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The digitalisation of healthcare is seen as one possible way to reduce the overload in 
healthcare services. As a result, the need to develop better quality medical software more 
efficiently is also growing. Software is classified as a medical device when it is used either alone 
or as part of a medical device for medical purposes, such as analysing or monitoring medical 
information. In the European Union, medical devices are strictly regulated by the Medical Device 
Regulation (MDR). Additionally, standards play an important role in the field. In particular, 
compliance with the harmonised standards should be a means for manufacturers to demonstrate 
that their device meets the legal requirements determined in the MDR. However, the MDR applies 
to many different types of medical devices, which means that it is rather general and does not 
contain many software-specific requirements. Moreover, it does not specifically address the role 
of the designer in regulatory compliance or the methodology they should use. From the designer’s 
perspective, the information is scattered and leaves room for interpretation. This can be 
problematic from the quality point of view, as designers usually play a major role in improving it. 

The main objectives of this thesis are to clarify the role of medical software designers in 
complying with regulations and the ways in which this translates into practice in their work. Based 
on these objectives, the following research question was formed: How can medical software 
designers ensure compliance with regulations and standards? To answer this question, data was 
collected directly from the designers of medical software with a data-driven qualitative approach 
combining a questionnaire and interviews. The questionnaire was conducted first to gather a 
general understanding of medical software design and how the regulations impact the work. This 
revealed that the impact of regulations expands to multiple areas of design, including the design 
process and expertise required. These were further investigated in the interviews. The 
questionnaire was answered by ten designers, mostly service and user experience designers 
from Solita, who have participated in designing medical software. From these designers, four 
were chosen for the interviews based on their expertise and the insightfulness of their answers. 
Additionally, one medical software design expert was recruited from another company to extend 
the perspective beyond Solita. 

The results show that the designer’s ways to ensure regulatory compliance in their work focus 
on following IEC 62366-1, but a variety of other design practices are also found valuable. Based 
on the collected data, a set of guidelines was formed to summarise the main ways in which 
regulatory compliance should be considered in the designer’s work. These guidelines are divided 
into nine areas of application that are designer's expertise, designer's collaboration, design 
process, design methods, regulatory strategies, risk management, formative and summative 
evaluation, design reviews, and documentation. Additionally, a generic process model for 
designing medical software was formed based on the results. The model indicates similarities 
with the Double Diamond, Human-Centred Design, and Design Thinking design process models. 
Further research is needed to evaluate how the guidelines and process model function in practice. 
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Terveydenhuollon digitalisaatiota pidetään yhtenä mahdollisena keinona vähentää terveyden-

huollon palveluiden ylikuormitusta. Tämän seurauksena myös tarve kehittää laadukkaampia lää-
kinnällisiä ohjelmistoja tehokkaammin kasvaa. Ohjelmisto luokitellaan lääkinnälliseksi laitteeksi, 
kun sitä käytetään joko yksin tai osana lääkinnällistä laitetta johonkin lääkinnälliseen tarkoituk-
seen, kuten lääketieteellisen tiedon analysointiin tai seurantaan. Euroopan unionissa lääkinnälli-
siä laitteita säännellään tiukasti lääkinnällisten laitteiden asetuksella (Medical Device Regulation, 
MDR). Lisäksi standardeilla on tärkeä rooli alalla. Etenkin yhdenmukaistettujen standardien nou-
dattamisen tulisi olla valmistajille keino osoittaa, että heidän laitteensa täyttää MDR:ssä määritel-
lyt vaatimukset. MDR kuitenkin kattaa monta erityyppistä lääkinnällistä laiteta, mikä tarkoittaa, 
että se on melko yleinen eikä sisällä monia ohjelmistoille erityisiä vaatimuksia. Siinä ei myöskään 
käsitellä erityisemmin suunnittelijan roolia vaatimusten noudattamisessa tai metodologiaa, jota 
heidän tulisi käyttää. Suunnittelijan näkökulmasta tiedot ovat hajanaisia ja jättävät tilaa tulkin-
noille. Tämä voi olla ongelmallista laatunäkökulmasta, koska suunnittelijoiden rooli laadun edis-
tämisessä on yleensä merkittävä. 

Tämän diplomityön keskeisenä tavoitteena on selventää lääkinnällisten ohjelmistojen suunnit-
telijoiden roolia regulaation mukaisuudessa ja tapoja, joilla tämä näkyy käytännössä heidän työs-
sään. Näiden tavoitteiden pohjalta muodostettiin seuraava tutkimuskysymys: Miten lääkinnällis-
ten ohjelmistojen suunnittelijat voivat varmistaa regulaation ja standardien noudattamisen? Kysy-
mykseen vastaamiseksi tietoa kerättiin suoraan lääkinnällisten ohjelmistojen suunnittelijoilta ai-
neistolähtöisellä laadullisella tutkimusmenetelmällä, joka koostui kyselystä ja haastatteluista. Ky-
selyllä kerättiin ensin yleistä tietoa lääkinnällisten ohjelmistojen suunnittelusta ja siitä, miten re-
gulaatio vaikuttaa työhön. Kyselyssä kävi ilmi, että vaikutus ulottuu useille suunnittelun osa-alu-
eille, kuten suunnitteluprosessiin ja vaadittavaan asiantuntemukseen. Näitä löydöksiä syvennet-
tiin haastatteluissa. Kyselyyn vastasi kymmenen suunnittelijaa, pääasiassa palvelumuotoilijoita ja 
käyttökokemussuunnittelijoita Solitalta, jotka ovat osallistuneet lääkinnällisten ohjelmistojen suun-
nitteluun. Heistä neljä valittiin haastatteluihin asiantuntemuksen ja vastausten syvällisyyden pe-
rusteella. Lisäksi haastatteluihin rekrytoitiin yksi lääkinnällisten ohjelmistojen suunnittelun asian-
tuntija toisesta yrityksestä, jotta saatiin laajennettua näkökulmaa Solitan ulkopuolelle.  

Tulokset osoittavat, että suunnittelijoiden keinot varmistaa regulaation mukaisuus työssään 
keskittyvät IEC 62366-1:n noudattamiseen, mutta myös monet muut suunnittelukäytännöt ovat 
arvokkaita. Kerätyn aineiston pohjalta muodostettiin joukko ohjeita, jotka kokoavat yhteen suun-
nittelijan tärkeimmät keinot regulaation mukaisuuteen. Ohjeet on jaettu yhdeksään sovellusalu-
eeseen, jotka ovat suunnittelijan asiantuntemus, suunnittelijan yhteistyö, suunnitteluprosessi, 
suunnittelumenetelmät, regulaatiostrategiat, riskienhallinta, formatiivinen ja summatiivinen arvi-
ointi, suunnittelun katselmoinnit ja dokumentointi. Lisäksi tulosten perusteella muodostettiin ylei-
nen prosessimalli kuvaamaan lääkinnällisten ohjelmistojen suunnittelua. Mallista on löydettävissä 
yhtäläisyyksiä Double Diamond, Human-Centred Design ja Design Thinking -prosessimallien 
kanssa. Jatkotutkimusta tarvitaan, jotta voidaan arvioida, miten nämä ohjeet ja prosessimalli toi-
mivat käytännössä. 

 
 
 
Avainsanat: Lääkinnälliset laitteet, lääkinnälliset ohjelmistot, suunnittelumetodologia, 
käytettävyyssuunnittelu, lääkinnällisten laitteiden asetus, yhdenmukaistetut standardit, 
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1. INTRODUCTION 

This chapter introduces the background and motivation for conducting this research 

and introduces the key concepts including medical device, medical software, MDR 

and standards. Furthermore, the objectives of this research and the research ques-

tion are described. Finally, the structure of this thesis is presented. 

 

1.1 Background and Motivation 

 

In recent decades, the widespread use of the internet and the emergence of new 

technology platforms have slowly reached healthcare. This shift towards digitalisation 

has been further accelerated by the financial crisis within Finland's social and 

healthcare system. According to financial statement forecasts, the deficit of the well-

being services counties for 2023 was estimated to be 1.35 billion euros. The primary 

reasons for this deficit include an increased demand for public social and health ser-

vices, stronger-than-expected price developments, and a shortage of social and 

healthcare personnel. One crucial strategy to alleviate the pressure on the social and 

healthcare system is the digitalisation of healthcare services. Particularly, elevating 

remote and digital services to be the primary channel for customer interactions holds 

significant cost-benefit potential, as more interactions can be handled without pro-

fessional contact. (VALOR, 2024) In this context, medical software can play a pivotal 

role by enhancing healthcare efficiency and reducing dependency on patient-profes-

sional contact. Additionally, medical software has the potential to deliver more per-

sonalised and connected healthcare solutions. increased and more pervasive use of 

software, both as part of medical devices and as stand-alone medical devices. (IM-

DRF SaMD Working Group, 2013; Alam et al., 2018; Hansen et al., 2019) According 

to the MDR, medical devices in general are differentiated from other products based 

on their intended use purpose defined by the manufacturer. A medical device can be 

any instrument, apparatus, appliance, software, implant, material, or other article in-

tended to be used alone or in combination for a specific medical purpose. This could 

be, for example, the diagnosis or monitoring of an injury or disability. 

 

However, to enhance the utilisation and benefits of medical software, efforts must be 



9 
 

directed towards improving the efficiency of designing high-quality medical software. 

Generally, when it comes to products affecting people’s health, safety is a major con-

cern (Finnish Standards Association SFS ry, 2023a). Therefore, the manufacturing 

of medical devices is strictly regulated. The term “regulation” can have multiple con-

notations. However, in this thesis, regulation is used to refer to targeted rules that 

are typically accompanied by some authoritative mechanism to monitor and enforce 

compliance and aim to control or govern behaviour. (The Free Dictionary, 2011; Woll, 

2024) Regulation may also differ based on the region and area of appliance. As an 

example, on the official website of the European Union (EU), it is said that regulations 

are binding legislative acts that must be applied in their entity across the EU (Direc-

torate-General for Communication, 2024). In the EU, when the product is identified 

as a medical device, the MDR sets boundaries to its placing on the market, making 

it available on the market or putting it into service for human use and accessories for 

such devices. 

 

To help the manufacturers to follow the MDR requirements, several standards con-

cerning medical devices and their development have been developed. In general, 

standards are publications consisting of commonly agreed good practices, require-

ments and recommendations concerning, for example, the features, functionality, de-

velopment, and testing of products or services (Finnish Standards Association SFS 

ry, 2023b). Compliance with standards is not compulsory but should be sought after. 

Especially, the compliance with the harmonised standards should be a means for the 

manufacturers to demonstrate that their device complies with the requirements, such 

as the general safety and performance requirements and the requirements concern-

ing quality and risk management, laid down in the MDR. Harmonised standards are 

European standards adopted based on a request from the Commission to apply Un-

ion harmonisation legislation (The European Parliament and the Council of the Eu-

ropean Union, 2012). Complying with the relevant standards can help the manufac-

turer to get their product to the market more securely, quickly, and economically 

(Finnish Standards Association SFS ry, 2023a). 

 

Although the use of software in healthcare contexts is increasing, it is important to 

understand that using software in a healthcare setting does not automatically make 

it a medical device. To classify as a medical device, the software, either on its own 

or embedded in a physical device, needs to be intended by the manufacturer to be 
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used for one or more medical purposes defined in the MDR (The European Parlia-

ment and the Council of the European Union, 2017). However, software can also be 

used in healthcare for other general purposes. For example, the MDR clarifies that 

software intended for lifestyle and well-being purposes is not a medical device. De-

spite these clarifications mentioned in the MDR, there is ambiguity regarding the sit-

uations in which software falls within the scope of the MDR (Ludvigsen et al., 2022).  

 

The importance of “good design” is highlighted in the context of medical software, as 

in the worst case, faulty design could cause life-threatening situations (IEC, 2012). 

However, when it comes to the design of medical software, the regulations and stand-

ards remain rather vague. Generally, design is seen as the highly creative work 

where someone (the designer) has the freedom to choose how they want to observe 

problems, analyse causes, create solutions, and craft designs to render, shape and 

deliver new ideas with the aim of meeting the user’s needs (Budgen, 2004; Picchi, 

2022). Nevertheless, the detailed definition of design varies to some extent depend-

ing on the culture and background of the author. This thesis refers to design as it is 

described by Blessing and Chakrabarti (2009). They elaborate that when they talk 

about design in their book, they refer to those activities that actually generate and 

develop a product from a need, product idea or technology to the full documentation 

needed to realise the product and to fulfil the perceived needs of the user and other 

stakeholders. The solution could be achieved by various product development prac-

tices, which can be both engineering and non-engineering by nature, undertaken by 

individuals, industry, or a community. Furthermore, the solution could be physical, 

virtual or a combination of both. To specify, this thesis focuses on the product devel-

opment practices like usability engineering, service design, user experience (UX) de-

sign and human-centred design (HCD) that are used to design medical software.  

 

The main requirements for designing medical software focus on ergonomic features, 

specifically usability as it relates to safety. IEC 62366-1 outlines the usability engi-

neering process that medical device manufacturers should follow. However, it leaves 

room for interpretation regarding how to iterate in the process, which methods to 

apply, and how it integrates with other design activities. (IEC, 2016a) Furthermore, 

other standards, such as ISO 13485 and ISO 14971, might contain relevant require-

ments that the designers need to be aware of. Consequently, the information is scat-

tered and open to interpretation, requiring designers to know where to find the re-

quirements relevant to their work and how to combine these from multiple standards. 
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Moreover, they must integrate these regulatory considerations with other design 

practices, such as service design and UX design. Often, the choice of methodology 

is left to the designer, who selects what is most suitable for the specific case. To 

support designers in selecting the appropriate methodology for designing medical 

software, a set of general guidelines on how to consider regulatory requirements in 

the design work should be compiled. The results of this thesis will be a step towards 

forming valid guidelines. 

 

1.2 Research Objectives 

 

This research combines the understanding of regulations with the practical experi-

ences of medical software designers, primarily those specialising in service and UX 

design. The goal is to form accessible guidelines that provide general instructions for 

designing medical software with the focus on how designers can ensure regulatory 

compliance in their work. Thus, the guidelines support medical software designers in 

their methodological choices, for example, in planning the design process and choos-

ing appropriate methods. Based on these objectives, the following research question 

was formed: 

 

How can medical software designers ensure compliance with regulations and 

standards?  

 

To answer this question, first, a questionnaire for medical software designers was 

conducted to gain an overall understanding of how medical software are designed. 

Secondly, the understanding was deepened by interviewing suitable candidates cho-

sen based on the questionnaire. 

 

This research was conducted as a commission for Solita, which is an information 

technology (IT) company with Finnish roots. Currently, Solita operates also in eight 

other countries, and employs over 2000 professionals in total. (Solita Oy, 2024a) 

Their areas of expertise combine data, business, human insight, tech, and organisa-

tion skills (Solita Oy, 2024d). The industries where Solita operates include mobility, 

retail, health, industrial, defence and security, and public sector (Solita Oy, 2024c). 

Regarding their work in the healthcare sector, Solita focuses on developing medical 
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devices in an agile and effective way. They have a certified ISO 13485 quality man-

agement system and even a medical device of their own. Additionally, Solita has 

created their own RegProof service model and processes that allows the creation of 

a new release with minimum extra overhead and regulatory work after every devel-

opment sprint. (Solita Oy, 2024b) 

 

Another objective of this research is to provide information for Solita on how to im-

prove their medical software design practices. This research is implemented in col-

laboration with a doctoral researcher who works for Solita. The data collected in this 

research can also be used in his doctoral thesis on design strategies in medical soft-

ware development and shared decision making. The results the doctoral thesis might 

be presented at industry events, at national and international conferences or in pro-

fessional publications and can be used in teaching. Research data may be collected 

during the duration of the doctoral thesis and will be kept for a maximum of four years 

after graduation. 

 

1.3 Structure of the Thesis 

 

This thesis starts with introducing the theoretical background in Chapter 2. This in-

cludes describing the adaptive nature of design, clarifying design terminology, and 

discussing various design processes and methods. Chapter 2 also examines the de-

sign and development of regulated software, emphasising the safety-critical nature 

of such software, the relationship between safety, risks, and usability, and the man-

agement of regulatory requirements. Finally, it covers the central regulations and 

standards concerning medical software, how the MDR and standards apply to de-

sign, and provides an overview of existing medical software design guidelines. Chap-

ter 3, on the other hand, details the research methodology, while Chapters 4 and 5, 

present the results of this thesis. Chapter 4 reports the results from the questionnaire 

and Chapter 5 presents the interview results. The results highlight the expertise and 

collaboration of designers and the different aspects of the medical software design 

process, reflecting regulatory compliance. Finally, Chapter 6 provides a discussion 

and conclusions from the research findings. This chapter offers guidelines for com-

pliance in medical software design, reflects on the research integrity, and suggests 

directions for future work. 
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2. THEORETICAL BACKGROUND 

In this chapter, the key concepts and theories related to this thesis are explained. This 

includes describing the adaptive nature of design from different perspectives, outlining 

the specificities of designing and developing regulated software, and looking in more 

depth at what it means to design medical software. 

 

2.1 The Adaptive Nature of Design  

 

The activity of design has multiple application areas, requires multidisciplinary exper-

tise, and involves multiple stakeholders, which is why it has to be very adaptable for 

different contexts. This is reflected in the variety of definitions, processes and meth-

ods related to it. The following subsections aim to clarify the terminology and inves-

tigate the adaptive nature of design.  

 

2.1.1 Defining Design 

 

Design is a unique discipline that can be separated from the traditional analytical and 

scientific approaches by the “designerly ways of knowing”. The term “designerly ways 

of knowing” was first introduced by Nigel Cross with the purpose of establishing the 

criteria which design must satisfy to be treated as a coherent discipline of study 

(Cross, 2006; Shaw & Nickpour, 2021). It refers to the underlying patterns of how 

designers think and act. Cross (2006) cited the study ‘Design in General Education’ 

by the Royal College of Art (1979) which supports the idea that “there are things to 

know, ways of knowing them, and ways of finding out about them” specific to the 

discipline of design. Nevertheless, the exact definition of design activities varies, 

mostly depending on the culture and background of the author. As was described in 

the introduction, this thesis focuses on the definition of design provided by Blessing 

and Chakrabarti (2009).  

 

In addition to the variability in the definition of design, the adaptability of design is 

reflected in individual design decisions. Although common patterns for how designers 
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think and act have been identified, the individual design decisions can vary between 

designers and projects (Budgen, 2004; Cross, 2006; Blessing & Chakrabarti, 2009). 

Blessing and Chakrabarti (2009) highlight that every design project is by definition 

unique, since the aim is to create something new. This uniqueness may be seen in 

the tools, methods, resources, and context in which the project takes place. Addition-

ally, the fact that the knowledge and experience of the team members is constantly 

growing throughout the project, contributes to the uniqueness. In this thesis, the aim 

is to find out if there are any repetitiveness in the methodology, particularly in design 

process and methods, when the regulations lay down rules for the manufacturing of 

the product. 

 

2.1.2 Clarifying Design Terminology 

 

As with the definition of design, there is ambiguity related to the design terminology. 

For example, there has been confusion and disagreement about the relationships 

between terms like methodologies, methods, and tools. The challenge stems, among 

other things, from variations in connotation across languages, different scoping of 

the terms, and changes in the meanings of “method” and “methodology” over time. 

Especially, the terms method and methodology have been used with overlapping 

meanings. Table 1 presents the central design-related terms identified by Gericke et 

al. (2017) and explains their interrelationships. 

 
Table 1. Explanations on the key terms related to design by Gericke et al. (2017). 

Term Explanation 

Design 

methodology 

In design, a clearly and explicitly articulated approach to producing designs for a class 

of systems, that specifies in more or less detail the activities to be carried out, the 

relationship and sequencing of the activities, the methods to be used for particular 

activities, the information artefacts to be produced by the activities and used as inputs 

to other activities, and how the process is to be managed, as well as (tacitly or explic-

itly) the paradigm for thinking about the design problem and the priorities given to 

particular decisions or aspects of the design or ways of thinking about the design. 

Design process In design, (1) A formally specified sequence of activities to be carried out in developing 

a particular design, or a class of designs, which will often be an application or custom-

ization of a methodology to a particular problem. (2) The actual sequence of activities 

carried out in the development of a design, which may correspond more or less well 

to any formally specified process. 
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Design method A specification of how a specified result is to be achieved. This may include specifica-

tions of how information is to be shown, what information is to be used as inputs to the 

method, what tools are to be used, what actions are to be performed and how, and 

how the task should be decomposed and how actions should be sequenced. 

Guideline In design, a statement of what to do when, or what should be the case under particular 

circumstances. A guideline should only be violated for good reason, with a careful 

consideration of the consequences. 

Tool An object, artefact or software that is used to perform some action (for example to 

produce new design information). Tools might be based on particular methods, guide-

lines, processes or approaches or can be generic environments that can be used in 

conjunction with many methods. 

 

Gericke et al. (2017) conducted a review of relevant engineering design and com-

puter science literature, which shows that the common understanding is that method 

is a subset of methodology. It is a specification of how to achieve a particular result. 

This may include specification on how to present information, what information 

should be used as input to the method, which tools to use, what actions to perform 

and how. Additionally, it may include specification of how a task should be decom-

posed and how to organise the actions. Tools are separated from methods as ob-

jects, artefacts or software used to aid or enable the application of methods and 

guidelines, and the organisation and performance of the process. 

 

Design process, on the other hand, can be viewed in two ways, as a formally speci-

fied process and as the actual design process that took place. The formally defined 

design process is a sequence of activities to be performed in the development of a 

specified design, or a class of designs. It is typically an application or customisation 

of methodology to a particular problem. The actual sequence of activities performed 

in the design process may correspond more or less to any formally specified process. 

Guidelines, such as rules, principles, heuristics, or best practices for design, can also 

influence the design methodology. Generally, they aim to give a statement of how 

things should be done. Violating a guideline should only happen for a good reason 

and after careful consideration of the consequences. In summary, design methodol-

ogy brings all these design-related terms together – it can be seen an approach com-

bining methods, guidelines, and tools according to a process used for organising 

design activities and the use of the methods and tools.  
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2.1.3 Design Processes 

 

Throughout the years, there have been many attempts to form models to describe 

design processes, for example, the Basic Design Cycle (Roozenburg & Eekels, 

1995), the Double Diamond Model (Design Council, 2007), and the HCD for Interac-

tive Systems (International Organization for Standardization, 2019). The constant 

formulation of new process models is promoted by the changes in technology, mar-

kets or organisational structures, which will always have some effect on the actual 

design processes (Bobbe et al., 2016). The formal process models can differ in mul-

tiple ways, for example, in focus, content, structure, or graphical notation, depending 

on specific disciplines, academic background, or the degree of generalization (Cross, 

2008; Bobbe et al., 2016). However, a common understanding is that at least on an 

abstract level there are generic design phases that can be found in most of the design 

process models (Gericke & Blessing, 2011; Bobbe et al., 2016). Bobbe et al. (2016) 

identifies them as “analyse”, “define”, design” and “finalise”. Most of the models they 

studied also show an additional stage “implement”. Another common aspect of the 

design processes is the emphasis on finding a satisfactory solution relatively quickly, 

rather than conducting extensive analysis of the problem (Cross, 2006).  

 

On the other hand, it is important to remember that the actual processes might not 

match the formal process models. For example, the designers themselves might not 

consciously follow a specific and systematic design process. Instead, the process 

tends to unfold naturally from their professional expertise, i.e., design knowledge. 

(Cross, 2006) Additionally, the design process models might not even be intended to 

be followed precisely. This is reflected in the way how Don Norman sees HCD. He 

considers it more as a philosophy, methodology and a set of principles (Principles of 

Human-Centered Design (Don Norman), 2018; Interaction Design Foundation - IxDF, 

2021). Nevertheless, the design process models can show value in communicating 

design information and knowledge. For example, many companies use design pro-

cess models to communicate certain aspects of the design services they offer, rather 

than to describe and represent all their design cases. Most of the process models, 

however, come from the academic world and can have a somewhat theoretical per-

spective. These are important for educational purposes but might not entirely reflect 

their practical applications since companies do not typically use any one model or 

modelling approach exclusively. A company could utilise several fragmentary models 

that overlap from their contents to varying degrees. Regardless, the ones that benefit 
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from the design process models can be both designers and non-designers, most 

commonly academics, professionals, clients, or students. (Bobbe et al., 2016; Eckert 

et al., 2017)  

 

The level of iteration and the ways to describe it are central differentiating factors in 

the design process models. In the modern context, it is well recognised that design 

is iterative by nature (Gericke & Blessing, 2011; Bobbe et al., 2016; Wynn & Eckert, 

2017). However, from the earlier models, like the Basic Design Cycle model (Roozen-

burg & Eekels, 1995), it can be seen that the processes used to be more linear and 

the iterative characteristic was not as visual as it is in the more recent models. For 

instance, the process model of HCD for interactive systems (ISO, 2019a) illustrates 

the iteration as loops of the design process. The Double Diamond model (Design 

Council, 2007), on the contrary, has a close link to the traditional linear models as its 

visualisation looks more like a linear process that consists of four stages and three 

gates. However, the model emphasises the change of scope (divergence and con-

vergence) during the design process by the widening and constraining lines. 

 

Important aspects of the design process that are missing from the models are the 

time spent for each phase and the relation of the design process to other product 

development processes. As an example, Bobbe et al. (2016) find that design process 

models tend to have a standardised temporal length for every phase. Gericke and 

Blessing (2012), on the other hand, note that it remains unclear how other processes 

contributing to the final product interact with the design process. The design process 

is usually represented as an isolated process and only some authors address the 

interaction of the design process with other relevant business processes. However, 

there are a few models emphasising that design is not an isolated process by show-

ing parallel activities of different stakeholders. The study also showed that many pro-

cess models are purely stage-based descriptions of the design process lacking more 

detailed explanation. One reason for this is that the inclusion of methods in design 

process models tends to make it more context or discipline specific. The authors also 

identified that different disciplines emphasise the design phases differently and per-

ceive the beginning and the end of the process differently. These findings indicate 

that the more detailed a design process model is the more context or discipline spe-

cific it becomes. 
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2.1.4 Design Methods 

 

The general definition of a design method was introduced in subsection 2.1.2. How-

ever, some view design methods as a broader term including any procedures, tech-

niques, aids, or tools representing distinct activities a designer might use and com-

bine into an overall design process. The methods can be new inventions of rational 

procedures or simply extensions or formalisations of the informal techniques that de-

signers have always used. There is also a division of methods into conventional 

methods, like drawing, which is a rather common procedure used in design, and new, 

more systematic methods. The reasons for incorporating systematic methods in to 

design processes is that nowadays the design projects are getting more and more 

complex and hence the conventional methods might not be able to answer them on 

a satisfactory level. Design methods also differ in terms of use. For example, some 

methods are more relevant to a particular aspect of or stage in the design process 

than others. Moreover, design methods can be classified into two broad groups: cre-

ative methods and rational methods. Creative methods aim to promote creative think-

ing, for example, by improving the flow of ideas and removing mental blocks inhibiting 

creativity. Whereas rational methods are the ones most referred as design methods. 

They aim to support the systematic approach to design. (Cross, 2008)  

 

The varying understanding of what is meant by design methods and how they are 

classified can make it challenging to choose appropriate methods. Gericke et al. 

(2017) argue that for the successful assessment and application of design methods, 

the designer should analyse at least the following information: the scope of the 

method, the coverage within the scope and the benefit expected from the method. 

However, another challenge for choosing the right methods comes from the large 

variety of different design methods developed over the past decades. The designers 

may learn a wide range of methods already during their academic studies, but they 

most likely need to learn new methods throughout their careers (Gericke et al., 2016). 

When searching for suitable methods, the designers tend to go for their personal 

contacts, such as co-workers and peers in the industry. In particular, it is considered 

important to exchange experiences in applying design methods to similar contexts, 

in order to identify methods that have proved to be effective in these contexts. 

 

Although continuous development of new design methods has been identified a sig-
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nificant way to improve the design process, it also poses some challenges. For ex-

ample, many methods are developed in isolation in academic settings, which does 

not support their adaption to industry use (Gericke et al., 2020). The industry is seek-

ing for methods and tools that they can adopt and adapt to their context and fit into 

their existing set of methods. A suggested solutions to support the designer in choos-

ing their design methods could be an ecosystem of methods. It is a dynamic system 

of methods embedded in an organisation, where methods operate in parallel, and 

the designers can easily grasp how to adapt the methods and how they relate to each 

other. An ecosystem of methods is not a fixed set of methods, since new methods 

can be added to the system when needed. There can also be multiple methods in 

the ecosystem that are suitable for similar roles meaning that the same goal can be 

achieved with multiple different combinations of the methods. Especially, in the con-

text of regulated software, where the safety and quality of the software must be en-

sured, an ecosystem of methods could help to meet the requirements with less effort. 

 

2.2 Design and Development of Regulated Software 

 

In the following subsections, an overview of what regulated software are like and how 

their design and development differ from other types of software is introduced. This 

includes covering why safety-critical software are typically regulated, how the con-

cepts of safety, risks and usability are related, and how to manage the regulatory 

requirements. 

 

2.2.1 Regulated Software are Often Safety-Critical 

 

One major reason for regulating software is their safety-critical nature. There are 

several industries, such as, aviation, banking and medical care, where the safety and 

trustworthiness of the developed product is essential (Knight, 2002; IEC, 2012). 

These products can be generally referred as safety-critical systems. The common 

concern in them are the consequences of failure. A failure of a safety-critical system 

could result in loss of life, significant property damage or damage to the environment, 

which is why the manufacturing of such systems is controlled by different regulations 

and standards. For example, the standard series IEC 61508 provides a framework 

for the development of electronic safety-related systems to ensure their functional 
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safety. The standard series describes functional safety as a part of overall safety 

which depends on a system or device operating correctly in response to its inputs. 

IEC 61508 is a more general standard series since it concerns all safety-critical sys-

tems regardless of their application. (IEC, 2012) Additionally, there are industry spe-

cific standards that can be applied. For example, IEC 13485 and ISO 14971 are spe-

cific to medical device industry and they go more in-depth with the quality and risk 

management requirements. 

 

Software is deemed safety-critical when it is embedded in a safety-critical system or 

it controls or monitors functions defined as safety-critical (Özçelik & Altilar, 2015). 

The development of safety-critical software can be considered demanding and com-

plex compared to conventional software development because it requires compli-

ance with strict regulations and standards. For instance, there needs to be proof of 

software verification and traceability of the software development process (Lauk-

karinen et al., 2018). One challenge in the development of regulated software is that 

it is slower and more rigid compared to the development of non-regulated software 

(Özçelik & Altilar, 2015). Today, software development typically follows lean and ag-

ile principles, which favour rapid development and deployment. Whereas the devel-

opment of regulated software tends to be documentation-driven to ensure the cor-

rectness, reliability, and safety of the software before deployment. Another identified 

challenge is that, although regulatory standards are quite rigorous, they are not nec-

essarily prescriptive (Cawley et al., 2010). For example, RTCA’s1 DO-178B standard 

for the aviation industry, and ISO 13485 for medical devices do not particularly im-

pose any software development methodology that should be applied. 

 

2.2.2 The Relationship Between Safety, Risks and Usability 

 

The functional safety standard series IEC 61508 describes safety as a freedom from 

unacceptable risk of physical injury or damage to the health of people, either directly 

or indirectly, because of damage to property or the environment. Unacceptable risk 

may arise from many different situations, such as incorrect specification of the soft-

ware, supply system voltage disturbances, or human error. Achieving functional 

safety is a challenging task as the safety-critical software are usually complex. A 

typical approach to promoting the safety of safety-critical software is to control the 
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overall risk. Risks must be identified and managed at the early stages of product 

development. 

 

A designer can contribute to controlling the overall risk by following a process of 

eliminating or mitigating design-related use problems that contribute to or cause un-

safe or ineffective use (Zema et al., 2015). As an example, a designer of medical 

device should apply the usability engineering process described in IEC 62366-1. The 

standard describes usability engineering as the application of knowledge about hu-

man characteristics, like behaviour, abilities, and limitations to the design of medical 

devices, systems, and tasks to achieve adequate usability. 

 

Typically, usability engineering is not aimed to increase safety, but rather to under-

stand the mechanisms of interaction and utilising the information to improve design 

(Interaction Design Foundation - IxDF, 2016). To this day, the term “usability” has 

many definitions. The ISO standard "Ergonomics of human-system interaction. Part 

11: Usability: Definitions and concepts” defines usability as the 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, 

2018). The ISO 9241-11 definition of usability includes the aspect of UX because the 

term “satisfaction” encompasses how well the UX, resulting from actual use, meets 

the user’s needs and expectations.  

 

On the other hand, the Nielsen Norman Group, considered a leader in the UX field, 

regards usability as a second level in UX, right after utility. Jakob Nielsen, the co-

founder of the Nielsen Norman Group, also presents his own definition for usability 

in his book “Usability Engineering” (Nielsen, 1993). Unlike the ISO 9241-11 definition, 

he believes that there is more to usability than measuring only effectiveness, effi-

ciency, and satisfaction. Nielsen’s definition considers usability as a quality attribute 

for assessing how easy interfaces are to use, and it is defined by five attributes: 

learnability, efficiency, memorability, errors, and satisfaction (Nielsen, 1993, 

2012). However, in the context of safety-critical software, the main interest of apply-

ing usability engineering is to improve the safety of the system. By achieving ade-

quate usability as it relates to safety, acceptable risk related to use can be achieved. 

The standard IEC 62366-1 states that all aspects of usability, including effectiveness, 
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efficiency, and user satisfaction, can either increase or decrease safety. Neverthe-

less, it considers that the usability attributes of user satisfaction and aesthetics are 

not directly related to safety and are therefore left outside the scope. (IEC, 2016a) 

 

User satisfaction, or UX, in safety-critical domains has been overlooked as can be 

seen also from the scope of IEC 62366-1. However, Hohm et al. (2022) find UX cru-

cial in these fields, especially in acute care, but stress that the current tools and 

methods need improvement to meet industry-specific requirements. They identify 

three reasons why UX is often overlooked in safety-critical systems. The first one is 

that UX concepts initially have been focused on pleasure and fun in the use of tech-

nology. Secondly, most research has emphasised human factors and cognitive psy-

chology, while modern UX theories come from human-computer interaction (HCI) 

community. The third reason is that safety is often prioritised even at the expense of 

UX. On the contrary, Hohm et al. (2022) stress the importance of eudaimonia and 

meaningful interactions with technology in safety-critical work. They also note that 

UX in safety-critical environments, particularly in acute care, differs from consumer 

technology experiences. Current measures for studying consumer technology UX 

might not be suitable for safety-critical domains, and more research is needed. Other 

studies, such as the one from Savioja et al. (2014), support the importance of UX in 

safety-critical domains. They find that UX can reflect the suitability and potential de-

ficiencies of tools for the work. The sources of low UX may indicate deficiencies of 

the tools, which could have serious consequences in safety-critical work. These stud-

ies underline the importance of UX design also in safety-critical domains, despite the 

lack of regulations and standards in this area. 

 

2.2.3 Managing Regulatory Requirements 

 

Managing regulatory requirements when developing regulated software is a chal-

lenge for the manufacturers to solve. Although the development of regulated software 

is considered to be documentation-heavy and slower compared to the typically very 

agile software development, there is an interest in combining the best practices of 

these two to produce higher-quality regulated software easier and faster (Lauk-

karinen et al., 2018). 

 

DevOps is a practice that can be used to facilitate fast development and deployment 
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in software development. The term DevOps comes from development and infor-

mation technology (IT) operations. However, it can extend further than that. The def-

inition of DevOps by Dyck et al. (2015) can be considered the first attempt to unify 

the definition of the approach: 

 

“DevOps is an organisational approach that stresses empathy and cross-functional 

collaboration within and between teams – especially development and IT operations 

– in software development organisations, in order to operate resilient systems and 

accelerate delivery of changes.” 

 

Laukkarinen et al. (2018) identified the ambiguity in the term DevOps, which is why 

they specified that their focus is on how DevOps relates to practices that reduce and 

join repetitive tasks with automation in development, integration, and deployment in 

the context of regulated software. The authors suggest that DevOps tools and prac-

tices could be used to simplify regulatory software development. However, these tool 

chains do not currently meet the precision of traceability required for regulated soft-

ware development. Therefore, these tools and practices require further development 

to better support the development of regulated software. 

 

This approach that supports regulated continuous software delivery can also be 

called RegOps (Toivakka et al., 2021). Especially, the manufacturers of medical de-

vices have even created their own RegOps models. For example, the RegOps model 

that Atostek uses is built in the SCRUM reference around reviews (Leppämäki, 

2022). In this model, the sprint starts with selecting a suitable number of tasks from 

the list of software development tasks that have been generated based on the cus-

tomer’s requirements. During the sprint, the team reviews and approves the updated 

requirements, architectural designs, unit design, interface descriptions, risk tables 

and any other necessary plans of the medical software. After the review, the de-

signed features are implemented, tested and published internally. Implementation is 

reviewed in the sprint demo. Depending on the changes made during the sprint, par-

ticularly if they are related to any risks, the inner circle of the model is carried out. 

This includes validation and review prior to release to production. This process is 

illustrated in Figure 1. 
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Figure 1. An illustration of the RegOps model that Atostek has developed in the 
SCRUM reference around reviews. The figure is applied from Leppämäki (2022). 

 

Similarly, Solita has created their own RegOps model (Granlund, 2020). In their 

model, the outer circle describes the regulatory work and clinical evaluation. These 

activities are carried out by non-developer roles, such as regulatory experts, clinical 

experts, and product owners. The inner cycle illustrates the daily software develop-

ment tasks. These are done iteratively with highly automated regulatory support. The 

aim of this automated process is to ease the regulatory burden as the software de-

velopers tend to be more interested in the technical development rather than regula-

tory aspects. Solita’s RegOps model is described in Figure 2. 
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Figure 2. An illustration of the RegOps model developed by Solita consisting of an 
outer cycle describing the regulatory work and the inner cycle describing the daily 

software development tasks. The figure is applied from Granlund (2020). 

 

These two models have similar elements, but they both focus mostly on the technical 

development. The relationship of these models to design processes, for example, 

usability engineering and tasks related to it are not specified.  

 

2.3 Designing Medical Software 

 

Among the regulated and safety-critical software, this thesis focuses on medical soft-

ware and examines how the MDR (The European Parliament and the Council of the 

European Union, 2017) and harmonised standards are applied in their design in prac-

tice. The following subsections provide an overview to the regulations and standards 

related to medical software design. 
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2.3.1 The Central Regulations and Standards Concerning Med-
ical Software 

 

The main regulation for medical devices in the EU is the MDR. The scope and extent 

to which the device must comply with the regulations depends on its classification. 

Medical devices are further divided into four different classes based on their intended 

purpose and the level of risk associated with them. These classes are class I, class 

IIa, class IIb and class III. This means that the lowest risk medical devices are gen-

erally in class I and the highest risk medical devices in class III. (The European Par-

liament and the Council of the European Union, 2017) 

 

The aim of the MDR is to ensure sufficient functioning of the internal market of med-

ical devices based on a high level of protection of the health of patients and users 

and to take into account the small and medium-sized enterprises active in this field. 

It also sets high standards of quality and safety for medical devices to address the 

common safety concerns. Both objectives are pursued at the same time and on equal 

terms. Moreover, for a medical device to enter the EU market, it needs to have a CE 

marking. The CE marking shows that the device complies with the MDR require-

ments. (The European Parliament and the Council of the European Union, 2017; 

Finnish Standards Association SFS ry, 2023a) In Finland, Fimea is responsible for 

the conformity of medical devices and supervising operators in the sector. This su-

pervision is operated together with other EU authorities. (Fimea, 2023) 

 

Regarding the standards that concern medical devices, The Finnish Standards As-

sociation SFS ry (2023a) mentions six standards that they consider to be central. 

These standards are ISO 13485, ISO 14971, ISO 15223-1, ISO/IEC 27001, IEC 

62304, and ISO/IEEE 11073. From these, ISO/IEC 27001 and ISO 11073 are not 

harmonised standards (Medical Device Consulting Services, 2024). Still, it does not 

mean that they could not be useful in the development of medical devices. Following 

the harmonised standards is optional, but regardless the manufacturer must be able 

to demonstrate the MDR conformity in some way (Finnish Safety and Chemicals 

Agency (Tukes), 2024). From the previously mentioned standards, perhaps the most 

relevant standards for medical software are ISO 13485, ISO 14971, and IEC 62304. 

However, other standards may be relevant to apply depending on the intended pur-

pose and technical properties of the software (Toivakka et al., 2021; Leppämäki, 

2022). One standard that could be added to the list is IEC 62366-1. It is a particularly 
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important standard for a designer to know and apply in their work as it gives instruc-

tions for the application of usability engineering to medical devices. (IEC, 2016a)  

Table 2 presents these central standards and summarises their purposes. 

 
 Table 2. Summary of the most relevant standards for medical software. 

ID Description 

ISO 13485  The standard specifies requirements for a quality management system to 

be used by organisations that need to demonstrate their ability to provide 

medical devices and related services that routinely meet customer and reg-

ulatory requirements (ISO, 2016). 

ISO 14971  The standard defines the terminology, principles and risk management pro-

cess for medical devices, including software, and in vitro diagnostic medi-

cal devices. The process described in this document enables medical de-

vice manufacturers to identify the hazards associated with devices, assess 

the associated risks and the magnitude of those risks, control those risks, 

and monitor the effectiveness of controls. (ISO, 2019b) 

ISO 15223-1 The standard defines the symbols used to provide information about the 

medical device. These symbols may appear on the medical device itself, 

on its packaging or in the information supplied with it. (ISO, 2021) 

ISO/IEC 27001 The standard specifies the requirements for the establishment, implemen-

tation, maintenance, and continuous improvement of an information secu-

rity management system within an organisation. It also includes require-

ments for the assessment and management of information security risks 

tailored to the needs of the organisation. (ISO/IEC, 2022) 

IEC 62304 The standard defines the life cycle requirements for medical device soft-

ware intending to establish a common framework for medical device soft-

ware life cycle processes. This includes a description of the set of pro-

cesses, activities and tasks. (IEC, 2006) 

ISO/IEEE 11073-00103 The standard acts as a guide that describes the landscape of transport-

independent applications and information profiles for personal telehealth 

devices. It defines personal telehealth devices as devices used for life ac-

tivity, wellness monitoring, and/or health monitoring in domestic home, 

communal home, and/or mobile applications as well as professional medi-

cal usage and presents use cases relevant to these scenarios and envi-

ronments. (ISO/IEEE, 2015) 

IEC 62366-1 The standard defines the process by which the manufacturer analyses, 

specifies, develops, and evaluates the usability of a medical device as it 

relates to safety. The usability engineering process enables the manufac-

turer to assess and mitigate the risks associated with the correct use and 

the use error, i.e., normal use. (IEC, 2016a) 
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2.3.2 How does the MDR Apply to Design? 

 

Although not that many, some specific requirements for software only can be found 

in the MDR. Firstly, it requires that medical software needs to be designed to ensure 

repeatability, reliability, and performance aligned with its intended purpose. If a failure 

occurs, appropriate measures must be taken to mitigate the associated risks or deg-

radation of performance. Another requirement is that software development must ad-

here to the contemporary best practices, considering the principles of the develop-

ment life cycle, and risk management, including security, verification, and validation. 

Moreover, software intended to be used with mobile computing systems shall be de-

signed and manufactured taking into account the unique characteristics of the plat-

form like the screen size and contrast ratio and the varying environmental conditions 

encountered in mobile use scenarios. Finally, the MDR sets minimum requirements 

for hardware, IT network features and security measures, including protection 

against unauthorised access, necessary to use the software as intended. (The Euro-

pean Parliament and the Council of the European Union, 2017) 

 

Regarding the roles and expertise required for the manufacturing of medical soft-

ware, the manufacturers of medical devices must have at least one person respon-

sible for regulatory compliance, possessing, for example, relevant education or at 

least four years of professional experience in regulatory affairs or quality manage-

ment. This responsibility could also be shared among multiple people. Additionally, 

a clinical investigator could take part in the manufacturing of medical devices in clin-

ical investigations. The MDR requires that the investigator is a person practicing a 

profession recognised in the Member State that is considered suitable for the role as 

it requires sufficient scientific knowledge and experience in patient care. Other per-

sonnel can also take part in the clinical investigation but to qualify for the task they 

must have suitable education, training or experience in the relevant medical field and 

in clinical research methodology. Although the MDR mentions “design”, it does not 

specify required skills for designers or their role in regulatory compliance, leaving 

room for interpreting what could be the tasks for designers, like UX designers, service 

designers, or usability engineers. (The European Parliament and the Council of the 

European Union, 2017) 

 

Typically, when following the HCD principles, the role of a designer is to get to know 

the people and their context, and understand the root problems to create products to 
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match those (Interaction Design Foundation - IxDF, 2021). This could indicate that 

defining the intended purpose of the medical software could be the designer’s re-

sponsibility. The MDR describes intended purpose as the use for which the medical 

device is intended according to the data supplied by the manufacturer on the label, 

in the instructions for use or in promotional or sales materials or statements and as 

specified by the manufacturer in the clinical evaluation. It would be logical that to 

define the intended purpose, also the intended users and the use environment must 

be identified. Defining the intended purpose is an important part of the design and 

development process for medical devices as it determines whether the device needs 

to comply with the regulations in general. Furthermore, it determines which parts of 

the software are regulated and which medical device class does it belong to. (The 

European Parliament and the Council of the European Union, 2017) 

 

Other possible tasks for a designer could be participating in risk management, clinical 

evaluation, post-market surveillance, and documentation. The MDR requires manu-

facturers to establish, document, implement and maintain a system for risk manage-

ment. The designer’s contribution to risk management may include, for example, 

identifying and analysing foreseeable hazards associated with the medical software, 

estimating and evaluating the risks associated with and occurring during the intended 

use and during reasonably foreseeable misuse, and eliminate or control these risks. 

Specifically, the MDR emphasises eliminating or reducing risks as far as possible 

through safe design and manufacturing. If some risks cannot be eliminated, other 

solutions could be to use other protection measures like alarms or provide infor-

mation for safety in the form of warnings, precautions or contra-indications, or some-

times providing training to the users might be required. Furthermore, the MDR men-

tions that the risks related to use errors could be eliminated or reduced by reducing 

as far as possible the risks related to the ergonomic features of the device and the 

environment in which the device is intended to be used, i.e., design for patient safety.  

The technical knowledge, experience, education, training and use environment, 

where applicable, and the medical and physical conditions of intended users (design 

for lay, professional, disabled or other users) should also be considered. Particularly, 

the last two requirements could be associated with usability and accessibility. (The 

European Parliament and the Council of the European Union, 2017) 

 

The MDR requires the manufacturers of medical devices to conduct clinical evalua-

tion. Clinical evaluation is described as a systematic and planned process designed 
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to continuously generate, collect, analyse, and evaluate clinical data on a device to 

verify the safety and performance of the device, including its clinical benefits, when 

used as intended by the manufacturer. Clinical data means information concerning 

safety or performance generated from the use of a medical device. It can emerge 

from clinical investigations conducted on the device, relevant scientific literature con-

cerning the device or an equivalent device, or relevant information coming from post-

market surveillance. To specify, clinical investigations are systematic investigations 

involving one or more human subject conducted to evaluate the safety or perfor-

mance of a device. Clinical evaluations are important for demonstrating that the med-

ical device has clinical benefits. This refers to the positive impact the device has on 

the health of an individual, which can be expressed as meaningful, measurable, and 

patient-relevant outcomes. A part of clinical evaluation should also be to give careful 

consideration of currently available alternative treatment options for the same pur-

pose, if there are any. Moreover, clinical evaluations are closely linked to risk man-

agement as the MDR describes that the risk management system should be carefully 

aligned with and reflected in the clinical evaluation of the medical device. The MDR 

requires that a plan regarding the objectives, design, methodology, monitoring, sta-

tistical aspects, organisation and conduct of the clinical evaluation must be drawn 

up. As testing and evaluating the user interface (UI) are typical tasks for designers, 

participating or at least planning clinical evaluation and iterating the design based on 

it could be a natural part of the designer’s work. (The European Parliament and the 

Council of the European Union, 2017) 

 

A post-market surveillance system that the manufacturers must plan, establish, doc-

ument, implement, maintain, and update is another requirement of the MDR. The 

scope of it should be based on the classification of the medical device. The post-

market surveillance system should actively and systematically gather, record, and 

analyse relevant data on the quality, performance, and safety of the device through-

out its life cycle. The MDR does not elaborate on how designers participate in post-

market surveillance. However, it could be interpreted that the designers participate 

in planning and doing corrective actions on the design based on the data gathered 

by the system. For example, the MDR mentions that the data should particularly be 

used for the identification of options to improve the usability, performance, and safety 

of the device, which could be seen as tasks for a designer. (The European Parliament 

and the Council of the European Union, 2017) 
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Finally, documentation is an essential way for the manufacturers of medical software 

to demonstrate conformity with the MDR. The regulations describe that the manufac-

turers of medical devices, other than custom made devices, shall create and maintain 

technical documentation on them. The technical documentation should be extensive 

enough to allow the conformity of the medical software with the MDR requirements 

to be assessed. The MDR describes that the documentation should be presented in 

a clear, organised, readily searchable and unambiguous manner. Particular elements 

that should be found in the documentation are device description and specification, 

reference to previous and similar generations of the device, information to be sup-

plied by the manufacturer, design and manufacturing information, general safety and 

performance requirements, benefit-risk analysis, risk management, and product ver-

ification and validation. Additional documentation is required also on the post-market 

surveillance. This indicates that the designer needs to participate in producing the 

technical documentation, for example, by documenting their design methodology. 

(The European Parliament and the Council of the European Union, 2017) 

 

2.3.3 How do the Standards Apply to Design? 

 

By analysing the MDR requirements, it seems that usability engineering is probably 

the most obvious task for a designer to take responsibility on. In the MDR, it is ex-

pressed that the manufacturer shall eliminate or reduce risks related to use error by 

reducing as far as possible the risks related to the ergonomic features of the device 

and the environment in which the device is intended to be used, or in other words 

design for patient safety. One challenge is to assess whether the risks are acceptable 

and whether reducing them is worth it, given their impact on the benefit-risk ratio. 

(The European Parliament and the Council of the European Union, 2017) 

 

Following a usability engineering process for medical devices could be a way for 

reducing the risks related to the ergonomic features. Although the manufacturers of 

medical devices should establish, document, and maintain a comprehensive risk 

management process, such as the one defined in ISO 14971, the risk management 

process can be complemented by other processes, such as the usability engineering 

process for medical devices described in IEC 62366-1. By following the standard, 

designers can contribute to risk management, since the usability engineering process 
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aims to identify and minimise use errors and thereby reduce use-associated risks. It 

is important to point out that the risks being assessed and mitigated are associated 

with the normal use of the device. Normal use can include correct use and use errors 

whereas abnormal use means a conscious, intentional act or wilful misconduct that 

is contrary to or in violation of normal use and exceeds the reasonable means of UI-

related risk control. Correct use, on the other hand, is normal use without use error.  

Use error means a user action or lack of it when using the medical device which 

leads to a different outcome than intended by the manufacturer or expected by the 

user. Following the usability engineering process includes identifying the risks asso-

ciated with the abnormal use but not assessing or mitigating them. The objective is 

to optimise medical device usability as it relates to safety. This shows that usability 

engineering and risk management are closely linked together, and they both aim at 

improving the safety of the medical device. Applying the usability engineering pro-

cess can provide other benefits, such as improved customer satisfaction, but those 

are beyond the scope of the IEC 62366-1 standard. (IEC, 2016a) 

 

Implementing the usability engineering process described in IEC 62366-1 and prov-

ing compliance with the standard requires the manufacturer to establish and docu-

ment the process. This indicates that the design process needs to be planned in 

advance. Additionally, the standard states that the usability engineering activities for 

a medical device must be planned, carried out and documented by personnel who 

are qualified by appropriate training, qualifications, skills, or experience. The usability 

engineering process described in the standards consists of the following stages:  

 

1. Preparing the use specification 

2. Identifying U characteristics related to safety and potential use errors, 

3. Identifying known or foreseeable hazards and hazardous situations 

4. Identifying and describing hazard-related use scenarios 

5. Selecting the hazard-related use scenarios for summative evaluation 

6. Establishing UI specification 

7. Establishing UI evaluation plan 

8. Performing UI design, implementation, and formative evaluation 

9. Performing summative evaluation of the usability of the interface 
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Preparing the use specification includes describing the intended medical indication, 

for example, conditions or diseases to be monitored, patient population, part of the 

body or type of tissue applied to or interacted with, user profile, use environment and 

operating principle. The use specification is an important input in determining the 

intended purpose of the medical device. (IEC, 2016a) 

 

The next step is closely related to the risk management standard ISO 14971, which 

requires manufacturers to perform risk analysis to identify safety-related UI features. 

The standard ISO 14971 provides a list of questions that could be used in the iden-

tification but also tools and techniques from the usability engineering process could 

be utilised. The identified UI characteristics in combination with use specification are 

then used to identify use errors that occur and are related to the UI. (IEC, 2016a) 

 

Then the manufacturers need to identify known or foreseeable hazards and hazard-

ous situations that might have an impact on patients, users or others related to the 

use of the medical device. Again, this procedure should be conducted as a part of a 

risk analysis performed in compliance with the ISO 14971 standard. The use speci-

fication, information on hazards and hazardous situations known for similar existing 

UIs of medical devices and identified use errors should be considered in the identifi-

cation. The manufacturer should then identify and describe the reasonably foresee-

able hazard-related use scenarios that are related to the hazards and hazardous 

situations. The tasks, sequences of them and severity of the associated harm should 

be included in the description. From the hazard-related use scenarios, the manufac-

turer shall select either all of them or a subset of them based on the severity of po-

tential harm that could be caused by use error for summative evaluation. However, 

additional selection schemes can be used depending on other circumstances specific 

to the medical device and the manufacturer. (IEC, 2016a) 

 

Going forward, the manufacturer shall establish and maintain a UI evaluation plan for 

the UI specification. The plan should include documentation of the objective and 

identify the method of the planned formative and summative evaluations. Formative 

evaluation means evaluation of the UI with the purpose of revealing strengths and 

weaknesses of the design and unanticipated use errors. When implemented itera-

tively throughout the design and development process, it can be used to guide the 

UI design towards higher quality level. However, it should be done before moving on 
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to summative evaluation. Formative evaluation also aims to increase the likelihood 

that the final design passes the summative evaluation successfully. (IEC, 2016a) 

 

Summative evaluation, on the other hand, means the evaluation of the UI that is 

carried out at the end of the UI development. It aims to obtain objective evidence 

proving that the UI is safe to use. Additionally, summative evaluation can be seen as 

the validation of the use-related safety aspects of the UI. It is important to notice that 

the individuals directly responsible for the design of the UI should not participate in 

conducting the summative evaluation. One main difference between formative and 

summative evaluation of usability is that summative evaluation has formal ac-

ceptance criteria whereas formative evaluation typically does not. Thus, the point 

where no additional formative evaluation is required should be when there is a strong 

indication that the final acceptance criteria of the summative evaluation could be ful-

filled. To prove that the final acceptance criteria were met, they need to be docu-

mented. Examples of these criteria could be that there are no use errors that lead to 

harm or that no use errors lead to unacceptable risk of harm. (IEC, 2016a) 

 

The plan for formative evaluation should cover the evaluation methods used to as-

sess UI elements, such as their recognisability, understandability, and operability. It 

should also specify which elements of the UI will be evaluated and the timing of these 

evaluations in the usability engineering process. Summative evaluation plan should 

also specify the evaluation method used, with the addition of providing a rationale 

that it generates objective evidence. Moreover, it should describe which part of the 

UI will be evaluated, the criteria for evaluating safety information's perceptibility, un-

derstandability, and support for correct device use, and considerations for accompa-

nying documentation availability and training provision during the summative evalu-

ation. It is likely that the planning of the summative evaluation might not be finalised 

until after the formative evaluation is completed. If usability tests are conducted as 

parts of the evaluations, the participation of representative intended users and their 

user profiles should be documented to the UI evaluation plan. In addition, the test 

environment and the conditions of use that are based on the use specification should 

be covered in the documentation. The plan should also specify whether accompany-

ing documentation is provided during the test and whether training on the medical 

device is provided in advance, as well as the minimum time between training and the 

test. (IEC, 2016a) 
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After the UI evaluation plan has been established, the next step in the process is to 

perform UI design, implementation and formative evaluation. The design of the UI 

should be focused on the user’s needs and requirements, which is why formative 

evaluation is crucial. The manufacturer designs and implements the UI with the ac-

companying documentation and training capability if seen necessary. Different usa-

bility engineering methods and techniques should be utilised as seen appropriate to 

aid the design and implementation. Iteration should be done based on formative eval-

uation findings by repeating some previous steps of the process. The UI design 

should be a multidisciplinary team effort. The standard suggest that the team could 

include actual users, engineers, UI specialists, cognitive psychologists, multimedia 

programmers, usability engineers, marketing and training personnel. (IEC, 2016a) 

 

The final step in the usability engineering process is to perform summative evaluation 

of the usability of the UI. This happens at the point where the design and implemen-

tation can be considered otherwise ready. The summative evaluation is performed 

on each of the previously selected hazard-related use scenarios. The data provided 

by this evaluation is analysed to identify any potential consequences of the use errors 

that occurred. If these consequences can be linked to hazardous situations, the un-

derlying causes of each use error must be determined. If new use errors, hazards, 

hazardous situations or hazard-related use scenarios are discovered, iteration of the 

UI is required. Otherwise, the manufacturer must assess whether improvements to 

the UI are necessary and feasible from a safety point of view. Finally, when the usa-

bility engineering process has been performed as described in IEC 62366-1, the us-

ability of the medical device as it relates to safety is acceptable, unless there is ob-

jective evidence to the contrary. (IEC, 2016a) 

 

The steps of the process flow quite linearly in the description but there are a couple 

of points where the standard suggested that iteration would be desirable. Firstly, it is 

said that formative evaluation should be performed frequently and iteratively through-

out the design and development process. If formative evaluation suggests that more 

refinement is needed, the designer should go back in the process and update UI 

specification accordingly. In addition, if the identified problems are more severe, the 

design process should be restarted from the beginning of the process. At the end of 

the process, after summative evaluation, the designer should again evaluate is new 

problems were identified or further improvement would be necessary and practicable. 
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Again, if further improvement is considered the process should be repeated starting 

from updating the UI specification. On the other hand, if new problems were identi-

fied, it is advisable to go back to the beginning of the process and repeat the steps. 

(IEC, 2016a) 

 

Like the MDR, the usability engineering standard also requires documentation to 

prove the compliance with it. The standard mentions that the compliance with differ-

ent parts of the standard is check by inspection of the usability engineering file. It 

describes usability engineering file as a set of records and other documents that are 

produced by the usability engineering process. However, it is specified that the usa-

bility engineering file does not need to physically contain all the records and other 

documents generated by the usability engineering activities. Regardless, at least ref-

erences or pointers to the required documentation should be provided. (IEC, 2016a) 

 

The standard IEC 62366-1 describes that effort and the choice of methods and tools 

used to perform the usability engineering may vary depending on five factors. The 

first one is the size and complexity of the UI The second factor is the severity of the 

harm associated with the use of the medical device. The third one is the extent or 

complexity of the use specification. The fourth factor is the presence of UI of unknown 

provenance and the fifth is the extent of the modification to an existing medical device 

UI that had been subject to the usability engineering process. The standard provides 

a lot of freedom for the designer to choose the methods they use in the process. For 

example, it is said that the UI evaluation methods may be quantitative or qualitative. 

(IEC, 2016a) However, the companion technical report, IEC 62366-2, is more com-

prehensive and has a broader focus than IEC 62366-1. In addition to how usability 

relates to safety, it also considers other usability attributes such as task accuracy, 

completeness and efficiency, and user satisfaction. IEC 62366-2 provides a table 

that presents the recommended application of usability methods. (IEC, 2016b) These 

are shown in Table 3. 
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Table 3. A table of usability methods and their recommended application as de-
scribed in IEC 62366-2 (IEC, 2016b). 

Method 

S
u

b
c

la
u

s
e
 

U
s
e
r 

re
s
e
a
rc

h
 

A
n

a
ly

s
is

 

D
e
s
ig

n
 

c
o

n
c

e
p

tu
a
li

s
a
-

ti
o

n
 

D
e
s
ig

n
 i
m

p
le

m
e
n

ta
ti

o
n

 

F
o

rm
a
ti

v
e
 e

v
a
lu

a
ti

o
n

 

D
e
s
ig

n
 f

in
a

li
s
a
ti

o
n

 

S
u

m
m

a
ti

v
e
 e

v
a
lu

a
ti

o
n

 

P
o

s
t-

p
ro

d
u

c
ti

o
n

 a
n

a
ly

s
is

 

Advisory 

panel reviews 

E.2 X X X X X X X X 

Brainstorm use 

scenarios 

E.3  X X  X    

Cognitive 

walkthrough 

E.4 X  X  X   X 

Contextual  

inquiry 

E.5 X X X     X 

Day-in-the-life 

analysis 

E.6 X X X      

Expert reviews E.7   X X X X X  

FMEA and FTA E.8 X X X X X X X X 

Focus groups E.9 X X X X X X   

Function 

analysis 

E.10 X X X X X   X 

Heuristic 

analysis 

E.11 X  X  X X  X 

Observation E.12 X X X  X  X X 

One-on-one 

interviews 

E.13 X X X X X X X X 

Participatory 

design 

E.14 X  X  X    

PCA analysis E.15 X X X  X  X X 

Simulation E.16 X X X X X  X  
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Standards 

reviews 

E.17   X X X X X  

Surveys E.18 X  X  X  X X 

Task analysis E.19 X X X X X X X X 

Time-and- 

motion studies 

E.20 X X X X X    

Usability tests 16.2.4 X    X  X  

Workload 

assessment 

E.21 X X X X X    

 

The table shows that there are many suitable methods that can be applied in the 

usability engineering process. All these methods can even be used in more than one 

way. IEC 62366-2 elaborates that especially the following methods are recom-

mended for developing the use specification: contextual inquiry, observation, inter-

views, surveys, expert reviews, advisory panel reviews and usability tests. Suitable 

methods for defining and analysing hazard-related use scenarios are brainstorming 

use scenarios, contextual inquiry, day-in-the-life analysis, FMEA and FTA, focus 

groups, function analysis, literature reviews, observation, one-on-one interviews, and 

task analysis. Formative evaluation can also be done with a variety of methods, but 

the standard emphasises that the most common ones are different types of reviews, 

cognitive walkthrough, and usability tests. Summative evaluation, on the other hand, 

often includes conducting a usability test under conditions of simulated use. How-

ever, if the scope of the summative evaluation is limited to minor changes of the UI 

and no hazard-related use scenarios are present, specifically associated with serious 

harm, expert reviews could be a sufficient method to replace a usability test. It is 

important to remember that IEC 62366-2 merely gives recommendations for the ways 

in which these methods can be applied, it could be that in reality the methods are 

used in more versatile ways than those presented above and other methods than 

these could also be used. (IEC, 2016b) 

 

2.3.4 An Overview of Medical Software Design Guidelines 

 

In addition to the standards, several guidelines and frameworks have been devel-

oped to aid the design and development of medical software. However, many of the 
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guidelines that consider the compliance with the regulations related to medical soft-

ware focus on the development process rather than the design process specifically. 

Examples of these are the RegOps models developed by companies operating in the 

industry (Granlund, 2020; Leppämäki, 2022), the framework created by Zema et al. 

(2015) and the MEDIFRAME framework proposed by Seifert et al. (2002). Addition-

ally, some guidelines are focused on software that might be used in healthcare con-

texts or for other health purposes, but do not classify as medical software. There are, 

for example, the guidelines developed for considering usability and safety in the in-

terface design of electronic medical records Zahabi et al. (2015) and a guide consist-

ing of a set of criteria for mHealth-related apps by Llorens-Vernet and Miró (2020). 

 

Furthermore, some guidelines are specific for different activities required to be car-

ried out in the design and development of medical software. For example, Ludvigsen 

et al. (2022) have created a framework to assist in defining when software is a med-

ical device. The purpose of the paper was to shed light on the grey area that is related 

to defining when the software is a medical device. By this, the authors refer to the 

possibility for manufacturers to circumvent the requirements of the MDR by claiming 

that their device is not a medical device. Nonetheless, it might be that the software 

is still used for medical purposes by laypersons or medical professionals, which vio-

lates the regulations and could be dangerous for the users. The framework ad-

dresses this issue by proposing sources for distinguishing direct and indirect inten-

tion, based on how obvious the medical intention of the software is. For direct inten-

tion, inspecting the inform from marketing materials, information from internal docu-

mentation and informal information sources is proposed. For indirect intention, it sug-

gests inspecting the data-gathering practices, software specifications and data anal-

ysis of the software. In the end, the authors emphasise that it would be ideal if the 

MDR would expand their idea and terminology of what intention includes, so that it 

would include the definition of what software does in practice. Another example of 

the support provided for complying with specific MDR requirements is a hazard anal-

ysis method created by Masci et al. (2017) that extends Leveson’s System Theoretic 

Process Analysis (STPA) with a comprehensive set of causal factor categories. The 

method aims for systematic identification of safety requirements for software UI in 

medical devices. Compared to STPA the method helps to identify more software UI 

design issues likely to cause use-related hazards. 

 

The review of current practices of HCD approaches in health research and innovation 
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by Göttgens and Oertelt-Prigione (2021) shows that different design approaches are 

widely used in the healthcare industry. Specifically, the paper focuses on investigat-

ing the application of HCD, design thinking (DT) and user-centred design (UCD). 

What these approaches have in common is that they prioritise the user’s needs and 

the participatory and iterative nature of the design process. The difference between 

the three approaches is that HCD and DT approaches primarily target understanding 

the context and defining the problem, whereas UCD approaches are more focused 

on the direct generation of solutions. Additionally, HCD and DT focus on involving 

end-users as design partners, whereas UCD mainly involves end-users in testing 

and as informants. The review showed that three standards or models were fre-

quently mentioned in the studies and used as references. These were the ISO Stand-

ard 9241-210 for HCD of interactive systems, The HCD IDEO Field Guide to Human-

Centred Design and the Hasso Plattner Institute School of Design Thinking models. 

In Figure 3, it is illustrated how these three models compare to each other. 

 

Figure 3. An illustration, applied from Göttgens and Oertelt-Prigione (2021), of the 
mostly used HCD standards or models in health research and innovation. 

 

Other efforts have been made to create guidelines for the application of the HCD, DT 

and UCD approaches in health, wellness and medical contexts, some of them even 

targeting software. For example, a set of HCD based guidelines, called INTRPRT is 

suggested by Chen et al. (2022). The INTRPRT guidelines recommend following the 

HCD principles, so that formative user research is the first step to understanding user 
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needs and domain requirements. The guidelines are aimed for increasing the likeli-

hood of algorithms affording transparency and enabling stakeholders to capitalise 

the benefits of transparent machine learning systems for medical image analysis. 

The authors highlight that following the HCD principles in highly specialised and risky 

domains, such as medical image analysis, is challenging due to the limited availability 

of end-users and the imbalance there is between the users and machine learning 

designers. Carroll and Richardson (2016), on the other hand, have developed the 

Connected Health Innovation Framework that demonstrates how guidelines for 

healthcare innovation supported by DT can complement software requirements en-

gineering of Connected Health. They emphasise that further testing of the framework 

is required to validate it for different Connected Health solutions, including wellness 

devices and medical devices. An example of UCD guidelines was described in the 

paper by Wiebeliz et al. (2022). Their work was specifically focused on providing 

generally applicable UCD guidelines for the UX design of artificial intelligence (AI) 

based mobile medical applications. The focus areas of the guidelines are interaction 

design, information architecture, information design, interface design, sensoric de-

sign and navigation design. However, these guidelines are more developer-oriented 

than designer-oriented.  

 

Regarding the methods that are applied in the design processes, the research by 

Göttgens and Oertelt-Prigione (2021) show that most design studies utilise a mixed 

methods approach, combining qualitative and quantitative research methods with 

design methods. The qualitative or mixed methods are most used in the first and last 

phases of the design process for understanding the users’ needs or evaluating the 

UX. For example, interviews, observations, and literature reviews are common qual-

itative methods to use in the first design phase. On the other hand, the widest range 

of design methods are used during the second and third phases of the design pro-

cess, which are problem specification and idea generation. Moreover, most design 

methods are used only in one particular design phase, but there are some methods 

that are applied in multiple phases of the design process. Examples of these are 

personas, intervention mapping, or the Wizard of Oz techniques. The review also 

shows that in the future special focus should be placed on the congruence between 

the chosen methods, design strategy, and achievable outcomes. Furthermore, when 

implementing co-design sessions with multiple stakeholders, especially if vulnerable 

groups are involved, power dimensions, agency, and intersectionality must be con-

sidered. However, it is important to notice that the review by Göttgens and Oertelt-
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Prigione (2021) covers both health and medical software, and also other types of 

medical devices than merely software. Thus, the paper has a wider scope than this 

thesis. 

 

The study conducted by Bitkina et al. (2020) is more specifically focused on the meth-

ods used in medical device design. If focuses particularly on the usability and user 

experience methods used for designing medical devices. The authors identify usa-

bility as a subset of UX, meaning that UX can be assessed from the perspectives of 

usability, user value and affect. The evaluation of medical device UX shows that the 

focus of the methods is on usability, while in the evaluation of consumer goods UX, 

the scope is wider since affect and user value are also considered. Based on the 

review, the primary methods used for UX analysis in the medical industry are ques-

tionnaire, interview, observation, manual review of literature, focus-group interview, 

benchmarking testing, heuristic evaluation, think-aloud protocol and cognitive 

walkthrough. Additionally, the authors identify several methods that are used for the 

assessment of UX in the medical field. These are presented in Figure 4. 

 

Figure 4. Methods used for the assessment of UX, including usability, in the medi-
cal field. The figure is applied from Bitkina et al. (2020). 

 

Most of these methods are aimed for assessing usability, which reinforces the un-

derstanding that medical device design is usability oriented. However, the research 

by Reisemann and Krupp (2021) studies if UX is a suitable goal in the development 



43 
 

of medical devices. It suggests that considering UX in addition to the regulatory re-

quirement to avoid harm for use might be beneficial. The authors emphasise espe-

cially the perspective that thorough understanding of users is essential for mitigating 

use errors as well as promoting UX. To achieve this, UX methods like personas, user 

journey maps, and empathy maps could be beneficial as they help the design team 

to better empathise with the users or even build relations to future users. 

 

This subsection showed that many approaches are used in medical software design. 

Additionally, a variety of different methods can be applied in the design process. The 

use of methods indicates that the focus of the design is on usability engineering, but 

it is possible that utilising also other methods, like UX methods, in the design process 

might have benefits. However, there seems to be a lack of general guidelines that 

specifically address the design of medical software, such as the steps to carry out in 

the design process and methods to utilise that also support the compliance with the 

regulations. 
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3. RESEARCH METHODOLOGY 

This chapter introduces the chosen research methodology, including reasons why 

and how it was chosen. Additionally, a description of how the questionnaire and in-

terviews were conducted and analysed is provided. 

 

3.1 The Qualitative Research Approach 

 

In this thesis, the initial assumption was that the MDR, and harmonised standards 

have an impact on the design process and choice of methods when designing med-

ical software. By analysing the MDR and standards regarding medical devices, im-

plications were found that the regulations have an impact also on the design work. 

However, little research has been done on what are the best practices for designing 

medical software in compliance with the relevant regulations. This helped to deter-

mine the focus, refine the final research question, and choose the appropriate re-

search methodology. 

 

Research methods can be roughly categorised into qualitative and quantitative meth-

ods (Kallinen & Kinnunen, 2024). The methods applied in design research can be 

qualitative, quantitative or a combination of these two (Blessing & Chakrabarti, 2009). 

This research is mainly qualitative, consisting of multiple methods. Using multiple 

methods for data collection is beneficial as it increases the reliability of the research 

and widens the perspective (Blessing & Chakrabarti, 2009; Hirsjärvi & Hurme, 2022). 

In general, a qualitative approach is applied to investigate the nature of phenomena, 

especially from the participant’s point of view (Blessing & Chakrabarti, 2009; Juuti & 

Puusa, 2020). Since the number of participants in qualitative research is usually 

small, the aim is not to generalise the results but rather to gather new information 

and deepen the understanding of the phenomenon under inspection. Qualitative re-

search can be considered the opposite of quantitative research, meaning that the 

information is presented in natural language instead of numerical data. Qualitative 

research was considered to be the most suitable approach for this research since 

the research focuses on the experiences of medical software designers and their 

ways of working. In addition, design research is often data-driven meaning that the 
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data collection is based on research questions rather than hypothesis, as the area of 

design is still relatively unexplored. Particularly, when no obvious and relevant theo-

ries are available, it is recommended to use the data-driven approach. Therefore, the 

approach used in this research was a qualitative data-driven approach.  

 

In this research, qualitative data was collected with a questionnaire and a semi-struc-

tured interview. The data collection was done in Finnish to ensure clear communica-

tion as the interviewer and all the participants spoke Finnish as their mother tongue. 

First, the questionnaire provided and overview of the topic and helped to select the 

interview participants. Based on the answers of the questionnaire, the interview plan 

was adjusted to ensure the research question is addressed effectively. The emphasis 

of the data collection was on the interviews because the data they offer is generally 

richer and more in-depth compared to a questionnaire. Individual interviews were 

chosen over group interviews. Group interviews could be an effective way to collect 

data from multiple interviewees, but there is a risk that some participants are more 

dominant than others limiting its benefits (Hirsjärvi & Hurme, 2022). The combination 

of a questionnaire and interview was assumed to provide a richer approach to data 

collection than a group interview alone. A questionnaire can reach a larger number 

of respondents and collect more general information at first, while interviews allow 

for a deeper understanding of the experiences and views of individual participants. 

The data was collected and analysed partially together with a doctoral researcher 

representing the commissioning company. Furthermore, the collected data can also 

be used for the needs of the doctoral researcher and the commissioning company. 

 

Requirements for the participants were that they must have taken part in the design 

of medical software at least once during their career. The role of the participant could 

be, for example, service designer or UX designer. Most of the participants work at 

the same company but one participant was recruited from another company to get a 

differing viewpoint. Interviewing experts in the field is very important for understand-

ing the practical application of the regulations and standards and the implications for 

design work. 
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3.1.1 Collecting Background Information Through a Question-
naire 

 

The data collection started with conducting an online questionnaire on Microsoft 

Forms. A questionnaire can be used, for example, to collect people’s thoughts, be-

liefs, reasons, and opinions regarding past, present or future facts and events 

through different questions (Blessing & Chakrabarti, 2009). The questions can be 

either open or closed, but the important thing is that they are unambiguous, interest-

ing, and quick to answer. This helps to motivate participants to spend their time and 

effort on it. While preparing the questionnaire, this was considered, and the initial 

number of questions was reduced by four questions. The participants were also mo-

tivated to participate by explaining thoroughly how the information they share will be 

used and how it can make an impact in the field. 

 

The questionnaire consisted of 19 questions and was divided into three sections. 

Three of these questions were multiple-choice questions and the rest were open-

ended questions. The first section aimed to collect background information about the 

participants while the second section aimed to find out how the designers typically 

solve design problems and which methods they use. Additionally, under inspection 

was whether these differ when designing medical software. The final section aimed 

to investigate the impact of regulations and standards on medical software design in 

more detail. All questions were optional to avoid distorted answers. The question-

naire questions are presented in Appendix 1. 

 

The target group of the questionnaire was contacted at the end of December 2023. 

Solita helped to identify potential participants that matched the requirements. Infor-

mation about the questionnaire that was planned to be launched in January was 

shared on the channel and the people were asked to inform if they were willing to 

participate. Additionally, an official invitation letter and a consent form, presented in 

Appendix 2 were shared with them. The questionnaire was sent by email on the 8th 

of January 2024 to the ones who had signed up. The answers were initially planned 

to be collected by the 17th of January 2024, but the time slot was extended until the 

26th of January to get enough answers.  
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3.1.2 Task-Based Interviews 

 

Interviews are one of the most used methods in qualitative approaches. Interviews 

are usually conducted for similar purposes to questionnaires, but they are usually 

carried out in a way that allows the interviewee and the interviewer to interact with 

each other. Compared to a questionnaire, the benefits of interviews are, for example, 

that they give the interviewee more scope to interpret the questions, they are more 

flexible and allow for clarification if needed (Hirsjärvi & Hurme, 2022).  

 

There are several ways to implement interviews. The most common way to classify 

the interview types is unstructured, semi-structured and structured interviews (Bless-

ing & Chakrabarti, 2009). Especially, the use of less structured interviews has in-

creased in the recent years (Hyvärinen et al., 2017; Hirsjärvi & Hurme, 2022). There 

is no single definition of a semi-structured interview, but what is common is that some 

aspects of the interview are typically pre-determined, but not all. For example, in most 

semi-structured interviews, the questions, perhaps even the formatting of them, is 

the same for all interviewees. According to Hirsjärvi and Hurme (2022), a thematic 

interview is a type of semi-structured interviews where the term “thematic” refers to 

the idea that instead of focusing too much on detailed interview questions, the inter-

view follows predefined themes. In this thesis, the interviews resemble semi-struc-

tured thematic interviews. It seemed like a suitable method as it leaves room for 

deeper discussion on interesting topics but ensures that the necessary themes are 

covered in each interview. 

 

However, the interviews conducted in the study were not the traditional type as they 

were combined with various tasks, which were then discussed in the form of an in-

terview. The term “task-based interview” could be used to describe this kind of inter-

view (Agner et al., 2011; Thomas et al., 2023). The tasks were chosen as a comple-

mentary method to the interviews, because the visualisation of the thinking was con-

sidered to support the thinking process of the participants. When the participants 

were able to see, for example, their description of the design process in front of them, 

they could review it and further iterate it. This was thought to provide more accurate 

results. Additionally, a think-aloud method was applied to capture the thinking pro-

cess of the participants. Think-aloud method refers to the method where participants 

are asked to verbalise their thoughts while working on a task (Blessing & Chakrabarti, 
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2009). The tasks were prepared and completed in a digital collaboration platform 

called Miro. 

 

Initially, there were four tasks. In the first task, the design methods that emerged from 

the questionnaire were presented to the participants. The idea was that the partici-

pants could choose the methods they prefer to use when designing medical software. 

They could also choose to add new methods if needed. This task aimed to show 

which methods are most suitable for designing medical software. In the second task, 

the participants were asked to describe a quick overview of the phases of the medical 

software design process. In the third task, the aim was to find out which methods are 

suitable for which part(s) of the design process. The participants were asked to link 

the methods they had chosen in the first task to the suitable phase of the design 

process they had described in the second task. The final task consisted of a proximity 

graph, whose purpose was to gather information about the expertise and roles 

needed for designing medical software. Interview questions were asked during and 

between the task completion when appropriate. A pilot interview was conducted to 

test how the planned method worked. It showed that the initial plan was too time-

consuming and there was some overlapping between the tasks. It was decided that 

the first task did not provide much additional information compared to the three latter 

tasks. Similar information could be achieved without it as suitable methods would be 

covered also in task three. Therefore, the final tasks consisted of the last three tasks 

of the initial plan. Those are presented in Appendix 3. 

 

The interviews were conducted between 9.2.-19.3.24 and there were five participants 

in total. The participants were chosen based on the questionnaire answers. The af-

fecting factors for choosing the interviewee were their current role and experience 

level in it, years of experience working in designing medical software and the insight-

fulness of their questionnaire answers. It was preferrable that the participants had 

slightly different design backgrounds to get a holistic view of the topic. Additionally, 

the more experience the participants had the better, as it was considered to reflect 

the expertise of the interviewee. One interviewee was also recruited from outside the 

questionnaire respondents to have a benchmark outside the collaborating company.  

 

The interviews were conducted remotely via the Microsoft Teams online video meet-

ing service. The interviews lasted approximately 1 hour and 15 minutes and were 

recorded on video. In addition, the automatic transcription offered by Teams was 
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used. At the beginning of the interview, verbal consent was obtained from the inter-

viewees to participate and to use the data in the research. Before the interview ses-

sion, the interviewees were also given access to a written consent form. Interview 

recording and transcription were immediately saved after the interview on the re-

searchers' shared network drive and titled according to the interview participant ID. 

 

In qualitative research, a good practice is to analyse the interview data simultane-

ously with data collection, interpretation and narrative reporting (Blessing & 

Chakrabarti, 2009; Hirsjärvi & Hurme, 2022). It helps to verify that the methods are 

applicable in their context of use and maximise the data coverage, which is why this 

practice was also applied in this research. In practice, this meant that the interview 

framework remained largely the same throughout the process, but the emphasis was 

on questions and themes, and the time spent on them varied somewhat based on 

previous interviews. Continuous analysis also allowed the adequacy of the data to 

be assessed by examining the saturation of the data as the data collection pro-

gressed. Saturation refers to the situation where new data from new interviewees no 

longer produces new information relevant to the research question. An interview 

guide was used to help follow the interview framework in the interviews. From the 

guide, appropriate questions could be chosen and adjusted to suit the course of each 

interview. The interview guide can be found in Appendix 4. 

 

3.2 Data Analysis 

 

The data was analysed with the research question constantly in mind. It guided, 

which parts were taken under closer inspection to ensure that the results answered 

to it. The focus of the analysis was on the interview data, as it offers more compre-

hensive and in-depth insights compared to the questionnaire. The main purpose of 

the questionnaire is to provide background information for the selection of suitable 

interviewees and the preparation of the interview structure. 

 

3.2.1 Questionnaire Data Analysis 

 

Since the sample size is relatively small in this research, no statistical methods were 
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used. The results of the multiple-choice questions were simply presented in graphs 

drawn initially by Microsoft Forms and translated into English. To analyse the data 

from the open-ended questions, the questionnaire data was first exported from Mi-

crosoft Forms to Excel. There it was first simplified and then analysed following the 

principles of creating an affinity diagram (Beyer & Holtzblatt, 1998). Generally, when 

assembling an affinity diagram, individual notes are first brought to the wall, where 

they are arranged in a diagram based on their similarities. This method ensures that 

the key themes emerge from the data. In this research, an online collaborative white-

board tool called FigJam was used instead of placing paper notes on a physical wall 

as Beyer and Holtzblatt (1998) described. The online tool was considered to be more 

efficient, for example, because building and modifying the diagram is more efficient 

online. Building the affinity diagram was an iterative process where the groups and 

themes were reorganised multiple times during the data analysis to reach the final 

result. Depending on the complexity of the data, a hierarchy can be created by or-

ganising groups into further categories or themes (Interaction Design Foundation - 

IxDF, 2017). Typically, individual notes are arranged on top of each other based on 

their similarities. These are then given a group name that summarises the points 

below. Different groups can be further grouped into second-level groups if similarities 

can be found in them. The top label identifies the area of concern covered by the 

groups below it.  

 

Design methods, tools and the versatile roles of a designer were considered inde-

pendent areas of concern from the start, as they were distinguishable from the rest 

of the data. Therefore, information on them was analysed separately to investigate 

what kind of methods, tools and roles are involved in designing medical software. 

The rest of the data was then divided into two main categories: “impact of require-

ments on medical software design” and “designer's ways for regulatory compliance”. 

 

3.2.2 Interview Data Analysis 

 

To analyse interview data, it must be processed first. This usually includes transcrib-

ing the video recordings (Blessing & Chakrabarti, 2009). Although automatic tran-

scription was used for the interviews in this research, each transcription had to be 

checked for errors. Simultaneously, unnecessary repetition and filler words were re-

moved, as the emphasis was on the content and not on the exact way of expressing 



51 
 

things. Following the data processing, a typical next step is to summarise the data 

(Blessing & Chakrabarti, 2009). This was done also in this research by writing a sum-

mary of each interview. The whole point of this phase was that the data could be 

compressed into a more understandable and trackable format. 

 

Next, the data was analysed with an affinity diagram similarly as for the questionnaire 

analysis. The main categories were “the nature of the design process”, “regulatory 

strategies”, “formative and summative evaluation”, “risk management”, “design re-

views”, “documentation”, “use of methods”, “determining the ways of working”, and 

“areas of expertise”. The phases of the design process were analysed separately by 

combining what each participant said and draw for each phase. These were then 

used to prepare the general design process for medical software. Furthermore, the 

insights on the design methods were collected in a separate table for clarity. Analys-

ing the interview data was done continuously and iteratively already alongside the 

data collection to ensure sufficient data coverage. 
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4. QUESTIONNAIRE RESULTS 

This chapter presents the results from the questionnaire. These results provided ini-

tial information on the impact of regulation on design and how designers can ensure 

regulatory compliance in their work. These were used as the basis for the interviews 

to validate and gain deeper understanding on them.  

 

4.1 Designer’s Role in Medical Software Development 

 

Initially, there were 12 who signed up for the questionnaire, but in the end, there were 

10 respondents, making the answering rate 83%. The respondent demographics are 

presented in Table 4. 

 

Table 4. Questionnaire respondent demographics. 

Participant 

ID 

Education Current role Experience working 

in the role 

Experience in medi-

cal software design 

P1 University of Applied 

Sciences 

Visual UX and UI de-

signer 

20+ years 2 years and 3 projects 

P2 MSc in Cognitive Sci-

ence and master’s 

studies in an interdis-

ciplinary usability 

school 

HCD and usability ex-

pert, concept de-

signer, people lead 

Current role 3 years 

and HCD 17 years 

4 years and two pro-

jects 

P3 MSc in computer sci-

ence 

Product designer, 

service designer, UI 

designer 

15 years 10 years and 6+ pro-

jects 
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P4 Nurse and church 

qualifications for the 

office of deacon 

Agile coach, concept 

designer 

3 years 4 years and 4 projects 

P5 MBA Service designer, 

content designer 

10 years 3.5 years and 1 pro-

ject 

P6 MSc in Information 

Networks Engineer-

ing 

Service designer, pro-

ject manager 

2.5 years 2.5 years and 1 pro-

ject 

P7 Designer (University 

of Applied Sciences) 

and Master of Arts 

Service designer, UX 

designer 

8-9 years 3.5 years and 3 pro-

jects 

P8 Graphic Design UI and UX designer 10 years 3 years and 1 project 

P9 Cultural Producer Service designer, 

concept designer, UI 

designer, visual de-

signer, and content 

designer 

20+ years Less than a year and 

2 projects 

P10 Software Develop-

ment Engineer 

UX designer 8 years 2 years and 1 project 

 

It was recognised already when reviewing the literature that the definitions of “design” 

and “designer” are ambiguous. From the participant table, it could also be seen that 

the ones who were identified as designers in medical software development can work 

under many different titles. Although the designer might have a specific title, for ex-

ample, “service designer”, it does not restrict the designer to work only in one type of 
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area of design. They could also do UX design, UI design or some other design-re-

lated tasks; P3: “I am a product designer, which includes software UI design and 

service design.” P9: “I am a service designer. I do concept design, UI design, visual 

design, and content design to some extent.” 

 

The most mentioned areas of expertise amongst the participants were service de-

sign, UX design and UI design as almost every participant mentioned at least one of 

those titles. Four participants identified as service designers, four participants as UX 

designers and five as UI designers. Additionally, the titles UX and UI designer were 

often used in combination. The regulations address design mainly through usability 

engineering. The results supported this since seven out of ten respondents high-

lighted the importance of usability engineering in the design of medical software. 

However, the results also suggested that the ways how the designers participate in 

medical software development are a lot more versatile than that. This will be explored 

in more detail in the interviews. 

 

4.2 What Makes Designing Medical Software Different? 

 

The differences between medical software design and other design projects were not 

that clear to all participants, but a closer examination of the results showed some 

significant differences in the design activities caused by the MDR and standards. 

While P3 indicated that the biggest differences in their approach to solving design 

problems are project-specific, influenced by diverse teams and clients, P1, P2, and 

P7, described how regulations and standards can slow down and restrict the design 

process. Additionally, P4 mentioned the importance of considering the entire imple-

mentation process when planning the design process of medical software. For ex-

ample, the release schedule and possible auditing should be considered in the plan, 

as auditing was seen as one of the slowing factors in the design process. P6, on the 

other hand mentioned that they find following the Double Diamont Design process 

model useful when designing medical software.   

 

However, potential benefits of following the regulations were also identified. As an 

example, P7 and P10, emphasised that the regulations bring structure and promote 

the quality and safety of the product. In practice, the MDR's objective of ensuring the 
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safety of medical software is reflected in the greater importance and emphasis on 

the involvement of the designer in risk management; P4: “Risks need to be evaluated 

in more detail. For example, typically the biggest concerns might be schedule-delays, 

whereas when developing a medical device, the priority might be to create a less 

complex solution to reduce bugs” The designers participate in risk management par-

ticularly by identifying and minimising use-related risks; P6: “The design of medical 

devices focuses on minimising risks and use errors. We strive to ensure that there 

are no risks when using the device.” P7 also highlighted the importance of reflecting 

on their own design decisions to see if any risks, for example, related to patient safety 

could emerge.  

 

The effort put in formative and summative evaluations, which are terms also used in 

the usability standard IEC 62366-1, stood out as differences when designing medical 

software. P2 and P6 mentioned that especially formative evaluation plays a bigger 

role in medical software design compared to other projects. Both viewed it as a 

means of actively involving users and incorporating their perspectives into the design 

process. Although other participants did not explicitly use the terms "formative" and 

"summative," it was clear that many participants considered it increasingly important 

or necessary to gather user insights and conduct user testing when designing medi-

cal software; P3: “The target group is very limited, so interviews, usability tests, and 

the selection of the right target persons play an important role.” P7: “I promote and 

ensure that the necessary user research is carried out on the software.” P9: “User 

testing has stricter requirements.” Summative evaluation was also mentioned by P2. 

They brought up that they participate in iterating the design and implementation 

based on the summative evaluation results. Additionally, the respondent noticed a 

difference compared to other projects in how they separate formative and summative 

evaluations more clearly, both methodologically and in documentation. They also 

stated that the summative evaluation requires more effort in medical software design 

than it normally would.  

 

When inspecting the methods medical software designers use, a wide range of them 

were mentioned. A particularly large number of different methods emerged for gath-

ering user insight. For example, P10 said they use methods like individual interviews 

and workshops to collect the user insight. The interviews will explore in more detail 

which methods are the most important and how they are used in the design process. 
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The questionnaire results indicated that while the design methods for medical soft-

ware do not necessarily differ that much from other types of projects, their implemen-

tation may have specific requirements due to the medical context. For instance, P5 

pointed out that data sensitivity can affect interview and documentation styles, which 

must be considered when choosing the right design methods. Additionally, medical 

software users may have unique needs, such as limited functional capacity that im-

pacting test settings. These factors can limit the target group, making user research, 

testing, and careful participant selection crucial; P6: “When I design medical soft-

ware, I take into account the situation where the user is interacting with the service, 

and in particular we take into account the fact that often the user may be ill or tired.” 

P7: “The way how I solve design problems depends a lot on the user group of the 

medical device. For example, there may be some restrictions on who can be inter-

viewed or observed.” 

 

Finally, the effort that goes into documentation was identified to be significant in med-

ical software design compared to other projects. Seven participants mentioned that 

documentation is either more precise or done more extensively. Especially, the need 

for precise documentation on the design process and decisions for traceability was 

identified as a common difference by P2, P3, P7 and P9. Additionally, P2 highlighted 

the challenge that comes from the documentation requirements imposed by the 

many different standards. They called it “a documentation jungle” that is created 

when multiple standards need to be reconciled. Clarifying this and maintaining it at a 

reasonable cost in terms of time and money is challenging. 

 

4.3 Designer’s Ways for Regulatory Compliance 

 

The previous section highlighted that designing medical software differs from other 

software mainly due to regulatory requirements. This section delves deeper into un-

derstanding regulatory compliance. Firstly, it became clear that the designer of med-

ical software must have some understanding of the MDR and relevant standards to 

be able to apply them in practice. Two participants even mentioned that their way to 

ensure regulatory compliance is to plan and create process flows and working meth-

ods to match the regulations; P2: “I plan the working methods and processes in my 

area of influence so that the conditions for MDR are met.” P8: “I create process flow, 

testing automation, approval gates etc. that are based on the standards.” 
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In the questionnaire, the participants were asked how well they know the regulations 

and standards affecting medical software. The options were “extremely well”, “well”, 

“moderately well”, “slightly” and “not at all”. Four responded “well” and six “moder-

ately well”. The participants were also asked which standards they follow when de-

signing medical software. The results showed that there are quite many standards 

that are relevant for a designer. The most used standards were ISO 13485, ISO 

14971, and IEC 62366-1. The results are presented in Figure 5 below. 

 

Figure 5. A graph illustrating the standards that medical software designers apply. 

 

Especially, P2 and P6 emphasised the impact of IEC 62366-1 to their design work; 

P2: “(Ways in which I contribute to medical software design include) initial user needs 

analysis and background research, building and documenting 62366-compliant pro-

cesses and practices…”  P6: “…in my role, I am responsible for designing new func-

tionalities and improving the usability of existing ones through service design, follow-

ing the IEC 62366 standard…”  Additionally, P2 stated that it is their duty to evaluate 

and bring up in discussions and decision-making if the standard requirements would 

not be met. P8, on the other hand, highlighted their role in managing which parts of 

the software fall under the MDR and that way simplifying and promoting the compli-

ance. These points emphasise the importance of designers knowing the regulations. 

However, to reduce the designer’s burden and responsibility, it was mentioned that 

the designer can consult other regulatory experts if needed. 

 

In addition to regulatory knowledge, designers of medical software should acquire 
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some medical understanding. For example, P3 mentioned the challenge of creating 

relevant test data or prototype content, as their competence might not be enough to 

evaluate if the example cases are consistent or believable. The challenge comes 

from the fact that the test users easily point out these inconsistencies. IEC 62366-1 

mentions that preparing the use specification is one of the central steps in the usa-

bility engineering process of medical devices. This includes describing the intended 

medical purpose. To succeed in the task, an understanding of medical terminology 

or possible use cases might be essential. However, designers might not need this 

knowledge initially but should be ready to do more thorough research at the begin-

ning of the design project. 

 

In the previous section, it was identified that in medical software design it is more 

crucial for the designers to take part in risk management compared to other types of 

design projects. Establishing a system for risk management is also a requirement of 

the MDR, which is why identifying and mitigating use-related risks is also clearly a 

way for the designers to ensure compliance with the MDR. P6 pointed out that pro-

moting safety includes providing clear usage information related to safe use and how 

to act in case of an emergency. However, the participant stressed that usability and 

UCD help to find the best and safest solution, specifying that the UI should be intuitive 

enough to avoid the need for instruction or manuals are unnecessary. This approach 

aligns with IEC 62366-1, which states that the last preferred protective measure to 

rely on should be information for safety, such as written warnings or contraindica-

tions. Moreover, P6 highlighted the importance of using plain language and testing 

text comprehensibility. Therefore, accessibility could also be seen as an attribute to 

usability since it focuses on designing products that are usable for all regardless of 

disabilities (World Wide Web Consortium (W3C), 2024). The importance of accessi-

bility, in the context of medical devices, was highlighted especially by two partici-

pants. P1 mentioned having an accessibility expert on speed dial, P10 noted that the 

MDR requires accessibility beyond the typical minimum requirements, and to achieve 

that a more comprehensive effort is required. Some tools were also mentioned that 

could be used to ensure better usability and accessibility. These were WCAG soft-

ware, contrast checkers, Nielsen’s heuristics, and the universal design guidelines. 

 

The precision and extent of documentation were identified as another special feature 

of medical software design. Additionally, documentation was identified as a central 

way to comply with the regulations by five participants as it promotes traceability. 



59 
 

When the work is documented appropriately, it can later be used to prove that the 

design and development process followed the regulatory requirements. For example, 

separating the formative and summative evaluation clearly in the documentation, as 

was mentioned by P2, shows that they were done appropriately in the design pro-

cess. However, documentation was seen as a time-consuming task in the design 

process; P3: “We spent time on documentation, which in no way contributed to the 

project. On the contrary, this time could have been used, for example, to improve the 

quality of the product itself.” Some participants felt that the time could be spent better, 

which is why different ways for making documentation more efficient were suggested; 

P8: “Testing, documentation, checklists, and releases should be automated as much 

as possible. For our project we had little baggage of old regulation or paper pro-

cesses, so from the get-go we bet on agile workflows and automation to comply with 

the MDR and succeeded in having minimal documentation overhead.” Additionally, 

several tools to ease the documentation and traceability of the design were men-

tioned, most central ones being Jira, Confluence, ServiceNow and Polarion. 

 

To summarise the questionnaire results, it could be confirmed that the MDR require-

ments have an impact on the ways how designer’s design. Especially, the importance 

of identifying and minimising use-related risks through usability engineering was em-

phasised. The participants mentioned that they must plan their ways of working so 

that they comply with the regulations. To understand these ways of working better, 

the interviews focus on investigating more in-depth the design process and methods 

used, and the expertise required when designing medical software. 
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5. INTERVIEW RESULTS 

The interview results are presented in this chapter. First, the designer’s expertise and 

ways to collaborate are presented. Section 5.2 covers the results related to the de-

sign process of medical software, including different phases and the design methods 

applied in the process. In the last section, Section 5.3, the central ways for the de-

signers to ensure regulatory compliance are summarised. 

 

5.1 Designer’s Expertise and Collaboration 

 

The participants were chosen based on the questionnaire answers. The selection of 

interviewees was based on their current role and level of experience, years of expe-

rience in medical software design and the depth of their questionnaire responses. It 

was preferred that the participants had slightly different design backgrounds to get a 

holistic view of the topic. Additionally, the more experienced the participants were the 

better as it was considered to reflect the expertise of the interviewee. Interviewee P5 

was recruited outside the questionnaire respondents to broaden the view beyond 

Solita. The interview participants are presented in the Table 5. 

 

Table 5. Interviewee demographics. 

Interview par-

ticipant ID 

Questionnaire 

participant ID 

Education Current role Experience 

working in the 

role 

Experience in 

medical soft-

ware design 

P1 P7 Designer (Uni-

versity of Ap-

plied Sciences) 

and Master of 

Arts 

Service de-

signer, UX de-

signer 

8-9 years 3.5 years and 3 

projects 
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P2 P3 MSc in com-

puter science 

Product de-

signer, service 

designer, UI de-

signer 

15 years 10 years and 6+ 

projects 

P3 P8 Graphic Design UI and UX de-

signer 

10 years 3 years and 1 

project 

P4 P2 MSc in Cogni-

tive Science 

and master’s 

studies in an in-

terdisciplinary 

usability school 

HCD and usa-

bility expert, 

concept de-

signer, people 

lead 

Current role 3 

years and HCD 

17 years 

4 years and two 

projects 

P5 - MSc in com-

puter science 

Principal usabil-

ity specialist 

and expert in 

usability and 

user experience 

for medical de-

vices 

28 years 28 years and 

10-20 projects 

 

Already based on the questionnaire, the main design roles that take part in medical 

software design are UX/UI designers and service designers. In the interviews, P5 

saw the design roles generally to include, for example, interaction designer, visual 

designer, UX designer and usability engineer. They specified that usability engineer-

ing is close to human factors engineering. It was also identified earlier that the title 

does not necessarily tie the designer to only one type of design. The role can be 

much broader than that. The interviews supported this finding; P3: “My background 

is from UX design, but it is a very loose title for me.” P4: “My main area of expertise 

is in service design. I also associate UX and UI design to my expertise, because in a 

way I have also partly done that and have a background in that. That is the lens 

through which I look. Then as a service designer I often do concept design.” P5: “My 

expertise and role has been to act as a usability expert, variously between the stra-

tegic and team level. I have also worked partly on the UX strategy side and some-

times I am wearing the compliance expert hat.” P2 also shed light on the connection 

between UX and UI design, for example, why these titles are often used together; 
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P2: “The UI designer is often the same as the UX designer. The UI designer of the 

nineties is the UX designer of the 2000s.” The participants considered that regardless 

of the role, medical software designers should have expertise in usability and acces-

sibility. For example, P4 noted that designers typically possess strong usability skills, 

but mentioned that accessibility analysis can sometimes be outsourced to specialists. 

 

The designer’s role and expertise influence their involvement in the design process. 

Early design phases emphasise the role of service design, while UX/UI and usability 

engineering play a bigger role as the design progresses. For instance, P4 highlighted 

that UX design is closely integrated with development. The nature and expertise of 

the designer can even impact how they take part in the design process. Some de-

signers stay involved throughout the process, adapting their roles on the project 

needs. For example, P3 was clearly more developer-oriented designer as they de-

scribed shifting from service design to UX/UI design and eventually even pair pro-

gramming. On the contrary, some designers take part only at specific design phases. 

P1, for example, joined a project as a UX designer midway through. 

 

Additionally, the designer of medical software works with a wide range of different 

roles and experts. For example, the participants placed many different roles and ex-

pertise very close to the centre of the proximity diagram. P4 emphasised the im-

portance of communication within the development team, which also shows as tight 

collaboration. P5 described that the core of the medical software project team typi-

cally consists of a UX designer, programmer, clinician, and product owner, but also 

a usability expert could be added to this list. It was also indicated that there might be 

multiple designers in the project. For example, P4 mentioned that there is usually a 

separate UX designer in the project besides them. According to P5, the involvement 

of different roles can vary depending on the organisation’s resources. For example, 

some organisations cannot afford to have more than one designer in the project re-

sponsible for visual and UX design. Similarly, P1 pointed out that the designer’s role, 

tasks, and collaboration might depend on the size of the project team. For example, 

P1 said that in the previous project, the designer and programmer worked more 

closely together as the team was smaller. 

 

When developing medical software, various technical roles are involved, including 

front- and back-end developers, testing experts, data scientists, DevOps experts, 
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cloud experts, and cybersecurity experts. These roles are generally more in the back-

ground and not in direct interaction with designers. P4 described that from these roles 

front-end developers often interact most with the designer. Additionally, DevOps un-

derstanding in the development of medical software was highlighted in the interviews. 

P3 stated that designers should have some DevOps knowledge, while P4 saw it as 

crucial expertise within the team. P4 elaborated that typically this expertise resides 

in roles like developers, who are therefore responsible for ensuring a functioning 

DevOps. Incorporating DevOps practices in the design of medical software helps to 

integrate design and development and ensure regulatory compliance through struc-

tured and automated processes; P2: “DevOps and automation are something that 

help a lot (in compliance), since you can structure and automate the ways of working. 

When you build the automation, you will fix the structure to support the regulation 

and the requirements set by it.” P3: “Although DevOps as a term has a slightly differ-

ent meaning, I would value it pretty highly. The biggest lessons for me have been in 

how to bring the design and development work as close to each other as possible.” 

 

Other important roles include users, customers, product owners. regulatory experts, 

clinicians, and quality and risk management experts. The results showed that under-

standing the users and even co-designing with them are important in medical soft-

ware design, especially for identifying and mitigating use-related risks. On the other 

hand, the role of the customer can be versatile. Both P4 and P5 placed the customer 

a bit further out in the proximity diagram. P4 elaborated that any one of the roles in 

the project team could be the customer. The aim is that the development team is 

“one big family”, otherwise problems might occur. P5 considered the customer to be 

constantly in mind but not in direct interaction on a daily basis. Regulatory expert was 

identified to be an important role for collaboration by P3, P4 and P5. However, P4 

said that they have been in projects where the regulatory expert has not been in-

volved in the daily work, causing the role to be more distant to them. On the contrary, 

in P4’s the previous project, the regulatory expert was an important partner particu-

larly in the early design phases, when identifying risks, thinking about testing plans, 

how to comply with the regulations, and how the evidence accumulates along the 

way. P4 emphasised that the role of the regulatory expert depends on who plays the 

role, or is the responsibility shared with other people, what competencies does the 

person have and what else does it do in the project. The role of clinician, on the other 

hand, is important role for clinical evaluation and clinical investigation. P4 described 

clinician as a someone who is not necessarily the end-user but acts as a specialist 
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and close partner to the designer. A clinician could be a healthcare professional, such 

as a doctor, or other expert with clinical backgrounds; P3: “An orthopaedic surgeon 

was involved throughout the project. Of course there were also other orthopaedic 

surgeons, and we were able to recruit others as needed at different phases.” P4: “In 

one project, there was a chief medical officer overseeing development, while in the 

other project, there were primary users with clinical backgrounds who played a big 

role in the development.” Furthermore, quality and risk management experts were 

identified as important supporters for the designer in planning the process and pre-

paring the documentation; P4: “If needed, we can receive support from quality per-

sonnel and risk management personnel in the project to ensure that all process de-

scriptions and the risk management file are in order.” P5: “The quality expert ensures 

the documentation and process quality of the product.” 

 

5.2 The Medical Software Design Process 

 

This section introduces the findings concerning the medical software design process. 

It shows how the designers perceive the design process of medical devices, which 

phases and steps are included in it and which methods they use in the process. 

These are compared to the regulations, especially MDR and the part 1 and Appendix 

E from part 2 of IEC 62366. 

 

5.2.1 General Perceptions on Medical Software Design Process 

 

The interview results show that the perception of medical software design process 

varies and depends on many factors. The underlying causes for this are presented 

in this subsection. One major aspect that influences this perception is what is con-

sidered to be the starting point of the medical software design process. For example, 

P2 questioned whether there is a typical process for designing medical software. 

They noted that in the early design phases, one is often not consciously making a 

medical software; P2: “Usually, these start from the fact that you are not making a 

medical device. We are just doing things and then we realise that it is a medical 

device, and something must be done about it.” This suggests that the specific pro-

cess of designing medical software starts from defining the use specification, which 

is in accordance with the usability engineering process described in IEC 62366-1. 
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Another factor affecting the perception of the start of the medical software design 

project, noted by P1, is the point where the designer gets involved in the product 

development process. It was found that typically service designers participate in the 

earliest phases of the design process and the UX designers can jump in later in the 

process once prototyping starts. It is also possible that the designer remains in the 

project from the start to finish, but their role changes along with the project life cycle; 

P3: “In the beginning, I might be a service designer. From there, move more into user 

experience and UI design. During the lifecycle of the project, the job may change to 

pair programming with developers.”  

 

P2 and P3 had both been involved in their projects throughout their life cycle. Per-

haps, they therefore viewed the design process more as a part of the whole product 

development process. Especially, in P3’s opinion, the design process should be as 

closely linked to the development process as possible. This supports the way how 

IEC 62366-1 describes the usability engineering process as “a design and develop-

ment process for the UI”. Furthermore, P3’s ideology of the process was slightly dif-

ferent from other’s. According to them, the design process consists of independent 

processes which interact with each other; P3: “I would start to piece together this 

design process according to what we would have in terms of (individual) processes 

such as clinical evaluation... Yes, these are all processes. Documentation is also a 

process in the background.” The way P3 described the design process had similari-

ties to the MDR. They mentioned the processes or tasks from the MDR which they 

consider relevant for a designer. 

 

Especially, P4 seemed to perceive the design process through the usability engi-

neering process specified in IEC 62366-1; P4: “I have pretty much followed what 

62366 says on the topic and have tried to put it into practice in my projects.” P4 had 

even created their own process description, based on the steps described in the 

standard, and added more details to it, for example, regarding the documentation 

required at different phases. Others did not mention that they follow the standard as 

precisely, but its impact was shown in the terms and tasks that were mentioned. For 

example, P5 said that in the problem definition phase there is already some usability 

engineering, where some of the terms from IEC 62366-1, such as formative research 

and other specifications, start to emerge.  

 

Although the design processes of medical devices described by the participants were 
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all slightly different, there were some general phases and common activities that 

could be identified in them. The phases were named as the exploratory phase, the 

refinement phase, and the finalisation and further development phase. These and 

the steps associated with them are described in more detail in the following three 

subsections. 

 

5.2.2 The Exploratory Phase 

 

The first phase of the design process was identified as the exploratory phase. The 

name of the phase describes how the design starts with gathering insights from the 

users and exploring possible ideas and concepts. P1 described the first step of the 

design process as “service design and business drivers”, including also defining the 

business objectives. This is followed by defining the requirements and user stories, 

often together with the customer. Additionally, regulatory requirements should be 

considered at this point. The work is then divided into smaller tasks based on these 

requirements, with user stories guiding the process. epics could also be used to en-

hance traceability of the design and guide the work at this phase. P1 described that 

his would be followed by “the initial specification work”, which will later be adjusted 

based on test findings. P1 used the term “initial” as they thought that the design 

specifications would change along the way based on test findings. Next, wireframing 

should be done, often involving co-design with clients and end-users. The participant 

pointed out that some testing could already be done at this point with the wireframes, 

which they named as the step of “testing hypothesis”. 

 

P2 described the beginning of the process to consist of the following steps: idea, 

proof of concept (POC), and first cycles of measurement and learning. By “idea” they 

meant that typically the process starts with someone getting and idea of a potential 

product or then the idea has emerged through other work. Next in the process, it 

should be decided whether the idea is worth pursuing or not; P2: “Normally there is 

some kind of go/no-go decision. You decide what to do. Shall we go forward with this 

idea?” The idea is tested lightly with POC. P2 described that usually one does not 

start to develop a big machinery or service nowadays without testing the idea first 

with a prototype. P2 also mentioned that POC might be the point where it is noticed 

that the product being developed is a medical software. Therefore, POC could be 
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considered as a step where the use specification of the medical software should ini-

tially be determined. If compared to other participants’ descriptions, it could be con-

sidered that the first cycles of measuring and learning in P2’s description are included 

in the exploratory phase. The steps of measurement and learning are closely linked 

to each other, as the participant emphasised that in a lean cycle, it is important to set 

goals, see if they were reached and learn from that. P2 described that the cycle goes 

around between these two steps, and it should constantly be evaluated if further de-

velopment is worth it. P2 stressed the importance of measurement, especially given 

the heavy investments in medical device development. If a product is identified early 

as a medical software, processes must be planned accordingly from the start. In the 

P2’s description, the learning step involves analysing the measurements and plan-

ning the next steps. At this point, the participant pointed out many important medical 

software specific questions that should be asked; P2: “What is needed for approval? 

Which category? What should I do to avoid certification? How to certify?” These 

questions resemble the requirements specification described by other participants. 

 

P3’s design process starts with the specification step, involving describing the high-

level objectives, doing background research, specifying functional requirements, 

rapid-prototyping and doing explorative experiments like POC. P3 also included clin-

ical evaluation as an important task for a designer to take part in. Clinical evaluation 

is a term that is also used in the MDR. Both P3 and the MDR view clinical evaluation 

as a continuous process to analyse the clinical benefits of the medical software. The 

input coming from the specification step needs to be evaluated and accepted in clin-

ical evaluation to move forward in the design process; P3: “Whatever emerges from 

the specification step must pass the clinical evaluation gate to be taken forward. It 

must have some value given by the clinical end-user. This is then used, for example, 

to evaluate how relevant the feature would be from the perspective of the medical 

device.” Early on, clinical evaluations can be introduced in the form of weekly verbal 

demos to guide the prototype iteration. 

 

P4 used the term “initial background design” to describe the first phase and tasks of 

the design process. They said that everything starts with finding out the user need 

for which the medical device will be made, which could also be considered as user 

research or formative evaluation. P4 emphasised that it is crucial to include formative 

evaluation early to guide the decision-making process. For example, user insight 

should be the basis for determining the use specification. Intended user group and 
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patient population are further defined based on the use specification. According to 

P4, the use specification is important for forming the regulatory strategy; P4: “The 

use specification is the basis for the whole regulatory strategy that needs to be built 

for that product. Without it, the regulatory strategy lacks a solid footing.” P4 empha-

sised that these steps are fundamental and should be established early in the design 

process. They linked "making business decisions" closely with forming the regulatory 

strategy, as crucial scoping decisions occur at this phase. Additionally, P4 highlighted 

the identification of hazardous situations and risks as a distinctive and essential task.  

 

Like P2, P5 also found the design process could start with ideation if there is a need 

for internal innovation scanning. Alternatively, if the idea has originated from some 

higher authority, the process could start with problem definition. In all cases, the key 

is to define and validate the problem to ensure it is worth solving. Furthermore, busi-

ness planning should be included in the problem definition. P5: “Does this solution fit 

the company's mission, or does it have enough monetary value? At the hectare level, 

does the solution have any business value?” P5 also emphasised ensuring that the 

solution clinically addresses the users’ problems. This aligns with the regulations as 

MDR requires the manufacturers to define and evaluate the clinical benefits of their 

devices. P5 pointed out that elements from IEC 62366-1, such as formative evalua-

tions and other specifications are also included in this phase. 

 

To summarise the aim of this phase, it is to gather user insight to support the problem 

and requirements specification and conceptualisation. Additionally, the objectives 

that are specific to medical software design are preparing the use specification, con-

sidering the intended clinical benefits, identifying use related risks, and forming the 

regulatory strategy. The similarities of the participants’ descriptions of the early 

phases of the design process are combined in the process description shown in Fig-

ure 6. Following the steps in the exploratory phase should help to achieve the objec-

tives described above. 
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Figure 6. An illustration of the steps carried out in the exploratory phase. 

 

5.2.3 The Refinement Phase 

 

The next phase in the design process was identified as the refinement phase as it 

focuses on iterative design. P1 described the first step of this phase to be “further 

development of the UI iteratively based on feedback”. They stretched the box illus-

trating the step to be approximately two to three times longer than the other steps, 

indicating the step to take longer than the other steps. During this phase, design 

specifications are refined as initial specifications might change based on testing. Re-

garding the start of implementation, P1 mentioned two approaches. One way is to 

begin implementation only after finalising design specifications. The other way is to 

start implementation earlier in an agile way alongside the design work. In P1’s pro-

cess description, usability testing is conducted along with iterative UI design.  

 

P2’s corresponding design phase involves additional measurement-learning cycles 

and implementing beta/pilot. The cycles aim to refine the design until a beta/pilot 

version is reached or further development is not viable; P2: “The cycle turns, and 

decisions are made. We should still be making those go/no-go decisions here.” Ac-

cording to P2, beta/pilot is the typical market entry tactic today, which includes se-

lecting a limited audience to whom the product is first launched. If significant issues 
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arise during the beta/pilot, the designer may return to the learning step for further 

iteration. P2 described that the production version could be done after the beta/pilot.  

 

In P3’s design process, the refinement phase involves iterating the specification and 

conducting more clinical evaluations. P3 emphasised continuous collaboration with 

a clinician throughout the process. Clinical evaluation could be a way to implement 

formative evaluation, where clinical personnel can represent a clinical user group. 

This aligns with IEC 62366-1, which suggests that UI evaluations may include expert 

reviews by clinicians showing a close link between clinical evaluation and formative 

evaluation. P3 separated testing as a step following clinical evaluation and high-

lighted the designer’s role particularly in usability testing; P3: “How a designer is re-

lated to testing… Of course, usability testing is probably the simplest example.” In 

IEC 62366-1, usability tests are described as a method for exploring or evaluating a 

UI with intended users withing a specified intended use environment. Usability tests 

can be conducted in both formative and summative evaluation. The differences come 

from whether you are testing a prototype or a final implementation and whether for-

mal acceptance criteria have been defined. Additionally, P3 states that testing could 

be divided into manual acceptance testing, including usability tests conducted with 

users, and automated testing. 

 

P4 outlined that after the initial background design work, the focus shifts towards 

refining the design with users and collecting user feedback to specify the functionality 

and purpose of the medical software. Software development, or in other words, the 

implementation process can occur simultaneously at this phase; P4: “Here we move 

to refining the design alongside application development.” Along with continuous 

formative evaluation, the design transitions towards practice and the first coded func-

tional prototypes are done. This phase aligns with the goal of ensuring readiness for 

summative evaluation, as outlined in IEC 62366-1. 

 

P5 described that the actual design work, consisting of prototyping, UI design, and 

business model design, starts after requirements specification. These aspects are 

then checked through usability testing to ensure they meet the criteria for further 

development. Once validated, implementation can begin. P5 elaborated that refining 

the requirements and design will continue along the implementation, indicating that 

implementation happens iteratively alongside design. The design specification, how-

ever, must be finalised when the implementation nears completion; P5: “We get the 
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design specs fixed when the implementation starts to be in a good shape, and we 

are testing it.” If compared to IEC 62366-1, the testing to which the participant re-

ferred could be summative evaluation. 

 

If the key steps that are typically taken in the refinement phase are summarised, they 

are iterative prototyping and UI design, continuous formative evaluation, and provid-

ing design input for the implementation. The central feature of everything done in this 

stage is that the design moves from the initial hypothetical level to a more refined 

and realistic direction. These common steps of this phase are summarised in Figure 

7. 

 

 

Figure 7. An illustration of the steps carried out in the refinement phase. 

 

As can be seen from the Figure 7, the formative evaluation should start early on and 

continue through this phase iteratively until the implementation is ready for the sum-

mative evaluation. The formative evaluation in this phase has emphasis on testing 

and the results are used to refine the design. The prototyping shifts from the initial 

rapid prototypes or wireframes towards the high-fidelity prototype. When these re-

sults are compared with the MDR and IEC 62366-1, similarities can be found. For 

example, the standards IEC 62366-1 highlights that formative evaluation is generally 

performed iteratively to guide the UI design. This includes conducting frequent UI 
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evaluations. In the standard, it is described that the iterative design methodology 

might require UI specification to be refined along the way, which is eminent also in 

the participants’ descriptions. One more finding about this stage was that it might 

have a longer duration compared to the first stage. However, the duration might de-

pend, for example, on the complexity of the designed software and the identified 

problems that are found, as described in IEC 62366-1.  

 

5.2.4 The Finalisation and Further Development Phase 

 

The point where the design process ends is not that easy to determine. From one 

perspective, it could be considered that it ends when the product is released but on 

the other hand, the process might continue in the form maintenance or further devel-

opment. The results suggested that preparing the product for summative evaluation 

and iterating the design once more if needed is the last phase before release. P1, P2 

and P3 were not as specific about using the term summative evaluation here but 

similar aspects could be found. For example, they agreed that usability testing should 

be done in the last phases of the design process. Moreover, P1 and P5 mentioned 

that design specifications need to be finalised either before the implementation starts 

or once it nears completion. P4 emphasised that the designer often participates in 

planning and supporting the summative evaluation but does not typically participate 

in conducting it. This aligns with the IEC 62366-1 recommendation. P5, on the other 

hand, mentioned evaluation and validation to be one step before implementation, 

and summative evaluation to take place between testing and release. Perhaps, by 

this the participants referred to finalising the design for the summative evaluation. 

 

Although preparing and supporting summative evaluation, and finalising the design 

based on it, could be seen as the final phase of the design process, P2 and P3 

pointed out some possible tasks for the designer even after the release. P2 described 

it as further development and maintenance, whereas P3 described it as post-market 

support. P2 mentioned different analytics and ways to collect insights that could be 

used to maintain or further develop the software after release. Similarly, P3 stressed 

the importance of post-market support, or post-market surveillance in the MDR, for 

monitoring the functionality of the product. Feedback must be collected proactively 

in order to react to emerging problems or vulnerabilities. P3 described that the ob-

servations from the post-market support should be put through the specification step 
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from where the process starts again. The clinical evaluation determines whether fur-

ther development is worthwhile in terms of clinical benefit to the user. The possible 

sequence of these final steps in the design process are presented in Figure 8. 

 

 

Figure 8. An illustration of the steps in the end of the design process. 

 

5.2.5 Iteration and Incrementality in the Design Process 

 

The design process of medical software has traditionally been perceived as rather 

linear. However, the trend seems to be to find ways to make it more agile. The par-

ticipants described that the main reason for the stiffness and linearity in the process 

has been the regulations; P2: “The regulations do guide the direction towards linear-

ity. The whole certification process, or the model of how it was basically done at the 

time, was very waterfall-like. The rapids flow loudly.” P4: “The standard has a terribly 

waterfall-like idea that there would be some refined design and then in one step you 

implement the whole UI and test it.” The participants highlighted that this does not 

always have to be the case. For example, P1 said that their previous project was 

waterfall-like, meaning that there were specific gates that needed to be passed. How-

ever, P1’s current project has a more agile way of working, since, for instance, the 

implementation has started well in advance. P2 also said that the regulations leave 

room for interpretation, elaborating that the traditional interpretation has led to line-

arity, while nowadays, it is more common to find agile ways to reach conformity.  
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The agile way of working can be seen in iteration cycles in the design process. Alt-

hough not visible in the drawings, the participants described verbally that the steps 

in the process might not be linear. Instead, through iteration different steps can form 

cycles where the same steps are repeated until the result is satisfying. Particularly, 

P3 mentioned that they find the biggest value from iterative and collaborative ways 

of working, where no clear “hand-offs” are present. Another aspect related to agile 

methodologies is incrementality. It was identified to be a useful approach also when 

designing medical software. For example, P1 recognised incrementality in the way 

they started by designing the minimum viable product and continued to build on top 

of that while dividing the design work into smaller entities. Similarly, P2 described 

that different parts of the product could be designed and developed independently 

and then combined in the end for the final iteration. 

 

Implications of iterativity can also be found in the MDR, although it does not recom-

mend any specific software development methodologies that should be followed. For 

example, it says that risk management shall be understood as a continuous iterative 

process throughout the entire lifecycle of a medical device. In addition, the MDR re-

quires clinical evaluations for demonstrating the safety and performance of the med-

ical software. The regulations state that risk management and clinical evaluation pro-

cesses should be interdependent and regularly updated. This indicates iterativity also 

in the clinical evaluation process. Moreover, the usability engineering process de-

scribed in IEC 62366-1 is closely linked to risk management and clinical evaluations. 

It emphasises iterativity, especially in formative evaluation and UI design. 

 

5.2.6 Methods Used in the Design Process 

 

This subsection focuses on validating relevant design methods than can be linked to 

the design process of medical software. First the most relevant findings on the use 

of the methods are presented. Then all the methods that are used by the participants 

are summarised. Finally, these methods are compared to the standard IEC 62366-2 

recommendations. 

 

At the beginning of the design process, there are several different methods used for 

researching the topic and users. The methods found particularly useful for this pur-
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pose were background research, trend analysis, desktop research and benchmark-

ing. However, it was shown that these methods are somewhat overlapping; P2: 

“Background research and desk research are somewhat synonymous, meaning that 

background research also includes desk research.” P3: “Benchmarking and back-

ground research are a bit of the same thing for me.” P5 described that trend analysis, 

desktop research, and benchmarking are good supporting methods for ideation in 

the beginning or even during the problem specification. They specify that both tech-

nical and clinical trends can be studied in a trend analysis. P4 described that besides 

user research, it is beneficial to utilise previous scientific studies on the project or 

similar products, trend analyses, and competitor mapping in the initial explorative 

design phase. However, there were some contradicting perspectives on trend re-

search and benchmarking. P1 did not consider trend analysis as relevant for medical 

software design, as they did not see the need for inspecting things in such a broad 

way, for example, at the level of social phenomena. Moreover, P3 mentioned that it 

is difficult to benchmark if there is no comparable product on the market. 

 

Some methods, on the other hand, were identified as more organisational and stra-

tegic design methods. These included visioning, service blueprint, and roadmap. 

There were many opinions on whether they should be integrated into the design pro-

cess or not. For example, P1 added visioning to the methods they use in the design 

process, whereas P2 said that if visioning meant product or service vision, they would 

consider it more as a business-level tool, and not directly linked to individual product 

development. On the other hand, P5 saw visioning as a good method for the ideation, 

research and maybe even problem specification in the beginning of the design pro-

cess. Service blueprint was another polarising method; P2: “The use of the service 

blueprint depends a lot on the designer. Some like it and some do not. In my own 

projects, it is quite little used.” P1 mentioned that they use service blueprint in the 

beginning of the process but also later as it can help the team to better understand 

the big picture. Additionally, P5 was positive about using service blueprint. They said 

it could be used early in the design process to model linkages between actors and 

systems in the solution model. Even if developing a small product, service blueprint 

could be used to understand the service model around it. According to P5, this is 

essential for ensuring that the surrounding service model supports the use of the 

product being developed. P1 also added roadmap as a useful method for the design 

process, while P2 considered it more as an essential method on the product design 
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level that should be utilised from the start and updated along the way. However, P2 

mentioned that it often comes along when developing beta and production versions. 

 

A roadmap was seen as a similar method to the timeline for outlining the process; 

P2: “A timeline for outlining the process is somewhat overlapping concept with a 

roadmap.” P5, on the other hand, highlighted that by defining the timeline for the 

process, they also mean handling the resources and timelines of the design process 

already in the initial, somewhat vague design phase. However, P5 added that the 

timeline and resource plan must be iterated along the way. User stories and epics 

were also mentioned as methods that help to get a sense of the big picture. P1 and 

P5 specifically linked them to the methods used in (requirements) specification, alt-

hough they are iterated and specified along the way; P1: “Interviews are used to 

refine user stories.” P2: “More and more user stories come along all the time, and 

they can also be left outside when it is discovered that the "guess" was not right.” P5: 

“User stories will be drafted along the way but will be refined as we move into imple-

mentation.” P5 described that user stories and epics are used to understand high-

level requirements and themes at an early phase. Additionally, P1 described that the 

requirements specification is based on user stories and work is broken down into 

entities using epics. However, the classification of user stories and epics as design 

methods could be argued since P4 brought up that they are rather terms used in Jira.  

 

Interviews, questionnaires, observations, and workshops seemed to be the most im-

portant methods for collecting user understanding. For example, P5 mentioned that 

interviews are important in formative evaluation. It was found that several ways of 

implementing interviews exist; P1: “I think that these, whether they are quick inter-

views or thematic interviews, are perhaps more like the ways of implementing a 

method.” P2: “Individual interviews and group interviews are ways of conducting user 

interviews. So are focus group and stakeholder interviews.” P3: “Individual interview 

is a funnily exact term. I think a user interview can include the individual interview.”  

The results showed that the choice of the interview type is influenced by the de-

signer’s own preferences and the design phase; P1: “Thematic interviewing is the 

way I usually conduct my interviews.” P4: “Quick interviews work in situations where 

there are only a few questions to ask and, for example, iteration is already well un-

derway.” P4 added that the data provided by the interview depends on the partici-

pants. For example, a group interview with knowledgeable, conversational, and par-

ticipatory interviewees can provide equally good and in-depth understanding of the 
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topic as an individual interview done in context. Furthermore, P4 has found that in-

terviews, especially when done with hypothesis and prototypes, are the most insight-

ful method for the designer. 

 

Regarding the use of questionnaires and surveys, it should be noted that this study 

did not distinguish between those two methods as in Finnish there is the word 

“kysely” that covers them both. The main finding concerning the use of question-

naires/surveys was that the participants use them quite a lot and at many different 

phases of the design process. P2 said these methods are a good way to enrich the 

data to support visitor and data analytics at different phases. Observation, on the 

other hand, was found useful and could be used more often; P1: “Observation is my 

favourite method, but it is done woefully little.”  P4: “Of course I would like to do more 

contextual observation.” P1 mentioned that this may be due to the impact of COVID-

19, but also the sensitivity of the information collected may limit the use of this 

method. As a possible solution to implement observation more easily, P1 mentioned 

forming a panel. The panel could be composed of potential end-users with whom the 

observation could be carried out at a lower threshold. P4 supported this idea by say-

ing that they had expert panels, similar to a focus group, to be useful specifically for 

user research and defining the intended use. 

 

Working with a focus group or a panel seemed to be close to what the participants 

called co-design; P1: “We had a certain group of key users with whom we did co-

design.”  However, it could be argued that co-design is more of an approach to design 

rather than an individual method. Popular methods for implementing co-design are 

workshops; P1: “Workshops are an important method for implementing co-planning.”  

P2: “A typical way of doing this (co-design) is facilitating workshops.” However, clas-

sifying workshops as a method is not straightforward. They can also be seen as a 

way of collaborating with people. For example, P1 mentioned using a co-design ap-

proach to draw wireframes in a workshop. It is challenging to determine whether this 

is a single design method or a combination of multiple methods. Additionally, P1 said 

that in a previous project they did co-design very intensively from the start, but prob-

ably the common model is that wireframes are drawn a bit further before going into 

co-design. P3 supported the idea that co-design could be implemented in many dif-

ferent phases. P4 saw the potential of workshops also in identifying hazards and 

hazardous situations. A risk workshop could be used to identify, classify, and de-
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scribe hazard related use cases. The classification of “facilitation” also raised discus-

sion at this point. P2 saw facilitation more as the technique or tool with which the 

workshops and the co-development are carried out. Besides co-design, another ap-

proach to design is through agile methods. For example, P2 talked about following 

the lean cycle in the process, while P5 highlighted using lean experiments to find the 

easiest and quickest ways to solve and validate critical problems. Additionally, P5 

mentioned the benefits of incorporating design sprints, starting from the problem 

specification. Design sprints provide quick feedback from users on the idea and the 

solution model, which makes them good for quick problem definition and solution 

visualisation. This promotes a fast cycle from problem specification to design. 

 

Visitor analytics and data analytics were identified as good methods that could be 

used more widely; P1: “Visitor analytics is something I do very little. In general, track-

ing the data is something that I do not do. I recognise that these could be done more 

in our projects.” P4: “I would like to use user analytics more, but when making a new 

product, it is rarely available. It is useful for making new versions of products. Sadly, 

it often seems that the real in-depth analytics gets prioritised out of the backlog in a 

hurry and is not done as well as it could be.” P2 sees visitor analytics similar to web 

analytics, which analyses, for example, how many visitors a website has had. Data 

analytics, on the other hand, can be used to analyse the data generated by the ser-

vice. This could include analysing the reasons why the users come to the service and 

how they use. P5 adds that also different automatic analytics could be utilised.  

 

The importance of visualising the design work was highlighted. For example, P5 de-

scribed it as a theme that should be addressed throughout the process. Generally, 

the visualisation of the design work is called prototyping, and it is used to transform 

the idea into a visual form so that it can be tested, as described by P2. However, 

prototyping can be done on many levels. The early phase prototyping can be called, 

for example, wireframing or rapid prototyping and it typically aims for illustrating the 

hypothesis or initial concept idea; P1: “For us, wireframing has meant the same as 

rapid prototyping. Of course, there has even been some paper models.” P2: “Already 

when we have the idea, a rapid prototype can be made. There can be two levels of 

prototyping e.g. rapid versus high quality prototype and wireframe versus prototype.” 

P4: “Prototyping is done at many different levels. It starts with UI conceptualisation, 

from which you move on to clickable wireframe models.” P5: “There can be many 
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levels of prototyping. It usually starts at the level of very preliminary concept proto-

types.” The participants described that the initial prototype is then iterated based on 

findings from the formative evaluation, and the design moves towards more accurate 

and realistic prototypes. The participants called these, for example, high-fidelity pro-

totypes. P5 points out that using a design system in the organisation can help ease 

the workload of prototyping. In this case, there is no need to create a separate high-

fidelity prototype since you can go faster to the implementation. Sometimes the de-

signer might even participate in pair programming, but it might depend on the partic-

ipant’s skills, interests, and nature of the project; P1: “In the previous project, the 

designer and the programmer worked more closely together when there was a 

smaller team, but I would not classify myself as a coder.” P3: “Then along with the 

project lifecycle, it (my work tasks) might shift to pair programming.” 

 

Testing, particularly in the final steps of the design process, was emphasised by all 

participants. Usability testing and user testing were the most common testing meth-

ods. In P4’s description, usability testing was conducted in summative evaluation 

consisting of language testing, accessibility assessment and acceptance testing. 

Others described that these usability tests could be carried out at various phases of 

the design process. Additionally, P4 mentioned two testing methods that they would 

like to use more: remote testing and A/B testing. They described that websites could 

be tested, for example, with a remote testing application like Ballparkhq. The appli-

cation enables conducting a facilitated interview asynchronously. This means that 

the users can do the tasks when it best suits them and the application provides a 

video- and audio recording of it. On the contrary, P4 has found A/B testing quite 

difficult to implement but would like to use it more if feasible. The difficulty comes 

from the fact that developing separate A and B versions, especially if tested in the 

real context, would require more money and research permits. Additionally, P4 intro-

duced task analysis as a useful testing method to identify safety features. 

 

The broader analysis of the use of these methods is presented in Appendix 5. How-

ever, it turned out to be a challenging task to classify and define the use purposes of 

these methods reliably since the ways how the participants described them were 

quite versatile and complex. Therefore, in Table 6, all methods validated by the par-

ticipants in the interviews are summarised and presented in a simplified way. 
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Table 6. A summary of the design methods used in different design phases. 

Exploratory phase Refinement phase Finalisation and further  

development 

Desk research 

Benchmarking 

Background research 

Trend analysis 

Competitor analysis 

Interviews 

Questionnaire/survey 

Observation 

Service blueprint 

Roadmap 

User journey 

Visioning 

User stories and epics 

Focus group/expert panel 

Workshop 

Visitor analytics 

Data analytics 

Wireframing 

Rapid prototyping 

Pair programming 

User testing 

Usability testing 

Remote testing 

A/B testing 

Task analysis 

Cognitive walkthrough 

Peer or expert review 

Colleague sparring 

Benchmarking 

Questionnaire/survey 

Service blueprint 

Roadmap 

User stories and epics 

Workshop 

Visitor analytics 

Data analytics 

High-fidelity prototyping 

Collecting user feedback 

Pair programming 

User testing 

Usability testing 

Remote testing 

A/B testing 

Task analysis 

Peer or expert review 

Colleague sparring 

Questionnaire/survey 

Roadmap 

User stories and epics 

Workshop 

Visitor analytics 

Data analytics 

Collecting user feedback 

User testing 

Usability testing 

 

As Table 6 shows, the desired result can be achieved with many combinations of 

methods. Additionally, it was found that there is no one right way to use a method, 
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i.e. the same methods can be used for different purposes and in different phases. 

The understanding of what is meant by a design method became clearer during the 

interviews. However, there remained differing opinions on what is a design method 

that could be linked to the process, which made the analysis challenging. For exam-

ple, P2 considered some methods as team work-related methods rather than design 

methods applied in the process, and therefore excluded them. They also saw some 

methods more as tools or techniques. Similarly, P4 pondered the definition of a de-

sign method; P4: “There's a lot of stuff in this list that describes maybe the steps (of 

the process), parts of Jira or elements of interactive thinking, and not necessarily just 

methods.”  Additionally, it was recognised that some methods were overlapping. For 

example, multiple interview types were not included in Table 6 for clarity, as several 

interview types can be encompassed within a single interview. On the contrary, pro-

totyping was divided into different types of prototyping as those could be more clearly 

distinguished from each other and linked to different phases of the design process. 

 

Only two methods were clearly left out from the process description by all participants 

compared to the questionnaire. These were feedback analysis and feedback loop. 

However, this does not necessarily mean that these methods could not be usable in 

medical software design. They just may not classify clearly enough as distinctive de-

sign methods. For example, P2 said that there is no point in collecting feedback if 

you do not analyse it, indicating that feedback analysis might be too obvious “method” 

and included in every method that provides feedback of the design. Regarding the 

use of the feedback loop, P1 recognised that they kind of used a feedback loop when 

doing co-design continuously throughout the design process. However, co-design 

might be the better term to describe this kind of way of working. 

 

When the methods were compared to the recommendations in IEC 62366-2, many 

similarities were noticed. Although only P4 mentioned following the recommenda-

tions in IEC 62366-2, 11 out of the 21 methods it presents could also be found in this 

study. For example, the standard mentions advisory panel reviews, expert reviews 

and focus groups. Methods equal or very similar to these could be found in this study 

as well. These were focus groups and different types of panels, either consisting of 

potential end-users or expert users. One-on-one interviews were also mentioned, 

along with other suitable interview types. The standard mentions participatory design, 

which is similar to the co-design approach mentioned by several participants, as both 

may include involving users or stakeholders into the design process. However, co-
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design was seen more as an approach than a single method, since collaboration and 

co-creation is actively pursued throughout the design process. In addition, the stand-

ard mentions “standards reviews”. This was not directly mentioned as a design 

method by the participants, but many recognised the need for specifying the require-

ments coming from the standards. This implies the need for standards review. Other 

methods exactly matching the standard include cognitive walkthrough, observation, 

questionnaire/survey, task analysis, and usability tests. This study also identified a 

variety of methods that are not mentioned in the standard. One reason for this could 

be that the standard only gives recommendations, which means that there could be 

other methods that are equally suitable. Additionally, the standard only recommends 

usability methods, whereas this study investigated all methods that could be used in 

the design process. Therefore, some methods found in this study could classify as 

UX or service design methods rather than usability methods. 

 

5.3 Regulatory Compliance in Design 

 

The results of this study showed that the medical software designers can ensure 

regulatory compliance in their work in several ways. Most of these relate to the spe-

cific features and tasks included in the medical software design process. Additionally, 

there are some roles and expertise that are essential when designing medical soft-

ware. This section summarises the central ways in which medical software designers 

can ensure regulatory compliance. 

 

5.3.1 Regulatory Strategies 

 

“Regulatory strategies” describe the assessment of how regulations impact the de-

sign and development process that should take place early in the process. It should 

be guided by the use specification of the medical software. For instance, P5 states 

that preparing the use specification early in the process is important for regulatory 

compliance as it needs to be included in the documentation and referred to in several 

parts of the documentation. P5 added that updating the use specification later can 

become costly if new clinical evidence must be obtained. Part of the regulatory strat-

egies relating to use specification should also be to minimise the part of the software 

that classifies as a medical device and aim for the lowest possible class. By keeping 



83 
 

the scope of regulations to a minimum, they are easier to comply with; P2: “This 

(step) is essentially linked to the consideration of what should be done to avoid the 

requirement of certification.” P3: “We had an angle in the project that nothing extra 

should be documented. Therefore, we should be as specific as possible about what 

part of this application is a medical device and what is not.” P4: “Regulatory strategies 

include the point where we start to think about, what is the product, what level of 

medical device is it? Do you want it to be regulated at all, or should you exclude the 

features that bring the medical device under regulation?” Furthermore, P4 and P5 

highlighted that if it is decided to add those features that make the software a medical 

device, it should be ensured that they in fact have some value to the end-users. 

 

Once the use specification and scope of the regulations have been defined, it is cru-

cial to anticipate the impact of these regulations on the design process. Particularly, 

P2 emphasised that the regulations allow for interpretation, suggesting the need for 

a thorough review. This should be followed by a common agreement on which stand-

ards are applied and how this happens in practice. In addition, P2 highlighted that a 

clear release schedule should be planned in advance to help keeping up with the 

regulatory requirements. In general, the results suggest that the ways of working, 

such as, design process and methods, should be planned as early as possible, but 

they can be specified along the way; P5: “Of course, it is useful to define them at an 

early stage.” P3: “We basically created our documentation method and tools for quite 

a long time, maybe six months or a year in the early days of the project.” P5 even 

added that it would be useful if a company had a certain defined process for the front-

end innovation phase and POC. This could involve certain ideas and tools that can 

be replicated in different projects across a large organisation. 

 

5.3.2 Risk Management 

 

The regulations highlight the importance of establishing and maintaining a risk man-

agement process when manufacturing medical devices. This research showed that 

compliance with risk management regulations can also be ensured through design. 

Generally, the participants considered risk management its own process and some-

thing that requires special expertise; P4: “Risk management has its own methodol-

ogy and model that is really in-depth.” P5: “In general, risk management tends to 
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have a single owner because it is a rather specific skill to manage the risk manage-

ment process.”  Regardless, designers’ efforts were seen important as it is essential 

to identify different types of risks coming from different situations.  Particularly, it was 

considered that the designer can bring essential expertise of human behaviour and 

cognition to risk management. P4: “Typically, the designer may have particular ex-

pertise in how to identify the risks associated with both usability and use errors.” P5: 

“A typical designer would ideally be able to bring the cognitive side, and in general 

the expertise of human behavioural science, visual perception, or other similar ex-

pertise, into the risk discussion.” P4 also emphasised that even more important than 

how the evidence is collected and documented is the designer’s ability to bring the 

evidence to the development team and people in charge. The aim is that the entire 

development team understands the potential risks that may arise from user interac-

tions and the actions that could lead to them. 

 

Although risk management was seen as its own process, the link between it and the 

usability engineering process was identified by the participants. The interconnected-

ness of these two processes is also described in the usability engineering standard 

IEC 62366-1. P4 had identified that the terms “risk” and “hazard related use scenario” 

are somewhat ambiguous, for example, in terms of how they relate to each other.  

The participant suggested that if all usability-related risks are considered simply as 

"risks", it becomes clear that designers often have a significant role in identifying 

them. Moreover, P4 elaborated that the hazard related use scenarios are something 

that are often overlooked by the ones responsible of risk management if the usability 

standard is not as familiar to them as other risk management methods. P3 also 

brought up the importance of constantly identifying and mitigating the risks that could 

result from their design decisions when designing medical software.  

 

5.3.3 Formative and Summative Evaluations 

 

The prevalence of the terms “formative evaluation” and “summative evaluation” in 

the interview data also indicates regulatory compliance since these terms are used 

in the usability engineering standard IEC 62366-1. It is clear that also the participants 

see these as playing an important role in the design of medical software. However, 

there is some ambiguity particularly in the ways they should be implemented. 
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Generally, the participants considered that formative evaluation can be implemented 

with different methods that provide user insight; P3: “These (formative and summa-

tive evaluation) are part of the clinical evaluation.” P3: “I think these surveys, user 

interviews, visitor analytics, user testing… are all methods for that (evaluation)” P4: 

“Formative evaluation and user understanding are a bit of the same thing in my mind.” 

The results suggest that especially formative evaluation should be done from the 

beginning of the process on an ongoing basis. P4 considered this important, since it 

would be good to have formative insights to guide decision-making from one per-

spective continuously from the start. Both P1 and P4 also mentioned that documen-

tation regarding formative evaluation should be produced from the start. P4 elabo-

rated that this documentation should include, for example, the methods, questions 

asked from the target user group, input, conclusions drawn based on the findings, 

the changes to the design as a conclusion, and risks or error situations that were 

identified. In addition, P3 pointed out that the early formative evaluations could be 

done to test the idea with a clickable prototype and from there the prototype is iterated 

again and again based on the formative evaluation. Therefore, the findings support 

the idea that formative evaluation is performed iteratively throughout the design pro-

cess until considered ready for summative evaluation as described in the standard. 

 

P4 highlighted two things that should be considered when implementing formative 

evaluation. First one is that the designers should focus on doing the formative eval-

uation as lightly as possible meaning that the input from the users to guide the design 

should be valued higher than documenting everything very precisely. Another point 

was that the designer should plan the design process in a way that leaves room for 

formative evaluation even at the end of the process. P4 had experienced situations 

where there was not enough time to do the formative evaluation to the implemented 

version before moving on to the summative evaluation. This might have been caused 

by the rush to release once the code is ready and the code tests have been passed. 

According to P4, if the formative evaluation is not done carefully also at the end of 

the process, it may result in the summative evaluation revealing a number of smaller 

usability findings, perhaps even something larger. 

 

The participants generally considered that summative evaluation should be done for 

the version corresponding to the production version; P2: “At least according to some 
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interpretation, formative evaluation can be done on the basis of, for example, clicka-

ble prototype and summative would have to be done based on the actual implemen-

tation.” P4: “The summative assessment should be carried out in practice on a prod-

uct corresponding to the production version and as close as possible to the actual 

conditions of use.” However, some participants considered it ideal if some parts of 

the summative evaluation could be done incrementally. For example, P2 considered 

that the summative evaluation could be done more also along the way compared to 

how it is done currently. P2 felt that a summative evaluation could be carried out by 

independently developing and evaluating parts of the software until they are ready.  

 

Finally, these parts of the software could be combined and iterated once more to-

gether to achieve the final product. However, P4 highlighted that this task can be 

difficult if the software lacks clear, fully independent components that can be isolated 

from each other. For instance, in the early stages of development, it might be chal-

lenging to separate any part of the product and make it function as if it were in its 

final environment, as required for summative evaluation. Nevertheless, it is important 

to remember that according to the standard 62366-1 the designer should not partici-

pate in carrying out the summative evaluation. This was mentioned also by P4. They 

also mentioned that the designer mainly helps in planning and documenting it. 

 

5.3.4 Design Reviews 

 

The results indicate that design reviews done in different phases of the design pro-

cess are important for regulatory compliance. The purpose of these reviews is to 

ensure that “the right things” are being done at different phases of the design pro-

cess; P1: “I could throw those (reviews) as smaller pieces in between (the process 

steps). Every now and then, we ensure that the right things are being done.” Similarly, 

P5 explained that there are specific gates between the design phases. Depending 

on the organization, these involve all relevant stakeholders to ensure a comprehen-

sive understanding of various perspectives before deciding to proceed to the next 

design phase. Based on the results of this study, typical reviews are design input 

review (DIR), design output review (DOR) and design ready review (DRR). 

 

The results suggest that the timing of reviews in the design process may vary; P1: 
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“The design process of medical devices depends a lot on how the reviews are imple-

mented.” P4: “There could be many discussions about where (in the process) the 

design input review is.” The participants tended to place the DIR after the initial spec-

ification, but it could also be later once some evaluations and validations have been 

carried out. On the other hand, the DOR is placed typically closer to release. P5 

would be placed it at the end of testing. Similarly, P1 described that DOR would take 

place once the specifications are finalised. The participants placed DRR quite close 

to DOR, but the difference is that this would be the final review prior to release. For 

example, summative evaluation could be done between the last two reviews. 

 

It could also be interpreted that these reviews create linear structure to the design 

process, since they act as gates that need to be passed. P4 described that all itera-

tion should happen before DOR. They specified that before DIR the plan of what will 

be done, what brings value and can something too risky be left out could be iterated. 

Whereas, before DOR the user journeys, prototype, and development can be iterated 

continuously, becoming more refined and specific over time. P1 brought up that re-

views can sometimes be quite heavy and stressful for the team. P4 described that 

incremental implementation of the reviews could help in making the design process 

more agile and lighter. As an example, there could be multiple rounds where design 

outputs could be accepted and moved to the “ready” pile. In a bigger stage review, 

all these previously accepted outputs could be reviewed more thoroughly. 

 

5.3.5 Documentation 

 

Documentation was identified as a task that requires a lot of effort throughout the 

design process of medical software. The participants highlighted that in order to com-

ply with the regulations the documentation needs to be continuous and more precise 

than normally; P1: “I started to think about the documentation from the previous pro-

ject, particularly the amount of it. It was huge. I documented in a completely different 

way. For example, I documented everything starting from the conversations I have 

had.” P4: “It (documentation) is quite a demanding part and worth doing continuously 

right from the beginning.” The purpose of documentation is mainly to provide tracea-

bility of the design in order to show that the regulations were complied with. P1 em-

phasised that this is quite different from other projects as normally the designer does 

not have to justify or keep track of their design decisions on such a precise level. 
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Multiple ways how to make documentation less demanding while still complying with 

the regulations were suggested. It was also clear that the goal is to do no more that 

the required documentation; P3: “There is no reason to document anything extra. No 

extra points will be awarded for extra documentation - it will only cause problems in 

practice in the future.” P4: “It is worth trying to identify the places where the key 

documentation is needed.” One identified reason why documentation should be min-

imised and simplified as much as possible was that there would otherwise be so 

much to document that nobody would have time to put effort and focus on the actual 

design and development work as was described by P4. The results suggested that 

the key practices for minimising and simplifying the documentation were limiting the 

part of the software that classifies as a medical device, establishing documentation 

practices that support the regulatory compliance, utilising automation when possible. 

 

P3 pointed out that minimising the part of the software that classifies as a medical 

device minimises the required documentation at the same time. This makes it easier 

to meet the documentation requirements as the documentation can be more pre-

cisely tailored for that. Establishing documentation practices that support the regula-

tory compliance emerged in the results in different ways. For example, P1 said that 

they had to plan documentation much more and utilise different tools, like Jira and 

Confluence to manage it. P3 on the other hand, mentioned that they had used a 

design method where functionalities and visual aspects are separated from each 

other in the documentation by using behaviour-driven development specifications 

and component library. The method makes it possible to design, develop, and docu-

ment these more flexibly. P5 emphasised how documentation could be made easier 

by utilising different tools that support automation, requirements management, de-

sign output management, or testing documentation and their traceability. Another 

useful practice mentioned by P4 was to divide the documentation into clear entities. 

As an example, these could be the usability engineering file, formative evaluation file, 

risk management file and summative evaluation file. Some of these files could be 

sections in another file, for example, usability engineering file could be included in 

the risk management file. Nevertheless, P4 highlighted that for these files, it should 

be considered what should be included in it and how it links to other documentation. 

 

The use of automation to produce documentation was also highly praised by other 

participants. P2 highlighted that planning the documentation with automation helps 
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to create the required documentation continuously and automatically. They added 

that many of the things that need to be documented are very mechanical, which is 

where automation can be especially useful. The different ways how the participants 

described that automation could be utilised were, for example, automatic lists, visual 

regression testing and AI. P3 described that visual regression testing produces ma-

terial automatically for testing. For example, it could be used to automatically produce 

the possible visualisation of the interface in the state it was in when it was tested to 

the documentation instead of transferring the same thing manually from Figma. P4 

mentioned the automatic lists that could be used in the documentation. These may 

include lists of areas to be tested, risks to be tested, which tests have already been 

carried out, and links to these test results. The aim is to avoid manual writing and 

maintain synchronised documentation. For example, test results can be stored in the 

test system and automatically linked to the documentation so that no one has to 

manually type them into PDF or Word reports. Finally, P5 said that they are looking 

forward to the possibilities that AI could offer for automatic documentation. They sug-

gested that it could, for example, generate the results of usability testing into a read-

able summary. However, when it comes to automating documentation, it is important 

to point out that not all documentation can be automated. For instance, P2 mentioned 

that user manual is something that could not be generated automatically. 

 

5.3.6 Expertise Essential for Regulatory Compliance in Design 

 

To comply with the regulations, the designers of medical software should know what 

the key regulations and standards are for design. From the standards, especially IEC 

62366-1, ISO 13485, and ISO 14971 stood out as the most relevant ones already in 

the questionnaire. The themes that these standards cover, usability engineering, 

quality management and risk management, were also highlighted in the interviews. 

Therefore, it could be concluded that these are the most important standards for the 

designer to know. Particularly, the designer seemed to be the main responsible for 

following the instructions of IEC 62366-1. This means that the designer should know 

how to carry out the usability engineering process and apply appropriate methods 

during it. The other two standards often have someone else who is the main respon-

sible for their compliance, but the designer can also take part in those. 

 

One other skill that was highlighted that could be especially beneficial for a designer 
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of medical software was understanding the DevOps ideology. In particular, the ben-

efits come from the fact that they can be used to construct the process in a way that 

automatically supports regulatory compliance. P3 also highlighted that a designer 

might not have to understand DevOps in detail, but it would help to at least under-

stand what goes to version control and how to utilise different options from GitHub 

actions to Jira automation. 

 

From a regulatory perspective, important collaborators for the designer include es-

pecially the regulatory expert, the clinician and the quality and risk managers. Alt-

hough other roles are of course also important. these are the ones that might not 

normally be in such a central role. The regulatory expert could support the team in 

the beginning of the process to plan the regulatory strategy and set up the processes. 

As P4 mentioned, if the designer has joined the project in the early phases, the col-

laboration with the regulatory expert could be more intense. The aim of the collabo-

ration is to ensure that the design also complies with the regulations, for example, 

form the part of identifying risks, collecting evidence along the way, and testing the 

UI. Regarding the UI testing, clinician and testing expert might be particularly im-

portant roles. P4 mentioned that the testing expert might be quite a distant role for a 

long time, but the closer the summative evaluation come, the tighter the collaboration 

with the testing expert comes. That is because especially the summative evaluation 

needs to be in sync with all the other testing, such as acceptance testing. Clinician, 

on the other hand, is essential for carrying out clinical evaluations, which in turn is 

required in the regulations. Finally, the collaboration between the designer and the 

quality and risk management experts are important for MDR conformity as the quality 

expert management can help to ensure the quality of the documentation and the 

process and the risk management expert can support the designer in identifying and 

mitigating the use related risks. 
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6. DISCUSSION AND CONCLUSIONS 

The guidelines for designing medical software in compliance with the regulations and 

based on the best practices of the designers are presented in Section 6.1. Addition-

ally, a process model describing what the design process of medical software could 

look like is presented in Section 6.1. Finally, reflections on the research integrity and 

suggestions on future work are described in Section 6.2. 

 

6.1 Guidelines for Compliance in Medical Software Design 

 

The design of medical software is inherently complex due to the strict regulatory re-

quirements that must be met to ensure patient safety and product efficacy. This study 

sought to reduce this complexity by providing an answer to the following research 

question: “How can the designers of medical software ensure compliance with 

the regulations and standards?” Insights from medical software designers re-

vealed that regulations influence their work at multiple levels, from individual exper-

tise and collaboration to the design process and methods.  By combining question-

naire and interviews results, a set of guidelines was developed to summarise how 

designers can ensure regulatory compliance. These guidelines aim to clarify the de-

signer’s responsibilities in regulatory compliance and present the key aspects in an 

easily understandable and applicable format. Adhering to these design guidelines 

promotes the creation of medical software that not only meets regulatory require-

ments but also delivers high-quality, intuitive solutions that add real value to 

healthcare. However, besides the aspects covered by these guidelines, other factors 

may also be important to consider in medical software design. Further evaluation and 

testing are needed to measure the validity and impact of these guidelines. The guide-

lines are presented in Table 7. 

 
Table 7. Guidelines for regulatory compliance in medical software design. 

Area of application Guideline 

Designer’s expertise 
Understand the MDR and relevant standards to apply (particularly IEC 62366-1, ISO 

13485, ISO 14971) 
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Ensure software is easy-to-use and accessible 

Gather a holistic understanding of medical applications 

Understand the DevOps ideology to find efficient ways for managing requirements 

Take responsibility on communicating user insight to the rest of the team 

Designer’s collaboration 

Work with a diverse team of experts 

Consult regulatory, quality, or risk experts for compliance guidance 

Engage clinicians, end-users, or other experts to validate medical value and usability 

Follow a common working framework with your team (e.g., agile or DevOps) 

Design process 

Start the medical software design process immediately when it is identified that the 

software is a medical device 

Align the design process with IEC 62366-1 

Plan and follow a structured design process to drive up the quality and anticipate 

regulatory impacts, e.g., on the release schedule 

Incorporate design reviews to bring structure and ensure that goals and regulations 

are met 

Involve user systematically, e.g., by following the principles of HCD, UCD or DT 

Continuously refine design through formative evaluations 

Design methods 

Use your expertise to evaluate and select appropriate design methods also beyond 

usability methods 

Combine suitable methods, e.g., from the company’s method ecosystem to meet 

the project needs 

Adapt method implementation based on possible documentation, user, or data sen-

sitivity requirements 

Regulatory strategies 

Evaluate from the start if the software is intended for medical purposes 

Align the regulatory strategies with the use specification 

Limit the part of the software that classifies as a medical device and aim for the 

lowest possible classification 

Ensure that the incorporated medical features provide real user value 

Review the regulations, agree on applicable standards early and plan the process 

accordingly 
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Risk management 

Identify and mitigate use-related risks through a usability engineering process 

Bring an understanding of human behaviour to the risk management process 

Take responsibility for hazard-related use scenarios 

Design the UI to be intuitive, minimising the need for manuals or training 

Formative and summa-

tive evaluation 

Carry out formative evaluations iteratively throughout the design process 

Gather user insight through various methods and find ways to carry out testing early 

in the process 

Formative evaluation can be done already to a clickable prototype whereas summa-

tive evaluation should be done to a version correspondent to the production version 

Reserve time for formative evaluation also at the end of the process to ensure the 

acceptance criteria for summative evaluation are likely to be met 

Evaluate if “initial” summative evaluations could be performed on independent com-

ponents of the software to make the actual summative evaluation less demanding 

Help to plan the summative evaluation and iterate the design based on the findings, 

but do not participate in carrying out the final summative evaluation 

Design reviews 

Include DIR, DOR and DRR to ensure that the "right things" are done in the design 

process 

Involve relevant stakeholders for each review to ensure a comprehensive under-

standing of diverse perspectives before advancing to the next design phase 

Conduct the reviews incrementally to make the process more agile 

Iterate the plan and initial specifications before DIR 

Iterate the user journey and the prototype between DIR and DOR 

The exact timing of each review does not have to be the same for all projects 

Documentation 

Divide the documentation into manageable entities (e.g., usability engineering, form-

ative evaluation, and summative evaluation files or sections) 

Keep the documentation at the minimum that complies with the regulations, since 

the value to the users is in the design work and not in the documentation 

Produce documentation throughout the design process 

Focus on documenting the process and the design decisions for traceability 

Use tools like Jira, Confluence, and Polarion for managing documentation 
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Use automation for mechanical documentation work (e.g., automated lists, visual 

regression testing and AI) 

 

When identifying the means for regulatory compliance through design, a challenge 

was posed by the lack of common terminology. For example, all participants had 

slightly different ways for understanding and describing a design process. Some par-

ticipants saw the design process to be more closely linked to the product develop-

ment process, while others looked it more through service design, UX design or us-

ability engineering activities. Additionally, the ways how design methods were per-

ceived and used had quite a lot of variation between the participants. As an example, 

the distinction of design methods, techniques and tools was not clear. Therefore, a 

general process model that the company uses for designing medical software com-

bined with an ecosystem of methods could provide a solution to help unify the termi-

nology and support designers in making the right design decisions. 

 

The guidelines presented in this thesis emphasise interdisciplinary collaboration as 

a critical factor for success. Effective communication and collaboration with regula-

tory experts, clinicians, and quality and risk managers ensure that all aspects of the 

product meet the necessary standards. This collaborative approach helps in identi-

fying potential issues early and allows for more robust and compliant solutions. How-

ever, a key challenge in ensuring regulatory compliance in design is that the regula-

tions and standards lack clear responsibility assignments for specific tasks. For ex-

ample, the MDR does not clearly state any service or UX design tasks although it 

emphasises mitigating use-related risks in the manufacturing of medical devices. 

This leaves room for interpreting what kind of responsibilities should, for example, 

UX designers take in regulatory compliance. This is probably why the standard IEC 

62366-1 and terms related to it stood out in the results. The results suggested that 

much of how designers can ensure regulatory compliance focuses on following the 

IEC 62366-1 standard, for example, carrying out formative evaluation and mitigating 

use related risks. However, the participants’ design process descriptions indicated 

that there is much more going on in the design process than just the tasks specified 

in the standard. Based on the commonalities in the design processes described by 

the participants, a process model presented in Figure 9 was created. 
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Figure 9. Process model describing the medical software design process. 

 

It is worth mentioning that some of the steps in the process might be overlapping with 

each other in terms of their definition and purpose. For example, formative evaluation 

could mean different things depending on the phase of the project. It could be part of 

gathering background information, doing service design, or testing. However, forma-

tive evaluation was important to highlight in the model as it is required to be done on 

an ongoing basis. Moreover, iteration can and should happen throughout the pro-

cess, which can also cause the steps to physically overlap or be repeated. Docu-

mentation and safety and risk analysis were also emphasised here because of their 

relevance from the regulatory perspective. A broader comparison of how this process 

model could relate to IEC 62366-1 is presented in Appendix 6.  

 

If inspected on a general level, the design process for medical software seems to 

follow the Double Diamond model consisting of two diamonds that have four phases 

in total: discover, define, develop, and deliver. The diamond shape illustrates the 

divergent and convergent ways of working in the process. The design process of 

medical software typically starts with expanding the understanding (discover) and 

then defining it into the first concept idea (define). This is followed by generating the 

design (develop) and, with iteration, specifying and narrowing it down into the final 

product (deliver). Additionally, features of HCD and DT were found in the design pro-

cess of medical software. These approaches highlight deep empathy with users, it-

erative prototyping, and continuous testing, which are crucial for creating high-quality 

medical software. Particularly, the HCD ISO standard 9241-210 and HPI School of 

Design Thinking models align well with the design process model proposed in this 

study. For example, the ISO standard emphasises on first specifying the context of 

use and user requirements and then evaluating the design against requirements, 
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which were also highlighted in the results of this study. However, the design process 

model proposed in this study is more detailed in the specific tasks that should be 

carried out in the process. By integrating the usability engineering process described 

in IEC 62366-1 with structured models like the Double Diamond, HCD, or DT, de-

signers can better navigate regulatory challenges while creating innovative, user-

centred, and compliant medical software solutions. Regardless of the chosen ap-

proach, the key is that the design process is planned in advance to anticipate the 

impacts of regulations. 

 

6.2 Reflection on the Research Integrity 

 

In Finland, research is considered ethically acceptable, reliable and its results credi-

ble, when conducted in accordance with the Finnish Code of Conduct for Research 

Integrity (Finnish National Board on Research Integrity TENK, 2023). The basic prin-

ciples of research integrity in the Finnish Code of Conduct are reliability, honesty, 

respect, and accountability, which are in line with the European Code of Conduct for 

Research Integrity. The main responsibility for research integrity is on the individual 

researcher. (Finnish National Board on Research Integrity TENK, 2024) 

 

The application of the principles of research integrity was constantly kept in mind 

while carrying out this study. The reliability of this study was enhanced by the fact 

that the research process was carried out in close collaboration with another re-

searcher from the company that commissioned this thesis. Additionally, the Tampere 

University guidelines for thesis writing and the supervising teacher from the university 

provided guidance for carrying out this research. This research is public and has 

been checked for plagiarism. The use of multiple researchers and research methods 

increased the reliability. Therefore, combining a questionnaire and interviews was a 

justified methodology. The reliability of the method implementation was supported by 

using the mother tongue of the participants and the researchers to communicate and 

recording the interviews for further analysis. The consideration of the research integ-

rity was demonstrated by informing the participants of all relevant information about 

the study. To continue, a consent to participate in the study was required. The re-

search data was anonymised and treated confidentially to protect the integrity of the 

participants.  
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Conducting this study was further justified due to the limited prior research on the 

subject and the current relevance of the social debate. The digitalisation of 

healthcare is considered as a potential solution to healthcare overload. Therefore, 

the development of high-quality medical software is even more important than before 

and ways to improve their quality should be sought after. The chosen research meth-

odology was deemed suitable for this thesis. The questionnaire and interviews sup-

ported each other well and ensured that the objectives of this study were met on an 

unbiased basis. The aim was to make the research process as transparent as pos-

sible through accurate and detailed reporting. Moreover, the aim was to present the 

results as accurately as possible while protecting the integrity of the participants.  

 

However, the limitations of this study are related to the general challenges of quali-

tative research. For example, the sample size and representativeness could be con-

sidered a limitation. With only ten participants answering the questionnaire and five 

taking part in the interviews, it might not be enough to generalise the results. There-

fore, further study on the topic is required. Additionally, qualitative research is prone 

to subjectivity in data interpretation. Qualitative data analysis involves interpreting 

responses which can introduce researcher bias. The aim was to minimise this by 

choosing the affinity diagram as an analysis method, since it promotes the generation 

of categories based on the content of the data.  

 

6.3 Future Work 

 

This study was a step towards determining the relevance of design in regulatory 

compliance and providing guidance on harmonising the design practices for medical 

software. However, further research on the topic is required. Firstly, future research 

could focus on evaluating the practical application of these guidelines in real-world 

projects, identifying potential areas for refinement, and exploring additional strategies 

to further streamline the design and regulatory compliance process. It would be ideal 

to determine specific criteria, for example, for evaluating when use-related risks are 

successfully mitigated or when formative evaluation is carried out comprehensively. 

Perhaps the existing RegOps models or even the regulations and standards could 

be developed to describe the designer’s responsibilities and tasks in the develop-

ment process more clearly.  
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Although it was not the focus of this study, it was found that, in addition to usability 

engineering, other design activities, such as service and UX design, are also consid-

ered important in the design of medical software. For example, the design methods 

used included many methods besides usability methods. Therefore, future studies 

on the relevance and application of service and UX design for designing medical 

software could be beneficial. Such studies could, for example, shed light on how 

other design approaches than usability engineering reconcile with existing standards 

and whether these standards should be developed to consider other aspects of de-

sign as well. 
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APPENDICES 

Appendix 1. Questionnaire questions in Finnish 

 

Taustatiedot 

1. Nimi: 

2. Millainen koulutustausta sinulla on? 

3. Missä yrityksessä työskentelet? 

4. Miten kuvailisit nykyistä rooliasi ja työnkuvaasi? 

5. Kuinka kauan olet työskennellyt vastaavissa tehtävissä? 

6. Kuinka kauan olet työskennellyt lääkinnällisten ohjelmistojen suunnittelun pa-

rissa? 

7. Kuinka monen lääkinnällisen ohjelmiston suunnitteluun olet osallistunut? 

8. Miten osallistut työssäsi lääkinnällisten ohjelmistojen suunnitteluun? 

 

Toiminta suunnittelijana 

9. Millainen on tyypillinen tapasi ratkoa suunnitteluongelmia? 

10. Mitä menetelmiä käytät suunnittelutyössä? 

11. Eroaako tapasi ratkoa suunnitteluongelmia suunnitellessasi lääkinnällisiä ohjel-

mistoja? Jos eroaa, niin miten? 

12. Eroavatko käyttämäsi menetelmät suunnitellessasi lääkinnällisiä ohjelmistoja? 

Jos eroavat, niin miten? 

 

Regulaatioiden ja standardien vaikutus suunnitteluun 

13. Kuinka hyvin koet tuntevasi lääkinnällisiin ohjelmistoihin vaikuttavat regulaatiot ja 

standardit? 

a. Erittäin hyvin 

b. Hyvin 

c. Kohtalaisesti 
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d. Vähän 

e. En lainkaan 

14. Millainen vaikutus lääkinnällisten laitteiden regulaatiolla (MDR) on mielestäsi lää-

kinnällisten ohjelmistojen suunnitteluun? 

15. Miten edistät MDR:n mukaisuutta suunnitteluvalinnoillasi? 

16. Mitä ohjelmistokehityksen standardeja noudatat lääkinnällisten ohjelmistojen 

suunnittelussa? 

a. ISO 13485 

b. ISO 14971 

c. ISO 15223-1 

d. ISO/IEC 27001 

e. IEC 62304 

f. ISO 11073-00103 

g. IEC 62366-1 

h. IEC 82304 

i. ISO 9241-210 

j. IEC 60601 

k. Muu: 

17. Miten edistät kyseisten standardien mukaisuutta suunnitteluvalinnoillasi? 

18. Käytätkö joitain tiettyjä työkaluja tai käytäntöjä, jotka auttavat sinua edistämään 

regulaatioiden ja standardien mukaisuutta lääkinnällisten ohjelmistojen suunnit-

telussa? Jos käytät, niin millaisia? 

19. Oletko huomioinut seuraavia asioita lääkinnällisten ohjelmistojen suunnittelussa? 

a. Käyttäjäymmärryksen muodostaminen 

b. Lääkinnällisen ohjelmiston käyttökuvaus 

c. Riskien rajaaminen suunnitteluvalinnoilla 

d. Suunnitteluvalintojen dokumentointi 

e. Iteratiivinen suunnittelu 

f. Iteratiivinen testaus 
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Appendix 2. Consent form 
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Appendix 3. Tasks done in the interview sessions 

 

Task 1 and 2: 

 

 

 

Task 3: 
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Appendix 4. Interview guide in Finnish 
 
Alkuohjeistukset ja suostumukset. 
 
Lämmittelykysymykset: 

- Kerro mieleenpainuvin kokemuksesi lääkinnällisten ohjelmistojen suunnittelusta. 
- Kertoisitko yleisesti, millaisten lääkinnällisten ohjelmistojen suunnittelussa olet 

ollut mukana, ja mikä on ollut roolisi niissä?”  
  
TEHTÄVÄ 1  
Aloitetaan sillä, että jaetaan sinulle linkin Miro-tauluun, jota käytetään tehtävien suoritta-
miseen. Pyytäisin sinua jakamaan näyttösi meille, kun olet saanut taulun auki. Huomiona, 
että tehtäviin on varattu käytettäväksi noin 15 min. Ensimmäinen tehtävä löytyy taulun va-
semmasta yläreunasta. Rajaa näkymäsi sen kohdalle. Tässä tehtävässä pyydämme sinua 
arvioimaan, millainen on lääkinnällisen ohjelmiston suunnitteluprosessin vaiheistus. 
Laadi kokemuksesi ja ymmärryksesi pohjalta nopea yleiskuvaus suunnittelun vaiheistuk-
sesta (ylätason käsitteet). Kirjoita alla olevien palikoiden sisälle vaiheet aikajärjestyksessä 
niin, että alku on vasemmalla ja loppu oikealla. Voit lisätä tai poistaa vaiheita näkemyk-
sesi mukaan eli ei tarvitse käyttää kaikkia valmiita palikoita. Muista jälleen ajatella ääneen 
ja perustella valintasi.  
 

[Jos haastateltava ei ole lisännyt uusia menetelmiä, voi vielä varmistaa, että tuleeko hä-
nellä mieleen muita kuin tässä mainittuja menetelmiä?]  
  
Haastattelukysymyksiä aiheeseen liittyen:  

• Millaisia tavoitteita vaiheisiin sisältyy?  
• Mitkä ovat mielestäsi keskeisiä tavoitteita tai päämääriä, joita pyritään saa-
vuttamaan lääkinnällisten ohjelmistojen suunnittelussa? (esim. outcomit)  
• Miten suunnittelussa otetaan huomioon formatiivinen ja summatiivinen ar-
viointi? (voi kysyä vasta 2 tehtävässä yhdessä menetelmien kanssa)  
• Millä keinoilla vaiheissa varmistetaan vastaavuutta regulaation ja standar-
dien vaatimuksiin?  
• Miten suunnittelija osallistuu riskien hallintaan (vois etenkin Mikolta kysyä)? 
Miten se näkyy prosessissa?  
• Dokumentointi:  

o Miten suunnittelussa huomioidaan dokumentointi? Miten se toteute-
taan ja miten sitä ylläpidetään suunnitteluprosessissa?   
o Kuinka arvioit dokumentaation merkitystä lääkinnällisten ohjelmisto-
jen suunnittelun?  

  
TEHTÄVÄ 2  
Siirrytään toiseen tehtävään. Tehtävä suoritetaan samassa näkymässä, mutta me 
tuomme tähän alle näkyviin aineistonkeruusta (kyselystä ja haastatteluista) esiin nous-
seet menetelmät. Tehtäväsi on tarkastella menetelmiä ja arvioida, mitä näistä menetel-
mistä itse käytät ja mihin vaiheisiin suunnitteluprosessia ne liittäisit käytettäväksi.   
Voit yhdistää menetelmiä suunnitteluprosessin eri vaiheisiin siten, että siirrät käyttämäsi 
menetelmät niiden vaiheiden kohdalle, joissa niitä yleensä käytät. Voit myös kopioida sa-
moja menetelmiä usean eri vaiheen kohdalle tai tuoda mukaan täysin uusia menetelmiä.  
Painottaisin vielä, että nämä menetelmät on koottu kaikkien kyselyiden ja tähän asti teh-
tyjen haastattelujen pohjalta. Emme oleta sinun käyttävän tai tuntevan niitä kaikkia em-
mekä mekään välttämättä tunne niitä sen tarkemmin. Voit tulkita niitä kokemuksesi pe-
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rusteella tai kysyä meiltä tarkennusta. Selvennämme parhaamme mukaan. Sinun ei tar-
vitse valita kaikkia menetelmiä vaan voit valita mielestäsi parhaat.  Muista ajatella ääneen 
ja perustella valintasi.  
  
Haastattelukysymyksiä liittyen 1&2 tehtäviin:  

• Käytäntöjen rakentaminen ja sovittaminen MD-vaatimuksiin:  
o Havaitsimme kyselystä, että regulaatioiden ja standardien mukaisten 
käytäntöjen rakentaminen nähdään yhtenä suunnittelijan keinoista 
edistää vaatimusten mukaisuutta. Oletko kehittänyt erityisiä työsken-
telytapoja tai menetelmiä lääkinnällisen ohjelmiston suunnittelun vaa-
timusten täyttämiseen?  
o Missä vaiheessa työskentelytavat ja prosessit määritetään?  
o Arvioi, että ovatko ne yleistettävissä muiden lääkinnällisten ohjelmis-
tojen suunnitteluun?  
o Miten sovitat yhteen useiden vaikuttavien standardien asettamat 
vaatimukset?  
o Miten menetelmät jakaantuvat formatiivisen ja summatiivisen arvi-
oinnin osalta?  
o Miten tuetaan käyttötarkoituksen rajaamista?   
o Millaisia keinoja suunnittelijalla on potilasturvallisuuden varmenta-
miseen?  

• Arvon tuottaminen:  
o Miten suunnittelija voi varmistaa, että käyttäjät hyötyvät konkreetti-
sesti lääkinnällisten ohjelmistojen kehityksessä?  
o [Kyselyssä nousi esiin laadun painoarvo MD-suunnittelussa] Entä mitkä 
ovat suunnittelun laatutekijät?  

 
TEHTÄVÄ 3  
Siirrytään viimeiseen tehtävään, joka löytyy tämän tehtävän alapuolelta. Tässä tehtävässä 
haluamme kerätä ymmärrystä lääkinnällisen ohjelmiston kehittämisessä tarvittavasta 
osaamisesta, rooleista ja asiantuntijoista. Oikealla näet kyselyssä esiin tulleita osaami-
sia, rooleja ja asiantuntijoita. Määrittele ensin oma osaamisesi liittämällä kyselyssä esiin 
tulleita osaamisia, rooleja ja asiantuntijuuksia keskelle alla olevaa kuvaajaa. Voit myös 
lisätä muita oleellisia osaamisia, rooleja tai asiantuntijuuksia, joita tässä ei ole vielä mai-
nittu. Liitä seuraavaksi läheisyysperiaatetta seuraten lääkinnällisen ohjelmiston kehityk-
seen osallistuva muu osaaminen/roolit/asiantuntijat, joiden tukea suunnittelija tarvitsee 
työskentelyssään lääkinnällisen ohjelmiston suunnittelun aikana.  
 
[Voidaan vielä lopuksi esittää muut asiantuntijat, joiden arveltiin tekevän yhteistyötä 
suunnittelijan kanssa lääkinnällisten ohjelmistojen suunnittelussa.]  
  
Haastattelukysymykset aiheeseen liittyen:  

• Analysoi tekemääsi ryhmittelyä. Mitä meidän oli hyvä tietää näiden roo-
lien/osaamisten/asiantuntijoiden yhteistyöstä?  
• Onko joitain muita asiantuntijoita, jotka kokisit hyödyllisiksi lääkinnällisten 
ohjelmistojen suunnittelussa? Esim. juridinen asiantuntija, arkkitehti tai ris-
kienarvioinnin asiantuntija?  

  
Loppuun: 

- Tuleeko mieleesi vielä jotain muuta, mitä tulisi ottaa huomioon lääkinnällisten oh-
jelmistojen suunnittelussa?  

- Loppusanat ja kiitokset 
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Appendix 5. Analysis of how methods are used in the design process 

 

These two tables below present the design methods used by the participants. For each 

method, the participant(s) who mentioned it and the part of the process they associated 

it with are indicated.  

 

Design phase Exploratory phase Refinement phase 

General use pur-

pose 

Idea-

tion 

Service 

design 

Initial 

specifi-

cations 

Visual-

ising 

the 

idea/ 

concept 

Evaluating 

the 

hypothe-

sis/POC 

Further 

proto-

typing 

Evaluat-

ing the 

proto-

type 

Refining 

the 

specifi-

cations 

Desk(top) 

research 

  P4, P5  P4    

Benchmarking P2, P5  P1, P3  P3  P1, P3 P1 

Background  

research 

P2  P3  P3    

Trend analysis P2, P5        

Competitor analy-

sis 

  P4  P4    

Interviews P2 P1 P1, P3, 

P5 

 P1, P2, P3, 

P4 

 P1, P3, 

P4 

P1, P3 

Questionnaire/ 

survey 

P2 P1 P3, P5    P2, P3 P3 

Observation  P1       

Service blueprint  P1 P1, P5  P5  P5 P5 

Roadmap P2  P1, P2, 

P5 

    P2 

User journey   P1, P3  P3    

Visioning P5  P1      
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User stories and 

epics 

P2, P5  P1, P2, 

P5 

 P5  P5 P2, P5 

Focus group or 

(expert) panel 

  P4      

Workshop  P1 P1, P2, 

P5 

 P5  P5 P2, P5 

Visitor analytics P5  P4  P2, P4  P2  

Data analytics P5  P4  P2, P4  P2  

Wireframing    P1, P4     

Rapid prototyping    P1, P2, 

P3, P5 

 P2   

High-fidelity proto-

typing 

     P1, P3, 

P4, P5 

  

Collecting user 

feedback 

      P3  

Pair programming    P3  P3   

User testing     P1, P2, P3  P1, P2, 

P3 

 

Usability testing     P2  P1, P2, 

P3, P4 

 

Remote testing     P1, P4  P1, P4  

A/B testing     P4  P4  

Task analysis   P4  P4  P4  

Cognitive 

walkthrough 

    P4    

Peer review     P1    

Expert review       P4  

Colleague sparring     P1, P3   P3 
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Design phase Finalisation and further development phase 

Use purpose Preparing for the product release Further development and maintenance 

Questionnaire/ 

survey 

P2 P2, P3 

Roadmap P2  

User stories and 

epics 

P2 P2 

Workshop P2 P2 

Visitor analytics P2 P2, P3 

Data analytics P2 P2, P3 

Collecting user 

feedback 

 P3 

User testing P2 P2 

Usability testing P2, P4  
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Appendix 6. Analysis of how the suggested process model compares 
to IEC 62366-1 usability engineering process 

 

 


