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The research objective was to explore how a medical device software called the Wound
Navigator affects the clinical decision-making process, and to analyse the usability of
the Wound Navigator in clinical settings. Another objective was to gain knowhow and
produce suggestions on how to execute validation activities and gain insights to comple-
ment clinical evaluation of a medical device at Helsinki University Hospital IT Manage-
ment.

The research was conducted as case study research. The data collection was executed in
two parts. First part represented the validation activities in the medical device product
development process, and it was conducted as an end-user testing. The end-users tested
the Wound Navigator with fictional patient cases. In addition to testing, testers were in-
terviewed regarding the usability of the Wound Navigator and overall experiences re-
garding digital checklists. The entire end-user testing was observed when possible, and
any findings relating to the use of Wound Navigator were noted. The second part of data
collection complemented the clinical evaluation in the medical device product develop-
ment process. Expert statements were collected from wound management professionals
to evaluate the clinical accuracy and usefulness of the Wound Navigator.

The structural approach in the Wound Navigator was viewed to support the clinical de-
cision-making process. Majority of testers reported that the procedure recommendations
were clear and concise. Overall, the feedback of the usability of the Wound Navigator
was positive, and some development recommendations were collected. The expert state-
ments agreed that the flowcharts of the Wound Navigator were clinically accurate.

Based on the findings, it was concluded that there is an unmet need for digital checklists,
especially as literature has shown that use of checklists can decrease adverse effects in
health care. The importance of end-user involvement in the development was highlighted
in order to develop timesaving, usable and truly beneficial tools. The findings of this
research could be implemented to practice when developing new medical device soft-
ware.
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1 INTRODUCTION

Technological advancements and health care digitalisation are the norm in today’s
work environments. Health care professionals face various digital tools on daily basis,
and the number of software and applications is ever-increasing. (van Velsen, Beaujean
& van Gemert-Pijnen 2013, 1-2.) Still, the decision-making process relies greatly on
the professionals’ expertise; what they have learned during their education, what ex-
periences have they gained over their career. In a way, professionals have sophisticated
checklists and decision trees in their head, which have developed over time. (Antes,
Dineen, Bakanas, Zahrli, Keune, Schuelke & DuBois 2020, 2.) There are, however,
situations where physicians might benefit from tools that support their own decision-
making process; patient cases which they have not yet developed an intrinsic decision

tree for.

This case study focuses on one of such tools, called the Wound Navigator. The Wound
Navigator is a medical device software, which supports the decision-making process
regarding management of chronic wounds. Chronic wounds can be difficult to assess
due to the possible complexity of the aetiology of the wound. Especially for physicians
who do not treat wound patients often can find the assessment difficult. The Wound
Navigator provides wound patient assessment checklist available for professionals
who need support for the decision-making. It has been developed by wound manage-

ment experts, who treat complex wounds daily.

When a checklist or decision tree is produced as a software, its most likely a medical
device. A medical device or medical device software must be developed according to
quality standards, in order to ensure its safety, reliability and high quality. One part of
the medical device development is the validation activities and clinical evaluation.
(Regulation (EU) on medical devices 2017/745, articles 2, 5). This case study focuses
on the validation activities and clinical evaluation of the Wound Navigator. The vali-
dation refers to clinical performance, which means the ability of the device to produce

clinically accurate results compared with the intended purpose. Clinical performance



can be demonstrated by usability assessment, which is the approach in this thesis

(Medical Device Coordination Group 2020, 14).

This thesis consists of two parts: the first part presents the background and theoretical
framework, and the second part consists of report of the practical execution. The back-
ground and theoretical framework explain the criticality of wound management, de-
scribes the current status of health care digitalisation, and reflects the use of checklists
in health care. In addition, the background and theoretical framework discusses the
usability of digital tools and presents the medical device regulation. Special features
of the case study’s context are also described. The practical execution presents how
the validation activities and collection of insights for clinical evaluation were carried
out. It is described how the Wound Navigator affects the clinical decision-making pro-
cess based on the end-user testing and explains the findings collected regarding the
usability of the Wound Navigator in clinical setting. Lastly, the thesis discusses the
use of digital checklists in clinical setting together with ideas how validation and clin-
ical evaluation could be executed for similar devices as the Wound Navigator. The
thesis concludes the reporting through reflecting the research process and proposing

future research topics.

2 BACKGROUND

A change in population structure, both nationally and globally, is evident in all fields
of economy. Finnish population is aging, due to decreasing birth rates while advance-
ments in health care is leading to people living longer (Aalto, Ahola, Hytonen,
Paavonen, Palmén, Padkkonen & Tamminen 2020, 10, 14). Longer lives are followed
by increase in chronic conditions leading to higher health care expenditures (Allen
2019, 9). This imposes pressure to national economy (Aalto, Ahola, Hytonen,
Paavonen, Palmén, Padkkonen & Tamminen 2020, 10). In Finland, health care ex-
penditure rose 1,2% from 2017 to 2018, amounting totally over 21 billion euros (Mat-
veinen 2020, 1). Globally, it is estimated that health expenditure will rise 5% annually



during 2019-2023 (Allen 2019, 2). One patient group which imposes significant health
care costs 1s chronic wound patients. Longer lives and increases in the prevalence of
chronic conditions, such as diabetes, autoimmune diseases, neuropathies, and cardio-
vascular conditions has increased the number of chronic wound patients over the re-

cent years. (Las Heras, Igartua, Santos-Vizcaino & Hernandez 2020, 532.)

One aspect how to tackle the ever-increasing costs of health care is utilisation of tech-
nology. Health care digitalisation has been seen to promote cost-effectiveness and ef-
ficiency in health care, while improving equal service offering and promoting health
and welfare. (Hypponen & Ilmarinen 2016, 1.) Driving factors to health care digitali-
sation include not only technology advancements, but also the willingness to use dig-
ital services by the general public, changes in the operating culture, and national guid-
ance and incentives. Digitalisation encompasses change; changes in work operations
and processes, roles, organisations, and business functions. In order to achieve the full
potential of health care digitalisation, users should be placed in the centre of the de-

velopment. (Saranto, Kinnunen, Jylhid & Kivekds 2020, 179, 184.)

In the following chapter costs of wound management for the society and individual are
presented in more detail. In addition, strategies how wound management should be
carried out are explained. The concept of health care digitalisation and its relation to
health care cost handling is presented in chapter 2.2. Chapter 2.2.1 presents a practical
example of health care digitalisation effort produced during a government-funded pro-

ject. Lastly, in chapter 2.2.2 the Wound Navigator is explained.

2.1  Wound Management

Wounds have a profound effect both on an individual and societal level, amounting
for substantial health care expenditure while having a drastic effect on quality of life
(Lindholm & Searle 2016, 5). Wound care accounts for a significant amount of health
care costs, ranging from 2% up to over 5% of total annual health care expenditure
(Lindholm & Searle 2016, 6; Gottrup, Henneberg, Trangaek, Bakmark, Zellner &
Serensen 2013, 413; Phillips, Humphreys, Fletcher, Harding, Chamberlain & Macey



2016, 1193). In Finland, it has been estimated that annual costs of chronic wound man-
agement account 190-270 million euros (Seppanen & Hjerppe 2007, 6). With increase
in life expectancy together with growing numbers of chronic diseases such as diabetes,
the prevalence of wounds is expected to increase further. For example, majority of
hospital visits of diabetes patients are caused by chronic wounds. (Kaartinen, Berg &

Lagus 2017, 481.)

On an individual level, chronic wounds have reported to decrease quality of life and
to increase anxiety and depression. In addition, poor wound management strategy has
been shown to decrease patient’s engagement in wound care. (Wounds International
2012, 1.) Chronic wounds often relate to pain, reduced mobility, social isolation, dis-
tress and even chronic morbidity and mortality (Lindholm & Searle 2016, 5; Olsson,
Jarbrink, Divakar, Bajpai, Upton, Schmidtchen & Car 2019, 119). Thus, accurate

wound management is vital both from individual and societal point of view.

A wound is considered to be chronic if it has not healed in four weeks. In ischemic and
diabetic leg ulcers, chronicity is established after two weeks. The reason why a wound
becomes chronic should always be diagnosed; often there is a chronic condition af-
fecting the chronicity of a wound. (Ahmajérvi & Isoherranen 2017, 524.) The imper-
ative aspect on wound management is well-executed clinical examination and history-
taking, which form the foundation for the diagnosis and care (Krooninen
alaraajahaava: Kaypa hoito -suositus, 2014). The aetiology of the wound guides the
clinical decision-making, selection of interventions and overall care plan. Without es-
tablishing the root cause on time, delayed diagnosis can lead to serious adverse effects

and increased costs. (Ahmajarvi & Isoherranen 2017, 524-535.)

As wound patients often have several comorbidities, there is a need for additional sup-
port regarding wound management especially for general practitioners and clinicians
who have limited experience of treating wound patients. Such support is provided by
clinical guidelines and best practices, which are available for wound management.
However, often these guidelines do not include a structured process for their imple-

mentation in practice. One solution to help adopt clinical guidelines to practice is the



use of checklists. (Snyder, Jensen, Applewhite, Couch, Joseph, Lantis & Serena 2019,
S29-S30.)

2.2 Digitalisation in Health Care

In literature, few distinctive terms are used when different levels of digital approaches
are described in health care context: digitisation, digitalisation, and digital transfor-
mation. Digitisation refers to transforming data into digital format. Digitalisation can
be seen as utilisation of digital data with the help of digital technologies. Digital trans-
formation refers to more profound change in the business models towards patient-cen-
tred services, that integrate technology, processes, and digital data. User-centred de-
sign and holistic understanding how business operations can transform is the heart of
digital transformation. Digital transformation and digitalisation are used in parallel to
each other in the literature referring to the holistic approach. (Saranto, Kinnunen, Jylhd
& Kivekds 2020, 184; Moisil 2019, 1.) For clarification, in this report digitalisation

will be used as the term referring to the holistic approach.

As mentioned earlier, the driving forces for health care digitalisation include increas-
ing health care expenditure, rapid technology advancements together with require-
ments and expectations of the general public, national policies, and changes in the
business environment. In addition to national policies, European-wide guidance, such
as digital by default principle, underline the importance of digitalisation activities in
health care sector. Digital services should provide benefits for the users, be easy and
safe to use, promote quality and diminish unnecessary contacts to health care. Digital-
isation should not solely aim at economic benefits or organisational status improve-
ments, but rather focus on providing ethically sustainable solutions. (Garmann-John-
sen, Helmersen & Eikebrokk 2020, 247; Saranto, Kinnunen, Jylhd & Kivekés 2020,
179, 185, 191).

Health care digitalisation has great expectations for resolving many of the issues health
care sector is currently facing. Regardless of the potential it possesses, in literature

there is evidence of several challenges it must overcome to fulfil those expectations.



Challenges to utilising health care digitalisation include being more cost than user-
centred, increasing expenses rather than lowering them, and taking up professionals’
time from patients (Moisil 2019, 1). In addition, user abilities and features, such as
experience, skills and expectations regarding technology affect the utilisation of digital

solutions (Gjellebzk, Svensson, Bjerkquist, Fladeby & Grundén 2020, 1).

Health care digitalisation focuses on placing the patient in the centre of care and there
is an abundance of services, applications and devices for patients and general public.
However, while patients expect professionals to guide them in the midst of application
jungle, the professionals are getting more confused by the amount of data provided
through various digital sources. (Mesk6, Drobni, Bényei, Gergely & Gyo6rfty 2017, 1.)
Vast majority of digital solutions for professionals focuses mainly on electronic med-
ical record systems (EMR). In the literature there are only few examples of digital

solutions directed to professionals as end users other than EMRs.

The ability of professionals to utilise digital tools as part of their everyday clinical
work is crucial for realisation of health care digitalisation benefits. Professionals’
knowledge and understanding of the clinical processes is of great value which should
be utilised already during the development of digital services. Co-creation can greatly
improve the usability of digital tools in clinical setting as it promotes the involvement
of professionals during each phase of product or service development. (Garmann-

Johnsen, Helmersen & Eikebrokk 2020, 247; Hayrinen 2018, 186.)

Involving professionals in the development brings advantages additionally in terms of
usability. It is noted that every second person has only limited skills in health literacy.
This relates to likeliness of using digital health care applications, with lower health
literacy skills relating to lower likeliness of digital application usage. (Meskd, Drobni,
Bényei, Gergely & Gyorfty 2017, 5.) Professionals evaluate systems from different
perspective than usability designers or evaluators (Hayrinen 2018, 186). By involving
professionals in the development of digital tools, this matter can be taken into account
with advanced usability and user interface planning. With successful user interface
planning, even complex digital systems can be easy to use without advanced digital

skills (Meskd, Drobni, Bényei, Gergely & Gyorffy 2017, 5).



With a help of digitalisation, utilisation of evidence-based care and best practices can
further be promoted in clinical setting. It is noted, that implementing best practices can
be difficult, while evidence-based care is the guarantee of quality care (Melnyk, Gal-
lagher-Ford, Long & Fineout-Overholt 2014, 5-6). By developing digital tools which
promote the implementation best practices improves the quality of care while support-
ing professionals in their everyday work (Saranto, Kinnunen, Jylhid & Kivekas 2020,
192.). Especially for patients with complex disorders, diseases or multiple chronic con-
ditions, such tools could provide additional aids for professionals to provide quality

carc.

2.2.1 Health Village and Health Village PRO

One practical example of health care digitalisation is Health Village. Health Village is
a web-based service which provides health care services available for all regardless of
their residence area. It brings together information regarding health, wellbeing, dis-
eases and conditions, provides guidance on self-care, rehabilitation, and digital care
pathways, promotes communication between professionals and patients and promotes
professional learning, knowledge, and knowhow. Health Village was developed by the
five Finnish university hospital districts during Virtual Hospital 2.0 -project in 2016-
2018, and the development was partly financed by the Ministry of Social Affairs and
Health. (Health Village, 2020.)

Health Village is built around three units: it contains services for the general public
(Terveyskyla.fi), services for patients (Omapolku — My Path), and services for health
care professionals (TerveyskyliPRO — Health Village PRO). All services are web-
based and are accessible with a browser. In addition, Health Village has specific tech-
nological architecture and platform, and its unique development model for service pro-

duction. (Health Village, 2020; Arvonen & Lehto-Trapnowski 2019, 3.)
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Health Village PRO (TerveyskyldPRO) is the portal for health care professionals. It
can be accessed by professionals who have registered as a user to the portal. Profes-
sionals can find best practice guidelines, symptom navigators, instructions how to
work in digital environment and access remote consultation. Best practice guidelines
cover variety of diseases and conditions. Remote consultations are available for spe-
cific speciality, such as neurology, and for selected health centres. There is also a
search for rare diseases, which includes contact information for professionals who are

specialised in those rare diseases.

Symptom navigators for professionals can support the professionals’ decision-making
process, such as during patient examination, clinical diagnostics, care, and medication.
They follow predetermined decision trees, which can have several levels and branches.
Navigators can be used to support the implementation of best practices in clinical work
by providing a simple and quick tool to be used even during a patient appointment.
The navigators in Health Village PRO are developed by specialists in their field and
implement the current evidence-based practices. Some of the navigators are CE-
marked medical devices, which have been developed according to regulations and spe-

cific quality system.

Do you smoke?

‘ = Decision free

brances

. = Decision free
ends

You can get
support from
stumppi.fi

Good luck with
quitiing
smoking!

Figure 1. Example of a decision tree for symptom navigator
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2.2.2  Wound Navigator in Health Village PRO

As mentioned before, the imperative aspect on wound management is well-executed
clinical examination and history-taking (Krooninen alaraajahaava: Kdypa hoito -su-
ositus, 2014). The aetiology of the wound guides the clinical decision-making, and
delayed diagnosis can lead to serious adverse effects and increased costs. (Ahmajérvi
& Isoherranen 2017, 524-535.) Wound Navigator is a symptom navigator for physi-
cians in Health Village PRO. As a checklist it supports systematic examination of a
wound patient in order to promote a holistic approach to examination. The aim is to
support the physician in finding the underlying cause for the wound as soon as possi-

ble.

Wound Navigator is developed in Helsinki University Hospital as a joint project with
Wound Centre and IT Management. The content and logic are based on Current Care
Guidelines. A physician should use Wound Navigator when a wound has not healed
during two weeks; thus, it is not meant to use when caring for acute or traumatic
wounds. Wound Navigator does not replace the clinical examination and when using
the service, physician must be able to rule out other diseases according to one’s clinical

skills and knowledge.

Wound Navigator constitutes of seven different decision trees, based on the location
of the wound. The location determines which decision tree the user is guided to. The
user can select multiple wound locations simultaneously. Depending on the location,
there are set of questions the user answers. The questions relate to the wound while
noting any underlying conditions which can affect wound healing. Wound Navigator
guides the user through the decision tree, and proceeds depending on the answers to
previous questions. After the physician has answered all questions, Wound Navigator

provides procedure recommendations for the physician.

The technology utilised allows complex decision trees, and it is provided as SaaS
(Software as a Service). The contents of the decision trees are configurated in the prod-
uct portal, however some developer skills are required during the configuration. The

navigator is integrated into Health Village PRO web pages. It complements the virtual
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centre for wounds, which provides large variety of best practice instructions and pro-

tocols for health care professionals.

3 PURPOSE, RESEARCH QUESTIONS AND OBJECTIVES

As health care is transforming towards digitalization, medical device technology mar-
ket is estimated to grow substantially in the near future. In order to provide up-to-date
digital services to patients and professionals, HUS IT Management is certified as a

medical device manufacturer.

An integral part of medical device certification process is validation and clinical eval-
uation. The purpose of this research is to plan and undergo the validation activities and
collect insights to complement the clinical evaluation for the Wound Navigator. In
addition, based on the experiences collected during the project, suggestions for plan-
ning and executing medical device validation activities and clinical evaluation will be

produced for HUS IT Management.

The research questions are the following:

1. How digital checklists can support the clinical decision-making in wound manage-
ment?

2. How clinical professionals perceive the usability of digital checklists in clinical set-
ting for wound management?

3. How validation activities and clinical evaluation can be executed as part of medical

device product development process?

The research objective is to explore how Wound Navigator affects the clinical deci-
sion-making process, and to analyse the usability and usefulness of Wound Navigator
in clinical settings. Another objective is to gain knowhow and produce suggestions for
validation activities and clinical evaluation of a medical device at HUS IT Manage-

ment.
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4 THEORETICAL FRAMEWORK

This chapter represents the theoretical background regarding the research subject.
Firstly, it presents how checklists are used in health care settings. The Wound Navi-
gator represents a digital checklist to support the medical assessment of a wound pa-
tient. Digital checklists often are categorised as medical devices as they can support
the clinical decision making. In chapter 4.2 medical device regulation is explained
followed by product development process description in chapter 4.4. Chapter 4.3 ex-

plains the basics of usability; a crucial part of any medical device development.

4.1 Checklists in Health Care

Checklists are frequently used in health care, for example during surgical procedures.
One of the first ground-breaking implementations of checklists was for central line
cannulation at Johns Hopkins. The checklist was developed to decrease the number of
infections related to the procedure. The checklist constituted of five items, which were
identified based on research as affecting the most to the risk of infections. After im-
plementing the checklist at the intensive care unit, the number of infections was de-
creased substantially, thus providing evidence of the benefits of checklists. Later, it
has been shown that the use of checklists can reduce surgical morbidity and mortality.
However, implementation of checklists should be supported by operational change
management to ensure long-term adoption. (Shaw, Ramachandra, Lucas & Robinson

2011, 6-7.)

A checklist provides a quick and on-point tool for clinical practice while including all
relevant items required for that particular situation. It provides a mean to easily imple-
ment clinical guidelines to practice, thus ensuring evidence-based approach is utilised
in the care. (Snyder et al. 2019, S30.) For example, the World Health Organization has
published a surgical safety checklist in 2008 to improve patient safety in surgical pro-
cedures. The usage of checklists has proven to promote patient safety. Research done

with wound patients undergoing surgical procedure reported changes in patient care in
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nearly 50% of cases due to usage of checklist. (Myers, Gilmore, Powers, Kim & At-

tinger 2015, 848-849, 851.)

Regardless of the ability to decrease errors in medical settings, usage of checklists has
caused some negative feedback as well. Concerns raised include the design, as check-
lists are oftentimes static paper forms which does not answer to the dynamic health
care setting. Paper forms cannot be transformed to electronic medical records, which
hinders the integration of information. To solve such issues, digitisation of checklists
has been attempted and recorded in research. Digital checklists can enable improved
usability, adaptation of dynamic processes and support for decision-making process.

(Sarcevic, Rosen, Kulp, Marsic & Burd 2016, 33-34.)

Implementation of checklists does require motivation from the professionals and use
of checklists should be effective in order to be beneficial (Shaw, Ramachandra, Lucas
& Robinson 2011, 7). Better usability can engage users to the service and improve the
productivity as time is not lost on using complicated and non-logical digital tools

(Nielsen 2012).

4.2 Medical Device Regulation

Medical device is defined as any product including software, which can be used for
medical purposes such as diagnosis, prevention, monitoring, prediction, prognosis,
treatment of alleviation of disease, injury, or disability. The development of medical
devices is governed by EU regulation in order to ensure the safety and efficacy of the
devices. The device manufacturer is responsible to validate the device’s safety, perfor-
mance, and its compliance to intended purpose before the device is put to market. This
includes the clinical validation, risk management system and post-market clinical fol-
low-up. The process must be documented in accordance with the regulation, and it
continues throughout the life cycle of the device. In order to achieve the required ac-
tions accordingly, the manufacturer must establish a quality management system.

When a device is developed according to the regulation, it will be marked with CE
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marking, which indicates the conformity. (Regulation (EU) on medical devices

2017/745, articles 2, 5, 10.)

Part of the quality system, the clinical evaluation is defined as a continuous and
planned process of collecting and analysing clinical evidence related to the device en-
suring the safety, level of performance and realization of clinical benefits during the
intended usage of the device. The manufacturer is thus obliged to provide appropriate
and sufficient clinical evidence to present the conformity of the device depending on
the characteristics of, risks related to and intended purpose of the device. The level of
evidence, referring to the quality and amount must be determined and justified by the

manufacturer. (Medical Device Coordination Group 2020, 7, 9-10.)

Three main aspects should be covered by the clinical evidence: valid clinical associa-
tion, and technical and clinical performance. Valid clinical association refers to the
device having a correspondence to a physiological or clinical condition or clinical pa-
rameter. The association can be evidenced by a literature research, guidelines or clin-
ical investigations done by the manufacturer. The technical performance refers to how
consistent, reliable, and accurate the device is with real-world data. Testing is one
manner of establishing the technical performance affirmation. The device specifica-
tions should relate to user requirements and intended usage. The clinical performance
refers that the device provides clinically sound output with regards to the intended
medical purpose. The manufacturer should test the device in all environments, user
groups, and in each target population and intended uses. (Medical Device Coordination

Group 2020, 10-13.)

The clinical evaluation is concluded with a benefit-risk analysis to determine the pos-
sible risks and benefits related to the usage of the device for the intended purpose. The
clinical evaluation, as stated earlier, should continue throughout the life cycle of the
device through any data collected during the usage of the device, such as end-user
feedback, new research results, and performance data. (Medical Device Coordination
Group 2020, 15-16; Regulation (EU) on medical devices 2017/745, article 2.) Post-
market follow-up can additionally reveal new clinical benefits, which have not been

identified in the premarket phase (Wilkinson & van Boxtel 2020, 616).
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4.3  Usability

Usability is defined in literature as “extent to which a system, product or service can
be used by specified users to achieve specified goals with effectiveness, efficiency and
satisfaction in a specified context of use” (ISO 9241-210 2010) or “a quality attribute
that assesses how easy user interfaces are to use” (Nielsen 2012). Usability can deter-
mine whether a user engages to a system. Together with utility; whether a system ac-
tually provides the features required, they form the usefulness of the system. Without
good utility even a perfect usability cannot engage a user, whereas poor usability dis-
rupts attempts to perform tasks utility enables. Thus, a useful system can engage users,
which in turn can lead to increase in profits, registered users, or improvements in any

other key performance indicator set for the system. (Nielsen 2012.)

When considering usability in terms of medical devices, it is as important as with any
other system, or even more so as medical devices impact the quality and safety of care
directly. To ensure that the medical device can be used according to its intentional use,
usability plays a crucial role. Certain level of usability is required from medical devices
before they can be launched into production. Usability testing is advised to be executed
early in the development process and continue throughout the process. In the beginning
the planning should be based on user needs, and towards the end usability testing en-
sures that the user requirements are met. In addition to usability testing, other ap-
proaches to improve usability of a medical device can be utilised, such as prototyping,
collecting user requirements and using personas and scenarios to ensure mutual under-
standing between the developer and the user. One applicable method of usability eval-

uation is end-user interviews. (Bitkina, Kim & Park 2020; 3-6, 8.)

Nielsen (2012) identifies five quality factors which determine what usability is: effi-
ciency, satisfaction, errors, learnability, and memorability. Efficiency refers to how
easy it is for users to perform the required task after they have familiarised themselves
with the design. Satisfaction refers how users perceive the pleasantness of the product
or service. Errors relate to errors users make while performing the task, together with

the severity of errors made and how easy it is to recover from such errors. Learnability
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refers to the easiness of performing basic tasks during the first trial. Lastly, memora-

bility refers to ability to memorise usage after a period of not using the system.

Another classification for usability dimensions has been developed by Whitney Ques-
enbery (2004, 5), called the SEs: effective, efficient, engaging, error tolerant and easy
to learn. These dimensions have similarities to Nielsen’s quality factors. Effective in
Quesenbery’s classification refers to the usefulness of the product and whether it helps
users to achieve goals. Efficient relates to the speed of work being done; whether the
quantitative time for performing a task or more subjective measure of task requiring
too many clicks. Engaging refers to pleasantness and satisfying qualities of the prod-
uct. Error prevention and error recovery qualities are related to error tolerance dimen-
sion. Easy to learn relates to supportive qualities for either initial orientation or in-
depth learning. (Quesenbery 2004, 5-6.) These two different classifications, Nielsen’s

and Quesenbery’s, can be seen to intertwine and complement each other.

Effectiveness and efficiency answer to the user’s requirement of accurately and
quickly achieving the goal for using the product. Thus, the product should improve the
current way of operating. However, it has been described in the literature that the most
important measure for usability is satisfaction or engaging from the 5Es. It answers
the question whether the user is satisfied with the product or if using the product is
pleasing for the user. Satisfaction is purely users’ subjectively reported measure, which
describes the desirability of the product. Meeting users’ wishes for satisfaction can
determine if users will agree or resist using the product. Problems in for example ef-
fectiveness or efficiency can be averted if the desirability factor is achieved with users.
(Barnum 2011, 11-14.) Satisfaction can be collected in qualitative form in users’ com-
ments during usability testing. Such comments can for example be users’ verbalisa-
tions and reactions during the testing. In addition, follow-up discussions can include
topics relating to satisfaction, such as asking the best and the worst features of the

product. (Geisen & Romano 2017.)

Usability testing is defined by Barnum (2011, 13) as “the activity that focuses on ob-

serving users working with a product, performing tasks that are real and meaningful to
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them”. Usability testing aims to discover what users do and what they do not do. Usa-
bility testing provides insights whether the product meets the requirements of the users.
Testing enables to collect data on users’ perceptions, what they wish from the product
and whether the product supports users in reaching their goals. Thus, testing focuses
on the product, not on the tester. Usability testing can be executed as small, informal
studies or larger, more formal manner. Smaller testing is quicker and less expensive,
whereas the larger testing enables statistical data collection and provides better insights

for complex products. (Barnum 2011, 10, 17-18; 21-22.)

4.4 Symptom Navigator Development in HUS IT Management

Symptom navigator development in HUS IT Management follows internal innovation
process guidelines and digital service life cycle model, while implementing medical
device regulation and legislation. When a need for service process digitalisation has
been identified during the innovation process, the process for product development is
initiated. A product owner is named, who oversees the development process. The pro-
cess can be viewed to construct of three stages, each of which lead to a formal review.
Formal reviews relate to medical device development; however, informal reviews can
be held when product is not a medical device. The reviews ensure that product devel-
opment follows the regulation, conform to the quality system, and meet the require-

ments set.

The product owner together with clinical professionals define the preliminary intended
purpose for the product. The intended purpose guides the planning of the product re-
quirements and focuses the risk management. The product owner is responsible for
reserving resources for product development, whereas the clinic responsible for the
medical content ensures that required resources for medical expertise are available in
the development team. The development team finalise the intended purpose for the
product, plans the product requirements and cost-benefit analysis and initiates risk

management.
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According to the intended purpose, product requirements and risk analysis, the product
is evaluated whether it is subject to medical device regulation. If it is, a formal review
(design input review, DIR) is held after the planning has been completed by reviewing
the required planning documentation. The review ensures that the product require-
ments are comprehensive and can be validated, that implementation planning is real-
istic, that product risks are acceptable compared to the benefits, that the economical
and clinical benefits outweigh the cost of development and that the clinic is committed

to the product maintenance throughout the product lifecycle.

After the review the development team can proceed in actual product development
according to the implementation plans. Agile methods, such as Scrum and Kanban are
utilised in the product development. Design Output Review (DOR) ensures that the
development has been done according to the planning, that required documentation is
done and that product implementation to test and production environment is ready.
During the review it is established whether the product development process can pro-

ceed to verification and validation.

Verification ensures that the product performs technically as planned. It includes com-
prehensive regression testing. Validation ensures that the product provides the clinical
benefits it was planned to achieve. During validation the clinical evaluation is per-
formed to ensure that product conforms with the requirements in conventional circum-
stances. The last review during the product development phase, Design Release Re-
view (DRR), goes through the verification, validation and clinical evaluation docu-
mentation and other related release documentation. During the DRR, a decision is
made whether the product is ready to be released in production. A Declaration of Con-
formity and a formal notification is made for the responsible authority Fimea. (HUS

Tietohallinto 2021.)
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5 RESEARCH METHODOLOGY

Chapter 5 represent the research methodology for this particular research. It covers the
type of the research (chapter 5.1), data collection methods (chapter 5.2), data handling
and ethical considerations (chapter 5.3) as well as the data analysis (chapter 5.4). It

justifies the use of selected methodology for the purpose of this research.

5.1 Case Study

This research is case study research. A case study focuses on one particular phenome-
non. It is often recommended to choose a case study approach if research questions
begin with what, how and why, if there are only few empirical studies made, if focus
of the research is a real-life phenomenon and if the researcher has little control over
the phenomenon. What is important is that the case can be clearly outlined from other

contexts. (Eriksson & Koistinen 2014, 4-6.)

A case study can focus for example on an organisation, a project, a group, or a process.
The aim is to build a cohesive and versatile description of the case through a holistic
approach. Various sources of data are often combined to achieve a broad representa-
tion of the case, such as observation, interviews, and written documentation. A case
study does not aim to achieve generalisations, instead it is considered that the precise
description can provide new insights on the case and the knowledge achieved could be

applied to other circumstances. (Vuori a.)

This research represents a case study as it focuses on a particular development project:
the Wound Navigator. It focuses on the usability of the device and does not aim for
generalisations. It rather aims to describe an example of how validation and clinical
evaluation activities could be performed in the context of particular organisation and

its quality management system.
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5.2 Data Collection

The data collection was executed in two parts. First part represented the validation in
the medical device product development process, and it was conducted as an end-user
testing. The nine testers were collected from two groups: medical students, and doctors
working in HUS and health centres in Uusimaa region. These groups represent the
end-users for the Wound Navigator solution. The end-user testing took place at either
testers’ workplace or via digital channel, (Microsoft Teams) depending on the tester
and current governmental COVID-19 pandemic recommendations. The researcher

performed as the interviewer during the data collection.

Testers were given seven fictional patient cases representing typical wound patients,
which they evaluated based on their clinical knowledge. These fictional patient cases
represented tasks which the testers were required to perform for usability testing. Tasks
enable to follow how testers achieve to complete the task. Without such tasks, testers
would wander around the interface without any set goal, thus making it impossible to
establish possible usage patterns. It might additionally hide any recurrent problems in
the product when it would not be possible to compare the use among and between
testers. (Barnum 2011, 19.) The fictional patient cases covered different decision trees

of the Wound Navigator to ensure comprehensive testing procedure.

The patient cases were written following the method for key feature problems (KFP),
which are generally used for clinical decision-making skill testing. Key feature prob-
lem method allows to identify the critical issues related to clinical decision-making
and represents a validated measure for diagnostic accuracy. (Farmer & Page 2005,
1188; Page & Bordage 1995, 109-110.) Key features concentrate on phases where er-
rors are most likely to happen and they represent the known issues with regards diag-
nosis and management (Page, Bordage & Allen 1995, 195). Thus, for each fictional
patient case, there were a set of key features which represented the critical issues re-
quired for understanding the aetiology of the wound and deciding for follow-up pro-

cedures.
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The patient cases included information regarding the history and current situation to-
gether with a picture of the wound. Testers could ask for more information regarding
the patient during the testing. Testers stated their conclusions and defined the follow-
up procedures which were recorded and analysed according to the predefined key fea-
tures. After going through the seven patient cases, testers used Wound Navigator and
went through the cases again. The action suggestions given by Wound Navigator were
recorded and again analysed according to the key features. The results were then com-
pared and evaluated for differences. Differences could have been for example the num-
ber of identified key features, differences in follow-up procedures or differences in
perceived aetiology of the wound. What was important to notice is that in this research
the KFP method was not used to evaluate the clinical skills of the testers. It was used
only to provide a framework according to which the possible differences between clin-

ical decision-making without and with the Wound Navigator were compared.

In addition to fictional patient case evaluation without and with Wound Navigator,
testers were interviewed regarding the usability of Wound Navigator as part of clinical
work. The interviews were semi-structured, in order to be able to clarify and deepen
the discussion on possible issues raised during the interviews. The interview topics are
presented in Appendix 2. The basis of the interview was three usability dimensions by
Quesenbery, effectiveness, efficiency, and engagement, which are presented in chapter
4.3. These three dimensions were selected as they are considered to be the most im-
portant for the overall usability (Barnum 2011, 11). It should be noted, that even
though there are fixed questions set in the Appendix 2, the interviews were executed

as semi-structured method.

Semi-structured interview method additionally allows flexibility as the interviewer can
change the order of the questions. (Tuomi & Sarajérvi 2018.) Semi-structured inter-
views can be utilised when some background information is already known but further
knowledge is required. Through semi-structured interviews it is possible to reveal is-
sues which were unidentified. On the other hand, semi-structured interviews enable
the possibility to redirect discussion back to the topics of interest if conversation steers

away from the topics. While performing a semi-structured interview, the interviewer
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must proceed cautiously in order to avoid affecting the interviewee’s answers. (Wilson

2014; 24, 26, 28.)

The interviews were recorded, and transcription was done for the recordings to enable
data analysis. The entire end-user testing was observed when possible, and any find-
ings relating to the use of Wound Navigator were noted and included in the data col-
lection. Observation was not possible during some of the interviews which were done

remotely due to technical issues.

The second part of data collection focused on collecting insights to complement clini-
cal evaluation in the medical device product development process. The representatives
of Finnish Medical Association’s Committee for Special Competence in Wound Man-
agement were contacted through email to collect expert statements on the contents,
validity, and usefulness of Wound Navigator. The representatives were sent the visual
flow charts of Wound Navigator and access to pilot version of Wound Navigator to-
gether with a link to an electronic questionnaire with open-ended questions regarding
the clinical accuracy and usefulness of Wound Navigator through email. The question-
naire is presented as Appendix 3. Based on their observations and evaluation of the

provided material they drew up their expert statements to the electronic questionnaire.

Expert statements are used in various situations in health care. For example, consulta-
tion and expert statements represent an integral part of the process of developing Cur-
rent Care Guidelines. By collecting expert statements, it is ensured that viewpoints of
different health care operators are taken into notice in Current Care Guidelines.
(Honkanen, Jousimaa, Komulainen, Kunnamo & Sipild 2021.) Expert statements have
additionally been used in HUS IT Management product development process before.
For a medical device developed for acute medical situations, expert statements were

used as the method for clinical evaluation.

Expert interviews are used as a research methodology to acquire information experts
possess on the research subject. The aim is to produce new information by utilising
expert knowledge. Expert interviews can be performed in a variety of ways according

to the research topic and research questions. (Alastalo, Akerman & Vaittinen 2017,
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184-185, 187.) In this research however, due to experts’ time constraints, expert state-
ments were collected as written reports through online questionnaire instead of inter-

views.

5.3 Data Handling and Ethical Considerations

In the research the guidelines for responsible conduct of research (the RCR guidelines)
published by the Finnish Advisory Board on Research Integrity (Tutkimuseettinen
neuvottelukunta 2013) were followed. A research permit was be applied from each
organisation separately (HUS, Vantaa health services for Tikkurila health centre and
Keusote). Participation to the research was voluntary and each research participant was
asked to give consent for participation and handling of personal data. Template for the

consent is presented in Appendix 1.

The data collected was handled with confidentiality and according to the General Data
Protection Regulation. All patient cases used during the research were fictional, which
ensured that no sensitive or personal data was handled. The data collected was not

connected to the personal data of the testers.

5.4 Data Analysis

The data collected during data collection phase was first collected in one Excel file,
where the findings were coded according to the different usability domains effective-
ness, efficiency, and engagement, together with utility and usefulness. These domains
and concepts represented the themes for analysis. Following the thematisation, the
findings were analysed using qualitative content analysis by connecting the findings
to the theory. The focus on qualitative content analysis is which aspects, subjects and
themes the data describes. It highlights the issues interviewees discuss, or subjects
raised in documents. Qualitative content analysis can be used to analyse written text,
recorded discussion, interviews, sounds and pictures. During the analysis, the data is
organised in a concise way, while retaining the information included in the data. The

key is to perform the analysis systematically; all data is analysed according to same
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framework. This data coding is followed by drafting conclusions, which present as-
pects of interest in more general level. (Vuori b.) The analysis is presented in the fol-

lowing chapters.

6 RESULTS

This chapter presents the findings of the data collection described earlier. Firstly, end-
user tester profile is described to establish the base for the analysis. Secondly, it is
described how the Wound Navigator affects the clinical decision-making process
based on the end-user testing, approaching the subject from effectiveness dimension
of usability. In chapter 6.3 the usability of the Wound Navigator is evaluated from
efficiency and engagement dimension point of view. Lastly, the focus is shifted to
expert statements, which provided insights for clinical evaluation of the Wound Nav-

igator.

6.1 End-User Tester Profile

End-user tester profile was established based on the answers for the background and
digital tools and checklists question topics. These topics are listed in part two, sections
A and B of the Appendix 2. Testers participating in the end-user testing represented
the intended user group for the device. Majority of testers were Licentiates of Medi-
cine, while few had completed Bachelor of Medicine degree. Licentiates were working
in health care centres and had gained few years of experience in clinical work. Three
testers had had internship in dermatology ward, which had included some wound man-
agement experiences. Rest of the testers had treated some wound patients during their

work career but did not have any specialised education on wound management.

The testers had had some experiences in using digital tools in their clinical work. Tools
they listed mainly consisted of web pages, which include guidelines and instructions,

such as Terveysportti and Health Village PRO. Some testers reported they have used
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tools, which were developed for one particular issue, such as for PEF-measurement
analysis or anticoagulation calculations. In addition, some testers reported to have used
tools provided by their employer, such as remote appointment software and Microsoft

Teams.

Utilising checklists, whether digital or in paper format was not widely popular among
the testers. Only two testers reported to have used checklists. However, all testers con-
sidered that digital checklists could be useful in clinical work. Especially in more com-
plex situations, for example with untypical wound patients, they considered a checklist
would provide additional support in the decision-making process. Several testers em-
phasised, that in order to use digital checklists, they should be easily accessible. For
example, tester mentioned that “I would use digital checklists if they were readily

available and quick and clear to use. Effortless.”

6.2 Wound Navigator Supporting Clinical Decision-Making

The first usability dimension which was on focus in the analysis, was effectiveness.
Effectiveness addresses whether the user is able to complete the assigned tasks with
the service (Quesenbery 2004, 5). The aim of the Wound Navigator is to support the
clinical decision-making process. Thus, in order to achieve effectiveness usability di-
mension with the Wound Navigator, it should provide means to support clinical deci-

sion-making.

Effectiveness was evaluated by patient case evaluation with key feature problems as
explained in chapter 5.2. During the data analysis, the findings from the patient case
evaluation was complemented with the semi-structured interview answers which re-
lated to the clinical decision-making process. In the patient case evaluation, testers
were given seven fictional patient cases, which included picture(s) of the wound and
some medical history and wound details. When testers evaluated these patient cases,
they could ask for more details, for example regarding ankle brachial index (ABI). If
they did not ask for more details, such information was not provided automatically.

The seven patient cases represented typical wound patients:
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1. Atypical lower limb wound with wound infection (pyoderma gangrenosum re-
lated to Crohn’s disease).

Lower limb wound related to swelling in the limb.

Lower limb wound related to ischemia and swelling.

Ischemic pressure wound in lower limb.

Diabetic and neuropathic lower limb wound.

AN

Pressure wound in buttocks area.

7. Post-operative atypical (pyoderma gangrenosum) wound in upper limb.
Testers were not able to use any reference material or support tools while evaluating
the fictional patient cases, thus they needed to rely on their previous experiences in
treating wound patients. This way testing was not influenced by testers’ abilities to

find information from different sources.

Testers were more confident when evaluating patient cases 2-5, which was represented
as ease in determining the follow-up procedures and possible actiology. Ease repre-
sented as swiftness of deciding on the procedures and naming the possible aetiology.
For few test cases verbal expressions made it clear that tester had no trouble in identi-
fying the wound; tester for example stated, “I know this, I know this.”, while another
tester verbalised: “I know what is behind this, I know what is being sought here...”.
In addition, for more familiar cases, testers often reported possible diagnoses and pre-

sented assurance in their decision.

Cases 1-5 were more typical lower limb wounds, which represent majority of wound
cases seen at primary health care setting. Cases two, six and seven were clearly more
difficult to assess. Case 7 caused most amount of uncertainty among testers, and ma-
jority of the testers reported that they did not have any idea what the aetiology of the
wound could be. However, most were able to identify recommended procedure (bi-
opsy). Testers reported for example that “I don’t know about the aetiology” and “[the
wound] possibly from the operation, cannot really say that well”. One tester was not
able select any follow-up procedures for case 7. Time used to evaluate the patient cases
did not clearly correlate with the difficultness of the case, as some more difficult cases

took less time to evaluate compared to cases which tester felt more comfortable with.
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This might be explained by having clear idea how to proceed with cases which were

more familiar.

After evaluating the seven patient cases testers went through same cases again with
the help of the Wound Navigator. They answered the questions in the Wound Naviga-
tor and received a summary of their answers and procedure recommendations for each
patient case. All testers received valid instructions and procedure recommendations
for each patient case when using the Wound Navigator. The validity of recommenda-
tions was established through covering the key feature problems set for each patient
case. The results received with the Wound Navigator were compared with the evalua-
tions made without the Wound Navigator. The comparison was made with the help of
key feature problems by comparing which key features were mentioned by the testers
without the Wound Navigator and which key features were covered by the results re-

ceived from the Wound Navigator.

In Table 1 the comparison is presented as summary, and markings used are explained
below. The quantitative summary is for visualisation purposes.
e w/o WN = Without the Wound Navigator
o ? = The tester mentioned some of the key features, but did not cover
them all
o X =The tester mentioned all key features
o -=The tester did not mention any of the key features
e with WN = With the Wound Navigator
o X = The tester received correct conclusion and procedure recommen-
dations from the Wound Navigator
o X+ = The tester received correct conclusion and procedure recommen-
dations, but there were additional conclusions received from the

Wound Navigator
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Table 1. Summary of patient case evaluation comparison.

Tester Test case 1 Test case 2 Test case 3 Test case 4 Test case 5 Test case 6 Test case 7
w/o WN |with WN |w/o WN |with WN |w/o WN [with WN |w/o WN |with WN |w/o WN |with WN [w/o WN |with WN [w/o WN |with WN
Tester A ? X X X X X+ X X+ X X X X+ - X+
Tester B X X X X+ X X+ X X X X+ X X ? X
Tester C ? X X X+ X X+ X X+ X X+ X X+ - X+
Tester D X X X X+ X X+ X X+ X X+ X X+ X X+
Tester E - X X X X X+ X X ? X+ X X+ ? X
Tester F - X - X+ X X+ - X+ X X+ - X+ ? X+
Tester G X X X X+ X X X X X X+ - X+ X X
Tester H X X X X+ X X X X X X+ ? X+ ? X
Tester I X X X X X X+ ? X X X+ - X+ ? X+

The effectiveness dimension of usability measures whether tasks given were success-
fully completed (Quesenbery 2004, 5). With Wound Navigator, all testers were able
to go through each patient case evaluation. They were able to proceed from one ques-
tion to the next without issues, and complete the question sets for each patient case.
After the questions, testers received valid conclusion and procedure recommendations
for each patient case. They were able to receive conclusion and procedure recommen-
dations also for the patient cases they were not able to resolve without the Wound

Navigator as presented in Table 1.

The conclusions given by the Wound Navigator depends on the answers the user has
given. Thus, if user selects for example that there are clinical infection signs and atyp-
ical wound appearance, the Wound Navigator will include both in the conclusion. Dur-
ing testing this situation became apparent, because testers were not sure what to answer
to some questions in the Navigator (market as X+ in Table 1). This was the case for
example for question regarding wound infection, atypical wound signs or questions
which had medical terms testers were not familiar with. Regardless of receiving sev-
eral possible conclusions from the Wound Navigator, majority of testers considered
that it helped them to select and narrow down possible follow-up procedures especially
in the more complex cases. For example, one tester mentioned when discussing the
benefits of the Wound Navigator, that it “provided additional info”, and other men-
tioned, that it “could confirm own decision-making or broaden it if something was left

unnoticed”.

As mentioned above, it was pointed out by the testers and also observed during end-
user testing, that some of the medical terms and descriptions used in the Wound Nav-

igator were not familiar. They can be clear to the specialists, but for end-users they
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might be completely unknown. Examples of these were purple rim around the wound,
as it was not defined more precisely, sinus pilonidalis, which might not be familiar
term, and wheelchair not being considered to be a medical device. As seen during the
testing that the Wound Navigator provided multiple conclusions and procedure rec-
ommendations, such unclear concepts can affect the effectiveness of the device. This
can be evident if user feels confused by the different conclusion options, or the user
might not be able to go through the questions if one does not understand what is asked.
This would hinder user from completing the task, thus affecting the effectiveness di-

mension of usability.

Another issue which could weaken the effectiveness dimension related to the concepts
used was observed during the testing. Testers seemed to consider that the wound had
signs of infection even when there were no clinical infection signs evident. This was
caused by vague definition of the clinical infection signs. This was not mentioned by
the testers as something to be improved, but as it clearly was observed on several oc-
casions during the testing, it was evident that the question needed to be clarified to

promote the usability of the device.

Some questions from the Wound Navigator prompted the testers to ask for details they
did not notice to ask when evaluating the case without the Wound Navigator. Such
questions included ABI levels or suitability of footwear. Testers verbalised this during
the patient case evaluation with the Wound Navigator by saying: “Oops, I didn’t re-
member to check this in the first evaluation round.” and “I completely forgot to con-
sider the footwear.”. Several testers reported as the Wound Navigator’s benefits that it
brought structure to the patient assessment, which can be hard especially in more com-
plex wounds. They felt that it covered variety of issues which can affect the wound,
some of which they would not necessarily have noticed themselves. This was de-
scribed by the testers for example “...it asks really special issues as well, things which
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would not be considered otherwise.”, “when evaluating the patient myself, it is not
necessary that structured...” and “...especially when there is more problematic case,

it brings good structure...”.
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6.3 Efficiency and Engagement of Wound Navigator

The usability of the Wound Navigator was studied not only from effectiveness dimen-
sion point of view, but also from efficiency and engagement dimensions point of view.
Efficiency relates to how quickly the work can be done, whereas engagement relates
to the pleasantness of using the device (Quesenbery 2004, 5). Efficiency was partly
studied in the patient case evaluation described in chapter 6.2, and complemented with
the semi-structured interview answers, whereas the engagement dimension was cov-

ered by interview answers. Observation findings were integrated in the analysis.

During the end-user testing, the testers pointed out that the user interface was clear to
use. For example, testers mentioned, that “the Wound Navigator worked smoothly and
was clear” and “It was clear and did not have too many options to choose from”. Not
having too many options or in-depth questions made it faster to use. In addition, one
tester mentioned that there was no need for operational instructions. Similar findings
were made while observing the testing. The testers did not stop to think how to pro-
ceed, and they did not ask for instructions during testing how to use the Navigator.
Clear interface promotes the efficiency, as the user does not have to spend time in
figuring out how the device functions. Additionally, time is saved if the user does not

need to look for instructions.

Testers pointed out couple issues relating the efficiency of the Wound Navigator dur-
ing the interview. There were two ideas how to improve: to combine several questions
in one view, and to present some of the procedure recommendations to the Navigator
itself. In the tested version of the Wound Navigator, the questions were presented to
the user one by one, thus when user answers one question, the next will be shown to
the user. Combining several questions in one view would decrease the number of clicks
user makes. This would speed up the answering, thus improving the efficiency of the

device.

The procedure recommendations are given in the Wound Navigator in two ways: short
recommendations directly after the user has answered all questions and longer, more

comprehensive instructions are given in a separate pdf document, which the user can
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open and download when necessary. Testers reported that they would wished that
some of the additional instructions could have been added to the Navigator from the
pdf document. This would improve the efficiency of the Navigator, as the user would
not need to open the pdf document. Another issue relating to the pdf recommendations
related also to the number of clicks. This matter was raised through observation. Test-
ers needed to make several mouse clicks to open the pdf procedure recommendations,

again affecting the efficiency.

When engaging dimension of usability was explored from the data collected, several
matters were revealed. All testers reported they could use the Wound Navigator at
clinical work to assist in wound patient assessment. They for example described that
“...it is like a game!”, “its quite a bomb, in a positive way.” and “...nice, compact
tool...”. Positive notions received from the users indicates that the user interface of the
Navigator has aroused positive feelings among the testers. Positive feelings promote
the engagement to the service. Several testers were eager to start using the Wound
Navigator in their clinical work as soon as possible. Notion that the Navigator resem-
bles a game can mean that user feels engaged to the service. Gamification is commonly
used in digital service design to increase the engagement of users (Interaction Design

Foundation).

In addition, the finding mentioned above in efficiency-section, that the user interface
was described as clear can be perceived to relate to the engaging dimension as well.
Easy and pleasurable user interface promotes engagement and satisfaction to the de-
vice. Several users emphasised that the Wound Navigator would be used especially
with more complex cases as it provides “concrete instructions and simple questions”.
For good features of the Wound Navigator the testers mentioned that the recommen-
dations were clear and concise. This was especially important for the patient cases
which were more complex, with which many of testers struggled to identify the cause
of the wound and follow-up procedures. The procedure recommendations gave assur-
ance how to handle such difficult wounds, and verification that for example reference
to specialist can and should be done early in the process for some cases. Such assurance

can promote the engagement to the device.
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6.4 Clinical Accuracy and Usefulness of the Wound Navigator

The expert statements collected from professionals served as the base for evaluation
of clinical accuracy and usefulness. The contents of the Wound Navigator include top-
ics from various medical specialties, such as plastic surgery, dermatology, and internal
medicine. Thus, it was crucial to collect feedback from physicians who are specialised
into those medical specialties. The expert statements were collected and analysed dur-
ing the data analysis similarly than end-user testing, but findings are reported sepa-
rately from the end-user testing (chapters 6.1-6.3). In this way, it is easier to differen-
tiate the views of intended end-users from wound management professionals, who do
not represent the end-users for the Wound Navigator. Utility formed the background
for the clinical accuracy analysis, as it refers whether the device actually provides the
features required. Utility related questions are presented in Appendix 3 as fourth and
fifth questions. Other questions on Appendix 3 relate to the usability or the Wound

Navigator as perceived by the wound management experts.

The experts reviewed the Wound Navigator flow charts in pdf format and were able to
test the actual tool in test environment. Experts decided themselves how comprehen-
sively they tested the Navigator, but they were instructed to cover wounds typical for
their medical speciality. Overall, the expert statements agreed that the flow charts of
the Wound Navigator were clinically accurate. For example, one expert mentioned that
“[flowcharts] are comprehensive enough for primary health care” and another men-
tioned, that “tested 5-6 cases, no issues noticed”. With regards to the procedure rec-
ommendations, the opinions of the experts were not unanimous. One responded stated
that recommendations are clear and appropriate. Another respondent noted that the
Navigator felt too simplified for clinical setting. This might be due to issue of narrow-
ing the content in order to improve the usability of the Navigator, which was decided
upon during the development of the Navigator. Wider content would have increased
the time required to fill in the Navigator, which would have made it less usable in
clinical setting. As pointed out in previous chapter, quick use is crucial metric for us-
ability. Thus, the development team considered that the content was covering all crit-

ical issues and aspects related to wound management at primary health care setting.
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Based on the expert statements, the utility of the Wound Navigator can be evaluated

to be sufficient for primary health care use.

From usability point of view, the experts pointed out that the interface required scroll-
ing, which can affect the efficiency dimension of usability. Scrolling can be time con-
suming, as it requires the user to move and click the mouse. In addition, it was noted
that changing the answers to previous questions should be possible. This again affects
the efficiency, if user needs to start from beginning if they need to change the answer
to previous questions. Positive features mentioned by the experts were unambiguous
answer possibilities, and ease and quickness of use. These relate to efficiency dimen-

sion and were similar with the end-user opinions.

Few development ideas were pointed out in the expert statements. These included
changing some terms to more accurate synonyms, such as “sugar levels” to be changed
to “blood glucose levels”. Another development idea regarded the wording of the pro-
cedure recommendations. Especially the instructions concerning wound infection were

elaborated based on the expert statements.

Usefulness of a system is compiled from the usability and utility; usability aims to
engage the user whereas utility aims to provide features required (Nielsen 2012). Use-
fulness cannot thus be achieved with one without the other. Experts were asked about
the usefulness of the Wound Navigator in their statements. The opinions were divided
between the respondents. The Wound Navigator was considered to be useful in pri-
mary health care setting, which is the target audience for the Navigator. However, in
specialised medical care setting the Navigator was not considered a useful tool by the

experts.
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7 DISCUSSION

This chapter connects the theoretical background and the results presented in previous
chapter. The aim is to venture deeper to the analysis of the data collected. In chapter
7.1 thought is focused on digital checklists in clinical decision-making setting. Next,
the key components of usability of digital checklists are discussed in chapter 7.2.
Chapter 7.3 concludes the discussion with findings related to validation activities and

clinical evaluation of Symptom Navigator in HUS IT Management.

7.1  Digital Checklists in Clinical Decision-Making

Checklists have been used in health care frequently and research has shown that using
checklists can decrease adverse effects and improve quality of care (Shaw, Ramachan-
dra, Lucas & Robinson 2011, 6-7; Snyder et al. 2019, S30). Digital checklists have
been shown to support clinical decision-making and improve usability of checklists
(Sarcevic, Rosen, Kulp, Marsic & Burd 2016, 33). In this research, it was studied how

a digital wound management checklist can support the clinical decision-making.

Based on the findings from this research, digital wound management checklist can
have a positive impact on the clinical decision-making. Two scenarios clearly stood
out from the testers feedback:

e Complex or otherwise untypical wound patient assessment.

e Unexperienced physician (long time since treating a wound patient or less ex-

perience in treating wound patients), especially in primary health care.

Digital wound management checklist can provide structure to the patient assessment
as it prompts the user to go through required questions to produce procedure recom-
mendations. The questions are evidence-based and follow predetermined decision
trees. Thus, it can remind the user from various aspects which can affect the wound.

The user can follow the questions when evaluating the patient case to ensure that all
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relevant factors are taken into account in the decision-making. This is especially help-
ful in complex patient cases, where there can be multiple comorbidities affecting the

wound.

Another benefit of digital wound management checklist in clinical decision-making is
that it can either enforce or broaden the clinical decision-making. As it provides pro-
cedure recommendations, the user can compare one’s own reasoning to the results re-
ceived from the Navigator. The physician is always responsible for the decision-mak-
ing, but using the digital checklist, the procedure recommendations can be used to

ensure all recommended procedures are done.

It is important to note however, that the digital wound management checklist should
be used only in the clinical setting defined in its intended use, which is the primary
health care. It was established in the research, that the content of the checklist is too
narrow for specialised medical care context. Thus, the user should understand the con-
text where to use the checklist and where it should not be used. This should be advised

to the user clearly.

The testers reported that they had not used checklists widely in their clinical work.
However, they did report that checklists could support clinical work. Testers did report
that they have used some digital tools in their work. Still, it can be considered surpris-
ing how few digital tools have been used, as testers represented the age group who can
be considered as digital native. Based on the findings in this research, it seems that
there is an unmet need for digital checklists, especially as literature has shown that use

of checklists can decrease adverse effects in health care.

7.2 Usability of Digital Checklists

Usability is defined in literature as “extent to which a system, product or service can
be used by specified users to achieve specified goals with effectiveness, efficiency and

satisfaction in a specified context of use” (ISO 9241-210 2010). In this research, usa-
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bility of the digital wound management checklist was studied from the three key di-
mensions: efficiency, effectiveness, and engagement. Implementation of checklists re-
quires motivation from the professionals and use of checklists should be effective in
order to be beneficial (Shaw, Ramachandra, Lucas & Robinson 2011, 7). Better usa-
bility can engage users to the service and improve the productivity as time is not lost

on using complicated and non-logical digital tools (Nielsen 2012).

The testers underlined the importance of ease of use during the interviews, and prom-
inent themes which were evident were quickness and clarity. Each tester emphasised
that they would use digital checklists if they were quick and easy to use and readily
available. Testers considered that the wound management checklist had clear user in-
terface, which supported the usability. To further improve the efficiency dimension,
the number of mouse clicks required was noted as a development matter for the device.
It was mentioned by the testers that lack of time and resources can hinder or even
prevent the use of digital tools in clinical setting, however useful they might be. The
efficiency dimension of usability was thus considered critical. Digital checklists must
not only provide the features needed (utility), but emphasis must be put to the time
resource required to use them. Too complex and time-consuming tools are not usable
in the current health care setting. There is a great need to produce tools which save

time rather than spend it.

Engagement dimension has been considered the most important factor in usability.
Users expect good usability and if those expectations are not met, users will not be
engaged to the device. (Barnum 2011, 12.) In this research, engagement was studied
from end-user point of view. End-users gave positive feedback during the testing. They
considered that the wound management checklist is a tool that they would use in their
work. They even presented eagerness to begin using the checklist as soon as possible.
Such findings give insight to the engaging qualities of the device. It indicates that the
device has achieved to engage testers with a tool that meets their expectations. When
combining the end-user testing findings in the context of the three usability dimen-
sions, it can be concluded that it each of three usability dimensions are important for

users to adopt the tool in their work routines.
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The remarks given by the wound management experts regarding the usefulness of the
wound management checklist was not unanimous. Especially important notion was the
context dependency of the tool. Through the analysis presented in Chapter 6, utility of
the Wound Navigator can be perceived to support the primary health care use; how-
ever, the wound management experts did have reservations on its usefulness in spe-
cialised medical care setting. This research underlined the importance of defining the
intended use for the device to ensure that it meets the user requirements and provides
accurate output. For medical devices, the manufacturer must ensure that the device
provides clinically sound output with regards to the intended use by testing the device
in its intended use with the intended user group. (Medical Device Coordination Group

2020, 10-13.)

7.3 Validation and Clinical Evaluation of Symptom Navigators

When developing software which is classified as medical device, the development pro-
cess must follow the quality system protocols. This is to ensure the quality and safety
of the software, which is particularly important in the context of health care. (Regula-
tion (EU) on medical devices 2017/745, articles 2, 5, 10.) During this research the aim
was to explore how validation and clinical evaluation, both representing the crucial
parts of quality system, could be executed when developing Symptom Navigators to

Health Village service platform.

Validation activities were executed as usability testing with end-user testing protocol.
Usability testing is defined as “the activity that focuses on observing users working
with a product, performing tasks that are real and meaningful to them”. It aims to dis-
cover what users do and what they do not do, thus enabling data collection on users’
perceptions, what they wish from the product and whether the product supports in
reaching their goals. (Barnum 2011, 10, 13, 17-18; 21-22.) Due to the COVID-19 pan-
demic, majority of the testing was carried out remotely. This was not ideal as observa-
tion was limited during the remote testing situations due to technical problems during
the testing. Testers had difficulties in sharing their screen, and due to time constraints,

it was not possible to reschedule or otherwise solve the technical issues. Observation
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nevertheless provided valuable insights on how users used the Wound Navigator;
where they stopped for longer period of time, where they needed assistance to proceed,
was the software intuitive to use and so on. Such use insights were not achieved during
remote testing. Thus, when planning end-user testing for Symptom Navigators, face-
to-face testing can provide valuable addition to interviews. Observation can reveal use
issues, which could not otherwise be noticed. It can also depict how users tend to use
the Navigator regardless of the user manuals or instructions. People have outstanding
capability of using software in ways which was not intended by the manufacturer. Ob-
serving end-user testing can reveal such misuse, whether done intentionally or unin-
tentionally. Thus, manufacturer can alter the software to prevent such usage, which in

turn improves the quality and safety of the software.

In addition to face-to-face testing, it would be highly beneficial to set up the testing as
authentic as possible. Having fictional patient cases without the patient present on the
testing situation affected the reliability of the Wound Navigator testing. Testers had to
rely on visual pictures, and they were not able to examine the wound similarly to what
they could have done if patient was at their clinic. In addition, being able to evaluate
the usability in real-life setting would have required additional testing in such situa-
tions. Organising authentic testing situation is difficult, but even a couple test cases
with real patients would have improved the reliability of the testing situation. How-
ever, the COVID-19 pandemic did not allow such test scenarios at the time of the

research.

Collecting expert statements to compliment clinical evaluation improved the reliability
of the clinical evaluation. The contents of the Wound Navigator are quite complex
with seven different decision trees and procedure recommendations covering several
medical specialties. Collecting expert statements provided invaluable feedback from
professionals, who have expertise in wound management. They were able to evaluate
the medical accuracy, as they are familiar with the latest recommendations, best prac-
tices, and instructions of various organisations. Experts’ feedback complemented the
findings from end-user testing, and they pointed out different development ideas than
what was collected from end-user testing. Thus, expert statements provided additional

value to the clinical evaluation than what conventional literature research provided.
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The approach selected for validation activities and clinical evaluation of the Wound
Navigator can be considered sufficient. The process did affect slightly the overall tim-
ing of the development project, but the gains well outweigh the time resource spent.
The end-user testing and expert statements enabled to collect invaluable feedback and
development ideas while providing valuable insights on the usability and correctness
of the Wound Navigator. This enabled to result in better quality medical device soft-
ware. Based on the experiences of this research, it can be concluded that this protocol

can be utilised in upcoming Symptom Navigator development projects.

Navad et al. (2021) presented, that engaging professionals to digital tools requires op-
portunities to influence the development and to support a positive attitude towards the
tool. The tool should be easy to use, and it should support professional’s work. To
develop timesaving, usable and truly beneficial tools, it is crucial to involve the end-
users into each stage of the development process. Involving end-users to the develop-
ment process enables to understand the operational context and the unique needs of
the market. End-users feedback in invaluable throughout the development process, and
utilisation of service design tools, such as prototyping can bring additional benefits to
the development process. Especially when developing tools, which are considered
medical devices, it is paramount to understand how end-users will operate the device

to ensure the safety of the device.

8 CONCLUSION

This research aimed to gain experiences and understanding how validation and clinical
evaluation of a Symptom Navigator can be executed in HUS IT Management. A case
study, which explored the usability of the Wound Navigator in clinical setting provided
the base for this research. Through the case study understanding of the validation and
clinical evaluation process was achieved and the findings provided insight to future

projects.
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The research project was executed during the COVID-19 pandemic, which had signif-
icant impact on the practical phase of the research. The data collection was mostly
done remotely. This decreased the possibility for observation as a data collection
method, as some testers were not able to share their screen. In addition, it was not
possible to achieve authentic testing situation, as it was not possible to have actual
patients instead of fiction patient cases in the testing situation. The number of end-
users involved in the testing was limited due to the pandemic. Similarly, the unique
situation caused by the pandemic affected the collection of expert statements as many
professionals were relocated to other duties and resources were reallocated to treat-

ment of COVID-19 patients.

Limited number of testers and expert statements affected the reliability of the research.
However, there were similarities in the testers’ answers and same themes recurred in
the interviews and discussions. Being able to have actual patients instead of fictional
patient cases could have provided larger scale improvements to the reliability of the
research rather than increasing the number of testers. With regards to expert state-
ments, there was not clear patterns or recurring themes apparent. Thus, the number of
expert statements should have been higher, in order to be able to achieve more scalable

results.

Another issue regarding the expert statements was the introduction provided for the
experts regarding the Wound Navigator. It would have been more beneficial to de-
scribe the Navigator in more detail including the end-user groups. This would have
enabled the experts to understand more thoroughly the context where the Navigator is
intended to be used. For future, it would be beneficial to reconsider if there are better

ways for collecting the expert statements than what was used in this research.

With regards to data collection and usability evaluation based on the data collection,
the interview topics should have been more closely linked to the theoretical frame-

work. This would have significantly affected the reliability of the results.
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Despite of the shortcomings, this research achieved to gain knowledge how the vali-
dation and clinical evaluation can be executed for Symptom Navigators. The end-user
testing and expert statements provided invaluable insights not on to the usability of the
Navigator, but also how users actually use it. Such insights cannot be achieved without
including the end-users in the development process. With regards to future Symptom
Navigator development projects, the experiences gained from this research underlines
the importance of end-user testing. Hence, end-user testing is suggested to be inte-
grated as part of the Symptom Navigator development process at HUS IT Manage-
ment, regardless of whether the developed product is classified as medical device or
not. The benefits gained from end-user testing clearly outweigh the resources it takes

to execute it.

Digitalisation of health care is transforming the work of professionals in clinical set-
ting. Electronic patient records represent only the first step in the digitalisation path as
physicians are faced with increasing number of digital tools and services in their eve-
ryday work. Algorithms, prediction models and Al applications are harnessed to assist,
facilitate, and even to automate the decision-making processes in clinical setting. Pro-
fessionals need to be able to understand how such devices operate if they wish to utilise
the full potential. Physicians must additionally understand the risks such automated
systems impose to their decision-making process and ultimately to their patients. Par-
ticipating to the development of such tools increases the common understanding of

such tools and supports the implementation to practical work.

The findings of this research were utilised in the development of the tool, as improve-
ments were carried out iteratively. For example, explanations of medical terms were
added to the Navigator. In addition, more precise descriptions were added to questions
where the user should identify key visual ques, such as a purple rim around the wound.
Such descriptions included net-like webbing, width of the rim and so on. Based on the
observation, the wording and answer choices of some questions were unified to pro-

vide more cohesive terms and language.



43

8.1 Suggestion for further research

In the future, it would be beneficial to gain insights how validation and clinical evalu-
ation has been executed for different medical devices. This can be difficult subject for
research as manufacturers might not be willing to share this information if they per-
ceive it to be part of their business secrets. However, such research could provide val-

uable understanding and guidance for manufacturers as well.

One important aspect when considering digitalisation of health care arose during the
analysis of the interviews. How end-users find the available tools, and vice versa, how
product and service providers inform possible users of the new tools. It is known that
digital health care solutions cover a huge market, where new devices and tools are
published daily. Still, it seems that end-users are not actively using such solutions in
their daily work. Could it be that physicians are not able to find solutions which they
find useful and of high quality? Integrating such solution and tools to portals which
are already know and used by the target audience thus provides additional benefits for
both to end-users and manufactures as well. End-users could trust that the tools pro-
vided are of high quality and reliable whereas manufacturers would be able to attract
wider user group. Another way to distinguish that a tool is developed with high quality
is the CE-mark.

Another aspect which could of interest for future research is how medical professionals
are willing to use new digital tools and how they evaluate the quality of the tools. Do
medical professionals understand for example the meaning of CE-mark and what does
that means with regards to the quality of the device. As there is ever-growing supply
of digital tools for medical professionals, how they can be able to pick the ones which
actually are useful, safe, and reliable to use. This could even develop into business
opportunity: to create a database for medical professionals of different digital tools.
The database could include information regarding to what purpose the tool could be

used, evaluation of its quality, who has published the tool and so on.

Lastly, one idea for future research relates to data collection methods. As stated earlier,

collecting expert statements proved challenging in this research. It would be beneficial
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to explore ways how to collect expert statements as part of a research. What could be
the most intuitive method, and how the experts perceive the collection methods. As
learned during the COVID-19 pandemic, remote data collection methods might be re-
quired more in the future, especially when considering bachelor and master level the-

sis.
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APPENDIX 1

SUOSTUMUS TUTKIMUKSEEN JA HENKILOTIETOJEN
KASITTELYYN

Tutkimuksen nimi:

Validation and Clinical Evaluation of a Digital Wound Management Checklist

0 Suostun henkil6tietojeni kédsittelyyn Tutkittavan tiedotteen liitteen 1 re-

kisteriselosteen mukaisesti.

0 Suostun vapaaehtoisesti osallistumaan tutkimukseen, jossa tutkitaan di-
gitaalisen haavanhoidon tarkistuslistan kayttod kliinisessd ymparistossé
haastattelu-, havainnointi- ja kyselytutkimuksena. Olen saanut riittdvit
tiedot oikeuksistani, sekd tutkimuksen tarkoituksesta ja toteutuksesta.
Minulla on oikeus milloin tahansa tutkimuksen aikana ja syytd ilmoitta-
matta keskeyttdd tutkimukseen osallistumiseni tai peruuttaa suostumuk-

seni.

Aika ja paikka

Tutkimukseen osallistuvan allekirjoitus ja nimenselvennys



APPENDIX 2

END-USER TESTING QUESTIONS

1. Key Feature Problem (KFP) Questions
For each fictional patient case, there will be same questions. There will be total
of seven fictional patient cases.

e [s there any history information you would like to clarify from the patient or
from patient records?

e What additional examinations would you make or prescribe?

e What is your leading diagnosis at the moment?

e What would be the next steps you would take for the wound management of

this patient?

2. Usability Interview Topics
A. Background information
e Education background and current occupation
e Have you been working with wound patients?
B. Digital tools and checklists
e Have you been using checklists (paper or digital form) in your work? If yes, in
what cases?
e Do you consider checklists useful in your daily work?
e What kind of digital tools are familiar to you?
e Have you been using digital tools in your work?
e How do you feel using digital checklists in your work?
C. Usability
e What do you think of the usability of Haavapuntari?
o Was it easy to navigate?
o Were the instructions clear?
e Did you encounter any issues or problems in using Haavapuntari? Please spec-
ify if there were any issues.
e Did you find any particularly good features in Haavapuntari?

e Did you find any particularly bad features in Haavapuntari?



e How did you feel about the suggestions Haavapuntari offered?
e Would you use Haavapuntari in your daily work in clinical setting? Please

specify.



APPENDIX 3

CLINICAL EVALUATION QUESTIONNAIRE FOR EXPERT
STATEMENTS

¢ Did you encounter any issues or problems in using Haavapuntari? Please spec-
ify if there were any issues.

¢ Did you find any particularly good features in Haavapuntari? Please specify.

e Did you find any particularly bad features in Haavapuntari? Please specify.

e Were Haavapuntari flow charts clinically accurate?

o Were the suggestions Haavapuntari offered clinically correct?

e What do you think of the usefulness of Haavapuntari during daily work in clin-
ical setting?

e Any other comments?
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