7, p.20]
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to printed scenarios, manuals, etc. are observed and measured. Later
on, users interact with simulations and prototypes, and their perfor-
mance and reactions are observed, recorded and analyzed.

Here specific usability and user experience goals should be identified,
clearly documented and shared upon. These may help designers to
choose between alternative designs and to check on progress as the
product is developed. Identifying specific goals up front means that
the product can be empirically evaluated at regular stages as it is de-
veloped.

3. Iterative design
When problems are found in user testing, they are fixed, and then more
tests and observations are carried out to see results. This means that
design and development is iterative, with cycles of design-test-measure-
redesign being repeated as often as necessary.
Doing design work in iterations allows models or designs to be refined
based on feedback. As the users and designers engage with the domain
and start discussing requirements, need, hopes, and aspirations, then
different insights into what is required, what will help and what is
achievable will emerge. This leads to a need for a new iteration, and for
activities to inform each other and to be repeated. However exceptional
the designers are and however clear the users may think their visions
are of the required artifact, it will be necessary to alter ideas in light
of feedback, several times [46].

These three principles has become accepted as the basis of user centered
design [30].

6.3 Research methods

6.3.1 Interviews

To be able to collect detailed information interviews were used as a method of
data gathering. This because the knowledge and information will gives pos-
sibility to ask more complex questions, and also use open ended questions
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while also catering to the individuality of the people that will be interviewed.
Especially since the order and logic of questions sometimes need to be dif-
ferent for the various interviewees and contexts. Using interview I will be
able to explore more, and gain information that cannot be described via a
questionnaire [47]

The most important thing for using the different interview types that collect
as much data as possible, get new ideas, and include the interviewees in the
design and gain a better understanding of the problem space.

6.3.2 Unstructured interview

Since unstructured interviews are more exploratory and more like a conver-
sation around a chosen topic, the interviewer can go into more depth. All
questions are open so that there are no expected answers. The interviewer
should have a plan of the main themes and topics he or she wants to cover
during the interview. It is not advisable to go into interviews without an
agenda. When conducting an unstructured interview, it is important to get
a balance between getting answers to a relevant question, while also being
open minded to new ideas [30]. During an unstructured interview the role of
the interviewer will be, to be as non intrusive as possible, while also intro-
ducing topics or themes. The researcher in these situations has less control
than in other types of interviews [47]

6.3.3 Semi structured interviews

Since semi-structured interviews are a combination of structured and un-
structured interviews and use open and closed questions, this type of in-
terview will be useful to get answers to specific questions but also inquire
in-depth information. Using semi-structured interviews, I can ask more spe-
cific questions related to my thesis, while also including open ended questions
and being open to new ideas and topics I might not have thought about in-
cluding or missed during the first round of interviews. It is important to
create questions that are not leading to an expected answer; the goal is to
get the interviewees answer not lead them to one specific [30]. Usually, the
interviewer will have a list of themes to cover and questions to ask, but the
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order is not important and will change depending on how the conversation
flows. Adding additional questions if there are themes or issues that the
interviewer is not prepared for, is not a problem when using semi-structured
[47].

6.3.4 Group interviews

Group interviews are most practical since the interviewees tend be busy peo-
ple. Normally between 3-6 people are together during a group interview. The
idea is for the group to interact with the each other and develop a discussion
which results in new insights that may not have been discussed or noticed if
only talking to one individual. Some of the advantages of using group inter-
views are that they can generate more responses and also more variation in
the responses collected because the participants might challenge or stimulate
each other’s ideas. Doing group interviews also means that the participants
can brainstorm different themes that the researcher might find useful. One
of the things that are important during group interviews is to remember that
some people might dominate while other are quiet, so it is important for the
interviewer to find a balance and guide the group [47].

6.4 Design

6.4.1 Conceptual model

To be able to gain an understanding of the problem space a literature review
was conducted and discussion with medical staff in Sweden and Norway. To
be able to explain the concept more properly there was included sketches of
the intended system for the review and interviews with the professionals.

6.4.2 Graphical profile

To create consistency between proposed design and Helse Vests visual iden-
tity, visual elements were based on the design of the graphical profile from
the Helse Vest hospitals. This will hopefully create a coherent feeling for the
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users so that the reporting system feels incorporated into their workplace.
This will also show that this system is for the hospital, many systems used
in management for health does not consider the look and feel of the system.
They are designed for function, and usually, there might not be any thought
behind the overall design of the medical system.

The visual profile will be based on the graphical profile designed for all hos-
pitals in Norway by the Ministry of Health and Care Services. The reasoning
behind creating a common profile for the hospitals is to make the common
identity and belonging visible. And at the same time, it will have informa-
tion value for the patients, relatives and other collaborators and signalize a
publicly owned, funded and cohesive health service [48]

The first round of profiling was in 2002 and was revised in 2012. The full
profile for all hospitals in Norway can be found at the Ministry of health and
care services web site [49]

6.4.3 Interface design

Interface design is about selecting and using the right elements for the task
the user is trying to accomplish and also arrange them on the screen in a way
that the user will easily understand and use them. The different tasks will
often stretch across various screens, and each screen will contain a different
set of the element for the user to contend with. If the user immediately
notices the important content and interface is said to be successful. When
designing for complex systems one of the biggest challenges is to decide which
aspects does the user need and which are just simply reducing the visibility
of the important stuff, and also which elements should be left out. Creating
a big button, because it is more likely the user will find it and press it, is
not a viable solution to every interface problem. A simple trick would be to
think about default options selected when the interface is presented at first to
the users. If based on your understanding of user goals and tasks makes you
think they would prefer a detailed search, then the box that shows detailed
search should be checked by default. Doing this would automatically make
users more content with their search results, regardless of whether it was their
choice or not. Another solution would be to have a system that remembers
the users preferred options from the previous searches [29]
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6.4.4 Wireframes

A wireframe is a depiction of all the components of a page and how they
fit together and serves as a visual reference for visual design work and site
implementation. There is variation in how much detail a Wireframe contains.
The visual design does not have to match with the wireframes precisely. The
wireframe is only to account for the relative importance and grouping of
elements presented in the wireframe[29].

Figure 6.2: Wireframe made for iteration 1

Figure 6.3: Wireframes made for iteration 3

Balsamiq was used to create the wireframes in the beginning of the iterations.
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These were the basis together with sketches for further development of the
visual design and prototypes (Chapter 8 and Appendix C, D and E).

6.5 Evaluation

Evaluation is an integral part to the design process. Evaluators collect in-
formation about users or potential users experiences when interacting with a
prototype, app or product. The motivation for evaluation is to improve the
design. It focuses on both the usability of the of the system (ease of use)
and the user experience when using the system (how satisfying, enjoyable or
motivation it is). When designing it is important not to avoid assumptions.
And evaluation is one way to overcome these challenges because it enables
the designer to check if their design s appropriate and acceptable for the
wider user population [30].

6.6 Data interpretation issues

6.6.1 Reliability

How reliable or consistent a method is when it comes to reproducing the
same results on separate occasions under same circumstances. If someone
else uses the same method, they should be able to recreate the same results
[30].

6.6.2 Validity

Validity is concerned with whter a chosen evaluation method measures what
it is intended to measure. Both the method itself and the way it is imple-
mented [30].

The prototype did not get the possibility to be tested in the environment, so it
remains an open issue. But the concept has been proven through discussions,
interviews, and evaluation including the primary user group and also the
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wider population of users that might find this project interesting (care takers,
doctors, nurse, people interested in learning more, students)

6.6.3 Ecological Validity

This is a particular kind of validity that concerns how the environment in
which an evaluation is conducted influences or even distorts the results. That
means the difference, in for example, evaluating in a natural setting vs. lab
setting. The testers/evaluator will behave differently and be impacted by
the environment based on the setting. Ecological validity is also impacted
by the fact the people know they are being studied [30].

In this research the evaluations have little ecological value as participants
are not at the patient’s bedside. The evaluations done by other than medical
staff have higher ecological validity as these were done at home/work/school
where they would most likely use this app to look up information about the
medical devices. One of the interviews/discussions were done in the busy
hospital cafeteria this could emulate a busy day for medical staff where they
cannot focus exactly on one thing when there is a lot of sounds surrounding
you.

6.6.4 Bias

Bias is something that occurs when results are distorted. An example of
this may be if an expert does a heuristic evaluation the expert might be
sensitive to certain flaws more so than others, and this might be reflected in
the results. Evaluators gathering data by observing might selectively gather
data. Interviewers may influence responses from interviewees by their tone
of voice, facial expressions, or by the way questions are phrased. So it is
important to be sensitive to the possibility of bias[30]

6.6.5 Scope

The scope of an evaluation study refers to how much of its findings can be
generalized. It is important to not over generalize the results [30].
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6.7 System usability scale

System Usability Scale (SUS) has several attributes that make it a good
choice for general usability practitioners. The main attribute is that the
survey is technology agnostic, making it flexible enough to assess a wide range
of interface technologies, from Interactive Voice Response systems (IVRs)
and novel hardware platforms to the more traditional computer interfaces
and Web sites. Secondly, the survey is relatively quick and easy to use by
both study participants and administrators. Thirdly, the survey provides
a single score on a scale that is easily understood by the wide range of
people (from project managers to computer programmers) who are typically
involved in the development of products and services and who may have
little or no experience in human factors and usability. Finally, the survey is
nonproprietary, making it a cost effective tool as well [50].

1. I think that I would like to use this system frequently.

2. I found the system unnecessarily complex.

3. I thought the system was easy to use.

4. I think that I would need the support of a technical person to be able
to use this system.

5. I found the various functions in this system were well integrated.

6. I thought there was too much inconsistency in this system.

7. I would imagine that most people would learn to use this system very
quickly.

8. I found the system very cumbersome to use.

9. I felt very confident using the system.

10. I needed to learn a lot of things before I could get going with this
system.
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6.7.1 Heuristic Evaluation

Is a usability inspection method that was developed by Nielsen and his col-
leagues and later modified by other researchers for evaluating specific types of
systems. In heuristic evaluations experts, guided by a set of usability princi-
ples known as heuristics, to evaluate whether the user-interface elements such
as dialog boxes, menus, navigation structure, online help and so on conform
to tried and tested principles. These heuristics closely resemble high-level
design principles [30].

Jakob Nielsen’s ten heuristics are listed in the following text:

spacing

Visibility of system status The system should always inform users
regarding what is going on, through the appropriate feedback within
reasonable time.

Match between system and the real world The system should
communicate with the users’ natural language, using words, phrases,
and concepts familiar, rather than system-oriented terms. The wording
should Follow real-world conventions, making information appear in a
natural and logical order.

Consistency and standards Users should not have to speculate
whether different words, situations, or actions mean the same thing.Important
to follow platform conventions.

Error prevention Better than decent error messages is a design which
prevents problems from arising. A strategy is to eliminate error-prone
conditions or check for them and give the user a confirmation option
as feedback.

Recognition rather than recall The users should not have to mem-
orize part of the system. One should rather make objects, actions, and
options visible. Instructions for the use of the system should be visible
or easily retrievable whenever appropriate.

Flexibility and efficiency of use Accelerators that are unseen by
a novice user, and often speed up the interaction for the expert user.
That way the system has the possibility to cater to both inexperienced
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and experienced users. Allow users to tailor frequent actions.

Aesthetic and minimalist design Information that is not relevant
should be avoided, and all dialogues should not contain any irrelevant
or rarely needed information.

Help users recognize, diagnose, and recover from errors Error
messages should be expressed in plain language (no codes), precisely
indicate the problem, and constructively suggest a solution

Help and documentation Even though it is better to have a system
that can be used without documentation, sometimes is a necessity to
have support and documentation available for the user.

To use three to five evaluators is recommended since one does not gain that
much additional information by using larger numbers of participants.It is
not necessarily true that the same person will be the best evaluator every
time. Second, some of the hardest-to-find usability problems are found by
evaluators who do not otherwise find many usability problems. Therefore,
it is recommended to involve multiple reviewers in any heuristic evaluation.
The Heuristic evaluation is performed by having each evaluator inspect and
explore the interface alone. Only after all evaluations have been completed
the reviewers are allowed to communicate and have their findings aggregated.
This procedure is necessary to make sure that evaluators are not impacted
by each other.The assessment can be recorded either as written reports from
each evaluator or by having the evaluators talk out loud to the observer.
Using Written reports one will have the advantage of presenting a formal
record of the evaluation [51].

6.8 Prototype

To be able to show design ideas and create a discussion around them, and
also evaluate them with others, a prototype will be needed. Prototyping is an
effective way for a designer to explore different ideas, the building of a pro-
totype encourages reflection around the design itself. A prototype can help
answer questions and help with choosing between the various alternatives.
The prototype can serve a variety of different purposes: to test out technical
feasibility, clarify requirements, be used during user testing, evaluation of
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design or usability. The decision of which kind of prototype to use will be
guided by the purpose. Paper prototypes may work well for investigating
scenarios, or to decide if buttons, images and labels are appropriate. But to
be able to test response time, or sound levels one must use a higher fidelity
prototype which allows for such output [30].

6.8.1 Low fidelity

Starting off with a low fidelity prototype might be useful as this kind of
prototype is simple, cheap, and quick to produce. This also means that low
fidelity prototypes are simple, fast and also easier to modify should it be
necessary. Prototyping this way supports exploration of different ideas and
designs which are critical during the early stages of development. Low fidelity
prototypes are not meant to be kept and integrated into the final project but
rather to be used for exploration [30].

6.8.2 High fidelity

A high fidelity prototype looks more like the final product and or provides
more functionality than a low fidelity prototype. High fidelity prototyping
is useful for convincing someone of ideas and for testing out technical issues.
High fidelity prototypes can be developed by modifying and integrating ex-
isting components – Hardware and software [30].

6.9 Overview of tools

Axure
Axure is a prototyping tool mainly for web and desktop application. But is
also used for mobile and smartwatches, there exist different templates and
libraries that one can use when prototyping. Axure gives nonprogrammers
the possibility of prototyping highly functioning, rich prototypes with ani-
mations and conditional logic so it can seem like a functioning system. It is
also an option to share the prototype with others via a link[52]. Axure was
used to create the prototypes which were used during evaluations done in
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iteration 1 and 2.

Adobe XD
Adobe experience design is also a prototyping tool, where one can create in-
teractive prototypes. But without the same advanced functionality as Axure.
One can preview the work in real time, share and collaborate on the screens
[?]. XD was used to create mock-ups before moving the design to Axure to
add more functionality than Adobe XD allows.

Adobe photoshop
Photoshop is a powerful application that is used in many different setting and
professionals. Users vary from students, graphical designers, and professional
photographers [53]. The application can be used for almost any type of image
editing or create. In the thesis, Photoshop was used to create sketches,
models, and figures.

Xtensio
Xtensio is a toolbox that offers presentation tools but also interactive tem-
plates that could be useful during research, brainstorming, planning and
strategy phases of a company [54]. From the toolbox that Xtensio has the
persona template was used to create the personas used in the thesis.

Trello
Trello contains lists of lists with A Trello board contains a list of lists, which
is filled with cards and can be used by oneself or team[55]. Trello has ev-
erything to organize projects no matter the team size. An example could of
personalized Kanban board seen in figure 6.4.

Balsamiq
Is a rapid wireframing tool, the interface is drag-and-drop which speeds ut
the process of creating mock ups and wireframes. [56]

6.10 Kanban

Kanban was used for the thesis research and design stages to easily keep track
of the progress. The Kanban approach can be defined as a set of concepts,
principles, practices, techniques and tools for managing the development
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process with an emphasis on continuously delivering value to customers while
promoting learning and continuous improvements. Specifically, a Kanban
board, which is similar to Scrum boards for visualization of the work that
needs to be done. Work in Progress (WIP) is used to manage the workflow
with a set maximum of task that can be done instead of the time set for
iterations like in Scrum [12].

Figure 6.4: Personal kanban board used for designing and writing thesis

Since the primary focus of the project was to design, the kanban approach
was adapted to the tasks that were going to be performed during the process.
Tasks were mainly focused on design, research and writing activities. Some
tasks were also focused on further development if it was to be programmed
into a fully functioning system. Figure 6.4 is an example of how a kanban
board with added task list could look like and is also the one used in the
project.
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Requirements

User requirements are one of the driving forces behind development and de-
sign. This chapter overviews the formulation of requirements starting with
the conceptual model, overview of the process of gathering of the require-
ments and target audience.

7.1 Conceptual model

Is a high-level description of how a system operates and is organized. And
also an abstraction outlining what people can do with an artifact and what
concepts are needed to understand how to interact with it. It also enables
designers to straighten out their thinking before they start laying out their
artifacts.[57]. In a nutshell, a conceptual model provides a working strat-
egy and a framework of general concepts and their interrelations. The core
components are:

• metaphors and analogies that are to convey to people what functions
the product has, what it is and how to use it.

• The relationships between the concepts (whether one object contains
another, the relative importance of actions to others, and whether an
object is part of another object).

• The mappings between the concepts and the user experience the prod-
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uct is designed to support or invoke (one can revisit through looking
at a list of visited sites, most frequently visited or saved websites) [30].

concepts are short descriptions because of the limited real life data at the
beginning of the project.

This research will consider two principal concepts which are in the field of
arthroplasty:

Concept 1: A mobile application, to ease the input of data for adverse event
reporting. With the option for already starting at the patient bedside.

Concept 2: Mobile pharmacovigilance system, for searching data about
explanted medical devices.

7.2 Data Gathering

Bots concepts were further developed by studying literature, interviews, and
observations.The gathered data was used to generate different design itera-
tions. All feedback and discussions collected from these activities were made
anonymous in the thesis in the thesis. This is because of barriers existing
within the medical field towards safety reporting and also, to increase open-
ness about the problems and processes without the fear of reprimand. I
appendix B is a collection of example forms that experts have shared during
interviews or as a suggestion to base requirements and design on.

7.3 Content requirements

The aim of this step is to understand to gain insight into the users, their ac-
tivities and the context of that activity so that the system under development
can support them in achieving their goals. The second aim is to produce a
set of stable requirements as a basis for design. This does not require a
comprehensive documentation or a set of rigid prescriptions. In practice re-
quirements evolve and develop as the stakeholders interact with designs and
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see what possibilities there are and how to utilize certain facilities. [30]A
requirement is a statement about an intended product that specifies what
it should do or how it should perform. The aim of the requirement activity
is to make the requirements as precise, unambiguous, and clear as possible.
Requirements come in many different forms and at many different levels of
abstraction, but we need not make sure that the requirements are as clear as
possible and that we understand how to tell when they have been fulfilled.

7.3.1 Requirements in the design iterations

Requirements for all iterations

1. The system should be

2. Intuitive

3. Easy to use

4. Contribute to the workflow

5. Increase efficiency compared to paper reports

6. Compatible with hospital software and hardware

7. Input by text

8. Text input should auto suggest

9. Least number of clicks as possible

10. Let the user choose date

11. Accommodate experienced users

Iteration 1

Users should be provided with support to collect, evaluate and write reports
about adverse events. They should experience ease of navigation, adjusted
data for mobile devices, and the report should available internally within the
hospital and if serious should be reported to the correct authorities.
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Iteration 2

Should enable pharmacovigilance by enabling retrieval of wanted data, re-
sponse time should be quick, and the information adjusted to mobile device
format. The solution should connect to original data sources.

iteration 3

Users should be able to save and share the articles and reports they find
interesting. A possibility of customization of preferred keywords, databases,
brands or device manufacturers should be available.

Iteration 4

The data should be manipulated using voice, and some other functionalities
could be added such as interactive graphs and for example. And additional
digitalization. These requirements can be seen as nonfunctional since they
require additional memory and graphical features that this thesis has not
developed.

7.4 Target audience

The main target audience for the application will be medical staff work-
ing within the field of arthroplasty and also the biomedical engineers which
get the failed implants. This application could also be interesting for other
researchers interested dealing with implants and prosthesis in arthroplasty,
their interest could be data mining of the database. One example would
be to find patterns of failures regarding the implants. The other example
could be using the data for decision support when deciding upon a device
for patients. The language in the application is expected to be medical but
clear and simple enough by using key terms for search. It would allow even
a patient to search for information regarding treatment.
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7.5 Personas

Fictional characters that are created using research done into target group.
And serves as example cases used during the user experience development.
Personas represent the real people behind the statistics and express the needs
of the whole group [29]. Personas are used by designers during development
so that the focus is on the user. These rich descriptions are not real people
but are realistic more so than idealistic. Each persona has a unique set of
goals, related to the product under development. Personas usually contain a
description of the user‘s skills, tasks, attitudes, and environment. All of these
are written in some detail so that it is not just a description. Each persona
will usually have a name, a picture and some personal trait that will guide
the designers as to seeing the personas as real users. A small set of personas
is what is normal to have a product, and it might be helpful to choose one
primary to represent the larger section of the user group. Personas are also
a powerful way of communicating user goals and characteristics to designers
and developers. How the persona is styled varies from project to project [30].
There are different kinds of personas, goal directed, role directed, engaging
personas and fictional personas. All of these types of personas are useful in
a variety of ways [58].
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Age: 56
Work: Specialist in orthopaedics 
Family: Married with kids.

Introvert Extrovert

Analytical Creative

Conservative Liberal

Passive Active

Adaptable Decisive Youthful

Find information about medical devices quickly.
Being able to easily access and share relevant reports or
literature.
Improve safety of patients.

Finding new updated information during a busy day. 
Not enough time to stay updated about everything relevant.
Software and data crashes.

Spends most days running around the ward tending to patients.
Wants to be able to stay up to date with adverse events relevant
to his department but finds it hard to retrieve information. He is a
sufficient user of technology but does not want to spend time to
learn new tools for the job, but loves to do so with his kids. His
goal is to go back to a research position which he had straight
from college. Spends his free time with family and being active in
soccer.  

 

General computer skills

Programming

Incentive

Fear

Achievement

Growth

Power

Social

Kristian Nesse Hansen

Personality

Goals

Frustrations

Bio

IT skills

Motivation

(a) Persona: Specialist in orthopedics

Age: 37
Work: Bioengineer
Family: Married 

Introvert Extrovert

Analytical Creative

Conservative Liberal

Passive Active

Curious Precise Reliable

Being able to find the newest reports, while creating his own.
Comparing how successful implants and prothesis are, to see
if there are patterns. 
Easily share and discuss recent cases with coworkers and
surgeons. 

Having to look for data needed to perform analysis.
Slow hardware.
Finding patterns but have no way of proving or showing
people.

Rides his bike to work, and spends his days in the lab analysing
biomedical data. Likes working efficiently and effectively, and is
quality aware. Likes to stay up to date with newest technology
and gadgets. Is interested in mobile technology, and like to use
cross platform apps for his smartwatch and smartphone. 
 

General computer skills

Programming

Incentive

Fear

Achievement

Growth

Power

Social

Mats Dreggevik

Personality

Goals

Frustrations

Bio

IT skills

Motivation

(b) Persona: Bioengineer

Figure 7.1: Personas developed during the project

Two primary personas were created fromr the target group that could be
main stakeholders. Two personas are chosen surgeon/researcher as the most
relevant and realistic personas for their goals and roles.
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Results

This chapter presents the results of the design there are several iterations.
Through which design was created, prototyped, and evaluated. Detailed
results will be presented in the evaluation (chapter 9). Sketches can be
found in appendix A, and more images of the prototypes in Appendix C,D
and E.

8.1 Design Iteration 1: Adverse event report-

ing concept

8.1.1 Concept

Concept for iteration one was the original concept where the idea was to
use a mobile device for input of patient information starting at bedside.
This could provide health care staff an opportunity to start early and collect
information using mobile technology. Instead of doing everything in one
bulk, the reportee would take in as much as possible in the application and
finish up the report on desktop. This is due to the fact that a user cannot
be expected to input a large amount of a text on a mobile device. But could
use it to efficiently start the process. Once all information is gathered it can
be edited and finalized on a desktop. Mobile devices are suitable for adding
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Chapter 8 8.1. Design Iteration 1: Adverse event reporting concept

information that is possible via touch and minimal input. Which is already
great help in real clinical environments.

Figure 8.1: Iteration 1, Data flow in proposed mobile system

Figure 8.1 shows how the data collected should flow between mobile and
desktop. And to the local internal system database and if judged as a serious
case the report should be sent to the right authority. In Norway this would be
helsedirektoratet. All the adverse events should be stored in local (hospital)
databases as evidence and potentially learning material.

The reason it is important to also store everything in the local database and
the internal system is to be able to learn from the mistakes that are done
locally aswell as internationally.

The safety reporting consists of several steps prompted by an adverse reac-
tion of event not anticipated with the usage of medical devices or treatment.
The follow up entails one or several steps during which patient is checked and
treated for the reaction. At each step, a report is created to detail a patient
status and assessment of severity of the event. The result can be a final report
with the resolved safety issue or a formal report to the regulatory authorities
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(a) Input for first event
(b) Summary of initial
report

(c) Suspected serious
event

Figure 8.2: Screenshots from first iteration low fidelity prototype

in cases when the event is adjudicated as severe or serious. The mobile ap-
plication is designed to start recording ad-verse events at the patient bedside
thus allowing a quick and easy data entry. It should also enable a user to
keep in touch with the whole hospital information system via a web-based
system. The Figure 8.1 illustrates an IT platform with safety reporting as its
integral part. Besides reporting of the safety reporting includes web-based
reporting and patient reporting. The latter could be done using the same
mobile design only adjusted to patient self- reporting that would include in-
tensity and location of the patient’s pain. An interactive design is going is
being developed especially for patients. In addition, a web-mobile system will
make complete reports available via a link and allow access to other related
patient data. This part of development is dependent on the decisions and
strategy of the Haukeland University Hospital in Bergen; the system should
be a part of the hospital information system and its management.

Figure 8.2.a shows the first screen where the user starts with inputting data,
8.2.b is a screen of how the first initial report might look like, and 8.2.c is
representing the input screen for when an adverse event is deemed serious.The
design allows additional functionalities to be implemented. The application
could further connect to desktop where the user will be able to add more
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details.Resulting from the literature studies is a set of demands regarding the
elements and structure of adverse event reporting. It starts with an initial
report, which is followed-up with one, or several sequential follow-up reports
that often include the adjudication of the event severity before the final report
is generated. A mobile platform would be useful for collecting details at the
ward, while on rounds and seeing patients in diverse ambulatory settings.
This would simplify the reporting process, which may request notifying a
regulatory body in case of severe adverse events. Mobile reporting would
secure a faster and simpler report generating. Another advantage could be
achieved by combining mobile and web-based technology. Safety reporting
data could be combined with other patient data collected in electronic patient
records and safety reports. Figure 1 suggests a platform integrating various
data resources and enables a set of functionalities utilizing them.The safety
reporting consists of several steps prompted by an adverse reaction of event
not anticipated with the usage of medical devices or treatment. The follow
up entails one or several steps during which patient is checked and treated
for the reaction. At each step, a report is created to detail a patient status
and assessment of severity of the event. The result can be a final report with
the resolved safety issue or a formal report to the regulatory authorities in
cases when the event is adjudicated as severe or serious.

8.1.2 Summary of feedback

There were some mixed responses to the concept and prototype. While most
of them could se the benfit in using such a system. One surgeon commented
that since there is not a large number of adverse event in each department it
might be better and more useful to have a system for near misses and com-
plications. The surgeon expressed a doubt regarding such a system: most
medical staff would not like to do more reports than they already need to do.
They may also not be happy with learning one more system. The feedback
from bioengineers was different, they could see a huge need for such tech-
nology, they also mentioned the benefit of reducing cost when using systems
like these. It was also pointed out that it was important to find out who col-
lects data, and when. Especially since this might not be standardized so it
might vary from hospital to hospital, vary between different nurses, doctors,
countries, and states. Laws will also vary according to country and, or state.
Another valid point mentioned was that when trying to interview medical
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staff one must tread carefully and be forthcoming with information, this is
because people in general might be afraid of change. And might not give
information if they sense that there is a possibility of change.

Suggested questions and considerations to improve system concept: Ques-
tions to ask:

1. Does a GP refer the patient to the specialist or did they come in as an
emergency? (what data do they collect and on what system)

2. What does the specialist do then. Collect basic data (or does a nurse
to this)?

3. What diagnostic tests are done e.g. if the patient is sent to a radiologist,
or a sample is sent to a histologist.

4. If there is an operation, who collects what information (perhaps the
surgeon does some and a nurse the rest)

5. Is it different from the journal system the doctors are already using?
Will there be overlap?

6. Is there difference in your system and the regular one is that in your
system contains the more unusual ones, this must be defined better.
E.g. is it the ones that require you to do a re-operation?

7. Is there a difference between treatment and recommended treatment?
Or is it a recommendation for the doctor/surgeon based on national
recommendation or hospital routines (called method book)?

8. Is it possible to have a connection to the journaling system? Are there
any security issues?

Summary of iteration

The main knowledge that can be extracted from iteration 1 is that there is a
need for these types of data and systems. The reason why it is so difficult to
implement is because of the reluctance from intended users. This confirms
the findings from literature regarding barriers and attitudes towards safety
reporting.Feedback from intended users was straight forward and useful, but
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has also suggested a need for alternative ways of looking for safety informa-
tion. One suggested that a natural shift of the concept would be towards
pharmacovigilance.

8.1.3 Evaluation of concept

To evaluate the concept experts were given a description of the concept along
with a low fidelity paper prototype to illustrate the system. They were also
given instructions where they were encouraged to comment and draw on the
illustrations and give feedback when appropriate.

8.2 Design Iteration 2: Pharmacovigilance sys-

tem concept

In recent years pharmacovigilance has increasingly incorporated information
and communication technologies. Researchers have explored possibilities of
sharing data online and using internet search engines[59]. A rise of web based
systems has inspired development of system called weBBiss[60] That has been
developed by the medical informatics group at the university of Bergen. To
extend the usability of the webBISS a mobile design was designed. The
intention was to gather safety information at the minimal inconvenience of
using the mainframe(Webiss) but to make it convenient and simple. This
iteration will describe adjustment of interface from webBBiss to mISS. This
iteration is therefore seen as transitional.

8.2.1 Pharmacovigilance concept 1

Concept The concept changed from input to output, the intention here is
to create a suggestion for a cross-platform app, where the users can search
for failed implants and articles related to prosthesis. It will be based on
WebBiss site which is already initiated but limited to the focus on the back-
end side of the system. The central pharmacovigilance concept was adopted
after webBiss[60]. The new suggestions regarded the interface, UX, and
interaction design for a mobile version. This prototype was evaluated by two
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(a) Search screen
(b) How results could
look

(c) Suggestion for litera-
ture results

Figure 8.3: Three screenshot from iteration two

experts in the field of HCI and interaction designto reflect on usability and
content. The prototype was of mixed fidelity.

8.2.2 Design Expert Feedback

One of the experts pointed out that for such a small screen there is a lot of
text. A suggestion given was to add visualizations on smaller screens so that
user can spend less time reading and increase the effectiveness and efficiency
of using the app. Another valid point the experts had was to add some
awareness to the app. This was to let the user know where they are in the
app, give the users choice to what they want to see and also ease navigation
and increase learnability. Another expert gave a practical suggestion to give
users the possibility to save articles of interest. This would give the user
opportunity not lose valuable information and to read articles on convince.
Such as a bigger screen or at home.
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8.2.3 Evaluation

The design was already developed and easier to redesign when basing on
an already suggested solution. But the system needed adaptation and more
focus on usability.

8.3 Design Iteration 3

The feedback from iteration two has suggested using visualizations as this
would help users make faster choices and enable them to spend less time
using the app and more time on interpreting retrieved information. Ideally,
the visualization will let the user retrieve information quicker and more ef-
ficient than scrolling trough a large number of text. Results should be to
the point instead of some screens scroll. The design that allows smaller well-
defined steps are beneficial; one more step could mean gain instead of losing
information through scrolling. In other words visualized and well presented
information is better than just text rolling up and down the screen. Vi-
sualization helps with growing body of the information as it returns a well
defined clear data and helps to keep the overview.
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(a) Search screen (b) Clinical trial results
(c) First suggestion for
settings

Figure 8.4: Three screens from iteration three

8.3.1 Concept

Since you cannot assume that mobile users are sitting still, it is important
to consider how to choose the different databases in the app, and keep in
mind that the user will most likely be a bit distracted if they are on the go.
Therefore allowing the user a larger area to select the wanted prototype is a
smart idea.

Also based on feedback in iteration two a decision to add visualization as this
will help the users make faster choices and be able to spend less time using
the app and more time on using the information that they find. Ideally, the
visualization should increase the speed to which the user finds what they are
looking for instead of just scrolling page after page. The mistake that was
made in previous iterations was thinking that adding one more step in the
selection process would slow down and irritate the users when this actually
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might be opposite. Adding an extra step that allows the user to quickly
choose where to go next compared to scrolling just text would, in theory, be
more pleasurable and visually pleasing than the traditional text.

8.3.2 Design

The design is presented as a set of screenshots in Appendix E; here there is
also screens from the changes made after the first round of evaluation(Chapter
9). Figure 8.4.a shows the proposed search screen where keywords will trigger
a search through MAUDE [61], PubMed [62], clinical trial database [63] and
local database. One can also navigate by using the bar at the bottom of the
screens.

8.3.3 Feedback

The feedback from participants this round was positive to the design. They
managed all the tasks fine. It is however not easy to evaluate prototypes
which are not finished as all the functions are not done. So an expected low
score on error handling and pop up messages was expected. The high fidelity
prototype suggested all the functionalities that would exist in the finalized
app, but some not fully functioning. That seems to make it intuitive and easy
to use.More detailed feedback and comments can be found in the evaluation
(Chapter 9).

8.3.4 Evaluation

The system still needed some tweaking for mobile devices, because of small
screen size changes were needed.
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Evaluation

This chapter is organized around the design iterations. It is based on evalu-
ation method done at the end of each iteration. Expert evaluation, Nielsen
heuristic and System usability scale.

9.0.1 Evaluation summary of iteration 1

Before any real world application can be implemented, it is important to
think about safety issues and barriers. Another practical issue is compatibil-
ity of safety reporting systems and existing hospital software and hardware
systems.Some norwegian physicians are currently using dictaphone for input
which can be a factor in designing at a later stage. The content should be
created concerning the complexity of medical language. Users must be aware,
clear meaning examples such as a difference between fever and temperature.
Another important example is the difference between treatment and recom-
mended treatment. It is important to know if it is a recommendation from
surgeon or guideline for treatment. The initial report could be problematic
as this could be too similar to patient record, this could have implication for
the safety and privacy of data. Another concern is that the system could
overlap with current patient record system. That would mean that design
should be detailed and well thought of. Regardless of the reluctance of the
reporting the design should be relevant and capture well clinical processes.
It must be clear that this design concerns adverse events in the first hand.
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Chapter 9 9.1. Evaluation summary of iteration 2

And inspiration for the design could also be the paper form used by the na-
tional registry(appendix). There is also an issue of standardization; different
surgeons, nurses, and hospitals do things in a slightly different way. And
may have opinions on how things should be done. This requires as many
surgeons as possible to elicit competent and detailed understanding of their
expectations. One of the major issues is to understand the pathway from
start to finish.

9.1 Evaluation summary of iteration 2

Iteration 2 is based on the webBiss system. The issued is how to browse
and use a moderately large information volume on a small screen, being re-
stricted to touch input and soft keyboard. It is recommended to analyze
data and think about mobile first data visualization of moderate size data
set as a separate task, independent of the interaction design of the source
system(webBiss). Another solution would be to filter the amount of informa-
tion available through mobile access to a few top ranked hits. In this case,
more text oriented approach would be sufficient otherwise data visualization
is the option to explore. Dealing also with the moderate size databases could
be simplified by using ”my library” to store interesting articles. Otherwise,
it is recommended to simplify tasks and have a list of pointer to the original
website. For the safety and privacy reasons, it might be good to have a log
in option.

9.2 Evaluation summary and results of iter-

ation 3

9.2.1 Evaluation summary

Expert opinions were in general positive, and main functionalities were clear
and easy to connect with the flow of adverse events. It would be a good
idea to come with several visual representations of results. The next thing
would be to design a filter that would allow a quick and precise search. For
example, the event type is the most important, then perhaps device brand
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to search with. Some additional things could be added to the database, but
that would demand more work with users. Regarding the local bioengineering
database, it would be ideal to show some x-rays and reasons for removal of
the device. There might be some confusion the heart icon for ”liking” button
whose functions is to mark a favorite article or report. Another expert has
also emphasized the need to filter specialized databases to enable as precise
as possible retrieval. Users could choose from a list of different brands of
medical devices. That way it would be possible to get more information
about the safety of particular medical devices.

Three experts were chosen for the first heuristic evaluation and system usabil-
ity scale. The reason was, in addition, to conduct a semi-structured interview
and allow evaluators to respond in depth. These had a background in human
computer interaction. In the second round, six evaluators contributed. The
observer was present mainly to answer questions as no in depth interview
was planned.

The heuristic evaluation found that most of the participants were satisfied
with the visibility of the system, the match between real world and system,
consistency of the system, easiness of navigation and icons used, according
to the evaluators.

The heuristics with the lowest score was related to error prevention, help
and documentation. Lower scores were expected since these functions were
not implemented yet in the prototype. There also seems to be a problem
of understanding the medical terminology by non-medically trained partici-
pants; some words were hard to comprehend, and it was equally demanding
to grasp the content of different databases. This could be easily fixed in the
future by generating an ‘About’ or ‘Help’ page. There were also some cases
where most participants gave a high score, and one participant gave a very
low score. This might be due to a misunderstanding, but the participant
opted not to ask for help during or additional during the evaluation. All par-
ticipants were told that they could spend as much time they wanted/needed
and that they could ask questions at any point.

the choice was made to start with three users for the first heuristic evaluation
and system usability scale. This would create an opportunity to have a
discussion, and get more in depth with the first participants. These were
experts in HCI and medical field.

79



Chapter 9 9.2. Evaluation summary and results of iteration 3

The second round of heuristic evaluations and SUS used 6 participants who
gave their feedback, but no interview was planned. The observer was avail-
able for questions if they needed to ask, or wanted explanations for function-
alities or concept.

Heuristics

Was performed using Nielsen 10 heuristics, this is because of these already
established heuristics for interfaces. System usability scale was used after
performing five tasks linked to the heuristic evaluation. The participants
first received information, then they did the tasks, answered the heuristics,
and after that, the final assessment was the system usability scale.

Tasks All of the rounds of the heuristic evaluation got the same tasks:

1. Go to search page

2. Type inn keyword ”knee” and choose Biomet as manufacturer

3. Select one of the databases from the results.

4. Favorite or try and email one of the results.

5. Explore and try and get familiar with the application before answering
and commenting.

Number 5 in the table was added to make sure evaluators explore the func-
tionalities of the design/prototype. The idea was also to see if they can
make it without having additional information given. The evaluation was
performed with only a single participant at the time to avoid an information
cascade. The participants were also asked to score the heuristics from 1-10
and leave a comment if necessary.

9.2.2 Results from iteration 3

All graphs presented are the average Scores from heuristics and the average
SUS scores.
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Heuristic evaluation
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Figure 9.1: Results from heuristic evaluation with interview

Comments from Evaluators first round

• Emergency exit would be preferred, even though you can navigate back.

• Home option should take the user to either search or login screen.

• Buttons are too small; several items in the user interface should increase
in size.

• As an experienced user I would like to set my preferred database and
manufacturer so that I do not have to reselect them all the time.

• There are no error messages.

• More information needed about the databases and what they are and
what can be done in the application.

• More feedback required for action regarding functionality(for example:
set favorite article or report).

• Being able to erase data easier.

• Having help on each page to explain options and specific information
linked to that site.

• The color of the selected page in navigation does not go well with
the others, maybe another hue same as the rest of the app would be
suitable.
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System Usability Scale
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Figure 9.2: Results from SUS with interview

9.2.3 Results from evaluation without interview
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Figure 9.3: Heuristic evaluation without interview

Comments from Evaluators second round
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• Language is probably easy for the target group, but for me it is not
clear what information resides.

• Good match between system and the real world as the intended user
will know the terminology.

• Bottom of page(navigation) gives the impression that this is part of
search function.

• No problems navigating back and forth

• Suggesting a redo button

• Does one need to log in?

• There should be feedback about the amount of reports and literature
that matches the search term.

• Choose to view graphs or textual representation.

• Error messages where appropriate did only get one when no search term
was entered.

• Consider different systems (Android, Google, Apple) smartphones use
different icons for the menu. All are understandable but should be
customized.
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System Usability Scale
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Figure 9.4: Results from SUS without interview

The heuristic evaluation found that most of the participants were satisfied
with the visibility of the system, the match between real world and system,
consistency of the system, easiness of navigation and icons used.

9.3 Summary of iteration 3

Lowest scored heuristics:
Heuristic 5: Error prevention got a very low score with the first three eval-
uators, but higher when there were more participants.
Heuristic 7: Flexibility and efficiency of usereceived a lower score when more
evaluators were involved.
Heuristic: 9: Help users recognize, diagnose and recover from errors had the
lowest score in heuristics with the interview. This suggests that the small
changes made between heuristic evaluation with interview and heuristic eval-
uation without interview were successful.
Heuristic 10: Help and documentation received low score in both heuristic
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evaluations

Some of the evaluators chose to answers N/A on these heuristics which might
have impacted the result. They chose to do this because they felt it did not
apply to their experience of the system and also had no opinion or comment
they wanted to make. There was also a huge variety in the System Usability
scores; this is also because the text is open to interpretation. So some took
the text literally, and some imagined being medical staff for example. This is
information received during the interviews and comments made during eval-
uation by some participants.

The design principles supports the usability goals which again can be mea-
sured by Nielsen heuristics. In my case the usability goals that were not
satisfied were safety and utility this is because error prevention, help and
documentation and several wanted functionalities were not implemented in
the prototype when evaluation was done.
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Discussion

In this chapter, the main aspects of the research and development will be
reflected on. Methods used, prototypes, answers to the research questions
are discussed in detail. Design Science Research approach was utilized as the
guiding principle throughout the master thesis project. Following the guide-
lines by Hevner et al[8] was instrumental in securing the holistic structure of
the research. Two separate designs were developed and tested for reporting
of adverse reports after arthroplasty. One was a mobile solution for safety
reporting starting from the patient bedside and the second one was done
for pharmacovigilance. Both of them are intended to contribute to patient
safety, although in different ways. Only one of the design solutions (phar-
macovigilance) had appealed to the medical staff with the reason being not
the design, but rather the clinical routines and attitude towards the safety
reporting.

10.1 Methods

Several methods were used to acquire requirements, create designs and in-
volve potential user groups to elicit knowledge and evaluate the design solu-
tions (artifacts).

Literature overview has been utilized very well and helped assemble the in-
formation requirements for the first safety reporting design (Chapter 8, 9).
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Due to the well known facts, and needs for the safety reporting as a part of
patient safety, surprisingly many details are available. The process of report-
ing could be delineated in general terms which were useful to create a design
to which clinical staff could easily relate and suggest changes and comments.

Unstructured and semi structured interviews were used to elicit expert knowl-
edge from the human computer interaction experts and the clinical staff
regarding their current clinical routines and the need for safety reporting
(Chapter 7, 9). This has been an excellent approach especially regarding the
design concept and evaluation to which both the experts and clinical staff
responded. When it comes to extracting the knowledge from clinical staff the
most cooperative and constructive was the participants from the Biomedi-
cal Laboratory at the Haukeland University Hospital in Bergen (Chapter 7,
9). They deal with safety reporting daily and would benefit from a fully
functioning safety reporting system.

Design Science framework was used for designing and assessing user expe-
rience. It was flexible enough to secure the purpose driven creation of two
artifacts as a solution for the relevant problem (safety reporting and phar-
macovigilance) using research cycles (Chapter 5, 6, 7, 8, 9, 10, 11). User
experience was central to the artifacts (Chapter 8) since they are intended
for end users who already feel reluctant to use such a system.

Observation was used only during the evaluation so that the observer was
present to answer possible questions and observe if there were difficulties
using the high-fidelity prototype.

10.2 HCI methods

Interaction design and UX methods were applied aided in the design pro-
cess. The design iterations consisted of sketches, mock-ups, requirements
and evaluation before repeating for the next step. Involving stakeholders at
an even earlier point than this research would be reasonable and create an
even better design and requirements. Also, a larger number of evaluators
would be a good choice. Based on the literature and my experiences I would
start the next project with research and data gathering involving users at
the earliest possible step, then create requirements based on the data and
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information generated. The last two steps should be creating a prototype
and testing or evaluating the prototype based on if it is low or high fidelity.
Another tip would be to create heuristic specifically for the product that one
is developing as this can also be done, but off course Nielsen heuristics for
the web are equally as good to follow. The evaluation showed that not all
usability goals were reached after iteration three. So there is still work that
could be done to increase the likelihood of user satisfaction.

Starting from a low fidelity prototype and continuing up to a high fidelity
prototype creates a solid design basis to base choices on and also get con-
crete feedback from evaluators. Prototyping is necessary to avoid spending
a significant amount of time and money on developing something that users
either don’t like or find too hard to use, so they abandon it or find something
else.

Development methodology was mainly a personal Kanban[12] that was in-
strumental in keeping the control over the work and timelines. This straight-
forward and easy to follow method was efficient and recommendable for a
single project developer. More complicated Agile methods would demand
the presence of the stakeholders, and potential users which would be hard to
secure on the permanent basis in a master thesis type of project. This has
not excluded experts who were present in the and evaluation work (Chapter
8,9).

10.3 Answering Research Questions

Research Question 1 How could mobile technology design support adverse
event reporting?

Within the thesis work, two main approaches were applied to support safety
reporting. Both of them were based on mobile platforms to make it as quick
and easy as possible for the user to send and retrieve data. Each of them was
understandable and with clearly defined functions, but with a very different
appeal to potential users.

The reason seems to be additional work that adverse event reporting (first
artifact) would cause. This reluctance to report had also consequence for
this research; the first design was appealing and clear as the design but
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would mean additional work burden. The second solution (artifact) was de-
veloped to support a much more accepted practice of pharmacovigilance.
A web-based system WebBISS (ref) was used as a starting point that al-
lows searching for information on explanted knee and hip prostheses. Users
seemed to appreciate a mobile solution as an addition to the already existing
web-based solution (WeBBIS); the mobile platform meant more flexibility
and easier interaction with the information resources using a smartphone.

Design wise both the solutions have the same features and should, in theory,
have the same kind of appeal to the user for the purpose of online reporting.
Both designs have been tested by users and experts at differing points in
the iterative process. It was interesting to notice that the first has reminded
physicians of the mandatory forms that health authorities usually demand
of them. This could be of credit to the design solution, as it had suggested
professional finalization. The fact that literature could provide a solid basis
for the first design speaks about the relevance of the problem. With refine-
ments from users, it would be possible to tailor solutions that would fit into
various hospital information system; both of the developed mobile solutions
are flexible and resourceful to enable that.

Research Question 2 How can interaction design support building sustain-
able and appealing solutions for adverse event reporting?

The straight answer would be to design solutions with the functionality that
is clear and easy to follow and that can make the reporting as simple and
agreeable as possible. To this end, user centered design has been utilized.
Users were involved to contribute through their knowledge and requirements
and to critique the concept and test prototypes. Evaluations have been done
using informal interviews, discussion around the concept, heuristic evalua-
tion, and system usability scale. Every evaluation done is valuable for the
next iteration as this gives me information about what works and what does
not work. It had been especially important to get feedback from medically
trained staff since I have been designing for a domain which was at the start
very new to me.

The results from all the iterations have shown that the design could be ac-
cepted and used if not for the barriers encountered. It has also shown that
unwanted functionality may lead to rejecting artifacts. For a system to be
implemented and accepted by its users, it should fit in naturally in the work-
flow and not disrupt as this could lead to negative connotations towards the
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system. Design in this current form should be able to undergo more changes
to satisfy more user groups. In the current state, there are two different user
groups: surgeons and biomedical engineers. The first group would appreci-
ate a simple design, while the other group would like more details because
they need to produce more comprehensive reports. Visits to two different
university hospitals, Bergen Haukeland and Linköping hospital, showed that
there were different procedures established for safety reporting. Safety re-
porting is organized to fit the particular organizations, and this seems to be
the case with other hospitals. This is of consequence to the design because
different processes and stakeholders have different expectations and standard
operating procedures. Interaction design has means of incorporating differ-
ent practices and especially using mobile technology by developing design
variations according to user specifications.

Attitude towards the safety reporting Safety reporting is a complicated
process that is crucial for all involved in healthcare, medical and pharmaceu-
tical industry. The ever-growing number of devices, medicines and related
treatments is ever high. Monitoring and reporting adverse events is of vital
importance. The ways of reporting are not often continent, well designed
or transparent. The attitude toward reporting is defined by several key mo-
ments: information, willingness, accountability, feasibility, and learning (ref).
This research as also identified a few additional moments that can impact
the clinical reporting: the work burden, professional reputation, and conti-
nence of reporting. In this research, we were not dealing with the attitudes
but rather tried to come with a design that would be acceptable. The clini-
cal processes are too complex to interfere with. Another major issue with a
project like this is getting enough time with medical staff. Some of the junior
staff and newly graduated were unsure and did not know about the adverse
event reporting. More senior staff knew what to do, but felt they were not
as compliant with the reporting as they could be. During the interviews, it
was revealed that the first reason for this was the work burden. Whatever
the reason, the design should not be imposed on anybody as the means of
changing the attitude.
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Conclusion

This research regarding safety reporting is backed up by literature and the
interviews with medical professionals who all agree about the importance of
the reporting of adverse events. The challenge of the clinical work makes
them avoid any added labor, and that is also the case with reporting. Intro-
ducing a new system or ways of safety reporting would be positive, but it will
come with a cost of maintenance and further work. The primary motivation
being patient safety should make the medical staff consider new solutions.
In this research, mobile technology was examined and should be integrated
with existing hospital information systems. Aided by good design, based on
the human computer interaction, it would be expected propose reasonable
solutions in support of safety reporting.

The design of the first artifact for safety reporting was evident and brought
up the sense of demand to report adverse safety events in a way that health
authorities request it, the information and processes resemble the official
ways of safety reporting. This understanding of the design also came with
a question if it could be adjusted to general reporting which in turn would
require additional user groups to participate in design process. There is still
work to be done on attitudes towards reporting and lack of motivation for it;
medical staff tends to comply with it in cases where it is made mandatory
by the government. The second artifact was designed to retrieve information
regarding patient safety in the form of a mobile pharmacovigilance tool.
All the functionalities are designed to take the user straightforward to the
public databases and retrieve safety information in a secure manner. This
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artifact is an alternative to the first artifact since adverse event reporting is in
some cases hindered by workload, work culture, or a fear of reprimand. The
pharmacovigilance tool was evaluated using low and high fidelity prototypes
which gave good critique and suggestions for next design iteration(s) and
future work.

The evaluation has pointed out several ways in which mobile artifacts could
be utilized. In design iteration 1, it was clear that serious events which need
to be reported are not always reported. Therefore, it is important to avoid
having the app feel like it is just a transformation of a paper form to the
screen, it is essential to come with an intuitive design solution that enables
simple, intuitive data entry. Starting the reporting process at the patient
bedside would be a good step towards assembling a safety report. The data
collection and the reporting process would be initialized using a smartphone.
The rest of the data would be collected during the follow up and eventu-
ally the report would be assembled using the collected data and other vital
information from the patient electronic health record. This solution would
allow information sharing and transparency of the process among treating
physicians.

The results and evaluation also suggest that there is more that could be done.
One logical step would be improving the design solutions, but also work on
the attitude towards reporting. In relation, this it would be wise to focus on
one hospital to develop and make the best possible design. The next step
would be to generalize a system of reporting which also cater to near misses
and other non-serious events. Mobile solutions could be utilized to connect
to the existing hospital information systems and other relevant sources of
the safety data. National guidelines would standardize safety reporting pro-
cedures which would probably make the reporting not only serious adverse
events mandatory but also other cases. The gain would be a national safety
knowledge database, similar to the MAUDE system [61], which could be
an open national system. This should ideally be connected to a worldwide
database so international and national patterns could be identified and fur-
ther researched. The Artifacts were developed for the field of arthroplasty,
but are so general that they could easily be adjustable to other the fields.
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Future work

The first step for the future work would be to fully implement the artifacts
and test them in a real clinical environment. It would be interesting to
see whether this could make the first artifact for reporting of adverse event
accepted into the clinical environment. The fact is that this kind of reporting
is well established in many clinical environments which speak for it. The data
and knowledge are of advantage when analyzing not only patient risks but
also medical treatments.

Another value of collecting the safety data is its potential to improve current
practices and create an e-learning environment. The latter could be of use
even for students and patients.

The field of Medical Informatics offers lots of methods and technologies that
could be utilized. Mobile solutions are most often compatible with the data
security and privacy standards and data formats used in electronic patient
records. That enables development of other mobile and web technology so-
lutions; examples are following in the text.

• Further develop 1st prototype
Include the option of reporting so that it would be a fully functioning
input/output system for reports. This would require employees not
just for the system but also for looking at the reports. So it would
have to be decided if the system should be internal/external and who
would be responsible for not only maintaining machines but also who
would be responsible for the reports sent in.
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• Mobile system for patients
Connecting a patient input system with my proposed system can gen-
erate patient data that surgeons and doctors may find valuable.

• Learning options for student/patient
An automatic option for students to view the data in a learning effective
way. So it could be used during education or when in the ward.

• generalized
A generalized version where the first page would be where you choose
between the medical discipline you want to view reports from. Not just
orthopedics. Having an all-round system could be useful. Especially
if patients have been in different wards with various issues. Another
function would be to have an internal version that will handle near
misses, adverse events and not just the serious events that happen
during a procedure or related to medical devices.

• Cross platform
Ideally, the application should work on different platforms and also over
different brands so that it can be used by everyone not depending on
which brand of electronics the hospital chose to buy.

• International/national
Ideally, an application such as the one proposed should be used on a
national level and maybe even a function to get international reports
as well. This way there would be larger dataset collected in one ap-
plication and not scattered all over. This could connect and link vital
information that one otherwise would have to search multiple sources
to find.

• Application for smartwatches
A possibility in the future could also be including an application for
smartwatches where the user could get notifications when a relevant
report of literature is published. The user would have to set this in the
setting menu and connect with the mobile application on desktop.

• Decision Support System (DSS)
Ideally, this would be a system that could be generalized for every
department and also include drug safety so that medical staff and re-
searchers could look up reports concerning their interest in one app
on either a mobile phone, tablet or desktop. Ideally, it should be inte-
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grated with a decision support system so that the DSS would gain data
from the reports. This would especially help when making a decision
about rare diseases or reaction to medical devices.

Social/work environment To be able to really fully implement and fur-
ther develop applications presented in this research, attitudes towards the
reporting need to change to a positive note. More work is needed in the
clinical environments and even with patients who had already shown interest
in safety reporting.
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Designing a bedside application for adverse event reporting 
 
Hanne Aserod and Ankica Babic, Dept. for Information Science and Media Studies, University of Bergen, Norway, 
Bergen 
 
Introduction We present a mobile software application development for safety reporting within the field of 
angioplasty. The application aims at supporting physicians with capturing and retaining data regarding safety events. A 
combination of Interaction design and User experience techniques was used to inspire usability1 and create useful, 
intuitive interface. The consequence of not considering the user experience could be user frustration and the user 
looking for an alternative solutions to data capture. If forced upon users, an application usage could increase the 
likelihood of mistakes increases, and reduce effectiveness.2 
 
Method To collect data and define system requirements a literature review and a field study were conducted which 
resulted in both quantitative and qualitative data. The data was analyzed to understand the data flow and clinical 
processes all with a purpose to enable a user keeping in touch with the whole hospital information system. To be able 
to utilize the users’ skills and experiences within their domain, it was important to include them in the participatory 
design process. To get feedback on the concept, medical staff was given the screens together with explanation of the 
concept based on several levels of functionality. 
 
Results Proposed user interface enables entry of data specific for adverse events of the knee and hip implants. Besides 
the patient data, the system allows entry of the event classification (serious, non-serious) and treatment, as well as 
the connection of the database maintained within the Helse Bergen hospital system. Reports could be initiated and 
retrieved if there are previous adverse event instances. Expert evaluation of the first design solution was performed 
using low fidelity prototype. It has shown that design was relevant, straightforward, done in a way that official 
reporting would commence. A question was also asked if the system could be adjusted to general reporting. 
 
Discussion The design was met with enthusiasm by the healthcare professionals. However, it has been clear that there 
are reservations exist for reporting adverse events in general. The main reason seems to be a heavy work burden. 
There were also concerns about being viewed negatively by other medical staff. Attitudes towards reporting were not 
entirely negative, for example, the biomedical engineer lab that evaluates explanted medical devices would 
appreciate such a bed side reporting. Interviewed physicians accepted this point of view and did not entirely rule out 
their participation. Therefore, more work needs to be done to address attitudes towards reporting and lack of 
motivation for it. 
 
Conclusion The development is directed towards the high-fidelity prototype and further web-based system 
development that will enable more detailed reports. Those will be fit into the hospital information system and provide 
basis for other functionalities such as e-learning and other general reporting. 
 
References 
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Designing a mobile system for safety reporting of arthroplasty adverse events  
Hanne Åserød, B. Sc1, and Ankica Babic, PhD1,2  

1 Department of Information Science and Media Studies, University of Bergen, Norway 
2Department of Biomedical Engineering, Linköping University, Sweden 

Abstract —  This paper presents a mobile software application 
development for safety reporting of adverse events within the 
field of arthroplasty. Proposed user interface enables entry of 
data specific for adverse events of the knee and hip implants. 
Besides the patient data, the system supports entry of the 
event, its classification (serious, non-serious), its follow up, as 
well as a connection to the database maintained within the 
Helse Bergen hospital information system. Safety reports can 
be initiated and retrieved on request and depending on the ad-
judication of the event; suspected severe events should be fol-
lowed up until their resolution. Expert evaluation of the first 
design solution was performed using low fidelity prototype. It 
has shown that design was relevant, straightforward, done in a 
way that official reporting would commence. Some users were 
positive to the reporting, some felt it would demand more 
work. A comprehensive evaluation with different potential 
user groups is planned to meet their needs and understand 
their views. 
Keywords --  Safety reporting, mobile application, HCI, low fi-
delity porotype evaluation 

I. INTRODUCTION   

 
 A prototype of adverse events system has been developed 
as an alternative to traditional reporting methods. Handling 
adverse events is putting significant burden onto the staff so 
it could be anticipated that simplifying and making the sys-
tem enjoyable will help overcoming barriers towards safety 
reporting. To improve patient care in health organizations it 
is important to understand what is hindering reporting. Spe-
cifically, barriers like extra time, additional workload, badly 
designed report forms are possible to handle with redesign. 
But attitudes like trust issues, fear of harming professional 
reputation, inability to recognize errors, insufficient feed-
back after reporting are things that must be worked on by 
the organizations themselves [1], [2]. Patient safety will 
most likely always be a topic of concern in healthcare all 
over the world. It is the patients’ safety, which is the main 
reason for reporting incidents, so that we will be able to 
learn from them [3]. Reporting of adverse events is an im-
portant step for securing patient safety and for preventing 
potential medical issues in the future. It is vital to under-
stand, document and properly report severe adverse events. 
In Norway, all severe adverse events should be reported to 

Helsedirektoratet (Ministry of Health), but this requirement 
is not always met in practice. Due to underreporting, much 
information is lost and many Norwegian, as well as Euro-
pean physicians use a Web-based system MAUDE (Manu-
facturer And User Facility Device Experience) [4]. There is 
where they get the information about adverse events related 
to the devices they are using. The MAUDE database is pub-
licly available for anyone to access. This study is motivated 
by the need to create a flexible, easy to use design for re-
porting adverse events. It looks at designing a mobile appli-
cation that would support various user groups. 

II. MATERIALS  

 
The study material comes from the literature and the inter-
views with the representatives of two major potential user 
groups at the Haukeland University Hospital in Bergen. 

III. METHODS  

 
 To collect data and define system requirements a literature 
review and a field study were conducted. The resulting de-
sign sketches were created in Photoshop whilst adobe pre-
view was used to present them on mobile devices.  
To open a dialogue with potential users a concept evalua-
tion was done using concept judgement and a preliminary 
user participatory design session.  
A combination of Interaction design and User experience 
techniques were used for designing solutions that consider 
different data sources, workflows, and multiple user groups. 
Application of the both methodologies should help creating 
a useful, intuitive interface that could inspire usability [4]. 
The consequence of a system that has not considered the 
user experience and how engaging it could be, can result in 
users either will not use the system or find a replacement for 
it. In addition, if a system is forced upon them it can lead to 
a higher likelihood of mistakes, wrong usage and reducing 
effectiveness [6].  

.  
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IV. RESULTS 

Resulting from the literature studies is a set of demands re-
garding the elements and structure of adverse event report-
ing. It starts with an initial report, which is followed with 
one, or several sequential follow-up reports that often in-
clude the adjudication of the event severity before the final 
report is generated. A mobile platform would be useful for 
collecting details at the ward, while on rounds and seeing 
patients in diverse ambulatory settings. This would simplify 
the reporting process, which may request notifying a regula-
tory body in case of severe adverse events. Mobile reporting 
would secure a faster and simpler report generating. An-
other advantage could be achieved by combining mobile 
and web based technology. Safety reporting data could be 
combined with other patient data collected in electronic pa-
tient records and safety reports. Figure 1 suggests a platform 
integrating various data resources and enables a set of func-
tionalities utilizing them.  
The safety reporting consists of several steps prompted by 
an adverse reaction of event not anticipated with the usage 
of medical devices or treatment. The follow up entails one 
or several steps during which patient is checked and treated 
for the reaction. At each step, a report is created to detail a 
patient status and assessment of severity of the event. The 
result can be a final report with the resolved safety issue or 
a formal report to the regulatory authorities in cases when 
the event is adjudicated as severe or serious.  
 

The mobile application is designed to start recording ad-
verse events at the patient bedside thus allowing a quick and 
easy data entry. It should also enable a user to keep in touch 
with the whole hospital information system via a web based 
system. The Figure 1 illustrates an IT platform with safety 
reporting as its integral part. Besides reporting of the safety 
reporting includes web based reporting and patient reporting. 
The latter could be done using the same mobile design only 
adjusted to patient self-reporting that would include intensity 
and location of the patient’s pain. An interactive design is go-
ing is being developed especially for patients. In addition, a 
web mobile system will make complete reports available via 
a link and allow access to other related patient data. This part 
of development is dependent on the decisions and strategy of 
the Haukeland University Hospital in Bergen; the system 
should be a part of the hospital information system and its 
management. 

 
Figure 1. The IT platform integrating safety reporting and 

learning functionalities utilizing several databases including 
patient data. 

 

Figure 1. The IT platform integrating safety reporting and 
learning functionalities utilizing several databases including 
patient data.  

 

 
Fig 1: First screen                Fig 2:Hip related event 
 
Figure 2 shows the first step after the user has logged in, 

where two choices must be made: Hip or knee and First event 
or Repeating event. Figure 3 shows the choices if Hip and 
First event is chosen. Here, the user will be able to start a new 
report. 
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Fig 3: Serious event           Fig 4: Summary of report 
 
Figure 4 shows some of the content that must be entered 

into the report in case of a suspected serious event. Figure 5 
is an example of a safety report summary. The design allows 
additional functionalities could be implemented. The appli-
cation could further connect to desktop where the user will 
be able to add more details. 

 

V. DISCUSSION 

 
Many efforts are made to improve patient safety. Medical 
devices are designed with high safety standards in mind and 
with capabilities to report errors. Many efforts concern also 
human engineering and their capacity to recognize, adjudi-
cate and report safety issues. In this study, we have research 
possibilities of designing a safety reporting system utilizing 
Internet and mobile technologies to suit the clinical environ-
ment in which surgeons and biomedical engineers share the 
arthroplasty data on explanted devices. Even though they 
share the same goals, they have different expectation on 
how manage the data. To be able to utilize the users’ skills 
and experiences within their domain, it was important to in-
clude them in the participatory process so that they could be 
able to affect the outcome. The experience shows that early 
into the design process, a selected user group could be a part 
of analysis, and evaluation of this step of the development 
process [7]. We have presented the design of safety report-
ing to the representative of both these groups and they re-
sponded with enthusiasm. One surgeon has immediately 
recognized the reporting process as the one typically re-
quired by regulatory authorities. As much as he appreciated 
the concept, he wondered if it could  

 

burden. Also mentioned was the outcome of submitting a 
report, the concern that other medical staff would view it 
negatively and that it would affect the status, feedback, and 
cause additional workload. Such barriers will decrease the 
likelihood of a reporting system being successful. However, 
attitudes towards reporting are not always negative. The bi-
omedical engineers that evaluated the designs and concept 
agreed that there is a need for such systems; they have rec-
ognized potential of safety reporting systems to decrease 
costs and improve patient outcome. When it comes to the 
design, the feedback was that the design contained almost 
everything needed. Nevertheless, some details should be 
added depending on whom the report is intended for. Differ-
ent departments may appreciate specific information.  

VI. CONCLUSSIONS 

The design was very clear and brought up the sense of the 
demand to report adverse safety events in a way that health 
authorities request it, the information and processes resem-
ble the official ways of safety reporting. This understanding 
of the design, and such a reacting to it, came also with a 
question if this could be adjusted to general reporting. 
Therefore, the next step will be to study, understand and de-
sign for different user groups and levels of hospital care sys-
tem involved in safety reporting. It would be recommended 
to carry out a comprehensive evaluation of different design 
solutions that would meet different expectations.  
There is still work to be done on attitudes towards reporting 
and lack of motivation for it; medical staff tends to comply 
with it in cases when it is made mandatory by government.  

The development is directed towards the high-fidelity 
prototype and further web based system development to en-

able reports that are more detailed.  
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Abstract.  Pharmacovigilance is an important part of the patient safety and it has a great appeal 
to physicians.  It is concerned with the safety of medical devices and treatments in the light of 
understanding the risks and dangers based on the already reported safety issues. Internet resources 
such as the Manufacturer And User Facility Device Experience (MAUDE) web-site are often 
retrieved due to the lack of internal, local safety databases. The research looked at how Human 
Computer Interaction could improve user experience. We have designed data entry for safety 
reporting and pharmacovigilance based on the web-bases system called WebBISS (Web-based 
implant search system)[1]. The expectation is not only to improve usability, but also to stimulate 
physicians to enter their safety data and become also contributors, and not only users of 
information. The expert evaluation has been generally positive and encouraged stronger help and 
error reporting functions. The high fidelity design has given a good impression of the future 
mobile solution. 

Keywords. HCI design, high fidelity porotype, safety reporting, 
pharmacovigilance, arthroplasty  

Introduction 

The reporting of adverse events is an important step to secure patient safety and to 
prevent potential medical issues in the future. It is important to understand the reasons 
behind adverse events so that medical staff can recognize situations of high risk for 
patients and identify medical devices which might endanger patients' health. In Norway 
severe adverse events should be reported to Helsedirektoratet to alert about the risks of 
either medical devices or procedures. Helsedirektoratet publishes annual reports, but 
offers currently no online support. Therefore many clinicians and researchers turn to 
the systems like MAUDE (Manufacturer And User Facility Device Experience), which 
is a web-based system [9], that collects and provides information about adverse events. 
It is available for surgeons, doctors and general public. The Federal Drug 
Administration (FDA) uses MAUDE to monitor medical devices and collect 
information about performance or warning signs regarding the patient safety.   

 
The World health organization defines pharmacovigilance as the science and activities 
relating to the detection, assessment, understanding and prevention of adverse events. 
They have also widened the definition to include herbals, traditional and 
complementary medicines, blood products, biological, medical devices, and vaccines. 
Pharmacovigilance’s goal is to improve patient care and safety in relation to the use of 
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medicines and all medical and paramedical interventions with aim to improve health 
and safety. It also contributes to assessment of benefit, harm, effectiveness and risk of 
medicines, encourages safe and rationale use of medicines and devices, promotes 
understanding, education and training in pharmacovigilance and effectively 
communicates with the public.   

It is essential that adverse events are reported, analyzed and communicated [2] to 
improve patient safety and lower health care costs in the process [3]. 
Pharmacovigilance is important in ensuring that doctors and patients have enough 
information to make a decision regarding a treatment [4].   

We have explored possibilities of improving pharmacovigilance in the field of 
arthroplasty. There is a great number of surgical procedures performed and 
systematically documented even within the Norwegian national arthroplasty registry 
[14], but there is no automatic system to retrieve pharmacovigilance information. To 
improve that we have first developed a web-based system called WebBISS (Web-based 
implant search system)[1] and now designed a mobile solution by combining 
Interaction design and User experience techniques.  

1. Method and material 

We have used Interaction design to create a high fidelity porotype trough three 
design iterations. The first iteration dealt with concepts of safety reporting, the second 
and third were directed towards designing a pharmacovigilance mobile tool. The design 
has combined knowledge of technological possibilities, systems, aesthetic judgment 
and empirical facts about users [5]. There are four possible user groups identified: 
biomedical engineers, clinicians, students and researchers. Evaluation considered three 
different prototypes ranging from the low to high fidelity prototypes; the low fidelity 
prototype was evaluated by two Human Computer (HCI) experts, the final high fidelity 
prototype was evaluated by one HCI expert.  

We have followed five design principles: visibility, feedback, constraints, 
consistency, and affordance [6]. Those were evaluated according to the Nielsen’s 
heuristics  [7] and the System Usability Scale (SUS) [8] using  a set of predefined tasks 
(‘go to you user page’, ‘search for given key words’, ‘chose a database’, and ‘inspect 
the results’). A total of 7 evaluators performed the tasks.  

2. Results  

Mobile design solutions are presents as a set of screenshots.  The user starts by entering 
key words (Figure 1) which triggers search through the MAUDE [9], Clinical trials 
database [10], PubMed [11], and the internal local database proved by the biomedical 
engineers at the Haukeland University Hospital in Bergen. Results of the retrieval are 
available through the interaction of the graft (Figure 2). The interaction is also possible 
via navigation bar. Results of the MAUDE database (Figure 3) and the BIOMED 
database (Figure 4) provide detailed records in their original data format. The 
BIOMED database is managed by the Biomedical Engineering Laboratory as a part of 
the routine clinical work done on the explanted medical devices.  

The screenshots belong to the last design iteration (a high fidelity) [12].  
 



 

 
 

The heuristic evaluation found that most of the participants were satisfied with the 
visibility of the system, the match between real world and system, consistency of the 
system, easiness of navigation and icons used, according to the evaluators.    

The heuristics with the lowest score was related to error prevention, help and 
documentation. Lower scores were expected since these functions were not 
implemented yet in the prototype. There also seems to be a problem of understanding 
the medical terminology by non-medically trained participants; some words were hard 
to understand and it was equally demanding to grasp the content of different databases. 
This could be easily fixed in the future by generating an ‘About’ or ‘Help’ page. There 
were also some cases where most participants gave a high score, and one participant 
gave a very low score. This might be due to a misunderstanding, but the participant 
opted not to ask for help during or additional during the evaluation. All participants 
were told that they could spend as much time they wanted/needed and that they could 
ask questions at any point.  

 

Figure 2. Navigation through the 
databases for given key words 
(Biomet).  

Figure 1. Initial user page 
(Screenshot).  

Figure 3. Results retrieved in the 
MAUDE database (Screenshot).  
 

Figure 4. Results retrieved from 
local database (Screenshot). 



 

 
 

 
 
 
 
The SUS scores vary from 57 to 75 and thus showing a need for improvement. 

Some evaluators commented that it was very intuitive to use the tool and the only help 
they would have liked would be an introduction to the specific databases and their 
content.  

Some of the evaluators had again issues with the medical language, which they 
found hard due to their background in HCI, so that they gave a low score regarding the 
usability.  

3. Conclusions  

To enable retrieval of information regarding patient safety we have proposed and 
designed a pharmacovigilance mobile solution. It combines different databases via one 
single search window. All the functionalities are designed to take the user 
straightforward to the public databases and retrieve safety information in an easy 
manner. The results suggest that the design was a good step supporting 
pharmacovigilance. The main reasons for hindering a prompt safety reporting seem to 
be a workload, work culture, a fear of reprimand [13]. Therefore a better and easier 
pharmacovigilance could be considered as one reliable way of enabling patient safety.  

The mobile tool was evaluated using the low and high fidelity prototypes which 
gave good critique and suggestions that will be used in the next design iteration(s).  
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